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Description

Title of Invention:
NOVEL CYCLIC DINUCLEOTIDE DERIVATIVE AND ANTIBODY-DRUG
CONJUGATE THEREOF

Technical Field
[0001]

The present invention relates to cyclic dinucleotide derivatives having novel
structures with STING agonist activity, antibody-drug conjugates formed by
conjugating the novel cyclic dinucleotide derivatives and antibodies against target
cells together via a linker, and a pharmaceutical composition containing the

antibody-drug conjugates, and so on.

Background Art
[0002]

STING (Stimulator of Interferon Genes) is a transmembrane adaptor protein
localized in the endoplasmic reticulum (Non Patent Literature 1). STING functions
as a central molecule for innate immune stimulation in mammals, and plays a role on
the front line of defense against the invasion of pathogens such as bacteria and
viruses. Activation of STING is known to be caused by a signal emitted when a
plurality of cytoplasmic DNA sensors senses an exogenous or endogenous DNA.
Among cytoplasmic DNA sensors, cGAS (Cyclic GMP-AMP Synthase) is expected
to be an important DNA sensor. When cGAS senses a DNA, a cyclic dinucleotide
(2',3'-<cGAMP) is produced, and this 2',3'-cGAMP directly bonds to STING to
activate it (Non Patent Literature 2). The activated STING moves to the Golgi

apparatus, and promotes the autophosphorylation of TBK1 (Tank-binding kinase 1).
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The TBK-1 activated through autophosphorylation activates both the IRF3
(Interferon regulatory factor 3) transcription pathway (Non Patent Literature 3) and
the NFkB transcription pathway (Non Patent Literature 4), increasing the production
of inflammatory proteins called interferons and cytokines (type I IFN (Interferon),
IL-6 (Interleukin-6), TNF-o (Tumor Necrosis Factor-a)). These proteins trigger
the adaptive immune system including T cells through complex cascades, which
break pathogens and cancer cells.

[0003]

Recent studies have demonstrated that STING promotes, not only host
defense against microorganisms, but also anti-tumor immunity. For instance,
immunogenic tumors transplanted into STING-deficient mice more rapidly grow
than those transplanted into wild-type mice and TRIF (Toll/Interleukin-1 (IL-1)
receptor domain containing adaptor-inducing interferon-f)-deficient mice. In
contrast to TLR (Toll-like receptor)-, MyD88 (Myeloid differentiation primary
response 88)-, and MAVS (Mitochondrial antiviral-signaling protein)-deficient mice,
spontaneous priming of CD8" T cells against tumors also disappeared in STING-
deficient mice. This suggests that the STING pathway that is triggered by
cytoplasmic DNA sensing involves in control of tumor growth (Non Patent
Literature 5). In addition, other studies have demonstrated that STING is needed
for anti-tumor effect in radiotherapy (Non Patent Literature 6) and anti-CD47
antibody therapy (Non Patent Literature 7). DNAs derived from killed tumor cells
after being treated with radiation or an anti-CD47 antibody move to the cytoplasm of
dendritic cells to activate the cGAS-STING pathway, and then induce IFN
production to activate adaptive immunity through the innate immunity. These
studies suggest that cross-priming via dendritic cells activated by the STING
pathway is important to cause adaptive immunity against tumors.

[0004]
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The flavonoid small molecule compound DMXAA, which is known as a
vascular disrupting agent, has been demonstrated to induce type I IFN production in
macrophages and thus have potent anti-tumor activity in mouse tumor models (Non
Patent Literature 8). DMXAA had been expected to serve as an immunotherapeutic
drug for non-small cell lung cancer because of the superior anti-tumor effect in
preclinical studies; however, DMXAA failed in clinical trials (Non Patent Literature
9). A recent study has revealed that DMXAA 1is an agonist specific to mouse
STING, and exhibits no interspecies cross-reactivity to human STING, and thus is
incapable of binding thereto (Non Patent Literature 10). After all, DMXAA was
found to be ineffective in humans; however, studies with mouse models have
suggested that small molecule drugs are capable of enhancing anti-tumor immunity
by effectively priming CD8" T cells via STING.

[0005]

It has been demonstrated that when a cyclic dinucleotide (CDN), another
small molecule compound, is administered to tumor-bearing mice, it enhances anti-
tumor immune response mediated by STING to significantly inhibit tumor growth,
improving the survival rate of the mice (Non Patent Literature 11). CDNs are
classified into bacterial CDNs with canonical two 3'-5' phosphate bonds (cyclic-di-
GMP, cyclic-di-AMP, 3',3'-cGAMP), and non-canonical, mixed linkage CDNs with
a 2'-5' phosphate bond (2',3'-cGAMP), which are produced by mammalian cGAS.
A recent study has demonstrated that mixed linkage CDNs rather than canonical
CDN:s are capable of universally activating various types of STING (Non Patent
Literature 12).

[0006]
Natural type CDNs are quickly decomposed by nucleases in the blood like

most nucleic acid molecules, and hence cannot be administered in the original form.
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Therefore, synthesized small molecule compounds having STING agonist activity in
vivo have been developed (e.g., Patent Literatures 1 to 26).
[0007]

The STING agonist MIW-815 (alternatively called ADU-S100, ML RR-S2
CDA, or ML-RR-CDA-2Na"), which is an anti-tumor agent currently under clinical
trials, is directly administered into a tumor. Such a method of directly
administering a STING agonist into a tumor only allows administration of the drug in
a restricted region of a tumor, and has difficulty in directly administering the drug to
every distant-metastasized tumor, disadvantageously limiting the type of treatable
tumors. Although Non Patent Literature 13 discloses that anti-tumor effect was
exhibited through administration of ML RR-S2 CDA, examination was made only on
intratumoral administration, and anti-tumor effect through systemic administration
(e.g., intravenous administration) is not demonstrated. Non Patent Literature 14
discloses that anti-tumor effect was exhibited through intravenous administration of
the STING agonist SB11285 to mouse tumor models, but does not clarify what
structure the compound SB11285 specifically has. Patent Literature 14 describes a
conjugate including an immune-stimulating compound, an antibody construct, and a
linker, but does not describe any specific example of a conjugate using a STING
agonist as an immune-stimulating compound. Patent Literature 26 describes a
conjugate formed by conjugating a CDN having a specific structure and an antibody
together via a linker, but does not describe administration of the conjugate in vivo in

Examples, and thus anti-tumor effect of the conjugate has not been confirmed.
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Summary of Invention
Technical Problem
[0010]

Desired is development of CDN derivatives with a novel backbone that has
STING agonist activity and increases the production of inflammatory proteins such
as interferons and cytokines to activate immune cells; and a therapeutic agents and/or
therapeutic methods using the novel CDN derivatives for diseases associated with
STING agonist activity, for example, diseases treatable with immune activation (e.g.,
cancer). Further desired is antibody-drug conjugates that are formed by conjugating
the novel CDN derivative and an antibody against target cells together via a linker,

and that allows systemic administration and is capable of delivering the STING



agonist specifically to targeted cells and organs (e.g., tumor sites); and therapeutic
agents and/or therapeutic methods using the antibody-drug conjugates for diseases
associated with STING agonist activity, for example, diseases treatable with immune

activation (e.g., cancer).

Solution to Problem
[0011]
To solve the above problems, the present inventors devised novel CDN
derivatives having a fused tricyclic substituent, and found that the novel CDN
10 derivatives have potent STING agonist activity and exhibit potent anti-tumor
activity. In addition, the present inventors devised antibody-drug conjugates
formed by conjugating the present novel CDN derivatives and an antibody together
via a linker, and found that the antibody-drug conjugates when being systemically
administered exhibit anti-tumor effect in tumors expressing an antigen, thus
15  completing the present invention.
[0012]
Specifically, the present invention relates to the following.
[1] An antibody-drug conjugate represented by formula (II):
[0013]

A——L—D] an

wherein

20

m! is in the range of 1 to 10;
Ab represents an antibody or a functional fragment of the antibody, where a
glycan of the antibody is optionally remodeled;

25 L represents a linker linking Ab and D;



Ab bonds directly from an amino acid residue of Ab to L, or optionally bonds

via a glycan or remodeled glycan of Ab to L; and

D represents a compound represented by formula (I):

[0014]
4
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wherein
L bonds to any -NH: or hydroxy group included in L' or L%
L! represents a group selected from the group consisting of the following
formulas:
10 [0015]
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and optionally substituted at any position with one to three groups selected from the
group consisting of a hydroxy group, -NHz, a 2-hydroxyacetylaminomethyl group,
and a 2-[(2-hydroxyacetyl)amino]ethyl group,

wherein

RS and R® each independently represent a hydrogen atom, a halogen atom, a
hydroxy group, -NH>, a C1-C6 alkyl group, a C2-C6 alkenyl group, or a C2-C6
alkynyl group;

R’ and R” each independently represent a hydrogen atom or a C1-C6 alkyl
group, wherein the C1-C6 alkyl group is optionally substituted with one or two
substituents selected from the group consisting of a halogen atom and an oxo group;

R® and R¥ each independently represent a hydrogen atom or a halogen atom;

Z* represents -CH»-, -NH-, or an oxygen atom; and

Z° represents a nitrogen atom or -CH=,

L? represents a group selected from (i) and (ii):

(i) when bonding to L, L? represents -NHR', a hydroxy C1-C6 alkyl group,
or an amino C1-C6 alkyl group, wherein R' represents a hydrogen atom, a C1-C6
alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, or a C3-C6 cycloalkyl
group, and the C1-C6 alkyl group, C2-C6 alkenyl group, or C2-C6 alkynyl group is
optionally substituted with one to six halogen atoms; and

(ii) when not bonding to L, L? represents a hydrogen atom or a halogen
atom;

Q! and Q" each independently represent a hydroxy group, a thiol group, or a
borano group (BH3Y);

Q? and Q¥ each independently represent an oxygen atom or a sulfur atom;

X! and X? each independently represent an oxygen atom, a sulfur atom, or -
CH;z-;

Y! and Y? each represent an oxygen atom or -CHa-;
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X? and X* represent a group selected from (iii) and (iv):

(iii) when Y! is an oxygen atom, X>-X* represents -CH»-O-, -CH,-S-, -
CH;-CHz-, or -CH2-CF»-; and
(iv) when Y! is -CHa-, X3-X* represents -O-CH»-;

X® and X° represent a group selected from (v) and (vi):

(v) when Y? is an oxygen atom, X>-X° represents -CH»-O-, -CH»-S-, -CH»-
CH;-, or -CH»-CF»-; and
(vi) when Y? is -CHz-, X°-X® represents -O-CH»-;

R!, R? and R? each independently represent a hydrogen atom, a halogen atom,
-OR’, -OC(=0O)R', -N3, -NHR', -NR'R", or -NHC(=O)R', wherein R' is as defined
above, and R" represents a C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6
alkynyl group, or a C3-C6 cycloalkyl group;

w! represents a nitrogen atom, an oxygen atom, a sulfur atom, or -CH-;

W? represents a nitrogen atom or -CH=;

R* represents a hydrogen atom, a halogen atom, or -NH»;

RS represents a group selected from (vii) to (x):

(vii) when W' is a nitrogen atom, R> represents a hydrogen atom, a C1-C6
alkyl group, a hydroxy C1-C6 alkyl group, or an amino C1-C6 alkyl group;

(viii) when W' is an oxygen atom, R? is absent;

(ix) when W' is a sulfur atom, R® is absent; and

(x) when W' is -CH-, R® represents a hydrogen atom, a halogen atom, a
hydroxy group, -NH>, or a C1-C6 alkyl group;

7'-72-73 together represents -CH,-CH,-CHz-, -CH,-CHz-R"'-, -CH=CH-CHa-,
-CH=CX-CH:-, -CX=CH-CH>-, -CX=CX-CH>-, -C(=0)-CH2-CH>-, -CH2-CHz-
C(=0)-, -CH>-CH(CH3)-CHz>-, or -CH»-CH»-CH(CH3)-, wherein R" represents -O-
or -CH»-CH»- and X represents a halogen atom, or a group represented by either one

of the following formulas:
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[0016]

and

wherein

each asterisk indicates bonding to W', and each wavy line indicates bonding
to the carbon atom of =C-;
[2] The antibody-drug conjugate according to [1], wherein W' is a nitrogen atom;
[3] The antibody-drug conjugate according to [2], wherein W' is a nitrogen atom,
and R’ is a hydrogen atom;
[4] The antibody-drug conjugate according to [1], wherein W' is an oxygen atom;
[5] The antibody-drug conjugate according to [1], wherein W' is a sulfur atom;
[6] The antibody-drug conjugate according to [1], wherein W' is -CH-;
[7] The antibody-drug conjugate according to [6], wherein W' is -CH-, and R’ is a
hydrogen atom;
[8] The antibody-drug conjugate according to any one of [1] to [7], wherein Z!, Z?
and Z* together form -CH,-CH»-CHa- or -CH=CH-CH,-;
[9] The antibody-drug conjugate according to any one of [1] to [7], wherein Z!, Z?
and Z* together form -CH,-CH(CH3)-CH,- or -CH»-CH,-CH(CH3)-;
[10] The antibody-drug conjugate according to any one of [1] to [7], wherein Z!, Z2
and Z3 together form -CH,-CH»-R"'-, wherein R™ represents -O- or -CH»-CH>-;
[11] The antibody-drug conjugate according to any one of [1] to [10], wherein W? is
-CH=;
[12] The antibody-drug conjugate according to any one of [1] to [10], wherein W? is
a nitrogen atom;
[13] The antibody-drug conjugate according to any one of [1] to [12], wherein R*

represents a hydrogen atom;
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[14] The antibody-drug conjugate according to any one of [1] to [12], wherein R*
represents a fluorine atom,;

[15] The antibody-drug conjugate according to any one of [1] to [14], wherein R® and
R® in L' are each independently a hydrogen atom;

[16] The antibody-drug conjugate according to any one of [1] to [15], wherein L' is a
group selected from the group consisting of the following formulas:

[0017]

10 10 g

N Sn N S N SO

4 4 74 10
<N ‘ N)\Rg <N I N/J\/Rm <N l N/)\Rg M[ri N/)\m/1><::1-
L oL RN , ,

0
/N N/><Rm /N N/><R10 /N o R0 /N \R

z N7 R L N7 R
R NH, R' 0 R' NH, NH,
N/LN)\R Ji N/)\Rs :Z N/)\Ra N N/)\/R

LT -L
wherein
R’ and R” each represent a hydrogen atom, a halogen atom, a hydroxy group,
or -NHp;

R!? represents a hydroxy group, -NH,, -NHC(=0)CH,OH, -
CH>;NHC(=0)CH20H, -CH>,CH>NHC(=0O)CH>OH, a hydroxy C1-C3 alkyl group, or

an amino C1-C3 alkyl group;
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R!! and R!!" each independently represent a hydrogen atom, a fluorine atom,

or a methyl group, or R!! and R!!" bond together to form cyclopropane; and

Z* represents -CH»-, -NH-, or an oxygen atom;

[17] The antibody-drug conjugate according to any one of [1] to [15], wherein L' is a

group selected from the group consisting of the following formulas:

[0018]
g
<N/Ik /)\ 13

wherein

R'2
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b 3

R13
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HN/\/R
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4
4 N

R13

N XN
4 2
<N | N/)\g/\/R“

R" and R'* each independently represent a hydrogen atom, a hydroxy group,

or -NHj;

R'? represents a hydroxy group, -NH», -CH>OH, -NHC(=0)CH,OH, -

CH,NHC(=0)CH,OH, or -CH,CH,NHC(=0)CH,0H; and

Z* is as defined above;

[18] The antibody-drug conjugate according to any one of [1] to [15], wherein L' is a

group selected from the group consisting of the following formulas:
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[0019]
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wherein
14 represents a hydrogen atom or -NHo;
5 R represents a hydrogen atom or -C(=0)CH,OH; and
16 represents a hydroxy group, -NHa, -CH,OH, -CH,CH,OH, -CH,NH,, or -
CH>CH2;NH2;
[19] The antibody-drug conjugate according to any one of [1] to [18], wherein L?
bonds to L and represents -NH», -CH2NH», or -CH>OH;
10 [20] The antibody-drug conjugate according to any one of [1] to [18], wherein L?
does not bond to L and represents a hydrogen atom or a fluorine atom,;
[21] The antibody-drug conjugate according to any one of [1] to [20], wherein Q!
and Q" each independently represent a hydroxy group or a thiol group;

[22] The antibody-drug conjugate according to any one of [1] to [21], wherein X!

15  and X each represent an oxygen atom;
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[23] The antibody-drug conjugate according to any one of [1] to [22], wherein Y'!
and Y? each represent an oxygen atom;

[24] The antibody-drug conjugate according to any one of [1] to [23], wherein X?
and X* represent -CH-O-;

[25] The antibody-drug conjugate according to any one of [1] to [24], wherein X°
and X represent -CH-O-;

[26] The antibody-drug conjugate according to any one of [1] to [25], wherein R!,
R2, and R are each independently a hydrogen atom, a hydroxy group, or a fluorine
atom;

[27] The antibody-drug conjugate according to any one of [1] to [26], wherein D is
represented by either one of the following two formulas:

[0020]

wherein

L', Q', Q", Q% and Q* are as defined above;

R!'7,R!'7 R'8 and R'® each independently represent a hydrogen atom, a
halogen atom, a hydroxy group, or -NHb;

W? represents -NH-, an oxygen atom, a sulfur atom, or -CH»-; and

W* represents -CH= or a nitrogen atom;
[28] The antibody-drug conjugate according to [27], wherein D is represented by
either one of the following two formulas:

[0021]



- 16 -

N N
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R [ _g® and —R"" [ _r®

wherein

LY, Q' Q" Q% Q* RY R, R' and R'* are as defined above;
[29] The antibody-drug conjugate according to [27] or [28], wherein D is represented
by any one of the following eight formulas:

[0022]
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wherein

L', QL Q) Q% and Q7 are as defined above; and

R R! R, and R?” each independently represent a hydrogen atom or a
fluorine atom;
[30] The antibody-drug conjugate according to any one of [27] to [29], wherein D is
represented by any one of the following four formulas:

[0023]
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wherein

L' is as defined above;
[31] The antibody-drug conjugate according to any one of [27] to [30], wherein D is
represented by any one of the following four formulas:

[0024]

z.

HSw

wherein

L' is as defined above;
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[32] The antibody-drug conjugate according to any one of [27] to [30], wherein D is
represented by any one of the following four formulas:

[0025]
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5  wherein
L' is as defined above;
[33] The antibody-drug conjugate according to any one of [1] to [26], wherein D is

represented by the following formula:

[0026]
N
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wherein

L' is as defined above;
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Q® and Q* each independently represent a hydroxy group or a thiol group;

R?! and R?? each independently represent a hydroxy group or a fluorine atom;
and

W5 represents -NH- or a sulfur atom;
[34] The antibody-drug conjugate according to [33], wherein D is represented by
either one of the following two formulas:

[0027]

and 0

wherein

L!, Q% Q% and W’ are as defined above;
[35] The antibody-drug conjugate according to any one of [1] to [34], wherein L! is
represented by any one of the following four formulas:

[0028]

iﬁ f)\ (fozand o

[36] The antibody-drug conjugate according to any one of [1] to [34], wherein L! is
represented by any one of the following four formulas:

[0029]
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wherein

each asterisk indicates bonding to L;
[37] The antibody-drug conjugate according to any one of [33], [34], and [36],
wherein D is represented by any one of the following four formulas:

[0030]
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wherein

each asterisk indicates bonding to L; and
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Q’, Q*, and W? are as defined above;
[38] The antibody-drug conjugate according to any one of [33], [34], [36], and [37],

wherein D is represented by any one of the following four formulas:

[0031]
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wherein

each asterisk indicates bonding to L;
[39] The antibody-drug conjugate according to any one of [33], [34], [36], and [37],
wherein D is represented by any one of the following three formulas:

10 [0032]



- 23 -
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wherein

each asterisk indicates bonding to L;

. < I\j\/\/
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\, and

[40] The antibody-drug conjugate according to any one of [33], [34], [36], and [37],

wherein D is represented by any one of the following four formulas:

[0033]
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wherein

each asterisk indicates bonding to L;
[41] The antibody-drug conjugate according to any one of [1] to [40], wherein linker
L is represented by -Lb-La-Lp-Lc-*, wherein

the asterisk indicates bonding to drug D;

Lp represents a linker consisting of an amino acid sequence cleavable in a
target cell, or is absent;

La represents any one selected from the following group:
-C(=0)-(CH2CH2)n-C(=0)-,
-C(=0)-(CH2CH2)n*-CH2-C(=0)-,
-C(=0)-(CH2CH2)n?-C(=0)-NH-(CH2CH2)n*-C(=0)-,
-C(=0)-(CH2CH2)n*-C(=0)-NH-(CH,CH2)n*-CH>-C(=0)-,
-C(=0)-(CH2CH2)n*-C(=0)-NH-(CH>CH20)n*-CH>-C(=0)-,
-(CH2)n*-0-C(=0)-, and
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-(CH2)n’-C(=0)-, wherein

n’ represents an integer of 1 to 3, n® represents an integer of 1 to 5, n*
represents an integer of 0 to 2, and n’ represents an integer of 2 to 7;

Lb represents a spacer bonding La and a glycan or remodeled glycan of Ab or
a spacer bonding La and a cysteine residue of Ab; and

Lc represents -NH-CHz-, -NH-phenyl group-CH2-O(C=0)-, or -NH-
heteroaryl group-CH2-O(C=0)-, or is absent;
[42] The antibody-drug conjugate according to [41], wherein Lc is absent;
[43] The antibody-drug conjugate according to [41], wherein Lc is -NH-CH>-;
[44] The antibody-drug conjugate according to any one of [41] to [43], wherein Lp
represents any one selected from the group consisting of:
-GGVA-, -VA-, -GGFG-, -FG-, -GGPI-, -PI-, -GGVCit-, -VCit-, -GGVK-, -VK-, -
GGFCit-, -FCit-, -GGFM-, -FM-, -GGLM-, -LM-, -GGICit-, and -ICit-;
[45] The antibody-drug conjugate according to [44], wherein Lp is any one of -
GGVA-, -VA-, -GGFG-, -FG-, -GGVC(it-, -VCit-, -GGFCit-, and -FCit-;
[46] The antibody-drug conjugate according to any one of [41] to [43], wherein Lp is
any one of -GGFG-, -GGPI-, -GGVA-, -GGFM-, -GGVCit-, -GGFCit-, -GGICit-, -
GGPL-, -GGAQ-, and -GGPP-;
[47] The antibody-drug conjugate according to [46], wherein Lp is -GGFG- or -
GGPI-;
[48] The antibody-drug conjugate according to any one of [41] to [47], wherein La
represents any one selected from the group consisting of:
-C(=0)-CH2CH2-C(=0)-,
-C(=0)-CH2CH2-C(=0)-NH-(CH2CH20)3-CH2-C(=0)-,
-C(=0)-CH2CH>-C(=0)-NH-(CH2CH:20)4-CH,-C(=0)-, and
-(CH2)s-C(=0)-;
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[49] The antibody-drug conjugate according to any one of [41] to [48], wherein Lb is
represented by any one of the following formulas:

[0034]

N//N\N/i ){\N/N\\N
tN\ and iN\

, and

[0036]

N~ \N/i;

s gge

wherein, in the structural formulas for Lb shown above,

each asterisk indicates bonding to La, and each wavy line indicates bonding to
a glycan or remodeled glycan of Ab;
[50] The antibody-drug conjugate according to any one of [41] to [48], wherein Lb is
-(succinimid-3-yl-N)-, wherein -(succinimid-3-yl-N)- represents the following
structural formula:

[0037]
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wherein the asterisk indicates bonding to La, and the wavy line indicates bonding to
a side chain of a cysteine residue of the antibody through forming thioether;
[51] The antibody-drug conjugate according to any one of [41] and [46] to [49],
wherein linker L is represented by -Lb-La-Lp-Lc-*, wherein

the asterisk indicates bonding to drug D;

Lp is -GGFG- or -GGPI-;

La represents -C(=0)-CH2CH»-C(=0)-;

Lb represents the following formula:

\ or \

wherein, in the structural formulas for Lb shown above,

each asterisk indicates bonding to La, and each wavy line indicates bonding to
a glycan or remodeled glycan of Ab; and

Lc represents -NH-CH»-;
[52] The antibody-drug conjugate according to any one of [1] to [51], wherein the
average number of conjugated drug molecules per antibody molecule in the

antibody-drug conjugate is in the range of 1 to 10;
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[53] The antibody-drug conjugate according to [52], wherein the average number of
conjugated drug molecules per antibody molecule in the antibody-drug conjugate is
in the range of 1 to 5;

[54] The antibody-drug conjugate according to any one of [1] to [53], wherein the
antibody bonds via a glycan bonding to Asn297 of the antibody (N297 glycan) to L;
[55] The antibody-drug conjugate according to [54], wherein the N297 glycan is a
remodeled glycan;

[56] The antibody-drug conjugate according to [54] or [55], wherein the N297 glycan
is N297-(Fuc)MSG1 or N297-(Fuc)SG;

[57] The antibody-drug conjugate according to any one of [1] to [56], wherein the
antibody is an anti-HER?2 antibody, an anti-HER3 antibody, an anti-DLL3 antibody,
an anti-FAP antibody, an anti-CDH11 antibody, an anti-CDH6 antibody, an anti-A33
antibody, an anti-CanAg antibody, an anti-CD19 antibody, an anti-CD20 antibody,
an anti-CD22 antibody, an anti-CD30 antibody, an anti-CD33 antibody, an anti-
CD56 antibody, an anti-CD70 antibody, an anti-CD98 antibody, an anti-TROP2
antibody, an anti-CEA antibody, an anti-Cripto antibody, an anti-EphA2 antibody, an
anti-G250 antibody, an anti-MUC] antibody, an anti-GPNMB antibody, an anti-
Integrin antibody, an anti-PSMA antibody, an anti-Tenascin-C antibody, an anti-
SLC44A4 antibody, an anti-Mesothelin antibody, an anti-ENPP3 antibody, an anti-
CD47 antibody, an anti-EGFR antibody, an anti-GPR20 antibody, or an anti-DR5
antibody;

[58] The antibody-drug conjugate according to [57], wherein the antibody is an anti-
HER?2 antibody;

[59] The antibody-drug conjugate according to [58], wherein the antibody is an
antibody comprising a light chain consisting of an amino acid sequence represented
by SEQ ID NO: 1 and a heavy chain consisting of an amino acid sequence

represented by SEQ ID NO: 2, or an antibody comprising a light chain consisting of
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an amino acid sequence represented by SEQ ID NO: 1 and a heavy chain consisting
of an amino acid sequence represented by SEQ ID NO: 3;
[60] The antibody-drug conjugate according to [58], wherein the antibody is an
antibody comprising a light chain consisting of an amino acid sequence represented
5 by SEQ ID NO: 28 and a heavy chain consisting of an amino acid sequence

represented by SEQ ID NO: 29, or an antibody comprising a light chain consisting of
an amino acid sequence represented by SEQ ID NO: 28 and a heavy chain consisting
of an amino acid sequence represented by SEQ ID NO: 30;
[61] The antibody-drug conjugate according to [57], wherein the antibody is an

10 antibody comprising a light chain consisting of an amino acid sequence represented
by SEQ ID NO: 31 and a heavy chain consisting of an amino acid sequence
represented by SEQ ID NO: 32, an antibody comprising a light chain consisting of an
amino acid sequence represented by SEQ ID NO: 33 and a heavy chain consisting of
an amino acid sequence represented by SEQ ID NO: 34, or an antibody comprising a

15  light chain consisting of an amino acid sequence represented by SEQ ID NO: 35 and
a heavy chain consisting of an amino acid sequence represented by SEQ ID NO: 36;
[62] A compound or a pharmacologically acceptable salt of the compound, wherein

the compound is represented by formula (Ia):

[0039]
4
R>~ .
N
QZ N / \ \/\51
N x° \Z|3
)I(J g \s ¥ i A o
= 1 a
iﬂ ‘(_\@
L1 Y‘t X3 Xz\ R2
\x" ;ID—Q"
[l
20 a

wherein
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L! represents a group selected from the group consisting of the following

formulas:

[0040]

7
. R
g HN- R

1
AP T ]
Nl /)\ 6 ‘leN&I\R; N/h\N/)\ /RT

7
FI " ‘\
Nt N A R s /YJ\N
n e am -
= HJT/ N

5  and optionally substituted at any position with one to three groups selected from the

group consisting of a hydroxy group, -NH>, a 2-hydroxyacetylaminomethyl group,

and a 2-[(2-hydroxyacetyl)amino]ethyl group,

wherein

R® and R® each independently represent a hydrogen atom, a halogen atom, a

10 hydroxy group, -NHz, a C1-C6 alkyl group, a C2-C6 alkenyl group, or a C2-C6

alkynyl group;

R” and R” each independently represent a hydrogen atom or a C1-C6 alkyl

group, wherein the C1-C6 alkyl group is optionally substituted with one or two

substituents selected from the group consisting of a halogen atom and an oxo group;

15 R® and R¥ each independently represent a hydrogen atom or a halogen atom;

Z* represents -CH»-, -NH-, or an oxygen atom; and

Z° represents a nitrogen atom or -CH=,
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L? represents a hydrogen atom, a halogen atom, -NH», a hydroxy C1-C3 alkyl
group, or an amino C1-C3 alkyl group;

Q! and Q" each independently represent a hydroxy group, a thiol group, or a
borano group (BH3);

Q? and Q* each independently represent an oxygen atom or a sulfur atom;

X! and X? each independently represent an oxygen atom, a sulfur atom, or -
CH;-;

Y! and Y? each represent an oxygen atom or -CHa-;

X? and X* represent a group selected from (iii) and (iv):

(iii) when Y'! is an oxygen atom, X*-X* represents -CH»-O-, -CH;-S-, -
CH»-CHa>-, or -CH3-CF»-; and
(iv) when Y'! is -CHz-, X3-X* represents -O-CHa-;

X® and X® represent a group selected from (v) and (vi):

(v) when Y? is an oxygen atom, X°-X represents -CH,-O-, -CH;-S-, -CH-
CH;-, or -CH»-CF»-; and
(vi) when Y? is -CHz-, X>-X® represents -O-CH»-;

R!, R? and R® each independently represent a hydrogen atom, a halogen
atom, -OR', -OC(=0)R’, -N3, -NHR', -NR'R", or -NHC(=O)R', wherein R' represents
a hydrogen atom, a C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl
group, or a C3-C6 cycloalkyl group, the C1-C6 alkyl group, C2-C6 alkenyl group, or
C2-C6 alkynyl group is optionally substituted with one to six halogen atoms, and R"
represents a C1-6 alkyl group, a C2-6 alkenyl group, a C2-6 alkynyl group, or a C3-
C6 cycloalkyl group;

w! represents a nitrogen atom, an oxygen atom, a sulfur atom, or -CH-;

W? represents a nitrogen atom or -CH=;

R* represents a hydrogen atom, a halogen atom, or -NH»;

R’ represents a group selected from (vii) to (x):
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(vii) when W' is a nitrogen atom, R represents a hydrogen atom, a C1-C6
alkyl group, a hydroxy C1-C6 alkyl group, or an amino C1-C6 alkyl group;

(viii) when W' is an oxygen atom, R? is absent;

(ix) when W' is a sulfur atom, R® is absent; and

(x) when W' is -CH-, R® represents a hydrogen atom, a halogen atom, a
hydroxy group, -NHz, or a C1-C6 alkyl group;

Z'-72-73 together represents a group -CH,-CH»-CH»-, -CH»-CH,-R™-, -
CH=CH-CHz>-, -CH=CX-CHz>-, -CX=CH-CHa-, -CX=CX-CH>-, -C(=0)-CH2-CH>-, -
CH2-CH2-C(=0)-, -CH2-CH(CH3)-CHz-, or -CH2-CH2-CH(CH3)-, wherein R™
represents -O- or -CH>-CH»- and X represents a halogen atom, or a group
represented by either one of the following formulas:

[0041]

* *

and

wherein

each asterisk indicates bonding to W', and each wavy line indicates bonding
to the carbon atom of =C-;
[63] The compound according to [62] or a pharmacologically acceptable salt of the
compound, wherein W' is a nitrogen atom;
[64] The compound according to [63] or a pharmacologically acceptable salt of the
compound, wherein W! is a nitrogen atom, and R® is a hydrogen atom;
[65] The compound according to [62] or a pharmacologically acceptable salt of the
compound, wherein W' is an oxygen atom;
[66] The compound according to [62] or a pharmacologically acceptable salt of the

compound, wherein W' is a sulfur atom;
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[67] The compound according to [62] or a pharmacologically acceptable salt of the
compound, wherein W' is -CH-;

[68] The compound according to [67] or a pharmacologically acceptable salt of the
compound, wherein W! is -CH-, and R® is a hydrogen atom;

[69] The compound according to any one of [62] to [68] or a pharmacologically
acceptable salt of the compound, wherein Z!, Z?, and Z? together form -CH>-CHa-
CH:;- or -CH=CH-CH>-;

[70] The compound according to any one of [62] to [68] or a pharmacologically
acceptable salt of the compound, wherein Z!, Z2, and Z?* together form -CHa-
CH(CH3)-CHaz- or -CH2-CH2-CH(CH3)-;

[71] The compound according to any one of [62] to [68] or a pharmacologically
acceptable salt of the compound, wherein Z!, Z?, and Z* together form -CH»-CH,-
R"-, wherein R" represents -O- or -CH2-CH»-;

[72] The compound according to any one of [62] to [71] or a pharmacologically
acceptable salt of the compound, wherein W? is -CH=;

[73] The compound according to any one of [62] to [71] or a pharmacologically
acceptable salt of the compound, wherein W? is a nitrogen atom;

[74] The compound according to any one of [62] to [73] or a pharmacologically
acceptable salt of the compound, wherein R* represents a hydrogen atom;

[75] The compound according to any one of [62] to [73] or a pharmacologically
acceptable salt of the compound, wherein R* represents a fluorine atom;

[76] The compound according to any one of [62] to [75] or a pharmacologically
acceptable salt of the compound, wherein R® and R¥ in L! are each independently a
hydrogen atom;

[77] The compound according to any one of [62] to [76] or a pharmacologically
acceptable salt of the compound, wherein L! is a group selected from the group

consisting of the following formulas:



10

15

[0042]

wherein

R

/ H NH
Nr/\N/)\ 9
L

e
N2
L ,

- 34 -

</ ‘ AN R
«Zj\ N R
R NH,
~
98
:/i SR

R’ and R each represent a hydrogen atom, a halogen atom, a hydroxy group,

or -NHp;

R represents a hydroxy group, -NH», -NHC(=0)CH,OH, -

CH>NHC(=0)CH20H, -CH2CH>NHC(=0)CH20H, a hydroxy C1-C3 alkyl group, or

an amino C1-C3 alkyl group;

R!'" and R!'" each independently represent a hydrogen atom, a fluorine atom,

or a methyl group, or R!' and R!" bond together to form cyclopropane; and

Z* represents -CH-, -NH-, or an oxygen atom;

[78] The compound according to any one of [62] to [76] or a pharmacologically

acceptable salt of the compound, wherein L! is a group selected from the group

consisting of the following formulas:

[0043]
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wherein

R'3 and R'* each independently represent a hydrogen atom, a hydroxy group,
or -NHy;

R!? represents a hydroxy group, -NH», -CHOH, -NHC(=0)CH,OH, -
CH>NHC(=0)CH20H, or -CH>CH>NHC(=0)CH20H; and

Z*is as defined above;
[79] The compound according to any one of [62] to [76] or a pharmacologically
acceptable salt of the compound, wherein L! is a group selected from the group
consisting of the following formulas:

[0044]
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wherein

R represents a hydrogen atom or -NH>;

R represents a hydrogen atom or -C(=O)CH,OH; and

R!6 represents a hydroxy group, -NH,, -CH,OH, -CH,CH,OH, -CH>NH,, or -
CH>CH>NH2;
[80] The compound according to any one of [62] to [79] or a pharmacologically
acceptable salt of the compound, wherein L3 represents a hydrogen atom, a fluorine
atom, -NH», -CH>OH, or -CH2NH23;
[81] The compound according to any one of [62] to [80] or a pharmacologically
acceptable salt of the compound, wherein Q! and Q! each independently represent a
hydroxy group or a thiol group;
[82] The compound according to any one of [62] to [81] or a pharmacologically

acceptable salt of the compound, wherein X! and X? each represent an oxygen atom;
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[83] The compound according to any one of [62] to [82] or a pharmacologically
acceptable salt of the compound, wherein Y! and Y? each represent an oxygen atom;
[84] The compound according to any one of [62] to [83] or a pharmacologically
acceptable salt of the compound, wherein X3 and X* represent -CH»-O-;

[85] The compound according to any one of [62] to [84] or a pharmacologically
acceptable salt of the compound, wherein X> and X® represent -CH»-O-;

[86] The compound according to any one of [62] to [85] or a pharmacologically
acceptable salt of the compound, wherein R!, R?, and R® are each independently a
hydrogen atom, a hydroxy group, or a fluorine atom;

[87] The compound according to any one of [62] to [86] or a pharmacologically
acceptable salt of the compound, wherein the compound is represented by either one
of the following two formulas:

[0045]

wherein

L', Q', Q", Q% and Q* are as defined above;

R'7,R!'7 R!8 and R' each independently represent a hydrogen atom, a
halogen atom, a hydroxy group, or -NH>;

W3 represents -NH-, an oxygen atom, a sulfur atom, or -CH>-; and

W* represents -CH= or a nitrogen atom;
[88] The compound according to [87] or a pharmacologically acceptable salt of the
compound, wherein the compound is represented by either one of the following two

formulas:
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wherein

LY, QL QY Q% Q% R R, R'" and R'® are as defined above;
[89] The compound according to [87] or [88] or a pharmacologically acceptable salt
of the compound, wherein the compound is represented by any one of the following
eight formulas:

[0047]
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wherein

L', QY Q' Q% and Q7 are as defined above; and

R, R! R, and R?” each independently represent a hydrogen atom or a
fluorine atom;
[90] The compound according to any one of [87] to [89] or a pharmacologically
acceptable salt of the compound, wherein the compound is represented by any one of
the following four formulas:

[0048]
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wherein

L' is as defined above;
[91] The compound according to any one of [87] to [90] or a pharmacologically
acceptable salt of the compound, wherein the compound is represented by any one of
the following four formulas:

[0049]

=0

HS .

C—T

wherein
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L' is as defined above;
[92] The compound according to any one of [87] to [90] or a pharmacologically
acceptable salt of the compound, wherein the compound is represented by any one of
the following four formulas:

[0050]

LV[;\\ O:: ‘;’O H Lq/(oj\\ Oc: -‘//O H
. and |

wherein

L' is as defined above;
[93] The compound according to any one of [62] to [86] or a pharmacologically
acceptable salt of the compound, wherein the compound is represented by the
following formula:

[0051]
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wherein
L' is as defined above;
Q® and Q* each independently represent a hydroxy group or a thiol group;
5 R?!' and R each independently represent a hydroxy group or a fluorine atom;
and
W? represents -NH- or a sulfur atom;
[94] The compound according to [93] or a pharmacologically acceptable salt of the

compound, wherein the compound is represented by either one of the following two

10  formulas:

[0052]

o and 0

wherein
L', Q% Q*, and W3 are as defined above;
15  [95] The compound according to any one of [62] to [94] or a pharmacologically

acceptable salt of the compound, wherein L! is represented by any one of the

following:
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[96] The compound according to any one of [62] to [94] or a pharmacologically
acceptable salt of the compound, wherein L! is represented by any one of the
following four formulas:

[0054]

NH, o] 0
N XN N N NfJ\N/\/OH
4 4 74
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[97] The compound according to any one of [93], [94], and [96] or a

pharmacologically acceptable salt of the compound, wherein D is represented by any

one of the following four formulas:

[0055]
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wherein

O=17—0

Q3%, Q*, and W? are as defined above;
[98] The compound according to any one of [93], [94], [96], and [97] or a
pharmacologically acceptable salt of the compound, wherein D is represented by any

one of the following four formulas:

[0056]
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[99] The compound according to any one of [93], [94], [96], and [97] or a

pharmacologically acceptable salt of the compound, wherein D is represented by any
one of the following three formulas:

[0057]
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[100] The compound according to any one of [93], [94], [96], and [97] or a
pharmacologically acceptable salt of the compound, wherein D is represented by any
one of the following four formulas:

[0058]
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[101] A STING agonist comprising any one selected from the group consisting of the
antibody-drug conjugate according to any one of [1] to [61] and the compound
according to any one of [62] to [100] or a pharmacologically acceptable salt of the
compound;

[102] A pharmaceutical composition comprising any one selected from the group
consisting of the antibody-drug conjugate according to any one of [1] to [61] and the
compound according to any one of [62] to [100] or a pharmacologically acceptable
salt of the compound;

[103] An anti-tumor agent comprising any one selected from the group consisting of
the antibody-drug conjugate according to any one of [1] to [61] and the compound
according to any one of [62] to [100] or a pharmacologically acceptable salt of the
compound;

[104] The anti-tumor agent according to [103], wherein the tumor is lung cancer,

kidney cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma
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multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer,
bladder cancer, gastric cancer, esophageal cancer, endometrial cancer, testicular
cancer, uterine cervix cancer, placental choriocarcinoma, glioblastoma multiforme,
brain tumor, head-and-neck cancer, thyroid cancer, mesothelioma, gastrointestinal
stromal tumor (GIST), gallbladder cancer, bile duct cancer, adrenal cancer,
squamous cell carcinoma, leukemia, malignant lymphoma, plasmacytoma, myeloma,
or sarcoma;

[105] A method for treating cancer, the method comprising administering any one
selected from the group consisting of the antibody-drug conjugate according any one
of [1] to [61], the compound according to any one of [62] to [100] or a
pharmacologically acceptable salt of the compound, the STING agonist according to
[101], the pharmaceutical composition according to [102], and the anti-tumor agent
according to [103] or [104];

[106] The method according to [105], wherein the cancer is lung cancer, kidney
cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma
multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer,
bladder cancer, gastric cancer, esophageal cancer, endometrial cancer, testicular
cancer, uterine cervix cancer, placental choriocarcinoma, glioblastoma multiforme,
brain tumor, head-and-neck cancer, thyroid cancer, mesothelioma, gastrointestinal
stromal tumor (GIST), gallbladder cancer, bile duct cancer, adrenal cancer,
squamous cell carcinoma, leukemia, malignant lymphoma, plasmacytoma, myeloma,

Or sarcoma.

Advantageous Effects of Invention
[0059]
The present invention provides novel CDN derivatives. The novel CDN

derivatives of the present invention have potent STING agonist activity, and exhibit
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high anti-tumor activity. In addition, the present invention provides novel antibody-
CDN derivative conjugates that allow systemic administration and exhibit anti-tumor

effect in tumors expressing an antigen.

Brief Description of Drawings

[0060]

[Figure 1] Figure 1 schematically shows a drug conjugate form obtained from an SG-
type glycan-remodeled antibody (the molecule of (II) in A of Figure 1), and a drug
conjugate form obtained from an MSG-type glycan-remodeled antibody (the
molecule of (II) in B of Figure 1), each being the drug conjugate form of the present
invention (the molecule of (II)). (a) indicates drug D, (b) indicates linker L, (c)
indicates a PEG linker (L(PEG)), and (d) indicates N297 glycan, wherein each open
circle represents NeuAc(Sia), each open hexagon represents Man, each solid
hexagon represents GlcNAc, each open rhombus represents Gal, and each open
inverted triangle represents Fuc. Each open pentagon represents a triazole ring
formed through reaction between an alkyne derived from linker L and an azide group
derived from a PEG linker. Each Y-shape represents antibody Ab. Each PEG
linker is bonding to the carboxyl group at position 2 of a sialic acid positioned at a
non-reducing terminus via an amide bond. Unless otherwise stated, such a manner
of illustration is applied throughout the present specification.

[Figure 2] Figure 2 shows schematic diagrams illustrating the structures of a
(Fucal,6)GlcNAc-antibody (the molecule of (IIT) in A of Figure 2), an SG-type
glycan-remodeled antibody (the molecule of (IV) in B of Figure 2), and an MSG-
type glycan-remodeled antibody (the molecule of (IV) in C of Figure 2), each being a
production intermediate for the drug conjugate form of the present invention. In
each of the diagrams, the Y-shape represents antibody Ab as in Figure 1. (e) in A

of Figure 2 indicates N297 glycan consisting of a disaccharide in which position 1 of
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Fuc and position 6 of GIcNAc bond together via an a-glycosidic bond. In B and C
of Figure 2, (d) indicates N297 glycan as in Figure 1, and (f) indicates a PEG linker
having an azide group, wherein an azide group to be subjected to bonding to linker L
is shown at an end. The bonding mode of each PEG linker having an azide group is
the same as those of PEG linkers in Figure 1.

[Figure 3] Figure 3 shows schematic diagrams illustrating steps for production of an
SG-type glycan-remodeled antibody and MSG-type glycan-remodeled antibody from
an antibody produced in animal cells. As in Figure 2, molecules (III) and (IV) in
the diagrams represent a (Fuco1,6)GlcNAc-antibody and an SG-type glycan-
remodeled antibody or MSG-type glycan-remodeled antibody, respectively. The
molecule of (V) is an antibody produced in animal cells, and a mixture of molecules
with heterogeneous N297 glycans. Figure 3A illustrates the step of producing
homogeneous molecules of (Fuca.1,6)GlcNAc-antibody (III) by treating
heterogeneous N297 glycans of (V) with hydrolase such as EndoS. Figure 3B
illustrates the step of producing the SG-type glycan-remodeled antibody of (IV) by
subjecting GlcNAc of N297 glycan in antibody (III) to transglycosylation with SG-
type glycan donor molecules with use of glycosyltransferase such as an EndoS
D233Q/Q303L mutant. Figure 3C illustrates the step of producing the MSG-type
glycan-remodeled antibody of (IV) by subjecting antibody (III) to transglycosylation
with MSG-type glycan donor molecules in the same manner as in Figure 3B. Each
of the SG-type glycan donor molecule and MSG-type glycan donor molecule to be
used here is such a molecule that a sialic acid at its non-reducing terminus is
modified with a PEG linker having an azide group, and a sialic acid at each non-
reducing terminus of an SG-type N297 glycan-remodeled antibody or MSG-type
N297 glycan-remodeled antibody to be produced is modified in the same manner as

shown in Figures 2B and 2C.
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[Figure 4] Figure 4 shows the amino acid sequences of the light chain (SEQ ID NO:
1) and heavy chain (SEQ ID NO: 2) of trastuzumab.

[Figure 5] Figure 5 shows the amino acid sequences of the light chain (SEQ ID NO:
1) and heavy chain (SEQ ID NO: 3) of a modified anti-HER2 antibody.

[Figure 6] Figure 6 shows the amino acid sequences of (a) wild-type human STING,
(b) REF-mutated (R232H) human STING, and (¢) HAQ-mutated (R71H, G230A,
R293Q) human STING.

[Figure 7] Figure 7 demonstrates anti-tumor effect of intratumoral administration of
CDN derivatives. In each graph, the line with solid squares corresponds to a group
with a vehicle, the line with open squares to a group with administration of
compound No. 6a, the line with open inverted triangles to a group with
administration of compound No. 8b, and the line with open circles to a group with
administration of compound No. 9b. The vertical axis represents tumor volume
(mm?), and the horizontal axis represents days after tumor transplantation.

[Figure 8] Figure 8 demonstrates anti-tumor effect of intravenous administration of
anti-HER2 antibody-CDN conjugate (1) and anti-LPS antibody-CDN conjugate (1).
In each graph, the line with solid squares corresponds to a group with a vehicle, the
line with open triangles to a group with administration of anti-HER2 antibody-CDN
conjugate (1), which was formed by conjugating the compound of Example 8b to a
modified anti-HER2 antibody produced in Reference Example 1, and the line with
solid triangles to a group with administration of anti-LPS antibody-CDN conjugate
(1), which was similarly formed by conjugating the compound of Example 8b to a
modified anti-LPS antibody produced in Reference Example 2. The vertical axis
represents tumor volume (mm?), and the horizontal axis represents days after tumor
transplantation.

[Figure 9] Figure 9 demonstrates anti-tumor effect of intravenous administration of

anti-HER?2 antibody-CDN conjugates (2) and (3). In the graph, the line with solid
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squares corresponds to a group with a vehicle, the line with open squares to a group
with administration of anti-HER?2 antibody-CDN conjugate (2), and the line with
open triangles to a group with administration of anti-HER2 antibody-CDN conjugate
(3). The vertical axis represents tumor volume (mm?), and the horizontal axis
represents days after tumor transplantation.

[Figure 10] Figure 10 demonstrates anti-tumor effect of intravenous administration
of anti-HER2 antibody-CDN conjugate (19). In the graph, the line with solid
squares corresponds to a group with a vehicle, and the line with open triangles to a
group with administration of anti-HER2 antibody-CDN conjugate (19). In anti-
HER?2 antibody-CDN conjugate (19), a drug-linker is conjugated to the antibody
through cysteine conjugation. The vertical axis represents tumor volume (mm?),
and the horizontal axis represents days after tumor transplantation.

[Figure 11] Figure 11 demonstrates anti-tumor effect of intravenous administration
of anti-HER2 antibody-CDN conjugates (1) and (9) to (12). In the graph, the line
with solid squares corresponds to a group with a vehicle, the line with open triangles
to a group with administration of anti-HER2 antibody-CDN conjugate (9), the line
with open inverted triangles to a group with administration of anti-HER2 antibody-
CDN conjugate (10), the line with open rhombuses to a group with administration of
anti-HER?2 antibody-CDN conjugate (11), the line with open circles to a group with
administration of anti-HER2 antibody-CDN conjugate (12), and the line with open
squares to a group with administration of anti-HER2 antibody-CDN conjugate (1).
In each of anti-HER2 antibody-CDN conjugates (9), (10), (11), (12), and (1), the
compound of Example 8b is conjugated via a linker, where the linkers are different
from each other. The vertical axis represents tumor volume (mm?), and the
horizontal axis represents days after tumor transplantation.

[Figure 12] Figure 12 demonstrates anti-tumor effect of intravenous administration

of anti-HER2 antibody 2-CDN conjugate (1), anti-HER2 antibody 2, and compound
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No. 8b. In the graph, the line with solid squares corresponds to a group with a
vehicle, the line with open triangles to a group with administration of 60 pg of anti-
HER?2 antibody 2-CDN conjugate (1), the line with solid inverted triangles to a group
with administration of 59 pg of anti-HER2 antibody 2, and the line with solid circles
to a group with administration of 1.2 ug of compound No. 8b. Each dose of anti-
HER?2 antibody 2 and compound No. 8b is the equivalent of the corresponding
component constituting anti-HER2 antibody 2-CDN conjugate (1). The vertical
axis represents tumor volume (mm?), and the horizontal axis represents days after
tumor transplantation.

[Figure 13] Figure 13 (a) demonstrates anti-tumor effect of intravenous
administration of anti-HER2 antibody 2-CDN conjugates (2) and (3). Figure 13 (b)
demonstrates anti-tumor effect of intravenous administration of anti-HER2 antibody
2-CDN conjugates (4), (5), (7), and (8). Figure 13 (c) demonstrates anti-tumor
effect of intravenous administration of anti-HER2 antibody 2-CDN conjugate (6).

In each graph, the line with solid squares corresponds to a group with a vehicle, and
each line with open symbols to a group with administration of an evaluated subject
of anti-HER2 antibody 2-CDN conjugates (2) to (8). The vertical axis represents
tumor volume (mm?), and the horizontal axis represents days after tumor
transplantation.

[Figure 14] Figure 14 demonstrates anti-tumor effect of intravenous administration
of anti-HER2 antibody 2-CDN conjugates (9) and (10). In the graph, the line with
solid squares corresponds to a group with a vehicle, the line with open triangles to a
group with administration of anti-HER2 antibody 2-CDN conjugate (9), and the line
with open circles to a group with administration of anti-HER2 antibody 2-CDN
conjugate (10). Anti-HER?2 antibody 2-CDN conjugates (9) and (10) are antibody-
CDN conjugates using an MSG-type glycan-remodeled antibody with the average

number of conjugated drug molecules being approximately 2. The vertical axis



10

15

20

25

- 54 -

represents tumor volume (mm?), and the horizontal axis represents days after tumor
transplantation.

[Figure 15] Figure 15 demonstrates anti-tumor effect of intravenous administration
of an anti-EphA?2 antibody and anti-EphA2 antibody-CDN conjugate (1). In the
graph, the line with solid squares corresponds to a group with a vehicle, the line with
open circles to a group with administration of an anti-EphA2 antibody, and the line
with open triangles to a group with administration of anti-EphA2 antibody-CDN
conjugate (1). The vertical axis represents tumor volume (mm?), and the horizontal
axis represents days after tumor transplantation.

[Figure 16] Figure 16 demonstrates anti-tumor effect of intravenous administration
of an anti-CD33 antibody and anti-CD33 antibody-CDN conjugate (1). In the
graph, the line with solid squares corresponds to a group with a vehicle, the line with
open circles to a group with administration of an anti-CD33 antibody, and the line
with open triangles to a group with administration of anti-CD33 antibody-CDN
conjugate (1). The vertical axis represents tumor volume (mm?), and the horizontal
axis represents days after tumor transplantation.

[Figure 17] Figure 17 shows the amino acid sequences of the light chain (SEQ ID
NO: 28) and heavy chain (SEQ ID NO: 29) of pertuzumab.

[Figure 18] Figure 18 shows the amino acid sequences of the light chain (SEQ ID
NO: 28) and heavy chain (SEQ ID NO: 30) of modified anti-HER2 antibody 2.
[Figure 19] Figure 19 shows the amino acid sequences of the light chain (SEQ ID
NO: 31) and heavy chain (SEQ ID NO: 32) of an anti-CD33 antibody.

[Figure 20] Figure 20 shows the amino acid sequences of the light chain (SEQ ID
NO: 33) and heavy chain (SEQ ID NO: 34) of an anti-EphA2 antibody.

[Figure 21] Figure 21 shows the amino acid sequences of the light chain (SEQ ID
NO: 35) and heavy chain (SEQ ID NO: 36) of an anti-CDH6 antibody.
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[Figure 22] Figure 22 demonstrates anti-tumor effect of intravenous administration
of anti-HER2 antibody 2-CDN conjugates (11) and (12). In the graph, the line with
solid squares corresponds to a group with a vehicle, the line with open triangles to a
group with administration of anti-HER2 antibody 2-CDN conjugate (11), and the line
with open circles to a group with administration of anti-HER2 antibody 2-CDN

conjugate (12).

Description of Embodiments
[0061]

The present invention relates to novel CDN derivatives having STING agonist
activity and antibody-drug conjugates thereof, and use of any of them. The novel
CDN derivatives of the present invention have STING agonist activity, and activate
immune cells to induce production of interferons and cytokines. The novel CDN
derivatives of the present invention exert anti-tumor effect through the activation of
immune cells. The novel CDN derivatives may be directly administered to targeted
tissue whose immune functions are intended to be activated, or linked to an antibody
capable of recognizing and binding to target cells (e.g., tumor cells or immune cells)
via any linker and systemically administered.

[0062]

STING (Stimulator of Interferon Genes) is a transmembrane adaptor protein
localized in endoplasmic reticula. STING is known to exhibit congenital
polymorphism with high frequency (PLoS One, 2013 Oct, 21, 8(10), €77846).
Known as mutated forms of STING are, for example, R232H mutation, which is
mutation of the amino acid at position 232 from arginine (R) to histidine (H), and
HAQ mutation, which is mutation of arginine (R) at position 71 to histidine (H),
glycine (G) at position 230 to alanine (A), and arginine (R) at position 293 to

glutamine (Q). Such STING polymorphs are known to cause difference in the
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intensity of response induced by STING agonist stimulation such as cytokine
production levels (Genes and Immunity, 2011, 12, 263-269). Therefore, possession
of activities against different types of STING is desired for stable action of a STING
agonist in humans.

[0063]

"nn

Herein, "cancer", "carcinoma", and "tumor" are used for the same meaning.
[0064]

In the present invention, "immune activation activity" refers to causing in
some form of activation of immune cells involved in anti-tumor immunity such as
monocytes, macrophages, dendritic cells, T cells, B cells, NK cells, and neutrophils,
for example, causing any structural or functional change to immune cells, including
production of cytokines and chemokines, increased expression of immunostimulatory
markers, decreased expression of immunosuppressive markers, the alteration of the
intracellular signaling system such as phosphorylation, and altered gene expression.
The meaning of the term also encompasses the phenomenon that tumor cells cause a
change to induce anti-tumor immunity, such as induction of production of cytokines
and chemokines that induce activation or migration of immune cells, enhancement of
sensitivity to immune cells, and so on.

[0065]

In the present invention, "anti-tumor effect" refers to inducing the decrease or
regression of tumor by the direct or indirect influence of a drug on tumor cells.
Referred to as anti-tumor effect are, for example, causing reduction of the number of
tumor cells, injury of tumor cells, or regression of tumor, for example, through the
phenomenon that a drug directly causes injury to tumor cells, that tumor cells
activate anti-tumor immunity through stimulation by a drug, or that a drug delivered
to a tumor cell is, for example, released out of the cell and activates anti-tumor

immunity around the tumor cell.



10

15

20

25

- 57 -

[0066]

In the present invention, "cytotoxicactivity" refers to causing a pathological
change in some form to cells, specifically, causing, not only direct damages, but also
any structural or functional damage to cells, such as cleavage of DNA, formation of
nucleotide dimers, cleavage of chromosomes, damage of the mitotic apparatus, and
lowered activity of enzymes.

[0067]

In the present invention, "cells" include cells in animals and cultured cells.
[0068]

Herein, "halogen atom", refers to a fluorine atom, a chlorine atom, a bromine
atom, or an iodine atom.

[0069]

Herein, "C1-C6 alkyl group" refers to a linear or branched alkyl group having
one to six carbon atoms. "C1-C6 alkyl group" may include cyclopropane on the
alkyl group, unless the total number of carbon atoms exceeds six. Examples of
"C1-C6 alkyl group" may include, but are not limited to, the following structures:

[0070]

Me Me

N Me Me
M e M (\qu ’ Ao W and X T

wherein each wavy line indicates a position of substitution.
[0071]

Herein, "C2-C6 alkenyl group" refers to a linear or branched alkenyl group
having two to six carbon atoms.
[0072]

Herein, "C2-C6 alkynyl group" refers to a linear or branched alkynyl group
having two to six carbon atoms.

[0073]
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Herein, "C3-C6 cycloalkyl group" refers to a saturated cyclic hydrocarbon
group having three to six carbon atoms. "C3-C6 cycloalkyl group" may be
substituted with a plurality of alkyl groups, unless the total number of carbon atoms
exceeds six. Examples of "C3-C6 cycloalkyl group" may include, but are not
limited to, the following structures:

[0074]

%ﬂ ’ V/LS , \\/Z:j\\ , \(D and \(C

wherein each wavy line indicates a position of substitution.
[0075]

Herein, "hydroxy C1-C6 alkyl group" refers to an alkyl group in which a
linear or branched alkyl group having one to six carbon atoms is substituted with one
or two hydroxy groups at any position. "Hydroxy C1-C6 alkyl group" may include
cyclopropane on the alkyl group, unless the total number of carbon atoms exceeds
six. Examples of " hydroxy C1-C6 alkyl group" may include, but are not limited to,
the following structures:

[0076]

OH

\{/\O H ’ \(\/O H ’ \/\’/\//\O H Yﬁ\(

OH OH
W™ . OH
W O R and XN

wherein each wavy line indicates a position of substitution.
[0077]

In the present invention, "amino C1-C6 alkyl group" refers to an alkyl group
in which a linear or branched alkyl group having one to six carbon atoms is
substituted with one or two amino groups at any position. "Amino C1-C6 alkyl

group" may include cyclopropane on the alkyl group, unless the total number of



- 59 -

carbon atoms exceeds six. Examples of " amino C1-C6 alkyl group" may include,
but are not limited to, the following structures:

[0078]

NH,

G A A
/ l (?S and \/\/\/

5  wherein each wavy line indicates a position of substitution.
[0079]
<1. Novel CDN Derivative>
The novel CDN derivative of the present invention has a structure represented
by formula (Ia):
10 [0080]

P
X Xj ( N ’ (1a)
= 1 a
R \ R3
Li 1 3 2 2

v X X2 R
\ 4 ‘ 1
X ;FI_Q
ol

[0081]

L! represents a group selected from the group consisting of the following
formulas:

15 [0082]
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and optionally substituted at any position with one to three groups selected from the
group consisting of a hydroxy group, -NH>, a 2-hydroxyacetylaminomethyl group,
and a 2-[(2-hydroxyacetyl)amino]ethyl group,

wherein

RS and R® each independently represent a hydrogen atom, a halogen atom, a
hydroxy group, -NH>, a C1-C6 alkyl group, a C2-C6 alkenyl group, or a C2-C6
alkynyl group;

R7 and R” each independently represent a hydrogen atom or a C1-C6 alkyl
group, wherein the C1-C6 alkyl group is optionally substituted with one or two
substituents selected from the group consisting of a halogen atom and an oxo group;

R® and R¥ each independently represent a hydrogen atom or a halogen atom;

7* represents -CHa-, -NH-, or an oxygen atom; and

7’ represents a nitrogen atom or -CH=.

[0083]

L! represents a group selected from the group consisting of the following

formulas:

[0084]
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and optionally substituted at any position with one to three groups selected from the
group consisting of a hydroxy group, -NH>, a 2-hydroxyacetylaminomethyl group,
and a 2-[(2-hydroxyacetyl)amino]ethyl group,

wherein

RS and R® each independently represent a hydrogen atom, a halogen atom, a
hydroxy group, -NH_, a C1-C6 alkyl group, a C2-C6 alkenyl group, or a C2-C6
alkynyl group;

R” and R” each independently represent a hydrogen atom or a C1-C6 alkyl
group, wherein the C1-C6 alkyl group is optionally substituted with one or two
substituents selected from the group consisting of a halogen atom and an oxo group;

R® and R¥ each independently represent a hydrogen atom or a halogen atom;

Z* represents -CHz-, -NH-, or an oxygen atom; and

Z° represents a nitrogen atom or -CH=.

[0085]
L! is preferably a group selected from the group consisting of the following

formulas:
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(‘/L
i

10

L

10

R\\ N\H;
SPw
L

N R

0
10
N N/><R
N/ | i 1"
A %j\R :
i N R

wherein
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11
N R N N
T Neler TN ab
N N9
“ji »«Z N" R MAN« N7 R
R o) Rw\\ NH, NH,
ML N/)\Rg N\Zi,/\ /)\ 9 \N N//k/Rm

R’ and R each represent a hydrogen atom, a halogen atom, a hydroxy group,

or -NHp;

10 represents a hydroxy group, -NHa, -NHC(=0)CH>OH, -

CH>NHC(=0)CH20H, -CH2CH>NHC(=0)CH20H, a hydroxy C1-C3 alkyl group, or

an amino C1-C3 alkyl group;

"and R!'" each independently represent a hydrogen atom, a fluorine atom,

or a methyl group, or R!' and R!" bond together to form cyclopropane; and

Z* represents -CHz-, -NH-, or an oxygen atom.

[0087]

L! is preferably a group selected from the group consisting of the following

formulas:

[0088]
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NH,

N X
N
N
Y
¢ ] Pt

and L

R'3 and R'* each independently represent a hydrogen atom, a hydroxy group,

or -NHy;

R!? represents a hydroxy group, -NH», -CHOH, -NHC(=0)CH,OH, -

CH2NHC(=0)CH,OH, or -CH,CH,NHC(=0)CH,0H; and

7% is as defined above.

[0089]

Further, L! is preferably a group selected from the group consisting of the

following formulas:

[0090]
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/ NN / NH
?NINL/)\FJ:: N 1 N7LR74
L and ./
wherein

R represents a hydrogen atom or -NH>;

R represents a hydrogen atom or -C(=O)CH,OH; and

R!6 represents a hydroxy group, -NH,, -CH,OH, -CH,CH,OH, -CH>NH,, or -

CH>CH,NHas.
[0091]

L! is more preferably a group selected from the group consisting of the

following formulas:

[0092]
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NH, o) o)

NH OH
N/\/ 2 N N/\/

</:’ \//T\/\/N“z </:| /) </N‘ J
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0

H

N N/\/NW(\OH
4

AL ;

and »JW

[0093]

L? is selected from a hydrogen atom, a halogen atom, -NH>, a hydroxy C1-C3

alkyl group, and an amino C1-C3 alkyl group.
5 [0094]

Q! and Q! each independently represent a hydroxy group, a thiol group, or a
borano group (BH3). Q! is preferably a hydroxy group or a thiol group. Q!'is
preferably a hydroxy group or a thiol group. More preferably, the combination of
Q! and Q! is such that Q! and Q' are each a thiol group, or such that Q! and Q" are

10 each a hydroxy group.
[0095]

Q? and Q* each independently represent an oxygen atom or a sulfur atom.

Preferably, Q* and Q? are each an oxygen atom, or each a sulfur atom.
[0096]

15 The combination of Q! and Q? is preferably such that Q' is a thiol group and
Q? is an oxygen atom, or such that Q' is a thiol group and Q? is a sulfur atom.
[0097]

The combination of Q' and Q? is preferably such that Q! is a thiol group and
Q? is an oxygen atom, or such that Q' is a hydroxy group and Q* is an oxygen atom,

20  or such that Q" is a thiol group and Q? is a sulfur atom.
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[0098]

X! and X? each independently represent an oxygen atom, a sulfur atom, or -
CH»>-. X!is preferably an oxygen atom. X? is preferably an oxygen atom. More
preferably, X! and X? are each an oxygen atom.

[0099]

Y! and Y? each represent an oxygen atom or -CHz-.  Y! is preferably an
oxygen atom. Y? is preferably an oxygen atom. More preferably, Y'! and Y? are
each an oxygen atom.

[0100]

X3 and X* represent a group selected from (iii) and (iv):

(iii) when Y! is an oxygen atom, X>-X* represents -CH»-O-, -CH,-S-, -
CH;-CH>-, or -CH,-CF»-; and

(iv) when Y! is -CHz-, X*-X* represents -O-CHo-.
X3 and X* are preferably -CH»-O- in (iii).
[0101]

X® and X® represent a group selected from (v) and (vi):

(v) when Y? is an oxygen atom, X°-X® represents -CH,-O-, -CH,-S-, -CH»-
CH;-, or -CH2-CF»-; and

(vi) when Y? is -CHa-, X3-X® represents -O-CHo-.
X3 and X° are preferably -CH2-O- in (V).
[0102]

R!, R? and R? each independently represent a hydrogen atom, a halogen atom,
-OR', -OC(=0)R', -N3, -NHR', -NR'R", or -NHC(=O)R', wherein R' represents a
hydrogen atom, a C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl
group, or a C3-C6 cycloalkyl group, the C1-C6 alkyl group, C2-C6 alkenyl group, or

C2-C6 alkynyl group is optionally substituted with one to six halogen atoms, and R"
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represents a C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, or a
C3-C6 cycloalkyl group.
[0103]
R! is preferably a hydrogen atom, a hydroxy group, or a fluorine atom.
[0104]
R? is preferably a hydrogen atom, a hydroxy group, or a fluorine atom.
[0105]
R? is preferably a hydrogen atom, a hydroxy group, or a fluorine atom.
[0106]
W! represents a nitrogen atom, an oxygen atom, a sulfur atom, or -CH-.
[0107]
R’ represents a group selected from (vii) to (x):
(vii) when W' is a nitrogen atom, R’ represents a hydrogen atom, a C1-C6
alkyl group, a hydroxy C1-C6 alkyl group, or an amino C1-C6 alkyl group;
(viii) when W' is an oxygen atom, R? is absent;
(ix) when W' is a sulfur atom, R is absent; and
(x) when W' is -CH-, R® represents a hydrogen atom, a halogen atom, a
hydroxy group, -NHz, or a C1-C6 alkyl group.
When W' is a nitrogen atom, R is preferably a hydrogen atom. When W' is
-CH-, R’ is preferably a hydrogen atom.
[0108]
W? represents a nitrogen atom or -CH=. W? is preferably -CH=.
[0109]
R* represents a hydrogen atom, a halogen atom, or -NH,. R* is preferably a
hydrogen atom.

[0110]
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7'-72-7 together represents -CH>-CH>-CHz-, -CH>-CH>-R"'-, -CH=CH-CH>-,
-CH=CX-CH:-, -CX=CH-CH>-, -CX=CX-CH>-, -C(=0)-CH2-CH>-, -CH2-CH>-
C(=0)-, -CH>-CH(CH3)-CHz-, or -CH»-CH»-CH(CH3)-, wherein R" represents -O-
or -CH»>-CHz- and X represents a halogen atom, or a group represented by either one
of the following formulas:

[0111]

* *

and

wherein

each asterisk indicates bonding to W', and each wavy line indicates bonding
to the carbon atom of =C-.

Z', 72, and Z? preferably together form -CH,-CH,-CH»-, -CH=CH-CHa-, -
CH2-CH(CH3)-CHz-, -CH2-CH,-CH(CH3)-, or -CH2-CH»-R"'-, wherein R"™
represents -O- or -CH2-CHa-.

[0112]
The novel CDN derivative of the present invention preferably has a structure

represented by the following formula:

[0113]
N
ﬁ Nf/ N\__w’
QLT 0
O/ \R21 O N y
! 5 (l)\‘ e
0 P—q’

[0114]
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L! is as defined above.
[0115]

Q® and Q* each independently represent a hydroxy group or a thiol group.
Preferably, Q* and Q* are each a thiol group.
[0116]

R?! and R* each independently represent a hydroxy group or a fluorine atom.
R?! is preferably a hydroxy group. R??is preferably a fluorine atom.
[0117]

W5 represents -NH- or a sulfur atom.
[0118]

Methods for producing the novel CDN derivative of the present invention are
described later in <3. Production Methods>.
[0119]
<2. Antibody-Drug Conjugate>

The novel CDN derivative of the present invention may be directly
administered to targeted tissue (e.g., intratumoral administration), or administered as
an antibody-drug conjugate in which the CDN derivative is linked to an antibody
capable of recognizing and binding to target cells (e.g., tumor cells or immune cells)
via any linker.
[0120]

The antibody-drug conjugate of the present invention is represented by
formula (II):
[0121]

[
Ab——L—D| _ an

m' represents the number of conjugated drug molecules per antibody molecule in the

antibody-drug conjugate; Ab represents an antibody or a functional fragment of the
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antibody; L represents a linker linking Ab and D; D represents the above-described
novel CDN derivative (herein, when used as a part of an antibody-drug conjugate,
the novel CDN derivative is also referred to as "drug", simply).

[0122]

Drug D is a compound having an activity to activate immune cells,
specifically, STING agonist activity. When a part or the whole of the linker is
cleaved off in a target cell (e.g., a tumor cell or an immune cell), drug D in the
original structure is liberated to exert immune activation effect. An intended
function is exerted through enhancement of the sensitivity of the target cell to
immune cells or activation of immune cells via the target cell. The intended
function is not limited to a particular function as long as it may be any function
relating to STING agonist activity. However, it is preferably anti-tumor activity.
That is, drug D linked to an antibody targeting tumor (e.g., an anti-HER2 antibody)
via any linker is delivered to targeted cells or tissue, where a part or the whole of the
linker is cleaved off, and drug D exerts anti-tumor effect through enhancement of the
sensitivity of target cells to immune cells or activation of immune cells via target
cells (e.g., production of interferons or cytokines).

[0123]
Drug D to be conjugated to the antibody-drug conjugate of the present

invention is represented by formula (I):

[0124]
R s
R
2 >/-N\ h

olp X : k4

)i('l L2 \X5 Y2 N m/ Z1/£2 (I)

’/',' 1 \\/\/2

L1 1 3 2 Rz
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wherein
L bonds to any -NH; or hydroxy group included in L' or L%
L'is as specified in <1. Novel CDN Derivative> above;
L? represents a group selected from (i) and (ii):

5 (i) when bonding to L, L? represents -NHR', a hydroxy C1-C6 alkyl group,
or an amino C1-C6 alkyl group, wherein R' represents a hydrogen atom, a C1-C6
alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, or a C3-C6 cycloalkyl
group, and the C1-C6 alkyl group, C2-C6 alkenyl group, or C2-C6 alkynyl group is
optionally substituted with one to six halogen atoms; and

10 (ii) when not bonding to L, L? represents a hydrogen atom or a halogen
atom;
QL Q" Q% Q% X!, X2, X3, X4, X5, X6, Y, Y2, R, R%, R%, R4, RS, W!, W2, 7,
Z?, and Z? are as specified in <1. Novel CDN Derivative> above.
[0125]
15 When bonding to L, L? is preferably -NHa, -CH,NH», or -CH,OH.  When
not bonding to L, L? is preferably a hydrogen atom or a fluorine atom.
[0126]
Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by
20  either one of the following two formulas:

[0127]

wherein
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L', Q', Q", Q% and Q* are as defined above;

R!'7,R!'7 R!8 and R' each independently represent a hydrogen atom, a
halogen atom, a hydroxy group, or -NHp;

W? represents -NH-, an oxygen atom, a sulfur atom, or -CH-; and

W* represents -CH= or a nitrogen atom.
[0128]

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by
either one of the following two formulas:

[0129]

—N N
Q // A\ H o r -0
|| N | N
Q—Tio Q—!!’io J
o R e :o: N o R \ 0 N
s ST ) % ST | 7 )
faR LR

wherein

L', QL Q" Q% Q% R R!,R'"® and R'® are as defined above.
[0130]

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by any
one of the following eight formulas:

[0131]
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wherein

L', QY Q' Q% and Q7 are as defined above; and

R, R! R, and R?” each independently represent a hydrogen atom or a
fluorine atom.

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by any
one of the following four formulas:

[0132]
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5 5
wherein
L! is as defined above.
[0133]

Further, drug D to be used for the novel CDN derivative of the present
invention or the antibody-drug conjugate of the present invention is preferably
represented by any one of the following four formulas:

[0134]
i N//_ NN ?l N//_ N
HSw P o] HS =P o}

1 S 1 N
Bataubed Nataubed
) P SH o P SH
o o
7N\ R o /N
il N I N
HSw P o HS—P 0
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wherein

L! is as defined above.
[0135]

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by any
one of the following four formulas:

[0136]

(o]
)
/
ZxI
(o]
)
-
ZI

4
z

HS -

O—u
O
x
o]
-
z
N
Q—
o
T
§
4
A

1 S 4 S 3
AN g AL
i
i and )

wherein

L! is as defined above.
[0137]

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by the
following formula:

[0138]
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0]
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O

wherein

LY Q% Q¥ R, R??, and W? are as specified in <1. Novel CDN Derivative>
above.
5 [0139]
In drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention, L! is preferably represented by

any one of the following:

[0140]
NH, NH, o) o
N N NIJ‘\\N NfJ\NH N NH
/4 4 4 4
i’\i;[; i’i | N/)\NHZ i‘i | NANHZ and fﬁ | N/)
10 ’ ’
[0141]

In drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention, L' is preferably represented by
any one of the following four formulas:

15 [0142]
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NH,

N S .
/f\ |
f[ri N/AH/\/NH |

0

N:\])J\ /\/n e
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¢ |
L

wherein

o *
‘
N /\/NH N /\/O
7 N / N
Q\)N: ¢TI
L

and

each asterisk indicates bonding to L.
[0143]

Drug D to be used for the novel CDN derivative of the present invention or
the antibody-drug conjugate of the present invention is preferably represented by any

one of the following four formulas:

[0144]

[e] F
S W < 7
H.N T N 1l
? _<}1 Vi 5 N7 ©
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N
(‘)! Nfr\ W5 o N//_\ W
QLF[’ o} QL..‘PF o) -
$ 4




10

15

20

25

- 78 -

wherein

each asterisk indicates bonding to L; and

Q?, Q*, and W? are as specified in <1. Novel CDN Derivative> above.
[0145]
<2.1. Linker Structure>

The linker structure to conjugate the drug to an antibody in the antibody-drug
conjugate of the present invention will be described. The linker to be used for the
antibody-drug conjugate of the present invention is not limited to a particular linker
as long as it may be any linker understood by those skilled in the art as a linker that
links an antibody and a drug. Examples of the linker to be used for the antibody-
drug conjugate of the present invention may include, but are not limited to, linkers
described in Protein Cell, 2018, 9(1): 33-46, Pharm Res, 2015, 32: 3526-3540, and
Int. J. Mol. Sci., 2016, 17, 561. The linker may be a linker that is cleaved in vivo,
or a linker that is not cleaved in vivo, but is preferably a linker that is cleaved in
vivo.

[0146]

Examples of the linker to be used for the antibody-drug conjugate of the
present invention may include, but are not limited to, a linker that binds a drug to a
glycan or remodeled glycan in the Fc part of an antibody (hereinafter, occasionally
referred to as "glycan conjugation") (e.g., described in WO 2018/003983) and a
linker that binds a drug to any amino acid residue (e.g., a cysteine residue or a lysine
residue) of an antibody (e.g., described in WO 2014/057687). Examples of modes
of the linker that binds a drug to any amino acid residue of an antibody may include,
but are not limited to, bonding to the sulfhydryl group (SH group) of cysteine in Ab
via a thioether bond (herein, occasionally referred to as "cysteine conjugation"), and

bonding to the amino group (NH2 group) of lysine in Ab via an amide bond
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(hereinafter, occasionally referred to as "lysine conjugation"), and the linker is
preferably in the mode of cysteine conjugation.
[0147]

Preferred linker L in the present invention is represented by the following
formula:
-Lb-La-Lp-Lc-*
wherein

the asterisk indicates bonding to any amino group or hydroxy group included
in L! or L? of drug D.

[0148]

First, Lp will be described.
[0149]

Lp represents a linker consisting of an amino acid sequence cleavable in vivo
or in a target cell (hereinafter, occasionally referred to as a peptide linker), or is
absent.

[0150]

Lp is cleaved off, for example, by the action of an enzyme such as peptidase
and esterase. Lp is a peptide composed of two to seven (preferably two to four)
amino acids. Lp forms an amide bond at the N terminus with the carbonyl group at
the right end of La, and forms an amide bond at the C terminus with an amino group
(-NH-) of Lc. The amide bond in the C-terminal side of Lp is cleaved by the
enzyme such as peptidase.

[0151]

The amino acids constituting Lp are not limited to particular amino acids, and,
for example, are L- or D-amino acids, and preferably are L-amino acids. The amino
acids may be not only a.-amino acids, but may include an amino acid with structure,

for example, of B-alanine, e-aminocaproic acid, or y-aminobutyric acid, and may
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further include a non-natural amino acid such as an N-methylated amino acid. The
amino acid sequence of Lp is not limited to a particular amino acid sequence, and
examples of amino acids that constitute Lp may include glycine (Gly; G), valine
(Val; V), alanine (Ala; A), phenylalanine (Phe; F), glutamic acid (Glu; E), isoleucine
(Ile; 1), proline (Pro; P), citrulline (Cit), leucine (Leu; L), methionine (Met; M),
serine (Ser; S), lysine (Lys; K), and aspartic acid (Asp; D). Preferred among them
are glycine (Gly; G), valine (Val; V), alanine (Ala; A), phenylalanine (Phe: F), and
citrulline (Cit). Any of these amino acids may appear multiple times, and Lp has an
amino acid sequence including freely selected amino acids. The pattern of drug
liberation may be controlled via amino acid type.
[0152]

Specific examples of Lp may include -GGVA-, -VA-, -GGFG-, -FG-, -GGPI-,
-PI-, -GGVCit-, -VCit-, -GGVK-, -VK-, -GGFCit-, -FCit-, -GGFM-, -FM-, -GGLM-,
-LM-, -GGICit-, and -ICit-. Linker Lp is preferably -GGVA-, -VA-, -GGFG-, -
FG-, -GGVCit-, -VCit-, -GGFCit-, or -Fcit-. Linker Lp is more preferably -
GGVA-, -GGFG, or -GGVCit-. Linker Lp is preferably -GGFG- or -GGPI-.
[0153]

Next, La will be described.
[0154]

La represents any one selected from the group consisting of the following:
-C(=0)-(CH2CH2)n*-C(=0)-,
-C(=0)-(CH2CH»)n*-CH,-C(=0)-,
-C(=0)-(CH2CH2)n?*-C(=0)-NH-(CH>CH2)n*-C(=0)-,
-C(=0)-(CH2CH2)n?-C(=0)-NH-(CH2CH2)n*-CH,-C(=0)-,
-C(=0)-(CH2CH2)n*-C(=0)-NH-(CH>CH20)n*-CH>-C(=0)-,
-(CH2)n*-0-C(=0)-, and
-(CH2)n’-C(=0)-
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wherein

n’ represents an integer of 1 to 3 (preferably 1 or 2), n® represents an integer
of 1 to 5 (preferably an integer of 2 to 5, more preferably 3 or 4), n* represents an
integer of 0 to 2 (preferably 0 or 1), and n° represents an integer of 2 to 7 (preferably
an integer of 2 to 5, more preferably 2, 3, or 5).
[0155]

La preferably represents any one selected from the group consisting of the
following:
-C(=0)-CH2CH»-C(=0)-,
-C(=0)-CH2CH>-C(=0)-NH-(CH2CH:0)3-CH,-C(=0)-,
-C(=0)-CH2CH;-C(=0)-NH-(CH2CH0)4-CH,-C(=0)-,
-C(=0)-(CH2CH)2-C(=0)-,
-C(=0)-CH2CH»-C(=0)-NH-(CH2CH2)>-C(=0)-,
-C(=0)-CH2CH>-C(=0)-NH-(CH2CH3),-CH»-C(=0)-,
-CH2-OC(=0)-,
-OC(=0)-, and
-(CH»)5-C(=0)-.
[0156]

La is more preferably
-C(=0)-CH2CH2-C(=0)-,
-C(=0)-CH2CH2-C(=0)-NH-(CH2CH20)3-CH2-C(=0)-,
or
-(CH2)s-C(=0)-.
[0157]

La is even more preferably -C(=0)-CH2CH2-C(=0)-.
[0158]

Next, Lb will be described.
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[0159]

Lb represents a spacer to be used for the linker of glycan conjugation (herein,
also referred to as a "spacer for linker of glycan conjugation™), or a spacer to be used
for cysteine conjugation (herein, also referred to as a "spacer for linker of cysteine
conjugation").

[0160]
<When Lb Is "Spacer for Linker of Glycan Conjugation">

When Lb is "spacer for linker of glycan conjugation", examples of Lb may

include, but are not limited to, a spacer represented by the following formula:

[0161]

=
s@olle
NN

~ (Lb-2)
=
or
or,
[0163]
N7 N\N)g fy\N/N\ N
(Lb-3)
H H H H
or

[0164]
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In each structural formula shown above, each asterisk (*) indicates bonding to
-(C=0)- or -CHz- at the left end of La, and each wavy line indicates bonding to a
glycan or remodeled glycan of Ab.

[0165]

When any one of Lb-1, Lb-2, and Lb-3 is selected for Lb, the triazole ring site
provides structures of geometric isomers, and the Lb moieties include either one of
the two structures or a mixture of them. The antibody-drug conjugate of the present
invention is capable of bonding a plurality of drug molecules to one antibody
molecule. When a plurality of drug molecules is to be bonded to one antibody
molecule, it follows that there is a plurality of Lb moieties (e.g., see schematic
diagram (1e) of an antibody-drug conjugate shown in Scheme E described later in
<3. Production Methods>). When any one of Lb-1, Lb-2, and Lb-3 is selected for
Lb and a plurality of Lb moieties is present per antibody molecule (e.g., when m?,
which is described later, is 1 or 2), the triazole ring site in each Lb moiety provides
structures of geometric isomers, and the Lb moieties include either one of the two
structures or a mixture of them.

[0166]
<When Lb Is "Spacer for Linker of Cysteine Conjugation">

When Lb is "spacer for linker of cysteine conjugation", examples of Lb may
include, but are not limited to, -(succinimid-3-yl-N)-. In the present invention, "-
(succinimid-3-yl-N)-" has a structure represented by the following formula:

[0167]
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In the structural formula shown above, the asterisk indicates bonding to La,
and the wavy line indicates bonding to a side chain of a cysteine residue of an
antibody through forming thioether.

[0168]

Next, Lc will be described.
[0169]

Lc represents -NH-CH»-, -NH-phenyl group-CH>-O(C=0)-, or -NH-
heteroaryl group-CH2-O(C=0)-, or is absent. Here, the phenyl group is preferably a
1,4-phenyl group, and the heteroaryl group is preferably a 2,5-pyridyl group, a 3,6-
pyridyl group, a 2,5-pyrimidyl group, or a 2,5-thienyl group. Lc is preferably -NH-
CH:- or absent.

[0170]

More preferred linker L in the present invention is,

when the bonding mode of the drug and antibody is "glycan conjugation",
-Z"'-C(=0)-CH>CH,-C(=0)-GGFG-,

-ZM-C(=0)-CH>CH»-C(=0)-GGVA-,
-Z"-C(=0)-CH2CH,-C(=0)-GGVCit-,
-Z"'-C(=0)-CH2CH,-C(=0)-GGFCit-,
-Z"'-C(=0)-CH>CH,-C(=0)-GGICit-,
-Z"'-C(=0)-CH2CH,-C(=0)-GGFM-,
-Z"'-C(=0)-CH2CH,-C(=0)-GGPI-,
-Z"'-C(=0)-CH2CH,-C(=0)-GGLM-,
-ZH'-C(=0)-CH2CH;-C(=0)-FG-,
-ZHM'-C(=0)-CH>CH>-C(=0)-VA-,
-ZH'-C(=0)-CH2CH:-C(=0)-GGFG-NH-CHa-,
-ZH'-C(=0)-CH2CH2-C(=0)-GGVA-NH-CH>-,
-ZH'-C(=0)-CH2CH,-C(=0)-GGVCit-NH-CH>-,
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-ZM.C(=0)-CH,CHa-C(=0)-GGFCit-NH-CH-,
ZM_C(=0)-CH2CHa-C(=0)-NH-(CH2CH,0)3-CHa-C(=0)-, or
-ZM.C(=0)-CH,CH-C(=0)-NH-(CH2CH;0)4-CHa-C(=0)-,

wherein Z! represents the following structural formula for Lb:

[0171]
N Fny
\ or \
or,

when the bonding mode of the drug and antibody is "cysteine conjugation”
-Z"-(CH2)s-C(=0)-GGFG-,
-Z"-(CH)5-C(=0)-GGVA-,
-ZM2-(CH»)s-C(=0)-GGVCit-,
-Z"?-(CH,)s-C(=0)-GGFCit-,
-ZM2-(CH»)s-C(=0)-GGICit-,
-Z"-(CH2)5-C(=0)-GGFM-,
-Z"*-(CH2)5-C(=0)-GGPI-,
-Z"-(CH2)5-C(=0)-GGLM-,
-7"2-(CH,)5-C(=0)-FG-,
-Z"-(CH2)5-C(=0)-VA-,
-Z"-(CH2)5-C(=0)-GGFG-NH-CH>-,
-Z"*-(CH2)5-C(=0)-GGVA-NH-CHa-,
-Z'2-(CH,)s-C(=0)-GGVCit-NH-CH>-,
-Z"?-(CH,)s-C(=0)-GGFCit-NH-CH>-,
-Z2-(CH,)s-C(=0)-NH-(CH2CH,0)3-CH-C(=0)-, or
-Z"2-(CH2)5-C(=0)-NH-(CH2CH20)4-CH>-C(=0)-,



10

15

20

- 86 -

wherein Z"? represents -(succinimid-3-yl-N)- represented by the following
structural formula for Lb:

[0172]

VQN_ *

o}

[0173]

More preferred linker L in the present invention is such that the bonding mode
of the drug and antibody is "glycan conjugation”, and linker L is
-ZH'-C(=0)-CH2CH:-C(=0)-GGFG-NH-CHa-,
or
-ZM'-C(=0)-CH2CH,-C(=0)-GGPI-NH-CH>-,

wherein Z!! represents the following structural formula for Lb:

[0174]

N7 N\N)’; fS\N/ N\\N

"\ or "\

* *

[0175]

The right end in each of "preferred linker L" and "more preferred linker L" is
bonding to any -NH, or hydroxy group included in L! or L? in formula (I).
[0176]
<2.2. Antibody and Glycan Modification Thereof>
<2.2.1 Antibody>

Herein, "gene" refers to nucleotides including a nucleotide sequence encoding
amino acids of protein, or a nucleotide sequence encoding amino acids of protein, or

a complementary strand thereof, and the meaning of "gene" encompasses, for
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example, a polynucleotide, oligonucleotide, DNA, mRNA, cDNA, and RNA as a
nucleotide sequence including a nucleotide sequence encoding amino acids of
protein or a complementary strand thereof.

[0177]

Herein, "nucleotides", "polynucleotide", and "nucleotide sequence" have the
same meaning as that of "nucleic acid", and the meaning of "nucleotides" or
"nucleotide sequence” encompasses, for example, a DNA, RNA, probe,
oligonucleotide, polynucleotide, and primer.

[0178]

Herein, "polypeptide", "peptide", and "protein" are used without any
distinction.
[0179]

Herein, a "functional fragment of an antibody" is also referred to as an
"antigen-binding fragment of an antibody", and means a partial fragment of an
antibody with binding activity to an antigen, and examples thereof may include, but
not limited to, Fab, F(ab")2, Fv, scFv, diabodies, linear antibodies, and multispecific
antibodies formed from antibody fragments. In addition, the meaning of an
antigen-binding fragment of an antibody encompasses Fab', a monovalent fragment
of a variable region of an antibody obtained by treating F(ab')2 under reducing
conditions. However, there is no limitation to those molecules and any molecule
having binding ability to an antigen is acceptable. Those antigen-binding fragments
include not only those obtained by treating a full-length molecule of an antibody
protein with an appropriate enzyme, but also proteins produced in appropriate host
cells by using a an antibody gene which is modified by genetic engineering.
[0180]

The concept of the functional fragment of the present invention includes a

functional fragment that retains well-preserved asparagine (Asn297) to be modified
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with an N-linked glycan and amino acids around Asn297 in the IgG heavy chain Fc
region, and has binding activity to an antigen.
[0181]

The antibody to be used for the antibody-drug conjugate of the present
invention refers to immunoglobulin, and is a molecule including an antigen-binding
site that immunospecifically binds to an antigen. The antibody of the present
invention may be of any class of IgG, IgE, IgM, IgD, IgA, and IgY, and preferred is
IgG. The subclass may be any of IgGl, IgG2, 1gG3, 1gG4, IgA1, and IgA2, and
preferred are IgG1, IgG2, and IgG4 (including antibodies having mutation that
affects activities of ADCC and ADCP in the Fc region of an IgG heavy chain).
[0182]

If IgG1 is used as the isotype of the antibody of the present invention, the
effector function may be adjusted by substituting some amino acid residues in the
constant region (see WO 88/07089, WO 94/28027, WO 94/29351). Examples of
mutants of [gG1 may include, but not limited to, those with I[gG1 LALA mutation
(IgG1-L234A, L235A). The L234A, L235A indicates substitution of leucine with
alanine at positions 234 and 235 specified by EU Index numbering (Proceedings of
the National Academy of Sciences of the United States of America, Vol. 63, No. 1
(May 15, 1969), pp. 78-85).

[0183]

The antibody may be derived from any species, and preferred examples of the
origin may include, but not limited to, a human, a rat, a mouse, and a rabbit. If the
antibody is derived from a species other than the human species, it is preferred to
chimeric or humanized antibody by using a well-known technique. The antibody of
the present invention may be a polyclonal antibody or a monoclonal antibody, and is
preferably a monoclonal antibody. Examples of monoclonal antibodies may

include, but not limited to, monoclonal antibodies derived from non-human animals
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such as rat antibodies, mouse antibodies, and rabbit antibodies; chimeric antibodies;
humanized antibodies; human antibodies; functional fragments of them; and
modified forms of them.

[0184]

The antibody is preferably, but not limited to, an antibody targeting tumor
cells or immune cells. The antibody is more preferably an antibody targeting tumor
cells.

[0185]

If an antibody targeting tumor cells is used, it is preferred for the antibody to
have one or more properties of a property of being capable of recognizing tumor
cells, a property of being capable of binding to tumor cells, a property of being
incorporated and internalizing in tumor cells, and a property of causing injury to
tumor cells. The drug of the present invention to be conjugated to an antibody via a
linker has STING agonist activity. The drug of the present invention induces
interferon by activating signaling of the interferon regulatory factor-3 (IRF3).
Therefore, if an antibody targeting tumor cells is used for the antibody-drug
conjugate of the present invention, the antibody-drug conjugate after being
administered into the body is delivered to a tumor site and incorporated in cells in
tumors, and the linker portion is then cleaved off by peptidase or the like and the
drug portion is liberated. The drug portion liberated is inferred to activate anti-
tumor immunity and exert anti-tumor effect through STING agonist activity.

[0186]

The binding ability of the antibody to tumor cells can be confirmed by using
flow cytometry. The incorporation of the antibody into tumor cells can be
confirmed by using (1) an assay of visualizing an antibody incorporated in cells
under a fluorescence microscope with a secondary antibody (fluorescently labeled)

that binds to the therapeutic antibody (Cell Death and Differentiation (2008) 15, 751-
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761), (2) an assay of measuring the intensity of fluorescence incorporated in cells
with a secondary antibody (fluorescently labeled) that binds to the therapeutic
antibody (Molecular Biology of the Cell, Vol. 15, 5268-5282, December 2004), or
(3) a Mab-ZAP assay using an immunotoxin that binds to the therapeutic antibody,
wherein the toxin is released upon being incorporated into cells to suppress cell
growth (Bio Techniques 28: 162-165, January 2000). As the immunotoxin, a
recombinant complex protein of a diphtheria toxin catalytic domain and protein G
may be used.

[0187]

In the present invention, "high internalization ability" refers to the situation
that the survival rate of targeted antigen-expressing cells (e.g., HER2-expressing
cells if an anti-HER2 antibody is used) with addition of an antibody of interest and a
saporin-labeled anti-mouse or rat [gG antibody (represented as a relative rate to the
cell survival rate without addition of the antibody as 100%) is preferably 70% or less,
and more preferably 60% or less.

[0188]

If an antibody targeting tumor cells is used for the antibody-drug conjugate of
the present invention, it is preferred but not essential that the antibody itself should
have anti-tumor effect. It is preferable that the antibody to be used for the antibody-
drug conjugate of the present invention have a characteristic of internalization, which
involves migration into tumor cells.

[0189]

The anti-tumor activity of the drug or antibody-drug conjugate refers to
cytotoxic activity or anti-cellular effect against tumor cells, or regression of tumor
volume. The anti-tumor activity can be confirmed by using any known in vitro or
in vivo evaluation system.

[0190]
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The immune activation activity of the drug and antibody-drug conjugate
refers to enhancement of sensitivity of tumor cells against immune cells or activation
of immune cells via tumor cells. The immune activation activity can be confirmed
by using any known in vitro or in vivo evaluation system.

[0191]

Examples of the antibody to be used in the present invention may include, but
not limited to an anti-HER2 antibody, an anti-HER3 antibody, an anti-DLL3
antibody, an anti-FAP antibody, an anti-CDH11 antibody, an anti-CDH6 antibody,
an anti-A33 antibody, an anti-CanAg antibody, an anti-CD19 antibody, an anti-CD20
antibody, an anti-CD22 antibody, an anti-CD30 antibody, an anti-CD33 antibody, an
anti-CD56 antibody, an anti-CD70 antibody, an anti-CD98 antibody, an anti-TROP2
antibody, an anti-CEA antibody, an anti-Cripto antibody, an anti-EphA2 antibody, an
anti-G250 antibody, an anti-MUCI] antibody, an anti-GPNMB antibody, an anti-
Integrin antibody, an anti-PSMA antibody, an anti-Tenascin-C antibody, an anti-
SLC44A4 antibody, an anti-Mesothelin antibody, an anti-ENPP3 antibody, an anti-
CD47 antibody, an anti-EGFR antibody, an anti-GPR20 antibody, and an anti-DRS5
antibody. The antibody of the present invention is preferably an anti-HER2
antibody (e.g., trastuzumab or pertuzumab), an anti-CDH6 antibody, an anti-CD33
antibody, or an anti-EphA2 antibody, and more preferably an anti-HER2 antibody.
[0192]

The antibody of the present invention may be obtained by using a method
usually carried out in the art, which involves immunizing an animal with a
polypeptide antigen and collecting and purifying an antibody produced in the body.
The origin of the antigen is not limited to humans, and animals may be immunized
with an antigen derived from non-human animals such as a mouse and a rat. In this

case, the cross-reactivity of the resulting antibody that binds to the heterologous
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antigen with the corresponding human antigen can be tested to screen for an antibody
applicable to a human disease.
[0193]

Alternatively, a monoclonal antibody may be obtained from a hybridoma
established by fusing an antibody-producing cell that produces an antibody against
the antigen with a myeloma cell in accordance with a method known in the art (e.g.,
Kohler and Milstein, Nature (1975) 256, p. 495-497, Kennett, R. ed., Monoclonal
Antibodies, p. 365-367, Plenum Press, N.Y. (1980)).

[0194]

The antigen may be obtained through gene engineering to allow host cells to
produce a gene encoding the antigen protein.
[0195]

The humanized antibody of the present invention may be obtained in
accordance with a known method (e.g., Proc. Natl. Acad. Sci. U.S.A., 81, 6851-6855,
(1984), Nature (1986) 321, p. 522-525, WO 90/07861).

[0196]

For example, an anti-HER?2 antibody (US 5821337, WO 2004/008099, etc.),
an anti-CD33 antibody (WO 2014/057687, etc.), an anti-CD70 antibody (WO
2004/073656, etc.), an anti-EphA2 antibody (WO 2009/028639, etc.), and an anti-
CDH6 antibody (WO 2018/212136, etc.) may be each obtained in accordance with a
known method.

[0197]

For example, it is desirable that the anti-HER2 antibody of the present
invention has any of the following properties, but the anti-HER2 antibody is not
limited thereto.

(1) An anti-HER2 antibody having the following properties:

(a) being capable of specifically binding to HER2; and
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[0198]

(b) having activity to internalize into HER2-expressing cells by binding to
HER2.
(2) The antibody according to (1), being capable of binding to the extracellular
domain of HER2.
(3) The antibody according to (1) or (2), being a monoclonal antibody.
(4) The antibody according to any one of (1) to (3), having activities or activity of
antibody-dependent cellular cytotoxicity (ADCC) and/or complement-dependent
cytotoxicity (CDC).
(5) The antibody according to any one of (1) to (4), being a mouse monoclonal
antibody, a chimeric monoclonal antibody, or a humanized monoclonal antibody.
(6) The antibody according to any one of (1) to (3), wherein the heavy chain constant
region is a heavy chain constant region of human IgG1, and includes a mutation that
causes lowering of activities of ADCC and ADCP.
(7) The antibody according to any one of (1) to (4), being a humanized monoclonal
antibody including a heavy chain consisting of an amino acid sequence represented
by SEQ ID NO: 2 and a light chain consisting of an amino acid sequence represented
by SEQ ID NO: 1.
(8) The antibody according to (5), wherein the heavy chain constant region is a heavy
chain constant region of human IgG1, and leucine is substituted with alanine at
positions 234 and 235 specified by EU Index numbering.
(9) The antibody according to (8), being a humanized monoclonal antibody including
a heavy chain consisting of an amino acid sequence represented by SEQ ID NO: 3
and a light chain consisting of an amino acid sequence represented by SEQ ID NO:
1.
(10) The antibody according to any one of (1) to (4), being a humanized monoclonal

antibody including a heavy chain consisting of an amino acid sequence represented
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by SEQ ID NO: 29 and a light chain consisting of an amino acid sequence
represented by SEQ ID NO: 28.
(11) The antibody according to any one of (1) to (4), being a humanized monoclonal
antibody including a heavy chain consisting of an amino acid sequence represented
by SEQ ID NO: 30 and a light chain consisting of an amino acid sequence
represented by SEQ ID NO: 28.
(12) The antibody according to any one of (1) to (11), wherein one or two amino
acids are deleted at the carboxyl terminus of the heavy chain.
(13) An antibody obtained by using a method for producing the antibody according
to any one of (1) to (12), the method including the steps of: culturing a host cell
transformed with an expression vector containing a polynucleotide encoding the
antibody; and collecting the targeted antibody from a culture obtained from the step
of culturing.
[0199]
<2.2.2 Glycan Remodeling for Antibody>

A method for remodeling heterogeneous glycans of an antibody by enzymatic
reaction to introduce homogeneous glycans having a functional group has recently
been reported (ACS Chem. Biol. 2012, 7, 110-122, ACS Med. Chem. Lett. 2016, 7,
1005-1008). An attempt with use of this glycan remodeling technique has been
made to site-specifically introduce a drug to synthesize a homogeneous ADC
(Bioconjugate Chem. 2015, 26, 2233-2242, Angew. Chem. Int. Ed. 2016, 55, 2361-
2367, US 2016361436).
[0200]

The glycan remodeling first uses hydrolase to cleave off heterogeneous
glycans added to a protein (e.g., an antibody) with only GIcNAc at each terminus left
as it is, preparing a homogenous protein moiety including GlcNAc added thereto

(hereinafter, referred to as an "acceptor"). Subsequently, any glycan separately
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prepared (hereinafter, referred to as a "donor") is provided, and the acceptor and the
donor are linked together by using glycosyltransferase. Thereby, a homogeneous
glycoprotein with any glycan structure can be synthesized.

[0201]

In the present invention, a "glycan" refers to a structural unit of two or more
monosaccharides bonded together via glycosidic bonds. Specific monosaccharides
and glycans are occasionally expressed as abbreviations such as "GlcNAc-" and "SG-
". When any of these abbreviations is used in a structural formula, the abbreviation
is shown with an intention that an oxygen atom or nitrogen atom involved in a
glycosidic bond at the reducing terminus to another structural unit is not included in
the abbreviation indicating the glycan, unless particularly defined.

[0202]

In the present invention, each monosaccharide as a basic unit of a glycan is
expressed for convenience with the definition that in the ring structure, the position
of a carbon atom bonding to an oxygen atom constituting the ring and directly
bonding to a hydroxy group (or an oxygen atom involved in a glycosidic bond) is
position 1 (position 2 only for sialic acids), unless otherwise specified. The names
of compounds of Examples are each provided in view of the entire chemical
structure, and that rule is not necessarily applied.

[0203]

When a glycan is expressed as a sign (e.g., SG, MSG, GlcNAc) in the present
invention, the sign is intended, unless otherwise defined, to include carbon atoms
ranging to the reducing terminus and not to include N or O involved in an N- or O-
glycosidic bond.

[0204]
The antibody-drug conjugate of the present invention is represented by the

following formula:
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wherein antibody Ab or a functional fragment of the antibody bonds from a side
chain of an amino acid residue thereof (e.g., cysteine, lysine) directly to L, or bonds
via a glycan or remodeled glycan of Ab to L.

[0206]

Glycans in Ab of the present invention are N-linked glycans or O-linked
glycans, and preferably N-linked glycans.
[0207]

N-linked glycans and O-linked glycans bond to an amino acid side chain of an
antibody via an N-glycosidic bond and an O-glycosidic bond, respectively.
[0208]

Ab of the present invention is IgG, and preferably IgG1, IgG2, or [gG4.
[0209]

IgG includes a well-preserved N-linked glycan on an asparagine residue at
position 297 of the Fc region of the heavy chain (hereinafter, referred to as "Asn297
or N297"), and the N-linked glycan is known to contribute to the activity, kinetics,
and so on of the antibody molecule (Eon-Duval, A. et al., Biotechnol. Prog. 2012, 28,
608-622, Sanglier-Cianferani, S., Anal. Chem. 2013, 85, 715-736).

[0210]

The amino acid sequence in the constant region of IgG is well-preserved, and
each of the amino acids has been specified by EU Index numbering in a report by
Edelman et al. (Proc. Natl. Acad. Sci. U.S.A., 63, 78-85, (1969)). For example,
Asn297, to which an N-linked glycan is added in the Fc region, corresponds to

position 297 specified by EU Index numbering, and each amino acid is uniquely
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specified by expression with EU Index numbering, even if the actual position of the
amino acid has varied through fragmentation of the molecule or deletion of a region.
[0211]

The following formula illustrates a case where the antibody-drug conjugate of
the present invention is bonding via N297 glycan of an antibody or a functional
fragment of the antibody to L.

[0212]

Ab %(NZQ? glycan)—[f L—D ] m?2

2

[0213]

The antibody having a remodeled glycan is referred to as a glycan-remodeled
antibody.
[0214]

SGP (a2,6-SGP), an abbreviation for sialyl glycopeptide, is a representative
N-linked glycopeptide. SGP can be separated/purified from the yolk of a hen egg,
for example, in accordance with a method described in WO 2011/027868. Purified
products of SGP are sold by Tokyo Chemical Industry Co., Ltd. and FUSHIMI
Pharmaceutical Co., Ltd. Herein, the glycan moiety of SGP is expressed as SG, and
a glycan formed by deleting one GIcNAc moiety at the reducing terminus in SG is
expressed as SG(10). SG(10) may be prepared by enzymatic hydrolysis of SGP, for
example, with reference to a report by Umekawa et al. (Biochim. Biophys. Acta
2010, 1800, 1203-1209).  Alternatively, SG(10) may be purchased from Tokyo
Chemical Industry Co., Ltd. or FUSHIMI Pharmaceutical Co., Ltd.

[0215]
Herein, a glycan structure formed by deleting a sialic acid at a non-reducing

terminus only in either one of the branched chains of B-Man in SG(10) is expressed
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as MSG(9), and a structure including a sialic acid only in the 1-3 glycan of the
branched chains is expressed as MSG1, and a structure including a sialic acid only in
the 1-6 glycan of the branched chains is expressed as MSG2.

[0216]

5 The remodeled glycan of the present invention is N297-(Fuc)SG, N297-
(Fuc)MSG1, N297-(Fuc)MSG2, or a mixture of N297-(Fuc)MSG1 and N297-
(Fuc)MSG2, preferably N297-(Fuc)SG, N297-(Fuc)MSG1, or N297-(Fuc)MSG?2,
and more preferably N297-(Fuc)SG or N297-(Fuc)MSG1.

[0217]
10 N297-(Fuc)SG is represented by the following structural formula or sequence
formula:
[0218]
5 H
% —(CH,-CH,-0)n>CH,-CH,-N
HO, 070

"
~HHo HO
o)

H
OH NG
0= HO
ZQ HO
HO o OH
5 H HO 3 5N OH
% —(CH,-CH,-O)n>CH,-CH,-N O oH o
HQ_oH \;O HO&»O/&& Oo
HO.,.
O (e} HO o OZQ o NH
\‘gﬁ Ho  HO Ho._HO 1 :Q
HO \ o~ ° o
OH NH
omQ
[0219]
Fuw;
*- LIPEG)}-NeuAca 2- 6Galp1- 4GleNAcB 1- 2Mana 1— 6 8

Manp - 4GloNAcH 1- 4GleNAc '?-'-~
* - L(IPEG)-NeuAca 2- 6Galp 1- 4GlcNAGk 1- ZMana 1— 3

15 [N297-{Fuc)SG]
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[0220]
In the formulas, each wavy line indicates bonding to Asn297 of the antibody;
L(PEG) represents -(CH2-CH>-O)n’>-CH>-CH>-NH-, wherein the amino group
at the right end indicates amide-bonding to the carboxyl group at position 2 of a
5  sialic acid at the non-reducing terminus in each of the 1-3 chain and 1-6 chain of the
branched chains of B-Man in N297 glycan, and each asterisk indicates bonding to
linker L, in particular, a nitrogen atom at position 1 or 3 of the 1,2,3-triazole ring of
Lb in linker L; and
n’ is an integer of 2 to 10, and preferably an integer of 2 to 5.
10 [0221]
N297-(Fuc)MSG1 is represented by the following structural formula or
sequence formula:

[0222]

HO
OH
: o OH
* —(CH,-CH,-O)n=CH,-CH,-N 5
Og{ o
o] o]

15 [0223]

Fucee 1
I
Calp1-4GlcNAcR 1-2Manu 1~ 6 8 }
Manf 1-4GIcNAGE 1- 4GIeNACH 1--
* - (PEG)-NeuAcu 2-6Galp 1-4GIcNAGE 1- 2Mana 1 — 3

[N297-(Fuc)MSG1}

[0224]
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In the formulas, each wavy line indicates bonding to Asn297 of the antibody;

L(PEG) represents -(CH>-CH2-O)n’-CH>-CH>-NH-, wherein the amino group
at the right end indicates amide-bonding to the carboxyl group at position 2 of a
sialic acid at the non-reducing terminus in the 1-3 chain of the branched chains of j3-

5  Man in N297 glycan;

each asterisk indicates bonding to linker L, in particular, a nitrogen atom at
position 1 or 3 of the 1,2,3-triazole ring of Lb in linker L; and

n’ is an integer of 2 to 10, and preferably an integer of 2 to 5.
[0225]

10 N297-(Fuc)MSQG?2 is represented by the following structural formula or

sequence formula:

[0226]

H
% —(CH,~CH,-0)n>CH,-CH,-N

[0227]
Fuci g

* - L{PEG)-NeuAcu 2- 6Gal[l 1- 4GlcNAc) 1- 2Mana1— € 8 .
Manp1-4GlcNAc 1- 4GleNAch 1-4-

Galp 1-4GloNAGB 1- 2Mana 1 — 3

15 [N287-(Fuc)MSG2]
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[0228]

In the formulas, each wavy line indicates bonding to Asn297 of the antibody;

L(PEG) represents -(CH2-CH>-O)n’>-CH>-CH>-NH-, wherein the amino group
at the right end indicates amide-bonding to the carboxyl group at position 2 of a
sialic acid at the non-reducing terminus in the 1-6 chain of the branched chains of 3-
Man in N297 glycan, and each asterisk indicates bonding to linker L, in particular, a
nitrogen atom at position 1 or 3 of the 1,2,3-triazole ring of Lb in linker L; and

n’ is an integer of 2 to 10, and preferably an integer of 2 to 5.

[0229]

If N297 glycan of the antibody in the antibody-drug conjugate of the present
invention is N297-(Fuc)SG, the antibody-drug conjugate is a molecule to which four
molecules of linker L and four molecules of drug D have been conjugated together
(m? = 2) since the antibody is a dimer.

If N297 glycan of the antibody in the antibody-drug conjugate of the present
invention is N297-(Fuc)MSG1, N297-(Fuc)MSG2, or a mixture of them, the
antibody-drug conjugate is a molecule to which two molecules of linker L and two
molecules of drug D have been conjugated together (m? = 1) since the antibody is a
dimer (see Figure 1).

[0230]

N297 glycan is preferably N297-(Fuc)SG, N297-(Fuc)MSG1, or N297-
(Fuc)MSG2, and more preferably N297-(Fuc)SG.

[0231]

If N297 glycan of the antibody in the antibody-drug conjugate of the present
invention is N297-(Fuc)SG, N297-(Fuc)MSG1, or N297-(Fuc)MSG2, a highly
homogeneous ADC can be obtained.

[0232]

<3. Production Methods>
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Representative methods for producing the novel CDN derivative of the
present invention or production intermediates thereof will be described. In the
following, compound numbers shown in reaction formulas are used to identify
compounds from each other. Specifically, reference in the form of "compound of
formula (1)", "compound (1)", and so on will be made. Compounds with the other
numbers will be expressed in the same manner.

[0233]

In scheme A to scheme E in the following, the substituents R! to R>, L!, L?,
W! W2, and Z! to Z3 are synonymous with those in the above. The substituents R?,
R¢, R®, and R# each represent a side chain of a natural a-amino acid. Examples
thereof may include a methyl group, an isopropyl group, a sec-butyl group, an
isobutyl group, and a benzyl group. PRO! represents a protective group for primary
alcohol. PRO! is preferably a 4,4'-dimethoxytrityl group, a 4-methoxytrityl group,
or the like. PRO? PRO? PRO’, and PRO® each represent a protective group for
secondary alcohol. Preferably, PRO? PRO?, PRO’, and PRO? are each a tert-
butyldimethylsilyl group, a triisopropylsilyloxymethyl group, a benzoyl group, a 2-
nitrobenzyl group, a 4-methoxytetrahydropyran-4-yl group, or the like. PROS
represents a protective group for carboxylic acid. PRO® is preferably a tert-butyl
group, a benzyl group, or the like. PRO?’ and PRO? each represent a protective
group for amine. PRO? is preferably a tert-butyloxycarbonyl group, a 9-
fluorenylmethyloxycarbonyl group, an allyloxycarbonyl group, a 2,2,2-
trichloroethoxycarbonyl group, a benzyloxycarbonyl group, or the like, and PRO? is
preferably a 9-fluorenylmethyloxycarbonyl group or a 2-
(trimethylsilyl)ethoxycarbonyl group. PRO* represents a protective group for
alcohol or amine. PRO* is preferably a tert-butyldimethylsilyl group, a benzoyl
group, or the like for alcohol, and preferably a 2-(trimethylsilyl)ethoxycarbonyl

group, an allyloxycarbonyl group, a tert-butyloxycarbonyl group, or the like for
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amine. Q? represents an oxygen atom or a sulfur atom, and QP represents a hydroxy
group or a thiol group. Q% and Q" each independently represent a negatively
charged oxygen atom (O) or sulfur atom (S°). R* and RY each independently
represent a halogen atom or -O-PRO?.  n represents an integer of 1 to 3.
[0234]
Scheme A

The CDN derivative of the present invention represented by (1) may be

produced in accordance with scheme A described in the following.

[0235]
R .
+ b,
Na ﬁ N N NP
“S—P o] —
6

[0236]

The present production method is a method for producing the compound
represented by general formula (1). One-pot synthesis is applicable from steps A-1
to A-5 of the present production method, and this may be performed with reference
to a report by Gaffney et al. (Org. Lett. 2010, 12, 3269-3271).

[0237]
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[0238]
(Step A-1)

This step is a step of producing the compound of formula (2a) by sequentially
performing hydrolysis reaction of the compound of formula (1a) and removal of a
cyanoethyl group from the resultant with use of a known technique of organic
chemistry.

[0239]
Hydrolysis reaction was performed by treating compound (1a) in a solvent

(acetonitrile, tetrahydrofuran, N,N-dimethylformamide, or a mixed solvent of them)
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with water and an acid (pyridine trifluoroacetate, 4,5-dicyanoimidazole, 1H-
tetrazole, etc.) at a temperature of from -10°C to the boiling point of the solvent used
for the reaction, preferably 15°C to 35°C. The amount of moles of water used was
2 mol to an excessive amount of moles, preferably 2 mol to 10 mol, to 1 mol of
compound (1a), and that of the acid used was 1 mol to an excessive amount of moles,
preferably 1 mol to 5 mol, to 1 mol of compound (1a). The reaction time is 1
minute to 3 hours, and preferably 5 minutes to 30 minutes. To this reaction
mixture, a base (tert-butylamine, etc.) was then added to remove the cyanoethyl
group. The amount of moles of the base used was an excessive amount of moles,
preferably 30 mol to 50 mol, to 1 mol of compound (1a). The reaction time is 5
minutes to 6 hours, and preferably 15 minutes to 1 hour. The reaction mixture was
concentrated under reduced pressure to afford a crude product (2a). The crude
product (2a) may be sent to the subsequent step without purification.

[0240]

(Step A-2)

This step is a step of producing the compound of formula (3a) by removing a
protective group for a hydroxy group from the compound of formula (2a) with use of
a known technique of organic chemistry. Before the initiation of the reaction of this
step, the crude form of formula (2a) was azeotroped once to three times with
acetonitrile, as necessary, for drying.

[0241]

When PRO! was a 4,4'-dimethoxytrityl group, the 4,4'-dimethoxytrityl group
was removed by treating compound (2a) in a solvent (dichloromethane, chloroform,
dichloroethane, etc.) with water and an acid (dichloroacetic acid, trifluoroacetic acid,
etc.) at a temperature of from -10°C to the boiling point of the solvent used for the
reaction, preferably 15°C to 35°C. The amount of moles of water used was an

excessive amount of moles, preferably 10 mol to 20 mol, to 1 mol of compound (2a),



10

15

20

25

- 106 -

and the acid was diluted with the solvent used for the reaction to a concentration of
from 1% to 50%(v/v), preferably to 5% to 10%(v/v), and an excessive amount of
moles, preferably 5 mol to 15 mol, of the diluted solution was used. The reaction
time is 1 minute to 3 hours, and preferably 5 minutes to 30 minutes. Pyridine was
added to the reaction mixture for quenching. The amount of moles of pyridine used
was an amount enough to neutralize the acid used, preferably 2 mol to 10 mol, to 1
mol of the acid. The reaction mixture was concentrated under reduced pressure to
afford a crude product (3a). The crude product (3a) was azeotroped three to five
times with dehydrated acetonitrile. ~Acetonitrile was allowed to remain after the last
azeotropic operation, and thus 0.01 M to 1 M acetonitrile solution of compound (3a)
was obtained. The acetonitrile solution obtained was directly sent to the subsequent
step.

[0242]

(Step A-3)

This step is a step of producing the compound of formula (5a) by sequentially
performing coupling reaction of the compound of formula (3a) with the compound of
formula (4a) and sulfidation reaction of the resulting coupled form with use of a
known technique of organic chemistry.

Before the initiation of the reaction of this step, compound (4a) was
azeotroped three to five times with dehydrated acetonitrile. ~Acetonitrile was
allowed to remain after the last azeotropic operation, and thus 0.0l Mto 1 M
acetonitrile solution of compound (4a) was prepared. To this solution, a drying
agent (the molecular sieves 3A or the molecular sieves 4A in powder or pellets) was
added, and the solution was stored until use under the nitrogen or argon atmosphere.
[0243]

Coupling reaction was performed by adding azeotropically dried compound

(4a) to the acetonitrile solution of compound (3a) at a temperature of from 5°C to
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35°C. The reaction time is 1 minute to 24 hours, and preferably 5 minutes to 6
hours. To this reaction mixture, a sulfiding agent (N,N-dimethyl-N'-(3-
sulfanylidene-3H-1,2,4-dithiazol-5-yl)methaneimidamide, 3H-1,2-benzodithiol-3-
one, etc.) was then added to perform sulfidation reaction. The amount of moles of
the sulfiding agent used was 1 mol to 5 mol, preferably 1 mol to 2 mol, to 1 mol of
compound (3a). The reaction time is 5 minutes to 24 hours, and preferably 30
minutes to 6 hours. The reaction mixture was concentrated under reduced pressure
to afford a crude product (5a). The crude product (5a) obtained was directly sent to
the subsequent step.

[0244]

(Step A-4)

This step is a step of producing the compound of formula (6a) by removing a
protective group for a hydroxy group from the compound of formula (5a) with use of
a known technique of organic chemistry.

[0245]

When PRO! was a 4,4'-dimethoxytrityl group, the 4,4'-dimethoxytrityl group
was removed by treating the compound of compound (5a) in a solvent
(dichloromethane, chloroform, dichloroethane, etc.) with water and an acid
(dichloroacetic acid, trifluoroacetic acid, etc.) at a temperature of from -10°C to the
boiling point of the solvent used for the reaction, preferably 15°C to 35°C. The
amount of moles of water used was an excessive amount of moles, preferably 10 to
20 mol, to 1 mol of compound (5a), and the acid was diluted with the solvent used
for the reaction to a concentration of from 1% to 50%(v/v), preferably to 5% to
10%(v/v), and an excessive amount of moles, preferably 5 mol to 15 mol, of the
diluted solution was used. The reaction time is 1 minute to 3 hours, and preferably
5 minutes to 30 minutes. Pyridine was added to the reaction mixture for quenching.

The amount of moles of pyridine used was an amount enough to neutralize the acid
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used, preferably 10 mol to 200 mol, to 1 mol of the acid. The reaction mixture was
concentrated under reduced pressure to afford a crude product (6a). The crude
product (6a) obtained was directly sent to the subsequent step.

[0246]

(Step A-5)

This step is a step of producing the compound of formula (7a) by sequentially
performing cyclization reaction and sulfidation reaction of the compound of formula
(6a) with use of a known technique of organic chemistry.

Compound (6a) was dissolved in pyridine, and the resultant was then
concentrated under reduced pressure to prepare a 0.01 M to 0.5 M pyridine solution.
Cyclization reaction was performed by adding a dehydration-condensation agent (2-
chloro-5,5-dimethyl-1,3,22°-dioxaphosphinan-2-one, etc.) to this pyridine solution at
a temperature of from 5°C to 35°C. The amount of moles of the dehydration-
condensation agent used was 1 mol to an excessive amount of moles, preferably 3
mol to 5 mol, to 1 mol of compound (6a). The reaction time is 1 minute to 6 hours,
and preferably 5 minutes to 1 hour. Sulfidation reaction was then performed by
adding water and a sulfiding agent (3H-1,2-benzodithiol-3-one, N,N-dimethyl-N'-(3-
sulfanylidene-3H-1,2,4-dithiazol-5-yl)methaneimidamide, etc.) to this reaction
mixture. The amount of moles of water used was an excessive amount of moles,
preferably 30 mol to 50 mol, to 1 mol of compound (6a), and that of the sulfiding
agent used was 1 mol to 5 mol, preferably 1 mol to 2 mol, to 1 mol of compound
(6a). The reaction time is 5 minutes to 12 hours, and preferably 30 minutes to 3
hours. The reaction mixture was added to an aqueous solution (0.1 M to 1 M) of
sodium hydrogen carbonate, and the resultant was then stirred for a period of time of
15 minutes to 24 hours for quenching.  After the reaction mixture was subjected to
extraction once to five times with an organic solvent (ethyl acetate, diethyl ether,

toluene, or a mixed solvent of them), the extracts were combined and dried over an
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anhydrous salt (anhydrous sodium sulfate or anhydrous magnesium sulfate). The
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by silica gel column
chromatography [dichloromethane/methanol, ethyl acetate/methanol, hexane/ethyl
acetate, etc.], C18 silica gel column chromatography [buffer/acetonitrile], or
combination of them to afford compound (7a) as a mixture of two or more
diastereomers or two or more pure diastercomers. While two diastereomers are
obtained in this step in many cases, additionally one or two diastereomers may be
obtained for some types of raw materials (1a) and (4a). Even when compound (7a)
obtained is in the form of a mixture of a plurality of diastereomers, the mixture may
be sent to the subsequent step without additional purification.

[0247]

(Step A-6)

This step is a step of producing the compound of formula (8a) by
simultaneously removing a cyanoethyl group and all acyl protective groups from the
compound of formula (7a) with use of a known technique of organic chemistry.
This step was performed in an autoclave or in a shield tube, as necessary.

[0248]

When PRO* was a benzoyl group, the cyanoethyl group and the benzoyl
group were removed by treating the compound of compound (7a) in a solvent
(methanol, ethanol, tetrahydrofuran, or a mixed solvent of them) with 28% (v/v)
ammonia water at a temperature of from 5°C to the boiling point of the solvent used
for the reaction. The amount of moles of ammonia used was an excessive amount
of moles, preferably 300 mol to 3000 mol, to 1 mol of compound (7a). The reaction
time is 30 minutes to 96 hours, and preferably 2 hours to 48 hours. The reaction
mixture was concentrated, as necessary, and the residue was purified by preparative

HPLC [buffer/acetonitrile, buffer/methanol, etc.], C18 silica gel column
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chromatography [buffer/acetonitrile, buffer/methanol, etc.], or combination of them
to afford compound (8a). Even when compound (8a) obtained is in the form of a
mixture of diastereomers, the mixture may be sent to the subsequent step without
additional purification. In this step, compound (8a) may be sent to the subsequent
step without purification.

[0249]

(Step A-7)

This step is a step of producing the compound of formula (9a) by
simultaneously removing all the silyl protective groups from the compound of
formula (8a) with use of a known technique of organic chemistry.

When PRO? and PRO? were each a tert-butyldimethylsilyl group, the tert-
butyldimethylsilyl groups were removed by directly treating compound (8a) with
triethylamine trihydrofluoride at a temperature of from 5°C to 100°C, preferably
35°C to 60°C. The amount of moles of triethylamine trihydrofluoride used was an
excessive amount of moles, preferably 100 to 200 mol, to 1 mol of compound (8a).
The reaction time is 30 minutes to 24 hours, and preferably 2 hours to 12 hours.
After the reaction mixture was cooled to room temperature, an ice-cooled 3:1 to 10:1
(v/v) mixed solution of 1 M aqueous solution of triethylammonium hydrogen
carbonate and triethylamine was poured in small portions into the reaction mixture
for quenching. As necessary, the reaction mixture may be poured into an ice-cooled
mixed solution of 1 M aqueous solution of triethylammonium hydrogen carbonate
and triethylamine. In this case, the reaction vessel was washed with acetonitrile and
water. The amount of moles of triethylamine to be used is an amount enough to
change the condition of the reaction mixture to weakly basic condition, preferably
approximately 2 mol, to 1 mol of triethylamine trihydrofluoride. ~After the organic
solvent component of the reaction mixture was distilled off under reduced pressure,

the remaining aqueous solution was purified by preparative HPLC
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[buffer/acetonitrile, buffer/methanol, etc.], C18 silica gel column chromatography
[buffer/acetonitrile, buffer/methanol, etc.], or combination of them to afford
compound (9a) as a single diastereomer.

[0250]

(Step A-8)

This step is a step of producing the compound of formula (1) by ion exchange
of the compound of formula (9a) with use of a known technique of organic
chemistry.

A cation exchange resin (BT AG (R) 50W-X2 resin, 100-200 mesh, hydrogen
type) was suspended in pure water, and an empty column cartridge was filled
therewith. The amount of the cation exchange resin used was 10 times to 50 times
as large as that of compound (9a) in a weight ratio. ~ After an excessive portion of
pure water was allowed to gravitationally flow down, a 3 x column volume of 1 M
aqueous solution of sodium hydroxide was allowed to gravitationally flow down, and
a 6 x column volume of pure water was then allowed to gravitationally flow down.
Compound (9a) was dissolved in an approximately 3 x column volume of pure
water, and the column was charged therewith. If the compound is poorly dissolved
in pure water, a mixture with a small amount of an organic solvent (acetonitrile,
methanol, etc.) may be used. The solution allowed to gravitationally flow down
was separated and collected, and then further eluted with a 6 x column volume of
pure water or the like, and fractions were separated and collected. ~Fractions
containing the targeted product were combined and lyophilized to give compound (1)
as a single diastereomer.

[0251]
Scheme A'
The CDN derivative of the present invention represented by (1') may be

produced in accordance with scheme A' described in the following.
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[0253]

The present production method is a method for producing the compound

5  represented by general formula (1'), the method being a partially modified form of

scheme A. Specifically, the compound of general formula (1') can be produced

with replacement of step A-5 of scheme A with step A'-5 shown below. When the

substituents R* and RY are each a halogen atom, step A-7 may be omitted.
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(Step A'-5)

This step is a step of producing the compound of formula (7a') by sequentially
performing cyclization reaction and oxidation reaction of the compound of formula
(6a') with use of a known technique of organic chemistry.

Compound (6a') was dissolved in pyridine, and the resultant was then
concentrated under reduced pressure to prepare a 0.01 M to 0.5 M pyridine solution.
Cyclization reaction was performed by adding a dehydration-condensation agent (2-
chloro-5,5-dimethyl-1,3,22°-dioxaphosphinan-2-one, etc.) to this pyridine solution at
a temperature of from 5°C to 35°C. The amount of moles of the dehydration-
condensation agent used was 1 mol to an excessive amount of moles, preferably 3
mol to 5 mol, to 1 mol of compound (6a'). The reaction time is 1 minute to 6 hours,
and preferably 5 minutes to 1 hour. Subsequently, oxidation reaction was
performed by adding water and an oxidizing agent (iodine, etc.) to this reaction
mixture. The amount of moles of water used was 0 mol to an excessive amount of
moles, preferably 30 mol to 50 mol, to 1 mol of compound (6a'), and that of the
oxidizing agent used was 2 mol to 10 mol, preferably 3 mol to 5 mol, to 1 mol of
compound (6a'). The reaction time is 5 minutes to 12 hours, and preferably 30
minutes to 3 hours. The reaction mixture was added to an aqueous solution (0.1 M
to 1 M) of sodium hydrogen carbonate, and the resultant was stirred for a period of
time of from15 minutes to 24 hours for quenching. After the reaction mixture was
subjected to extraction once to five tomes with an organic solvent (ethyl acetate,
diethyl ether, toluene, or a mixed solvent of them), the extracts were combined and
dried over an anhydrous salt (anhydrous sodium sulfate or anhydrous magnesium
sulfate). The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The resulting residue was purified by silica

gel column chromatography [dichloromethane/methanol, ethyl acetate/methanol,
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hexane/ethyl acetate, etc.], C18 silica gel column chromatography
[buffer/acetonitrile], or combination of them to afford compound (7a').
[0256]
Scheme A"

The CDN derivative of the present invention represented by (1'") may be
produced in accordance with scheme A" described in the following.

[0257]

[0258]

The present production method is a method for producing the compound
represented by general formula (1"), the method being a partially modified form of
scheme A. Specifically, the compound of general formula (1") can be produced
with replacement of step A-3 of scheme A with step A"-3 shown below. When the
substituents R* and RY are each a halogen atom, step A-7 may be omitted.

[0259]
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[0260]
(Step A"-3)

This step is a step of producing the compound of formula (5a") by
sequentially performing coupling reaction of the compound of formula (3a") with the
compound of formula (4a") and oxidation reaction of the resulting coupled form with
use of a known technique of organic chemistry.

Before the initiation of the reaction of this step, compound (4a") was
azeotroped three to five times with dehydrated acetonitrile. ~Acetonitrile was
allowed to remain after the last azeotropic operation, and thus 0.01 Mto 1 M
acetonitrile solution of compound (4a") was prepared. To this solution, a drying
agent (the molecular sieves 3A or the molecular sieves 4A in powder or pellets) was
added, and the solution was stored until use under the nitrogen or argon atmosphere.
[0261]

Coupling reaction was performed by adding the acetonitrile solution of
azeotropically dried compound (4a") to the acetonitrile solution of compound (3a") at

a temperature of from 5°C to 35°C. The reaction time is 1 minute to 24 hours, and
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preferably 5 minutes to 6 hours. To this reaction mixture, an oxidizing agent (tert-
butyl hydroperoxide, etc.) was then added to perform oxidation reaction. The
amount of moles of the oxidizing agent used was 1 mol to 5 mol, preferably 2 mol to
3 mol, to 1 mol of compound (3a"). The reaction time is 5 minutes to 24 hours, and
5 preferably 30 minutes to 6 hours. A saturated aqueous solution of sodium

thiosulfate was added to the reaction mixture, and the resultant was stirred for a
period of time of from 10 minutes to 12 hours for quenching. After the reaction
mixture was subjected to extraction once to five times with an organic solvent (a
mixed solvent of dichloromethane and methanol, etc.), the extracts were combined

10 and dried over an anhydrous salt (anhydrous sodium sulfate or anhydrous magnesium
sulfate). The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure to afford a crude product (5a"). The crude
product (5a") obtained was directly sent to the subsequent step.
[0262]

15  Scheme A™

m

The CDN derivative of the present invention represented by (1") may be

produced in accordance with scheme A" described in the following.
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The present production method is a method for producing the compound
represented by general formula (1"), the method being a partially modified form of
scheme A. Specifically, the compound of general formula (1™) can be produced
with replacement of step A-3 and step A-5 of scheme A respectively with step A"-3

5 andstep A'-5. When the substituents R* and RY are each a halogen atom, step A-7
may be omitted.

[0265]
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[0266]

10 Scheme B: Conjugate precursor (Glycan Conjugation)
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The conjugate precursor of the present invention represented by (2) may be

produced in accordance with scheme B described in the following.
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[0268]

The present production method is a method for producing conjugate precursor
(2) when L! is substituted with -NH, at any position.
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[0270]
(Step B-1)

This step is a step of producing the compound of formula (2b) by removing a
protective group from the compound of formula (1b) with use of a known technique
of organic chemistry.

[0271]

When PRO? was a tert-butyloxycarbonyl group, the protective group was
removed by treating compound (1b) in a solvent (dichloromethane, dioxane,
acetonitrile, ethyl acetate, tetrahydrofuran, or a mixed solvent of them) with
trifluoroacetic acid at a temperature of from -10°C to the boiling point of the solvent
used for the reaction, preferably 15°C to 35°C. The amount of moles of
trifluoroacetic acid used was an excessive amount of moles, preferably 20 mol to 50
mol, to 1 mol of compound (1b). The reaction time is 5 minutes to 24 hours, and
preferably 30 minutes to 6 hours. The reaction mixture was concentrated under
reduced pressure, and then suspended in toluene and the resultant suspension was
again concentrated under reduced pressure. This operation was repeated twice to
five times. A solvent (diethyl ether, diisopropyl ether, hexane, dichloromethane,
ethyl acetate, or a mixed solvent of them) was added to make a slurry, and the solid
was then collected through filtration to give a crude product (2b). The crude
product (2b) was sent to the subsequent step without any additional purification.
[0272]

(Step B-2)

This step is a step of producing the compound of formula (4b) by performing
amidation of the compound of formula (2b) with the compound of formula (3b) with
use of a known technique of organic chemistry.

[0273]
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Amidation was performed by reacting compound (2b) in a solvent (N,N-
dimethylformamide, N-methylpyrrolidone, N,N-dimethylacetamide, acetonitrile,
etc.) with a base (triethylamine, N,N-diisopropylethylamine, etc.) and compound
(3b) at a temperature of from 5°C to 35°C. The amount of moles of the base used
was 1 mol to 5 mol to 1 mol of compound (2b), and that of compound (3b) used was
0.5 mol to 1.5 mol to 1 mol of compound (2b). The reaction time is 10 minutes to
72 hours, and preferably 1 hour to 24 hours. The reaction mixture was poured into
a two-layer mixture of an organic solvent (dichloromethane, chloroform, ethyl
acetate, methanol, or a mixed solvent of them) and water or an acidic aqueous
solution (0.1 to 1 M hydrochloric acid, aqueous solution of citric acid, etc.), and the
resultant was subjected to extraction once to five times with the organic solvent.
The extracts were combined and washed with brine, and then dried over an
anhydrous salt (anhydrous sodium sulfate or anhydrous magnesium sulfate). The
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. Alternatively, the reaction mixture may be directly concentrated
under reduced pressure, with the liquid separation operation omitted, and sent to the
subsequent silica gel column purification. The residue obtained was purified by
silica gel column chromatography [dichloromethane/methanol, ethyl
acetate/methanol, etc.] to afford compound (4b). As necessary, the purity of
compound (4b) may be increased by dissolving compound (4b) in a good solvent
(ethyl acetate, acetonitrile, dichloromethane, methanol, or a mixed solvent of them),
then reprecipitating compound (4b) with addition of a poor solvent (diethyl ether,
diisopropyl ether, hexane, etc.), and collecting the solid through filtration.

[0274]
(Step B-3)
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This step is a step of producing the compound of formula (5b) by performing
esterification of the compound of formula (4b) with use of a known technique of
organic chemistry.

Esterification was performed by reacting compound (4b) in a solvent (N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, acetonitrile,
etc.) with N-hydroxysuccinimide and a condensing agent (1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride, etc.) at a temperature of from 5°C
to 35°C. The amount of moles of N-hydroxysuccinimide used and that of the
condensing agent used were each 1 mol to 3 mol to 1 mol of compound (4b). The
reaction time is 30 minutes to 72 hours, and preferably 2 hours to 24 hours. The
reaction mixture was diluted with an organic solvent (dichloromethane, chloroform,
ethyl acetate, or a mixed solvent of them), and then washed three to five times with
iced water. The organic layer was dried by using an anhydrous salt (anhydrous
sodium sulfate or anhydrous magnesium sulfate). The drying agent was removed
through filtration, and the filtrate was then concentrated under reduced pressure to
afford a crude product (5b). As necessary, compound (5b) obtained may be purified
by C18 silica gel column chromatography [acetonitrile only]. The purity of
compound (5b) obtained may be increased by dissolving compound (5b) in a good
solvent (ethyl acetate, acetonitrile, dichloromethane, or a mixed solvent of them),
then reprecipitating compound (5b) with addition of a poor solvent (diethyl ether,
diisopropyl ether, hexane, etc.), and collecting the solid through filtration.

[0275]
(Step B-4)

This step is a step of producing the compound of formula (2) by performing
condensation reaction of the compound of formula (5b) with the compound of
formula (6b) with use of a known technique of organic chemistry.

[0276]
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Condensation reaction was performed by reacting compound (6b) in a solvent
(N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone,
acetonitrile, etc.) with a base (triethylamine, N,N-diisopropylethylamine, etc.) and
compound (5b) at a temperature of from -10°C to 100°C, preferably 15°C to 35°C.
The amount of moles of the base used was 2 mol to 5 mol to 1 mol of compound
(6b), and that of compound (5b) used was 1 mol to 2 mol to 1 mol of compound (6b).
The reaction time is 5 minutes to 24 hours, and preferably 1 hour to 6 hours.
Benzylamine was added to the reaction mixture for quenching. The amount of
moles of benzylamine used was 4 mol to 10 mol to 1 mol of compound (6b). The
reaction mixture was partially concentrated under reduced pressure, as necessary,
and the remaining solution was purified by preparative HPLC [buffer/acetonitrile,
buffer/methanol, etc.], C18 silica gel column chromatography [buffer/acetonitrile,
buffer/methanol, etc.], or combination of them to afford compound (2).

[0277]
Scheme B': Conjugate precursor (Cysteine Conjugation)
Scheme B'

The conjugate precursor of the present invention represented by (2') may be

produced in accordance with scheme B' described in the following.
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[0279]
The present production method is a method for producing conjugate precursor

(2") when L! is substituted with -NH> at any position.
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[0281]
(Step B-5)

This step is a step of producing the compound of formula (8b) by performing
amidation of the compound of formula (2b') with the compound of formula (7b) with
10 use of a known technique of organic chemistry. Compound (8b) was obtained in
accordance with the procedure described in step B-2 of scheme B, except that no
base was used.
[0282]
(Step B-6)
15 This step is a step of producing the compound of formula (9b) by removing a
protective group from the compound of formula (8b) with use of a known technique

of organic chemistry. Compound (9b) was obtained in accordance with the



10

15

20

- 124 -

procedure described in step B-1 of scheme B, except that when PRO® was a tert-butyl
group, silica gel column chromatography [dichloromethane/methanol] was used in
the purification operation.

[0283]

(Step B-7)

This step is a step of producing the compound of formula (10b) by performing
esterification of the compound of formula (9b) with use of a known technique of
organic chemistry. Compound (10b) was obtained in accordance with the
procedure described in step B-3 of scheme B.

[0284]
(Step B-8)

This step is a step of producing the compound of formula (2') by performing
condensation reaction of the compound of formula (6b) with the compound of
formula (10b) with use of a known technique of organic chemistry. Compound (2")
was obtained in accordance with the procedure described in step B-4 of scheme B.
[0285]

Scheme C

The conjugate precursor of the present invention represented by (3) may be

produced in accordance with scheme C described in the following.

[0286]
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The present production method is a method for producing conjugate precursor

(3) when L! is substituted with a hydroxy group at any position.

[0288]
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[0289]
(Step C-1)

This step is a step of producing the compound of formula (3¢) by performing
amidation of the compound of formula (1c) with the compound of formula (2c) with
use of a known technique of organic chemistry. Compound (3c) was obtained in
accordance with the procedure described in step B-2 of scheme B.

[0290]
(Step C-2)

This step is a step of producing the compound of formula (4¢) by performing
esterification of the compound of formula (3¢) with use of a known technique of
organic chemistry. Compound (4c) was obtained in accordance with the procedure
described in step B-3 of scheme B.

[0291]
(Step C-3)

This step is a step of producing the compound of formula (7¢) by sequentially
performing coupling reaction (aminomethylenation) of the compound of formula (5c¢)
with the compound of formula (6¢) and deprotection of the resulting coupled form
with use of a known technique of organic chemistry.

[0292]

When PRO’ was a 9-fluorenylmethyloxycarbonyl group, aminomethylenation
was performed by reacting compound (5¢) in tetrahydrofuran with compound (6c)
and an acid (p-toluenesulfonic acid, etc.) at a temperature of from 5°C to 35°C. The
amount of moles of compound (6¢) used was 1 mol to 20 mol, preferably 2 mol to 10
mol, to 1 mol of compound (5¢), and that of the acid used was 0.05 mol to an
excessive amount of moles, preferably 0.1 mol to 3 mol, to 1 mol of compound (5¢).
The reaction time is 30 minutes to 72 hours, and preferably 2 hours to 24 hours.

Subsequently, deprotection was performed by adding a base (1,8-
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diazabicyclo[5.4.0]-7-undecene, etc.) to the reaction mixture. When the reaction
mixture contains a suspension, a solvent (N,N-dimethylformamide, etc.) may be
further added to dissolve the suspension, as necessary, before reaction. The amount
of moles of the base used was an excessive amount of moles, preferably 5 mol to 20
mol, to 1 mol of compound (5¢). The reaction time is 10 minutes to 24 hours, and
preferably 2 hours to 12 hours. Water was added to the reaction mixture, and the
resultant was directly purified by C18 silica gel column chromatography
[buffer/acetonitrile, etc.] to afford compound (7c¢).

[0293]

(Step C-4)

This step is a step of producing the compound of formula (8c) by removing
protective groups from the compound of formula (7¢) with use of a known technique
of organic chemistry. When PRO’ and PRO?® were each a tert-butyldimethylsilyl
group, compound (8c) was obtained in accordance with the procedure described in
step A-7 of scheme A.

[0294]
(Step C-5)

This step is a step of producing the compound of formula (3) by performing
condensation reaction of the compound of formula (8c) with the compound of
formula (4c) with use of a known technique of organic chemistry. Compound (3)
was obtained in accordance with the procedure described in step B-4 of scheme B.
[0295]

Scheme C'

The conjugate precursor of the present invention represented by (3') may be

produced in accordance with scheme C' described in the following.

[0296]
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[0297]

The present production method is a method for producing conjugate precursor
(3") when L! is substituted with a hydroxy group at any position.
[0298]
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[0299]
(Step C'-1)

This step is a step of producing the compound of formula (2¢') by sequentially
performing hydrolysis reaction of the compound of formula (1¢') and removal of a

cyanoethyl group from the resultant with use of a known technique of organic
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chemistry. Compound (2c¢') was obtained in accordance with the procedure
described in step A-1 of scheme A.

[0300]

(Step C'-2)

This step is a step of producing the compound of formula (3¢') by removing a
protective group for a hydroxy group from compound (2c') with use of a known
technique of organic chemistry. Compound (3¢') was obtained in accordance with
the procedure described in step A-2 of scheme A.

[0301]
(Step C'-3)

This step is a step of producing the compound of formula (5¢') by sequentially
performing coupling reaction of the compound of formula (3¢") with the compound
of formula (4c") and sulfidation reaction or oxidation reaction of the resulting
coupled form with use of a known technique of organic chemistry. Compound (5¢')
was obtained in accordance with the procedure described in step A-3 of scheme A or
step A"-3 of scheme A".

[0302]
(Step C'-4)

This step is a step of producing the compound of formula (6¢') by removing a
protective group for a hydroxy group from the compound of formula (5c¢') with use of
a known technique of organic chemistry. Compound (6¢') was obtained in
accordance with the procedure described in step A-4 of scheme A.

[0303]
(Step C'-5)

This step is a step of producing the compound of formula (7¢') by sequentially

performing cyclization reaction of the compound of formula (6¢') and sulfidation

reaction or oxidation reaction of the resultant with use of a known technique of
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organic chemistry. Compound (7¢') was obtained in accordance with the procedure
described in step A-5 of scheme A or step A'-5 of scheme A'.

[0304]

(Step C'-6)

This step is a step of producing the compound of formula (8c') by
simultaneously removing a cyanoethyl group and all acyl protective groups from the
compound of formula (7c¢') with use of a known technique of organic chemistry.
Compound (8c') was obtained in accordance with the procedure described in step A-
6 of scheme A.

[0305]
(Step C'-7)

This step is a step of producing the compound of formula (9¢') by
simultaneously removing all silyl protective groups from the compound of formula
(8c") with use of a known technique of organic chemistry. When PRO’ was a 2-
(trimethylsilyl)ethoxycarbonyl group, the 2-(trimethylsilyl)ethoxycarbonyl group
was removed by treating compound (8c') with a tetrahydrofuran solution of
tetrabutylammonium fluoride at a temperature of from 5°C to 100°C, preferably
35°C to 60°C. The amount of moles of tetrabutylammonium fluoride used was an
excessive amount of moles, preferably 10 to 30 mol, to 1 mol of compound (8c").
The reaction time is 1 hour to 48 hours, and preferably 4 hours to 24 hours. After
the reaction mixture was diluted with addition of buffer thereto, the organic solvent
component was distilled off under reduced pressure, as necessary. The residue was
purified by preparative HPLC [buffer/acetonitrile, buffer/methanol, etc.], C18 silica
gel column chromatography [buffer/acetonitrile, buffer/methanol, etc.], or
combination of them to afford compound (9¢").

[0306]
(Step C'-8)
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This step is a step of producing the compound of formula (3') by performing
condensation reaction of the compound of formula (9¢") with the compound of
formula (4¢) with use of a known technique of organic chemistry. Compound (3")
was obtained in accordance with the procedure described in step B-4 of scheme B.
[0307]

Scheme D: Production of Glycan-Remodeled Antibody

Glycan-remodeled antibodies may be produced by using a method shown in
the following formula, for example, on the basis of a method described in WO
2018/003983.

[0308]

(&) —

{1 {2d}

(n1, n2) = any of (1, 0), (0, 1), and (1, 1)

[0309]
(Step D-1)

This step is a step of producing a glycan-truncated antibody by hydrolytically
cleaving the glycosidic bond at GIcNAcB1-4GlcNAc of the chitobiose structure at a
reducing terminus of N-linked glycan bonding to asparagine at position 297 of the
amino acid sequence of a targeted antibody (N297-linked glycan) with use of a
known enzymatic reaction.

Targeted antibody (1d) (10 mg/mL) in buffer (e.g., phosphate buffer) was
subjected to hydrolysis reaction of the glycosidic bond between GIcNAcB1 and
4GlcNAc in the chitobiose structure at a reducing terminus with use of hydrolase
such as the enzyme wild-type EndoS at a temperature of from 0°C to 40°C. The

reaction time is 10 minutes to 72 hours, and preferably 1 hour to 6 hours. The
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amount of the enzyme wild-type EndoS used was 0.1 to 10 mg, preferably 0.1 to 3
mg, to 100 mg of antibody (1d). After the completion of the reaction, the resultant
was purified by affinity chromatography (HiTrap rProtein A FF (5 mL) (produced by
GE Healthcare)) and/or a hydroxyapatite column (Bio-Scale Mini CHT Type |
Cartridge (5 mL) (produced by Bio-Rad Laboratories, Inc.)) to afford
(Fuca1,6)GlcNAc antibody (2d).

[0310]

(Step D-2)

This step is a step of producing glycan-remodeled antibody (3d) by bonding
an SG-type or MSG (MSG1, MSG2)-type glycan oxazoline form (hereinafter,
referred to as "azide glycan oxazoline form") having a PEG linker including an azide
group to (Fuca1,6)GlcNAc antibody (2d) obtained in step D-1 with use of a known
enzymatic reaction.

[0311]

Antibody (2d) in buffer (e.g., phosphate buffer) was subjected to
transglycosylation reaction by reacting with an azide glycan oxazoline form in the
presence of glycosyltransferase such as EndoS (D233Q/Q303L) at a temperature of
from 0°C to 40°C. The reaction time is 10 minutes to 72 hours, and preferably 1
hour to 6 hours. The amount of the enzyme EndoS (D233Q/Q303L) used was 1 to
10 mg, preferably 1 to 3 mg, to 100 mg of the antibody, and that of the azide glycan
oxazoline form used was 2 equivalents to an excessive equivalent, preferably 4
equivalents to 20 equivalents. After the completion of the reaction, the resultant
was purified by affinity chromatography (HiTrap rProtein A FF (5 mL) (produced by
GE Healthcare)) and/or a hydroxyapatite column (Bio-Scale Mini CHT Type |
Cartridge (5 mL) (produced by Bio-Rad Laboratories, Inc.)) to afford glycan-
remodeled antibody (3d).

[0312]
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In preparing the glycan-remodeled antibody, concentration of an aqueous
solution of an antibody, measurement of concentration, and buffer exchange may be
performed in accordance with Common Operations A to C described later.

An SG-type azide glycan oxazoline form was synthesized on the basis of a
method describe in WO 2018/003983.  As an example, a method for synthesizing
[N3-PEG(3)]2-SG(10)-Ox (compound 1-10 described in WO 2018/003983) is shown
in the following formula.

[0313]
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Similarly, an MSG-type azide glycan oxazoline form was synthesized on the
basis of a method described in WO 2018/003983. As an example, a method for
synthesizing [N3-PEG(3)]-MSG1(9)-Ox (compound 1-11 described in WO
2018/003983) is shown in the following formula.

[0315]

N3/\/O\/\O/\/O\/\N H,

MSG1(9)

ioar O:<HO

N+
“ N o O
@ N—cl o0 HOS \
N 1 J
OOH OH
HO oHo_ NH HOZ /ﬁg\
HO
ool oz
(" Ho HO HO \<
0 o °
OH HO
NH
O:<

[N, ~PEG(3)]1—MSG1(9)Ox

[0316]

Scheme E: Conjugation of Antibody and Drug (Glycan Conjugation 1)
[0317]
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[0318]

In the formula, the two asterisks (*) in the left side of antibody-drug conjugate
(1e) indicate the drug-linker moiety specified by the asterisk in the right side.

The present production method is a method for producing antibody-drug
conjugate (1e) by bonding glycan-remodeled antibody (3d) obtained in step D-2 of
scheme D and conjugate precursor (2) obtained in step B-4 of scheme B through
SPAAC (strain-promoted azide-alkyne cycloaddition: J. Am. Chem. Soc. 2004, 126,
15046-15047) reaction.

[0319]
(Step E-1)
SPAAC reaction was performed by mixing a buffer solution (phosphate

buffer, acetate buffer, borate buffer, etc.) of glycan-remodeled antibody (3d) and a
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solution of conjugate precursor (2) dissolved in an appropriate solvent (dimethyl
sulfoxide, N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone,
propylene glycol, or a mixed solvent of them). The amount of moles of conjugate
precursor (2) is 2 mol to an excessive amount of moles, preferably 4 mol to 30 mol,
to 1 mol of glycan-remodeled antibody (3d), and the ratio of the organic solvent is
preferably 1% to 200% (v/v) to the buffer solution of the antibody. The reaction
temperature is 0°C to 37°C, and preferably 15°C to 25°C, and the reaction time is 1
hour to 150 hours, and preferably 6 hours to 72 hours. The pH of the reaction
mixture is preferably 5 to 9. The reaction mixture was purified in accordance with
a method described later in Common Operation D to afford antibody-drug conjugate
(1e).

[0320]

Scheme E': Conjugation of Antibody and Drug (Cysteine Conjugation)

The antibody-drug conjugate of the present invention with cysteine
conjugation may be produced, for example, on the basis of a method described in
WO 2014/057687 with use of a targeted antibody prepared, for example, in
accordance with Reference Example 1 and conjugate precursor (2') having a
maleimide group obtained in step B-8 of scheme B'.

[0321]
Scheme E": Conjugation of Antibody and Drug (Glycan Conjugation 2)

With replacement of conjugate precursor (2) with conjugate precursor (3')
obtained in step C'-8 of scheme C', antibody-drug conjugate (1e") shown in the
following formula was obtained.

[0322]
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[0323]

In the formula, the two asterisks (*!) in the left side of antibody-drug
conjugate (1e") indicate the drug-linker moiety specified by the asterisk in the right
side.

[0324]

Antibody-drug conjugates can be identified from each other through buffer
exchange, purification, measurement of antibody concentration, and measurement of
the average number of conjugated drug molecules per antibody molecule in
accordance with Common operations D to G described later.

[0325]
Common Operation A: Concentration of Aqueous Solution of Antibody

A solution of an antibody or antibody-drug conjugate was placed in an
Amicon (R) Ultra Centrifugal Filter Device (50,000 NMWL, Merck Millipore Ltd.),
and the solution of an antibody or antibody-drug conjugate was concentrated through
a centrifugation operation (centrifugation at 2000 G to 4000 G for 5 to 20 minutes)
using a centrifuge (Allegra X-15R, Beckman Coulter, Inc.).

[0326]

Common Operation B: Measurement of Antibody Concentration
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Measurement of antibody concentration was performed by using a UV
measurement apparatus (Nanodrop 1000, Thermo Fisher Scientific) in accordance
with a method specified by the manufacturer. In measurement, 280 nm absorption
coefficients, being different among antibodies (1.3 mL mg™! cm™ to 1.8 mL mg™!' cm’
1), were used.

[0327]
Common Operation C: Buffer Exchange for Antibody

A buffer (phosphate-buffered saline (pH 6.0), phosphate buffer (pH 6.0), etc.)
was added to an aqueous solution of an antibody, and the resultant was concentrated
in accordance with the method described in Common Operation A. This operation
was performed several times, and the antibody concentration was then measured in
accordance with the method described in Common Operation B.  To this antibody
buffer solution, a buffer (phosphate-buffered saline (pH 6.0), phosphate buffer (pH
6.0), etc.) was appropriately added to prepare an antibody buffer solution with an
intended concentration (e.g., approximately 10 mg/mL).

[0328]
Common Operation D: Purification of Antibody-Drug Conjugate (Gel Filtration
Chromatography)

An NAP column (NAP-5, NAP-10, NAP-25 (produced by GE Healthcare))
was equilibrated with acetate buffer (10 mM Acetate Buffer, 5% Sorbitol, pH 5.5;
herein, referred to as ABS) or another appropriate buffer. This NAP column was
charged with a reaction mixture of an antibody-drug conjugate, and a buffer in an
amount specified by the manufacturer was allowed to gravitationally flow down to
separate and collect an antibody fraction. The NAP column was again charged with
this fraction, and a buffer in an amount specified by the manufacturer was allowed to
gravitationally flow down to separate and collect an antibody fraction. This

operation was repeated twice or three times in total to afford the antibody-drug
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conjugate with an unbound drug-linker, dimethyl sulfoxide, and propylene glycol
removed. As necessary, the concentration of the solution of the antibody-drug
conjugate was adjusted through Common Operations A and C.

[0329]

Common Operation E: Measurement of Antibody Concentration and Average
Number of Conjugated Drug molecules Per Antibody Molecule in Antibody-Drug
Conjugate (UV Method)

The concentration of a conjugated drug in an antibody-drug conjugate can be
calculated by measuring absorbance of an aqueous solution of the antibody-drug
conjugate at two wavelengths of 280 nm and 260 nm (occasionally, a wavelength
other than 260 nm is used) with use of an absorptiometer (UV/VIS Spectrometer
Lambda 25, PerkinElmer, Inc.), followed by performing calculation shown below.
The total absorbance at any wavelength is equal to the sum of the absorbances of all
light-absorbing chemical species present in the system (additivity of absorbance),
and hence with the assumption that the molar absorption coefficients of the antibody
and the drug are unchanged before and after conjugation between the antibody and
the drug, the antibody concentration and the drug concentration in the antibody-drug
conjugate are expressed by the following expressions:

Azs0 = Ap,280 + Aa,280 = €D,280Cp + €4,280Ca Expression (I)

A260 = Ap,260 + Aa,260 = €D,260CD + €4,260CA Expression (II)

wherein Asgo denotes the absorbance of an aqueous solution of the antibody-drug
conjugate at 280 nm, Axeo denotes the absorbance of an aqueous solution of the
antibody-drug conjugate at 260 nm, A 280 denotes the absorbance of the antibody at
280 nm, Aa 260 denotes the absorbance of the antibody at 260 nm, Ap g0 denotes the
absorbance of the conjugate precursor at 280 nm, Ap 260 denotes the absorbance of
the conjugate precursor at 260 nm, €a,280 denotes the molar absorption coefficient of

the antibody at 280 nm, €a,260 denotes the molar absorption coefficient of an
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antibody at 260 nm, €p,280 denotes the molar absorption coefficient of the conjugate
precursor at 280 nm, €p,260 denotes the molar absorption coefficient of the conjugate
precursor at 260 nm, Ca denotes the antibody concentration of the antibody-drug
conjugate, and Cp denotes the drug concentration of the antibody-drug conjugate.
For €a 280, €4,260, €D,280, and €p,260 in the above, values prepared in advance (estimates
based on calculation or measured values) are used. For example, €280 can be
estimated from the amino acid sequence of an antibody by using a known calculation
method (Protein Science, 1995, vol. 4, 2411-2423).  For €a,260, values calculated
from a measured value obtained by UV measurement of an antibody and an estimate
for €a,280 were used.  In Examples, €a,280= 215380 and ea,260 = 110117 were used
as molar absorption coefficients of a modified anti-HER2 antibody. €a,280 =
227300 and €a,260 = 110710 were used as molar absorption coefficients of a modified
anti-LPS antibody. &p,280 and €p,260 can be obtained on the basis of the Lambert-
Beer's law (Absorbance = Molarity x Molar absorption coefficient x Cell optical path
length) by measuring the absorbance of a solution in which a conjugate precursor to
be used is dissolved at a certain molarity. The molar absorption coefficient of a
conjugate precursor in Examples was obtained each time in UV measurement. Ca
and Cp can be determined by measuring Asgo and Azeo of an aqueous solution of an
antibody-drug conjugate and substituting them into expressions (I) and (II) to solve
the simultaneous equations. Further, the average number of conjugated drug
molecules per antibody molecule can be determined by dividing Cp by Ca.
[0330]
Common Operation F: Measurement of Antibody Concentration and Average
Number of Conjugated Drug Molecules Per Antibody Molecule in Antibody-Drug
Conjugate (Reverse-Phase High-Performance Liquid Chromatography: RP-HPLC)
In addition to Common Operation E described above, high-performance

liquid chromatography analysis using the following method can determine antibody
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concentration and the average number of conjugated drug molecules per antibody
molecule in an antibody-drug conjugate.

[0331]

[F-1. Preparation of Sample for HPLC Analysis (Reduction of Antibody-Drug
Conjugate)]

A solution of an antibody-drug conjugate (approximately 1 mg/mL, 60 pL)
was mixed with an aqueous solution of dithiothreitol (DTT) (100 mM, 15 uL). The
mixture was incubated at 37°C for 30 minutes to cleave the disulfide bond between
the L chain and H chain of the antibody-drug conjugate. This reaction mixture was
directly used for HPLC analysis.

[0332]
[F-2. HPLC Analysis]
Representative analysis conditions are as follows.
HPLC system: Agilent 1290 HPLC system (Agilent Technologies)
Detector: ultraviolet absorptiometer (measurement wavelength: 280nm)
Column: Acquity BEH Phenyl (2.1 x 50 mm, 1.7 um, produced by Waters
Corporation)
Column temperature: 75°C
Flow rate: 0.8 mL/min
Sample injection volume: 10 pL
Mobile phase A: 0.1% trifluoroacetic acid (TFA)/15% isopropyl alcohol aqueous
solution
Mobile Phase B: 0.075% TFA/15% isopropyl alcohol acetonitrile solution
Gradient program (mobile phase B): 14% - 36% (0 min - 15 min), 36% - 80% (15 -
17 min), 80% - 14% (17 min - 17.1 min), 14% - 14% (17.1 min - 23 min)

[F-3. Data Analysis]
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[F-3-1] As compared with the L chain (LO) and H chain (HO) of an antibody
without any conjugated drug molecule, an H chain with a conjugated drug
molecule(s) (H chain with one conjugated drug molecule: H1, H chain with two
conjugated drug molecules: H2) has hydrophobicity increased in proportion to the
number of conjugated drug molecules and gives prolonged retention time, and hence
L0, HO, H1, and H2 are eluted in this order, in principle. Through comparison of
retention time of each of L0 and HO, each peak detected can be assigned to any one
of LO, HO, H1, and H2.

[0333]

[F-3-2] Since each drug-linker absorbs UV, peak area values were corrected
by using the following expression with the molar absorption coefficients of an H
chain and drug-linker according to the number of conjugated drug-linker molecules.
[0334]

[Expression 1]

Corrected H chain peak area (HPAj) = Peak area x
Molar absorption coefficient of H chain
Molar absorption coefficient of H chain + Number of conjugated drug molecules x Molar absorption coefficient of drug-linker

[0335]

Here, estimates calculated by using the known calculation method described
in Common Operation E were used for Molar absorption coefficients (280 nm) of L
chain and H chain for each antibody. For a modified anti-HER2 antibody, 26213
and 81478 were used as Molar absorption coefficient of L chain and Molar
absorption coefficient of H chain, respectively. For a modified anti-LPS antibody,
similarly, 27703 and 85948 were used as Molar absorption coefficient of L chain and
Molar absorption coefficient of H chain, respectively. For Molar absorption
coefficient (280 nm) of drug-linker, a measured value for the conjugate precursor
was used in the case of conjugation through SPAAC reaction, and, in the case of

cysteine conjugation, a measured value for a compound in which the maleimide
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group had been converted to succinimide thioether by the reaction of the conjugate
precursor with mercaptoethanol or N-acetylcysteine was used.
[0336]

[F-3-3] The peak area ratio (%) of each chain to the total of corrected peak
area values was calculated by using the following expression.
[0337]

[Expression 2]

H chain peak area ratio (%HPA)= g . J:i f}’i ; THPA; <10

[0338]

[F-3-4] The average number of conjugated drug molecules per antibody
molecule (DAR) in an antibody-drug conjugate was calculated by using the
following expression.

[0339]

[Expression 3]

Average number of conjugated drug molecules (DAR) = 2X%HPAg+ 1 X f"gg A +2x%HPA; 5

[0340]
[F-3-5] Antibody concentration in an antibody-drug conjugate was calculated
by using the following expression.
[0341]
[Expression 4]

Antibody concentration (Ca) [mg/mL] =
Absorbance of antibody-drug complex x Dilution ratio x Molecular weight of antibody
Molar absorption coefficient of antibody + Average number of conjugated drug molecules x Molar absorption coefficient of drug-linker

[0342]
Here, a measured value for an aqueous solution of an antibody-drug conjugate

was used for Absorbance (280 nm) of antibody-drug complex. Dilution ratio
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indicates how many folds an aqueous solution of an antibody-drug conjugate was
diluted in measurement of absorbance, and typically four-fold dilution is applied.
For Molar absorption coefficient (280 nm) of antibody, an estimate calculated by
using the known calculation method described in Common Operation E was used.
For Average number of conjugated drug molecules, a value obtained in [F-3-4] was
used. For Molar absorption coefficient (280 nm) of drug-linker, a measured value
for a conjugate precursor was used in the case of conjugation through SPAAC
reaction, and, in the case of cysteine conjugation, a measured value for a compound
in which the maleimide group had been converted to succinimide thioether by the
reaction of the drug-linker with mercaptoethanol or N-acetylcysteine was used.
[0343]

Common Operation G: Measurement of Antibody Concentration and Average
Number of Conjugated Drug Molecules Per Antibody Molecule in Antibody-Drug
Conjugate (Hydrophobic Interaction-High-Performance Liquid Chromatography: HI-
HPLC)

In addition to Common Operations E and F described above, high-
performance liquid chromatography analysis using the following method can
determine antibody concentration and the average number of conjugated drug
molecules per antibody molecule in an antibody-drug conjugate.

[0344]
[G-1. Preparation of Sample for HPLC Analysis]

A solution of an antibody-drug conjugate (approximately 1 mg/mL, 60 pL)
was directly used for HPLC analysis.

[0345]
[G-2. HPLC Analysis]
Representative analysis conditions are the following two.

HPLC system: SHIMADZU CBM-20A (Shimadzu Corporation)
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Detector: ultraviolet absorptiometer (measurement wavelength: 280nm)

Column: TSK-gel Butyl-NPR (4.6 x 100 mm, 2.5 um, produced by Tosoh
Corporation)

Column temperature: constant temperature around 25°C

Mobile phase A: 1.5 M ammonium sulfate-containing 25 mM phosphate buffer (pH
=17.0)

Mobile phase B: 25 mM phosphate bufter (pH = 7.0)/isopropyl alcohol (3:1)
Flow rate: 0.8 mL/min

Sample injection volume: 15 puL

Gradient program (mobile phase B): 10% - 15% (0 min - 5 min), 15% - 65% (5 min -
20 min)

or

HPLC system: SHIMADZU CBM-20A (Shimadzu Corporation)

Detector: ultraviolet absorptiometer (measurement wavelength: 280nm)

Column: PolyPROPYL A (4.6 x 100 mm, 3 um, 1500 angstroms, produced by
PolyLC Inc.)

Column temperature: constant temperature around 40°C

Mobile phase A: 1.5 M ammonium sulfate-containing 20 mM phosphate buffer (pH
=7.4)

Mobile phase B: 20 mM phosphate buffer (pH=7.4)

Flow rate: 0.8 mL/min

Sample injection volume: 15 pL

Gradient program (mobile phase B): 40% - 80% (0 min -20 min)

[0346]

[G-3. Data Analysis]

[G-3-1] Hydrophobicity increases in proportion to the number of drug molecules

conjugated to an antibody molecule and prolonged retention time is given, and
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hence, in the case of conjugation through SPAAC reaction, products with DAR =0,
DAR =2, and DAR =4 are eluted in this order, in principle. Through comparison
of retention time of a product with DAR = 0, each peak detected can be assigned to
either one of a product with DAR = 2 and that with DAR =4. For some types of
antibodies or drug-linkers, peaks for a product with DAR = 1 and that with DAR =3
may be detected. DAR for a detected peak is estimated in some cases by
fractionating the peak through HI-HPLC and then measuring the mass spectrum.
[G-3-2] Since each drug-linker absorbs UV, peak area values were corrected
by using the following expression with the molar absorption coefficients of an
antibody and drug-linker according to the number of conjugated drug-linker
molecules.
[0347]
[Expression 5]

Corrected antibody peak area (WPA)) = Peak area x
Molar absorption coefficient of antibody
Molar absorption coefficient of antibody + Number of conjugated drug molecules x Molar absorption coefficient of drug-linker

[0348]

Here, estimates calculated by using the known calculation method described
in Common Operation E were used for Molar absorption coefficient (280 nm) of
antibody. For Molar absorption coefficient (280 nm) of drug-linker, a measured
value for the conjugate precursor was used.

[0349]

[G-3-3] The peak area ratio (%) of an antibody to the total of corrected peak
area values was calculated by using the following expression.
[0350]

[Expression 6]

Antibody peak area ratio (%WPA) = WPAQ+WPA1+§Q§§£+WPAS+W?A4 % 100
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[0351]

[G-3-4] The average number of conjugated drug molecules per antibody
molecule in an antibody-drug conjugate was calculated by using the following
expression.

[0352]
[Expression 7]

Average number of conjugated drug molecules (DAR) =

Ox%WPAL+1 x%WP A+ 2 x%WPAz+ 3 x%WP As+4 x%UWP A,
160

[0353]

[G-3-5] Antibody concentration in an antibody-drug conjugate was calculated
by using the expression shown in [F-3-5]. Then, a value obtained in [G-3-4] was
used for the average number of conjugated drug molecules.

[0354]

There may exist stereoisomers, optical isomers due to an asymmetric carbon
atom, geometric isomers, tautomers, or optical isomers such as d-forms, 1-forms, and
atropisomers for the novel CDN derivative and antibody-drug conjugate of the
present invention, and a production intermediate of any of them. These isomers,
optical isomers, and mixtures of them are all included in the present invention.
[0355]

The number of conjugated drug molecules per antibody molecule is an
important factor having influence on efficacy and safety for the antibody-drug
conjugate of the present invention. Antibody-drug conjugates are produced with
reaction conditions, such as the amounts of raw materials and reagents to be reacted,
specified so as to give a constant number of conjugated drug molecules; however, in
contrast to chemical reaction of small molecule compounds, a mixture with different
numbers of conjugated drug molecules is typically obtained. Numbers of

conjugated drug molecules per antibody molecule are specified as the average value,
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namely, the average number of conjugated drug molecules (DAR). The number of
cyclic dinucleotide derivative molecules conjugated to an antibody molecule is
controllable, and 1 to 10 cyclic dinucleotide derivative molecules can be conjugated
in terms of the average number of conjugated drug molecules per antibody molecule,
but preferably the number is one to eight, and more preferably one to five.
[0356]

When antibody Ab is bonding via a remodeled glycan of antibody Ab to L in
the antibody-drug conjugate of the present invention, the number of conjugated drug

molecules per antibody molecule in the antibody-drug conjugate, m?

, 1s an integer of
1 or2. When the glycan is N297 glycan and the glycan is N297-(Fuc)SG, m? is 2
and DAR is in the range of 3 to 5 (preferably, in the range of 3.2 to 4.8, more
preferably, in the range of 3.5 to 4.2). When N297 glycan is N297-(Fuc)MSGl,
N297-(Fuc)MSG2, or a mixture of N297-(Fuc)MSG1 and N297-(Fuc)MSG2, m? is 1
and DAR is in the range of 1 to 3 (preferably, in the range of 1.0 to 2.5, more
preferably, in the range of 1.2 to 2.2).

[0357]

Those skilled in the art could design reaction to conjugate a required number
of drug molecules to each antibody molecule on the basis of the description in
Examples in the present application, and obtain an antibody with a controlled number
of conjugated cyclic dinucleotide derivative molecules.

[0358]

The CDN derivative and antibody-drug conjugate of the present invention,
and a production intermediate of any of them may absorb moisture, allow adhesion
of adsorbed water, or become a hydrate when being left to stand in the atmosphere or
recrystallized. Such compounds and salts containing water are also included in the

present invention.

[0359]



10

15

20

25

- 151 -

The CDN derivative and antibody-drug conjugate of the present invention,
and a production intermediate of any of them may be each converted into a
pharmaceutically acceptable salt, as desired, when having a basic group such as an
amino group. Examples of such salts may include hydrogen halide salts such as
hydrochlorides and hydroiodides; inorganic acid salts such as nitrates, perchlorates,
sulfates, and phosphates; lower alkanesulfonates such as methanesulfonates,
trifluoromethanesulfonates, and ethanesulfonates; arylsufonates such as
benzenesulfonates and p-toluenesulfonates; organic acid salts such as formates,
acetates, malates, fumarates, succinates, citrates, tartrates, oxalates, and maleates;
and amino acid salts such as ornithinates, glutamates, and aspartates.

[0360]

Because the CDN derivative or antibody-drug conjugate of the present
invention includes a phosphate group and/or thiophosphate group in the structure, a
base addition salt can be generally formed. When a production intermediate thereof
includes an acidic group such as a carboxy group, a base addition salt can be
generally formed, similarly. Examples of pharmaceutical acceptable salts may
include alkali metal salts such as sodium salts, potassium salts, and lithium salts;
alkaline earth metal salts such as calcium salts and magnesium salts; inorganic salts
such as ammonium salts; and organic amine salts such as dibenzylamine salts,
morpholine salts, phenylglycine alkyl ester salts, ethylenediamine salts, N-
methylglucamine salts, diethylamine salts, triethylamine salts, cyclohexylamine salts,
dicyclohexylamine salts, N,N'-dibenzylethylenediamine salts, diethanolamine salts,
N-benzyl-N-(2-phenylethoxy)amine salts, piperazine salts, tetramethylammonium
salts, and tris(hydroxymethyl)aminomethane salts.

[0361]
The CDN derivative and antibody-drug conjugate of the present invention,

and a production intermediate of any of them may each exist as a hydrate, for
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example, formed by absorbing moisture in the air. The solvate of the present
invention is not limited to a particular solvate as long as it may be any
pharmaceutically acceptable solvate.  Specifically hydrates, ethanol solvates, 2-
propanol solvates, and so on are preferred. The CDN derivative and antibody-drug
conjugate of the present invention, and a production intermediate of any of them may
be each in the N-oxide form when a nitrogen atom is present therein. These
solvates and N-oxide forms are included in the scope of the present invention. The
CDN derivative and antibody-drug conjugate of the present invention, and a
production intermediate of any of them may be each in the sulfoxide form when a
sulfur atom is present therein. These solvates and sulfoxide forms are included in
the scope of the present invention.

[0362]

The present invention includes compounds labeled with various radioactive or
nonradioactive isotopes. The CDN derivative and antibody-drug conjugate of the
present invention, and a production intermediate of any of them may each contain
one or more constituent atoms with non-natural ratios of atomic isotopes. Examples
of atomic isotopes may include deuterium (2H), tritium (3H), iodine-125 (1251), and
carbon-14 (14C). The compound of the present invention may be radiolabeled with
a radioactive isotope such as tritium (3H), iodine-125 (1251), and carbon-14 (14C).
The radiolabeled compound is useful as a therapeutic or prophylactic agent, a reagent
for research such as an assay reagent, and a diagnostic agent such as a diagnostic
agent for in vivo imaging. Isotopic variants of the antibody-drug conjugate of the
present invention are all included in the scope of the present invention, regardless of
whether they are radioactive or not.

[0363]

<4. Medicine>
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The CDN derivative or antibody-drug conjugate of the present invention
exhibits anti-tumor immune activity or cytotoxic activity to cancer cells, and hence
may be used as a medicine, in particular, a therapeutic agent and/or prophylactic
agent for cancer, or an anti-tumor agent.

[0364]

Examples of cancers to which the CDN derivative or antibody-drug conjugate
of the present invention is applied may include lung cancer (non-small cell lung
cancer, small cell lung cancer, etc.), kidney cancer, urothelial cancer, colorectal
cancer, prostate cancer, glioblastoma multiforme, ovarian cancer (surface epithelial
tumor, stromal tumor, germ cell tumor, etc.), pancreatic cancer, breast cancer,
melanoma, liver cancer, bladder cancer, gastric cancer, esophageal cancer,
endometrial cancer, testicular cancer (seminoma, non-seminoma), uterine cervix
cancer, placental choriocarcinoma, glioblastoma multiforme, brain tumor, head-and-
neck cancer, thyroid cancer, mesothelioma, gastrointestinal stromal tumor (GIST),
gallbladder cancer, bile duct cancer, adrenal cancer, squamous cell carcinoma,
leukemia, malignant lymphoma, plasmacytoma, myeloma, and sarcoma. However,
applications of the antibody-drug conjugate are not limited thereto as long as cancer
cells as a therapeutic target are expressing a protein recognizable for the antibody in
the antibody-drug conjugate.

[0365]

The CDN derivative or antibody-drug conjugate of the present invention can
be preferably administered to mammals, and are more preferably administered to
humans.

[0366]
Substances to be used in a pharmaceutical composition containing the CDN

derivative or antibody-drug conjugate of the present invention may be suitably
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selected for application from formulation additives and the like that are generally
used in the art in view of the dose or administration concentration.
[0367]

The CDN derivative or antibody-drug conjugate of the present invention may
be administered as a pharmaceutical composition containing one or more
pharmaceutically compatible components. For example, the pharmaceutical
composition typically contains one or more pharmaceutical carriers (e.g., sterilized
liquid (including water and oil (petroleum and oil of animal origin, plant origin, or
synthetic origin (such as peanut oil, soybean oil, mineral oil, and sesame oil)))).
Water is a more typical carrier when the pharmaceutical composition is intravenously
administered. Saline solution, an aqueous solution of dextrose, and an aqueous
solution of glycerol can also be used as a liquid carrier, in particular, for an injection
solution. Suitable pharmaceutical excipients are known in the art.  If desired, the
composition above may also contain a trace amount of a moisturizing agent, an
emulsifying agent, or a pH buffering agent. Examples of suitable pharmaceutical
carriers are disclosed in "Remington's Pharmaceutical Sciences" by E. W. Martin.
Formulation of them depends on the mode of administration.

[0368]

Various delivery systems are known and may be used for administering the
CDN derivative or antibody-drug conjugate of the present invention. Examples of
the introduction method may include, but are not limited to, intradermal,
intramuscular, intraperitoneal, intravenous, and subcutaneous routes. The
administration may be made, for example, by injection or bolus injection. Ina
specific preferred embodiment, administration of the CDN derivative or antibody-
drug conjugate is performed by injection. Parenteral administration is a preferred
route of administration.

[0369]
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In a representative embodiment, the pharmaceutical composition containing
the above antibody-drug conjugate is formulated as a pharmaceutical composition
suitable for intravenous administration to humans according to conventional
procedures. The composition for intravenous administration is typically a solution
in a sterile and isotonic aqueous buffer. If necessary, the medicine may contain a
solubilizing agent and a local anesthetic to alleviate pain at an injection site (e.g.,
lignocaine). Generally, the components above are provided either individually as a
dried lyophilized powder or anhydrous concentrate in a tightly sealed container such
as an ampoule or sachet with indication of the amount of the active agent, or as a
mixture in a unit dosage form. When the pharmaceutical composition is to be
administered by infusion, it may be administered from an infusion bottle containing
water or saline of sterile pharmaceutical grade. When the pharmaceutical
composition is administered by injection, an ampoule containing sterile water or
saline for injection may be provided so that the aforementioned components are
mixed with each other before administration. The pharmaceutical composition may
be provided as a solution.

[0370]

The pharmaceutical composition of the present invention may be a
pharmaceutical composition containing only the present CDN derivative or antibody-
drug conjugate, or a pharmaceutical composition containing the CDN derivative or
antibody-drug conjugate and at least one cancer treating agent other than the CDN
derivative or antibody-drug conjugate. The CDN derivative or antibody-drug
conjugate of the present invention may be administered in combination with other
cancer treating agents, providing enhanced anticancer effect. Other anticancer
agents to be used for such purpose may be administered to an individual
simultaneously with, separately from, or subsequently to administration of the CDN

derivative or antibody-drug conjugate, and may be administered at different intervals
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of administration. Examples of such cancer treating agents may include abraxane,
carboplatin, cisplatin, gemcitabine, irinotecan (CPT-11), paclitaxel, pemetrexed,
sorafenib, vinblastin, agents described in International Publication No. WO
2003/038043, LH-RH analogues (leuprorelin, goserelin, etc.), estramustine
phosphate, estrogen antagonists (tamoxifen, raloxifene, etc.), aromatase inhibitors
(anastrozole, letrozole, exemestane, etc.), and immune checkpoint inhibitors
(nivolumab, ipilimumab, etc.), but are not limited thereto and any agent having an
anti-tumor activity is acceptable.

[0371]

The pharmaceutical composition as described can be formulated into a
lyophilized formulation or a liquid formulation as a formulation having the selected
composition and required purity. In formulating as a lyophilized formulation, the
pharmaceutical composition may be formulated into a formulation containing
appropriate formulation additives that are used in the art. Also for a liquid, the
pharmaceutical composition may be formulated as a liquid formulation containing
various formulation additives that are used in the art.

[0372]

The components and concentration of the pharmaceutical composition may
vary among administration methods; however, the antibody-drug conjugate
contained in the pharmaceutical composition of the present invention can exhibit
pharmaceutical effect even at a smaller dose, as the affinity of the antibody-drug
conjugate with an antigen is higher, that is, as the affinity of the antibody-drug
conjugate in terms of the dissociation constant (Kd value) with the antigen is higher
(lower Kd value). Thus, in determining the dose of the antibody-drug conjugate,
the dose may be set in view of the situation relating to the affinity of the antibody-
drug conjugate with the antigen. When the CDN derivative or antibody-drug

conjugate of the present invention is administered to a human, for example,
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approximately 0.001 to 100 mg/kg can be administered once, or in several portions at
intervals of 1 to 180 days.
[0373]

Hereinafter, the present invention will be described with reference to

Examples; however, the present invention is not limited to Examples.

Examples
[0374]

In Examples below, room temperature refers to a temperature of from 15°C to
35°C. Dehydrated acetonitrile used was acetonitrile (dehydrated) -Super- sold by
KANTO CHEMICAL CO., INC. or acetonitrile (super-dehydrated) sold by Wako
Pure Chemical Industries, Ltd. Pyridine used was pyridine (dehydrated) -Super-
sold by KANTO CHEMICAL CO., INC. Silica gel chromatography was
performed by using a Biotage SNAP Ultra (produced by Biotage), Chromatorex Q-
Pack SI (produced by FUJI SILYSIA CHEMICAL LTD.), or Purif-Pack-Ex SI
(produced by Shoko Science Co., Ltd.). DIOL silica gel column chromatography
was performed by using a Chromatorex Q-pack DIOL (produced by FUJI SILYSIA
CHEMICAL LTD.). Cl8silica gel column chromatography was performed by
using a Biotage SNAP Ultra C18 (produced by Biotage). Amino-silica gel column
chromatography was performed by using a Biotage SNAP Isolute NH> (produced by
Biotage). Preparative HPLC was performed by using a SHIMADZU SPD-M10A
HPLC system (Shimadzu Corporation) or the like. Used as a preparative column
was a Kinetex (5 um, C18, 100 angstroms, 250 x 30.0 mm, produced by
Phenomenex) or Kinetex (5 pm, C18, 100 angstroms, 250 x 21.2 mm, produced by
Phenomenex).

[0375]
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The following apparatuses were used for measurement of spectral data.
Measurement for 'H-NMR spectra was performed by using a JEOL ECS-400 (400
MHz), Varian 400-MR (400 MHz), or Varian Unity Inova 500 (500 MHz).
Measurement for >'P-NMR spectra was performed by using a JEOL ECS-400 (160

5 MHz). Measurement for mass spectra was performed by using an Agilent 6130
Quadrupole LC/MS system (Agilent Technologies). LC/MS measurement was
performed under the following conditions [column: Develosil Combi-RP, 5 um, 50 x
2.0 mm (produced by Nomura Chemical Co., Ltd.), mobile phase: 0.1 vol% formic
acid-acetonitrile /0.1 vol% formic acid-distilled water, 0.1 vol% formic acid-

10 acetonitrile: 2% - 100% (0 min - 5 min or 0 min - 10 min)].
[0376]
Example 1: Synthesis of CDN1
(5R,7R,8R,12aR,14R,15R,15a8S,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-

15 yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0377]

1a (Diastereomer 1)

1b (Diastereomer 2)

1c (Diastereomer 3)
[0378]

20  [Synthesis Scheme]
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7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine
[0381]

To a solution of 5-iodotubercidin (1.0 g) as a compound known in the
literature (Tetrahedron 2007, 63, 9850-9861) in N,N-dimethylformamide (10 mL),
di-tert-butylsilyl bis(trifluoromethanesulfonate) (1.24 mL) was slowly added
dropwise at 0°C, and the reaction mixture was then stirred at the same temperature
for 30 minutes. Imidazole (868 mg) was added thereto at 0°C, the temperature was
then increased to room temperature, and the reaction mixture was stirred for 30
minutes. At room temperature, tert-butyldimethylchlorosilane was added thereto,
and the reaction mixture was stirred at the same temperature overnight. A saturated
aqueous solution of sodium hydrogen carbonate was added to the reaction mixture to
quench the reaction, and the resultant was then subjected to extraction with ethyl
acetate. The organic layer was washed with brine, and then dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate] to afford the title compound (910
mg).

MS(ESDm/z: 647(M+H)".

'H-NMR (CDCl3) &: 8.25 (1H, s), 7.03 (1H, s), 6.10 (1H, s), 5.63 (2H, brs), 4.49-
4.44 (2H, m), 4.26 (1H, dd, J=9.7, 4.8 Hz), 4.17 (1H, m), 4.00 (1H, t, J=9.7 Hz), 1.09
(9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.13 (3H, s), 0.11 (3H, s).

[0382]

(Step 2)

7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-

ribofuranosyl}-5-(3,3-diethoxyprop-1-yn-1-yl)-7H-pyrrolo[2,3-d|pyrimidin-4-amine
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To a mixed solution of the compound obtained in step 1 (910 mg) in N,N-
dimethylformamide (3.0 mL)-tetrahydrofuran (9.0 mL), propargylaldehyde dimethyl
acetal (1.01 mL), triethylamine (0.392 mL),
tetrakis(triphenylphosphine)palladium(0) (163 mg), and copper(I) iodide (53.6 mg)
were added in this order, and the reaction mixture was stirred at 40°C for 18 hours.
A saturated aqueous solution of sodium hydrogen carbonate and ethyl acetate were
added to the reaction mixture, which was subjected to extraction with ethyl acetate.
The organic layer was washed with brine, and then dried over anhydrous sodium
sulfate. The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (878 mg).
MS(EST)m/z: 647(M+H)".

'H-NMR (CDCls) &: 8.27 (1H, s), 7.17 (1H, s), 6.09 (1H, s), 5.56 (2H, brs), 5.50
(1H, s), 4.48 (1H, dd, J=9.1, 4.9 Hz), 4.42 (1H, d, J=4.9 Hz), 4.25 (1H, dd, J=9.4, 4.6
Hz), 4.17 (1H, m), 4.00 (1H, t, J=9.7 Hz), 3.85-3.77 (2H, m), 3.66 (2H, m), 1.28 (6H,
t, J=7.3 Hz), 1.08 (9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.13 (3H, s), 0.11 (3H, s).
[0383]

(Step 3)

2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

To a solution of the compound obtained in step 2 (878 mg) in ethanol (8.8
mL), 10% palladium-carbon (M) wet (500 mg) was added, and the reaction mixture
was stirred under the hydrogen atmosphere at room temperature for 9 hours. The
catalyst was removed through filtration and then washed with dichloromethane, and
the filtrate was concentrated under reduced pressure. To a solution of the residue in
acetic acid (8.8 mL), 10% palladium-carbon (M) wet (500 mg) was added, and the

reaction mixture was stirred under the hydrogen atmosphere at 40°C for 2 days.
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The catalyst was removed through filtration and then washed with dichloromethane,
and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate/0.1% triethylamine] to
afford the title compound (603 mg).
MS(ESDm/z: 561(M+H)".
'H-NMR (CDCls) &: 8.47 (1H, brs), 8.07 (1H, s), 6.70 (1H, s), 6.14 (1H, s), 4.47-
4.43 (2H, m), 4.29 (1H, dd, J=9.1, 4.8 Hz), 4.15 (1H, m), 3.99 (1H, t, J=9.7 Hz), 3.55
(2H, m), 2.89 (2H, t, J=5.4 Hz), 2.04 (2H, m), 1.09 (9H, s), 1.04 (9H, s), 0.90 (9H, s),
0.10 (3H, s), 0.10 (3H, s).
[0384]
(Step 4)
6-Benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)--D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

To a solution of the compound obtained in step 3 (2.17 g) in dichloromethane
(21.7 mL), pyridine (1.56 mL), N,N-dimethylaminopyridine (94.5 mg), and benzoyl
chloride (0.898 mL) were added in this order at room temperature, and the reaction
mixture was stirred at 50°C for 15 hours. A saturated aqueous solution of sodium
hydrogen carbonate was added to the reaction mixture to quench the reaction. After
extraction with dichloromethane, the organic layer was dried over anhydrous sodium
sulfate. The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (1.91 g).
MS(ESDm/z: 665(M+H)".
"H-NMR (CDCls) &: 8.08 (1H, s), 7.37-7.33 (3H, m), 7.23 (2H, t, J=7.6 Hz), 6.97
(1H, s), 6.21 (1H, s), 4.50-4.46 (2H, m), 4.37-4.30 (2H, m), 4.28-4.09 (2H, m), 4.02
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(1H, t, J=10.0 Hz), 3.03 (2H, t, J=6.3 Hz), 2.29-2.17 (2H, m), 1.10 (9H, s), 1.05 (9H,
s), 0.90 (9H, s), 0.10 (6H, s).
[0385]
(Step 5)
6-Benzoyl-2-{5-O-[bis(4-methoxyphenyl)(phenyl )methyl]-2-O-[tert-
butyl(dimethyl)silyl]-f-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo|cd]azulene

To a solution of the compound obtained in step 4 (1.91 g) in dichloromethane
(15 mL), a mixture of hydrogen fluoride-pyridine (0.30 mL) and pyridine (1.88 mL)
prepared at 0°C was added, and the reaction mixture was stirred at 0°C for 2 hours.
A saturated aqueous solution of sodium hydrogen carbonate was added to the
reaction mixture to quench the reaction.  After the reaction mixture was subjected to
extraction with dichloromethane, the organic layer was dried over anhydrous sodium
sulfate. The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was dissolved in pyridine (15
mL), 4,4'-dimethoxytrityl chloride (1.17 g) was added thereto, and the reaction
mixture was stirred at 0°C for 12 hours. Methanol was added thereto, the reaction
mixture was stirred for 30 minutes, and a saturated aqueous solution of sodium
hydrogen carbonate was then added thereto to quench the reaction. After the
reaction mixture was subjected to extraction with dichloromethane, the organic layer
was dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate/0.1%
triethylamine] to afford the title compound (1.98 g).
MS(ESDm/z: 827(M+H)".
"H-NMR (CDCl3) &: 8.07 (1H, s), 7.47 (2H, m), 7.37-7.19 (13H, m), 6.84 (4H, m),
6.37 (1H, d, J=5.5 Hz), 4.75 (1H, t, J=5.2 Hz), 4.38-4.20 (4H, m), 3.80 (6H, s), 3.53
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(1H, dd, J=10.7, 2.8 Hz), 3.40 (1H, dd, J=11.0, 3.1 Hz), 2.83 (1H, d, J=3.7 Hz), 2.78
(2H, t, J=6.4 Hz), 2.17 (2H, m), 0.81 (9H, s), -0.03 (3H, s), -0.21 (3H, s).
[0386]
(Step 6)
6-Benzoyl-2-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-
butyl(dimethyl)silyl]-3-O-{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-3-
D-ribofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd Jazulene

To a solution of the compound obtained in step 5 (1.98 g) in dichloromethane
(23.9 mL), N,N-diisopropylethylamine (1.02 mL) and 2-cyanoethyl N,N-
diisopropylchlorophosphoramidite (1.07 mL) were added, and the reaction mixture
was stirred at room temperature for 15 hours. A saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction mixture to quench the reaction.
After the reaction mixture was subjected to extraction with dichloromethane, the
organic layer was dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (2.06 g) as a mixture of diastereomers at the phosphorus
atom (diastereomer ratio = 7:3).
MS(ESDm/z: 1027(M+H)".
"H-NMR (CDCl3) &: 8.06 (0.3H, s), 8.04 (0.7H, s), 7.50-7.16 (15H, m), 6.85-6.79
(4H, m), 6.35 (0.7H, d, J=6.7 Hz), 6.31 (0.3H, d, J=6.1 Hz), 4.84 (0.7H, dd, J=7.0,
4.6 Hz), 4.78 (0.3H, t, J=5.8 Hz), 4.43-4.17 (4H, m), 4.04-3.85 (1.3H, m), 3.80-3.76
(6H, m), 3.69-3.43 (3H, m), 3.50 (0.7H, dd, J=10.6, 3.3 Hz), 3.33-3.26 (1H, m),
2.87-2.76 (2H, m), 2.74-2.60 (1.4H, m), 2.31 (0.6H, t, J=6.7 Hz), 2.23-2.11 (2H, m),
1.21-1.13 (7.8H, m), 1.04 (4.2H, d, J=6.7 Hz), 0.73 (2.7H, s), 0.72 (6.3H, s), -0.03
(0.9H, s), -0.06 (2.1H, s), -0.24 (3H, s).
[0387]
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(Step 7)
6-Benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-3-O-[hydroxy(ox0)-A’-phosphanyl]-B-
D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

To a solution of the compound obtained in step 6 (1.37 g) in acetonitrile (6.67
mL), water (48 puL) and a pyridine salt of trifluoroacetic acid (335 mg) were added,
and the reaction mixture was stirred at room temperature for 15 minutes. To the
reaction mixture, tert-butylamine (6.67 mL) was added, and the reaction mixture was
stirred at room temperature for 15 minutes.  After the reaction mixture was
concentrated under reduced pressure, the residue was azeotroped twice with
acetonitrile (5 mL). Water (0.240 mL) was added to a solution of the residue in
dichloromethane (16.7 mL), to which a solution of dichloroacetic acid (0.953 mL) in
dichloromethane (16.7 mL) was added, and the reaction mixture was stirred at room
temperature for 15 minutes. Pyridine (1.82 mL) was added thereto to quench the
reaction, and the reaction mixture was then concentrated under reduced pressure.
The residue was azeotroped three times with dehydrated acetonitrile (10 mL), with
about 5 mL of acetonitrile allowed to remain after the last operation. The resulting
acetonitrile solution of the title compound was directly used for the subsequent
reaction.

[0388]
(Step 8)

Commercially available (ChemGenes Corporation) N-benzoyl-5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}adenosine (1.31 g) was azeotroped
three times with dehydrated acetonitrile (10 mL), with about 5 mL of acetonitrile
allowed to remain after the last operation, and the molecular sieves 3A, 1/16 (5
pellet-like particles) were added thereto. This acetonitrile solution was added to the

solution synthesized in step 7, and the reaction mixture was stirred under the nitrogen
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atmosphere at room temperature for 20 minutes. To the reaction mixture, N,N-
dimethyl-N'-(3-sulfanylidene-3H-1,2,4-dithiazol-5-yl)methaneimidamide (300 mg)
was added, and the reaction mixture was stirred at room temperature for 30 minutes,
and then concentrated under reduced pressure. Water (0.240 mL) was added to a
solution of the residue in dichloromethane (19.0 mL), a solution of dichloroacetic
acid (1.20 mL) in dichloromethane (19.0 mL) was added thereto, and the reaction
mixture was stirred at room temperature for 15 minutes. After pyridine (13.2 mL)
was added thereto to quench the reaction, the resultant was concentrated under
reduced pressure. The resulting crude product was directly used for the subsequent
reaction.
[0389]
(Step 9)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
y1]-9H-purin-6-yl} benzamide

After a solution of the crude product obtained in step 8 in pyridine (39.6 mL)
was concentrated to about 25 mL, 2-chloro-5,5-dimethyl-1,3,2).°>-dioxaphosphinan-2-
one (908 mg) was added thereto, and the reaction mixture was stirred at room
temperature for 30 minutes. Water (0.84 mL) and 3H-1,2-benzodithiol-3-one (336
mg) were added thereto, and the reaction mixture was stirred at room temperature for
15 minutes. The reaction mixture was poured into an aqueous solution (180 mL) of
sodium hydrogen carbonate (5.25 g), and the resultant was stirred at room
temperature for 30 minutes, and then subjected to extraction with ethyl acetate.
After the organic layer was dried over anhydrous sodium sulfate, the drying agent

was removed through filtration and the filtrate was concentrated under reduced
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pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate/methanol] to afford the title compound (507 mg) as a mixture
of diastereomers at the phosphorus atom.
MS(ESDm/z: 1219(M+H)".
[0390]
(Step 10)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
9H-purin-9-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

To a solution of the compound obtained in step 9 (507 mg) in methanol (5
mL), 28% ammonia water (5 mL) was added, and the reaction mixture was stirred at
room temperature for 14 hours. After the reaction mixture was concentrated, the
residue was purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] to afford the title compound (301
mg) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 958(M+H)".
[0391]
(Step 11)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

Triethylamine trihydrofluoride (3.84 mL) was added to the compound
obtained in step 10 (301 mg), and the reaction mixture was stirred at 45°C for 3

hours. To the reaction mixture, an ice-cooled mixture of 1 M aqueous solution of
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triethylammonium hydrogen carbonate (20 mL) and triethylamine (4 mL) was added
at room temperature.  After the reaction mixture was concentrated under reduced
pressure, the reaction mixture was purified by C18 silica gel column chromatography
[10 mM aqueous solution of triethylammonium acetate/acetonitrile] and preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 0% - 25% (0 min - 40 min)] to separate diastereomers at the phosphorus
atom. The resulting compound (triethylamine salt) was converted into a sodium salt
with the following procedure.

[0392]

[Conversion to Sodium Salt]

BT AG (R) 50W-X2 Resin (biotechnology grade, 100-200 mesh, hydrogen
form) (500 mg) was suspended in pure water, and an empty column was filled
therewith. After an excessive portion of pure water was allowed to gravitationally
flow down, 1 M aqueous solution of sodium hydroxide (5 mL) and pure water (10
mL) were allowed to gravitationally flow down in this order. The compound
obtained above was dissolved in pure water (5 mL), and a column was charged
therewith. A solution allowed to gravitationally flow down was separated, and then
further eluted with pure water (10 mL). Fractions containing the targeted product
were combined and freeze-dried to give diastereomer 1 (83.4 mg), diastereomer 2
(44.8 mg), and diastereomer 3 (13.1 mg) of the title compound (retention time in
HPLC: diastereomer 1 > 2, 3).

Diastereomer 1

MS(ESDm/z: 730(M+H)".

'H-NMR (CD3OD) &: 8.74 (1H, s), 8.17 (1H, s), 8.02 (1H, s), 7.10 (1H, s), 6.34 (1H,
d, J=8.5 Hz), 6.30 (1H, d, J=4.8 Hz), 5.41-5.34 (1H, m), 5.19-5.13 (1H, m), 4.85
(1H, d, J=3.6 Hz), 4.79 (1H, t, J=4.5 Hz), 4.52-4.41 (2H, m), 4.40-4.31 (2H, m),
4.07-3.97 (2H, m), 3.52-3.47 (2H, m), 2.90-2.76 (2H, m), 2.05-1.95 (2H, m).
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3IP-NMR (CD;O0D) &: 57.9 (s), 54.5 (s).

Diastereomer 2

MS(ESDm/z: 730(M+H)".

'H-NMR (CD3OD) &: 8.82 (1H, s), 8.17 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.35 (1H,
d, J=2.4 Hz), 6.33 (1H, s), 5.50-5.43 (2H, m), 4.80 (1H, dd, J=6.7, 4.2 Hz), 4.52-4.28
(5H, m), 4.02 (1H, d, J=12.1 Hz), 3.93-3.86 (1H, m), 3.54-3.47 (2H, m), 2.95-2.88
(2H, m), 2.05-1.97 (2H, m).

3IP-NMR (CD30D) &: 63.0 (s), 60.2 (s).

Diastereomer 3

MS(ESDm/z: 730(M+H)".

'H-NMR (CD3;0D) &: 9.16 (1H, s), 8.17 (1H, s), 8.02 (1H, s), 7.12 (1H, s), 6.35 (1H,
d, J=8.5 Hz), 6.29 (1H, d, J=6.7 Hz), 5.63-5.56 (1H, m), 5.54-5.46 (1H, m), 4.79
(1H, dd, J=6.7, 4.8 Hz), 4.53-4.43 (2H, m), 4.36-4.28 (2H, m), 4.26-4.19 (1H, m),
4.16-4.09 (1H, m), 3.93-3.86 (1H, m), 3.52-3.47 (2H, m), 2.92-2.87 (2H, m), 2.04-
1.95 (2H, m).

3IP-NMR (CD3OD) &: 62.8 (s), 58.7 (s).

[0393]

Example 2: Synthesis of CDN2
(5R,7R,8R,12aR,14R,15R,15a8S,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

(Diastereomer 4 of compound 1 described in Example 1)

[0394]
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(Step 1)
N-Benzoyl-3'-O-[tert-butyl(dimethyl)silyl]-2'-O-[hydroxy(oxo0)-A°-
phosphanyl]adenosine

With use of Commercially available (ChemGenes Corporation) N-benzoyl-5'-
O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}adenosine (962 mg), the reaction
was performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of the title compound. This acetonitrile solution was directly used for the
subsequent reaction.

[0398]
(Step 2)

With use of the compound obtained in step 1 and the compound obtained in
step 6 of Example 1 (1.00 g), the reaction was performed in the same manner as in
step 8 of Example 1. The resulting crude product was directly used for the
subsequent reaction.

[0399]

(Step 3)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy } -2-
(2-cyanoethoxy)-10-0x0-10-sulfanyl-2-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-9H-purin-6-yl} benzamide

With use of the crude product obtained in step 2, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (367 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1219(M+H)".
[0400]
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(Step 4)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
9H-purin-9-yl)-15,16-bis {[tert-butyl(dimethyl)silyl]oxy}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the compound obtained in step 3 (367 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(115 mg: with impurities) and diastereomer 4 (101 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 958(M+H)".

Diastereomer 4 (more polar)

MS(ESDm/z: 958(M+H)".

[0401]

(Step 5)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 4 of Compound 1)

With use of the compound obtained in step 4 (diastereomer 4) (101 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous

solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
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aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 5% - 100% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (28.5 mg).

MS(ESDm/z: 730(M+H)".

"H-NMR (CD30D) &: 9.11 (1H, s), 8.19 (1H, s), 8.02 (1H, s), 7.08 (1H, s), 6.35 (1H,
d, J=8.5 Hz), 6.27 (1H, d, J=4.8 Hz), 5.43-5.36 (1H, m), 5.29-5.21 (1H, m), 4.95-
4.88 (1H, m), 4.80 (1H, dd, J=4.5, 2.3 Hz), 4.50-4.43 (1H, m), 4.42-4.33 (2H, m),
4.30-4.22 (1H, m), 4.20-4.03 (2H, m), 3.52-3.46 (2H, m), 2.85-2.66 (2H, m), 2.05-
1.90 (2H, m).

3IP-NMR (CDsOD) &: 58.1 (s), 54.1 (s).

[0402]

Example 3: Synthesis of CDN3
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl1)-2,10,15,16-
tetrahydroxy-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0403]

[0404]
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[Synthesis Scheme]

[0405]
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[0406]
(Step 1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(olate)

To a solution of the compound obtained in step 11 of Example 1
(diastereomer 1) (30.0 mg) in acetone (0.5 mL)-water (0.2 mL), triethylamine (0.27
mL) and iodomethane (60 pL) were added, and the reaction mixture was stirred for 1
day. After the reaction mixture was concentrated under reduced pressure, the
reaction mixture was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 0% - 20% (0 min - 40 min)].
The compound obtained was subjected to salt exchange in the same manner as in
[Conversion to Sodium Salt] described in step 11 of Example 1 to afford the title
compound (21.2 mg).

MS(ESDm/z: 698(M+H)".

"H-NMR (CD3;0D) §: 8.55 (1H, s), 8.18 (1H, s), 8.01 (1H, s), 7.32 (1H, s), 6.26 (1H,
s), 6.13 (1H, s), 5.00-4.85 (2H, m), 4.68-4.64 (1H, m), 4.48-4.23 (5H, m), 4.15-4.04
(2H, m), 3.49-3.39 (2H, m), 2.90-2.66 (2H, m), 1.98-1.83 (2H, m).

3IP-NMR (CDsO0D) &: -0.22 (s).

[0407]
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Example 4: Synthesis of CDN4
(5R,7R,8R,12aR,14R,15R,15a8S,16R)-7-(2-Amino-6-0xo0-1,6-dihydro-9H-purin-9-
yl)-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-

5 furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0408]

H NH,
4a (Diastereomer 1)
4b (Diastereomer 2)
[0409]
[Synthesis Scheme]
10 [0410]
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[0411]
(Step 1)

The reaction of step 7 of Example 1 was performed in the following scale

5  (raw material: 1.01 g). With use of an acetonitrile solution of the compound
obtained and commercially available (Wuhu Nuowei Chemistry Co., Ltd.) 5'-O-
[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-N-(2-methylpropanoyl)guanosine
(954 mg), the reaction was performed in the same manner as in step 8 of Example 1.
10 The resulting crude product was directly used for the subsequent reaction.

[0412]
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(Step 2)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo0-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-6-0x0-6,9-dihydro-1H-purin-2-yl} -2-methylpropanamide

With use of the crude product obtained in step 1, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (357 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1201(M+H)".

[0413]

(Step 3)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(2-amino-
6-0x0-1,6-dihydro-9H-purin-9-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd |azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 3 (357 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford the title
compound (241 mg) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 974(M+H)".

[0414]

(Step 4)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(2-amino-6-0x0-1,6-dihydro-9H-
purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)



10

15

20

25

- 178 -

With use of the compound obtained in step 3 (241 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and diastereomers at the
phosphorus atom were separated under the following [Purification Conditions] to
afford two diastereomers of the title compound as triethylamine salts.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 20% (0
min - 40 min)].

The triethylamine salts obtained were each subjected to salt exchange in the
same manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford diastereomer 1 (56.7 mg) and diastereomer 2 (25.9 mg) of the title compound
(retention time in HPLC: diastereomer 1 > 2).

Diastereomer 1 (less polar)

MS(ESDm/z: 746(M+H)".

"H-NMR (CD;0D) &: 8.03 (1H, s), 8.00 (1H, s), 7.11 (1H, s), 6.27 (1H, d, J=3.0 Hz),
5.99 (1H, d, J=8.5 Hz), 5.67-5.61 (1H, m), 5.27-5.21 (1H, m), 4.85 (1H, d, J=3.6
Hz), 4.73 (1H, dd, J=3.9, 2.0 Hz), 4.48-4.39 (2H, m), 4.38-4.30 (2H, m), 4.18-4.08
(2H, m), 3.51-3.45 (2H, m), 2.80-2.71 (1H, m), 2.63-2.53 (1H, m), 2.02-1.84 (2H,
m).

3IP-NMR (CDsOD) 8: 57.6 (s), 53.5 (s).

Diastereomer 2 (more polar)

MS(ESDm/z: 746(M+H)".

"H-NMR (CD3;0D) &: 8.20 (1H, s), 8.01 (1H, s), 7.19 (1H, s), 6.32 (1H, d, J=6.0 Hz),
6.05 (1H, d, J=8.5 Hz), 5.67-5.53 (1H, m), 5.47-5.40 (1H, m), 4.77-4.71 (1H, m),
4.51-4.46 (1H, m), 4.45-4.30 (3H, m), 4.28-4.25 (1H, m), 4.19-4.08 (1H, m), 3.96-
3.89 (1H, m), 3.53-3.46 (2H, m), 2.92-2.79 (2H, m), 2.05-1.93 (2H, m).

3IP-NMR (CD30D) &: 61.7 (s), 59.5 (s).
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[0415]

Example 5: Synthesis of CDN5

(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[ 1-(2-Aminoethyl)-6-ox0-1,6-dihydro-9H-

purin-9-yl]-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
5 tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0416]

5a (Diastereomer 1)
5b (Diastereomer 2)

[0417]
10 [Synthesis Scheme]
[0418]
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[0419]
(Step 1)

Tri-O-acetyl-1-[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]inosine

2|’3v’5v_

To a suspension of 2',3',5'-tri-O-acetylinosine (5.00 g) in tetrahydrofuran (90

mL), 2-(trimethylsilyl)ethyl (2-hydroxyethyl)carbamate (3.12 g) and
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triphenylphosphine (3.99 g) were added, and a solution of dipropan-2-yl (E)-diazene-
1,2-dicarboxylate (3.05 mL) in tetrahydrofuran (10 mL) was added thereto, and the
reaction mixture was stirred at room temperature for 15 hours. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by silica
gel column chromatography [hexane/ethyl acetate/methanol] to afford the title
compound (3.01 g).
MS(ESDm/z: 582(M+H)".
"H-NMR (CDCl3) &: 7.96 (1H, s), 7.93 (1H, s), 6.10 (1H, d, J=4.8 Hz), 5.86 (1H, t,
J=5.4Hz),5.58 (1H,t,J=5.1 Hz), 4.96 (1H, t, J=7.3 Hz), 4.47-4.40 (2H, m), 4.36
(1H, dd, J=13.0, 5.1 Hz), 4.24 (2H, t, J=5.4 Hz), 4.15 (2H, t, J=8.8 Hz), 3.55 (2H,
q, J=6.0 Hz), 2.15 (3H, s), 2.13 (3H, s), 2.10 (3H, s), 0.97 (2H, t, J=8.8 Hz), 0.03
(9H, s).
[0420]
(Step 2)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-1-[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]inosine

To a solution of the compound obtained in step 1 (3.01 g) in tetrahydrofuran
(15 mL)-methanol (15 mL), potassium carbonate (100 mg) was added, and the
reaction mixture was stirred at room temperature for 2 hours. Acetic acid (83 uL)
was added to the reaction mixture, which was concentrated under reduced pressure,
and the residue was azeotroped with pyridine. The resultant was again dissolved in
pyridine (30 mL), to which 4,4'-dimethoxytrityl chloride (2.10 g) was added at 0°C,
and the reaction mixture was stirred for 30 minutes and then stored in a refrigerator
overnight. Methanol (1 mL) was added to the reaction mixture, which was stirred
for 30 minutes, and then concentrated under reduced pressure. The residue was
purified by silica gel column chromatography [hexane/ethyl acetate/methanol/0.1%

triethylamine] to afford the title compound (3.61 g).
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MS(ESDm/z: 758(M+H)".
'H-NMR (CDCls) &: 7.92 (1H, s), 7.76 (1H, s), 7.37 (2H, d, J=7.3 Hz), 7.29-7.14
(7H, m), 6.78 (4H, d, J=8.5 Hz), 5.94 (1H, d, J=5.4 Hz), 5.63 (1H, brs), 4.81-4.74
(1H, m), 4.46-4.41 (1H, m), 4.36-4.31 (1H, m), 4.19-4.05 (4H, m), 3.76 (6H, s),
3.52-3.44 (2H, m), 3.44-3.31 (2H, m), 0.99-0.91(2H, m), 0.02 (9H, s). (only
observable peaks are shown)
[0421]
(Step 3)
5'-0O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-1-[ 2-
({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]inosine

To a solution of the compound obtained in step 2 (3.61 g) in dichloromethane
(18 mL), imidazole (811 mg) and tert-butyl(chloro)dimethylsilane (861 mg) were
added, and the reaction mixture was stirred at room temperature for 17 hours. A
saturated aqueous solution of sodium hydrogen carbonate was added to the reaction
mixture, which was subjected to extraction with dichloromethane. After the organic
layer was dried over anhydrous sodium sulfate, the drying agent was removed
through filtration, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography [hexane/ethyl
acetate/0.1% triethylamine] to afford the title compound (1.61 g) and 5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2'-O-[tert-butyl(dimethyl)silyl]-1-[2-({[2-
(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]inosine (1.31 g) as a regioisomer of the
title compound.
MS(ESDm/z: 872(M+H)".
'H-NMR (CDCl3) &: 7.98 (1H, s), 7.85 (1H, s), 7.39 (2H, d, J=7.9 Hz), 7.32-7.15
(7H, m), 6.78 (4H, d, J=9.1 Hz), 5.93 (1H, d, J=4.8 Hz), 5.22-5.11 (1H, m), 4.60 (1H,
q, J=5.6 Hz), 4.47 (1H, t, ]=4.2 Hz), 4.28-4.08 (5H, m), 3.77 (6H, s), 3.59-3.49 (2H,
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m), 3.45 (1H, dd, J=10.3, 3.0 Hz), 3.26 (1H, dd, J=10.3, 3.9 Hz), 3.15-3.08 (1H, m),
0.95 (2H, t, J=8.5 Hz), 0.88 (9H, s), 0.07 (3H, s), 0.02 (9H, s), 0.00 (3H, s).
Regioisomer (2'-O-TBS form)
MS(ESDm/z: 872(M+H)".
"H-NMR (CDCl3) &: 7.99 (1H, s), 7.82 (1H, s), 7.46-7.41 (2H, m), 7.35-7.19 (7H,
m), 6.84-6.78 (4H, m), 5.98 (1H, d, J=5.4 Hz), 5.06-4.96 (1H, m), 4.84 (1H, t, J=5.4
Hz), 4.34-4.08 (6H, m), 3.78 (6H, s), 3.54 (2H, q, J=5.8 Hz), 3.48 (1H, dd, J=10.6,
2.7 Hz), 3.39 (1H, dd, J=10.6, 3.9 Hz), 2.71 (1H, d, J=4.2 Hz), 0.99-0.91 (2H, m),
0.85 (9H, s), 0.03 (9H, s), 0.02 (3H, s), -0.12 (3H, s).
[0422]
(Step 4)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-1-[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]inosine

To a solution of the compound obtained in step 3 (1.61 g) in dichloromethane
(18.5 mL), 4,5-dicyanoimidazole (240 mg) and 2-cyanoethyl N,N,N',N'-
tetraisopropylphosphorodiamidite (0.703 mL) were added, and the reaction mixture
was stirred at room temperature for 15 hours. A saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction mixture to quench the reaction.
After the reaction mixture was subjected to extraction with dichloromethane, the
organic layer was dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by DIOL silica gel column chromatography [hexane/ethyl
acetate] to afford the title compound (1.95 g) as a mixture of diastereomers at the
phosphorus atom (diastereomer ratio = 61:39).

MS(ESDm/z: 1072(M+H)".
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'H-NMR (CDCl3) &: 8.04 (0.39H, s), 7.99 (0.61H, s), 7.83 (0.39H, s), 7.82 (0.61H,
s), 7.42 (2H, d, J=7.3 Hz), 7.35-7.15 (7H, m), 6.85-6.77 (4H, m), 6.15 (0.61H, d,
J=6.0 Hz), 6.09 (0.39H, d, J=4.8 Hz), 5.34-5.24 (0.61H, m), 5.12-5.03 (0.39H, m),
4.86-4.76 (0.39H, m), 4.72-4.62 (0.61H, m), 4.47-4.42 (0.39H, m), 4.42-4.36 (0.69H,
m), 4.31-4.05 (6H, m), 3.78 (6H, s), 3.78-3.65 (1H, m), 3.61-3.39 (7H, m), 3.35
(0.61H, dd, J=10.6, 3.9 Hz), 3.28 (0.39H, dd, J=10.9, 4.2 Hz), 2.49 (0.78H, t, J=6.0
Hz), 2.29 (1.22H, t, J=5.7 Hz), 1.30-0.94 (12H, m), 0.85 (5.49H, s), 0.84 (3.51H, s),
0.09 (1.17H, s), 0.08 (1.83H, s), 0.03 (9H, s), 0.02 (1.83H, s), 0.00 (1.17H, s).

[0423]

(Step 5)

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 910 mg). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 4 (950 mg), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was
directly used for the subsequent reaction.

[0424]

(Step 6)

2-(Trimethylsilyl)ethyl (2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-benzoyl-
6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-y1)-15,16-bis {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)carbamate

With use of the crude product obtained in step 5, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (602 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1303(M+H)".
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[0425]

(Step 7)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-2,10-dioxo-7-{6-ox0-1-[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]-1,6-dihydro-9H-purin-9-yl}-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 6 (602 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(205 mg: with impurities) and diastereomer 2 (244 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1146(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1146(M+H)".

[0426]

(Step 8-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[ 1-(2-aminoethyl)-6-0x0-1,6-
dihydro-9H-purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

Triethylamine trihydrofluoride (1.31 mL) was added to the compound
obtained in step 7 (diastereomer 1) (145 mg: with impurities), and the reaction
mixture was stirred at 45°C for 3 hours. To the reaction mixture, an ice-cooled

mixture of 1 M solution of triethylammonium hydrogen carbonate (10 mL) and
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triethylamine (2 mL) was added. The reaction mixture was concentrated under
reduced pressure, and then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile]. To a solution of
the compound obtained in tetrahydrofuran (4 mL), a tetrahydrofuran solution of
tetrabutylammonium fluoride (approximately 1 M, 2 mL) was added, and the
reaction mixture was stirred at room temperature for 39 hours. To the reaction
mixture, 10 mM aqueous solution of triethylammonium acetate (4 mL) was added,
and the reaction mixture was concentrated under reduced pressure. The residue was
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 50% (0 min - 40
min)]. Salt exchange was performed in the same manner as in [Conversion to
Sodium Salt] described in step 11 of Example 1, except that in salt exchange for the
compound obtained (triethylamine salt), a mixed solution of acetonitrile-methanol-
pure water (1:1:1) was used for the solvent and eluent to dissolve the compound, to
afford the title compound (72.5 mg).

MS(ESDm/z: 774(M+H)".

"H-NMR (CD3;0D) &: 8.60 (1H, s), 8.15 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.26 (1H,
d, J=4.8 Hz), 6.24 (1H, t, J=5.1 Hz), 5.47 (1H, dt, J=8.2, 4.2 Hz), 5.23-5.17 (1H, m),
4.77-4.73 (2H, m), 4.52-4.44 (2H, m), 4.36-4.19 (3H, m), 4.14-4.02 (3H, m), 3.48
(2H, t, J=4.8 Hz), 3.31-3.26 (2H, m), 2.90-2.74 (2H, m), 2.01-1.93 (2H, m).
3IP-NMR (CD;OD) &: 57.7 (s), 54.7 (s).

[0427]

(Step 8-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[1-(2-aminoethyl)-6-ox0-1,6-
dihydro-9H-purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
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2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 7 (diastereomer 2) (133 mg: with
impurities), reaction and salt exchange were performed in the same manner as in step
8-1 to afford the title compound (55.4 mg).

MS(ESDm/z: 774(M+H)".

"H-NMR (CD3;0D) §: 8.72 (1H, s), 8.25 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.31 (1H,
d, J=6.7 Hz), 6.28 (1H, d, J=8.5 Hz), 5.47-5.38 (2H, m), 4.77 (1H, dd, J=6.7, 4.2 Hz),
4.48 (1H, d, J=4.2 Hz), 4.46-4.37 (2H, m), 4.37-4.29 (3H, m), 4.27-4.18 (1H, m),
4.08-4.02 (1H, m), 3.92-3.85 (1H, m), 3.53-3.46 (2H, m), 3.28-3.23 (2H, m), 2.93-
2.86 (2H, m), 2.04-1.96 (2H, m).

3IP-NMR (CD30D) &: 62.6 (s), 60.0 (s).

[0428]

Example 6: Synthesis of CDN6
(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-7-[1-(2-hydroxyethyl)-6-
ox0-1,6-dihydro-9H-purin-9-yl1]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0429]



- 188 -

6a (Diastereomer 1)
6b (Diastereomer 2)

[0430]
[Synthesis Scheme]
[0431]
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[0432]
(Step 1)

2'3'5'-Tri-O-acetyl-1-(2- {[tert-butyl(dimethyl)silyl]Joxy } ethyl)inosine

To a suspension of commercially available (Ark Pharm, Inc.) 2',3",5'-tri-O-
acetylinosine (10.0 g) in tetrahydrofuran (100 mL), 2-{[tert-
butyl(dimethyl)silylJoxy}ethan-1-o0l (5.37 g) and triphenylphosphine (7.69 g) were
added, and dipropan-2-yl (E)-diazene-1,2-dicarboxylate (6.10 mL) was then added



10

15

20

25

- 190 -

thereto, and the reaction mixture was stirred at room temperature for 6 hours. After
the reaction mixture was concentrated under reduced pressure, the residue was
purified by silica gel column chromatography [hexane/ethyl
acetate/dichloromethane] to afford the title compound as a mixture (10.6 g) with
triphenylphosphine oxide.
MS(ESDm/z: 553(M+H)".
"H-NMR (CDCl3) &: 8.05 (1H, s), 7.92 (1H, s), 6.12 (1H, d, J=5.4 Hz), 5.86 (1H, t,
J=5.4 Hz), 5.59 (1H, dd, J=5.4, 4.2 Hz), 4.47-4.41 (2H, m), 4.38-4.31 (1H, m), 4.22-
4.17 (2H, m), 3.89 (2H, t, J=4.8 Hz), 2.15 (3H, s), 2.14 (3H, s), 2.08 (3H, s), 0.83
(9H, s), -0.06 (3H, s), -0.06 (3H, s).
[0433]
(Step 2)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-1-(2-{[ tert-
butyl(dimethyl)silyl]oxy}ethyl)inosine

With use of the compound obtained in step 1 (10.6 g), the reaction was
performed in the same manner as in step 2 of Example 5 to afford the title compound
as a mixture (7.21 g) with triphenylphosphine oxide.
MS(ESDm/z: 729(M+H)".
'H-NMR (CDCl3) &: 8.01 (1H, s), 7.97 (1H, s), 7.35-7.30 (2H, m), 7.25-7.17 (7H,
m), 6.81-6.76 (4H, m), 5.95 (1H, d, J=5.4 Hz), 5.13 (1H, brs), 4.68-4.61 (1H, m),
4.43-4.36 (2H, m), 4.31-4.23 (1H, m), 4.15-4.08 (1H, m), 3.89 (2H, t, J=4.5 Hz),
3.77 (6H, s), 3.42 (1H, dd, J=10.3, 3.6 Hz), 3.34 (1H, dd, J=10.3, 3.6 Hz), 3.10 (1H,
brs), 0.83 (9H, s), -0.06 (3H, s), -0.07 (3H, s).
[0434]
(Step 3)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-1-(2-

{[tert-butyl(dimethyl)silylJoxy}ethyl)inosine
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With use of the compound obtained in step 2 (7.21 g), the reaction was
performed in the same manner as in step 3 of Example 5 to afford the title compound
(2.17 g) and 5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[tert-
butyl(dimethyl)silyl]-1-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)inosine (2.55 g) as a
regioisomer of the title compound.

MS(ESDm/z: 843(M+H)".

"H-NMR (CDCl3) &: 7.99 (1H, s), 7.97 (1H, s), 7.43-7.39 (2H, m), 7.33-7.19 (7H,
m), 6.83-6.77 (4H, m), 5.96 (1H, d, J=4.2 Hz), 4.56-4.50 (2H, m), 4.33-4.25 (1H, m),
4.19-4.02 (2H, m), 3.89 (2H, t, J=4.8 Hz), 3.78 (6H, s), 3.45 (1H, dd, J=10.9, 4.2
Hz), 3.27 (1H, dd, J=10.9, 4.2 Hz), 3.03 (1H, d, J=6.0 Hz), 0.88 (9H, s), 0.82 (9H, s),
0.07 (3H, s), -0.01 (3H, s), -0.07 (3H, s), -0.07 (3H, s).

Regioisomer (2'-O-TBS form)

MS(ESDm/z: 843(M+H)".

'H-NMR (CDCls) &: 7.98 (1H, s), 7.94 (1H, s), 7.46-7.42 (2H, m), 7.35-7.20 (7H,
m), 6.85-6.79 (4H, m), 5.99 (1H, d, J=5.4 Hz), 4.83 (1H, t, J=5.1 Hz), 4.33-4.29 (1H,
m), 4.27-4.24 (1H, m), 4.24-4.12 (2H, m), 3.90 (2H, t, J=4.5 Hz), 3.79 (3H, s), 3.78
(3H, s), 3.48 (1H, dd, J=10.3, 3.0 Hz), 3.40 (1H, dd, J=10.3, 3.0 Hz), 2.71 (1H, d,
J=3.6 Hz), 0.86 (9H, s), 0.83 (9H, s), 0.01 (3H, s), -0.07 (3H, s), -0.07 (3H, s), -0.11
(3H, s).

[0435]

(Step 4)

5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[ tert-butyl(dimethyl)silyl]-1-(2-
{[tert-butyl(dimethyl)silyl]oxy} ethyl)-2'-O-{(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}inosine

With use of the compound obtained in step 3 (2.17 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound

(2.65 g) as a mixture of diastereomers at the phosphorus atom.
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MS(ESD)m/z: 1043(M+H)".

'H-NMR (CDCl3) &: 8.03 (0.53H, s), 8.01 (0.47H, s), 7.97 (0.53H, s), 7.93 (0.47H,
s), 7.45-7.41 (2H, m), 7.35-7.19 (7H, m), 6.83-6.78 (4H, m), 6.17 (0.53H, d, J=4.2
Hz), 6.05 (0.47H, d, J=4.2 Hz), 4.87-4.80 (0.47H, m), 4.64-4.58 (0.53H, m), 4.46-
4.40 (1H, m), 4.30-4.05 (3H, m), 3.92-3.87 (2H, m), 3.78 (6H, s), 3.86-3.40 (5H, m),
3.33-3.24 (1H, m), 2.54 (0.94H, t, J=6.0 Hz), 2.43 (1.06H, t, J=6.7 Hz), 1.16-1.09
(9H, m), 1.01-0.97 (3H, m), 0.83 (4.23H, s), 0.83 (4.77H, s), 0.82 (9H, s), 0.07
(1.41H, s), 0.04 (1.59H, s), -0.02 (3H, s), -0.07 (1.41H, s), -0.08 (1.59H, s), -0.08
(3H, s).

[0436]

(Step 5)

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 935 mg). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 4 (950 mg), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was
directly used for the subsequent reaction.

[0437]

(Step 6)
3-({(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy }-7-
[1-(2-{[tert-butyl(dimethyl)silyl]oxy} ethyl)-6-0x0-1,6-dihydro-9H-purin-9-yl]-2-
ox0-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-
yl}oxy)propanenitrile

With use of the crude product obtained in step 5, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (494 mg)

as a mixture of diastereomers at the phosphorus atom.
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MS(ESDm/z: 1274(M+H)".
[0438]
(Step 7)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis {[tert-butyl(dimethyl)silyl]Joxy}-7-[1-(2-{[tert-butyl(dimethyl)silyl]oxy} ethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained in step 6 (494 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(88.5 mg: with impurities) and diastereomer 2 (70.7 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESD)m/z: 1003(M-C¢H5Si+2H)".
Diastereomer 2 (more polar)
MS(ESD)m/z: 1003(M-C¢H5Si+2H)".
[0439]
(Step 8-1)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 1)
With use of the compound obtained in step 7 (diastereomer 1) (88.5 mg: with

impurities), the reaction was performed in the same manner as in step 11 of Example
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1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (25.7 mg).

MS(ESDm/z: 775(M+H)".

'H-NMR (CD3;0D) &: 8.63 (1H, s), 8.22 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.30-6.24
(2H, m), 5.46-5.37 (1H, m), 5.23-5.15 (1H, m), 4.83-4.79 (1H, m), 4.78-4.74 (1H,
m), 4.53-4.42 (2H, m), 4.35-4.16 (3H, m), 4.16-3.97 (3H, m), 3.83-3.78 (2H, m),
3.52-3.47 (2H, m), 2.88-2.81 (2H, m), 2.03-1.95 (2H, m).

3IP-NMR (CDs0D) &: 57.8 (s), 54.4 (s).

[0440]

(Step 8-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 7 (diastereomer 2) (70.7 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]

to afford the title compound as a triethylamine salt.
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[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 15% - 70% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (17.8 mg).

MS(ESDm/z: 775(M+H)".

"H-NMR (CD3;0D) §: 8.72 (1H, s), 8.23 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.30 (2H,
dd, J=13.6, 7.6 Hz), 5.48-5.39 (2H, m), 4.78 (1H, dd, J=6.7, 4.2 Hz), 4.51-4.28 (5H,
m), 4.26-4.13 (2H, m), 4.06-4.00 (1H, m), 3.93-3.86 (1H, m), 3.85-3.80 (2H, m),
3.52-3.47 (2H, m), 2.94-2.88 (2H, m), 2.05-1.97 (2H, m).

3IP-NMR (CD30D) &: 62.9 (s), 60.0 (s).

[0441]

Example 7: Synthesis of CDN7
N-(2-{9-[(5R,7R,8R,12aR,14R,15R,15a8S,16R)-15,16-Dihydroxy-2,10-dioxo-2,10-
bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)-2-hydroxyacetamide

[0442]
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7a (Diastereomer 1)
7b (Diastereomer 2)
[0443]

[Synthesis Scheme]
[0444]

[0445]
(Step 1-1)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)
(Diastereomer 1)

To a solution of the compound obtained in step 8-1 of Example 5 (10.0 mg) in

N,N-dimethylformamide (0.5 mL), triethylamine (8 pL) and 1-[(hydroxyacetyl)oxy]-
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2,5-dione (5.3 mg) were added, and the reaction mixture was stirred at room
temperature for 2 hours. The reaction mixture was diluted with 10 mM aqueous
solution of triethylammonium acetate, and purified by C18 silica gel column
chromatography [10 mM aqueous solution of triethylammonium acetate/acetonitrile]
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 0% - 30% (0 min - 40 min)]. The compound
obtained (triethylamine salt) was subjected to salt exchange in the same manner as in
[Conversion to Sodium Salt] described in step 11 of Example 1 to afford the title
compound (10.5 mg).
MS(ESDm/z: 832(M+H)".
'H-NMR (CD3OD) &: 8.57 (1H, s), 8.04 (1H, s), 8.03 (1H, s), 7.13 (1H, s), 6.26 (1H,
d, J=4.2 Hz), 6.24-6.19 (1H, m), 5.57-5.49 (1H, m), 5.26-5.18 (1H, m), 4.80 (1H, d,
J=3.6 Hz), 4.76 (1H, t, J=4.5 Hz), 4.51-4.41 (2H, m), 4.35-4.17 (3H, m), 4.11-3.95
(3H, m), 3.91 (2H, s), 3.62-3.55 (2H, m), 3.52-3.45 (2H, m), 2.89-2.65 (2H, m),
2.02-1.91 (2H, m).
3IP-NMR (CD30D) &: 57.6 (s), 54.3 (s).
[0446]
(Step 1-2)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-ox0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 8-2 (30.0 mg) of Example 5, the

reaction was performed in the same manner as in step 1-1, and purification was then
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performed under the following [Purification Conditions] to afford the title compound
as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

[0447]

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (23.6 mg).

MS(ESDm/z: 832(M+H)".

"H-NMR (CD3OD) §: 8.69 (1H, s), 8.14 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.31 (1H,
d, J=6.7 Hz), 6.26 (1H, d, J=7.9 Hz), 5.49-5.40 (2H, m), 4.77 (1H, dd, J=6.7, 4.8 Hz),
4.48 (1H, d, J=4.2 Hz), 4.46-4.28 (4H, m), 4.22 (2H, t, J=5.4 Hz), 4.06-4.00 (1H, m),
3.94 (2H, s), 3.92-3.86 (1H, m), 3.70-3.55 (2H, m), 3.52-3.47 (2H, m), 2.92-2.86
(2H, m), 2.04-1.96 (2H, m).

3IP-NMR (CDs0D) &: 62.7 (s), 59.9 (s).

[0448]

Example 8: Synthesis of CDN§
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-Amino-2-[(2-aminoethyl)Jamino]-9H-
purin-9-yl}-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0449]
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[0452]
(Step 1)

5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-2',3'-bis-O-[tert-butyl(dimethyl)silyl]-
2-chloroadenosine

To a solution of 5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-
chloroadenosine (29.1 g) as a compound known in the literature (J. Med. Chem.
1989, 32, 1135-1140) in N,N-dimethylformamide (145 mL), imidazole (16.4 g) and
tert-butyldimethylchlorosilane (18.2 g) were added, and the reaction mixture was

stirred at room temperature for 18 hours. After water was added to the reaction
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mixture to quench the reaction, the resultant was subjected to extraction with ethyl
acetate. The organic layer was washed with brine, and then dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (34.9 g).
MS(ESDm/z: 832(M+H)".
"H-NMR (CDCl3) &: 8.02 (1H, s), 7.47-7.42 (2H, m), 7.36-7.32 (4H, m), 7.31-7.18
(3H, m), 6.84-6.79 (4H, m), 5.90 (1H, d, J=4.8 Hz), 5.72 (2H, brs), 4.74 (1H, dd,
J=4.5,2.3 Hz), 4.25 (1H, dd, J=4.2, 2.3 Hz), 4.21 (1H, q, J=4.2 Hz), 3.78 (6H, s),
3.58 (1H, dd, J=10.9, 4.2 Hz), 3.33 (1H, dd, J=10.9, 4.2 Hz), 0.84 (9H, s), 0.82 (9H,
s), 0.04 (3H, s), -0.01 (3H, s), -0.02 (3H, s), -0.17 (3H, s).
[0453]
(Step 2)
N-Acetyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2',3'-bis-O-[ tert-
butyl(dimethyl)silyl]-2-chloroadenosine

To a solution of the compound obtained in step 1 (34.9 g) in pyridine (210
mL), acetic anhydride (140 mL) and 4-dimethylaminopyridine (515 mg) were added,
and the reaction mixture was stirred under the nitrogen atmosphere at room
temperature for 21 hours. After the reaction mixture was diluted with
dichloromethane (100 mL), a saturated aqueous solution of sodium hydrogen
carbonate was added thereto, and the reaction mixture was subjected to extraction
with dichloromethane. After the organic layer was dried over anhydrous sodium
sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. Dichloromethane (210 mL) and morpholine
(7.30 mL) were added to the residue, and the resultant was stirred at room

temperature for 1 hour. A saturated aqueous solution of ammonium chloride was
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added to the reaction mixture, which was subjected to extraction with
dichloromethane. After the organic layer was dried over anhydrous sodium sulfate,
the drying agent was removed through filtration, and the filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (45.4 g: with impurities). The compound obtained was directly used for
the subsequent reaction, without additional purification.
"H-NMR (CDCl3) &: 8.95 (1H, brs), 8.22 (1H, s), 7.45-7.42 (2H, m), 7.34-7.20 (7H,
m), 6.82 (4H, dq, J=9.4, 2.7 Hz), 5.96 (1H, d, J=4.8 Hz), 4.72-4.69 (1H, m), 4.23
(2H, brs), 3.79 (6H, s), 3.59 (1H, dd, J=10.9, 3.6 Hz), 3.35 (1H, dd, J=10.3, 3.6 Hz),
2.73 (3H, s), 0.83 (9H, s), 0.82 (9H, s), 0.04 (3H, s), 0.00 (3H, s), -0.03 (3H, s), -0.18
(3H, s).
[0454]
(Step 3)
N-Acetyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-chloroadenosine

To a solution of the compound obtained in step 2 (45.4 g: with impurities) in
tetrahydrofuran (200 mL), a tetrahydrofuran solution of tetrabutylammonium
fluoride (approximately 1.0 M, 100 mL) was added, and the reaction mixture was
stirred under the nitrogen atmosphere at room temperature for 3 hours. A saturated
aqueous solution of ammonium chloride was added to the reaction mixture, which
was subjected to extraction with dichloromethane. After the organic layer was
dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [dichloromethane/acetone/0.1%
triethylamine] to afford the title compound (23.0 g).
"H-NMR (CDCl3) &: 8.71 (1H, brs), 8.16 (1H, s), 7.28-7.16 (9H, m), 6.78-6.73 (4H,
m), 5.99 (1H, d, J=5.4 Hz), 4.86 (1H, t, J=5.1 Hz), 4.49 (1H, dd, J=5.1, 2.7 Hz), 4.39
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(1H, q, J=3.2 Hz), 3.78 (3H, s), 3.77 (3H, s), 3.42 (1H, dd, J=10.9, 3.6 Hz), 3.35 (1H,
dd, J=10.6, 3.3 Hz), 2.66 (3H, s).
[0455]
(Step 4)
N-Acetyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2-chloroadenosine

To a solution of the compound obtained in step 3 (23.0 g) in N,N-
dimethylformamide (178 mL), imidazole (5.94 g) and tert-butyldimethylchlorosilane
(6.44 g) were added, and the reaction mixture was stirred under the nitrogen
atmosphere at room temperature for 18 hours. A saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction mixture, which was subjected
to extraction with dichloromethane.  After the organic layer was dried over
anhydrous sodium sulfate, the drying agent was removed through filtration, and the
filtrate was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the
title compound (9.01 g).
'H-NMR (CDCl3) &: 8.42 (1H, brs), 8.14 (1H, s), 7.38-7.35 (2H, m), 7.29-7.18 (7H,
m), 6.80-6.76 (4H, m), 5.99 (1H, d, J=4.2 Hz), 4.71-4.66 (2H, m), 4.17-4.14 (1H, m),
3.78 (6H, s), 3.49 (1H, dd, J=10.6, 3.3 Hz), 3.29 (1H, dd, J=10.9, 4.2 Hz), 3.02 (1H,
d, J=5.4 Hz), 2.67 (3H, s), 0.89 (9H, s), 0.11 (3H, s), 0.02 (3H, s).
[0456]
(Step 5)
N-Acetyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2-chloro-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}adenosine

With use of the compound obtained in step 4 (9.01 g), the reaction was

performed in the same manner as in step 6 of Example 1 to afford the title compound
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(10.6 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
65:35).
"H-NMR (CDCl3) &: 8.40 (1H, brs), 8.31 (0.35H, s), 8.25 (0.65H, s), 7.38 (2H, d,
J=7.3 Hz), 7.29-7.19 (7H, m), 6.80 (4H, dd, J=9.1, 2.4 Hz), 6.27 (0.35H, d, J=3.0
Hz), 6.13 (0.65H, d, J=3.6 Hz), 4.88-4.83 (0.65H, m), 4.69-4.65 (0.35H, m), 4.56
(1H, t, J=4.8 Hz), 4.23-4.17 (1H, m), 3.93-3.78 (1H, m), 3.78 (6H, s), 3.64-3.54 (4H,
m), 3.33-3.28 (1H, m), 2.67 (3H, s), 2.56 (1.3H, t, J=6.3 Hz), 2.52 (0.7H, t, J=6.3
Hz), 1.16 (2.1H, d, J=7.3 Hz), 1.14 (3.9H, d, J=6.0 Hz), 1.12 (3.9H, d, J=6.0 Hz),
1.02 (2.1H, d, J=6.7 Hz), 0.83 (5.9H, s), 0.82 (3.1H, s), 0.10 (1.9H, s), 0.07 (1.1H, s),
0.01H (3H, s).
[0457]
(Step 6)
N,N-Diethylethaneaminium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-acetamido-2-
chloro-9H-purin-9-yl)-14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-2-oxo-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A>,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-thiolate

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 2.06 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 5 (1.98 g), the reaction was performed
in the same manner as in step 8 of Example 1 and step 9 of Example 1 to afford
diastereomer 1 (180 mg) and diasterecomer 2 (167 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1191(M+H)",
"H-NMR (CD30D) §: 9.10 (1H, s), 8.00 (1H, s), 7.40-7.36 (2H, m), 7.30-7.23 (4H,
m), 6.38 (1H, d, J=8.5 Hz), 6.35 (1H, d, J=3.0 Hz), 5.67-5.60 (1H, m), 5.09-5.04
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(1H, m), 4.72 (1H, d, J=3.6 Hz), 4.50-4.29 (8H, m), 4.07 (1H, dd, J=12.4, 4.5 Hz),
3.91-3.83 (1H, m), 3.54-3.45 (1H, m), 3.17 (6H, q, J=7.3 Hz), 3.08 (2H, t, J=6.0 Hz),
2.45-2.42 (2H, m), 2.42 (3H, s), 2.28-2.23 (2H, m), 1.29 (9H, t, J=7.3 Hz), 1.01 (9H,
s), 0.90 (9H, s), 0.29 (3H, s), 0.28 (3H, s), 0.25 (3H, s), 0.10 (3H, s).
Diastereomer 2 (more polar)
MS(ESDm/z: 1191(M+H)".
[0458]
(Step 7-1)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-Amino-2-[(2-aminoethyl)amino]-9H-
purin-9-yl}-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

To a solution of the compound obtained in step 6 (diastereomer 1) (49.6 mg)
in methanol (1.28 mL), ethylenediamine (256 pL) was added, and the reaction
mixture was stirred at 60°C for 2 hours, and then reacted by using a microwave
reactor at 120°C for 2 hours. The resultant was purified by preparative HPLC [10
mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 40% -
70% (0 min - 30 min)] to afford the title compound (37.2 mg).
MS(ESDm/z: 1016(M+H)".
"H-NMR (CD30D) &: 8.27 (1H, s), 7.99 (1H, s), 7.16 (1H, s), 6.25 (1H, d, J=4.2 Hz),
6.09 (1H, d, J=8.5 Hz), 5.41-5.35 (1H, m), 5.12-5.08 (1H, m), 4.86-4.80 (2H, m),
4.69 (1H, t, J=4.5 Hz), 4.51-4.45 (1H, m), 4.29-4.23 (2H, m), 4.11-4.03 (2H, m),
3.51-3.44 (4H, m), 3.13-3.04 (2H, m), 2.80-2.76 (2H, m), 2.02-1.92 (2H, m), 0.99
(9H, s), 0.84 (9H, s), 0.32 (3H, s), 0.29 (3H, s), 0.24 (3H, s), 0.07 (3H, s).
[0459]
(Step 7-2)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-
2-[(2-aminoethyl)amino]-9H-purin-9-yl}-15,16-bis{[tert-butyl(dimethyl)silyl]oxy} -
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 6 (diastereomer 2) (50.0 mg:
with impurities) in methanol (1.29 mL), ethylenediamine (25.8 pL) was added, and
the reaction mixture was stirred at 60°C for 2 hours, and then reacted by using a
microwave reactor at 120°C for 2 hours. The resultant was purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 30% - 50% (0 min - 30 min)] to afford the title compound (23.7 mg).
MS(ESDm/z: 1016(M+H)".

'H-NMR (CD;0D) &: 8.16 (1H, s), 8.00 (1H, s), 7.08 (1H, s), 6.33 (1H, d, J=7.3 Hz),
6.13 (1H, d, J=8.5 Hz), 5.51-5.48 (1H, m), 5.30 (1H, t, J=4.8 Hz), 5.13-5.06 (1H, m),
4.95 (1H, d, J=4.2 Hz), 4.66-4.55 (2H, m), 4.24 (1H, s), 4.08 (1H, dd, J=12.4, 4.5
Hz), 3.89-3.83 (1H, m), 3.69-3.61 (1H, m), 3.50-3.33 (4H, m), 3.12-3.01 (14H, m),
2.89 (2H, t, J=5.4 Hz), 2.03-1.96 (2H, m), 1.25 (18H, t, J=7.3 Hz), 0.99 (9H, s), 0.74
(9H, s), 0.27 (6H, s), 0.18 (3H, s), -0.08 (3H, s).

[0460]

(Step 8-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)
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With use of the compound obtained in step 7-1 (37.2 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was then
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)] to afford the title
compound as a triethylamine salt.

[0461]

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (16.5 mg).

MS(ESDm/z: 788(M+H)".

'H-NMR (CD3;0D) &: 8.21 (1H, brs), 8.01 (1H, s), 7.07 (1H, s), 6.27 (1H, d, J=3.6
Hz), 6.10 (1H, d, J=8.5 Hz), 5.51-5.41 (1H, m), 5.16-5.11 (1H, m), 4.83 (1H, d,
J=3.6 Hz), 4.73 (1H, t, J=4.2 Hz), 4.50-4.45 (2H, m), 4.35-4.29 (2H, m), 4.16-4.04
(2H, m), 3.50-3.42 (4H, m), 3.17-3.05 (2H, m), 2.82-2.66 (2H, m), 2.04-1.92 (2H,
m).

3IP-NMR (CD30D) &: 57.9 (s), 54.2 (s).

[0462]

(Step 8-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 7-2 (23.7 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was then

purified by preparative HPLC [10 mM aqueous solution of triethylammonium
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acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)] to afford the title
compound as a triethylamine salt.
[0463]

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (14.9 mg).

MS(ESD)m/z: 783(M+H)".

"H-NMR (CD30D) &: 8.27 (1H, brs), 8.02 (1H, s), 7.15 (1H, s), 6.31 (1H, d, J=6.0
Hz), 6.12 (1H, d, J=8.5 Hz), 5.45-5.33 (2H, m), 4.75 (1H, dd, J=5.7, 4.5 Hz), 4.50
(1H, d, J=4.2 Hz), 4.47-4.30 (4H, m), 4.17-4.13 (1H, brm), 3.94-3.89 (1H, m), 3.69-
3.59 (1H, brm), 3.51-3.44 (3H, m), 3.21-3.07 (2H, m), 2.88-2.85 (2H, m), 2.03-1.97
(2ZH, m).

3IP-NMR (CD30D) &: 62.2 (s), 59.8 (5).

[0464]

Example 9: Synthesis of CDN9
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-Amino-2-[(2-hydroxyethyl)amino]-9H-
purin-9-yl}-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0465]

O—P-SH
H,N \N_/<N Io)
H\_oH
9

9a (Diastereomer 1)
9b (Diastereomer 2)
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[0466]

[Synthesis Scheme]

[0467]
N Bz N H
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[0468]
(Step 1-1)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-Amino-2-[(2-hydroxyethyl)amino]-9H-
purin-9-yl}-15,16-bis{[tert-butyl(dimethyl)silylJoxy}-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

To a solution of the compound obtained in step 6 of Example 8 (diastereomer
1) (50.1 mg) in methanol (1.29 mL), 2-aminoethanol (258 uL) was added, and the
reaction mixture was stirred at 60°C for 2 hours, and then reacted by using a
microwave reactor at 120°C for 2 hours. The resultant was purified by preparative

HPLC [10 mM solution of triethylammonium acetate/acetonitrile, acetonitrile: 20% -



10

15

20

25

- 210 -

60% (0 min - 30 min)] to afford the title compound (39.4 mg) as a mixture
containing a compound derived from ethanolamine.
MS(ESDm/z: 1017(M+H)".
'H-NMR (CD3;OD) &: 8.32 (1H, s), 8.01 (1H, s), 7.16 (1H, s), 6.28 (1H, d, J=5.4 Hz),
6.13 (1H, d, J=9.1 Hz), 5.44-5.38 (1H, m), 5.19-5.14 (1H, m), 4.98-4.83 (2H, m),
4.78-4.75 (1H, m), 4.45-4.39 (1H, m), 4.28-4.22 (1H, m), 4.18 (1H, s), 4.13-4.07
(1H, m), 4.04-3.99 (1H, m), 3.67 (2H, t, J=5.4 Hz), 3.51-3.42 (4H, m), 2.86 (2H, t,
J=5.4 Hz), 2.04-1.98 (2H, m), 0.98 (9H, s), 0.82 (9H, s), 0.31 (3H, s), 0.27 (3H, s),
0.22 (3H, s), 0.05 (3H, s).
[0469]
(Step 1-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-
2-[(2-hydroxyethyl)amino]-9H-purin-9-yl}-15,16-bis {[ tert-
butyl(dimethyl)silyljoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 6 of Example 8 (diastereomer
2) (49.3 mg: with impurities) in methanol (1.27 mL), 2-aminoethanol (254 pL) was
added, and the reaction mixture was stirred at 60°C for 2 hours, and then reacted by
using a microwave reactor at 120°C for 3 hours. The resultant was purified by
preparative HPLC [10 mM solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 60% (0 min - 30 min)] to afford the title compound (26.1 mg).
MS(ESDm/z: 1017(M+H)".
'H-NMR (CD3OD) &: 8.25 (1H, s), 8.01 (1H, s), 7.10 (1H, s), 6.36 (1H, d, J=7.3 Hz),
6.17 (1H, d, J=7.9 Hz), 5.59-5.53 (1H, m), 5.41 (1H, t, J=4.5 Hz), 5.21-5.14 (1H, m),
5.02-4.95 (2H, m), 4.70-4.61 (2H, m), 4.18 (1H, s), 4.03 (1H, dd, J=12.1, 4.8 Hz),
3.91-3.86 (1H, m), 3.75-3.69 (2H, m), 3.52-3.43 (4H, m), 3.14 (12H, q, J=7.3 Hz),
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2.93-2.91 (2H, m), 2.04-1.99 (2H, m), 1.28 (18H, t, J=7.6 Hz), 0.99 (9H, s), 0.75
(9H, s), 0.27 (6H, s), 0.21 (3H, s), -0.05 (3H, s).

[0470]

(Step 2-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
hydroxyethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)

With use of the mixture obtained in step 1-1 (39.4 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and purification was then
performed under the following [Purification Conditions] to afford the title compound
as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (16.8 mg).

MS(ESDm/z: 789(M+H)".

"H-NMR (CD30D) &: 8.25 (1H, s), 8.02 (1H, s), 7.10 (1H, s), 6.30 (1H, d, J=3.6 Hz),
6.15 (1H, d, J=8.5 Hz), 5.49-5.42 (1H, m), 5.21-5.16 (1H, m), 4.87-4.85 (1H, m),
4.77 (1H, t, J=4.2 Hz), 4.50-4.35 (3H, m), 4.31 (1H, s), 4.12-4.10 (2H, m), 3.64 (2H,
t, J=5.4 Hz), 3.51-3.38 (4H, m), 2.85-2.70 (2H, m), 2.02-1.94 (2H, m).

3IP-NMR (CD30D) &: 57.8 (s), 53.9 (s).

[0471]

(Step 2-2)
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Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
hydroxyethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 1-2 (26.1 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and purification was then
performed under the following [Purification Conditions] to afford the title compound
as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (18.6 mg).

MS(ESDm/z: 789(M+H)".

'H-NMR (CD30D) &: 8.35 (1H, s), 8.03 (1H, s), 7.17 (1H, s), 6.33 (1H, d, J=6.0 Hz),
6.16 (1H, d, J=8.5 Hz), 5.49-5.41 (2H, m), 4.80 (1H, t, J=5.4 Hz), 4.51-4.26 (5H, m),
4.07 (1H, d, J=12.7 Hz), 3.94-3.89 (1H, m), 3.67 (2H, 5, J=5.7 Hz), 3.53-3.39 (4H,
m), 2.89 (2H, t, J=5.4 Hz), 2.03-1.99 (2H, m).

3IP-NMR (CD30D) 8: 62.8 (s), 60.3 (s).

[0472]

Example 10: Synthesis of CDN10
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-Amino-2-[(2-amino-2-
methylpropyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-bis(sulfanyl)-14-

(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
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2H,10H,12H-5,8-methano-2A>, 10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0473]

ﬁ}NHZ
10
10a (Diastereomer 1)

[0474]

[Synthesis Scheme]

[0475]
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(Step 1)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-
2-[(2-amino-2-methylpropyl)amino]-9H-purin-9-yl}-15,16-bis {[ tert-
butyl(dimethyl)silyl]Joxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 6 of Example 8 (diastereomer
1) (41.0 mg) in methanol (1.10 mL), 1,2-diamino-2-methylpropane (210 pL) was
added, and the reaction mixture was stirred at 60°C for 2 hours, and then reacted by
using a microwave reactor at 120°C for 6 hours. The resultant was simply purified
by preparative HPLC [10 mM solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 60% (0 min - 30 min)] to afford the title compound (16.3 mg:
with impurities). The compound obtained was directly used for the subsequent
reaction, without additional purification.

MS(ESDm/z: 1044(M+H)".

[0477]

(Step 2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-amino-2-
methylpropyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the compound obtained in step 1 (16.3 mg: with impurities), the
reaction was performed in the same manner as in step 11 of Example 1, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of

triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0 min - 30 min)].
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The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (6.4 mg).

MS(ESDm/z: 816(M+H)".

5 'H-NMR (CD;OD) &: 8.28 (1H, brs), 8.01 (1H, s), 7.05 (1H, s), 6.27 (1H, d, J=4.2
Hz), 6.15 (1H, d, J=7.9 Hz), 5.41-5.27 (1H, m), 5.13-5.08 (1H, m), 4.84 (1H, d,
J=3.6 Hz), 4.73 (1H, t, J=4.5 Hz), 4.50-4.44 (2H, m), 4.36-4.31 (2H, m), 4.16-4.00
(2H, m), 3.49 (2H, dd, J=6.3, 3.3 Hz), 3.31-3.25 (2H, m), 2.84-2.70 (2H, m), 2.03-
1.91 (2H, m), 1.34 (3H, s), 1.30 (3H, s).

10  3'P-NMR (CD30D) &: 57.9 (s), 54.5 (s).
[0478]
Example 11: Synthesis of CDN11
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-Amino-2-(aminomethyl)-9H-purin-9-yl]-
15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-

15  tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2)>,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0479]

_2:‘{ O—P-SH
HoN—Q /N 0]
<
NH,
11

11a (Diastereomer 1)
11b (Diastereomer 2)

[0480]
20  [Synthesis Scheme]
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(Step 1)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-cyanoadenosine

To a solution of 2-cyanoadenosine (440 mg) as a compound known in the
literature (J. Am. Chem. Soc. 1989, 111, 8502-8504) in pyridine (8.00 mL), 4,4'-
dimethoxytrityl chloride (642 mg) was added, and the reaction mixture was stirred
under the nitrogen atmosphere at room temperature for 4 hours. ~After methanol (10
mL) was added to the reaction mixture to quench the reaction, the resultant was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/methanol/0.1% triethylamine] to afford the
title compound (528 mg).
'H-NMR (CDCl3) &: 8.21 (1H, s), 7.31-7.17 (9H, m), 6.79-6.70 (4H, m), 5.99 (1H, d,
J=5.4 Hz), 5.86 (2H, brs), 4.86 (1H, q, J=4.6 Hz), 4.65 (1H, t, J=3.6 Hz), 4.48-4.45
(1H, m), 4.41 (1H, q, J=3.0 Hz), 3.79 (6H, s), 3.46 (1H, dd, J=10.9, 3.6 Hz), 3.34
(1H, dd, J=10.6, 3.3 Hz), 2.93 (1H, d, J=2.4 Hz).
[0483]
(Step 2)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-[({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)methyl]adenosine

To a solution of the compound obtained in step 1 (14.3 g) in tetrahydrofuran
(500 mL), a tetrahydrofuran solution of lithium aluminum hydride (approximately
2.5 M, 29.0 mL) was added, and the reaction mixture was stirred under the nitrogen
atmosphere at 40°C for 2 hours. The reaction mixture was ice-cooled, to which a
saturated aqueous solution of sodium hydrogen carbonate (450 mL) was added, and
the reaction mixture was stirred for 10 minutes, and then 1-({[2-
(trimethylsilyl)ethoxy]carbonyl} oxy)pyrrolidine-2,5-dione (25.0 g) was added
thereto to react at room temperature for 18 hours. A saturated aqueous solution of

the Rochelle salt was added thereto, and the reaction mixture was stirred for 2.5 hour,
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and then subjected to extraction with a mixture of dichloromethane/methanol.  After
the organic layer was dried over anhydrous sodium sulfate, the drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl
acetate/0.1% triethylamine] to afford the title compound (10.8 g).
'H-NMR (CDCl3) &: 8.01 (1H, s), 7.26-7.15 (9H, m), 6.75-6.71 (4H, m), 6.37 (1H,
brs), 5.93 (1H, d, J=6.0 Hz), 5.67 (2H, brs), 5.59 (1H, brs), 4.77-4.74 (1H, m), 4.46-
4.37 (4H, m), 4.21 (2H, t, J=8.5 Hz), 3.76 (3H, s), 3.76 (3H, s), 3.42 (1H, dd, J=10.6,
3.3 Hz), 3.25 (1H, dd, J=10.6, 3.3 Hz), 3.16 (1H, brs), 1.03 (2H, t, J=8.5 Hz), 0.05
(9H, s).
[0484]
(Step 3)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-[ ({[2-
(trimethylsilyl)ethoxy]carbonyl } amino)methyl]adenosine

To a solution of the compound obtained in step 2 (10.8 g) in pyridine (70.0
mL), chlorotrimethylsilane (15.0 mL) was added, and the reaction mixture was
stirred under the nitrogen atmosphere at room temperature for 2 hours. Benzoyl
chloride (8.44 mL) was added to the reaction mixture, which was further stirred for 2
hours. The reaction mixture was cooled to 0°C and stirred for 10 minutes with
addition of water (21.0 mL), and then further stirred at the same temperature for 20
minutes with addition of 28% ammonia water (31.4 mL). The temperature was
increased to room temperature and the reaction mixture was further stirred for 3
hours, and then concentrated under reduced pressure. The residue was suspended in
ethyl acetate, and the solid was removed through filtration. The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/methanol/0.1% triethylamine] to afford the

title compound (9.47 g).
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MS(ESDm/z: 847(M+H)".
'H-NMR (CDCl3) &: 9.54 (1H, brs), 8.17 (2H, d, J=6.7 Hz), 7.91 (1H, brs), 7.66-7.52
(3H, m), 7.35-7.10 (9H, m), 6.75 (4H, d, J=8.5 Hz), 6.45 (1H, brs), 6.23 (1H, brs),
6.03 (1H, d, J=6.7 Hz), 4.70-4.65 (2H, m), 4.45-4.19 (5H, m), 3.73 (6H, s), 3.38-3.32
(2H, m), 2.65 (1H, brs), 1.05 (2H, t, J=8.8 Hz), 0.00 (9H, s).
[0485]
(Step 4)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2-[({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)methyl]adenosine

With use of the compound obtained in step 3 (9.47 g), the reaction was
performed in the same manner as in step 4 of Example 8 to afford the title compound
(3.13 g).
MS(ESDm/z: 961(M+H)".
"H-NMR (CDCl3) &: 8.87 (1H, brs), 8.24 (1H, brs), 8.02 (2H, d, J=7.3 Hz), 7.64-7.51
(3H, m), 7.40-7.18 (9H, m), 6.81-6.77 (4H, m), 6.08 (1H, d, J=4.8 Hz), 5.85 (1H,
brs), 4.70-4.52 (4H, m), 4.23-4.17 (3H, m), 3.77 (6H, s), 3.50 (1H, dd, J=10.9, 3.0
Hz), 3.29 (1H, dd, J=10.9, 4.2 Hz), 3.21 (1H, d, J=6.0 Hz), 1.06-1.02 (2H, m), 0.89
(9H, s), 0.09 (3H, s), 0.05 (9H, s), 0.01 (3H, s).
[0486]
(Step 5)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl } -2-
[({[2-(trimethylsilyl)ethoxy]carbonyl } amino)methyl]adenosine

To a solution of the compound obtained in step 4 (1.49 g) in dichloromethane
(15.5 mL), N,N-diisopropylethylamine (1.58 mL) and 2-cyanoethyl N,N-

diisopropylchlorophosphoramidite (1.04 mL) were added, and the reaction mixture
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was stirred under the nitrogen atmosphere at room temperature for 2 hours. The
reaction mixture was concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography [hexane/ethyl acetate/0.1%
triethylamine]and C18 silica gel column chromatography [acetonitrile: 100%] to
afford the title compound (1.39 g) as a mixture of diastereomers at the phosphorus
atom (diastereomer ratio = 6:4).
"H-NMR (CDCl3) 88.84 (1H, s), 8.33 (0.6H, s), 8.28 (0.4H, s), 8.02-7.99 (2H, m),
7.64-7.59 (1H, m), 7.55-7.51 (2H, m), 7.42-7.20 (9H, m), 6.82-6.79 (4H, m), 6.30
(0.4H, d, J=4.2 Hz), 6.25 (0.6H, d, J=4.2 Hz), 5.95-5.88 (1H, m), 4.89-4.77 (1H, m),
4.60-4.58 (2H, m), 4.51-4.45 (1H, m), 4.25-4.18 (3H, m), 3.86-3.46 (5SH, m), 3.78
(6H, s), 3.35-3.29 (1H, m), 2.53 (1.2H, t, J=6.3 Hz), 2.38 (0.8H, t, J=6.3 Hz), 1.16-
0.98 (14H, m), 0.85 (3.6H, s), 0.84 (5.4H, s), 0.10 (1.8H, s), 0.08 (1.2H, s), 0.05 (9H,
s), 0.01 (1.2H, s). -0.01 (1.8H, s).
[0487]
(Step 6)
N,N-Diethylethaneaminium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-benzamido-
2-[({[2-(trimethylsilyl)ethoxy]carbonyl} amino)methyl]-9H-purin-9-yl1}-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-y1)-15,16-bis {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-2-oxo-10-sulfanylideneoctahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-thiolate

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 1.94 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 5 (2.19 g), the reaction was performed
in the same manner as in step 8 of Example 1 and step 9 of Example 1 to afford
diastereomer 1 (138 mg) and diasterecomer 2 (82.8 mg) of the title compound.

Diastereomer 1 (less polar)
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'H-NMR (CD3;0D) &: 9.08 (1H, s), 8.11 (2H, d, J=7.3 Hz), 7.98 (1H, s), 7.67 (1H, t,

J=7.6 Hz), 7.57 (2H, t, J=7.9 Hz), 7.37 (2H, d, J=7.9 Hz), 7.28-7.22 (4H, m), 6.54

(1H, d, J=8.5 Hz), 6.36 (1H, d, J=1.8 Hz), 5.66-5.59 (1H, m), 5.07-5.02 (1H, m),

4.85-4.83 (1H, m), 4.72 (1H, d, J=3.6 Hz), 4.58-4.08 (12H, m), 3.88-3.78 (1H, m),

3.49-3.38 (1H, m), 3.21 (6H, q, J=7.3 Hz), 3.05-3.00 (2H, m), 2.49-2.40 (1H, m),

2.34-2.26 (1H, m), 2.09-2.03 (2H, m), 1.31 (9H, t, J=7.6 Hz), 1.21-1.09 (2H, m),

1.02 (9H, s), 0.91 (9H, s), 0.30 (3H, s), 0.29 (3H, s), 0.26 (3H, s), 0.12 (3H, s), 0.05

(9H, s).

Diastereomer 2 (more polar)

MS(ESDm/z: 1392(M+H)".

'H-NMR (CD30D) &: 8.91 (1H, s), 8.10-8.07 (2H, m), 7.94 (1H, s), 7.67-7.63 (1H,

m), 7.59-7.54 (2H, m), 7.41-7.20 (6H, m), 6.54 (1H, d, J=8.5 Hz), 6.22 (1H, d, J=5.4

Hz), 5.36-5.30 (1H, m), 3.20 (6H, q, J=7.3 Hz), 3.04-3.00 (2H, m), 2.85-2.75 (2H,

m), 2.23-2.13 (2H, m), 1.30 (9H, t, J=7.3 Hz), 1.03 (9H, s), 0.79 (9H, s), 0.05 (9H, s).

(only observable peaks are shown)

[0488]

(Step 7-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-

2-[({[2-(trimethylsilyl)ethoxy]carbonyl } amino)methyl]-9H-purin-9-yl1}-15,16-

bis{[tert-butyl(dimethyl)silylJoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained in step 6 (diastereomer 1) (42.3 mg), the

reaction was performed in the same manner as in step 10 of Example 1 to afford the

title compound (25.9 mg).

MS(ESDm/z: 1131(M+H)",
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'H-NMR (CD3;0D) &: 8.72 (1H, s), 8.00 (1H, s), 7.26 (1H, s), 6.35 (1H, d, J=9.1 Hz),

6.26 (1H, d, J=4.8 Hz), 5.42-5.36 (1H, m), 5.20-5.15 (1H, m), 4.91-4.87 (2H, m),

4.80-4.78 (1H, m), 4.43 (1H, t, J=11.2 Hz), 4.36-4.28 (3H, m), 4.20-4.15 (3H, m),

4.09-3.99 (2H, m), 3.51 (2H, d, J=6.7 Hz), 3.13 (12H, q, J=7.3 Hz), 2.85 (2H, brs),

2.01-1.97 (2H, m), 1.25 (18H, t, J=7.3 Hz), 1.07-1.00 (2H, m), 1.00 (9H, s), 0.82

(9H, s), 0.32 (3H, s), 0.28 (3H, s), 0.25 (3H, s), 0.07 (12H, s).

[0489]

(Step 7-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-

2-[({[2-(trimethylsilyl)ethoxy]carbonyl} amino)methyl]-9H-purin-9-y1}-15,16-

bis{[tert-butyl(dimethyl)silylJoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained in step 6 (diastereomer 2) (82.8 mg), the

reaction was performed in the same manner as in step 10 of Example 1 to afford the

title compound (45.2 mg).

"H-NMR (CD30D) §: 8.61 (1H, s), 8.01 (1H, s), 7.08 (1H, s), 6.34 (2H, t, J=7.9 Hz),

5.49 (1H, dd, J=10.6, 4.5 Hz), 5.42 (1H, t, J=5.1 Hz), 5.24-5.17 (1H, m), 5.00-4.95

(2H, m), 4.69-4.57 (2H, m), 4.36 (2H, t, J=17.8 Hz), 4.22-4.15 (3H, m), 4.05 (1H,

dd, J=12.4, 5.1 Hz), 3.90-3.85 (1H, m), 3.51 (2H, d, J=9.1 Hz), 3.17 (12H, q, J=7.3

Hz), 2.92 (2H, t, J=5.4 Hz), 2.04-1.99 (2H, m), 1.29 (18H, t, J=7.3 Hz), 1.07-0.98

(2H, m), 1.00 (9H, s), 0.74 (9H, s), 0.28 (3H, s), 0.28 (3H, s), 0.21 (3H, s), 0.07 (9H,

s), -0.06 (3H, s).

[0490]

(Step 8-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-

2-[({[2-(trimethylsilyl)ethoxy]carbonyl } amino)methyl]-9H-purin-9-yl1}-15,16-
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dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
Triethylamine trihydrofluoride (700 pL) was added to the compound (25.9
mg) obtained in step 7-1, and the reaction mixture was stirred at 55°C for 2 hours.
An ice-cooled mixture of 1 M aqueous solution of triethylammonium carbonate (3.5
mL) and triethylamine (1.10 mL) was added to the reaction mixture, which was
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 10% - 40% (0 min - 30 min)] to afford the title
compound (19.1 mg).
MS(ESDm/z: 903(M+H)".
"H-NMR (CD3;0D) &: 8.71 (1H, s), 8.03 (1H, s), 7.10 (1H, s), 6.37 (1H, d, J=7.9 Hz),
6.28 (1H, d, J=4.2 Hz), 5.38-5.33 (1H, m), 5.18-5.13 (1H, m), 4.84-4.80 (2H, m),
4.50-4.40 (2H, m), 4.35-4.40 (4H, m), 4.21-4.16 (2H, m), 4.07-4.00 (2H, m), 3.51-
3.49 (2H, m), 3.07 (12H, q, J=7.3 Hz), 2.85 (2H, t, J=5.4 Hz), 2.02-1.97 (2H, m),
1.23 (18H, t, J=7.3 Hz), 1.04 (2H, t, J=8.2 Hz), 0.07 (9H, s).
[0491]
(Step 8-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-
2-[({[2-(trimethylsilyl)ethoxy]carbonyl } amino)methyl]-9H-purin-9-yl1}-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained step 7-2 (45.2 mg), the reaction was
performed in the same manner as in step 8-1 to afford the title compound (37.1 mg).

MS(ESDm/z: 903(M+H)".
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'H-NMR (CD3;0D) &: 8.75 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.36 (1H, d, J=9.1 Hz),
6.33 (1H, d, J=6.7 Hz), 5.51-5.42 (2H, m), 4.81 (1H, dd, J=6.7, 4.8 Hz), 4.51-4.28
(7H, m), 4.18 (2H, dt, J=8.3, 2.6 Hz), 4.02 (1H, d, J=12.7 Hz), 3.92-3.87 (1H, m),
3.51-3.47 (2H, m), 3.13 (12H, q, J=7.3 Hz), 2.93-2.90 (2H, m), 2.04-1.98 (2H, m),
1.27 (18H, t, J=7.3 Hz), 1.06-0.99 (2H, m), 0.06 (9H, s).

[0492]

(Step 9-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[ 6-amino-2-(aminomethyl)-9H-
purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

To a solution of the compound obtained in step 8-1 (19.1 mg) in
tetrahydrofuran (576 pL), a tetrahydrofuran solution of tetrabutylammonium fluoride
(approximately 1 M, 288 uL) was added, and the reaction mixture was stirred under
the nitrogen atmosphere at room temperature overnight, and purification was then
performed under the following [Purification Conditions] to afford the title compound
as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 0% - 30% (0 min - 40 min)] and
Sep-Pak (R) C18 [water/acetonitrile].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (8.4 mg).

MS(ESDm/z: 759(M+H)".
"H-NMR (CD3;0D) &: 8.48 (1H, s), 8.03 (1H, s), 7.04 (1H, s), 6.27 (1H, d, J=3.6 Hz),
6.24 (1H, d, J=8.5 Hz), 5.98-5.93 (1H, m), 5.04-4.99 (1H, m), 4.81-4.79 (2H, m),
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4.45-4.39 (2H, m), 4.31-4.27 (2H, m), 4.12-3.99 (4H, m), 3.54-3.44 (2H, m), 2.88-
2.85 (2H, m), 2.02-1.97 (2H, m).

3IP-NMR (CD30D) &: 57.6, 55.5.

[0493]

(Step 9-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-amino-2-(aminomethyl)-9H-
purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 8-2 (37.1 mg), the reaction was
performed in the same manner as in step 9-1 to afford the title compound (12.8 mg).
MS(ESDm/z: 759(M+H)".

'H-NMR (CD;OD) &: 8.61 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.31 (1H, d, J=6.0 Hz),
6.28 (1H, d, J=8.5 Hz), 5.61-5.55 (1H, m), 5.38-5.35 (1H, m), 4.80 (1H, t, J=5.1 Hz),
4.54 (1H, d, J=4.2 Hz), 4.48-4.28 (4H, m), 4.13 (2H, s), 4.08-4.04 (1H, m), 3.94-3.90
(1H, m), 3.52-3.49 (2H, m), 2.90-2.88 (2H, m), 2.03-1.98 (2H, m).

3IP-NMR (CD30D) 8: 62.2 (s), 60.0 (s).

[0494]

Example 12: Synthesis of CDN12
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-Amino-2-(hydroxymethyl)-9H-purin-9-
yl]-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0495]
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12a (Diastereomer 1)
12b (Diastereomer 2)

[0496]
[Synthesis Scheme]
[0497]
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[0498]
(Step 1)

6-Chloro-2-i0do-9-{2,3,5-tris-O-[tert-butyl(dimethyl)silyl]-B-D-ribofuranosyl } -9H-

5  purine
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To a solution of commercially available (Amadis Chemical Company
Limited) 6-chloro-2-iodo-9--D-ribofuranosyl-9H-purine (9.65 g) in ethylene glycol
dimethyl ether (120 mL), N,N-diisopropylethylamine (40.7 mL) and tert-
butyldimethylsilyl trifluoromethanesulfonate (26.9 mL) were added at 0°C, and the
temperature was increased to room temperature under the nitrogen atmosphere, and
the reaction mixture was stirred for 19 hours. The reaction mixture was cooled to
0°C, and a saturated aqueous solution of sodium hydrogen carbonate was added to
the reaction mixture to quench the reaction, and the reaction mixture was then
subjected to extraction with dichloromethane. After the organic layer was dried
over anhydrous sodium sulfate, the drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [hexane/ethyl acetate] to afford the title compound
(13.7 g).

'H-NMR (CDCls) &: 8.48 (1H, s), 6.02 (1H, d, J=4.2 Hz), 4.54 (1H, t, J=4.5 Hz),
4.29 (1H, t, J=4.5 Hz), 4.18-4.15 (1H, m), 4.04 (1H, dd, J=11.5, 4.2 Hz), 3.80 (1H,
dd, J=11.5, 2.4 Hz), 0.96 (9H, s), 0.93 (9H, s), 0.84 (9H, s), 0.17 (3H, s), 0.16 (3H,
s), 0.10 (3H, s), 0.09 (3H, s), 0.01 (3H, s),-0.16 (3H, s).

[0499]

(Step 2)
2-[(Benzoyloxy)methyl]-6-chloro-9-{2,3,5-tris-O-[tert-butyl(dimethyl)silyl]-p-D-
ribofuranosyl}-9H-purine

To a solution of the compound obtained in step 1 (13.7 g) in tetrahydrofuran
(121 mL), tetrakis(triphenylphosphine)palladium(0) (2.10 g) and
(benzyloxymethyl)zinc iodide prepared in the manner described below
(approximately 0.9 M, 30.2 mL) were added under the nitrogen atmosphere, and the
reaction mixture was stirred at room temperature for 20 hours. ~After a saturated

aqueous solution of ammonium chloride was added to the reaction mixture to quench
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the reaction, the resultant was subjected to extraction with dichloromethane. After
the organic layer was dried over anhydrous sodium sulfate, the drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (7.29 g).

[Preparation of (Benzyloxymethyl)zinc [odide]

After a suspension of zinc powder (5.99 g) in tetrahydrofuran (17.1 mL) was
ultrasonicated under the nitrogen atmosphere, a solution of iodomethyl benzoate
(12.0 g) in tetrahydrofuran (21.3 mL) was added thereto at 10 to 15°C, and the
reaction mixture was stirred at the same temperature for 1.5 hours to afford a
tetrahydrofuran solution of (benzyloxymethyl)zinc iodide (approximately 0.9 M,
38.4mL).

MS(ESDm/z: 763(M+H)".

'H-NMR (CDCls) &: 8.58 (1H, s), 8.13 (1H, dd, J=8.5, 1.2 Hz), 7.60-7.56 (1H, m),
7.47-7.43 (2H, m), 6.09 (1H, d, J=4.8 Hz), 5.60 (1H, d, J=13.9 Hz,), 5.56 (1H, d,
J=13.9 Hz), 4.48 (1H, t, J=4.5 Hz), 4.27 (1H, t, J=4.2 Hz), 4.15-4.11 (1H, m), 4.03
(1H, dd, J=11.5, 3.0 Hz), 3.80 (1H, dd, J=11.5, 2.4 Hz)0.96 (9H, s), 0.90 (9H, s),
0.76 (9H, s), 0.16 (3H, s), 0.15 (3H, s), 0.08 (3H, s), 0.06 (3H, s), -0.07 (3H, s), -0.27
(3H, s).

[0500]

(Step 3)

2-[(Benzoyloxy)methyl]-6-chloro-9-B-D-ribofuranosyl-9H-purine

To a solution of the compound obtained in step 2 (7.29 g) in tetrahydrofuran
(47.7 mL), a tetrahydrofuran solution of tetrabutylammonium fluoride
(approximately 1 M, 38 mL) was added under the nitrogen atmosphere at 0°C, and
the reaction mixture was stirred at the same temperature for 2.5 hours. After a

saturated aqueous solution of ammonium chloride was added to the reaction mixture
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to quench the reaction, the resultant was subjected to extraction with
dichloromethane. After the organic layer was dried over anhydrous sodium sulfate,
the drying agent was removed through filtration, and the filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (3.69 g).
'H-NMR (CDCl3) &: 8.23 (1H, s), 8.15 (2H, dd, J=8.5, 1.2 Hz), 7.63-7.59 (1H, m),
7.48 (2H, t, J=7.9 Hz), 5.89 (1H, d, J=6.0 Hz), 5.61 (1H, d, J=13.9 Hz), 5.56 (1H, d,
J=14.5 Hz), 4.90 (1H, q, J=5.6 Hz), 4.46-4.43 (1H, m), 4.28 (1H, q, J=2.2 Hz), 4.02
(1H, dd, J=10.0, 2.7 Hz), 3.84-3.79 (1H, m), 3.71-3.65 (1H, m), 3.56-3.53 (1H, m),
2.70 (1H, d, J=2.4 Hz).
[0501]
(Step 4)
2-[(Benzoyloxy)methyl]-9-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-B-D-
ribofuranosyl}-6-chloro-9H-purine

To a solution of the compound obtained in step 3 (2.36 g) in pyridine (56
mL), 4,4'-dimethoxytrityl chloride (2.30 g) was added, and the reaction mixture was
stirred under the nitrogen atmosphere at room temperature for 17 hours. Ethanol
(20 mL) was added to the reaction mixture, which was further stirred for about 10
minutes, and then concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate] to afford the title
compound (1.41 g).
MS(ESDm/z: 745(M+Na)".
"H-NMR (CDCl3) &: 8.32 (1H, 5), 8.14-8.11 (2H, m), 7.64-7.59 (1H, m), 7.49-7.44
(2H, m), 7.23-7.12 (9H, m), 6.72 (4H, d, J=7.9 Hz), 5.94 (1H, d, J=5.4 Hz), 5.64 (1H,
d, J=15.1 Hz), 5.59 (1H, d, J=14.5 Hz), 4.83-4.77 (2H, m), 4.37-4.33 (2H, m), 3.77
(6H, s), 3.35 (1H, dd, J=10.6, 3.3 Hz), 3.28 (1H, dd, J=10.9, 3.6 Hz), 2.64 (1H, s).
[0502]
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(Step 5)
2-[(Benzoyloxy)methyl]-9-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[ tert-
butyl(dimethyl)silyl]--D-ribofuranosyl} -6-chloro-9H-purine

To a solution of the compound obtained in step 4 (2.61 g) in ethylene glycol
dimethyl ether (72.0 mL), N,N-diisopropylethylamine (1.89 mL) and tert-
butyldimethylsilyl trifluoromethanesulfonate (1.24 mL) were added, and the reaction
mixture was stirred under the nitrogen atmosphere at room temperature for 1.5 hours.
A saturated aqueous solution of sodium hydrogen carbonate was added the reaction
mixture to quench the reaction, and the resultant was then subjected to extraction
with dichloromethane. After the organic layer was dried over anhydrous sodium
sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (1.10 g).
"H-NMR (CDCl3) &: 8.35 (1H, s), 8.12-8.10 (2H, m), 7.60-7.56 (1H, m), 7.46-7.42
(2H, m), 7.37-7.35 (2H, m), 7.28-7.20 (7H, m), 6.81-6.75 (4H, m), 6.00 (1H, d, J=4.8
Hz), 5.50 (2H, s), 4.69 (1H, q, J=5.6 Hz), 4.39 (1H, dd, J=5.1, 3.9 Hz), 4.16 (1H, q,
J=3.8 Hz), 3.77 (6H, s), 3.45 (1H, dd, J=10.6, 3.3 Hz), 3.31 (1H, dd, J=10.9, 4.2 Hz),
3.06 (1H, d, J=6.7 Hz), 0.86 (9H, s), 0.04 (3H, s), -0.02 (3H, s).
[0503]
(Step 6)
2-[(Benzoyloxy)methyl]-9-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-
butyl(dimethyl)silyl]-2-O-{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl} - 3-
D-ribofuranosyl)-6-chloro-9H-purine

With use of the compound obtained in step 5 (511 mg), the reaction was

performed in the same manner as in step 6 of Example 1 to afford the title compound
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(569 mg) as a mixture of diastereomers at the phosphorus atom (diasterecomer ratio =
6:4).
"H-NMR (CDCl3) &: 8.43 (0.6H, s), 8.39 (0.4H, s), 8.10 (2H, d, J=7.9 Hz), 7.58 (1H,
t, J=7.6 Hz), 7.47-7.38 (4H, m), 7.31-7.18 (7H, m), 6.82-6.78 (4H, m), 6.25 (0.4H, d,
J=4.8 Hz), 6.21 (0.6H, d, J=4.8 Hz), 5.49 (1H, d, J=13.9 Hz), 5.45 (1H, d, 13.9 Hz),
4.98-4.93 (0.6H, m), 4.83-4.78 (0.4H, m), 4.45 (0.6H, t, J=4.2 Hz), 4.36 (0.4H, t,
J=4.2 Hz), 4.21-4.17 (1H, m), 3.78 (6H, s), 3.76-3.32 (6H, m), 2.46 (1.2H, t, J=6.3
Hz), 2.30 (0.8H, t, J=6.3 Hz), 1.28-0.86 (12H, m), 0.825 (5.4H, s), 0.815 (3.6H, s),
0.08 (1.8H, s), 0.04 (1.2H, s), -0.01 (1.8H, s), -0.02 (1.2H, s).
[0504]
(Step 7)
N,N-Diethylethaneaminium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{2-
[(benzoyloxy)methyl]-6-chloro-9H-purin-9-yl}-14-(6-benzoyl-6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silyl]oxy} -
10-(2-cyanoethoxy)-2-oxo-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-
2)°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-thiolate
The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 2.72 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 6 (3.03 g), the reaction was performed
in the same manner as in step 8 of Example 1 and step 9 of Example 1 to afford
diastereomer 1 (351 mg) and diasterecomer 2 (351 mg) of the title compound.
Diastereomer 1 (less polar)
MS(ESm/z: 1268(M+H)".
'H-NMR (CD3OD) &: 9.30 (1H, s), 8.14 (2H, d, J=7.3 Hz), 7.99 (1H, s), 7.64 (1H, t,
J=7.3 Hz), 7.52 (2H, t, J=7.9 Hz), 7.40-7.36 (2H, m), 7.30-7.23 (4H, m), 6.43 (1H, d,
J=8.5 Hz), 6.37 (1H, d, J=3.0 Hz), 5.62-5.56 (1H, m), 5.62 (2H, s), 5.06-5.01 (1H,
m), 4.83 (1H, dd, J=4.5, 2.7 Hz), 4.69 (1H, d, J=4.2 Hz), 4.49-4.28 (7H, m), 4.08
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(1H, dd, J=12.1, 4.8 Hz), 3.81-3.70 (1H, m), 3.46-3.38 (1H, m), 3.17-3.10 (8H, m),
2.29-2.23 (4H, m), 1.28 (9H, t, J=7.3 Hz), 0.91 (9H, s), 0.90 (9H, s), 0.29 (3H, s),
0.20 (3H, s), 0.16 (3H, s), 0.11 (3H, s).

Diastereomer 2 (more polar)

MS(ESDm/z: 1268(M+H)".

'H-NMR (CD3;0D) &: 8.97 (1H, s), 8.14 (2H, d, J=8.5 Hz), 7.94 (1H, s), 7.68-7.63
(1H, m), 7.55-7.50 (2H, m), 7.39-7.36 (2H, m), 7.26-7.21 (4H, m), 6.41 (1H, d, J=7.9
Hz), 6.21 (1H, d, J=5.4 Hz), 5.64 (1H, d, J=15.1 Hz), 5.57 (1H, d, J=15.1 Hz), 5.25-
5.18 (2H, m), 5.13-5.10 (1H, m), 5.04-5.01 (1H, m), 4.94-4.78 (3H, m), 4.51 (1H, t,
J=10.9 Hz), 4.33-4.06 (6H, m), 3.15 (6H, q, J=7.3 Hz), 3.08-2.96 (2H, m), 2.84-2.71
(2H, m), 2.25-2.19 (2H, m), 1.28 (9H, t, J=7.3 Hz), 0.91 (9H, s), 0.79 (9H, s), 0.19
(6H, s), 0.14 (3H, 5)-0.07 (3H, s).

[0505]

(Step 8-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[ 6-amino-
2-(hydroxymethyl)-9H-purin-9-yl]-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A>, 10A.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 7 (diastereomer 1) (37.3 mg)
in methanol (0.500 mL), 28% aqueous solution of ammonia (0.500 mL) was added,
and the reaction mixture was stirred in a shield tube at 60°C for 3 hours. The
reaction mixture was directly purified by preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile, acetonitrile: 35% - 55% (0 min -
30 min)] to afford the title compound (22.0 mg: with impurities).

MS(ESm/z: 988(M+H)".
[0506]
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(Step 8-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[6-amino-
2-(hydroxymethyl)-9H-purin-9-yl]-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 7 (diastereomer 2) (37.7 mg)
in tetrahydrofuran (0.500 mL), 28% aqueous solution of ammonia (0.500 mL) was
added, and the reaction mixture was stirred in a shield tube at 60°C for 3 hours.
Thereto, 28% aqueous solution of ammonia (0.500 mL) was further added, and the
reaction mixture was further stirred for 3 hours. Thereto, 28% aqueous solution of
ammonia (0.500 mL) was further added, and the reaction mixture was further stirred
overnight. The reaction mixture was directly purified by preparative HPLC [10
mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 20% -
50% (0 min - 30 min)] to afford the title compound (19.3 mg).

MS(ESDm/z: 988(M+H)".

'H-NMR (CD3;0D) &: 8.64 (1H, s), 8.02 (1H, s), 7.09 (1H, s), 6.35 (2H, d, J=7.9 Hz),
5.48-5.41 (2H, m), 5.26-5.19 (1H, m), 5.00-4.95 (2H, m), 4.70-4.53 (4H, m), 4.22
(1H, s), 4.06 (1H, dd, J=12.1, 4.8 Hz), 3.91-3.86 (1H, m), 3.53-3.48 (2H, m), 3.18
(12H, q, J=7.3 Hz), 2.92 (2H, t, J=5.4 Hz), 2.04-1.99 (2H, m), 1.29 (18H, t, J=7.3
Hz), 1.00 (9H, s), 0.74 (9H, s), 0.28 (6H, s), 0.21 (3H, s), -0.06 (3H, s).

[0507]

(Step 9-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-amino-2-(hydroxymethyl)-9H-
purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of the compound obtained in step 8-1 (22.0 mg: with impurities), the
reaction was performed in the same manner as in step 11 of Example 1, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (8.0 mg).

MS(ESDm/z: 760(M+H)".

'H-NMR (CD3OD) &: 8.70 (1H, s), 8.03 (1H, s), 7.14 (1H, s), 6.39 (1H, d, J=8.5 Hz),
6.29 (1H, d, J=3.6 Hz), 5.40-5.35 (1H, m), 5.15 (1H, dt, J=9.1, 3.8 Hz), 4.84 (1H, d,
J=3.6 Hz), 4.80 (1H, t, J=4.5 Hz), 4.57 (2H, s), 4.51-4.43 (2H, m), 4.38-4.31 (2H,
m), 4.09-4.00 (2H, m), 3.52-3.48 (2H, m), 2.89-2.76 (2H, m), 2.01-1.97 (2H, m).
3IP-NMR (CDs0D) &: 58.1 (s), 54.4 (s).

[0508]

(Step 9-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-amino-2-(hydroxymethyl)-9H-
purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 8-2 (19.3 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and purification was then
performed under the following [Purification Conditions] to afford the title compound
as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of

triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)].
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The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (6.5 mg).

MS(ESDm/z: 760(M+H)".

"H-NMR (CD3;0D) §: 8.76 (1H, s), 8.05 (1H, s), 7.18 (1H, s), 6.38 (1H, d, J=8.5 Hz),
6.33 (1H, d, J=6.7 Hz), 5.49-5.43 (2H, m), 4.81 (1H, dd, J=6.3, 4.5 Hz), 4.58 (2H, s),
4.51-4.29 (5H, m), 4.04 (1H, d, J=12.1 Hz), 3.93-3.88 (1H, m), 3.54-3.52 (2H, m),
2.92 (2H, t, J=5.4 Hz), 2.05-2.00 (2H, m).

3IP-NMR (CD30D) &: 63.0 (s), 60.3 (s).

[0509]

Example 13: Synthesis of CDN13
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-[(2-aminoethyl)amino]-9H-purin-9-yl} -
15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0510]

H = O—P-SH
N N it
(v
H,N
? 13
13a (Diastereomer 1)
13b (Diastereomer 2)
[0511]

[Synthesis Scheme]
[0512]
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HO OH TBS-O OH
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NN
HO 3
N o N_z
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) _N

O 0-TBS O-P-SH
H.p c— N o
0" "OH N—
N H
$” 1B NN Na' O N
=P o} Step 6-1 S-pP o}

o
5 \N_,/N ogsf”(\/ rH(\/ 5"{:2‘\‘ o—(F')—SNa+
HoN HoN
[0513]
(Step 1)

9-{5-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-butyl(dimethyl)silyl]-3-D-

ribofuranosyl}-6-chloro-9H-purine
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With use of 9-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]--D-
ribofuranosyl}-6-chloro-9H-purine (15.3 g) as a compound known in the literature (J.
Org. Chem. 2000, 65, 5104-5113), the reaction was performed in the same manner as
in step 3 of Example 5 to afford the title compound (8.44 g) and 9-{5-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-B-D-ribofuranosyl} -
6-chloro-9H-purine (5.77 g) as a regioisomer of the title compound.

MS(ESDm/z: 703(M+H)".

"H-NMR (CDCl3) &: 8.71 (1H, s), 8.37 (1H, s), 7.40-7.37 (2H, m), 7.31-7.19 (7H,
m), 6.82-6.78 (4H, m), 6.06 (1H, d, J=4.9 Hz), 4.79-4.74 (1H, m), 4.59 (1H, dd,
J=4.9,3.9 Hz), 4.20 (1H, dd, J=3.9, 1.9 Hz), 3.79 (3H, s), 3.78 (3H, s), 3.52 (1H, dd,
J=10.7, 3.4 Hz), 3.29 (1H, dd, J=10.7, 3.9 Hz), 3.08 (1H, d, J=6.8 Hz), 0.90 (9H, s),
0.10 (3H, s), 0.03 (3H, s).

Regioisomer (2'-O-TBS form)

MS(ESD)m/z: 703(M+H)".

"H-NMR (CDCls) &: 8.67 (1H, s), 8.36 (1H, s), 7.46-7.42 (2H, m), 7.36-7.20 (7H,
m), 6.84-6.80 (4H, m), 6.11 (1H, d, J=5.4 Hz), 5.00-4.97 (1H, m), 4.40-4.35 (1H, m),
4.31-4.28 (1H, m), 3.79 (3H, s), 3.79 (3H, s), 3.52 (1H, dd, J=10.7, 2.9 Hz), 3.42
(1H, dd, J=10.7, 3.9 Hz), 2.68 (1H, d, J=3.9 Hz), 0.84 (9H, s), 0.00 (3H, s), -0.16
(3H, s).

[0514]

(Step 2)
9-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-butyl(dimethyl)silyl]-2-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl} -B-D-ribofuranosyl)-6-chloro-
9H-purine

With use of the compound obtained in step 1 (5.39 g), the reaction was

performed in the same manner as in step 4 of Example 5 to afford the title compound



10

15

20

25

- 239 -

(5.78 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
1:1).

MS(ESDm/z: 903(M+H)".

'H-NMR (CDCl3) &: 8.69 (0.5H, s), 8.67 (0.5H, s), 8.43 (0.5H, s), 8.41 (0.5H, s),
7.43-7.37 (2H, m), 7.32-7.19 (7H, m), 6.83-6.78 (4H, m), 6.30 (0.5H, d, J=4.4 Hz),
6.21 (0.5H, d, J=4.9 Hz), 5.06-5.00 (0.5H, m), 4.86-4.80 (0.5H, m), 4.56-4.50 (1H,
m), 4.27-4.20 (1H, m), 3.79 (6H, s), 3.75-3.62 (1H, m), 3.57-3.46 (4H, m), 3.30 (1H,
dt, J=10.7, 3.9 Hz), 2.50 (1H, t, J=6.3 Hz), 2.37 (1H, t, J=6.6 Hz), 1.13-1.06 (9H, m),
0.90 (1.5H, s), 0.89 (1.5H, s), 0.86 (4.5H, s), 0.85 (4.5H, s), 0.12 (1.5H, s), 0.08
(1.5H, s), 0.02 (1.5H, s), 0.02 (1.5H, s).

[0515]

(Step 3)

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 1.84 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 2 (1.62 g), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was
directly used for the subsequent reaction.

[0516]

(Step 4)
3-{[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-7-
(6-chloro-9H-purin-9-yl)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-
5,8-methano-2A° 10\>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-
10-ylJoxy } propanenitrile

With use of the crude product obtained in step 3, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (626 mg)

as a mixture of diastereomers at the phosphorus atom.
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MS(ESDm/z: 1134(M+H)".

[0517]

(Step 5)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 4 (299 mg: a mixture of
diastereomers) in ethanol (10 mL), ethylenediamine (0.352 mL) and triethylamine
(0.735 mL) were added, and the reaction mixture was stirred at 60°C for 15 hours.
After the reaction mixture was concentrated under reduced pressure, the residue was
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] to afford diastereomer 1 (122 mg: with
impurities) and diastereomer 2 (111 mg: with impurities) of the title compound.
Diastereomer 1 (less polar)

MS(ESDm/z: 1001(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1001(M+H)".

[0518]

(Step 6-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-[(2-aminoethyl)amino]-9H-
purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

(Diastereomer 1)
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With use of the compound obtained in step 5 (diastereomer 1) (122 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (29.6 mg).
MS(ESDm/z: 773(M+H)".
'H-NMR (CD;OD) &: 8.77 (1H, s), 8.27 (1H, s), 8.03 (1H, s), 7.10 (1H, s), 6.35 (1H,
d, J=8.5 Hz), 6.27 (1H, d, J=4.8 Hz), 5.41 (1H, ddd, J=7.9, 4.2, 2.1 Hz), 5.21-5.14
(1H, m), 4.84-4.77 (2H, m), 4.49-4.38 (2H, m), 4.35-4.26 (2H, m), 4.09-3.99 (2H,
m), 3.92-3.80 (2H, m), 3.51-3.45 (2H, m), 3.22 (2H, t, J=6.0 Hz), 2.89-2.81 (2H, m),
2.02-1.94 (2H, m).
3IP-NMR (CD30D) 8: 57.8 (s), 55.0 (s).
[0519]
(Step 6-2)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-[(2-aminoethyl)amino]-9H-
purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 5 (diastereomer 2) (119 mg: with

impurities), the reaction was performed in the same manner as in step 11 of Example
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1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (15.6 mg).

MS(ESDm/z: 773(M+H)".

'H-NMR (CD3OD) &: 8.83 (1H, s), 8.27 (1H, s), 8.02 (1H, s), 7.10 (1H, s), 6.35 (1H,
d, J=7.9 Hz), 6.32 (1H, d, J=6.7 Hz), 5.55-5.43 (2H, m), 4.81 (1H, dd, J=7.0, 4.5 Hz),
4.52-4.29 (5H, m), 4.06-4.00 (1H, m), 3.93-3.80 (3H, m), 3.52-3.47 (2H, m), 3.21
(2H, t, J=5.7 Hz), 2.94-2.88 (2H, m), 2.05-1.96 (2H, m).

3IP-NMR (CDs0D) &: 63.1 (s), 60.1 (s).

[0520]

Example 14: Synthesis of CDN14
(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-7-{6-[(2-
hydroxyethyl)amino]-9H-purin-9-yl1}-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-24>,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0521]
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14
14a (Diastereomer 1)
14b (Diastereomer 2)

[0522]
[Synthesis Scheme]
[0523]

N%Nr(;\\ 0 o-TBS M\N-’(;l\\ o o-TBS
= O-P-SH H )= 0-P-8
Cl— N o) N— N o) Nf N(
N—7 g N—7 rH\/(H\/
HO
N H
Na® © N/T\ N
Step21 “g-p 0
Step 2-2 O N .
0 pHL< Nz
T———— — :\M“J?"
N7TN Ol\ @ OH
H = 0-P-s” ,
N—, N o Na
§
HO
[0524]
(Step 1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-

bis{[tert-butyl(dimethyl)silylJoxy}-7-{6-[(2-hydroxyethyl)amino]-9H-purin-9-yl}-
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2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound obtained in step 4 of Example 13 (313 mg) in
ethanol (10 mL), 2-aminoethanol (0.330 mL) and triethylamine (0.769 mL) were
added, and the reaction mixture was stirred at 60°C for 15 hours. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by C18
silica gel column chromatography [10 mM aqueous solution of triethylammonium
acetate/acetonitrile] to afford diastereomer 1 (111 mg: with impurities) and
diastereomer 2 (102 mg: with impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1002(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1002(M+H)".

[0525]

(Step 2-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-{6-[(2-
hydroxyethyl)amino]-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 1 (diastereomer 1) (111 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous

solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
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aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (47.1 mg).

MS(ESDm/z: 774(M+H)".

"H-NMR (CD3;0D) §: 8.70 (1H, s), 8.22 (1H, s), 8.03 (1H, s), 7.10 (1H, s), 6.34 (1H,
d, J=8.5 Hz), 6.29 (1H, d, J=4.8 Hz), 5.41-5.34 (1H, m), 5.19-5.13 (1H, m), 4.84
(1H, d, J=4.2 Hz), 4.79 (1H, dd, J=4.8, 2.4 Hz), 4.52-4.41 (2H, m), 4.39-4.31 (2H,
m), 4.07-3.96 (2H, m), 3.81-3.66 (4H, m), 3.52-3.47 (2H, m), 2.90-2.77 (2H, m),
2.03-1.95 (2H, m).

3IP-NMR (CDs0D) &: 57.9 (s), 54.4 (s).

[0526]

(Step 2-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-{6-[(2-
hydroxyethyl)amino]-9H-purin-9-yl1}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 1 (diastereomer 2) (102 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0

min - 40 min)].
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The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (27.1 mg).

MS(ESDm/z: 774(M+H)".

"H-NMR (CD3;0D) §: 8.78 (1H, s), 8.22 (1H, s), 8.02 (1H, s), 7.12 (1H, s), 6.34 (1H,
d, J=1.8 Hz), 6.32 (1H, s), 5.52-5.42 (2H, m), 4.80 (1H, dd, J=6.7, 4.8 Hz), 4.50-4.28
(5H, m), 4.05-3.98 (1H, m), 3.93-3.86 (1H, m), 3.81-3.68 (4H, m), 3.53-3.47 (2H,
m), 2.95-2.88 (2H, m), 2.05-1.98 (2H, m).

3IP-NMR (CD30D) &: 63.0 (s), 60.2 (s).

[0527]

Example 15: Synthesis of CDN15
N-[2-({9-[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-2,10-dioxo-2,10-
bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-6-
yl}amino)ethyl]-2-hydroxyacetamide

[0528]

N ~
N” Nl}\ Q
Hf O-P-SH
N 11
& N2 ©
HO
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H

o]
15

15a (Diastereomer 1)

[0529]
[Synthesis Scheme]
[0530]
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[0531]
(Step 1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-(6-{[2-(2-
hydroxyacetamide)ethyl]amino } -9H-purin-9-yl)-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

With use of the compound obtained in step 6-2 of Example 13 (10.0 mg), the
reaction was performed in the same manner as in step 1-1 of Example 7, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 35% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (6.6 mg).

MS(ESDm/z: 831(M+H)".
"H-NMR (CD30D) &: 8.78 (1H, s), 8.24 (1H, s), 8.02 (1H, s), 7.12 (1H, s), 6.33 (2H,
d, J=6.7 Hz), 5.52-5.42 (2H, m), 4.80 (1H, dd, J=6.7, 4.2 Hz), 4.50-4.27 (5H, m),
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4.04-3.98 (1H, m), 3.95 (2H, s), 3.93-3.86 (1H, m), 3.83-3.73 (2H, m), 3.58-3.46
(4H, m), 2.95-2.88 (2H, m), 2.05-1.98 (2H, m).

3IP-NMR (CD30D) &: 63.1 (s), 60.4 (s).

[0532]

Example 16: Synthesis of CDN16
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{2-Amino-6-[(2-hydroxyethyl)amino]-9H-
purin-9-yl}-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0533]
N H
N//_\ N
}
HS-P o]
o oH \\&N P
NT NN o oH
— |
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HO

16
16a (Diastereomer 1)

16b (Diastereomer 2)

[0534]
[Synthesis Scheme]
[0535]
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[0536]
(Step 1)

2-Acetamido-2',3',5'-tri-O-acetyl-N-(2- {[tert-
butyl(dimethyl)silyl]oxy}ethyl)adenosine

To a solution of commercially available (Tokyo Chemical Industry Co., Ltd.)
6-chloro-9-B-D-ribofuranosyl-9H-purin-2-amine (5.00 g) in ethanol (30 mL), 2-
{[tert-butyl(dimethyl)silylJoxy}ethan-1-amine (3.49 g) and N,N-



10

15

20

25

- 250 -

diisopropylethylamine (4.33 mL) were added, and the reaction mixture was stirred at
80°C for 65 hours.  After the reaction mixture was concentrated under reduced
pressure, pyridine (15 mL) and acetic anhydride (15 mL) were added to the residue,
and the reaction mixture was stirred at 70°C for 4 hours.  After the reaction mixture
was concentrated under reduced pressure, saturated aqueous solution of sodium
hydrogen carbonate was added to the reaction mixture, which was subjected to
extraction with ethyl acetate. ~After the organic layer was dried over anhydrous
sodium sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (8.91 g).
MS(ESDm/z: 609(M+H)".
'H-NMR (CDCls) &: 7.84 (1H, s), 7.77 (1H, s), 6.14 (1H, brs), 6.03 (1H, d, J=4.8
Hz), 5.92 (1H, t, J=5.1 Hz), 5.72 (1H, t, J=5.1 Hz), 4.50-4.40 (2H, m), 4.35 (1H, dd,
J=11.8,4.5 Hz), 3.83 (2H, t, J=5.1 Hz), 3.76-3.63 (2H, m), 2.54 (3H, s), 2.14 (3H, s),
2.10 (6H, s), 0.91 (9H, s), 0.07 (6H, s).
[0537]
(Step 2)
2-Acetamido-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-N-(2- {[tert-
butyl(dimethyl)silyl]oxy}ethyl)adenosine

To a solution of the compound obtained in step 1 (4.00 g) in dichloromethane
(40 mL), a methanol solution of sodium methoxide (1.0 M, 6.64 mL) were added,
and the reaction mixture was stirred at 0°C for 1 hour. After acetic acid (0.413 mL)
and pyridine (0.5 mL) were added to the reaction mixture to quench the reaction, the
reaction mixture was concentrated under reduced pressure. Pyridine was added to
the residue, and the resultant was then partially concentrated under reduced pressure
to prepare a pyridine solution (approximately 20 mL). To this solution, 4,4'-

dimethoxytrityl chloride (4.68 g) was added at 0°C, and the reaction mixture was
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stirred at the same temperature for 30 minutes, and then stored at 4°C overnight.
Methanol (2 mL) was added to the reaction mixture, which was stirred for 30
minutes, and then concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate/methanol/0.1%
triethylamine] to afford the title compound (4.41 g).
MS(ESDm/z: 785(M+H)".
"H-NMR (CDCl3) &: 7.97 (1H, s), 7.90 (1H, s), 7.21-7.08 (9H, m), 6.73-6.67 (4H,
m), 6.14 (1H, s), 5.88 (1H, d, J=6.7 Hz), 4.91-4.85 (1H, m), 4.46 (1H, t, J=3.0 Hz),
4.32 (1H, d, J=5.4 Hz), 3.86-3.80 (2H, m), 3.76 (3H, s), 3.76 (3H, s), 3.70-3.66 (1H,
m), 3.42-3.34 (2H, m), 3.13 (1H, dd, J=10.6, 2.7 Hz), 2.24 (3H, s), 0.90 (9H, s), 0.07
(3H, s), 0.07 (3H, s). (only observable peaks are shown)
[0538]
(Step 3)
2-Acetamido-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-N-(2-{[tert-butyl(dimethyl)silyl]oxy}ethyl)adenosine

With use of the compound obtained in step 2 (4.41 g), the reaction was
performed in the same manner as in step 3 of Example 5 to afford the title compound
(1.75 g) and 2-acetamido-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[tert-
butyl(dimethyl)silyl]-N-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)adenosine (1.31 g)
as a regioisomer of the title compound.
MS(ESI)m/z: 899(M+H)".
'H-NMR (CDCl3) &: 7.89 (1H, s), 7.69 (1H, brs), 7.39-7.34 (2H, m), 7.29-7.18 (7H,
m), 6.80-6.75 (4H, m), 6.11 (1H, brs), 5.89 (1H, d, J=5.4 Hz), 4.65 (1H, dd, J=5.4,
2.7Hz),4.43 (1H, dd, J=5.1, 3.3 Hz), 4.19-4.15 (1H, m), 3.83 (2H, dd, J=5.4, 2.7
Hz), 3.77 (6H, s), 3.74-3.63 (2H, m), 3.40 (1H, dd, J=10.9, 3.6 Hz), 3.22 (1H, dd,
J=10.9, 3.9 Hz), 2.43 (3H, s), 0.90 (9H, s), 0.88 (9H, s), 0.10 (3H, s), 0.06 (6H, s),

0.03 (3H, s). (only observable peaks are shown)
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Regioisomer (2'-O-TBS form)
MS(ESDm/z: 899(M+H)".
"H-NMR (CDCl3) &: 7.84 (1H, s), 7.52 (1H, brs), 7.48-7.44 (2H, m), 7.37-7.32 (4H,
m), 7.29-7.18 (3H, m), 6.83-6.78 (4H, m), 6.12 (1H, brs), 5.89 (1H, d, J=6.0 Hz),
4.96-4.89 (1H, m), 4.32-4.27 (1H, m), 4.24 (1H, dd, J=3.2, 1.6 Hz), 3.84 (2H, dd,
J=5.4,2.7 Hz), 3.78 (6H, s), 3.75-3.65 (2H, m), 3.48 (1H, dd, J=10.6, 2.7 Hz), 3.35
(1H, dd, J=10.6, 3.6 Hz), 2.72 (1H, d, J=3.0 Hz), 2.37 (3H, s), 0.91 (9H, s), 0.84 (9H,
s), 0.07 (6H, s), -0.01 (3H, s), -0.17 (3H, s).
[0539]
(Step 4)
2-Acetamido-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-N-(2- {[tert-butyl(dimethyl)silylJoxy } ethyl)-2'-O-{(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}adenosine

With use of the compound obtained in step 3 (1.75 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound
(2.08 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).
MS(ESDm/z: 1099(M+H)".
"H-NMR (CDCl3) &: 7.90 (0.6H, s), 7.88 (0.4H, s), 7.61 (1H, d, J=7.3 Hz), 7.45-7.18
(9H, m), 6.81 (4H, m), 6.10 (0.6H, d, J=5.4 Hz), 6.09 (1H, brs), 6.06 (0.4H, d, J=4.8
Hz), 4.95-4.85 (0.6H, m), 4.76-4.69 (0.4H, s), 4.45-4.41 (0.6H, m), 4.40-4.36 (0.4H,
m), 4.19-4.13 (1H, m), 3.86-3.80 (2H, m), 3.78 (6H, s), 3.75-3.41 (8H, m), 3.32-3.22
(1H, m), 2.55-2.45 (3H, m), 2.36-2.30 (1H, m), 1.30-1.10 (9H, m), 0.92 (1.2H, d,
J=6.7 Hz), 0.90 (9H, s), 0.85 (9H, s), 0.76 (1.8H, d, J=6.7 Hz), 0.10 (1.8H, s), 0.07
(1.2H, s), 0.06 (6H, s), 0.00 (3H, s).
[0540]
(Step 5)
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The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 981 mg). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 4 (1.05 g), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was
directly used for the subsequent reaction.

[0541]

(Step 6)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
y1]-6-[(2-{[tert-butyl(dimethyl)silyl]oxy} ethyl)amino]-9H-purin-2-yl} acetamide

With use of the crude product obtained in step 5, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (413 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1330(M+H)".

[0542]

(Step 7)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{2-amino-
6-[(2-{[tert-butyl(dimethyl)silylJoxy} ethyl)Jamino]-9H-purin-9-yl}-15,16-bis {[ tert-
butyl(dimethyl)silyl]Joxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

The compound obtained in step 6 (413 mg) was dissolved in methanol (5 mL)
and 28% ammonia water (5 mL), and the reaction mixture was stirred at room
temperature for 63 hours. After the reaction mixture was concentrated under

reduced pressure, the residue was simply purified by C18 silica gel column
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chromatography [10 mM aqueous solution of triethylammonium acetate/acetonitrile],
and diastereomer 1 with less polar and diastereomer 2 with more polar were
separated from each other. The diastereomers were each again dissolved in
methanol (5 mL) and 28% ammonia water (5 mL), and each reaction mixture was
stirred at 100°C for 2 days. After each reaction mixture was concentrated under
reduced pressure, each residue was purified by C18 silica gel column
chromatography [10 mM aqueous solution of triethylammonium acetate/acetonitrile]
to afford diastereomer 1 (70.4 mg: with impurities) and diastereomer 2 (65.1 mg:
with impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1131(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1131(M+H)".

[0543]

(Step 8-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{2-amino-6-[(2-
hydroxyethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)

With use of the compound obtained in step 7 (diastereomer 1) (70.4 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous

solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM



10

15

20

25

- 255 -

aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (20.8 mg).

MS(ESDm/z: 789(M+H)".

"H-NMR (CD3;0D) &: 8.24 (1H, s), 8.02 (1H, s), 7.09 (1H, s), 6.29 (1H, d, J=4.2 Hz),
6.12 (1H, d, J=8.5 Hz), 5.46-5.39 (1H, m), 5.22-5.15 (1H, m), 4.84 (1H, d, J=3.6
Hz), 4.80 (1H, t, J=4.5 Hz), 4.50-4.32 (3H, m), 4.32-4.28 (1H, m), 4.12-3.98 (2H,
m), 3.74 (2H, t, J=5.4 Hz), 3.68-3.60 (2H, m), 3.48 (2H, t, J=5.4 Hz), 2.87-2.70 (2H,
m), 2.01-1.93 (2H, m).

3IP-NMR (CDs0D) &: 57.8 (s), 54.1 (s).

[0544]

(Step 8-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{2-amino-6-[(2-
hydroxyethyl)amino]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 7 (diastereomer 2) (65.1 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM

aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
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min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 0% - 60% (0 min - 40 min)].
The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
5  afford the title compound (7.9 mg).
MS(ESDm/z: 789(M+H)".
"H-NMR (CD3;0D) &: 8.39 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.33 (1H, d, J=6.7 Hz),
6.13 (1H, d, J=8.5 Hz), 5.51-5.40 (2H, m), 4.83-4.78 (1H, m), 4.51-4.29 (4H, m),
4.28-4.23 (1H, m), 4.07-4.00 (1H, m), 3.94-3.87 (1H, m), 3.75 (2H, t, J=5.7 Hz),
10 3.69-3.62 (2H, m), 3.53-3.47 (2H, m), 2.91 (2H, t, J=5.7 Hz), 2.05-1.97 (2H, m).
3IP-NMR (CD30D) &: 62.9 (s), 60.3 (s).
[0545]
Example 17: Synthesis of CDN17
(5R,7R,8R,12aR,14R,15R,15a8S,16R)-15,16-Dihydroxy-7-[6-(hydroxymethyl)-9H-
15  purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0546]

N%N'[Oj\\ O OH
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17
17a (Diastereomer 1)
17b (Diastereomer 2)

20 [0547]
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[Synthesis Scheme]
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[0549]
(Step 1)
6-[(Benzoyloxy)methyl]-9-{2,3,5-tris-O-[tert-butyl(dimethyl)silyl]-B-D-

ribofuranosyl}-9H-purine
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With use of 6-chloro-9-{2,3,5-tris-O-[tert-butyl(dimethyl)silyl]-B-D-
ribofuranosyl}-9H-purine (10.7 g) as a compound known in the literature (J. Org.
Chem. 1997, 62, 6833-6841), the reaction was performed in the same manner as in
step 2 of Example 12 to afford the title compound (10.4 g).

MS(ESDm/z: 729(M+H)".

'H-NMR (CDCl3) &: 8.94 (1H, s), 8.50 (1H, s), 8.18-8.13 (2H, m), 7.60-7.54 (1H,
m), 7.48-7.41 (2H, m), 6.13 (1H, d, J=4.2 Hz), 5.88 (2H, s), 4.63 (1H, dd, J=4.5, 2.1
Hz), 4.34 (1H, dd, J=4.2, 2.1 Hz), 4.17-4.14 (1H, m), 4.04 (1H, dd, J=11.5, 3.6 Hz),
3.80 (1H, dd, J=11.5, 2.4 Hz), 0.94 (9H, s), 0.93 (9H, s), 0.80 (9H, s), 0.14 (3H, s),
0.13 (3H, s), 0.11 (3H, s), 0.10 (3H, s), -0.02 (3H, s), -0.20 (3H, 5).

[0550]

(Step 2)
6-[(Benzoyloxy)methyl]-9-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-B-D-
ribofuranosyl}-9H-purine

To a solution of the compound obtained in step 1 (10.3 g) in tetrahydrofuran
(50 mL), a tetrahydrofuran solution of tetrabutylammonium fluoride (approximately
1 M, 49.4 mL) was added, and the reaction mixture was stirred at 0°C for 4 hours.
Acetic acid (2.83 mL) was added to the reaction mixture, which was then
concentrated under reduced pressure. The residue was partially purified by silica
gel column chromatography [dichloromethane/methanol]. To a solution of the
crude product in pyridine (50 mL), 4,4'-dimethoxytrityl chloride (10.1 g) was added
at 0°C, and the reaction mixture was stirred at 4°C overnight. Methanol (2 mL) was
added to the reaction mixture, which was stirred for 1 hour. Saturated aqueous
solution of sodium hydrogen carbonate was added to the reaction mixture, which was
subjected to extraction with dichloromethane. After the organic layer was dried
over anhydrous sodium sulfate, the drying agent was removed through filtration, and

the filtrate was concentrated under reduced pressure. The residue was purified by
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silica gel column chromatography [hexane/ethyl acetate/0.1% triethylamine] to
afford the title compound (4.62 g).
MS(ESDm/z: 689(M+H)".
'H-NMR (CDCl3) &: 8.91 (1H, s), 8.33 (1H, s), 8.15-8.11 (2H, m), 7.60-7.54 (1H,
m), 7.46-7.40 (2H, m), 7.27-7.12 (9H, m), 6.75-6.70 (4H, m), 6.04 (1H, d, J=6.0 Hz),
5.88 (2H, s), 5.43 (1H, brs), 4.90-4.84 (1H, m), 4.48-4.41 (2H, m), 3.76 (6H, s), 3.44
(1H, dd, J=10.6, 3.3 Hz), 3.30 (1H, dd, J=10.6, 3.3 Hz), 3.09 (1H, brs).
[0551]
(Step 3)
6-[(Benzoyloxy)methyl]-9-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-
butyl(dimethyl)silyl]--D-ribofuranosyl } -9H-purine

With use of the compound obtained in step 2 (4.53 g), the reaction was
performed in the same manner as in step 3 of Example 5 to afford the title compound
(2.09 g) and 6-[(benzoyloxy)methyl]-9-{5-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-B-D-ribofuranosyl} -
9H-purine (1.81 g) as a regioisomer of the title compound.
MS(ESI)m/z: 803(M+H)".
"H-NMR (CDCls) 8: 8.92 (1H, s), 8.32 (1H, s), 8.16-8.12 (2H, m), 7.60-7.54 (1H,
m), 7.47-7.36 (4H, m), 7.31-7.17 (7TH, m), 6.81-6.76 (4H, m), 6.07 (1H, d, J=4.8 Hz),
5.87 (2H, s), 4.81-4.74 (1H, m), 4.62-4.57 (1H, m), 4.22-4.17 (1H, m), 3.77 (6H, s),
3.52 (1H, dd, J=10.9, 3.6 Hz), 3.26 (1H, dd, J=10.9, 3.6 Hz), 3.12 (1H, d, J=6.7 Hz),
0.89 (9H, s), 0.09 (3H, s), 0.02 (3H, s).
Regioisomer (2'-O-TBS form)
MS(ESDm/z: 803(M+H)".
"H-NMR (CDCl3) &: 8.87 (1H, s), 8.31 (1H, s), 8.17-8.13 (2H, m), 7.60-7.55 (1H,
m), 7.48-7.42 (4H, m), 7.35-7.31 (4H, m), 7.28-7.17 (3H, m), 6.83-6.78 (4H, m),
6.12 (1H, d, J=5.4 Hz), 5.88 (2H, s), 4.99 (1H, dd, J=5.1, 2.6 Hz), 4.40-4.34 (1H, m),
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4.28 (1H, dd, J=3.6, 2.0 Hz), 3.77 (6H, s), 3.53 (1H, dd, J=10.9, 3.0 Hz), 3.40 (1H,
dd, J=10.9, 3.9 Hz), 2.68 (1H, d, J=4.8 Hz), 0.84 (9H, s), 0.00 (3H, s), -0.14 (3H, s).
[0552]

(Step 4)
6-[(Benzoyloxy)methyl]-9-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-
butyl(dimethyl)silyl]-2-O-{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-[3-
D-ribofuranosyl)-9H-purine

With use of the compound obtained in step 3 (2.04 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound
(2.37 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
56:44).

MS(ESDm/z: 1003(M+H)".

'H-NMR (CDCls) &: 8.88 (0.44H, s), 8.87 (0.56H, s), 8.37 (0.44H, s), 8.35 (0.56H,
s), 8.16-8.11 (2H, m), 7.60-7.54 (1H, m), 7.47-7.38 (4H, m), 7.33-7.16 (7H, m),
6.83-6.76 (4H, m), 6.31 (0.44H, d, J=4.8 Hz), 6.21 (0.56H, d, J=4.8 Hz), 5.87
(0.88H, s), 5.86 (1.12H, s), 5.08-5.01 (0.56H, m), 4.86-4.80 (0.44H, m), 4.56-4.50
(1H, m), 4.27-4.20 (1H, m), 3.85-3.54 (2H, m), 3.78 (6H, s), 3.54-3.44 (3H, m),
3.34-3.25 (1H, m), 2.51 (1.12H, t, J=6.3 Hz), 2.34 (0.88H, t, J=6.3 Hz), 1.14-1.05
(9H, m), 0.90 (3H, d, J=6.7 Hz), 0.85 (5.04H, s), 0.85 (3.96H, s), 0.11 (1.68H, s),
0.08 (1.32H, s), 0.01 (3H, s).

[0553]

(Step 5)

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 783 mg). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 4 (765 mg), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was

directly used for the subsequent reaction.
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[0554]

(Step 6)
{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
y1]-9H-purin-6-yl} methyl benzoate

With use of the crude product obtained in step 5, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (345 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1234(M+H)".

[0555]

(Step 7)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-

bis {[tert-butyl(dimethyl)silylJoxy }-7-[6-(hydroxymethyl)-9H-purin-9-yl]-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 6 (345 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(101 mg: with impurities) and diastereomer 2 (89.9 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)
MS(ESDm/z: 973(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 973(M+H)".
[0556]
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(Step 8-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[6-
(hydroxymethyl)-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 7 (diastereomer 1) (101 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (59.2 mg).

MS(ESDm/z: 745(M+H)".

'H-NMR (CD30D) &: 9.07 (1H, s), 8.88 (1H, s), 8.03 (1H, s), 7.10 (1H, s), 6.48 (1H,
d, J=8.5 Hz), 6.29 (1H, d, J=4.8 Hz), 5.46 (1H, dt, J=7.9, 4.2 Hz), 5.21-5.15 (1H, m),
5.10 (2H, s), 4.84-4.80 (1H, m), 4.79 (1H, t, J=4.5 Hz), 4.51-4.42 (2H, m), 4.37-4.34
(1H, m), 4.33-4.24 (1H, m), 4.09-3.97 (2H, m), 3.52-3.47 (2H, m), 2.89-2.82 (2H,
m), 2.03-1.95 (2H, m).

3IP-NMR (CD30D) &: 57.9 (s), 54.8 (s).

[0557]

(Step 8-2)



10

15

20

25

- 263 -

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[6-
(hydroxymethyl)-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 7 (diastereomer 2) (88.5 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and purification was then performed under the following [Purification Conditions]
to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 10% - 70% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (27.7 mg).

MS(ESDm/z: 745(M+H)".

'H-NMR (CD3;0D) §: 9.16 (1H, s), 8.87 (1H, s), 8.03 (1H, s), 7.11 (1H, s), 6.51 (1H,
d, J=8.5 Hz), 6.33 (1H, d, J=6.7 Hz), 5.58-5.45 (2H, m), 5.12-5.09 (2H, m), 4.81-
4.76 (1H, m), 4.53-4.49 (1H, m), 4.48-4.36 (2H, m), 4.34 (2H, s), 4.09-4.02 (1H, m),
3.92-3.85 (1H, m), 3.53-3.47 (2H, m), 2.94-2.87 (2H, m), 2.05-1.97 (2H, m).
3IP-NMR (CD30D) &: 63.1 (s), 60.1 (s).

[0558]

Example 18: Synthesis of CDN18
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[4-Amino-5-(3-aminopropyl)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl]-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-
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tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

[0559]

9 N
HZNR
HoN

Hs-P o —
Arlod~ o o
= O-P-SH
N [e]
N /

18

bg!

7

18a (Diastereomer 1)
18b (Diastereomer 2)

[0560]
[Synthesis Scheme]
[0561]



- 265 -

— 4
0 0-Bz o 0-Bz o 0-Bz
Bz Bz Bz
N N Bz
5 7
N B-NH, N O9—N
Bz. L Bz.g Bz &'
o 8 Step4 w0 N Si
[ 7,N Z 2 o N ONaN 2
Step 3 - ( L -
—_— o o-Bz 0 o ©0-Bz o
d . d HN-
Bz HN {no Bz N %

7 N\>_ Bz /O\(j\ - N SN
N / V4 =/ H
\ . ™0 \ .
Step5 MO 0 H —5 Step6 LWL O N, TS Step 7
O N T, 7 K(J‘\/ﬁ w
= N UL N5
&, \ HO CH
HO  OH ﬁ\(o ﬁ\\g
o)

\ .
o ={ H y,  Step8 7770 Yef H A\ oyen
AN f\?—/\\L\S' — XN \\/O N__» i Step 9
q w ~ N ] \ﬁo [ }—J,’ \/\\\_\ \jo
TBS-O  OH o TBS-0, ©O N
«(
ié /LN,P.O/\/CN S
A
NG N
o >0 s N SN o 2 TBS NN
yH 8=P——0 p— W H§-P—-1-0 5:/
o N s 5 ‘\{o N Step 10-1 NH 6 o C N
T e w P e
, - Step 10-2 \\\ L —
S L AN o o-T8S si. ¢ N O)\ o O-TBS
H 0-P-SH 3 0-P-SH
™ N N
Bz N ° et N7 °
9 Ny Na” o NFN?AE
Step 11-1 s-p ) o j Step 12-1 s-p 0 = )
G o oW O sepraz M0 on O
el g o Aol 5 o
(m N ol N( N N ey
HoN— \N—J/ o rH\/ " 2 \N—// 0 Na®
[0562]

(Step 1)
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4-Azido-5-i0do-7-(2,3,5-tri-O-benzoyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidine

To a solution of 4-chloro-5-iodo-7-(2,3,5-tri-O-benzoyl-p-D-ribofuranosyl)-
7H-pyrrolo[2,3-d]pyrimidine (17.96 g) as a compound known in the literature
(Synth. Commun. 2012, 42, 358-374) in N,N-dimethylformamide (90 mL),
tetrabutylammonium azide (10.1 g) was added, and the reaction mixture was stirred
at 80°C for 30 minutes. The temperature of the reaction mixture was returned to
room temperature, and a saturated aqueous solution of sodium hydrogen carbonate
and ethyl acetate were added to the reaction mixture, which was subjected to
extraction with ethyl acetate. The organic layer was washed with brine, and then
dried over anhydrous sodium sulfate. The drying agent was removed through
filtration and the filtrate was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography [hexane/ethyl acetate] to afford the
title compound (17.66 g).
"H-NMR (CDCl3) &: 9.18 (1H, s), 8.13-8.09 (2H, m), 8.03-7.99 (2H, m), 7.95-7.90
(2H, m), 7.64-7.34 (10H, m), 6.71 (1H, d, J=5.1 Hz), 6.20 (1H, t, J=5.5 Hz), 6.11
(1H, t, J=5.3 Hz), 4.96 (1H, dd, J=12.2, 3.2 Hz), 4.88-4.84 (1H, m), 4.70 (1H, dd,
J=12.2,3.2 Hz).
[0563]
(Step 2)
4-Azido-7-(2,3,5-tri-O-benzoyl-B-D-ribofuranosyl)-5-[ 3-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)prop-1-yn-1-yl]-7H-pyrrolo[2,3-d]pyrimidine

To a mixed solution of the compound obtained in step 1 (9.64 g) in N,N-
dimethylformamide (30 mL)-tetrahydrofuran (100 mL), 2-(trimethylsilyl)ethylprop-
2-yn-1-yl carbamate (6.58 g), triethylamine (4.57 mL),
tetrakis(triphenylphosphine)palladium(0)(763 mg), and copper(l) iodide (251 mg)

were added in this order, and the reaction mixture was stirred at room temperature
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overnight. Water was added to the reaction mixture, which was subjected to
extraction with ethyl acetate. The organic layer was washed with brine, and then
dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate] to afford
the title compound (7.20 g).
"H-NMR (CDCl3) &: 9.16 (1H, s), 8.14-8.08 (2H, m), 8.03-7.99 (2H, m), 7.94-7.90
(2H, m), 7.66 (1H, s), 7.65-7.35 (9H, m), 6.66 (1H, d, J=5.1 Hz), 6.22 (1H, t, J=5.5
Hz), 6.10 (1H, t, J=5.3 Hz), 5.07 (1H, brs), 4.95 (1H, dd, J=12.3, 2.9 Hz), 4.88-4.84
(1H, m), 4.70 (1H, dd, J=12.3, 3.7 Hz), 4.29 (2H, d, J=5.5 Hz), 4.21 (2H, t, J=8.6
Hz), 1.02 (2H, t, J=8.6 Hz), 0.05 (9H, s).
[0564]
(Step 3)
7-(2,3,5-Tri-O-benzoyl-pB-D-ribofuranosyl)-5-[3-({[2-
(trimethylsilyl)ethoxy]carbonyl } amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine
To a mixed solution of the compound obtained in step 2 (7.20 g) in methanol
(70 mL)-tetrahydrofuran (70 mL), 20% palladium hydroxide-carbon (2 g) was added,
and the reaction mixture was stirred under the hydrogen atmosphere at room
temperature for 2 hours. After the catalyst was removed through filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography [hexane/ethyl acetate] to afford the title compound (5.45
g).
"H-NMR (CDCl3) &: 8.26 (1H, s), 8.19-8.15 (2H, m), 8.02-7.97 (2H, m), 7.96-7.92
(2H, m), 7.65-7.48 (5H, m), 7.43-7.32 (4H, m), 6.82 (1H, s), 6.73 (1H, d, J=6.3 Hz),
6.17 (1H, t, J=5.9 Hz), 6.11 (1H, dd, J=5.9, 3.9 Hz), 5.23 (2H, s), 4.90 (1H, dd,
J=12.2,3.4 Hz), 4.77-4.70 (2H, m), 4.63 (1H, dd, J=12.2, 3.4 Hz), 4.15 (2H, t, J=8.6
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Hz), 3.20-3.10 (2H, m), 2.62 (2H, t, J=7.6 Hz), 1.72-1.62 (2H, m), 1.01-0.94 (2H,
m), 0.04 (9H, s).
[0565]
(Step 4)
N,N-Dibenzoyl-7-(2,3,5-tri-O-benzoyl-B-D-ribofuranosyl)-5-[ 3-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine
To a solution of the compound obtained in step 3 (5.45 g) in dichloromethane
(60 mL), pyridine (1.69 mL) and benzoyl chloride (2.01 mL) were added in this
order at 0°C, and the reaction mixture was stirred at 0°C for 5 minutes, to which
triethylamine (2.91 mL) was further added, and the reaction mixture was stirred at
room temperature for 2 hours. A saturated aqueous solution of sodium hydrogen
carbonate and dichloromethane were added to the reaction mixture, which was
subjected to extraction with dichloromethane. After the organic layer was dried
over anhydrous sodium sulfate, the drying agent was removed through filtration and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [hexane/ethyl acetate], and further powdered with
ethyl acetate and hexane. The resulting solid was collected through filtration to
give the title compound (6.16 g).
'H-NMR (CDCl3) &: 8.54 (1H, s), 8.20-8.16 (2H, m), 8.02-7.98 (2H, m), 7.96-7.92
(2H, m), 7.82-7.76 (4H, m), 7.65-7.32 (15H, m), 7.18 (1H, brs), 6.82 (1H, d, J=5.9
Hz), 6.17 (1H, t, J=6.1 Hz), 6.13 (1H, dd, J=5.9, 3.5 Hz), 4.94 (1H, dd, J=12.2, 3.2
Hz), 4.79-4.75 (1H, m), 4.65 (1H, dd, J=12.2, 3.2 Hz), 4.41 (1H, brs), 4.08 (2H, t,
J=8.6 Hz), 2.95-2.87 (2H, m), 2.58-2.50 (2H, m), 1.54-1.52 (2H, m), 0.97-0.91 (2H,
m), 0.02 (9H, s).
[0566]
(Step 5)
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N-Benzoyl-7--D-ribofuranosyl-5-[3-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine
To a solution of the compound obtained in step 4 (6.16 g) in tetrahydrofuran
(250 mL), a methanol solution of sodium methoxide (1.0 M, 12.0 mL) was added
dropwise at 0°C, and the reaction mixture was stirred at room temperature for 1 hour.
Acetic acid (1.07 mL) was added to the reaction mixture at 0°C, and the reaction
mixture was then concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [ethyl acetate/methanol], and further powdered
with ethyl acetate and hexane. The resulting solid was collected through filtration
to give the title compound (3.35 g).
'H-NMR (CD3OD) &: 8.62 (1H, s), 8.04 (2H, d, J=7.0 Hz), 7.69-7.62 (1H, m), 7.60-
7.54 (3H, m), 6.26 (1H, d, J=6.3 Hz), 4.59 (1H, t, J=5.7 Hz), 4.31 (1H, dd, J=5.1, 3.5
Hz), 4.12-4.01 (3H, m), 3.86 (1H, dd, J=12.3, 2.9 Hz), 3.76 (1H, dd, J=12.1, 3.5 Hz),
3.01 (2H, t, J=6.7 Hz), 2.76 (2H, t, J=7.4 Hz), 1.86-1.76 (2H, m), 0.93 (2H, t, J=8.2
Hz), 0.03 (9H, s).
[0567]
(Step 6)
N-Benzoyl-7-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-B-D-ribofuranosyl}-5-[3-
({[2-(trimethylsilyl)ethoxy]carbonyl} amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-
amine
The compound obtained in step 5 (3.35 g) was azeotroped with pyridine, and
4,4'-dimethoxytrityl chloride (2.38 g) was added to a solution of the residue in
anhydrous pyridine (50 mL) at 0°C, and the reaction mixture was stirred at room
temperature overnight. After ethanol (5 mL) was added to the reaction mixture to
quench the reaction, and the resultant was then concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]

to afford the title compound (4.34 g).
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'H-NMR (CDCl3) &: 8.51 (1H, brs), 8.30 (1H, brs), 8.05-7.90 (1H, m), 7.56-7.42
(3H, m), 7.39-7.31 (2H, m), 7.29-7.16 (10H, m), 6.81-6.75 (4H, m), 6.22 (1H, d,
J=5.9 Hz), 4.91 (1H, brs), 4.76-4.67 (2H, m), 4.45-4.41 (1H, m), 4.38-4.29 (1H, m),
4.05-3.95 (2H, m), 3.77 (6H, s), 3.50 (1H, dd, J=10.6, 3.1 Hz), 3.37-3.27 (1H, m),
3.19-2.94 (4H, m), 2.66 (1H, brs), 1.82 (1H, brs), 0.93-0.76 (2H, m), -0.01 (9H, s).
[0568]

(Step 7)

N-Benzoyl-7-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-
butyl(dimethyl)silyl]-f-D-ribofuranosyl}-5-[ 3-({[2-
(trimethylsilyl)ethoxy]carbonyl } amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(3'-O-TBS form)

With use of the compound obtained in step 6 (4.34 g), the reaction was
performed in the same manner as in step 4 of Example 8 to afford the title compound
(1.51 g) and N-benzoyl-7-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-
butyl(dimethyl)silyl]-B-D-ribofuranosyl}-5-[ 3-({[2-

(trimethylsilyl)ethoxy]carbonyl} amino)propyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(2'-O-TBS form) (2.01 g) as a regioisomer of the title compound.

(3'-OTBS form) (more polar)

"H-NMR (CDCl3) &: 8.38-8.26 (2H, m), 8.10-8.03 (1H, m), 7.58-7.40 (5H, m), 7.36-
7.20 (10H, m), 6.86-6.77 (4H, m), 6.30-6.22 (1H, m), 5.02-4.89 (1H, m), 4.63-4.45
(2H, m), 4.17-4.10 (1H, m), 4.04-3.92 (2H, m), 3.79 (3H, s), 3.79 (3H, s), 3.59-3.52
(1H, m), 3.32-3.23 (1H, m), 3.17-2.80 (4H, m), 1.86-1.64 (2H, m), 0.89 (9H, s),
0.86-0.72 (2H, m), 0.09 (3H, s), 0.01 (3H, s), -0.01 (9H, s).

(2'-OTBS form) (less polar)

"H-NMR (CDCls) : 8.39-8.25 (2H, m), 8.04 (1H, s), 7.57-7.42 (5H, m), 7.37-7.18
(10H, m), 6.87-6.80 (4H, m), 6.33 (1H, d, J=5.1 Hz), 5.01 (1H, brs), 4.78 (1H, t,
J=5.7 Hz), 4.40-4.33 (1H, m), 4.29-4.25 (1H, m), 4.05-3.92 (2H, m), 3.80 (3H, s),
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3.79 (3H, s), 3.59-3.51 (1H, m), 3.44-3.37 (1H, m), 3.16-3.03 (1H, m), 2.99-2.81
(3H, m), 1.74-1.61 (2H, m), 0.83 (9H, s), 0.80-0.70 (2H, m), 0.00--0.03 (12H, m), -
0.20 (3H, s).
[0569]
(Step 8)
N-Benzoyl-7-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-[tert-
butyl(dimethyl)silyl]-2-O-{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl} - 3-
D-ribofuranosyl)-5-[3-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)propyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-amine

With use of the compound obtained in step 7 (3'-OTBS form) (1.51 g), the
reaction was performed in the same manner as in step 6 of Example 1 to afford
diastereomer 1 (0.77 g) and diastereomer 2 (0.48 g) of the title compound, as
diastereomers at the phosphorus atom.
Diastereomer 1 (less polar)
"H-NMR (CDCls) &: 8.36-8.27 (2H, m), 8.02 (1H, brs), 7.57-7.40 (5H, m), 7.37-7.21
(10H, m), 6.87-6.77 (4H, m), 6.39 (1H, d, J=5.1 Hz), 4.98 (1H, brs), 4.85-4.73 (1H,
m), 4.56-4.47 (1H, m), 4.20-4.15 (1H, m), 4.05-3.92 (2H, m), 3.88-3.67 (8H, m),
3.63-3.47 (3H, m), 3.33-3.23 (1H, m), 3.15-2.82 (3H, m), 2.60-2.45 (2H, m), 1.83-
1.64 (2H, m), 1.10 (6H, d, J=6.7 Hz), 0.92 (6H, d, J=6.7 Hz), 0.87 (9H, s), 0.81-0.71
(2H, m), 0.12 (3H, s), 0.03 (3H, s), -0.01 (9H, s).
Diastereomer 2 (more polar)
"H-NMR (CDCl3) &: 8.36-8.28 (2H, m), 8.05 (1H, brs), 7.57-7.38 (5H, m), 7.36-7.19
(10H, m), 6.84-6.79 (4H, m), 6.48-6.40 (1H, m), 5.02 (1H, brs), 4.65-4.42 (2H, m),
4.19-4.15 (1H, m), 4.06-3.90 (2H, m), 3.80-3.48 (11H, m), 3.32-3.24 (1H, m), 3.17-
3.03 (2H, m), 2.99-2.86 (1H, m), 2.51-2.40 (2H, m), 1.86-1.69 (2H, m), 1.18-1.02
(12H, m), 0.85 (9H, s), 0.81-0.71 (2H, m), 0.08 (3H, s), 0.02 (3H, s), -0.01 (9H, s).
[0570]
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(Step 9)
2-(Trimethylsilyl)ethyl (3-{4-benzamido-7-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-
14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)-15,16-
bis {[tert-butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-2-ox0-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°, 10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}propyl)carbamate

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 1.08 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 8 (1.25 g: a mixture of diastereomers),
the reaction was performed in the same manner as in step 8 of Example 1 and step 9
of Example 1 to afford the title compound as a mixture of diastereomers at the
phosphorus atom. The diastereomers at the phosphorus atom were separated by
preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 10% - 50% (0 min - 35 min)] to afford diastercomer
1 (0.19 g) and diastereomer 2 (0.043 g) of the title compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1419(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1419(M+H)".
[0571]
(Step 10-1)
2-(Trimethylsilyl)ethyl (3-{4-amino-7-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-2,10-dioxo-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-

yl]-7H-pyrrolo[2,3-d]pyrimidin-5-yl} propyl)carbamate
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With use of the compound obtained in step 9 (diastereomer 1) (0.19 g), the
reaction was performed in the same manner as in step 8-1 of Example 12. The
resultant was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 40% - 70% (0 min - 35 min)] to
afford the title compound (58 mg).

MS(ESDm/z: 1158(M+H)".

[0572]

(Step 10-2)

2-(Trimethylsilyl)ethyl (3-{4-amino-7-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-2,10-dioxo-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-7H-pyrrolo[2,3-d]pyrimidin-5-yl} propyl)carbamate

With use of the compound obtained in step 9 (diastereomer 2) (43 mg), the
reaction was performed in the same manner as in step 8-1 of Example 12. The
resultant was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 30% - 60% (0 min - 35 min)] to
afford the title compound (15 mg).

MS(ESDm/z: 1158(M+H)".

[0573]

(Step 11-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[4-amino-5-
(3-aminopropyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-

2H,10H, 12H-5,8-methano-21°>,10A>-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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To a solution of the compound obtained in step 10-1 (58 mg) in
tetrahydrofuran (1 mL), a tetrahydrofuran solution of tetrabutylammonium fluoride
(approximately 1 M, 5 mL) was added, and the reaction mixture was stirred at room
temperature overnight. Because the reaction had not completed yet, the reaction
mixture was further stirred at 40°C for 3 hours. The reaction mixture was
concentrated under reduced pressure, and then purified by preparative HPLC [10
mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% -
40% (0 min - 35 min)]. The resultant was further purified with a Sep-Pak (R) C18
[0.1% aqueous solution of triethylamine/acetonitrile, acetonitrile: 0% - 30%] to
afford the title compound (25 mg).

MS(ESDm/z: 786(M+H)".

[0574]

(Step 11-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[4-amino-5-
(3-aminopropyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 10-2 (15 mg), the reaction was
performed in the same manner as in step 11-1 to afford the title compound (7.2 mg).
MS(ESDm/z: 786(M+H)".

[0575]

(Step 12-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[4-amino-5-(3-aminopropyl)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-

2H-2,3,5,6-tetraazabenzo| cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
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20°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 11-1 (25 mg), salt exchange was
performed in the same manner as in [Conversion to Sodium Salt] described in step
11 of Example 1 to afford the title compound (17 mg).

MS(ESDm/z: 786(M+H)".

"H-NMR (CD3;0D) &: 8.028 (1H, s), 8.025 (1H, s), 7.71 (1H, s), 7.09 (1H, s), 6.51
(1H, d, J=8.2 Hz), 6.26 (1H, d, J=5.1 Hz), 5.38-5.29 (1H, m), 5.17-5.10 (1H, m),
4.85-4.80 (1H, m), 4.75 (1H, d, J=3.9 Hz), 4.44-4.37 (1H, m), 4.33-4.23 (3H, m),
4.09-3.97 (2H, m), 3.52-3.46 (2H, m), 3.00-2.72 (6H, m), 2.13-2.02 (2H, m), 2.02-
1.93 (2H, m).

3IP-NMR (CD3OD) &: 56.65 (s), 55.31 (s).

[0576]

(Step 12-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[4-amino-5-(3-aminopropyl)-7H-
pyrrolo[2,3-d]pyrimidin-7-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 11-2 (7.2 mg), salt exchange was
performed in the same manner as in [Conversion to Sodium Salt] described in step
11 of Example 1 to afford the title compound (6.0 mg).

MS(ESDm/z: 786(M+H)".
"H-NMR (CD3;0D) &: 8.02 (1H, s), 8.01 (1H, s), 7.75 (1H, s), 7.07 (1H, s), 6.52 (1H,
d, J=8.6 Hz), 6.29 (1H, d, J=7.4 Hz), 5.61-5.55 (1H, m), 5.47-5.37 (1H, m), 4.86-
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4.83 (1H, m), 4.56-4.43 (2H, m), 4.31-4.21 (3H, m), 4.06-3.99 (1H, m), 3.91-3.84
(1H, m), 3.54-3.46 (3H, m), 3.00-2.87 (5H, m), 2.29-2.07 (2H, m), 2.06-1.95 (2H,
m).

3IP-NMR (CD3OD) &: 63.08 (s), 58.68 (s).

[0577]

Example 19: Synthesis of CDN19
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0578]

19
19a (Diastereomer 1)
19b (Diastereomer 2)

[0579]
[Synthesis Scheme]
[0580]
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(Step 1)

3-Bromo-N-(prop-2-en-1-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine

- 277 -

Bz.g




10

15

20

25

- 278 -

Commercially available (BePharm Ltd.) 3-bromo-4-chloro-1H-pyrazolo[3,4-
d]pyrimidine (8.50 g) was suspended in dioxane (140 mL), to which N,N,-
diisopropylethylamine (12.5 mL) and allylamine (11 mL) were added at room
temperature, and the reaction mixture was stirred at the same temperature for 70
hours. The reaction mixture was concentrated under reduced pressure, and the
residue was made into a slurry with dichloromethane and ethyl acetate, from which
the solid was then collected through filtration (solid 1). ~ After the filtrate was
concentrated under reduced pressure, the same operation was repeated twice to
afford solid 2 and solid 3. The final filtrate was purified with a silica gel column
[hexane/ethyl acetate] to afford solid 4.  Further, solid 1 was purified with a silica
gel column [hexane/ethyl acetate] to afford solid 5. Solid 4 and solid 5 were
combined to give the title compound (4.48 g). Solid 2 and solid 3 were combined
to give the title compound with impurities (3.78 g).

MS(ESDm/z: 254(M+H)".

"H-NMR (DMSO-ds) 8: 13.82 (1H, s), 8.26 (1H, s), 7.23 (1H, t, J=5.9 Hz), 5.96 (1H,
m), 5.18 (1H, dd, J=17.1, 1.5 Hz), 5.10 (1H, dd, J=10.3, 1.5 Hz), 4.19 (2H, m).
[0582]

(Step 2)

3-Bromo-N-(prop-2-en-1-yl)-1-(2,3,5-tri-O-benzoyl-p-D-ribofuranosyl)- 1 H-
pyrazolo[3,4-d]pyrimidin-4-amine

The compound obtained in step 1 (1.00 g) and commercially available (Ark
Pharm) 1-O-acetyl-2,3,5-tri-O-benzoyl-B-D-ribofuranose (2.58 g) were suspended in
nitromethane (50 mL), and then dissolved by heating. A boron trifluoride-diethyl
ether complex (0.63 mL) was added thereto with heating to reflux, and the reaction
mixture was stirred at the same temperature for 1 hour. Thereto, 1-O-acetyl-2,3,5-
tri-O-benzoyl-B-D-ribofuranose (0.40 g) and a boron trifluoride-diethyl ether

complex (0.10 mL) were further added, and the reaction mixture was further stirred
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for 3 hours. After the reaction mixture was concentrated under reduced pressure,
the residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (1.80 g).
MS(ESDm/z: 698(M+H)".
"H-NMR (CDCl3) &: 8.40 (1H, s), 8.13 (2H, m), 7.96 (4H, m), 7.59-7.32 (9H, m),
6.79 (1H, d, J=3.4 Hz), 6.39 (1H, dd, J=5.1, 3.7 Hz), 6.25 (1H, t, J=5.6 Hz), 6.17
(1H, t, J=5.6 Hz), 6.00 (1H, m), 5.31 (1H, dd, J=17.1, 1.0 Hz), 5.24 (1H, dd, J=10.5,
1.2 Hz), 4.81 (1H, m), 4.75 (1H, dd, J=12.0, 3.7 Hz), 4.63 (1H, dd, J=12.2, 4.4 Hz),
4.30 (2H, m).
[0583]
(Step 3)
3-Ethenyl-N-(prop-2-en-1-yl)-1-(2,3,5-tri-O-benzoyl--D-ribofuranosyl)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine

A solution of the compound obtained in step 2 (11.65 g) in toluene (120 mL)
was ultrasonicated to degas under reduced pressure. Tributylvinyltin (12.8 mL) and
tetrakis(triphenylphosphine)palladium(0) (2.73 g) were added to the reaction mixture
under the nitrogen atmosphere, and the reaction mixture was heated to reflux for 2
hours. After the reaction mixture was concentrated under reduced pressure, the
residue was purified by silica gel column chromatography [dichloromethane/ethyl
acetate] to afford the title compound (10.07 g).
MS(ESDm/z: 646(M+H)".
'H-NMR (CDCl3) &: 8.42 (1H, s), 8.09 (2H, m), 7.99 (2H, m), 7.95 (2H, m), 7.59-
7.50 (3H, m), 7.42-7.33 (6H, m), 6.90-6.84 (2H, m), 6.43 (1H, dd, J=5.4, 3.4 Hz),
6.32 (1H, t, J=5.9 Hz), 6.00 (1H, m), 5.94 (1H, dd, J=17.6, 1.0 Hz), 5.67 (1H, dd,
J=11.2, 1.0 Hz), 5.56 (1H, t, J=5.6 Hz), 5.27 (1H, dd, J=17.1, 1.0 Hz), 5.22 (1H, dd,
J=10.3, 1.0 Hz), 4.82 (1H, m), 4.77 (1H, dd, J=12.2, 3.9 Hz), 4.62 (1H, dd, J=11.7,
4.9 Hz), 4.29 (2H, m).
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[0584]
(Step 4)
2-(2,3,5-Tri-O-benzoyl-B-D-ribofuranosyl)-6,7-dihydro-2H-1,2,3,5,6-
pentaazabenzo[cd]azulene

The compound obtained in step 3 (9.0 g) was azeotroped twice with benzene.
To a solution of the residue in dichloromethane (480 mL), (+)-10-camphorsulfonic
acid (4.2 g) and benzylidene[1,3-bis(2,4,6-trimethylphenyl) imidazolidin-2-ylidene]
dichloride (tricyclohexyl-A’-phosphanyl)ruthenium (Grubbs second-generation
catalyst) (360 mg) were added, and the reaction mixture was heated to reflux for 3
hours. The Grubbs second-generation catalyst (360 mg) was further added thereto,
and the reaction mixture was further heated to reflux for 1 hour. The reaction
mixture was cooled to room temperature, washed with a saturated aqueous solution
of sodium hydrogen carbonate and brine in this order, and then dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate] to afford the title compound (6.39 g).
MS(ESDm/z: 618(M+H)".
"H-NMR (CDCls) : 8.39 (1H, s), 8.11 (2H, m), 7.99 (2H, m), 7.96 (2H, m), 7.57-
7.52 (3H, m), 7.42-7.35 (6H, m), 6.83 (1H, d, J=2.9 Hz), 6.76 (1H, d, J=10.7 Hz),
6.43 (1H, dd, J=5.1, 3.2 Hz), 6.33 (1H, t, J=5.9 Hz), 6.12 (1H, m), 5.61 (1H, brs),
4.83 (1H, m), 4.78 (1H, dd, J=12.2, 3.9 Hz), 4.63 (1H, dd, J=12.0, 4.6 Hz), 4.16 (2H,
m).
[0585]
(Step 5)
2-B-D-Ribofuranosyl-6,7-dihydro-2H-1,2,3,5,6-pentaazabenzo[ cd]azulene

To a mixed solution of the compound obtained in step 4 (620 mg) in methanol

(10 mL)-tetrahydrofuran (5.0 mL), a methanol solution of sodium methoxide (1.0 M,
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0.10 mL) was added at room temperature, and the reaction mixture was stirred at the
same temperature for 18 hours. The reaction mixture was neutralized with 1 N
hydrochloric acid, and then concentrated under reduced pressure. The residue was
purified by silica gel column chromatography [dichloromethane/methanol] to afford
the title compound (279 mg).
MS(ESDm/z: 306(M+H)".
"H-NMR (CD3;0D) &: 8.23 (1H, s), 6.79 (1H, m), 6.22-6.17 (2H, m), 4.74 (1H, t,
J=5.1 Hz), 4.42 (1H, t, J=4.6 Hz), 4.14 (2H, dd, J=5.9, 1.5 Hz), 4.11 (1H, q, J=4.1
Hz), 3.81 (1H, dd, J=12.4, 3.2 Hz), 3.68 (1H, dd, J=12.4, 4.6 Hz).
[0586]
(Step 6)
2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-f3-D-
ribofuranosyl}-6,7-dihydro-2H-1,2,3,5,6-pentaazabenzo[cd]azulene

With use of the compound obtained in step 5 (2.81 g), the reaction was
performed in the same manner as in step 1 of Example 1 to afford the title compound
(4.72 g).
'H-NMR (CDCl3) &: 8.38 (1H, s), 6.85 (1H, dt, J=11.0, 1.4 Hz), 6.28 (1H, s), 6.16-
6.08 (1H, m), 5.78 (1H, brs), 4.71-4.63 (2H, m), 4.39 (1H, dd, J=9.0, 5.1 Hz), 4.22-
4.10 (3H, m), 3.96 (1H, dd, J=10.6, 9.0 Hz), 1.11 (9H, s), 1.05 (9H, s), 0.90 (9H, s),
0.11 (3H, s), 0.09 (3H, s).
[0587]
(Step 7)
2-{2-0O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-[3-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[cd]azulene

To a solution of the compound obtained in step 6 (2.12 g) in tetrahydrofuran
(20 mL), acetic acid (three drops with a Pasteur pipette) and 10% palladium-carbon

(AD) wet (0.82 g) were added, and the reaction mixture was stirred under the
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hydrogen atmosphere at room temperature for 3 hours. The catalyst was removed
through filtration and then washed with tetrahydrofuran, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (2.09 g).
"H-NMR (CDCl3) &: 8.29 (1H, s), 6.33 (1H, brs), 6.27 (1H, s), 4.70 (1H, d, J=4.7
Hz), 4.62 (1H, dd, J=9.6, 4.9 Hz), 4.39 (1H, dd, J=9.0, 5.1 Hz), 4.21-4.08 (1H, m),
3.95 (1H, dd, J=10.4, 9.2 Hz), 3.65-3.58 (2H, m), 3.15-2.99 (2H, m), 2.22-2.10 (2H,
m), 1.11 (9H, s), 1.05 (9H, s), 0.90 (9H, s), 0.10 (3H, s), 0.09 (3H, s).
[0588]
(Step 8)
6-Benzoyl-2- {2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[cd]azulene

With use of the compound obtained in step 7 (2.09 g), the reaction was
performed in the same manner as in step 4 of Example 1 to afford the title compound
(2.23 g).
'H-NMR (CDCls) &: 8.19 (1H, s), 7.47-7.40 (3H, m), 7.33-7.28 (2H, m), 6.34 (1H,
s), 4.72 (1H, d, J=4.7 Hz), 4.66 (1H, dd, J=9.4, 4.7 Hz), 4.49 (1H, dd, J=14.7, 8.0
Hz), 4.40 (1H, dd, J=9.0, 5.1 Hz), 4.24-4.09 (2H, m), 3.96 (1H, dd, J=10.6, 9.0 Hz),
3.26-3.11 (2H, m), 2.45-2.23 (2H, m), 1.12 (9H, s), 1.05 (9H, s), 0.90 (9H, s), 0.12
(3H, s), 0.10 (3H, s).
[0589]
(Step 9)
6-Benzoyl-2-{5-O-[bis(4-methoxyphenyl)(phenyl )methyl]-2-O-[tert-
butyl(dimethyl)silyl]--D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-1,2,3,5,6-

pentaazabenzo[cd]azulene
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With use of the compound obtained in step 8 (2.23 g), the reaction was
performed in the same manner as in step 5 of Example 1 to afford the title compound
(2.69 g).

'H-NMR (CDCl3) &: 8.22 (1H, 5), 7.55-7.51 (2H, m), 7.46-7.36 (7H, m), 7.32-7.26
(2H, m), 7.26-7.16 (3H, m), 6.80-6.73 (4H, m), 6.43 (1H, d, J=5.5 Hz), 5.32 (1H, t,
J=5.5Hz), 4.43 (1H, dd, J=14.3, 8.0 Hz), 4.34-4.29 (1H, m), 4.25-4.13 (2H, m), 3.78
(3H, s),3.77 (3H, s), 3.46 (1H, dd, J=10.4, 3.3 Hz), 3.17-3.05 (3H, m), 2.79 (1H, d,
J=3.5 Hz), 2.40-2.19 (2H, m), 0.82 (9H, s), 0.03 (3H, s), -0.13 (3H, s).

[0590]

(Step 10)

6-Benzoyl-2-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-
butyl(dimethyl)silyl]-3-O-{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl} - 3-
D-ribofuranosyl)-6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[cd]azulene

With use of the compound obtained in step 9 (2.69 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound
(2.93 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).

"H-NMR (CDCls) 3: 8.22 (0.4H, s), 8.21 (0.6H, s), 7.56-7.50 (2H, m), 7.44-7.37 (7H,
m), 7.28-7.18 (5H, m), 6.81-6.73 (4H, m), 6.44 (0.6H, d, J=6.3 Hz), 6.40 (0.4H, d,
J=6.3 Hz), 5.34-5.28 (1H, m), 4.47-4.35 (2.4H, m), 4.32-4.26 (0.6H, m), 4.25-4.16
(1H, m), 4.03-3.84 (1H, m), 3.80-3.73 (6H, m), 3.69-3.44 (4H, m), 3.18-3.00 (3H,
m), 2.73-2.59 (1H, m), 2.40-2.19 (3H, m), 1.22-1.14 (8.4H, m), 1.01 (3.6H, d, J=6.7
Hz), 0.76 (3.6H, s), 0.74 (5.4H, s), 0.02 (1.2H, s), 0.01 (1.8H, s), -0.12 (1.8H, s), -
0.15 (1.2H, s).

[0591]

(Step 11)
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(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-bis {[tert-
butyl(dimethyl)silylJoxy}-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-
pentaazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

With use of the compound obtained in step 10 (1.04 g), the reaction was
performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 6-benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-3-O-
(dihydroxyphosphanyl)-p-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-1,2,3,5,6-
pentaazabenzo[cd]azulene. With use of this acetonitrile solution and commercially
available (Cool Pharm Ltd.) N-benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-
3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}adenosine (1.20 g), the reaction was performed in the same
manner as in step 8 of Example 1, step 9 of Example 1, and step 10 of Example 1 to
afford the title compound as a mixture of diastereomers at the phosphorus atom.
The diastereomers at the phosphorus atom were separated by preparative HPLC [10
mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 25 -
50% (0 min - 35 min)] to afford diastereomer 1 (15 mg) and diastereomer 2 (55 mg)
of the title compound (retention time in HPLC: diastereomer 1 > 2).
Diastereomer 1 (less polar)
MS(ESDm/z: 959(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 959(M+H)".
[0592]
(Step 12-1)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-
9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-
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pentaazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A>-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
Triethylamine trihydrofluoride (1 mL) was added to the compound obtained

in step 11 (diastereomer 1) (20 mg), and the reaction mixture was stirred at 45°C for

2 hours. The reaction mixture was added to an ice-cooled mixed solution of 1 M

aqueous solution of triethylammonium hydrogen carbonate (3 mL) and triethylamine

(1 mL) to quench the reaction. The resultant was purified with a Sep-Pak (R) C18

[0.1% triethylamine water/acetonitrile, acetonitrile: 0% - 17%] to afford the title

compound (15 mg).

MS(ESDm/z: 731(M+H)".

[0593]

(Step 12-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-

9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-

pentaazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained in step 11 (diastereomer 2) (43 mg), the

reaction was performed in the same manner as in step 12-1 to afford the title

compound (34 mg).

MS(ESDm/z: 731(M+H)".

[0594]

(Step 13-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-

dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[ cd]azulen-

2-yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

(Diastereomer 1)
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With use of the compound obtained in step 12-1 (15 mg), salt exchange was
performed in the same manner as in [Conversion to Sodium Salt] described in step
11 of Example 1 to afford a mixture of diastereomers of the title compound (12 mg).
MS(ESDm/z: 731(M+H)".

"H-NMR (CD3;0D) &: 8.79 (1H, s), 8.18 (1H, s), 8.14 (1H, s), 6.37-6.34 (2H, m),
5.50 (1H, dd, J=10.8, 5.3 Hz), 5.40-5.33 (1H, m), 5.06 (1H, dd, J=4.5, 2.9 Hz), 4.94
(1H, d, J=3.5 Hz), 4.67-4.30 (4H, m), 4.03 (1H, ddd, J=12.5, 6.1, 2.2 Hz), 3.93 (1H,
dt, J=18.1, 6.1 Hz), 3.58 (2H, d, J=7.4 Hz), 3.02 (2H, t, J=5.9 Hz), 2.18-2.04 (2H,
m).

3IP-NMR (CD30D) &: 56.5 (s), 54.2 (s).

[0595]

(Step 13-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-1,2,3,5,6-pentaazabenzo[ cd]azulen-
2-yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 12-2 (34 mg), salt exchange was
performed in the same manner as in [Conversion to Sodium Salt] described in step
11 of Example 1 to afford a mixture of diastereomers of the title compound (28 mg:
diastereomer ratio = 4:1).

MS(ESDm/z: 731(M+H)".

"H-NMR (CD3;0D) &: 9.16 (0.2H, s), 8.85 (0.8H, s), 8.19 (0.2H, s), 8.17 (0.8H, s),
8.14 (0.8H, s), 8.13 (0.2H, s), 6.38-6.30 (2H, m), 5.67-5.61 (0.8H, m), 5.57-5.36
(1.2H, m), 5.22 (0.8H, dd, J=5.9, 4.3 Hz), 5.10 (0.2H, t, J=4.5 Hz), 4.64-4.26 (4.8H,
m), 4.16-4.10 (0.2H, m), 4.05-3.98 (1H, m), 3.86-3.79 (1H, m), 3.62-3.54 (2H, m),
3.07 (1.6H, t, J=5.7 Hz), 2.98 (0.4H, t, J=5.9 Hz), 2.17-2.04 (2H, m).
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3IP-NMR (CDs0D) &: 63.5 (s), 63.4 (s), 60.0 (s), 59.9 (s).

[0596]

Example 20: Synthesis of CDN20

(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl)-14-(8,9-dihydro-
5  6-oxa-2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-

bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-22°,10A>-furo[3,2-

1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0597]

20
20a (Diastereomer 1)
20b (Diastereomer 2)
10  [0598]
[Synthesis Scheme]

[0599]
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(Step 1)

7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)--D-
ribofuranosyl}-4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine

With use of 4-chloro-5-iodo-7-B-D-ribofuranosyl-7H-pyrrolo[2,3-
d]pyrimidine (3.15 g) as a compound known in the literature (J. Med. Chem. 2008,
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51, 3934-3945), the reaction was performed in the same manner as in step 1 of
Example 1 to afford the title compound (2.97 g).
"H-NMR (CDCl3) &: 8.62 (1H, s), 7.38 (1H, s), 6.18 (1H, s), 4.53-4.47 (1H, m), 4.44
(1H, d, J=3.9 Hz), 4.24-4.18 (2H, m), 4.06-3.98 (1H, m), 1.09 (9H, s), 1.05 (9H, s),
0.92 (9H, s), 0.13 (3H, s), 0.12 (3H, s).
[0601]
(Step 2)
4-(Benzyloxy)-7-{2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)- 3-
D-ribofuranosyl}-5-iodo-7H-pyrrolo[2,3-d]pyrimidine

To a solution of the compound obtained in step 1 (4.97 g) and benzyl alcohol
(1.0 mL) in tetrahydrofuran (50 mL), sodium hydride (containing 37% mineral oil)
(426 mg) was added under ice-cooling, and the temperature was increased to room
temperature and the reaction mixture was stirred overnight. A saturated aqueous
solution of ammonium chloride was added to the reaction mixture under ice-cooling
to quench the reaction.  After the reaction mixture was subjected to extraction with
ethyl acetate, the organic layer was washed with water and brine, and dried over
anhydrous sodium sulfate. The drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [hexane/ethyl acetate] to afford the title compound
(3.38 g).
"H-NMR (CDCls) 3: 8.43 (1H, 5), 7.62-7.57 (2H, m), 7.43-7.37 (2H, m), 7.36-7.30
(1H, m), 7.13 (1H, s), 6.15 (1H, s), 5.65 (1H, d, J=13.7 Hz), 5.62 (1H, d, J=13.7 Hz),
4.50-4.43 (2H, m), 4.27 (1H, dd, J=9.2, 4.9 Hz), 4.21-4.12 (1H, m), 4.01 (1H, dd,
J=10.4,9.2 Hz), 1.09 (9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.12 (3H, s), 0.11 (3H, s).
[0602]
(Step 3)
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4-(Benzyloxy)-7-{2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)- 3-
D-ribofuranosyl}-5-(3-hydroxyprop-1-yn-1-yl)-7H-pyrrolo[2,3-d]pyrimidine

With use of the compound obtained in step 2 (3.38 g) and 2-propyn-1-ol (1.35
mL), the reaction was performed in the same manner as in step 2 of Example 1,
except that the reaction temperature was set to room temperature, to afford the title
compound (2.22 g).
"H-NMR (CDCl3) &: 8.46 (1H, s), 7.59-7.55 (2H, m), 7.43-7.33 (3H, m), 7.22 (1H,
s), 6.16 (1H, s), 5.60 (1H, d, J=12.7 Hz), 5.57 (1H, d, J=12.7 Hz), 4.51-4.41 (4H, m),
4.27 (1H, dd, J=9.5, 5.0 Hz), 4.19 (1H, dt, J=9.9, 5.0 Hz), 4.01 (1H, dd, J=9.9, 9.5
Hz), 1.52 (1H, t, J=6.3 Hz), 1.08 (9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.13 (3H, s), 0.11
(3H, s).
[0603]
(Step 4)
7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-5-(3-hydroxypropyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one

With use of the compound obtained in step 3 (3.38 g), the reaction was
performed in the same manner as in step 7 of Example 19, except that the reaction
solvent was changed to a mixture of methanol (20 mL)-tetrahydrofuran (20 mL), to
afford the title compound (0.92 g).
'H-NMR (CDCl3) &: 11.36 (1H, brs), 7.86 (1H, s), 6.69 (1H, s), 6.10 (1H, s), 4.48
(1H, dd, J=9.2, 4.9 Hz), 4.37 (1H, d, J=5.1 Hz), 4.23 (1H, dd, J=9.3, 4.8 Hz), 4.16
(1H, dt, J=9.8, 4.8 Hz), 4.02 (1H, dd, J=9.8, 9.3 Hz), 3.84 (1H, t, J=6.3 Hz), 3.58
(2H, dd, J=11.9, 6.1 Hz), 3.03-2.90 (2H, m), 1.86 (2H, s), 1.09 (9H, s), 1.04 (9H, s),
0.90 (9H, s), 0.10 (6H, s).
[0604]
(Step 5)
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2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-f3-D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[cd]azulene

To a solution of the compound obtained in step 4 (0.92 g) in tetrahydrofuran
(32 mL), triphenylphosphine (0.62 g) and diisopropyl azodicarboxylate (0.47 mL)
were added under ice-cooling, and the temperature was increased to room
temperature and the reaction mixture was stirred for 1 hour. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by silica
gel column chromatography [hexane/ethyl acetate] to afford the title compound (0.77
g)-
"H-NMR (CDCl3) &: 8.44 (1H, s), 6.85 (1H, s), 6.19 (1H, s), 4.56-4.51 (2H, m), 4.50-
4.44 (2H, m), 4.35 (1H, dd, J=9.5, 5.0 Hz), 4.17 (1H, dt, J=10.0, 5.0 Hz), 4.00 (1H,
dd, J=10.0, 9.5 Hz), 2.98-2.92 (2H, m), 2.28-2.20 (2H, m), 1.10 (9H, s), 1.05 (9H, s),
0.91 (9H, s), 0.12 (3H, s), 0.11 (3H, s).
[0605]
(Step 6)
2-{5-0O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-B-D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[cd]azulene

With use of the compound obtained in step 5 (0.95 g), the reaction was
performed in the same manner as in step 5 of Example 1 to afford the title compound
(1.13 g).
"H-NMR (CDCls) : 8.42 (1H, s), 7.48-7.43 (2H, m), 7.37-7.21 (7H, m), 7.19 (1H,
s), 6.85-6.79 (4H, m), 6.35 (1H, d, J=5.4 Hz), 4.71 (1H, t, J=5.4 Hz), 4.55-4.48 (2H,
m), 4.35 (1H, dd, J=8.2, 4.3 Hz), 4.22 (1H, q, J=3.0 Hz), 3.79 (3H, s), 3.79 (3H, s),
3.53 (1H, dd, J=10.6, 3.1 Hz), 3.37 (1H, dd, J=10.6, 3.1 Hz), 2.80 (1H, d, J=4.3 Hz),
2.71 (2H, t, J=5.5 Hz), 2.23-2.15 (2H, m), 0.83 (9H, s), -0.04 (3H, s), -0.16 (3H, s).
[0606]
(Step 7)
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2-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-3-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-B-D-ribofuranosyl)-2,7,8,9-
tetrahydro-6-oxa-2,3,5-triazabenzo[cd]azulene
With use of the compound obtained in step 6 (1.13 g), the reaction was
performed in the same manner as in step 4 of Example 5, except that silica gel
column chromatography [hexane/ethyl acetate/0.1% triethylamine] was used for
purification, to afford the title compound (1.00 g) as a mixture of diasterecomers at
the phosphorus atom (diastereomer ratio = 6:4).
'H-NMR (CDCl3) &: 8.41 (0.4H, s), 8.39 (0.6H, s), 7.51-7.43 (2H, m), 7.39-7.17 (8H,
m), 6.85-6.79 (4H, m), 6.34 (0.6H, d, J=6.7 Hz), 6.30 (0.4H, d, J=5.9 Hz), 4.82
(0.6H, dd, J=6.7, 4.7 Hz), 4.76 (0.4H, dd, J=5.9, 4.7 Hz), 4.55-4.47 (2H, m), 4.43-
4.35 (1.2H, m), 4.30-4.25 (0.8H, m), 4.05-3.85 (1H, m), 3.81-3.76 (6H, m), 3.70-3.47
(4H, m), 3.32-3.24 (1H, m), 2.79-2.64 (3.2H, m), 2.31 (0.8H, t, J=6.5 Hz), 2.23-2.14
(2H, m), 1.20-1.15 (8.4H, m), 1.03 (3.6H, d, J=7.0 Hz), 0.75 (3.6H, s), 0.73 (5.4H, s),
-0.03 (1.2H, s), -0.08 (1.8H, s), -0.20 (1.2H, s), -0.22 (1.8H, s).
[0607]
(Step 8)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-Bis{[tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-14-(8,9-dihydro-6-oxa-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-2-ox0-2-sulfanyl-10-sulfanylideneoctahydro-
2H,10H,12H-5,8-methano-2A>, 10A.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-6-yl} benzamide
With use of the compound obtained in step 7 (1.00 g), the reaction was
performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 2-{2-O-[tert-butyl(dimethyl)silyl]-3-O-(dihydroxyphosphanyl)-f3-D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[cd]azulene. With use of

this acetonitrile solution and commercially available (Cool Pharm Ltd.) N-benzoyl-
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5'-0-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}adenosine (1.28 g), the reaction
was performed in the same manner as in step 8 of Example 1 and step 9 of Example
1 to afford a mixture containing diastereomer 1 of the title compound and a mixture
containing diastereomer 2 of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1116(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1116(M+H)".

[0608]

(Step 9-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
9H-purin-9-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy } - 14-(8,9-dihydro-6-oxa-
2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-2,10-dioxooctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the whole quantity of the compound obtained in step 8 (the
mixture containing diastereomer 1), the reaction was performed in the same manner
as in step 10 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound (73 mg) as a triethylamine salt.
[Purification Conditions] HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 30% - 60% (0 min - 35 min)].

MS(ESDm/z: 959(M+H)".

[0609]

(Step 9-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
9H-purin-9-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy } - 14-(8,9-dihydro-6-oxa-
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2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-2,10-dioxooctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the whole quantity of the compound obtained in step 8 (the
mixture containing diastereomer 2), the reaction was performed in the same manner
as in step 10 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound (58 mg) as a triethylamine salt.
[Purification Conditions] HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 25% - 50% (0 min - 35 min)].

MS(ESDm/z: 959(M+H)".

[0610]

(Step 10-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-14-(8,9-
dihydro-6-oxa-2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-22°, 101.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 9-1 (68 mg), the reaction was
performed in the same manner as in step 12-1 of Example 19, and salt exchange was
then performed in the same manner as in [Conversion to Sodium Salt] described in
step 11 of Example 1 to afford the title compound (42 mg).

MS(ESDm/z: 731(M+H)".

"H-NMR (CD3;0D) §: 8.73 (1H, s), 8.31 (1H, s), 8.17 (1H, s), 7.36 (1H, s), 6.38 (1H,
d, J=4.7 Hz), 6.34 (1H, d, J=8.2 Hz), 5.42-5.34 (1H, m), 5.24-5.16 (1H, m), 4.86-
4.81 (2H, m), 4.64-4.29 (6H, m), 4.12-4.01 (2H, m), 2.98-2.81 (2H, m), 2.28-2.13
(2H, m).

3IP-NMR (CD3OD) &: 58.2 (s), 54.4 (s).
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[0611]

(Step 10-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-14-(8,9-
dihydro-6-oxa-2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-22°, 101.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 9-2 (58 mg), the reaction was
performed in the same manner as in step 12-1 of Example 19, and salt exchange was
then performed in the same manner as in [Conversion to Sodium Salt] described in
step 11 of Example 1 to afford the title compound (35 mg).

MS(ESDm/z: 731(M+H)".

'H-NMR (CD;OD) &: 8.81 (1H, s), 8.31 (1H, s), 8.17 (1H, s), 7.38 (1H, s), 6.41 (1H,
d, J=6.7 Hz), 6.34 (1H, d, J=8.6 Hz), 5.56-5.41 (2H, m), 4.87 (1H, m), 4.64-4.27
(7H, m), 4.06-3.99 (1H, m), 3.92-3.88 (1H, m), 2.99 (2H, t, J=5.5 Hz), 2.28-2.19
(2H, m).

3IP-NMR (CDs0D) &: 63.1 (s), 60.5 (s).

[0612]

Example 21: Synthesis of Drug-Linker 1

[Synthesis Scheme]

[0613]
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Drug-linker 1
[0614]
(Step 1)

N-(Azaniumylacetyl)glycyl-L-phenylalanylglycine trifluoroacetate

To a solution of commercially available (Bachem Holding AG) N-(tert-
butoxycarbonyl)glycylglycyl-L-phenylalanylglycine (3.00 g) in dichloromethane (30
mL), trifluoroacetic acid (15 mL) was added at room temperature, and the reaction
mixture was stirred at the same temperature for 3 hours. The reaction mixture was
concentrated under reduced pressure, and then suspended in toluene and again
concentrated under reduced pressure. This concentration operation was further
repeated twice. The residue was made into a slurry with diethyl ether (100 mL),
and then collected through filtration to give a crude form of the title compound (3.27
g).
MS(ESDm/z: 337(M+H)".
"H-NMR (DMSO-de) &: 12.60 (1H, brs), 8.48 (1H, t, J=5.6 Hz), 8.44 (1H, t, J=5.9
Hz), 8.31 (1H, d, J=8.8 Hz), 7.97 (3H, brs), 7.28-7.16 (5H, m), 4.58 (1H, m), 3.87
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(1H, dd, J=16.8, 5.6 Hz), 3.78 (2H, d, J=5.9 Hz), 3.67 (1H, dd, J=17.1, 5.4 Hz), 3.56
(2H, brd, J=4.4 Hz), 3.05 (1H, dd, J=13.7, 3.9 Hz), 2.74 (1H, dd, J=13.7, 10.3 Hz).
[0615]
(Step 2)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
phenylalanylglycine

To a solution of the compound obtained in step 1 (2.09 g) in N,N-
dimethylformamide (46.4 mL), triethylamine (0.804 mL) and 1-{[4-(11,12-
didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]oxy } pyrrolidine-2,5-dione
(1.87 g) were added, and the reaction mixture was stirred at room temperature for 21
hours. The reaction mixture was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography
[dichloromethane/methanol]. To a dichloromethane solution of the resulting
compound, diethyl ether was added to make a slurry, and the compound was
collected through filtration to give the title compound (2.10 g).
MS(ESDm/z: 624(M+H)".
"H-NMR (DMSO-dg) &: 8.20-7.91 (4H, m), 7.68-7.13 (13H, m), 4.98 (1H, dd,
J=13.9, 3.2 Hz), 4.51-4.46 (1H, m), 3.73-3.47 (7TH, m), 3.00 (1H, dd, J=13.9, 4.1 Hz),
2.73 (1H, t, J=11.7 Hz), 2.67-2.57 (1H, m), 2.29-2.22 (1H, m), 2.06-2.01 (1H, m),
1.80-1.73 (1H, m). (only observable peaks are shown)
[0616]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-phenylalanylglycinate

To a solution of the compound obtained in step 2 (2.10 g) in N,N-
dimethylformamide (33.7 mL), N-hydroxysuccinimide (426 mg) and 1-ethyl-3-(3-

dimethylaminopropyl)-carbodiimide hydrochloride (710 mg) were added, and the
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reaction mixture was stirred under the nitrogen atmosphere at room temperature for
16 hours. The reaction mixture was diluted with dichloromethane, and then washed
three times with iced water, and dried over anhydrous sodium sulfate. The drying
agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. Ethyl acetate was added to the oily residue to precipitate a solid.
The solvent was distilled off under reduced pressure, and diethyl ether was added to
the resulting solid to make a slurry, and the solid was collected through filtration to
give the title compound (2.18 g).

"H-NMR (DMSO-ds) &: 8.74-8.69 (1H, m), 8.16-8.08 (2H, m), 8.00-7.93 (1H, m),
7.71-7.15 (13H, m), 5.00 (1H, dd, J=13.9, 3.0 Hz), 4.55-4.49 (1H, m), 4.27 (2H, t,
J=6.0 Hz), 3.77-3.68 (1H, m), 3.64-3.50 (4H, m), 3.02 (1H, dd, J=13.9, 4.2 Hz),
2.82-2.73 (5H, m), 2.69-2.58 (1H, m), 2.33-2.24 (1H, m), 2.10-2.02 (1H, m), 1.83-
1.75 (1H, m).

[0617]

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-

yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-(2-{9-

[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)glycinamide
(Drug-Linker 1)

To a solution of the compound obtained in step 8-2 of Example 5 (10.0 mg) in
N,N-dimethylformamide (1 mL), triethylamine (8 pL) and the compound obtained in
step 3 (17.6 mg) were added, and the reaction mixture was stirred at room

temperature for 2 hours. Benzylamine (3 pL) was added to the reaction mixture,
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which was stirred at room temperature for 1 hour. To the reaction mixture, 10 mM
aqueous solution of triethylammonium acetate and methanol were added, and the
reaction mixture was purified by C18 silica gel column chromatography [10 mM
aqueous solution of triethylammonium acetate/acetonitrile] and preparative HPLC
[10 mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5%
- 50% (0 min - 40 min)] to afford the title compound (10.9 mg).

MS(ESDm/z: 1379(M+H)".

"H-NMR (CD3;0D) &: 8.72 (1H, d, J=10.0 Hz), 8.15 (1H, d, J=10.0 Hz), 8.02 (1H, s),
7.63-7.50 (2H, m), 7.42-7.37 (3H, m), 7.32-7.13 (8H, m), 7.12 (1H, s), 6.31 (1H, d,
J=6.7 Hz), 6.25 (1H, d, J=8.5 Hz), 5.51-5.40 (2H, m), 5.09-4.99 (1H, m), 4.85-4.77
(1H, m), 4.53-4.42 (2H, m), 4.42-4.15 (5H, m), 4.04-3.96 (1H, m), 3.92-3.46 (12H,
m), 3.18 (12H, q, J=7.3 Hz),

3.16-2.73 (5H, m), 2.40-2.23 (2H, m), 2.06-1.94 (4H, m), 1.29 (18H, t, J=7.3 Hz).
[0618]

Example 22: Synthesis of Drug-Linker 2

[Synthesis Scheme]

[0619]
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[0620]
(Step 1)

1-[2-(Benzoyloxy)ethyl]-5'-O-[ bis(4-methoxyphenyl)(phenyl)methyl]inosine



10

15

20

25

- 301 -

To a solution of inosine (10.0 g) in pyridine (50 mL) and N,N-
dimethylacetamide (50 mL), 4,4'-dimethoxytrityl chloride (15.2 g) was added at 0°C,
and the reaction mixture was then stirred at 4°C for 64 hours. Methanol (2 mL) was
added to the reaction mixture, which was stirred for 10 minutes, and then
concentrated to about 50 mL. To the residue, 2-bromoethylbenzoate (7.02 mL) and
2,3,4,6,7,8,9,10-octahydropyrimido[ 1,2-aJazepine (13.9 mL) were added, and the
reaction mixture was stirred at room temperature for 1 day. A saturated aqueous
solution of sodium hydrogen carbonate and water were added to the reaction mixture,
which was subjected to extraction with ethyl acetate. The organic layer was washed
with brine, and then dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl
acetate/methanol/0.1% triethylamine] to afford the title compound (15.2 g).
MS(ESDm/z: 719(M+H)".

"H-NMR (CDCl3) &: 8.00 (1H, s), 7.98 (1H, s), 7.98-7.94 (2H, m), 7.62-7.15 (12H,
m), 6.80-6.75 (4H, m), 5.95 (1H, d, J=5.4 Hz), 4.82-4.79 (1H, m), 4.72-4.64 (3H, m),
4.55-4.34 (5H, m), 3.77 (6H, s), 3.43 (1H, dd, J=10.6, 3.9 Hz), 3.34 (1H, dd, J=10.6,
3.6 Hz).

[0621]

(Step 2)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]inosine

With use of the compound obtained in step 1 (3.01 g), the reaction was
performed in the same manner as in step 3 of Example 5 to afford the title compound
(1.20 g) and 1-[2-(benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-
O-[tert-butyl(dimethyl)silyl]inosine (1.22 g) as a regioisomer of the title compound.

MS(ES)m/z: 833(M+H)".
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'H-NMR (CDCl3) &: 8.03 (1H, s), 7.98-7.96 (1H, m), 7.96 (1H, s), 7.96-7.94 (1H,
m), 7.59-7.52 (1H, m), 7.44-7.38 (4H, m), 7.32-7.15 (7H, m), 6.83-6.77 (4H, m),
5.94 (1H, d, J=4.8 Hz), 4.69-4.63 (2H, m), 4.59-4.35 (4H, m), 4.16 (1H, dd, J=3.8,
1.9 Hz), 3.77 (6H, d, J=1.8 Hz), 3.47 (1H, dd, J=10.9, 3.0 Hz), 3.27 (1H, dd, J=10.9,
4.2 Hz), 3.00 (1H, d, J=6.7 Hz), 0.87 (9H, s), 0.06 (3H, s), -0.01 (3H, s).
(2'-O-TBS form)
MS(ESm/z: 833(M+H)".
"H-NMR (CDCls) &: 8.01 (1H, s), 7.97-7.93 (2H, m), 7.91 (1H, s), 7.59-7.53 (1H,
m), 7.45-7.38 (4H, m), 7.35-7.17 (7TH, m), 6.83-6.77 (4H, m), 5.97 (1H, d, J=6.0 Hz),
4.84 (1H, t, J=5.4 Hz), 4.71-4.60 (2H, m), 4.52-4.37 (2H, m), 4.33-4.28 (1H, m),
4.28-4.24 (1H, m), 3.78 (3H, s), 3.77 (3H, s), 3.47 (1H, dd, J=10.9, 3.0 Hz), 3.38
(1H, dd, J=10.9, 3.6 Hz), 2.71 (1H, d, J=3.0 Hz), 0.80 (9H, s), -0.03 (3H, s), -0.19
(3H, s).
[0622]
(Step 3)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[ tert-
butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}inosine

With use of the compound obtained in step 2 (1.20 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound
(1.41 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
0.55:0.45).
MS(ESDm/z: 1033(M+H)".
'H-NMR (CDCl3) &: 8.05 (0.45H, s), 8.04 (0.55H, s), 7.99-7.95 (2H, m), 7.95
(0.55H, s), 7.92 (0.45H, s), 7.59-7.53 (1H, m), 7.45-7.39 (4H, m), 7.35-7.10 (7H, m),
6.83-6.78 (4H, m), 6.15 (0.55H, d, J=5.4 Hz), 6.08 (0.45H, d, J=6.0 Hz), 4.86-4.49
(3H, m), 4.49-4.35 (3H, m), 4.25-4.10 (1H, m), 3.78 (6H, s), 3.72-3.41 (5H, m),
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3.35-3.25 (1H, m), 2.47 (1H, t, J=6.7 Hz), 2.32 (1H, t, J=6.3 Hz), 1.33-1.24 (6H, m),
1.13-1.03 (6H, m), 0.84 (4.05H, s), 0.84 (4.95H, s), 0.08 (1.35H, s), 0.05 (1.65H, s),
0.00 (1.35H, s), -0.01 (1.65H, s).

[0623]

(Step 4)

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 1.40 g). With use of an acetonitrile solution of the compound
obtained and the compound obtained in step 3 (1.41 g), the reaction was performed
in the same manner as in step 8 of Example 1. The resulting crude product was
directly used for the subsequent reaction.

[0624]

(Step 5)
2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-6-0x0-6,9-dihydro-1H-purin-1-yl}ethyl benzoate

With use of the crude product obtained in step 4, the reaction was performed
in the same manner as in step 9 of Example 1 to afford the title compound (778 mg)
as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1264(M+H)".

[0625]

(Step 6)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-

bis {[tert-butyl(dimethyl)silyl]Joxy}-7-[1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
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yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 5 (778 mg), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(255 mg) and diastercomer 2 (with impurities) of the title compound. Diastereomer
2 was again purified by preparative HPLC [water/acetonitrile with 0.2%
triethylamine, acetonitrile with 0.2% triethylamine: 5% - 50% (0 min - 40 min)] to
afford diastereomer 2 (94.6 mg) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1003(M+H)".

'H-NMR (CD3OD) &: 8.66 (1H, s), 8.21 (1H, s), 8.04 (1H, s), 7.33 (1H, s), 6.27 (1H,
d, J=5.1 Hz), 6.25 (1H, d, J=3.6 Hz), 5.39-5.29 (1H, m), 5.18-5.11 (1H, m), 4.85-
4.81 (1H, m), 4.79-4.74 (1H, m), 4.71-4.66 (1H, m), 4.50-4.42 (1H, m), 4.36-4.21
(2H, m), 4.09-3.98 (2H, m), 3.85-3.78 (2H, m), 3.78-3.69 (2H, m), 3.55-3.46 (2H,
m), 3.17 (12H, q, J=7.3 Hz), 2.98-2.75 (2H, m), 2.05-1.88 (2H, m), 1.28 (18H, t,
J=7.3 Hz), 0.98 (9H, s), 0.85 (9H, s), 0.31 (3H, s), 0.27 (3H, s), 0.25 (3H, ), 0.09
(3H, s).

Diastereomer 2 (more polar)

MS(ESD)m/z: 1003(M+H)".

'H-NMR (CD30D) §: 8.50 (1H, s), 8.22 (1H, s), 8.07 (1H, s), 7.20 (1H, s), 6.33 (1H,
d, J=7.3 Hz), 6.26 (1H, d, J=9.1 Hz), 5.59-5.44 (1H, m), 5.38-5.32 (1H, m), 5.21-
5.11 (1H, m), 4.99-4.89 (2H, m), 4.68-4.54 (2H, m), 4.25-4.12 (3H, m), 4.09-4.03
(1H, m), 3.90-3.80 (3H, m), 3.59-3.51 (2H, m), 3.20 (12H, q, J=7.3 Hz), 2.96-2.89
(2H, m), 2.07-1.98 (2H, m), 1.30 (18H, t, J=7.3 Hz), 0.99 (9H, s), 0.74 (9H, s), 0.27
(3H, s), 0.27 (3H, s), 0.20 (3H, s), -0.05 (3H, s).

[0626]

(Step 7-1)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-7-(1-{2-[(glycylamino)methoxy]ethyl }-6-oxo-
1,6-dihydro-9H-purin-9-yl1)-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

To a solution of the compound obtained in step 6 (diastereomer 1) (30 mg) in
tetrahydrofuran (0.5 mL), [(N-{[(9H-fluoren-9-
yl)methoxy]carbonyl} glycyl)amino]methyl acetate (91.7 mg) and p-toluenesulfonic
acid monohydrate (11.8 mg) were added, and the reaction mixture was stirred at
room temperature for 6 hours. To the reaction mixture, N,N-dimethylformamide
(0.5 mL) and 1,8-diazabicyclo[5.4.0]-7-undecene(56 uL) were added, and the
reaction mixture was stirred at room temperature for 3 hours. To the reaction
mixture, 10 mM aqueous solution of triethylammonium acetate was added, and the
reaction mixture was purified by C18 silica gel column chromatography [10 mM
aqueous solution of triethylammonium acetate/acetonitrile] to afford the title
compound (25.6 mg) containing the raw material as an impurity.
MS(ESDm/z: 1089(M+H)".
[0627]
(Step 7-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-7-(1-{2-[(glycylamino)methoxy]ethyl }-6-oxo-
1,6-dihydro-9H-purin-9-yl1)-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

(Diastereomer 2)
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With use of the compound obtained in step 6 (diastereomer 2) (84.6 mg), the
reaction was performed in the same manner as in step 7-1 to afford the title
compound (70.9 mg) containing the raw material as an impurity.

MS(ESD)m/z: 1089(M+H)".

[0628]

(Step 8-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(1-{2-
[(glycylamino)methoxy]ethyl}-6-0x0-1,6-dihydro-9H-purin-9-yl)-15,16-dihydroxy-
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate) diastereomer
1

To the compound obtained in step 7-1 (25.6 mg), triethylamine
trihydrofluoride (2 mL) was added, and the reaction mixture was stirred at 45°C for 3
hours. To the reaction mixture, an ice-cooled mixture of 1 M solution of
triethylammonium hydrogen carbonate (10 mL) and triethylamine (2 mL) was added
at room temperature. The reaction mixture was concentrated under reduced
pressure, and then purified by C18 silica gel column chromatography (10 mM
aqueous solution of triethylammonium acetate/acetonitrile) to afford the title
compound (16.6 mg: with an impurity derived from the raw material in step 7-1).
MS(ESDm/z: 861(M+H)".

[0629]

(Step 8-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(1-{2-
[(glycylamino)methoxy]ethyl}-6-0x0-1,6-dihydro-9H-purin-9-yl)-15,16-dihydroxy-
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
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yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 7-2 (70.9 mg), the reaction was
performed in the same manner as in step 8-1 to afford the title compound (51.7 mg:
with an impurity derived from the raw material in step 7-2).

MS(ESDm/z: 861(M+H)".

[0630]

(Step 9-1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Drug-Linker 2a: diasterecomer 1)

To a solution of the compound obtained in step 8-1 (16.6 mg) in N,N-
dimethylformamide (0.5 mL), triethylamine (6 uL) and a compound obtained in step
11 described later (15.5 mg) were added, and the reaction mixture was stirred at
room temperature for 3 hours. Benzylamine (3 pL) was added to the reaction
mixture, which was stirred at room temperature for 1 hour. Thereto, 10 mM
aqueous solution of triethylammonium acetate and methanol were added, and the
reaction mixture was purified by C18 silica gel column chromatography [10 mM
aqueous solution of triethylammonium acetate/acetonitrile] and preparative HPLC
[10 mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10%

- 45% (0 min - 30 min)] to afford the title compound (5.1 mg).
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MS(ESDm/z: 1409(M+H)".

'H-NMR (CD30D) §: 8.66-8.60 (1H, m), 8.17 (1H, s), 8.02 (1H, s), 7.65-7.48 (2H,
m), 7.43-7.36 (3H, m), 7.31-7.13 (8H, m), 7.11 (1H, s), 6.30-6.21 (2H, m), 5.46-5.37
(1H, m), 5.23-5.16 (1H, m), 5.08-4.99 (1H, m), 4.86-4.81 (1H, m), 4.80-4.75 (1H,
m), 4.70-4.40 (7H, m), 4.40-4.20 (3H, m), 4.10-3.97 (3H, m), 3.86-3.58 (8H, m),
3.51-3.43 (3H, m), 3.18 (12H, q, J=7.3 Hz), 3.01-2.93 (1H, m), 2.85-2.72 (3H, m),
2.37-2.15 (2H, m), 2.01-1.93 (2H, m), 1.29 (18H, t, J=7.3 Hz). (only observable
peaks are shown)

[0631]

(Step 9-2)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Drug-Linker 2b: diastereomer 2)

With use of the compound obtained in step 8-2 (51.7 mg), the reaction was
performed in the same manner as in step 9-1, and purification was then performed
under the following [Purification Conditions] to afford the title compound (33.7 mg).
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% - 50%
(0 min - 30 min)].

MS(ESm/z: 1409(M+H)".
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'H-NMR (CD3OD) &: 8.73 (1H, d, J=6.7 Hz), 8.19 (1H, d, J=3.0 Hz), 8.02 (1H, s),
7.66-7.50 (2H, m), 7.43-7.37 (3H, m), 7.33-7.13 (8H, m), 7.11 (1H, s), 6.33-6.23
(2H, m), 5.51-5.38 (2H, m), 5.04 (1H, t, J=13.6 Hz), 4.83-4.77 (1H, m), 4.64-4.55
(2H, m), 4.52-4.26 (6H, m), 4.25-3.97 (2H, m), 3.93-3.45 (13H, m), 3.19 (12H, q,
J=7.3 Hz), 3.17-3.11 (1H, m), 3.02-2.92 (1H, m), 2.91-2.73 (3H, m), 2.40-2.24 (2H,
m), 2.07-1.95 (3H, m), 1.30 (18H, t, J=7.3 Hz).
[0632]
(Step 10)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
phenylalanine

To a solution of commercially available (Bachem Holding AG) (2S)-2-[[2-
[(2-aminoacetyl)amino]acetyl]Jamino]-3-phenylpropanoic acid (2.86 g) in N,N-
dimethylformamide (51.2 mL), triethylamine (2.56 mL) and commercially available
(Click Chemistry Tools) 1-{[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]oxy} pyrrolidine-2,5-dione (3.69 g) were added, and the reaction
mixture was stirred at room temperature for 24 hours. An aqueous solution (500
mL) of citric acid monohydrate (24.0 g) was added to the reaction mixture, which
was subjected to extraction with ethyl acetate. ~ After the organic layer was dried
over anhydrous sodium sulfate, the drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was dissolved in
an ethyl acetate/acetonitrile mixed solution, and then precipitated with diisopropyl
ether and collected through filtration to give the title compound (4.30 g).
"H-NMR (DMSO-ds) : 12.8 (1H, brs), 8.15-7.95 (3H, m), 7.68-7.17 (13H, m), 5.01
(1H, d, J=14.2 Hz), 4.41-4.37 (1H, m), 3.74-3.57 (5H, m), 3.05-3.01 (1H, m), 2.87
(1H, dd, J=14.2, 9.3 Hz), 2.68-2.59 (1H, m), 2.32-2.25 (1H, m), 2.09-2.03 (1H, m),
1.82-1.76 (1H, m).
[0633]
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(Step 11)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-phenylalaninate

To a solution of the compound obtained in step 10 (2.10 g) in N,N-
dimethylformamide (75.9 mL), N-hydroxysuccinimide (961 mg) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (1.60 g) were added, and the
reaction mixture was stirred under the nitrogen atmosphere at room temperature for
21 hours. The reaction mixture was diluted with dichloromethane, washed three
times with iced water, and then dried over anhydrous sodium sulfate. The drying
agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. Toluene was added to the residue, and the resultant was again
concentrated under reduced pressure. The residue was dissolved in acetonitrile, and
the resultant was purified by C18 silica gel column chromatography [acetonitrile:
100%)]. Fraction containing the targeted product were concentrated under reduced
pressure, and thereafter diisopropyl ether was added to the residue to make a slurry.
The solid obtained was collected through filtration to give the title compound (2.59
g
"H-NMR (DMSO-dy) &: 8.58-8.51 (1H, m), 8.17-8.00 (2H, m), 7.66-7.20 (13H, m),
5.02-4.98 (1H, m), 4.90-4.85 (1H, m), 3.78-3.57 (5§H, m), 3.24-3.19 (1H, m), 3.06-
3.00 (1H, m), 2.82 (4H, brs), 2.67-2.58 (1H, m), 2.32-2.23 (1H, m), 2.09-2.02 (1H,
m), 1.82-1.75 (1H, m).
[0634]
Example 23: Synthesis of Drug-Linker 3
[Synthesis Scheme]
[0635]
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[0636]
(Step 1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]glycinamide

(Drug-Linker 3)

To a solution of the compound obtained in step 8-2 of Example 8 (4.8 mg) in
N,N-dimethylformamide (0.29 mL), triethylamine (1.9 uL) and the compound
obtained in step 3 of Example 21 (5.2 mg) were added, and the reaction mixture was
stirred under the nitrogen atmosphere at room temperature for 1.5 hours.  After
benzylamine (3.2 pL) was added thereto to quench the reaction, the resultant was
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 20% - 40% (0 min - 30 min)] to afford the title
compound (8.0 mg).

MS(ESD)m/z: 1393(M+H)".
"H-NMR (CD3OD) &: 8.35 (1H, brs), 8.02 (1H, s), 7.61-7.15 (14H, m), 6.33 (1H, dd,
J=6.0, 3.0 Hz), 6.15-6.09 (1H, m), 5.49-5.37 (2H, m), 5.05 (1H, dd, J=13.9, 12.1 Hz),
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4.85-4.79 (1H, m), 4.53-4.21 (6H, m), 4.06-3.61 (8H, m), 3.51-3.13 (6H, m), 3.16
(12H, q, J=7.3 Hz), 3.06-2.65 (7H, m), 2.35-1.94 (4H, m), 1.28 (18H, t, J=7.6 Hz).
[0637]

Example 24: Synthesis of Drug-Linker 4

[Synthesis Scheme]

[0638]
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[0639]
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(Step 1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[6-amino-
2-({2-[(glycylamino)methoxy]ethyl} amino)-9H-purin-9-yl]-15,16-bis {[tert-
butyl(dimethyl)silyljoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 1-2 of Example 9 (17.6 mg), the
reaction was performed in the same manner as in step 7-1 of Example 22 to afford
the title compound (8.3 mg).

MS(ESDm/z: 1103(M+H)".

[0640]

(Step 2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-amino-2-
({2-[(glycylamino)methoxy]ethyl } amino)-9H-purin-9-yl]-15,16-dihydroxy-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd |azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 1 (10.7 mg), the reaction was
performed in the same manner as in step 8-1 of Example 22 to afford the title
compound (7.6 mg).

MS(ESDm/z: 875(M+H)".

(Step 3)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-{[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-

2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
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11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-y1]-9H-purin-2-
yl}amino)ethoxy]methyl} glycinamide
(Drug-Linker 4)

With use of the compound obtained in step 2 (7.6 mg), the reaction was

performed in the same manner as in step 9-1 of Example 22. Purification was

performed under the following [Purification Conditions] to afford the title compound

(7.6 mg) as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 20% - 40% (0 min - 30 min)].
MS(ESD)m/z: 1423(M+H)".

"H-NMR (CD3;0D) &: 8.37 (1H, brs), 8.01 (1H, d, J=2.4 Hz), 7.63-7.11 (14H, m),
6.33 (1H, d, J=6.7 Hz), 6.17 (1H, d, J=7.3 Hz), 5.51-5.36 (2H, m), 5.09-5.03 (1H,
m), 4.84-4.80 (1H, m), 4.63-4.25 (8H, m), 4.07-3.58 (9H, m), 3.50-3.41 (4H, m),
3.28-2.72 (8H, m), 3.18 (12H, q, J=7.3 Hz), 2.45-1.96 (4H, m), 1.29 (18H, t, J=7.3
Hz).

[0641]

Example 25: Synthesis of Glycan-Remodeled Antibody 1

Synthesis of Modified Anti-HER2 Antibody-[SG-(N3):2]>

[Synthesis Scheme]

[0642]
& Q] ———
&) 6l —
Modified anti-HER2 antibody (Fuca1,6)GIcNAc-modified Modified anti-HER2
anti-HER2 antibody antibody-[SG-(Ns).].
[0643]

(Step 1)
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Preparation of (Fucal,6)GIcNAc-Modified Anti-HER2 Antibody

To a phosphate-buffered saline solution of a modified anti-HER2 antibody
prepared in accordance with Reference Example 1 (20 mL, 12.6 mg/mL, pH 6.0), a
phosphate-buffered saline solution of wild-type EndoS (0.147 mL, 7.70 mg/mL, pH
6.0) was added, and the reaction mixture was shaken at 37°C for 2 hours and 15
minutes. The degree of progression of the reaction was checked by using an
Experion electrophoresis station (produced by Bio-Rad Laboratories, Inc.). After
the completion of the reaction, purification by affinity chromatography and
purification by hydroxyapatite column chromatography were performed in
accordance with the following methods.
(1) Purification by Affinity Chromatography
Purification apparatus: AKTA avant 25(produced by GE Healthcare)
Column: HiTrap rProtein A FF (5 mL) (produced by GE Healthcare)
Flow rate: 5 mL/min (1.25 mL/min in charging)

The reaction mixture obtained above was purified in two separate operations.
In connecting to the column, the reaction mixture was added to the column, and 2
CV of binding buffer (20 mM phosphate buffer (pH 6.0)) was flowed at 1.25 mL/min
and 5 CV thereof was further flowed at 5 mL/min. In intermediate washing, 15 CV
of washing solution (20 mM phosphate buffer (pH 7.0), 0.5 M sodium chloride
solution) was flowed. In elution, 6 CV of elution buffer (ImmunoPure IgG Elution
buffer, produced by Pierce) was flowed. The eluate was immediately neutralized
with 1 M Tris buffer (pH 9.0). Fractions containing the targeted product were
subjected to buffer exchange to 5 mM phosphate buffer/50 mM 2-
morpholinoethanesulfonic acid (MES) solution (pH 6.8) in accordance with the
method described in Common Operation C. The antibody concentration of the

buffer solution obtained was measured in accordance with the method described in
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Common Operation B, thus providing a partially purified solution of the title
antibody (26.57 mg/mL, 9.0 mL).
(2) Purification by Hydroxyapatite Chromatography
Purification apparatus: AKTA avant 25 (produced by GE Healthcare)
Column: Bio-Scale Mini CHT Type I cartridge (5 mL) (produced by Bio-Rad
Laboratories, Inc.)
Flow rate: 5 mL/min (1.25 mL/min in charging)

The solution obtained in (1) was added to the column, and 2 CV of solution A
(5 mM phosphate buffer, 50 mM MES solution (pH 6.8)) was flowed at 1.25 mL/min
and 3 CV thereof was further flowed at 5 mL/min. Thereafter, elution was
performed with solution A and solution B (5 mM phosphate buffer/50 mM MES
solution (pH 6.8), 2 M sodium chloride solution). The elution conditions were
solution A:solution B =100:0 to 0:100 (5 CV). Further, 5 CV of washing solution
(500 mM phosphate buffer (pH 6.5)) was flowed. Fractions containing the targeted
product were subjected to buffer exchange to 20 mM phosphate buffer (pH 6.0) in
accordance with the method described in Common Operation C. The antibody
concentration of the buffer solution obtained was measured in accordance with the
method described in Common Operation B, thus providing a solution of the title
antibody (17.29 mg/mL, approximately 13 mL).
[0644]
(Step 2)
Preparation of Modified Anti-HER2 Antibody-[SG-(N3)2]2

To the antibody obtained in step 1 in a 20 mM phosphate buffer solution
(17.29 mg/mL, 13 mL, pH 6.0), [N3-PEG(3)]2-SG(10)Ox (compound 1-10 in
WO02018/003983) (52 mg) in a 20 mM phosphate buffer solution (pH 6.0) (3.0 mL +
1.0 mL for washing) and a phosphate-buffered saline solution of EndoS

(D233Q/Q303L) (0.698 mL, 5.8 mg/mL, pH 6.0) were added, and the reaction
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mixture was shaken at 30°C for 4 hours. The reaction mixture was stored at -80°C
for 15 hours and then thawed at 30°C, and [N3-PEG(3)]>-SG(10)Ox (7.4 mg) and a
phosphate-buffered saline solution of EndoS (D233Q/Q303L) (0.155 mL, 5.8
mg/mL, pH 6.0) were further added to the reaction mixture, which was shaken at
30°C for 2 hours. The degree of progression of the reaction was checked by using
an Experion electrophoresis station (produced by Bio-Rad Laboratories, Inc.).
After the completion of the reaction, purification by affinity chromatography and
purification by hydroxyapatite chromatography were performed as in step 1.
Fractions containing the targeted product (seven fractions in total) were separated
into four former fractions and three latter fractions, and each fraction was subjected
to buffer exchange to phosphate-buffered saline (pH 6.0) in accordance with the
method described in Common Operation C.  The antibody concentration of each
buffer solution obtained was measured in accordance with the method described in
Common Operation B, thus providing a solution of the title antibody (four former
fractions: 14.99 mg/mL, 10 mL) and a solution of the title antibody (three latter
fractions: 10.97 mg/mL, 6.2 mL).

[0645]

Example 26: Synthesis of Glycan-Remodeled Antibody 2

Preparation of Modified Anti-LPS Antibody-[SG-(N3)2]>

[Synthesis Scheme]

[0646]
[Q [ O] Step 1 »
o o
Modified anti-LPS antibody (Fuca.1,6)GlcNAc-modified Modified anti-LPS antibody-
anti-LPS antibody [SG~(Na)2]2

[0647]
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(Step 1)
Preparation of (Fucal,6)GlcNAc-Modified Anti-LPS Antibody

With use of a phosphate-buffered saline solution of a modified anti-LPS
antibody prepared in accordance with Reference Example 2 (8.5 mL, 10.96 mg/mL,
pH 6.0), the same operations as in step 1 of Example 25 were performed to afford the
title antibody in a 20 mM phosphate buffer solution (11.70 mg/mL, 7.5 mL, pH 6.0).
[0648]
(Step 2)
Preparation of Modified Anti-LPS Antibody-[SG-(N3)2]>

With use of the antibody in a 20 mM phosphate buffer solution obtained in
step 1 (11.70 mg/mL, 7.5 mL, pH 6.0) and [N3-PEG(3)]>-SG(10)Ox (20.3 mg), the
same operations as in step 2 of Example 25 were performed to afford a phosphate-
buffered saline solution of the title antibody (10.55 mg/mL, 7.5 mL, pH 6.0).
[0649]
Example 27: Synthesis of Antibody-Drug Conjugate 1 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.97 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 3 (10 mM,
0.0907 mL, 24 equivalents per antibody molecule) and propylene glycol (0.159 mL)
was added, and the resultant was reacted with tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (10 mM acetate buffer, 5 % sorbitol,
pH 5.5) (3.5 mL).

Analysis was performed in accordance with the methods described in

Common Operations E and G to acquire the following results.
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Antibody concentration: 0.97 mg/mL
Antibody yield: 3.41 mg (62%)
Average number of conjugated drug molecules: 3.6
[0650]
Example 28: Synthesis of Antibody-Drug Conjugate 2 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 2)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.97 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 4 (10 mM,
0.0907 mL, 24 equivalents per antibody molecule) and propylene glycol (0.159 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.08 mg/mL
Antibody yield: 3.78 mg (69%)
Average number of conjugated drug molecules: 3.2
[0651]
Example 29: Synthesis of Antibody-Drug Conjugate 3 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 3)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.97 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2a (10 mM,
0.0907 mL, 24 equivalents per antibody molecule) and propylene glycol (0.159 mL)

was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
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Corporation) at room temperature for 47 hours. The reaction mixture was purified
in accordance with the method described in Common Operation D to afford a
solution of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.91 mg/mL
Antibody yield: 3.17 mg (58%)
Average number of conjugated drug molecules: 3.6
[0652]
Example 30: Synthesis of Antibody-Drug Conjugate 4 (Synthesis of Anti-LPS
Antibody-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 2 (pH
6.0) (10.55 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 3 (10 mM,
0.174 mL, 24 equivalents per antibody molecule) and propylene glycol (0.326 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (6.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.11 mg/mL
Antibody yield: 7.23 mg (69%)
Average number of conjugated drug molecules: 3.9
[0653]
Example 31: Synthesis of CDN21
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(5R,7R,8R,12aR,14R,15R,15a8S,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-14-(7,8,9,10-tetrahydro-2H-6-oxa-2,3,5-triazacycloocta[ 1,2,3-
cd]inden-2-yl)octahydro-2H,10H,12H-5,8-methano-22,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0654]

O—P-SH
H,N Y JN o
21
21a (Diastereomer 1)
21b (Diastereomer 2)
[0655]

[Synthesis Scheme]
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[0657]
(Step 1)
4-(Benzyloxy)-7-{2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)- 3-
D-ribofuranosyl}-5-(4-hydroxybut-1-yn-1-yl)-7H-pyrrolo[2,3-d]pyrimidine

With use of the compound obtained in step 2 of Example 20 (3.37 g) and 3-
butyn-1-o0l (1.72 mL), the reaction was performed in the same manner as in step 2 of
Example 1, except that the reaction temperature was set to room temperature, to
afford the title compound (2.74 g).
'H-NMR (CDCl3) &: 8.44 (1H, s), 7.58-7.53 (2H, m), 7.42-7.31 (3H, m), 7.16 (1H,
s), 6.16 (1H, s), 5.61 (2H, dd, J=14.9, 12.5 Hz), 4.47 (1H, dd, J=9.2, 4.9 Hz), 4.42
(1H, d, J=4.7 Hz), 4.26 (1H, dd, J=9.4, 4.7 Hz), 4.17 (1H, td, J=9.9, 4.8 Hz), 4.01
(1H, t, J=9.6 Hz), 3.71-3.64 (2H, m), 2.65 (2H, t, J=6.1 Hz), 1.87 (1H, t, J=6.5 Hz),
1.08 (9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.11 (3H, s), 0.10 (3H, s).
[0658]
(Step 2)
7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-5-(4-hydroxybutyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one

With use of the compound obtained in step 1 (2.74 g), the reaction was
performed in the same manner as in step 7 of Example 19, except that the reaction
solvent was changed to a mixed solvent of methanol (30 mL)-tetrahydrofuran (30
mL), to afford the title compound (2.21 g).
'H-NMR (CDCl3) &: 11.55 (1H, brs), 7.90 (1H, s), 6.63 (1H, s), 6.09 (1H, s), 4.47
(1H, dd, J=9.0, 5.1 Hz), 4.38 (1H, d, J=4.7 Hz), 4.24 (1H, dd, J=9.4, 4.7 Hz), 4.19-
4.11 (1H, m), 4.01 (1H, t, J=9.8 Hz), 3.82-3.74 (2H, m), 2.88 (1H, brs), 2.83-2.74
(2H, m), 1.85-1.75 (2H, m), 1.71-1.62 (2H, m), 1.09 (9H, s), 1.04 (9H, s), 0.90 (9H,
s), 0.102 (3H, s), 0.099 (3H, s).
[0659]
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(Step 3)

2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-

ribofuranosyl}-7,8,9,10-tetrahydro-2H-6-0xa-2,3,5-triazacycloocta[ 1,2,3-cd]indene
With use of the compound obtained in step 2 (1.89 g), the reaction was

performed in the same manner as in step 5 of Example 20 to afford the title

compound (1.40 g).

"H-NMR (CDCl3) &: 8.41 (1H, 5), 6.84 (1H, s), 6.21 (1H, s), 4.54-4.43 (4H, m), 4.31

(1H, dd, J=9.6, 4.9 Hz), 4.17 (1H, td, J=10.0, 5.1 Hz), 4.00 (1H, dd, J=10.4, 9.2 Hz),

2.87-2.73 (2H, m), 2.05-1.87 (4H, m), 1.10 (9H, s), 1.05 (9H, s), 0.91 (9H, s), 0.12

(3H, s), 0.10 (3H, s).

[0660]

(Step 4)

2-{5-0O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-B-D-

ribofuranosyl}-7,8,9,10-tetrahydro-2H-6-o0xa-2,3,5-triazacycloocta[ 1,2,3-cd]indene
With use of the compound obtained in step 3 (1.61 g), the reaction was

performed in the same manner as in step 5 of Example 1 to afford the title compound

(1.95 g).

"H-NMR (CDCls) 3: 8.40 (1H, s), 7.49-7.43 (2H, m), 7.38-7.20 (8H, m), 6.86-6.78

(4H, m), 6.38 (1H, d, J=5.5 Hz), 4.70 (1H, t, J=5.3 Hz), 4.54-4.45 (2H, m), 4.38-4.31

(1H, m), 4.26-4.18 (1H, m), 3.79 (3H, s), 3.79 (3H, s), 3.53 (1H, dd, J=10.6, 2.3 Hz),

3.37 (1H, dd, J=10.6, 3.1 Hz), 2.81 (1H, d, J=3.9 Hz), 2.56-2.45 (2H, m), 2.00-1.91

(2H, m), 1.86-1.76 (2H, m), 0.82 (9H, s), -0.04 (3H, s), -0.17 (3H, s).

[0661]

(Step 5)

2-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-3-O-

{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-B-D-ribofuranosyl)-7,8,9,10-

tetrahydro-2H-6-o0xa-2,3,5-triazacycloocta[ 1,2,3-cd]indene
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With use of the compound obtained in step 4 (1.95 g), operations were
performed in the same manner as in step 4 of Example 5 to afford the title compound
(2.20 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).

"H-NMR (CDCl3) &: 8.39 (0.4H, s), 8.37 (0.6H, s), 7.51-7.45 (2H, m), 7.40-7.20 (8H,
m), 6.86-6.78 (4H, m), 6.37 (0.6H, d, J=6.7 Hz), 6.32 (0.4H, d, J=6.3 Hz), 4.83-4.78
(0.6H, m), 4.77-4.70 (0.4H, m), 4.56-4.44 (2H, m), 4.42-4.33 (1.4H, m), 4.29-4.24
(0.6H, m), 4.07-3.86 (1H, m), 3.82-3.75 (6H, m), 3.70-3.46 (4H, m), 3.32-3.24 (1H,
m), 2.76-2.65 (1H, m), 2.63-2.49 (2H, m), 2.32 (1H, t, J=6.7 Hz), 2.01-1.90 (2H, m),
1.87-1.74 (2H, m), 1.23-1.12 (8.4H, m), 1.03 (3.6H, d, J=6.7 Hz), 0.74 (3.6H, s),
0.72 (5.4H, s), -0.04 (1.2H, s), -0.08 (1.8H, s), -0.21 (1.2H, s), -0.23 (1.8H, s).
[0662]

(Step 6)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-bis {[tert-
butyl(dimethyl)silylJoxy}-2,10-bis(sulfanyl)-14-(7,8,9,10-tetrahydro-2H-6-oxa-
2,3,5-triazacycloocta[ 1,2,3-cd]inden-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

With use of the compound obtained in step 5 (1.18 g), the reaction was
performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 2- {2-O-[tert-butyl(dimethyl)silyl]-3-O-[hydroxy(oxo)-A>-phosphanyl]-B-
D-ribofuranosyl}-7,8,9,10-tetrahydro-2H-6-o0xa-2,3,5-triazacycloocta[ 1,2,3-
cd]indene. With use of this acetonitrile solution and commercially available (Cool
Pharm Ltd.) N-benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2'-O-{(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}adenosine(1.49 g), the reaction was performed in the same
manner as in steps 8, 9, and 10 of Example 1 to afford the title compound as a

mixture of diastereomers at the phosphorus atom. This mixture was purified by
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HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 25% - 60% (0 min - 35 min)] to afford diastereomer 1 (50 mg) and
diastereomer 2 (34 mg) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 973(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 973(M+H)".

[0663]

(Step 7-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(7,8,9,10-tetrahydro-2H-6-0xa-2,3,5-triazacycloocta[1,2,3-
cd]inden-2-yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 6 (diastereomer 1) (50 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (33 mg).

MS(ESDm/z: 745(M+H)".

"H-NMR (CD3;0D) §: 8.73 (1H, s), 8.30 (1H, s), 8.17 (1H, s), 7.40 (1H, s), 6.39 (1H,
d, J=4.3 Hz), 6.34 (1H, d, J=8.6 Hz), 5.40-5.36 (1H, m), 5.22-5.17 (1H, m), 4.87-
4.84 (1H, m), 4.80 (1H, t, J=4.5 Hz), 4.64-4.31 (6H, m), 4.11-4.03 (2H, m), 2.82
(1H, dd, J=16.4, 8.6 Hz), 2.68 (1H, dd, J=16.2, 8.8 Hz), 2.06-1.71 (4H, m).
3IP-NMR (CD30D) &: 58.1 (s), 54.2 (s).
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[0664]

(Step 7-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(7,8,9,10-tetrahydro-2H-6-0xa-2,3,5-triazacycloocta[1,2,3-
cd]inden-2-yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 6 (diastereomer 2) (34 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21 mg).

MS(ESDm/z: 745(M+H)".

'H-NMR (CD;OD) &: 8.81 (1H, s), 8.30 (1H, s), 8.17 (1H, s), 7.40 (1H, s), 6.43 (1H,
d, J=6.7 Hz), 6.34 (1H, d, J=8.6 Hz), 5.55-5.42 (2H, m), 4.87-4.84 (1H, m), 4.59-
4.28 (7H, m), 4.06-3.99 (1H, m), 3.94-3.86 (1H, m), 2.96-2.81 (2H, m), 2.07-1.94
(2H, m), 1.93-1.80 (2H, m).

3IP-NMR (CDs0D) &: 63.1 (s), 60.5 (s).

[0665]

Example 32: Synthesis of CDN22
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
14-[(7S)-7-methyl-8,9-dihydro-6-oxa-2,3,5-triazabenzo[cd]azulen-2(7H)-yl1]-2,10-
bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-22°, 10\.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0666]
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22
22a (Diastereomer 1)
22b (Diastereomer 2)

[0667]
[Synthesis Scheme]
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4-(Benzyloxy)-7-{2-O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)- 3-
D-ribofuranosyl}-5-[(3R)-3-hydroxybut-1-yn-1-yl]-7H-pyrrolo[2,3-d]pyrimidine
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With use of the compound obtained in step 2 of Example 20 (2.54 g) and (R)-
(+)-3-butyn-2-ol (1.36 mL), the reaction was performed in the same manner as in
step 2 of Example 1, except that the reaction temperature was set to room
temperature, to afford the title compound (1.85 g).

"H-NMR (CDCl3) &: 8.46 (1H, s), 7.57 (2H, d, J=7.0 Hz), 7.44-7.32 (3H, m), 7.20
(1H, s), 6.16 (1H, s), 5.58 (1H, d, J=12.9 Hz), 5.55 (1H, d, J=13.7 Hz), 4.71-4.63
(1H, m), 4.48 (1H, dd, J=9.2, 4.9 Hz), 4.42 (1H, d, J=4.7 Hz), 4.26 (1H, dd, J=9.4,
4.7 Hz), 4.23-4.14 (1H, m), 4.01 (1H, t, J=9.6 Hz), 1.70 (1H, d, J=5.5 Hz), 1.42 (3H,
d, J=6.7 Hz), 1.09 (9H, s), 1.04 (9H, s), 0.91 (9H, s), 0.12 (3H, s), 0.11 (3H, s).
[0670]

(Step 2)

7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-5-[(3R)-3-hydroxybutyl]-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-
one

With use of the compound obtained in step 1 (1.85 g), the reaction was
performed in the same manner as in step 7 of Example 19, except that the reaction
solvent was changed to a mixed solvent of methanol (15 mL)-tetrahydrofuran (15
mL), to afford the title compound (1.34 g).

'H-NMR (CDCl3) &: 11.81 (1H, s), 7.89 (1H, s), 6.68 (1H, s), 6.12 (1H, s), 4.49 (1H,
dd, J=9.2, 4.5 Hz), 4.34 (1H, d, J=4.3 Hz), 4.27-4.14 (3H, m), 4.03 (1H, t, J=9.6 Hz),
3.77-3.65 (1H, m), 3.17-3.06 (1H, m), 2.85-2.74 (1H, m), 1.84-1.73 (1H, m), 1.71-
1.61 (1H, m), 1.15 (3H, d, J=6.3 Hz), 1.09 (9H, s), 1.04 (9H, s), 0.90 (9H, s), 0.10
(6H, s).

[0671]

(Step 3)

(75)-2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-f3-D-

ribofuranosyl}-7-methyl-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[ cd]azulene
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With use of the compound obtained in step 2 (1.34 g), the reaction was
performed in the same manner as in step 5 of Example 20 to afford the title
compound (0.70 g).

'H-NMR (CDCl3) &: 8.43 (1H, 5), 6.82 (1H, s), 6.19 (1H, s), 4.58-4.43 (3H, m), 4.33
(1H, dd, J=9.6, 5.0 Hz), 4.17 (1H, td, J=10.0, 5.0 Hz), 4.00 (1H, dd, J=10.4, 9.2 Hz),
3.06-2.97 (1H, m), 2.89-2.79 (1H, m), 2.23-2.08 (2H, m), 1.60 (3H, d, J=6.3 Hz),
1.10 (9H, s), 1.05 (9H, s), 0.91 (9H, s), 0.12 (3H, s), 0.11 (3H, s).

[0672]

(Step 4)
(75)-2-{5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-
B-D-ribofuranosyl}-7-methyl-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[ cd]azulene

With use of the compound obtained in step 3 (0.70 g), the reaction was
performed in the same manner as in step 5 of Example 1 to afford the title compound
(0.82 g).

"H-NMR (CDCls) &: 8.41 (1H, s), 7.49-7.43 (2H, m), 7.37-7.20 (7H, m), 7.16 (1H,
s), 6.85-6.78 (4H, m), 6.35 (1H, d, J=5.5 Hz), 4.72 (1H, t, J=5.3 Hz), 4.57-4.47 (1H,
m), 4.36 (1H, dd, J=9.0, 3.9 Hz), 4.22 (1H, q, J=3.1 Hz), 3.79 (3H, s), 3.79 (3H, s),
3.52 (1H, dd, J=10.6, 2.7 Hz), 3.37 (1H, dd, J=10.6, 3.1 Hz), 2.81 (1H, d, J=3.9 Hz),
2.78-2.58 (2H, m), 2.16-2.07 (2H, m), 1.59 (3H, d, J=6.7 Hz), 0.83 (9H, s), -0.03
(3H, s), -0.15 (3H, s).

[0673]

(Step 5)
(75)-2-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-
3-0-{(2-cyanoethoxy)[di(propan-2-yl)amino|phosphanyl}-B-D-ribofuranosyl)-7-
methyl-2,7,8,9-tetrahydro-6-oxa-2,3,5-triazabenzo[cd]azulene

With use of the compound obtained in step 4 (0.82 g), operations were

performed in the same manner as in step 4 of Example 5 to afford the title compound
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(0.85 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).
"H-NMR (CDCl3) &: 8.40 (0.4H, s), 8.38 (0.6H, s), 7.50-7.43 (2H, m), 7.39-7.16 (8H,
m), 6.86-6.78 (4H, m), 6.34 (0.6H, d, J=6.7 Hz), 6.30 (0.4H, d, J=5.9 Hz), 4.86-4.80
(0.6H, m), 4.79-4.74 (0.4H, m), 4.55-4.46 (1H, m), 4.44-4.35 (1.4H, m), 4.29-4.24
(0.6H, m), 4.05-3.85 (1H, m), 3.82-3.75 (6H, m), 3.69-3.47 (4H, m), 3.31-3.24 (1H,
m), 2.82-2.61 (3H, m), 2.31 (1H, t, J=6.7 Hz), 2.17-2.07 (2H, m), 1.58-1.55 (3H, m),
1.22-1.13 (8.4H, m), 1.03 (3.6H, d, J=6.7 Hz), 0.75 (3.6H, s), 0.74 (5.4H, s), -0.03
(1.2H, s), -0.07 (1.8H, s), -0.19 (1.2H, s), -0.21 (1.8H, s).
[0674]
(Step 6)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-bis {[tert-
butyl(dimethyl)silyljoxy}-14-[(7S)-7-methyl-8,9-dihydro-6-oxa-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl]-2,10-bis(sulfanyl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

With use of the compound obtained in step 5 (0.85 g), the reaction was
performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of (7S)-2-{2-O-[tert-butyl(dimethyl)silyl]-3-O-[hydroxy(oxo)-A°-
phosphanyl]-B-D-ribofuranosyl } -7-methyl-2,7,8,9-tetrahydro-6-oxa-2,3,5-
triazabenzo[cd]azulene. With use of this acetonitrile solution and commercially
available (Cool Pharm Ltd.) N-benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-
3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}adenosine (1.12 g), the reaction was performed in the same
manner as in steps 8, 9, and 10 of Example 1 to afford the title compound as a
mixture of diastereomers at the phosphorus atom. This mixture was purified by

HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
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acetonitrile: 25% - 60% (0 min - 35 min)] to afford diastereomer 1 (95 mg) and
diastereomer 2 (44 mg) of the title compound (retention time in HPLC: diastereomer
1>2).

Diastereomer 1 (less polar)

MS(ESDm/z: 973(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 973(M+H)".

[0675]

(Step 7-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-14-[(7S)-7-methyl-8,9-dihydro-6-oxa-2,3,5-triazabenzo[ cd]azulen-2(7H)-
yl]-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-21>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 6 (diastereomer 1) (95 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (57 mg).

MS(ESDm/z: 745(M+H)".

"H-NMR (CD3;0D) §: 8.72 (1H, s), 8.30 (1H, s), 8.17 (1H, s), 7.35 (1H, s), 6.37 (1H,
d, J=4.3 Hz), 6.34 (1H, d, J=8.2 Hz), 5.40-5.35 (1H, m), 5.22-5.17 (1H, m), 4.85-
4.81 (2H, m), 4.66-4.58 (1H, m), 4.53-4.40 (2H, m), 4.39-4.30 (2H, m), 4.12-4.01
(2H, m), 3.02-2.93 (1H, m), 2.80-2.68 (1H, m), 2.23-2.14 (1H, m), 2.12-2.00 (1H,
m), 1.57 (3H, d, J=6.3 Hz).
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3IP-NMR (CDs0D) &: 58.1 (s), 54.3 (s).

[0676]

(Step 7-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-14-[(7S)-7-methyl-8,9-dihydro-6-oxa-2,3,5-triazabenzo[cd]azulen-2(7H)-
yl]-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-21°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 6 (diastereomer 2) (44 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (30 mg).

MS(ESDm/z: 745(M+H)".

'H-NMR (CD30D) &: 8.81 (1H, s), 8.30 (1H, s), 8.17 (1H, s), 7.36 (1H, s), 6.41 (1H,
d, J=6.7 Hz), 6.34 (1H, d, J=8.6 Hz), 5.55-5.42 (2H, m), 4.87-4.84 (1H, m), 4.65-
4.57 (1H, m), 4.55-4.28 (5H, m), 4.06-3.99 (1H, m), 3.93-3.86 (1H, m), 3.11-3.01
(1H, m), 2.95-2.83 (1H, m), 2.29-2.19 (1H, m), 2.16-2.03 (1H, m), 1.57 (3H, d, J=6.3
Hz).

3IP-NMR (CDs0D) &: 63.7 (s), 61.2 (s).

[0677]

Example 33: Synthesis of CDN23
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl)-14-(8,9-dihydro-
6-thia-2,3,5-triazabenzo[cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-
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bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0678]
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[0681]
(Step 1)
4-(Benzyloxy)-5-{3-[bis(4-methoxyphenyl)(phenyl)methoxy |prop-1-yn-1-yl}-7-{2-
O-[tert-butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-p-D-ribofuranosyl } - 7H-
pyrrolo[2,3-d]pyrimidine

With use of the compound obtained in step 3 of Example 20 (4.17 g), the
reaction was performed in the same manner as in step 1 of Example 11, except that
the reaction solvent was changed to a mixed solvent of dichloromethane (40 mL)-
pyridine (40 mL), to afford the title compound (5.70 g).
"H-NMR (CDCls) &: 8.44 (1H, s), 7.53-7.47 (4H, m), 7.41-7.35 (4H, m), 7.33-7.11
(7H, m), 6.86-6.79 (4H, m), 6.17 (1H, s), 5.61 (1H, d, J=13.7 Hz), 5.58 (1H, d,
J=13.7 Hz), 4.49 (1H, dd, J=9.0, 5.0 Hz), 4.44 (1H, d, J=4.8 Hz), 4.29 (1H, dd, J=9.6,
5.0 Hz), 4.23-4.15 (1H, m), 4.04 (1H, t, J=9.8 Hz), 3.98 (2H, s), 3.78 (6H, s), 1.10
(9H, s), 1.05 (9H, s), 0.91 (9H, s), 0.12 (3H, ), 0.11 (3H, s).
[0682]
(Step 2)
5-{3-[Bis(4-methoxyphenyl)(phenyl)methoxy|propyl}-7-{2-O-[tert-
butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-B-D-ribofuranosyl}-3,7-dihydro-
4H-pyrrolo[2,3-d]pyrimidin-4-one

To a mixed solution of the compound obtained in step 1 (5.70 g) in methanol
(100 mL)-tetrahydrofuran (50 mL), ammonium formate (3.71 g) and 10% palladium-
carbon (AD) wet (2 g) were added, and the reaction mixture was stirred at room
temperature for 3 hours. After the catalyst was removed through filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by silica

gel column chromatography [hexane/ethyl acetate] to afford the title compound (4.56

g).
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"H-NMR (CDCl3) &: 11.61 (1H, brs), 7.75 (1H, s), 7.48-7.44 (2H, m), 7.37-7.14 (7H,
m), 6.84-6.79 (4H, m), 6.57 (1H, s), 6.05 (1H, s), 4.45 (1H, dd, J=9.2, 4.9 Hz), 4.35
(1H, d, J=5.1 Hz), 4.23 (1H, dd, J=9.6, 4.9 Hz), 4.16-4.10 (1H, m), 3.97 (1H, t, J=9.8
Hz), 3.78 (6H, s), 3.19-3.08 (2H, m), 2.90 (2H, t, J=7.8 Hz), 2.07-1.98 (2H, m), 1.09
(9H, s), 1.04 (9H, s), 0.89 (9H, s), 0.09 (3H, s), 0.08 (3H, s).
[0683]
(Step 3)
5-{3-[Bis(4-methoxyphenyl)(phenyl)methoxy|propyl}-7-{2-O-[tert-
butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-B-D-ribofuranosyl}-3,7-dihydro-
4H-pyrrolo[2,3-d]pyrimidine-4-thione

To a solution of the compound obtained in step 2 (1.01 g) in dichloromethane
(10 mL), pyridine (0.461 mL) was added, and trifluoromethanesulfonic anhydride
(0.385 mL) was added dropwise thereto under ice-cooling, and the reaction mixture
was stirred for 30 minutes. A suspension of sodium monohydrogensulfide n-
hydrate (2.54 g) in N,N-dimethylformamide (25 mL) was added to the reaction
mixture at the same temperature, and the reaction mixture was stirred at room
temperature for 2 hours. A saturated aqueous solution of sodium hydrogen
carbonate and ethyl acetate were added to the reaction mixture, which was filtered
through a Celite, and then subjected to extraction with ethyl acetate. The organic
layer was washed with brine, and dried over anhydrous sodium sulfate. The drying
agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (0.51 g).
'H-NMR (CDCl3) &: 10.83 (1H, s), 7.83 (1H, s), 7.50-7.44 (2H, m), 7.39-7.14 (7H,
m), 6.87-6.79 (4H, m), 6.72 (1H, s), 6.07 (1H, s), 4.48-4.42 (1H, m), 4.31 (1H, d,
J=4.3 Hz), 4.21-4.09 (2H, m), 3.99-3.92 (1H, m), 3.79 (6H, s), 3.19-3.09 (4H, m),
2.09-1.98 (2H, m), 1.08 (9H, s), 1.04 (9H, s), 0.90 (9H, s), 0.09 (3H, s), 0.09 (3H, s).
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[0684]
(Step 4)
7-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)--D-
ribofuranosyl}-5-(3-hydroxypropyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidine-4-
thione

To a solution of the compound obtained in step 3 (2.79 g) in dichloromethane
(80 mL), distilled water (4 mL) was added, and dichloroacetic acid (1.28 mL) was
added dropwise thereto under ice-cooling, and the reaction mixture was stirred for 30
minutes. Pyridine (2.50 mL) was added to the reaction mixture at the same
temperature, and the reaction mixture was then concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (0.96 g).
'H-NMR (CDCl3) &: 11.16 (1H, s), 7.89 (1H, s), 6.83 (1H, s), 6.11 (1H, s), 4.51-4.45
(1H, m), 4.36-4.29 (1H, m), 4.22-4.13 (2H, m), 4.06-3.97 (1H, m), 3.68 (2H, t, J=6.1
Hz), 3.27-3.09 (2H, m), 2.25-2.13 (1H, brm), 2.00-1.93 (2H, m), 1.08 (9H, s), 1.04
(9H, s), 0.90 (9H, s), 0.10 (6H, s).
[0685]
(Step 5)
2-{2-O-[tert-Butyl(dimethyl)silyl]-3,5-O-(di-tert-butylsilylidene)-3-D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene

With use of the compound obtained in step 4 (0.35 g), the reaction was
performed in the same manner as in step 5 of Example 20 to afford the title
compound (0.25 g).
'H-NMR (CDCl3) &: 8.53 (1H, s), 6.92 (1H, s), 6.21 (1H, s), 4.50-4.44 (2H, m), 4.30
(1H, dd, J=9.6, 4.9 Hz), 4.17 (1H, td, J=10.0, 5.0 Hz), 4.00 (1H, dd, J=10.4, 9.2 Hz),
3.18-3.12 (2H, m), 3.06-3.00 (2H, m), 2.39-2.30 (2H, m), 1.09 (9H, s), 1.05 (9H, s),
0.91 (9H, s), 0.12 (3H, s), 0.11 (3H, s).
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[0686]
(Step 6)
2-{5-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-B-D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene

With use of the compound obtained in step 5 (0.41 g), the reaction was
performed in the same manner as in step 5 of Example 1 to afford the title compound
(0.46 g).
"H-NMR (CDCl3) &: 8.52 (1H, s), 7.48-7.42 (2H, m), 7.37-7.20 (8H, m), 6.85-6.78
(4H, m), 6.36 (1H, d, J=5.1 Hz), 4.70 (1H, t, J=5.1 Hz), 4.37 (1H, dd, J=8.8, 4.1 Hz),
4.23-4.19 (1H, m), 3.79 (3H, s), 3.79 (3H, s), 3.53 (1H, dd, J=10.6, 2.7 Hz), 3.38
(1H, dd, J=10.6, 3.1 Hz), 3.16-3.09 (2H, m), 2.78 (1H, d, J=4.1 Hz), 2.76-2.70 (2H,
m), 2.30-2.22 (2H, m), 0.83 (9H, s), -0.03 (3H, s), -0.14 (3H, s).
[0687]
(Step 7)
2-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[tert-butyl(dimethyl)silyl]-3-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-B-D-ribofuranosyl)-2,7,8,9-
tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene

With use of the compound obtained in step 6 (0.46 g), operations were
performed in the same manner as in step 4 of Example 5 to afford the title compound
(0.48 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).
'H-NMR (CDCl3) &: 8.51 (0.4H, s), 8.49 (0.6H, s), 7.50-7.43 (2H, m), 7.38-7.23 (8H,
m), 6.86-6.78 (4H, m), 6.36 (0.6H, d, J=6.7 Hz), 6.32 (0.4H, d, J=5.5 Hz), 4.83-4.78
(0.6H, m), 4.76-4.71 (0.4H, m), 4.45-4.35 (1.4H, m), 4.29-4.24 (0.6H, m), 4.04-3.84
(1H, m), 3.82-3.75 (6H, m), 3.70-3.48 (4H, m), 3.32-3.25 (1H, m), 3.16-3.09 (2H,
m), 2.84-2.73 (2H, m), 2.73-2.61 (1H, m), 2.36-2.20 (3H, m), 1.22-1.13 (8.4H, m),
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1.03 (3.6H, d, J=7.0 Hz), 0.76 (3.6H, s), 0.75 (5.4H, s), -0.03 (1.2H, s), -0.07 (1.8H,

s), -0.18 (1.2H, s), -0.20 (1.8H, s).

[0688]

(Step 8)

N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-Bis{[tert-

butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-14-(8,9-dihydro-6-thia-2,3,5-

triazabenzo[cd]azulen-2(7H)-yl)-2-ox0-2-sulfanyl-10-sulfanylideneoctahydro-

2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-6-yl} benzamide
With use of the compound obtained in step 7 (0.48 g), the reaction was

performed in the same manner as in step 7 of Example 1 to afford an acetonitrile

solution of 2- {2-O-[tert-butyl(dimethyl)silyl]-3-O-[hydroxy(oxo)-A>-phosphanyl]-p-

D-ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene. ~With use

of this acetonitrile solution and commercially available (Cool Pharm Ltd.) N-

benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-

butyl(dimethyl)silyl]-2'-O-{(2-cyanoethoxy)[di(propan-2-

yl)amino]phosphanyl}adenosine (0.61 g), the reaction was performed in the same

manner as in steps 8 and 9 of Example 1 to afford the title compound as a mixture of

diastereomers at the phosphorus atom. This mixture was purified by HPLC [10

mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 40% -

90% (0 min - 35 min)] to afford diastereomer 1 (40 mg) and diastereomer 2 (18 mg)

of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1132(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1132(M+H)".

[0689]
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(Step 9-1)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-bis {[tert-
butyl(dimethyl)silyl]oxy}-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[cd]azulen-2(7H)-
y1)-2,10-bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-2°,10A°-furo[ 3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

With use of the compound obtained in step 8 (diastereomer 1) (40 mg), the
reaction was performed in the same manner as in step 10 of Example 1, and the
resultant was then purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 30% - 60% (0 min - 35 min)] to
afford the title compound (35 mg).
MS(ESDm/z: 975(M+H)".
[0690]
(Step 9-2)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-bis {[tert-
butyl(dimethyl)silyl]oxy}-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[cd]azulen-2(7H)-
y1)-2,10-bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-2°,10A°-furo[ 3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

With use of the compound obtained in step 8 (diastereomer 2) (18 mg), the
reaction was performed in the same manner as in step 10 of Example 1, and the
resultant was then purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 25% - 50% (0 min - 35 min)] to
afford the title compound (15 mg).
MS(ESDm/z: 975(M+H)".
[0691]
(Step 10-1)
Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-14-(8,9-
dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-



10

15

20

25

- 340 -

dioxooctahydro-2H,10H,12H-5,8-methano-2)>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 9-1 (35 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was
purified with a Sep-Pak (R) C18 [0.1% aqueous solution of triethylamine/acetonitrile
= 5:1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (18 mg).

MS(ESDm/z: 747(M+H)".

"H-NMR (CD30D) §: 8.73 (1H, s), 8.41 (1H, s), 8.17 (1H, s), 7.48 (1H, s), 6.40 (1H,
d, J=4.3 Hz), 6.34 (1H, d, J=8.6 Hz), 5.40-5.35 (1H, m), 5.23-5.17 (1H, m), 4.86-
4.79 (2H, m), 4.54-4.41 (2H, m), 4.39-4.31 (2H, m), 4.12-4.01 (2H, m), 3.23-3.16
(2H, m), 3.05-2.86 (2H, m), 2.36-2.20 (2H, m).

3IP-NMR (CDs0D) &: 58.1 (s), 54.2 (s).

[0692]

(Step 10-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-14-(8,9-
dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-15,16-dihydroxy-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-22°,101>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 9-2 (15 mg), the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was
purified with a Sep-Pak (R) C18 [0.1% aqueous solution of triethylamine/acetonitrile

= 5:1] to afford a triethylamine salt the title compound.
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The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (8.1 mg).

MS(ESDm/z: 747(M+H)".

"H-NMR (CD3;0D) §: 8.81 (1H, s), 8.41 (1H, s), 8.17 (1H, s), 7.49 (1H, s), 6.43 (1H,
d, J=6.7 Hz), 6.34 (1H, d, J=8.2 Hz), 5.55-5.41 (2H, m), 4.87-4.82 (1H, m), 4.57-
4.27 (5H, m), 4.07-3.99 (1H, m), 3.94-3.86 (1H, m), 3.24-3.16 (2H, m), 3.12-3.03
(2H, m), 2.39-2.25 (2H, m).

3IP-NMR (CD30D) &: 63.0 (s), 60.5 (s).

[0693]

Example 34: Synthesis of CDN24
1-[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-2,10-dioxo-2,10-
bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]pyrimidin-2,4(1H,3H)-
dione

[0694]

24
24a (Diastereomer 1)
24b (Diastereomer 2)

[0695]
[Synthesis Scheme]
[0696]
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[0697]
(Step 1)

I-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-Bis {[tert-butyl(dimethyl)silyl]Joxy}-
2,10-dioxo-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl Jpyrimidin-
2,4(1H,3H)-dione

The same reaction as in step 7 of Example 1 was performed in the following
scale (raw material: 1.01 g). With use of an acetonitrile solution of the compound
obtained and commercially available (Angene International Limited) 5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}uridine (1.03 g), the reaction was
performed in the same manner as in steps 8, 9, and 10 of Example 1 to afford the title
compound as a mixture of diastereomers at the phosphorus atom. This mixture was

purified by HPLC [10 mM aqueous solution of triethylammonium
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acetate/acetonitrile, acetonitrile: 25% - 60% (0 min - 35 min)] to afford diastereomer
1 (50 mg) and diastereomer 2 (23 mg) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 935(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 935(M+H)".

[0698]

(Step 2-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 1 (diastereomer 1) (50 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (30 mg).

MS(ESDm/z: 707(M+H)".

"H-NMR (CD30D) &: 8.09 (1H, d, J=8.2 Hz), 8.03 (1H, s), 7.16 (1H, s), 6.32 (1H, d,
J=8.6 Hz), 6.28 (1H, d, J=4.3 Hz), 5.82 (1H, d, J=8.2 Hz), 5.08-5.01 (1H, m), 4.93-
4.84 (1H, m), 4.73 (1H, t, J=4.5 Hz), 4.68 (1H, d, J=3.9 Hz), 4.48-4.38 (2H, m),
4.33-4.24 (1H, m), 4.23 (1H, d, J=2.3 Hz), 4.09-3.99 (2H, m), 3.56-3.46 (2H, m),
2.96-2.83 (2H, m), 2.07-1.95 (2H, m).

3IP-NMR (CD30D) &: 58.3 (s), 54.6 (s).
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[0699]

(Step 2-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(2,4-dioxo0-3,4-dihydropyrimidin-
1(2H)-yl)-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 1 (diastereomer 2) (23 mg), the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile = 5: 1] to afford a triethylamine salt of the title compound.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (11 mg).

MS(ESDm/z: 707(M+H)".

'H-NMR (CD;OD) &: 8.08 (1H, d, J=7.8 Hz), 8.01 (1H, s), 7.16 (1H, s), 6.35 (1H, d,
J=8.6 Hz), 6.31 (1H, d, J=6.7 Hz), 5.85 (1H, d, J=7.8 Hz), 5.38-5.33 (1H, m), 5.04-
4.96 (1H, m), 4.75 (1H, dd, J=6.5, 4.5 Hz), 4.50-4.34 (3H, m), 4.33-4.26 (1H, m),
4.22-4.17 (1H, m), 4.04-3.97 (1H, m), 3.91-3.84 (1H, m), 3.53-3.46 (2H, m), 2.97-
2.87 (2H, m), 2.05-1.95 (2H, m).

3IP-NMR (CD30D) &: 63.2 (s), 60.2 (s).

[0700]

Example 35: Synthesis of CDN25
(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-7-(6-oxo-1,6-dihydro-9H-
purin-9-yl)-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
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[0702]

[Synthesis Scheme]
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(Step 1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silyl]oxy}-2,10-dioxo-7-(6-0x0-1,6-dihydro-9H-purin-9-yl)-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A>, 10A.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound (313 mg) obtained in step 4 of Example 13
in tetrahydrofuran (5.0 mL), N-[(E)-(pyridine-2-yl)methylidene]hydroxylamine (337
mg) and N,N,N',N'-tetramethylguanidine (0.346 mL) were added, and the reaction
mixture was stirred at room temperature for 1 day. Methanol (5.0 mL) and 28%

ammonia water (5.0 mL) were added to the reaction mixture, which was stirred at
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50°C for 5 hours. After the reaction mixture was concentrated under reduced
pressure, the residue was purified by C18 silica gel column chromatography [10 mM
aqueous solution of triethylammonium acetate/acetonitrile] to afford diastereomer 1
(106 mg: with impurities) and diastereomer 2 (105 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 959(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 959(M+H)".

[0705]

(Step 2-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-7-(6-
oxo0-1,6-dihydro-9H-purin-9-yl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound (diastereomer 1) (106 mg: with impurities)
obtained in the above step 1, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was carried out under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 7% - 50% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to

afford the title compound (43.4 mg).
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MS(ESDm/z: 731(M+H)".
'H-NMR (CD3;0D) &: 8.66 (1H, s), 8.02 (2H, s), 7.09 (1H, s), 6.30 (1H, d, J=6.8 Hz),
6.28 (1H, d, J=4.8 Hz), 5.45-5.38 (1H, m), 5.20-5.13 (1H, m), 4.82 (1H, d, J=4.2
Hz), 4.77 (1H, t, J=4.5 Hz), 4.52-4.41 (2H, m), 4.36-4.27 (2H, m), 4.08-3.97 (2H,
m), 3.53-3.46 (2H, m), 2.88-2.80 (2H, m), 2.04-1.95 (2H, m).

3IP-NMR (CD30D) &: 57.7 (s), 54.6 (s).

[0706]

(Step 2-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-7-(6-
oxo0-1,6-dihydro-9H-purin-9-yl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound (diastereomer 2) (105 mg: with impurities)
obtained in the above step 1, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was carried out under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 7% - 45% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21.5 mg).

MS(ESDm/z: 731(M+H)".

'H-NMR (CD;0D) &: 8.72 (1H, s), 8.03 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.32 (1H,

d, J=6.0 Hz), 6.30 (1H, d, J=8.0 Hz), 5.49-5.40 (2H, m), 4.77 (1H, dd, J=6.7, 4.2 Hz),
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4.49 (1H, d, J=4.5 Hz), 4.47-4.29 (4H, m), 4.07-4.01 (1H, m), 3.93-3.86 (1H, m),
3.52-3.47 (2H, m), 2.90 (2H, t, J=5.4 Hz), 2.05-1.97 (2H, m).

3IP-NMR (CDs0D) &: 62.9 (s), 60.0 (s)

[0707]

5  Example 36: Synthesis of CDN26
(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-Dihydroxy-7-[1-(3-hydroxypropyl)-6-
oxo-1,6-dihydro-9H-purin-9-yl1]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H, 12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

10 [0708]
N H
(@] N//——\ N
11
HS-P 0 -
i
— O—P-SH
O N "
N—7 ©
HOJ—/
26

26a (Diastereomer 1)
26b (Diastereomer 2)

[0709]
[Synthesis Scheme]
[0710]
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[0711]
(Step 1)

1-[3-(Benzoyloxy)propyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]inosine

5 To a solution of 3-bromopropan-1-ol (1.14 mL) in tetrahydrofuran (25 mL),
triethylamine (1.83 mL) and benzoyl chloride (1.43 mL) were added, and the
reaction mixture was stirred at room temperature for 6 hours. The reaction mixture
was filtered and washed with tetrahydrofuran, and the filtrate was concentrated under
reduced pressure. To a solution of the residue in dehydrated N,N-

10 dimethylacetamide (25 mL), commercially available (Aamdis Chemical) 5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]inosine (5.0 g) and 1,8-diazabicyclo[5.4.0]-7-
undecene (2.75 mL) were added, and the reaction mixture was stirred at room
temperature for 3 days. Water was added to the reaction mixture, which was
subjected to extraction with ethyl acetate. The organic layer was washed with

15  brine, and then dried over anhydrous sodium sulfate. The drying agent was



10

15

20

25

- 350 -

removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl
acetate/methanol] to afford the title compound (4.41 g).
MS(ESDm/z: 733(M+H)".
"H-NMR (CDCl3) &: 8.00-7.98 (1H, m), 7.98-7.96 (1H, m), 7.97 (1H, s), 7.96 (1H,
s), 7.58-7.52 (1H, m), 7.46-7.39 (2H, m), 7.35-7.30 (2H, m), 7.26-7.16 (7H, m),
6.81-6.75 (4H, m), 5.87 (1H, d, J=6.0 Hz), 4.85 (1H, d, J=3.6 Hz), 4.67-4.62 (1H,
m), 4.43-4.34 (3H, m), 4.30-4.16 (2H, m), 3.78-3.75 (1H, m), 3.77 (6H, s), 3.42 (1H,
dd, J=10.3, 3.6 Hz), 3.33 (1H, dd, J=10.3, 3.6 Hz), 3.02 (1H, d, J=2.4 Hz), 2.32 (2H,
dd, J=11.8, 5.7 Hz).
[0712]
(Step 2)
1-[3-(Benzoyloxy)propyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[ tert-
butyl(dimethyl)silyl]inosine

With use of the compound (4.41 g) obtained in the above step 1, the reaction
was performed in the same manner as in step 3 of Example 5 to afford the title
compound (1.60 g) and 1-[3-(benzoyloxy)propyl]-5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2'-O-[tert-butyl(dimethyl)silyl]inosine (1.70 g) as a
regioisomer of the title compound.
MS(ESDm/z: 847(M+H)".
"H-NMR (CDCls) 8: 8.01 (1H, d, J=1.2 Hz), 8.00 (1H, s), 7.99 (1H, d, J=1.2 Hz),
7.93 (1H, s), 7.60-7.52 (1H, m), 7.46-7.38 (4H, m), 7.33-7.16 (7H, m), 6.83-6.77
(4H, m), 5.90 (1H, d, J=4.8 Hz), 4.58-4.52 (1H, m), 4.50-4.46 (1H, m), 4.39 (2H, t,
J=6.0 Hz), 4.28-4.12 (3H, m), 3.78 (3H, s), 3.77 (3H, s), 3.46 (1H, dd, J=10.6, 3.9
Hz), 3.26 (1H, dd, J=10.6, 3.9 Hz), 2.99 (1H, d, J=6.7 Hz), 2.30 (2H, dd, J=13.3, 6.0
Hz), 0.88 (9H, s), 0.07 (3H, s), 0.00 (3H, s).
Regioisomer (2'-O-TBS form)
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MS(ESDm/z: 847(M+H)".
'H-NMR (CDCls) &: 8.01 (1H, d, J=1.8 Hz), 7.99 (1H, d, J=1.8 Hz), 7.98 (1H, s),
7.87 (1H, s), 7.59-7.54 (1H, m), 7.47-7.40 (4H, m), 7.36-7.17 (7H, m), 6.84-6.78
(4H, m), 5.94 (1H, d, J=5.4 Hz), 4.84 (1H, t, J=5.4 Hz), 4.41-4.35 (2H, m), 4.33-4.28
(1H, m), 4.28-4.19 (3H, m), 3.78 (3H, s), 3.78 (3H, s), 3.48 (1H, dd, J=10.9, 3.0 Hz),
3.37 (1H, dd, J=10.9, 3.0 Hz), 2.68 (1H, d, J=3.6 Hz), 2.34-2.26 (2H, m), 0.84 (9H,
s), 0.01 (3H, s), -0.13 (3H, s).
[0713]
(Step 3)
1-[3-(Benzoyloxy)propyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2'-O-{(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}inosine

With use of the compound (1.60 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (1.91 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 67:33).
MS(ESDm/z: 1047(M+H)".
1H-NMR (CDCI3) &: 8.04-8.00 (0.33H, m), 8.03 (1H, s), 8.02 (1H, s), 7.91 (0.67H,
d, J=14.5 Hz), 7.60-7.53 (1H, m), 7.49-7.40 (4H, m), 7.35-7.17 (7H, m), 6.84-6.78
(4H, m), 6.14 (0.67H, d, J=5.1 Hz), 6.06 (0.33H, d, J=6.0 Hz), 4.86-4.78 (0.33H, m),
4.68-4.61 (0.67H, m), 4.44-4.35 (2H, m), 4.29-4.09 (4H, m), 3.78 (6H, s), 3.65-3.42
(6.33H, m), 3.34-3.24 (0.67H, m), 2.76 (1.34H, t, J=6.6 Hz), 2.50 (0.66H, t, J=6.6
Hz), 2.38 (1.34H, t, J=6.6 Hz), 2.30 (0.66H, t, J=6.6 Hz), 1.30-1.24 (6H, m), 1.15-
1.07 (4.02H, m), 0.95 (1.98H, d, J=6.6 Hz), 0.84 (9H, s), 0.09 (0.99H, s), 0.05
(2.01H, s), 0.00 (3H, s).
[0714]
(Step 4)
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The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 981 mg). With use of an acetonitrile solution of the compound
obtained and the compound (1.03 g) obtained in the above step 3, the reaction was
performed in the same manner as in step 8 of Example 1, and the resulting crude
product was directly used for the subsequent reaction.

[0715]

(Step 5)
3-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-6-0x0-6,9-dihydro-1H-purin-1-yl} propyl benzoate

With use of the crude product obtained in the above step 4, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(774 mg) as a mixture of diasterecomers at the phosphorus atom.

MS(ESDm/z: 1278(M+H)".

[0716]

(Step 6)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-
bis{[tert-butyl(dimethyl)silylJoxy}-7-[ 1-(3-hydroxypropyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (774 mg) obtained in the above step 5, the reaction
was performed in the same manner as in step 10 of Example 1, and the resultant was

purified by C18 silica gel column chromatography [0.2% aqueous solution of
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triethylamine/acetonitrile] to afford diastereomer 1 (101 mg: with impurities) and
diastereomer 2 (90.8 mg: with impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1017(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1017(M+H)".

[0717]

(Step 7-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[1-(3-
hydroxypropyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)

With use of the compound (diastereomer 1) (101 mg: with impurities)
obtained in the above step 6, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was carried out under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (48.8 mg).

MS(ESDm/z: 789(M+H)".

"H-NMR (CD3;0D) §: 8.65 (1H, s), 8.28 (1H, s), 8.03 (1H, s), 7.09 (1H, s), 6.28 (1H,
s), 6.27 (1H, d, J=4.8 Hz), 5.46-5.38 (1H, m), 5.21-5.13 (1H, m), 4.83-4.80 (1H, m),
4.79-4.75 (1H, m), 4.52-4.39 (2H, m), 4.36-4.28 (2H, m), 4.26-4.17 (1H, m), 4.17-
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4.08 (1H, m), 4.08-3.97 (2H, m), 3.59 (2H, t, J=5.7 Hz), 3.49 (2H, t, J=4.8 Hz), 2.91-

2.74 (2H, m), 2.02-1.92 (4H, m).

3IP-NMR (CD30D) &: 57.6 (s), 54.6 (s).

[0718]

(Step 7-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[1-(3-
hydroxypropyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound (diastereomer 2) (90.8 mg: with impurities)
obtained in the above step 6, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was carried out under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 3% - 20% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (22.3 mg).

MS(ESDm/z: 789(M+H)".

'H-NMR (CD3OD) &: 8.71 (1H, s), 8.29 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.32 (1H,
d, J=6.7 Hz), 6.28 (1H, d, J=8.5 Hz), 5.48-5.38 (2H, m), 4.80-4.74 (1H, m), 4.51-
4.47 (1H, m), 4.47-4.28 (4H, m), 4.27-4.14 (2H, m), 4.07-4.01 (1H, m), 3.92-3.86
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(1H, m), 3.60 (2H, t, J=6.0 Hz), 3.53-3.47 (2H, m), 2.93-2.87 (2H, m), 2.06-1.94
(4H, m).

3IP-NMR (CD30D) &: 62.8 (s), 59.9 (s).

[0719]

5  Example 37: Synthesis of CDN27
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[2-Amino-1-(2-hydroxyethyl)-6-oxo0-1,6-
dihydro-9H-purin-9-yl]-15,16-dihydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2).°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

10 [0720]

27
27a (Diastereomer 1)
27b (Diastereomer 2)

[0721]
[Synthesis Scheme]
[0722]
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[0723]
(Step 1)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-N-
[(dimethylamino)methylidene]guanosine

To a mixed solution of N-[(dimethylamino)methylidene]guanosine (10.0 g) as
a compound known in the literature (Journal of Organic Chemistry, 1994, 59, 7243-
7248) in N,N-dimethylacetamide (50 mL)-pyridine (50 mL), 4,4'-dimethoxytrityl
chloride (10.5 g) was added at 0°C, and the reaction mixture was stirred at 4°C for 16
hours. To the reaction mixture, 2-bromoethyl benzoate (6.54 mL) and 1,8-
diazabicyclo[5.4.0]-7-undecene (11.0 mL) were added, and the reaction mixture was
stirred at room temperature for 2 days. A saturated aqueous solution of sodium
hydrogen carbonate and water were added to the reaction mixture, which was
subjected to extraction with ethyl acetate. The organic layer was washed with

brine, and dried over anhydrous sodium sulfate. The drying agent was removed



10

15

20

25

- 357 -

through filtration, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography [hexane/ethyl
acetate/methanol] to afford the title compound as a mixture with triphenylphosphine
oxide (16.7 g).
MS(ESDm/z: 789(M+H)".
1H-NMR (CDCI3) &: 8.17 (1H, s), 7.93-7.89 (2H, m), 7.55 (1H, s), 7.54-7.48 (1H,
m), 7.42-7.36 (4H, m), 7.31-7.26 (4H, m), 7.25-7.19 (2H, m), 7.16-7.11 (1H, m),
6.82-6.76 (4H, m), 5.96 (1H, d, J=6.7 Hz), 4.79-4.70 (1H, m), 4.70-4.61 (2H, m),
4.60-4.52 (1H, m), 4.52-4.45 (1H, m), 4.41-4.38 (1H, m), 4.34-4.30 (1H, m), 3.75
(3H, s), 3.75 (3H, s), 3.39-3.36 (2H, m), 2.89 (3H, s), 2.80 (3H, s).
[0724]
(Step 2)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[ tert-
butyl(dimethyl)silyl]-N-[(dimethylamino)methylidene]guanosine

With use of the compound (15.7 g) obtained in the above step 1, the reaction
was performed in the same manner as in step 3 of Example 5 to afford the title
compound (4.82 g) and 1-[2-(benzoyloxy)ethyl]-5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2'-O-[tert-butyl(dimethyl)silyl]-N-
[(dimethylamino)methylidene]guanosine (6.01 g) as a regioisomer of the title
compound.
MS(ESI)m/z: 903(M+H)".
'H-NMR (CDCls) &: 8.24 (1H, s), 7.99-7.95 (2H, m), 7.85 (1H, s), 7.56-7.50 (1H,
m), 7.44-7.38 (4H, m), 7.34-7.27 (6H, m), 7.24-7.18 (1H, m), 6.84-6.79 (4H, m),
5.98 (1H, d, J=4.2 Hz), 4.87-4.77 (2H, m), 4.72-4.61 (2H, m), 4.41-4.36 (2H, m),
4.16-4.09 (1H, m), 3.78 (3H, s), 3.78 (3H, s), 3.45 (1H, dd, J=10.6, 3.9 Hz), 3.25
(1H, dd, J=10.6, 3.9 Hz), 3.05 (1H, d, J=5.4 Hz), 2.91 (3H, s), 2.78 (3H, s), 0.86 (9H,
s), 0.05 (3H, s), -0.04 (3H, s).
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Regioisomer (2'-O-TBS form)
MS(ESDm/z: 903(M+H)".
IH-NMR (CDCI3) 6: 8.23 (1H, s), 7.97-7.91 (2H, m), 7.82 (1H, s), 7.56-7.50 (1H,
m), 7.45-7.36 (4H, m), 7.35-7.26 (6H, m), 7.25-7.19 (1H, m), 6.85-6.79 (4H, m),
5.98 (1H, d, J=5.4 Hz), 4.88-4.77 (2H, m), 4.73-4.62 (3H, m), 4.32-4.27 (1H, m),
4.23-4.19 (1H, m), 3.79 (3H, s), 3.79 (3H, s), 3.47 (1H, dd, J=10.9, 3.6 Hz), 3.37
(1H, dd, J=10.9, 3.6 Hz), 2.90 (3H, s), 2.76 (1H, d, J=2.5 Hz), 2.75 (3H, s), 0.84 (9H,
s), 0.02 (3H, s), -0.15 (3H, s).
[0725]
(Step 3)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[ tert-
butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-N-
[(dimethylamino)methylidene]guanosine

With use of the compound (4.81 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (5.41 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 7:3).
MS(ESDm/z: 1103(M+H)".
'H-NMR (CDCl3) &: 8.33 (0.7H, s), 8.31 (0.3H, s), 7.98-7.94 (2H, m), 7.87 (0.3H, s),
7.80 (0.7H, s), 7.56-7.50 (1H, m), 7.46-7.37 (4H, m), 7.35-7.27 (6H, m), 7.24-7.18
(1H, m), 6.85-6.80 (4H, m), 6.14 (0.7H, d, J=6.0 Hz), 6.13 (0.3H, d, J=5.4 Hz), 4.92-
4.59 (4H, m), 4.55-4.48 (0.7H, m), 4.33-4.29 (0.3H, m), 4.25-4.21 (0.6H, m), 4.17-
4.13 (1.4H, m), 3.79 (3H, s), 3.79 (3H, s), 3.60-3.38 (5H, m), 3.33-3.23 (1H, m), 2.93
(2.1H, s), 2.92 (0.9H, s), 2.82 (2.1H, ), 2.81 (0.9H, s), 2.47-2.42 (0.6H, m), 2.34-
2.27(1.4H, m), 1.09 (4.2H, d, J=6.7 Hz), 1.07 (1.8H, d, J=7.3 Hz), 1.05 (4.2H, d,
J=6.7 Hz), 0.91 (1.8H, d, J=7.3 Hz), 0.84 (9H, s), 0.07 (0.9H, s), 0.04 (2.1H, s), -0.02
(3H, s).
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[0726]
(Step 4)

The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 1.68 g). With use of an acetonitrile solution of the compound
obtained and the compound (1.81 g) obtained in the above step 3, the reaction was
performed in the same manner as in step 8 of Example 1, and the resulting crude
product was directly used for the subsequent reaction.

[0727]

(Step 5)
2-(9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-2-{(E)-[(dimethylamino)methylidene]amino } -6-0x0-6,9-dihydro-1H-purin-1-
yl)ethyl benzoate

With use of the crude product obtained in the above step 4, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.15 g) as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1334(M+H)".

[0728]

(Step 6)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[2-amino-
1-(2-hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-15,16-bis { [ tert-
butyl(dimethyl)silyljoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of the compound (1.15 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 10 of Example 1 to afford diastereomer
1 (134 mg: with impurities) and diastereomer 2 (127 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1018(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1018(M+H)".

[0729]

(Step 7-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[2-amino-1-(2-hydroxyethyl)-6-
ox0-1,6-dihydro-9H-purin-9-yl1]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 1)

With use of the compound (diastereomer 1) (134 mg: with impurities)
obtained in the above step 6, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to

afford the title compound (36.0 mg).
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MS(ESDm/z: 790(M+H)".

'H-NMR (CD3;0D) &: 8.01 (1H, s), 7.99 (1H, s), 7.17 (1H, s), 6.23 (1H, d, J=2.4 Hz),
5.96 (1H, d, J=8.5 Hz), 5.67-5.58 (1H, m), 5.29-5.22 (1H, m), 4.95-4.85 (1H, m),
4.83-4.79 (1H, m), 4.48-4.40 (2H, m), 4.39-4.31 (2H, m), 4.22-4.09 (3H, m), 3.73-
3.66 (2H, m), 3.56-3.50 (1H, m), 3.50-3.44 (2H, m), 2.80-2.68 (1H, m), 2.48-2.35
(1H, m), 2.00-1.88 (1H, m), 1.87-1.77 (1H, m).

3IP-NMR (CD30D) &: 57.6 (s), 53.1 (s).

[0730]

(Step 7-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[2-amino-1-(2-hydroxyethyl)-6-
ox0-1,6-dihydro-9H-purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound (diastereomer 2) (127 mg: with impurities)
obtained in the above step 6, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 3% - 20% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (20.1 mg).

MS(ESDm/z: 790(M+H)".
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'H-NMR (CD3;0D) &: 8.20 (1H, s), 8.02 (1H, s), 7.19 (1H, s), 6.31 (1H, d, J=6.0 Hz),
6.05 (1H, d, J=8.5 Hz), 5.62-5.52 (1H, m), 5.47-5.40 (1H, m), 4.80-4.75 (1H, m),
4.51-4.47 (1H, m), 4.47-4.21 (5H, m), 4.16-4.09 (1H, m), 3.99-3.89 (2H, m), 3.84-
3.78 (2H, m), 3.52-3.46 (2H, m), 2.93-2.83 (1H, m), 2.82-2.72 (1H, m), 2.03-1.92
(2H, m).

3IP-NMR (CD30D) &: 61.6 (s), 59.6 (s).

[0731]

Example 38: Synthesis of CDN28
N-[2-({6-Amino-9-[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-
dioxo-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd ]Jazulen-
2-yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-y1]-9H-purin-2-
yl}amino)ethyl]-2-hydroxyacetamide

[0732]

O—P-SH
H,N N o
N
H K
—
O OH
28
28a (Diastereomer 1)
[0733]

[Synthesis Scheme]
[0734]
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HN— N S Nat ? \N.(N ©
N%N HO\_R
HKNHQ P
o OH
[0735]
(Step 1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-2-{[2-(2-
hydroxyacetamide)ethyl]amino } -9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-

2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (6.6 mg) obtained in step 8-2 of Example §, the
reaction was performed in the same manner as in step 1-1 of Example 7, and
purification was then carried out under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (2.9 mg).

MS(ESDm/z: 846(M+H)".

'H-NMR (CD3OD) &: 8.33 (1H, s), 8.02 (1H, s), 7.16 (1H, s), 6.33 (1H, d, J=6.0 Hz),
6.18 (1H, d, J=8.5 Hz), 5.53-5.45 (2H, m), 4.79 (1H, t, J=5.1 Hz), 4.50-4.25 (5H, m),
4.10 (1H, d, J=11.5 Hz), 3.97 (2H, s), 3.94-3.89 (1H, m), 3.53-3.39 (6H, m), 2.88
(2H, t, J=5.7 Hz), 2.04-1.98 (2H, m).
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3IP-NMR (CDsOD) &: 62.6, 60.1.

[0736]

Example 39: Synthesis of CDN29

N-({6-Amino-9-[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-
5 2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-

yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-yl } methyl)-2-

hydroxyacetamide
[0737]
N
0 Nf NN
1]
HS- l? o]

N H
N
V)
o} OH
29
10 29a (Diastereomer 1)
[0738]
[Synthesis Scheme]
[0739]
a //_N
Nai O N//_N\ Q N‘s-g e} o Ni\ §
S~-P o] —
o OHLCrN/ % OHKU‘N/
3 m N%N”Q\\ o oH
N%N’Qj o oH 2:( 0—P-S
= 0-P-8~ HN—{ N 0 Na
HoN S N 0 Na I\E—Q——n
NH, ha
[0} OH
15 [0740]

(Step 1)
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Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
hydroxyacetamide)methyl]-9H-purin-9-yl}-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the compound (4.6 mg) obtained in step 9-2 of Example 11, the
reaction was performed in the same manner as in step 1-1 of Example 7, and the
resultant was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)] to
afford the title compound as a triethylamine salt.

[0741]

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (4.0 mg).

MS(ESD)m/z: 817(M+H)".

'H-NMR (CD;OD) &: 8.75 (1H, s), 8.02 (1H, s), 7.12 (1H, s), 6.36 (1H, d, J=8.5 Hz),
6.33 (1H, d, J=6.7 Hz), 5.49-5.41 (2H, m), 4.80 (1H, dd, J=6.7, 4.8 Hz), 4.50-4.29
(7H, m), 4.07 (2H, s), 4.05-4.01 (1H, m), 3.92-3.87 (1H, m), 3.51-3.49 (2H, m),
2.93-2.90 (2H, m), 2.03-1.99 (2H, m).

3IP-NMR (CDsOD) &: 63.2, 60.3.

[0742]

Example 40: Synthesis of CDN30
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-2-{[(1-
aminocyclopropyl)methyl]amino}-9H-purin-9-yl)-15,16-dihydroxy-2,10-
bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
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[0743]

N Nr-[;)\ ?‘ "OH
O—P-SH
H,N—& N S
N
N
T
30
30a (Diastereomer 1)
30b (Diastereomer 2)
[0744]
[Synthesis Scheme]
5 [0745]
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[0746]

(Step 1-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-chloro-9H-purin-9-yl)-15,16-bis {[ tert-butyl(dimethyl)silylJoxy}-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (diastereomer 1) (590 mg) obtained in step 6 of
Example 8, the reaction was performed in the same manner as in step 10 of Example
1 to afford the title compound (420 mg).

MS(ESDm/z: 992(M+H)".

"H-NMR (CD3;0D) &: 8.76 (1H, s), 7.97 (1H, s), 7.30 (1H, s), 6.23 (1H, d, J=4.8 Hz),
6.22 (1H, d, J=7.9 Hz), 5.43-5.37 (1H, m), 5.19-5.15 (1H, m), 4.85-4.77 (3H, m),
4.44-4.31 (2H, m), 4.22 (1H, brs), 4.08-4.00 (2H, m), 3.52-3.48 (2H, m), 3.14 (12H,
q, J=7.3 Hz), 2.84-2.81 (2H, m), 2.02-1.92 (2H, m), 1.26 (18H, t, J=7.3 Hz), 1.00
(9H, s), 0.85 (9H, s), 0.33 (3H, s), 0.28 (3H, ), 0.27 (3H, s), 0.10 (3H, s).

[0747]

(Step 1-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-chloro-9H-purin-9-yl)-15,16-bis {[ tert-butyl(dimethyl)silylJoxy}-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (diastereomer 2) (710 mg) obtained in step 6 of
Example 8, the reaction was performed in the same manner as in step 10 of Example
1 to afford the title compound (452 mg).

MS(ESDm/z: 992(M+H)".
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'H-NMR (CD30D) &: 8.55 (1H, s), 8.01 (1H, s), 7.07 (1H, s), 6.34 (1H, d, J=7.3 Hz),
6.20 (1H, d, J=8.5 Hz), 5.52-5.44 (1H, m), 5.38-5.36 (1H, m), 5.17-5.10 (1H, m),
4.98-4.95 (2H, m), 4.67-4.57 (2H, m), 4.25 (1H, brs), 4.11-4.07 (1H, m), 3.89-3.84
(1H, m), 3.52-3.49 (2H, m), 3.18 (12H, q, 7.3 Hz), 2.93-2.91 (2H, m), 2.03-1.99 (2H,
m), 1.30 (18H, t, J=7.3 Hz), 1.00 (9H, s), 0.74 (9H, s), 0.27 (6H, s), 0.20 (3H, s), -
0.28 (3H, s).

[0748]

(Step 2-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-{[(1-aminocyclopropyl)methyl]amino}-9H-purin-9-yl)-15,16-bis {[ tert-
butyl(dimethyl)silyljoxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of 1-(aminomethyl)cyclopropan-1-amine-2HCI (309 mg) in
methanol (40 mL), MP-Carbonate resin (5.45 g) was added, and the reaction mixture
was stirred at room temperature for 2 hours. The resin was removed through
filtration, and the filtrate was concentrated under reduced pressure. A solution of
the residue in methanol (0.837 mL) was added to the compound (30.0 mg) obtained
in the above step 1-1, and the resultant was reacted with a microwave reactor at
120°C for 4 hours.  After the reaction mixture was concentrated under reduced
pressure, the residue was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 30% - 60% (0 min - 30 min)] to
afford a mixture containing the title compound. The mixture obtained was directly
used for the subsequent step.

MS(ESDm/z: 1042(M+H)".
[0749]
(Step 2-2)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-{[(1-aminocyclopropyl)methyl]amino}-9H-purin-9-yl)-15,16-bis {[ tert-
butyl(dimethyl)silyl]Joxy}-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (58.6 mg) obtained in the above step 1-2, a mixture
containing the title compound was obtained in the same manner as in the above step
2-1.  The mixture obtained was directly used for the subsequent reaction.
MS(ESDm/z: 1042(M+H)".

[0750]

(Step 3-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-2-{[(1-
aminocyclopropyl)methyl]amino}-9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-

2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the mixture obtained in the above step 2-1, the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was then
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)] to afford the title
compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (2.0 mg).

MS(ESD)m/z: 812(M-2Na+1H)".
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'H-NMR (CD3;0D) &: 8.25 (1H, s), 8.01 (1H, s), 7.04 (1H, s), 6.28 (1H, d, J=4.2 Hz),
6.12 (1H, d, J=7.9 Hz), 5.43-5.35 (1H, m), 5.15-5.11 (1H, m), 4.75 (1H, t, J=4.2 Hz),
4.65-4.56 (1H, m), 4.49-4.43 (2H, m), 4.37-4.31 (2H, m), 4.15-4.01 (2H, m), 3.73-
3.59 (1H, m), 3.50-3.47 (2H, m), 3.22-3.15 (1H, m), 2.85-2.68 (2H, m), 2.00-1.93
(2H, m), 0.87-0.80 (4H, m).

3IP-NMR (CD3OD) &: 57.7 (s), 54.3 (s).

[0751]

(Step 3-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-2-
{[(1-aminocyclopropyl)methyl]amino } -9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-

2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the mixture obtained in the above step 2-2, the reaction was
performed in the same manner as in step 11 of Example 1 to afford a mixture
containing the title compound. The mixture obtained was directly used for the
subsequent reaction.

[0752]

(Step 4)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-[6-amino-2-
({[1-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)cyclopropylJmethyl} amino)-9H-
purin-9-yl]-15,16-dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the mixture obtained in the above step 3-2 in N,N-
dimethylformamide (1.0 mL), triethylamine (40.8 pL) and 2,5-dioxopyrrolidin-1-yl

(2-(trimethylsilyl)ethyl) carbonate (39.5 mg) was added, and the reaction mixture
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was stirred at room temperature for 1 hour. After quenching by adding water to the
reaction mixture, the resultant was purified by preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% - 50% (0 min -
30 min)] to afford the title compound (11.0 mg).

MS(ESDm/z: 958(M+H)".

'H-NMR (CD3OD) &: 8.40 (1H, s), 8.03 (1H, s), 7.12 (1H, s), 6.32 (1H, d, J=6.7 Hz),
6.18 (1H, d, J=8.5 Hz), 5.53-5.49 (1H, m), 5.46-5.39 (1H, m), 4.83 (1H, dd, J=6.3,
4.5 Hz), 4.53-4.30 (4H, m), 4.26-4.24 (1H, m), 4.13-4.08 (2H, m), 4.04-4.00 (1H, m),
3.93-3.88 (1H, m), 3.60 (1H, d, J=13.9 Hz), 3.52-3.49 (2H, m), 3.40 (1H, d, J=13.9
Hz), 3.04 (12H, q, 7.3 Hz), 2.93-2.90 (2H, m), 2.04-1.99 (2H, m), 1.23 (18H, t, J=7.3
Hz), 0.96-0.92 (2H, m), 0.84-0.80 (2H, m), 0.76-0.73 (2H, m), 0.02 (9H, s).

[0753]

(Step 5)

Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-2-{[(1-
aminocyclopropyl)methyl]amino } -9OH-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

To a solution of the compound (11.0 mg) obtained in the above step 4 in
tetrahydrofuran (474 pL), a tetrahydrofuran solution of tetrabutylammonium fluoride
(approximately 1 M, 237 uL) was added, and the reaction mixture was stirred under
the nitrogen atmosphere at 40°C for 3 hours. After quenching by adding 10 mM
aqueous solution of triethylammonium acetate to the reaction mixture, the resultant
was purified by preparative HPLC [10 mM aqueous solution of triethylammonium

acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)] and a Sep-Pak (R) C18
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[water/acetonitrile/0.1% triethylamine] to afford the title compound as a
triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (4.1 mg).

MS(ESI)m/z: 812(M-2Na+1H)".

"H-NMR (CD3;0D) &: 8.34 (1H, s), 8.01 (1H, s), 7.14 (1H, s), 6.32 (1H, d, J=6.0 Hz),
6.16 (1H, d, J=8.5 Hz), 5.43-5.37 (2H, m), 4.78 (1H, t, J=5.4 Hz), 4.50-4.28 (5H, m),
4.12-4.08 (1H, m), 3.95-3.89 (1H, m), 3.69-3.64 (1H, m), 3.51-3.48 (2H, m), 3.26
(1H, d, J=14.5), 2.89-2.86 (2H, m), 2.03-1.98 (2H, m), 0.83-0.79 (4H, m).

3IP-NMR (CD30D) &: 62.3 (s), 60.0 (s).

[0754]

Example 41: Synthesis of CDN31
(5R,7R,8R,12aR,14R,15R,15a8S,16R)-15,16-Dihydroxy-7-[2-(hydroxymethyl)-6-
(methylamino)-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0755]

31
31a (Diastereomer 1)

[0756]

[Synthesis Scheme]
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[0758]
(Step 1)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-Bis{[tert-butyl(dimethyl)silyl]oxy}-7-
[2-(hydroxymethyl)-6-(methylamino)-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

To a solution of diastereomer 2 (more polar) obtained in step 7 of Example 12
(56.5 mg) in methanol (1.00 mL), 40% aqueous solution of methylamine (1.00 mL)
was added, and the reaction mixture was stirred in a sealed tube at 60°C for 3 hours.
The reaction mixture was concentrated under reduced pressure to afford a mixture
containing the title compound. The mixture obtained was directly used for the
subsequent reaction.
MS(ESD)m/z: 1002(M+H)".
[0759]
(Step 2)
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Disodium (5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-7-[2-
(hydroxymethyl)-6-(methylamino)-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

With use of the mixture obtained in the above step 1, the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was then
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 2% - 20% (0 min - 30 min)] to afford the title
compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (16.0 mg).

MS(ESDm/z: 774(M+H)".

"H-NMR (CD3;0D) &: 8.70 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.38 (1H, d, J=9.1 Hz),
6.33 (1H, d, J=7.3 Hz), 5.49-5.42 (2H, m), 4.80 (1H, dd, J=6.7, 4.2 Hz), 4.60 (2H, s),
4.50-4.28 (5H, m), 4.05-4.00 (1H, m), 3.92-3.87 (1H, m), 3.52-3.49 (2H, m), 3.14
(3H, brs), 2.91 (2H, t, J=5.4 Hz), 2.04-1.99 (2H, m).

3IP-NMR (CDs0D) &: 63.1 (s), 60.3 (s).

[0760]

Example 42: Synthesis of CDN32

(5R,7R,8R,12aR,14R,15a8S,16R)-16-Hydroxy-7-[ 1-(2-hydroxyethyl)-6-oxo-1,6-
dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0761]
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32
32a (Diastereomer 1)
32b (Diastereomer 2)

[0762]
[Synthesis Scheme]
[0763]
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[0764]
(Step 1)
5-(3,3-Diethoxyprop-1-yn-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

To a solution of commercially available (PharmaBlock Sciences (Nanjing),
Inc.) 5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (22 g) in N,N-dimethylformamide
(70 mL), copper iodide (1.61 g), bis(triphenylphosphine)palladium dichloride (5.94
g), and triethylamine (35 mL) were added. Propargylaldehyde diethyl acetal (22
mL) was added thereto over 2 hours, and the reaction mixture was stirred at room
temperature overnight. Chloroform (350 mL) was added to the reaction mixture,
which was washed twice with water.  After drying the organic layer with
magnesium sulfate, the drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure.  Ethyl acetate (350 mL) was added to the
residue, and the resultant was stirred overnight. A solid precipitated was collected
through filtration to give the title compound (9.60 g).
MS(ESD)m/z: 261 (M+H)".
'H-NMR (DMSO-ds) 8: 12.04 (1H, brs), 8.11 (1H, brs), 7.57 (1H, s), 6.56 (2H, brs),
5.59 (1H, s), 3.68 (2H, m), 3.57 (2H, m), 1.17 (6H, t, J=7.3 Hz).
[0765]
(Step 2)
5-(3,3-Diethoxypropyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

To a mixed solution of the compound (17.9 g) obtained in the above step 1 in
tetrahydrofuran (160 mL)-ethanol (80 mL), 10% palladium-carbon (M) wet (25.0 g)
was added, and the reaction mixture was stirred under the hydrogen atmosphere at
room temperature overnight. The catalyst was removed through filtration with a
Celite, and the filtrate was concentrated under reduced pressure to afford a crude
form of the title compound (17.0 g).
MS(ESDm/z: 265(M+H)".
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[0766]
(Step 3)
6,7,8,9-Tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene

The compound (50.21 g) obtained in the above step 2 was dissolved in 90%
aqueous solution of acetic acid (344 mL), and the reaction mixture was stirred at
50°C overnight. After confirming the disappearance of the raw material, palladium-
carbon (M) wet (60 g) was added to the reaction mixture, which was stirred under the
hydrogen atmosphere at 40°C overnight. The catalyst was removed through
filtration with a Celite, and the filtrate was concentrated under reduced pressure. A
saturated aqueous solution of sodium hydrogen carbonate (350 mL) was added to the
residue, and the resultant was subjected seven times to extraction with
chloroform/methanol (9:1). The organic layer was concentrated under reduced
pressure, and the residue was then purified by silica gel column chromatography
[chloroform/methanol] to afford the title compound (18.47 g).
MS(ESDm/z: 175(M+H)".
"H-NMR (DMSO-ds) 8: 11.26 (1H, brs), 7.97 (1H, s), 7.37 (1H, brs), 6.86 (1H, brs),
3.35 (2H, m), 2.80 (2H, t, J=5.4 Hz), 1.88 (2H, m).
[0767]
(Step 4)
Phenyl(2,7,8,9-tetrahydro-6H-2,3,5,6-tetraazabenzo[ cdJazulen-6-yl)methanone

To a suspension of the compound (8.47 g) obtained in the above step 3 in
dichloromethane (120 mL), dehydrated pyridine (39.2 mL), N,N-
dimethylaminopyridine (2.38 g), and benzoyl chloride (22.6 mL) were added in this
order, and the reaction mixture was stirred at room temperature for 1 hour. After
the reaction mixture was concentrated under reduced pressure, chloroform (150 mL),
methanol (60 mL), and triethylamine (50 mL) were added to the residue, and the

resultant was stirred at room temperature for 3 hours. The reaction mixture was



10

15

20

25

- 378 -

poured into a two-layer mixture of chloroform and water, and subjected to extraction
with chloroform. The organic layer was washed twice with 25w/v% aqueous
solution of potassium hydrogen sulfate, and dried over anhydrous magnesium
sulfate. The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. Ethyl acetate (50 mL) and hexane (125 mL)
were added in this order to the residue to make a slurry, which was then stirred for 1
hour. A solid precipitated was collected through filtration to give the title
compound (9.89 g).
MS(ESDm/z: 279(M+H)".
"H-NMR (CDCl3) &: 10.07 (1H, brs), 8.11 (1H, s), 7.39-7.21 (5H, m), 7.12 (1H, s),
4.32 (2H, m), 3.06 (2H, m), 2.26 (2H, m).
[0768]
(Step 5)
6-Benzoyl-2-[2-deoxy-3,5-bis-O-(4-methylbenzoyl)-3-D-erythro-pentofuranosyl]-
6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene

To a suspension of the compound (7.10 g) obtained in the above step 4 in
acetonitrile (80 mL), powdery potassium hydroxide (2.9 g) and tris[2-(2-
methoxyethoxy)ethyl]amine (0.41 mL) were added under the nitrogen atmosphere,
and the reaction mixture was stirred at room temperature for 15 minutes. Under
ice-cooling, 2-deoxy-3,5-bis-O-(4-methylbenzoyl)-o-D-erythro-pentofuranosyl
chloride (10.12 g) as a compound known in the literature (Synlett 2004(2): 335-337)
and acetonitrile (60 mL) were added thereto, the temperature was increased to room
temperature, and the reaction mixture was stirred overnight. A saturated aqueous
solution of ammonium chloride was added to the reaction mixture to quench the
reaction. A solid precipitated was collected through filtration, and then washed
with water to give the title compound (9.70 g).

MS(ESDm/z: 631(M+H)".
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"H-NMR (CDCl3) &: 8.10 (1H, s), 8.00-7.96 (4H, m), 7.37-7.22 (9H, m), 7.10 (1H,
s), 6.88 (1H, dd, J=8.5, 5.4 Hz), 5.76 (1H, m), 4.77 (1H, dd, J=11.8, 3.9 Hz), 4.65-
4.57 (2H, m), 4.32 (1H, m), 4.20 (1H, m), 2.90-2.78 (3H, m), 2.73 (1H, ddd, J=2.1,
5.7, 8.5 Hz), 2.44 (6H, s), 2.19 (2H, m).
[0769]
(Step 6)
6-Benzoyl-2-(2-deoxy-p-D-erythro-pentofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo|cd]azulene

To a mixed solution of the compound (8.69 g) obtained in the above step 5
in methanol (45 mL)-tetrahydrofuran (135 mL), 2 N aqueous solution of sodium
hydroxide (27.6 mL) was added dropwise at -10°C over 20 minutes. After stirring
at the same temperature for 2 hours, 1 N hydrochloric acid (58 mL) was added
thereto to quench the reaction.  After the reaction mixture was concentrated under
reduced pressure, the residue was purified by silica gel column chromatography
[chloroform/methanol] to afford the title compound (4.09 g).
MS(ESDm/z: 395(M+H)".
'H-NMR (CDCl3) &: 8.04 (1H, s), 7.39-7.23 (5H, m), 7.05 (1H, s), 6.27 (1H, dd,
J=9.7, 5.4 Hz), 6.00 (1H, d, J=10.9 Hz), 4.77 (1H, d, J=4.8 Hz), 4.41 (1H, dd, J=14.5,
7.9 Hz), 4.19 (1H, s), 4.15 (1H, dd, J=14.5, 7.9 Hz), 3.94 (1H, d, J=12.7 Hz), 3.74
(1H, m), 3.16-2.95 (3H, m), 2.30-2.14 (3H, m), 1.96 (1H, s).
[0770]
(Step 7)
6-Benzoyl-2-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-deoxy-[-D-erythro-
pentofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

With use of the compound (4.55 g) obtained in the above step 6, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title

compound (6.38 g).
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MS(ESDm/z: 697(M+H)".

'H-NMR (CDCl3) &: 8.08 (1H, s), 7.43 (2H, d, J=7.9 Hz), 7.36-7.19 (13H, m), 6.84-
6.76 (5H, m), 4.66 (1H, brs), 4.31 (1H, m), 4.21 (1H, m), 4.07 (1H, m), 3.79 (6H, s),
3.44 (1H, dd, J=10.0, 3.9 Hz), 3.38 (1H, dd, J=10.3, 4.8 Hz), 2.85 (2H, t, J=6.3 Hz),
2.66 (1H, m), 2.47 (1H, ddd, J=4.1, 6.5, 13.9 Hz), 2.18 (2H, m). (only observable
peaks are shown)

[0771]

(Step 8)

6-Benzoyl-2-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-{(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-2-deoxy-p-D-erythro-
pentofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene

With use of the compound (6.37 g) obtained in the above step 7, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (6.05 g) as a mixture of diastereomers (diastereomer ratio = 1:1).
"H-NMR (CDCl3) &: 8.09 (0.5H, s), 8.08 (0.5H, s), 7.46-7.41 (2H, m), 7.35-7.19
(13H, m), 6.84-6.75 (5H, m), 4.82-4.76 (1H, m), 4.35-4.19 (3H, m), 3.89-3.54 (4H,
m), 3.79 (1.5H, s), 3.79 (1.5H, s), 3.78 (1.5H, s), 3.78 (1.5H, s), 3.42 (1H, td, J=9.8,
3.8 Hz), 3.38-3.30 (1H, m), 2.81 (2H, t, J=6.3 Hz), 2.74-2.66 (1H, m), 2.63-2.49 (1H,
m), 2.62 (1H, t, J=6.0 Hz), 2.45 (1H, t, J=6.3 Hz), 2.21-2.14 (2H, m), 1.20-1.17 (9H,
m), 1.11 (3H, d, J=6.7 Hz).

[0772]
(Step 9)

With use of the compound (868 mg) obtained in the above step 8, the reaction
was performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 6-benzoyl-2-{2-deoxy-3-O-[hydroxy(oxo)-A’-phosphanyl]-B-D-erythro-
pentofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cdJazulene. With use

of this acetonitrile solution and the compound (1.00 g) obtained in step 3 of Example
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22, the reaction was performed in the same manner as in step 8 of Example 1, and the
resulting crude product was directly used for the subsequent reaction.

[0773]

(Step 10)
2-{9-[(5R,7R,8R,12aR,14R,15aS,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-6-0x0-6,9-dihydro-1H-purin-1-yl} ethyl benzoate

With use of the crude product obtained in step 9, the reaction was performed
in the same manner as in the above step 9 of Example 1 to afford the title compound
(702 mg) as a mixture of diasterecomers at the phosphorus atom.

MS(ESDm/z: 1134(M+H)".

[0774]

(Step 11)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15aS,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-7-[1-(2-hydroxyethyl)-6-ox0-1,6-dihydro-9H-purin-9-yl]-
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (702 mg) obtained in the above step 10, the
reaction was performed in the same manner as in step 10 of Example 1 to afford
diastereomer 1 (119 mg: with impurities) and diastereomer 2 (113 mg: with
impurities) of the title compound.

Diastereomer 1 (less polar)
MS(ESDm/z: 873(M+H)".

Diastereomer 2 (more polar)
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MS(ESDm/z: 873(M+H)".

[0775]

(Step 12-1)

Disodium (5R,7R,8R,12aR,14R,15aS,16R)-16-hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound (diastereomer 1) (119 mg: with impurities)
obtained in the above step 11, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (51.8 mg).

MS(ESDm/z: 759(M+H)".

"H-NMR (CD3;0D) &: 8.69 (1H, s), 8.24 (1H, s), 8.02 (1H, s), 7.09 (1H, s), 6.68 (1H,
t, J=7.0 Hz), 6.29 (1H, d, J=8.5 Hz), 5.36-5.27 (2H, m), 4.75-4.71 (1H, m), 4.41-4.30
(3H, m), 4.28-4.12 (3H, m), 4.06-4.00 (1H, m), 3.94-3.84 (1H, m), 3.82 (2H, t, J=4.8
Hz), 3.52-3.47 (2H, m), 2.91-2.69 (4H, m), 2.04-1.96 (2H, m).

3IP-NMR (CD30D) &: 57.3 (s), 54.9 (s).

[0776]

(Step 12-2)
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Disodium (5R,7R,8R,12aR,14R,15aS,16R)-16-hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound (diastereomer 2) (113 mg: with impurities)
obtained in the above step 11, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (65.4 mg).

MS(ESDm/z: 759(M+H)".

"H-NMR (CD3;O0D) &: 8.78 (1H, s), 8.24 (1H, s), 8.02 (1H, s), 7.08 (1H, s), 6.73 (1H,
dd, J=9.1, 5.4 Hz), 6.29 (1H, d, J=8.5 Hz), 5.59-5.52 (1H, m), 5.45-5.37 (1H, m),
4.45 (1H, d, J=4.2 Hz), 4.40-4.16 (6H, m), 4.01 (1H, d, J=12.7 Hz), 3.87-3.75 (3H,
m), 3.53-3.46 (2H, m), 2.93-2.88 (2H, m), 2.87-2.65 (2H, m), 2.06-1.96 (2H, m).
3IP-NMR (CDs0D) &: 63.1 (s), 57.3 (s).

[0777]

Example 43: Synthesis of CDN33
(5R,7R,8R,12aR,14R,158,15aR,16R)-15-Fluoro-16-hydroxy-7-[ 1-(2-hydroxyethyl)-
6-0x0-1,6-dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
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2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0778]

N H
o] Nr NN
H
HS-P 0 —
O OH ﬁN Y

33
33a (Diastereomer 1)
33b (Diastereomer 2)

[0779]
[Synthesis Scheme]
[0780]
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[0781]
(Step 1)
1-(2,7,8,9-Tetrahydro-6H-2,3,5,6-tetraazabenzo[ cd]azulen-6-yl)ethan-1-one

The compound (6.88 g) obtained in step 3 of Example 42 was dissolved in
acetic anhydride (48 mL), and the reaction mixture was stirred at 90°C. The
reaction mixture was concentrated under reduced pressure, and the residue was
dissolved in a mixture of chloroform (100 mL)-methanol (50 mL)-triethylamine (30
mL). After stirring at room temperature for 4 hours, the reaction mixture was
poured into a two-layer mixture of chloroform and water, and subjected to extraction

with chloroform. After the organic layer was dried over magnesium sulfate, the
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drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. Hexane/ethyl acetate (1:2) was added to the residue to make a
slurry, and the solid was then collected through filtration to give the title compound
(7.18 g).
MS(ESDm/z: 217(M+H)".
'H-NMR (CD3;OD) &: 8.47 (1H, s), 7.21 (1H, s), 4.11 (2H, d, J=8.5 Hz), 2.97 (2H, ,
J=6.3 Hz), 2.46 (3H, s), 2.06 (2H, m).
[0782]
(Step 2)
6-Acetyl-2-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-f-D-arabinofuranosyl)-6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

With use of the compound (6.00 g) obtained in the above step 1 and
commercially available (Carbosynth Limited) [(2R,3R,4S,5R)-3-benzoyloxy-5-
bromo-4-fluoro-tetrahydrofuran-2-yljmethyl benzoate (14.1 g), the reaction was
performed in the same manner as in step 5 of Example 42 to afford the title
compound (11.45 g).
MS(ESDm/z: 559(M+H)".
"H-NMR (CDCls) 3: 8.58 (1H, 5), 8.12 (4H, t, J=7.3 Hz), 7.69-7.44 (6H, m), 7.28
(1H, d, J=2.4 Hz), 6.92 (1H, dd, J=23.3, 2.7 Hz), 5.77 (1H, dd, J=17.5, 3.0 Hz), 5.34
(1H, dd, J=50.2, 3.0 Hz), 4.83 (2H, dd, J=11.8, 4.5 Hz), 4.76 (2H, dd, J=11.8, 5.1
Hz), 4.56 (1H, m), 4.14 (2H, m), 2.90 (2H, t, J=6.7 Hz), 2.07 (3H, s).
[0783]
(Step 3)
6-Acetyl-2-(2-deoxy-2-fluoro-B-D-arabinofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo|cd]azulene

To a mixed solution of the compound (8.70 g) obtained in the above step 2

in methanol (58 mL)-tetrahydrofuran (117 mL), 2 N aqueous solution of sodium
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hydroxide (32 mL) was added dropwise at -20°C over 12 minutes.  After stirring at
the same temperature for 3 hours, 1 N hydrochloric acid (66 mL) was added thereto
to quench the reaction. The reaction mixture was concentrated under reduced
pressure, and the residue was then purified by silica gel column chromatography
[chloroform/methanol] to afford the title compound (3.27 g).
MS(ESDm/z: 351(M+H)".
"H-NMR (CDCl3) &: 8.54 (1H, s), 7.20 (1H, d, J=1.8 Hz), 6.68 (1H, dd, J=17.5, 4.2
Hz), 5.16 (1H, ddd, J=52.0, 2.4, 1.2 Hz), 4.75 (1H, ddd, J=19.2, 2.6, 1.3 Hz), 4.16
(1H, m), 4.08 (2H, m), 3.99 (1H, dd, J=12.1, 3.6 Hz), 3.92 (1H, dd, J=12.1, 4.2 Hz),
2.93 (2H, m), 2.52 (3H, s), 2.07 (2H, m). (only observable peaks are shown)
[0784]
(Step 4)
6-Acetyl-2-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-deoxy-2-fluoro-3-D-
arabinofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene

With use of the compound (3.95 g) obtained in the above step 3 (3.95 g), the
reaction was performed in the same manner as in step 1 of Example 11 to afford the
title compound (5.66 g).
MS(ESDm/z: 653(M+H)".
'H-NMR (CDCl3) &: 8.56 (1H, s), 7.50-7.20 (10H, m), 6.85-6.78 (5H, m), 5.07 (1H,
dt, J=51.8, 3.2 Hz), 4.59 (1H, brd, J=18.1 Hz), 4.21-4.02 (3H, m), 3.80 (3H, s), 3.79
(3H, s), 3.50 (1H, dd, J=10.3, 5.4 Hz), 3.44 (1H, dd, J=10.0, 5.1 Hz), 2.88 (2H, m),
2.54 (3H, s), 2.42 (1H, brs), 2.07 (2H, m).
[0785]
(Step 5)
6-Acetyl-2-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-{(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-2-deoxy-2-fluoro--D-

arabinofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd|azulene
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With use of the compound (5.68 g) obtained in the above step 4, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (5.08 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).

MS(ESDm/z: 853(M+H)".

'H-NMR (CDCl3) &: 8.58 (0.5H, s), 8.57 (0.5H, s), 7.51-7.20 (10H, m), 6.85-6.76
(5H, m), 5.24-5.02 (1H, m), 4.76-4.60 (1H, m), 4.21-4.05 (3H, m), 3.91-3.74 (1H,
m), 3.80 (1.5H, s), 3.79 (1.5H, s), 3.79 (1.5H, s), 3.79 (1.5H, s), 3.69-3.55 (3H, m),
3.49-3.37 (2H, m), 2.95-2.80 (2H, m), 2.61 (1H, t, J=6.3 Hz), 2.54 (3H, s), 2.43 (1H,
t,J=6.7 Hz), 2.11-2.03 (2H, m), 1.21-1.17 (9H, m), 1.11 (3H, d, J=7.3 Hz).

[0786]

(Step 6)

With use of the compound (1.00 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 6-acetyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A>-phosphanyl]-B-D-
arabinofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene. With
use of this acetonitrile solution and the compound (1.21 g) obtained in step 3 of
Example 22, the reaction was performed in the same manner as in step 8 of Example
1, and the resulting crude product was directly used for the subsequent reaction.
[0787]

(Step 7)
2-{9-[(5R,7R,8R,12aR,14R,158S,15aR,16R)-14-(6-Acetyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)- 15-fluoro-2-ox0-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-
5,8-methano-2A° 10\>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-

7-yl]-6-0x0-6,9-dihydro-1H-purin-1-yl} ethyl benzoate
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With use of the crude product obtained in the above step 6, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(757 mg) as a mixture of diasterecomers at the phosphorus atom.

MS(ESDm/z: 1090(M+H)".

[0788]

(Step 8)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15S,15aR,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-15-fluoro-7-[1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (757 mg) obtained in the above step 7, the reaction
was performed in the same manner as in step 10 of Example 1 to afford diastereomer
1 (113 mg: with impurities) and diastereomer 2 (108 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 891(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 891(M+H)".

[0789]

(Step 9-1)

Disodium (5R,7R,8R,12aR,14R,15S,15aR,16R)-15-fluoro-16-hydroxy-7-[1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 1)
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With use of the compound (diastereomer 1) (113 mg: with impurities)
obtained in the above step 8 , the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (28.8 mg).
MS(ESDm/z: 777(M+H)".
'H-NMR (CD;OD) &: 8.67 (1H, s), 8.24 (1H, s), 8.04 (1H, s), 7.05 (1H, s), 6.73 (1H,
dd, J=23.9, 2.7 Hz), 6.28 (1H, d, J=8.5 Hz), 5.43-5.24 (3H, m), 4.77-4.72 (1H, m),
4.51-4.32 (4H, m), 4.26-4.12 (2H, m), 4.06-3.91 (2H, m), 3.82 (2H, t, J=5.1 Hz),
3.50 (2H, t, J=5.1 Hz), 2.92-2.85 (2H, m), 2.06-1.97 (2H, m).
3IP-NMR (CD;OD) &: 57.8 (s), 54.7 (s).
[0790]
(Step 9-2)
Disodium (5R,7R,8R,12aR,14R,15S,15aR,16R)-15-fluoro-16-hydroxy-7-[1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 2)

With use of the compound (diastereomer 2) (108 mg: with impurities)

obtained in the above step 8, the reaction was performed in the same manner as in
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step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 20% (0
min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (3.2 mg).

MS(ESDm/z: 777(M+H)".

'H-NMR (CD3OD) &: 8.76 (1H, s), 8.23 (1H, s), 8.04 (1H, s), 7.06 (1H, s), 6.73 (1H,
dd, J=24.5, 2.1 Hz), 6.28 (1H, d, J=8.5 Hz), 5.53-5.45 (1H, m), 5.43-5.27 (2H, m),
4.62-4.49 (1H, m), 4.45-4.41 (1H, m), 4.40-4.27 (2H, m), 4.27-4.15 (3H, m), 4.03-
3.92 (2H, m), 3.87-3.78 (2H, m), 3.51 (2H, t, J=5.6 Hz), 2.90 (2H, t, J=5.6 Hz), 2.08-
1.96 (2H, m).

3IP-NMR (CDs0D) &: 63.0 (s), 57.8 (s).

[0791]

Example 44: Synthesis of CDN34
(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-Fluoro-16-hydroxy-7-[ 1-(2-hydroxyethyl)-
6-0x0-1,6-dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0792]
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34
34a (Diastereomer 1)
34b (Diastereomer 2)
[0793]
[Synthesis Scheme]

[0794]
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(Step 1)

6-Benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulene

To a mixed solution of the compound (35.80 g) obtained in step 4 of Example
1 in dichloromethane (322 mL)-pyridine (35 mL), a solution of hydrogen fluoride-

pyridine (6.33 g) in dichloromethane (36 mL) was added under ice-cooling over 5
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minutes, and the reaction mixture was stirred at the same temperature for 3 hours.
A saturated aqueous solution of sodium hydrogen carbonate (268 mL) and brine (143
mL) were added to the reaction mixture in this order to quench the reaction, and the
resultant was subjected to extraction with ethyl acetate. ~ After the organic layer was
dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. Hexane/ethyl
acetate (1:1) (108 mL) was added to the residue to make a slurry, which was then
stirred 50°C for 30 minutes, and hexane (161 mL) was further added thereto and the
resultant was further stirred for 2 hours. A solid precipitated was collected through
filtration, and washed with hexane/ethyl acetate (4:1) (143 mL) to give the title
compound (26.81 g).
MS(ESDm/z: 525(M+H)".
"H-NMR (DMSO-ds) 8: 7.98 (1H, s), 7.65 (1H, s), 7.39 (1H, m), 7.26-7.20 (4H, m),
6.19 (1H, d, J=6.5 Hz), 5.15 (1H, t, J=5.6 Hz), 5.00 (1H, d, J=4.8 Hz)4.48 (1H, t,
J=5.6 Hz), 4.27 (1H, m), 4.11-4.02 (2H, m), 3.97 (1H, m), 3.67-3.57 (2H, m), 2.99
(2H, m), 2.23-2.07 (2H, m), 0.68 (9H, s), -0.11 (3H, s), -0.26 (3H, s).
[0796]
(Step 2)
6-Benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-3,5-bis-O-(oxan-2-yl)-B3-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

To a solution of the compound (19.93 g) obtained in the abovestep 1 and 3,4-
dihydro-2H-pyran (35 mL) in N,N-dimethylformamide (200 mL), p-toluenesulfonic
acid monohydrate (7.25 g) was added under ice-cooling, and the reaction mixture
was stirred at room temperature for 3 hours. A saturated aqueous solution of
sodium hydrogen carbonate was added to the reaction mixture under ice-cooling to
quench the reaction, and the reaction mixture was subjected to extraction with ethyl

acetate. The organic layer was washed with water and brine in this order, and dried
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over anhydrous sodium sulfate. The drying agent was removed through filtration,
and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate] to afford the title
compound (24.73 g).
"H-NMR (CDCl3) &: 8.10-8.07 (1H, m), 7.59-7.35 (1H, m), 7.35-7.27 (3H, m), 7.25-
7.17 (2H, m), 6.44-6.36 (1H, m), 4.90-3.36 (13H, m), 3.06-2.96 (2H, m), 2.31-2.15
(2H, m), 2.01-1.43 (12H, m), 0.84-0.73 (9H, m), 0.04-(-0.35) (6H, m).
[0797]
(Step 3)
6-Benzoyl-2-[3,5-bis-O-(oxan-2-yl)-B-D-ribofuranosyl]-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulene

To a solution of the compound (24.73 g) obtained in the above step 2 and
acetic acid (3.1 mL) in tetrahydrofuran (250 mL), a tetrahydrofuran solution of
tetrabutylammonium fluoride (approximately 1 M, 55 mL) was added under ice-
cooling, and the reaction mixture was stirred at room temperature overnight. The
reaction mixture was concentrated under reduced pressure, ethyl acetate was added
to the residue, and the resultant was washed with water and brine in this order.
After the organic layer was dried over anhydrous sodium sulfate, the drying agent
was removed through filtration, and the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (18.74 g).
"H-NMR (CDCl3) &: 8.12-8.09 (1H, m), 7.49-7.30 (4H, m), 7.28-7.20 (2H, m), 6.41-
6.30 (1H, m), 4.83-4.18 (7H, m), 4.12-3.50 (7H, m), 3.06-2.97 (2H, m), 2.31-2.17
(2H, m), 1.96-1.47 (12H, m).
[0798]
(Step 4)
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6-Benzoyl-2-[3,5-bis-O-(oxan-2-yl)-B-D-arabinofuranosyl]-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulene

To a solution of the compound (18.74 g) obtained in the above step 3 and
pyridine (13.1 mL) in dichloromethane (300 mL), trifluoromethanesulfonic
anhydride (11 mL) was added dropwise under ice-cooling, and the reaction mixture
was stirred for 10 minutes. Brine was added to the reaction mixture to quench the
reaction, the resultant was subjected to extraction with dichloromethane, and the
organic layer was dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was dissolved in tetrahydrofuran (300 mL), a solution of
tetrabutylammonium nitrite (28.34 g) in tetrahydrofuran (150 mL) was added
dropwise under ice-cooling, and the reaction mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under reduced pressure, ethyl
acetate was added to the residue, and the resultant was washed with water and brine
in this order. ~ After the organic layer was dried over anhydrous sodium sulfate, the
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (10.46 g).
"H-NMR (CDCl3) &: 8.13-8.06 (1H, m), 7.63-7.30 (4H, m), 7.29-7.18 (2H, m), 6.79-
6.55 (1H, m), 4.93-3.45 (14H, m), 3.11-2.95 (2H, m), 2.32-2.14 (2H, m), 1.98-1.44
(12H, m).
[0799]
(Step 5)
6-Benzoyl-2-[2-deoxy-2-fluoro-3,5-bis-O-(oxan-2-yl)-B-D-ribofuranosyl]-6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulene

To a solution of the compound (10.46 g) obtained in the above step 4 and

pyridine (7.3 mL) in dichloromethane (200 mL), trifluoromethanesulfonic anhydride



10

15

20

25

- 397 -

(6.1 mL) was added dropwise under ice-cooling, and the reaction mixture was stirred
for 10 minutes. Brine was added to the reaction mixture to quench the reaction, the
resultant was subjected to extraction with dichloromethane, and the organic layer
was dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was dissolved in tetrahydrofuran (200 mL), a tetrahydrofuran solution of
tetrabutylammonium fluoride (approximately 1 M, 150 mL) was added thereto, and
the resultant was stirred at the same temperature for 3 hours. A saturated aqueous
solution of ammonium chloride was added to the reaction mixture, which was
subjected to extraction with ethyl acetate. The organic layer was washed with
brine, and dried over anhydrous sodium sulfate, and the drying agent was then
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (7.65 g).
"H-NMR (CDCl3) &: 8.13-8.08 (1H, m), 7.53-7.31 (4H, m), 7.26-7.22 (2H, m), 6.68-
6.53 (1H, m), 5.42-5.08 (1H, m), 4.93-4.18 (6H, m), 4.10-3.76 (3H, m), 3.71-3.47
(3H, m), 3.06-2.96 (2H, m), 2.29-2.18 (2H, m), 1.96-1.47 (12H, m).
[0800]
(Step 6)
6-Benzoyl-2-(2-deoxy-2-fluoro-fB-D-ribofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo|cd]azulene

To a solution of the compound (7.65 g) obtained in the above step 5 in ethanol
(150 mL), pyridinium p-toluenesulfonate (6.62 g) was added, and the reaction
mixture was stirred at 50°C for 3 hours. The reaction mixture was concentrated
under reduced pressure, ethyl acetate was added to the residue, and the resultant was
washed with a saturated aqueous solution of sodium hydrogen carbonate and brine in

this order. After the organic layer was dried over anhydrous sodium sulfate, the
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drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (3.55 g).
'H-NMR (CDCl3) &: 8.05 (1H, s), 7.41-7.35 (3H, m), 7.30-7.24 (2H, m), 7.06 (1H,
s), 6.07-6.00 (2H, m), 5.85 (1H, ddd, J=52.8, 6.7, 4.7 Hz), 4.66 (1H, d, J=3.9 Hz),
4.42-4.31 (2H, m), 4.20 (1H, m), 3.93 (1H, dd, J=12.9, 1.6 Hz), 3.74 (1H, td, J=12.3,
1.6 Hz), 3.12-2.96 (2H, m), 2.51 (1H, s), 2.33-2.15 (2H, m).
[0801]
(Step 7)
6-Benzoyl-2-{5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-deoxy-2-fluoro--D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

With use of the compound (3.55 g) obtained in the above step 6, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (5.77 g).
"H-NMR (CDCl3) &: 8.09 (1H, s), 7.45-7.41 (2H, m), 7.36-7.17 (13H, m), 6.85-6.79
(4H, m), 6.53 (1H, dd, J=17.2, 2.3 Hz), 5.40 (1H, ddd, J=53.2, 4.8, 2.3 Hz), 4.83-
4.72 (1H, m), 4.32-4.21 (2H, m), 4.19-4.14 (1H, m), 3.79 (3H, s), 3.79 (3H, s), 3.59
(1H, dd, J=11.0, 2.7 Hz), 3.45 (1H, dd, J=11.0, 3.5 Hz), 2.79 (2H, t, J=6.3 Hz), 2.45
(1H, s), 2.24-2.11 (2H, m).
[0802]
(Step 8)
6-Benzoyl-2-(5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3-O-{(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-2-deoxy-2-fluoro-3-D-
ribofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene

With use of the compound (5.77 g) obtained in the above step 7, the reaction

was performed in the same manner as in step 6 of Example 1 to afford the title
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compound (5.95 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).

"H-NMR (CDCl3) &: 8.10 (0.5H, s), 8.09 (0.5H, s), 7.45-7.12 (15H, m), 6.84-6.75
(4H, m), 6.57-6.46 (1H, m), 5.61-5.33 (1H, m), 5.07-4.83 (1H, m), 4.34-4.18 (3H,
m), 3.93-3.72 (7H, m), 3.69-3.49 (4H, m), 3.38-3.27 (1H, m), 2.87-2.68 (2H, m),
2.61 (1H, td, J=6.3, 1.6 Hz), 2.40 (1H, td, J=6.4, 2.1 Hz), 2.21-2.12 (2H, m), 1.21-
1.13 (9H, m), 1.03 (3H, d, J=6.7 Hz).

[0803]

(Step 9)

With use of the compound (1.02 g) obtained in the above step 8, the reaction
was performed in the same manner as in step 7 of Example 1 to afford an acetonitrile
solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-phosphanyl]-B-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulene. With use
of the acetonitrile solution obtained and the compound (1.15 g) obtained in step 3 of
Example 22, the reaction was performed in the same manner as in step 8 of Example
1, and the resulting crude product was directly used for the subsequent reaction.
[0804]

(Step 10)
2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-15-fluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-
5,8-methano-2).°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-
7-yl]-6-0x0-6,9-dihydro-1H-purin-1-yl} ethyl benzoate

With use of the crude product obtained in the above step 9, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(818 mg: with impurities) as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1152(M+H)".
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[0805]

(Step 11)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-15-fluoro-7-[ 1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (818 mg) obtained in the above step 10, the
reaction was performed in the same manner as in step 10 of Example 1 to afford
diastereomer 1 (107 mg: with impurities) and diastereomer 2 (101 mg: with
impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 891(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 891(M+H)".

[0806]

(Step 12-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 1)

With use of the compound (diastereomer 1) (107 mg: with impurities)
obtained in the above step 11, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following

[Purification Conditions] to afford the title compound as a triethylamine salt.



10

15

20

25

- 401 -

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (29.1 mg).

MS(ESDm/z: 777(M+H)".

'H-NMR (CD3OD) &: 8.58 (1H, m), 8.11 (1H, m), 8.03 (1H, s), 7.11 (1H, s), 6.47
(1H, d, J=17.5 Hz), 6.26 (1H, d, J=8.5 Hz), 5.53-5.36 (2H, m), 5.29-5.17 (1H, m),
4.77 (1H, d, J=4.2 Hz), 4.54-4.46 (1H, m), 4.44-4.38 (1H, m), 4.35-4.32 (1H, m),
4.30-4.25 (2H, m), 4.25-4.16 (1H, m), 4.06-3.99 (1H, m), 3.96-3.85 (1H, m), 3.82-
3.71 (2H, m), 3.54-3.42 (2H, m), 2.77-2.68 (1H, m), 2.66-2.55 (1H, m), 2.02-1.81
(2H, m).

3IP-NMR (CDsOD) &: 57.5 (s), 53.0 (s).

[0807]

(Step 12-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound (diastereomer 2) (101 mg: with impurities)
obtained in the above step 11, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following

[Purification Conditions] to afford the title compound as a triethylamine salt.
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[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 20% (0
min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (11.2 mg).

MS(ESDm/z: 777(M+H)".

'H-NMR (CD30D) &: 8.61 (1H, m), 8.16 (1H, m), 8.02 (1H, m), 7.36 (1H, s), 6.49
(1H, dd, J=16.0, 2.1 Hz), 6.28 (1H, d, J=8.5 Hz), 5.56-5.33 (3H, m), 4.58-4.49 (2H,
m), 4.45-4.37 (2H, m), 4.31-4.27 (1H, m), 4.25-4.16 (1H, m), 4.10-3.98 (3H, m),
3.80 (2H, t, J=5.1 Hz), 3.48 (2H, dd, J=6.7, 3.6 Hz), 2.90-2.72 (2H, m), 2.00-1.90
(2H, m).

3IP-NMR (CDs0D) &: 59.5 (s), 57.7 (s).

[0808]

Example 45: Synthesis of CDN35
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[1-(2-Aminoethyl)-6-0x0-1,6-dihydro-9H-
purin-9-yl]-15-fluoro-16-hydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0809]
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35
35a (Diastereomer 1)
35b (Diastereomer 2)

[0810]
[Synthesis Scheme]
[0811]
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[0812]
(Step 1)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-1-[2-(1,3-dioxo-1,3-dihydro-2H-
isoindol-2-yl)ethyl]inosine

To a suspension of commercially available (Aamdis Chemical) 5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]inosine (13.0 g) in N,N-dimethylacetamide (60 mL),
N-(2-bromoethyl)phthalimide (7.02 g) and 1,8-diazabicyclo[5.4.0]-7-undecene (4.1
mL) were added, and the reaction mixture was stirred at room temperature overnight.
Thereto, N-(2-Bromoethyl)phthalimide (1.75 g) and 1,8-diazabicyclo[5.4.0]-7-
undecene (1.1 mL) were further added, and the reaction mixture was further stirred
for 1 day. Water was added to the reaction mixture to quench the reaction, and the
resultant was subjected to extraction with dichloromethane. After the organic layer
was dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [ethyl acetate/methanol] to afford
the title compound (12.4 g).
'H-NMR (CDCls) &: 7.83 (1H, s), 7.76-7.67 (4H, m), 7.64 (1H, s), 7.35-7.33 (2H,
m), 7.25-7.11 (7H, m), 6.74-6.70 (4H, m), 5.93 (1H, d, J=5.1 Hz), 5.68 (1H, d, J=3.9
Hz), 4.71 (1H, q, J=4.8 Hz), 4.43 (1H, m), 4.37-4.18 (3H, m), 4.10-4.06 (2H, m),
3.730 (3H, s), 3.728 (3H, s), 3.51 (1H, m), 3.36 (1H, dd, J=10.6, 3.9 Hz), 3.32 (1H,
dd, J=11.0, 5.5 Hz).
[0813]
(Step 2)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-1-[2-
(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethylJinosine

With use of the compound (12.4 g) obtained in the above step 1, the reaction

was performed in the same manner as in step 3 of Example 5 to afford the title
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compound (4.18 g) and 5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[tert-
butyl(dimethyl)silyl]-1-[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethyl]inosine
(6.31 g) as a regioisomer of the title compound.
'H-NMR (CDCl3) &: 8.00 (1H, s), 7.82-7.77 (2H, m), 7.74 (1H, s), 7.72-7.67 (2H,
m), 7.41-7.39 (2H, m), 7.32-7.19 (7H, m), 6.83-6.78 (4H, m), 5.90 (1H, d, J=5.1 Hz),
4.53-4.41 (3H, m), 4.32-4.25 (1H, m), 4.19-4.11 (3H, m), 3.79 (3H, s), 3.78 (3H, s),
3.46 (1H, dd, J=10.6, 3.1 Hz), 3.24 (1H, dd, J=10.8, 4.1 Hz), 2.98 (1H, d, J=6.7 Hz),
0.85 (9H, s), 0.04 (3H, s), -0.03 (3H, s).
Regioisomer (2'-O-TBS form)
"H-NMR (CDCl3) &: 7.97 (1H, s), 7.82-7.78 (2H, m), 7.73-7.69 (2H, m), 7.66 (1H,
s), 7.44-7.41 (2H, m), 7.33-7.18 (7H, m), 6.81 (4H, d, J=7.8 Hz), 5.91 (1H, d, J=5.9
Hz), 4.82 (1H, t, J=5.5 Hz), 4.43 (1H, m), 4.34-4.23 (3H, m), 4.18-4.08 (2H, m), 3.79
(6H, s), 3.46 (1H, dd, J=10.6, 2.7 Hz), 3.36 (1H, dd, J=10.6, 3.5 Hz), 2.70 (1H, d,
J=3.1 Hz), 0.83 (9H, s), -0.04 (3H, s), -0.19 (3H, s).
[0814]
(Step 3)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-1-[2-(1,3-dioxo-1,3-dihydro-
2H-isoindol-2-yl)ethyl]inosine

With use of the compound (8.89 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (9.45 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).
'H-NMR (CDCl3) &: 8.01 (0.5H, s), 8.00 (0.5H, s), 7.82-7.77 (2H, m), 7.74 (0.5H, s),
7.72-7.67 (2.5H, m), 7.42 (2H, d, J=7.8 Hz), 7.33-7.18 (7H, m), 6.81 (4H, d, J=8.6
Hz), 6.10 (0.5H, d, J=5.5 Hz), 6.04 (0.5H, d, J=5.1 Hz), 4.75 (0.5H, m), 4.60 (0.5H,
m), 4.49-4.41 (1H, m), 4.38-4.23 (2H, m), 4.22-4.05 (3H, m), 3.79 (6H, s), 3.78-3.65
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(1H, m), 3.62-3.39 (4H, m), 3.33-3.23 (1H, m), 2.49 (1H, t, J=6.3 Hz), 2.34 (1H, t,
J=6.7 Hz), 1.12-1.08 (9H, m), 0.91 (3H, d, J=7.0 Hz), 0.82 (9H, s), 0.06 (1.5H, s),
0.03 (1.5H, s), -0.03 (3H, s).

[0815]

(Step 4)

With use of the compound (1.30 g) obtained in step 8 of Example 44, the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene. With use of the acetonitrile solution obtained and the
compound (1.50 g) obtained in the above step 3, the reaction was performed in the
same manner as in step 8 of Example 1, and the resulting crude product was directly
used for the subsequent reaction.

[0816]

(Step 5)
3-{[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-7-{1-[2-
(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethyl]-6-ox0-1,6-dihydro-9H-purin-9-yl} -
15-fluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-
2)°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-

yl]oxy } propanenitrile

With use of the crude product obtained in the above step 4, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(828 mg) as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1177(M+H)",
[0817]
(Step 6)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[1-(2-
aminoethyl)-6-0xo0-1,6-dihydro-9H-purin-9-yl]-16-{[tert-butyl(dimethyl)silylJoxy} -
15-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a mixed solution of the compound (828 mg) obtained in the above step 5
in ethanol (5.0 mL)-tetrahydrofuran (5.0 mL), hydrazine monohydrate (0.342 mL)
was added, and the reaction mixture was stirred at 50°C for 6 hours. After the
reaction mixture was concentrated under reduced pressure, the residue was purified
by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] to afford diastereomer 1 (90.9 mg: with
impurities) and diastereomer 2 (91.1 mg: with impurities) of the title compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 890(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 890(M+H)".
[0818]
(Step 7-1)
Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[1-(2-aminoethyl)-6-0x0-1,6-
dihydro-9H-purin-9-yl]-15-fluoro-16-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 1)

With use of the compound (90.9 mg: with impurities) obtained in the above

step 6 (diastereomer 1), the reaction was performed in the same manner as in step 11
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of Example 1, and purification was then performed under the following [Purification
Conditions] to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 50% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (20.2 mg).
MS(ESDm/z: 776(M+H)".
'H-NMR (CD3OD) &: 8.54 (1H, s), 8.03 (1H, s), 7.99 (1H, s), 7.13 (1H, s), 6.44 (1H,
d, J=18.1 Hz), 6.22 (1H, d, J=7.9 Hz), 5.56-5.38 (2H, m), 5.33-5.21 (1H, m), 4.72
(1H, d, J=4.2 Hz), 4.58-4.49 (1H, m), 4.41-4.24 (4H, m), 4.24-4.17 (1H, m), 4.05-
3.98 (1H, m), 3.86-3.76 (1H, m), 3.50-3.42 (2H, m), 3.27-3.16 (2H, m), 2.78-2.68
(1H, m), 2.59-2.49 (1H, m), 1.98-1.80 (2H, m).
3IP-NMR (CD30D) &: 57.5 (s), 53.1 (s).
[0819]
(Step 7-2)
Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[1-(2-aminoethyl)-6-0x0-1,6-
dihydro-9H-purin-9-yl]-15-fluoro-16-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 2)

With use of the compound (diastereomer 2) (91.1 mg: with impurities)

obtained in the above step 6, the reaction was performed in the same manner as in
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step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 45% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (26.3 mg).

MS(ESDm/z: 776(M+H)".

'H-NMR (CD3OD) &: 8.56 (1H, s), 8.08 (1H, s), 8.02 (1H, s), 7.37 (1H, s), 6.48 (1H,
d, J=16.2 Hz), 6.23 (1H, d, J=7.9 Hz), 5.58-5.32 (3H, m), 4.65-4.27 (6H, m), 4.07-
3.96 (3H, m), 3.48-3.42 (2H, m), 3.38-3.23 (2H, m), 2.85-2.75 (1H, m), 2.69-2.59
(1H, m), 1.99-1.81 (2H, m).

3IP-NMR (CDs0D) &: 59.0 (s), 57.6 (s).

[0820]

Example 46: Synthesis of CDN36
N-(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-Fluoro-16-hydroxy-2,10-dioxo-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)-2-hydroxyacetamide

[0821]
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[0824]
(Step 1-1)
Disodium (5R,7R,8S,12aR,14R,15R,15a8S,16R)-16-fluoro-15-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
10 tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-

methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-

2,10-bis(thiolate)

(Diastereomer 1)
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With use of the compound (15.0 mg) obtained in step 7-1 of Example 45, the
reaction was performed in the same manner as in step 1-1 of Example 7, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 45% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (10.3 mg).
MS(ESDm/z: 834(M+H)".
'H-NMR (CD;OD) §: 8.46 (1H, brm), 8.04 (1H, s), 7.82 (1H, brm), 7.15 (1H, brm),
6.43 (1H, d, J=16.9 Hz), 6.17 (1H, dd, J=9.1, 4.5 Hz), 5.70-5.24 (3H, m), 4.81-4.75
(1H, m), 4.52-4.44 (1H, m), 4.43-4.26 (4H, m), 4.24-3.94 (2H, m), 3.89-3.84 (2H,
m), 3.72-3.37 (5H, m), 2.75-2.65 (1H, m), 2.48-2.32 (1H, m), 1.98-1.76 (2H, m).
3IP-NMR (CDs0D) &: 57.0 (s), 53.0 (s).
[0825]
(Step 1-2)
Disodium (5R,7R,8S,12aR,14R,15R,15aS,16R)-16-fluoro-15-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound (15.0 mg) obtained in step 7-2 of Example 45, the

reaction was performed in the same manner as in step 1-1 of Example 7, and
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purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 45% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (10.6 mg).

MS(ESDm/z: 834(M+H)".

'H-NMR (CD3;OD) &: 8.54 (1H, brs), 8.03 (1H, s), 7.97 (1H, brs), 7.35 (1H, brs),
6.48 (1H, d, J=15.7 Hz), 6.23 (1H, d, J=8.5 Hz), 5.65-5.39 (3H, m), 4.57-4.47 (2H,
m), 4.46-4.36 (2H, m), 4.31-4.19 (2H, m), 4.07-3.96 (2H, m), 3.95-3.78 (3H, m),
3.67-3.43 (4H, m), 2.85-2.75 (1H, m), 2.71-2.59 (1H, m), 2.00-1.84 (2H, m).
3IP.NMR (CD;O0D) &: 59.1 (s), 57.5 (s).

[0826]

Example 47: Synthesis of CDN37
(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-Amino-2-[(2-aminoethyl)amino]-9H-
purin-9-yl}-15-fluoro-16-hydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-24>,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0827]



- 413 -

O—P-SH
H,N—{ N o
2 N__/<
N
Hw\—-NH2
37
37a (Diastereomer 1)
37b (Diastereomer 2)
[0828]

[Synthesis Scheme]
[0829]
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[0830]
(Step 1)
2-[(2-Azaniumylethyl)amino]adenosine dichloride
5 To a solution of 2-({2-[(tert-butoxycarbonyl)amino]ethyl}amino)adenosine

(28.7 g) as a compound known in the literature (WO 2012/159072) in methanol (240
mL), a dioxane solution of hydrogen chloride (approximately 4 M, 240 mL) was
added, and the reaction mixture was stirred at room temperature overnight. The
reaction mixture was concentrated to about 50 mL under reduced pressure, and a

10 solid precipitated was then suspended in diethyl ether, and collected through

filtration to give the title compound (28.8 g).
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'H-NMR (CD30D) &: 8.32 (1H, s), 5.98 (1H, d, J=6.0 Hz), 4.51 (1H, t, J=5.4 Hz),
4.30 (1H, dd, J=5.1, 3.3 Hz), 4.14-4.11 (1H, m), 3.86-3.72 (4H, m), 3.23 (2H, t,
J=6.0 Hz).
[0831]
(Step 2)
2-{[2-({[2-(Trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } adenosine

To a mixture of the compound (28.8 g) obtained in the above step 1  in
tetrahydrofuran (330 mL)-water (70 mL), triethylamine (37 mL) and 1-({[2-
(trimethylsilyl)ethoxy]carbonyl} oxy)pyrrolidine-2,5-dione (18.4 g) were added, and
the reaction mixture was stirred at room temperature for 3 hours. The reaction
mixture was concentrated under reduced pressure, and azeotroped with toluene.
The residue was suspended in toluene, and the solid was collected through filtration.
The solid obtained was dissolved in dichloromethane and methanol, and the resultant
was concentrated under reduced pressure. Tetrahydrofuran was added to the
residue, a solid precipitated was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was dissolved in
dichloromethane and methanol, and the resultant was concentrated under reduced
pressure. A solid precipitated was suspended in dichloromethane, and collected
through filtration to give the title compound (22.5 g).
'H-NMR (CD30D) &: 7.92 (1H, s), 5.83 (1H, d, J=6.0 Hz), 4.77 (1H, t, J=5.4 Hz),
4.33 (1H, dd, J=4.8, 3.0 Hz), 4.14-4.10 (3H, m), 3.87 (1H, dd, J=12.4, 2.7 Hz), 3.73
(1H, dd, J=12.1, 3.0 Hz), 3.50-3.42 (2H, m), 3.32-3.29 (2H, m), 0.98-0.86 (2H, m),
0.03 (9H, s).
[0832]
(Step 3)
N-Benzoyl-2-{[2-({[2-

(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine
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With use of the compound (24.7 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 3 of Example 11 to afford the title
compound (22.1 g).

'H-NMR (CD3OD) &: 8.19 (1H, s), 8.05 (2H, d, J=7.9 Hz), 7.63 (1H, t, J=7.6 Hz),
7.54 (2H, t, J=7.6 Hz), 5.95 (1H, d, J=5.4 Hz), 4.75 (1H, t, J=5.4 Hz), 4.36 (1H, t,
J=4.5 Hz), 4.11-4.07 (3H, m), 3.86 (1H, dd, J=12.4, 3.3 Hz), 3.75 (1H, dd, J=12.1,
3.6 Hz), 3.59-3.47 (2H, m), 3.36-3.33 (2H, m), 0.92 (2H, t, J=8.2 Hz), 0.00 (9H, s).
[0833]

(Step 4)

N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2- {[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine

With use of the compound (22.1 g) obtained in the above step 3, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (29.5 g).

"H-NMR (DMSO-ds) 8: 10.7 (1H, s), 8.09 (1H, s), 8.01-7.99 (2H, m), 7.64-7.60 (1H,
m), 7.52 (2H, t, J=7.6 Hz), 7.36-7.34 (2H, m), 7.26-7.17 (7H, m), 7.05-7.02 (1H, m),
6.95-6.92 (1H, m), 6.85-6.80 (4H, m), 5.88 (1H, d, J=4.8 Hz), 5.53 (1H, d, J=5.4
Hz), 5.20 (1H, d, J=5.4 Hz), 4.72-4.63 (1H, m), 4.34-4.26 (1H, m), 4.05-3.99 (3H,
m), 3.72-3.71 (6H, m), 3.31-3.10 (6H, m), 0.89 (2H, t, J=8.5 Hz), 0.00 (9H, s).
[0834]

(Step 5)

N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2-{[2-({[2-

(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine

With use of the compound (29.5 g) obtained in the above step 4, the reaction
was performed in the same manner as in step 3 of Example 5 to afford the title

compound (6.85 g).
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"H-NMR (DMSO-ds, 90°C) &: 10.3 (1H, brs), 8.02 (1H, s), 7.99 (2H, d, J=7.3 Hz),
7.60 (1H, t, J=7.3 Hz), 7.51 (2H, t, J=7.6 Hz), 7.37 (2H, d, J=7.3 Hz), 7.28-7.20 (7H,
m), 6.85-6.82 (4H, m), 6.69-6.53 (2H, m), 5.86 (1H, d, J=5.4 Hz), 5.07-5.04 (1H, m),
4.80-4.74 (1H, m), 4.36-4.33 (1H, m), 4.08-3.99 (3H, m), 3.74 (6H, s), 3.37-3.15
(6H, m), 0.89 (2H, t, J=7.9 Hz), 0.86 (9H, s), 0.09 (3H, s), 0.04 (3H, s), 0.01 (9H, s).
[0835]

(Step 6)

N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl } -2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine

With use of the compound (6.22 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (6.18 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).

"H-NMR (CD;3Cl) &: 8.82 (1H, s), 8.00-7.97 (2H, m), 7.88 (0.5H, s), 7.85 (0.5H, s),
7.59 (1H, t, J=7.0 Hz), 7.51 (2H, t, J=7.6 Hz), 7.43 (2H, d, J=7.3 Hz), 7.33-7.20 (7H,
m), 6.81 (4H, d, J=8.5 Hz), 6.08-6.01 (1H, m), 5.19-4.88 (2H, m), 4.51-4.42 (1H, m),
4.20-4.08 (3H, m), 3.82-3.24 (11H, m), 3.78 (6H, s), 2.52 (1H, 5, J=6.3 Hz), 2.38-
2.34 (1H, m), 1.14-1.09 (9H, m), 0.90-0.85 (2H, m), 0.87 (9H, s), 0.12 (1.5H, s), 0.09
(1.5H, s), 0.03 (3H, s), -0.01 (9H, s).

[0836]

(Step 7)

With use of the compound (1.03 g) obtained in step 8 of Example 44, the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulene. With use of the acetonitrile solution obtained and the
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compound (999 mg) obtained in the above step 6, the reaction was performed in the
same manner as in step 8 of Example 1, and the resulting crude product was directly
used for the subsequent reaction.
[0837]
(Step 8)
2-(Trimethylsilyl)ethyl [2-({6-benzamido-9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-
14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-16-
{[tert-butyl(dimethyl)silylJoxy}-10-(2-cyanoethoxy)-15-fluoro-2-oxo-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-y1]-9H-purin-2-
yl}amino)ethyl]carbamate

With use of the mixture obtained in the above step 7, the reaction was
performed in the same manner as in step 9 of Example 1 to afford diastereomer 1
(370 mg: with impurities) and diastereomer 2 (201 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1307(M-H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1307(M-H).
[0838]
(Step 9-1)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-{[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } -9H-purin-9-yl)-16-
{[tert-butyl(dimethyl)silyl]oxy}-15-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-22°, 101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of the compound (370 mg: with impurities) obtained in the above
step 8 (diastereomer 1), the reaction was performed in the same manner as in step 10
of Example 1 to afford the title compound (134 mg: with impurities).
MS(ESD)m/z: 1048(M+H)".
[0839]
(Step 9-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-{[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } -9H-purin-9-yl)-16-
{[tert-butyl(dimethyl)silyl]oxy}-15-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-22°, 101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound (diastereomer 2) (201 mg: with impurities)
obtained in the above step 8, the reaction was performed in the same manner as in
step 10 of Example 1 to afford the title compound (49.1 mg: with impurities).
MS(ESDm/z: 1048(M+H)".
[0840]
(Step 10-1)
Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15-fluoro-16-hydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)
(Diastereomer 1)
With use of the compound (134 mg) obtained in the above step 9-1, the
reaction was performed in the same manner as in step 5 of Example 40, and the

resultant was then purified by C18 silica gel column chromatography [10 mM
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aqueous solution of triethylammonium acetate/acetonitrile] to afford the title
compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (22 mg).

MS(ESDm/z: 790(M+H)".

"H-NMR (CD30D) &: 8.04 (1H, brs), 8.01 (1H, s), 7.06 (1H, s), 6.43 (1H, d, J=16.9
Hz), 6.00 (1H, d, J=7.3 Hz), 5.78-5.55 (1H, m), 5.39 (1H, dd, J=51.7, 3.9 Hz), 5.31-
5.18 (1H, m), 4.80 (1H, d, J=3.6 Hz), 4.50-4.44 (1H, m), 4.40-4.32 (4H, m), 4.14-
4.10 (1H, m), 3.52-3.40 (2H, m), 3.35-3.23 (2H, m), 3.06-2.90 (2H, m), 2.63-2.53
(1H, m), 2.40-2.20 (1H, m), 1.99-1.76 (2H, m).

3IP-NMR (CDs0D) &: 57.2 (s), 52.6 (s).

[0841]

(Step 10-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15-fluoro-16-hydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound (49.1 mg: with impurities) obtained in the above
step 9-2, the reaction was performed in the same manner as in step 5 of Example 40,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] to afford the title

compound as a triethylamine salt.
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The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21 mg).

MS(ESDm/z: 790(M+H)".

"H-NMR (CD3;0D) &: 8.02 (1H, brs), 8.01 (1H, s), 7.40 (1H, s), 6.48 (1H, d, J=16.3
Hz), 6.01 (1H, d, J=7.9 Hz), 5.80-5.63 (1H, m), 5.45-5.28 (2H, m), 4.54-4.48 (2H,
m), 4.41-4.36 (2H, m), 4.28-4.20 (2H, m), 4.08-4.03 (1H, m), 3.54-3.41 (2H, m),
3.40-2.52 (6H, m), 2.03-1.84 (2H, m).

3IP-NMR (CDs0D) &: 57.8 (s).

[0842]

Example 48: Synthesis of CDN38
(5S,7R,8R,12aR,14R,15R,15aS)-15-Hydroxy-7-[ 1-(2-hydroxyethyl)-6-oxo-1,6-
dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0843]

O—P-SH
o) N 0
N—
HO
38

38a (Diastereomer 1)
38b (Diastereomer 2)

[0844]

[Synthesis Scheme]
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[0846]
(Step 1)

5  1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[ tert-
butyl(dimethyl)silyl]-3'-O-(1H-imidazole-1-carbothioyl)inosine
To a solution of the compound (2'-O-TBS form) (1.45 g) obtained in step 2 of
Example 22 in N,N-dimethylformamide (8.7 mL), N,N-dimethyl-4-aminopyridine
(213 mg), and di(1H-imidazol-1-yl)methanethione (1.55 g) were added at room

10  temperature, and the reaction mixture was stirred for 20 hours. The reaction
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mixture was diluted with ethyl acetate, and washed with a saturated aqueous solution
of sodium hydrogen carbonate and brine in this order. ~After the organic layer was
dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate] to afford
the title compound (1.58 g).
MS(ESDm/z: 943(M+H)".
"H-NMR (CDCl3) &: 8.38 (1H, s), 8.05 (1H, s), 8.02-7.94 (3H, m), 7.93 (1H, s), 7.66-
7.65 (1H, m), 7.60-7.52 (1H, m), 7.46-7.18 (10H, m), 7.08 (1H, s), 6.83-6.80 (4H,
m), 6.07 (1H, dd, J=5.4, 3.0 Hz), 6.02 (1H, d, J=6.0 Hz), 5.20 (1H, dd, J=6.7, 5.4
Hz), 4.72-4.63 (2H, m), 4.55-4.38 (3H, m), 3.78 (3H, s), 3.77 (3H, s), 3.57-3.56 (2H,
m), 0.65 (9H, s), -0.11 (3H, s), -0.26 (3H, s).
[0847]
(Step 2)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[tert-
butyl(dimethyl)silyl]-3'-deoxyinosine

To a solution of the compound (1.69 g) obtained in the above step 1 in
benzene (10 mL), tributyltin hydride (1.42 mL) and 2,2'-azobis(isobutyronitrile)
(29.4 mg) were added at room temperature, and the reaction mixture was stirred at
80°C for 4 hours. The reaction mixture was concentrated under reduced pressure,
and the residue was purified by silica gel column chromatography [hexane/ethyl
acetate] to afford the title compound (1.12 g).
MS(ESDm/z: 817(M+H)".
'H-NMR (CDCl3) &: 7.99-7.96 (4H, m), 7.60-7.55 (1H, m), 7.46-7.19 (11H, m),
6.83-6.81 (4H, m), 5.94 (1H, d, J=1.2 Hz), 4.68-4.60 (4H, m), 4.52-4.39 (2H, m),
3.79 (6H, s), 3.42-3.34 (2H, m), 2.15-2.08 (1H, m), 1.94-1.89 (1H, m), 0.86 (9H, s),
0.06 (3H, s), 0.04 (3H, s).



10

15

20

25

- 424 -

[0848]
(Step 3)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-
deoxyinosine

To a solution of the compound (1.75 g) obtained in the above step 2 in
tetrahydrofuran (11 mL), a tetrahydrofuran solution of tetrabutylammonium fluoride
(approximately 1 M, 2.6 mL) was added at 0°C, and the reaction mixture was stirred
at room temperature for 3 hours. The reaction mixture was concentrated under
reduced pressure, and the residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (1.29 g).
MS(ESDm/z: 703(M+H)".
"H-NMR (CDCl3) &: 7.99-7.95 (4H, m), 7.60-7.55 (1H, m), 7.45-7.37 (4H, m), 7.29-
7.17 (TH, m), 6.81-6.78 (4H, m), 5.88 (1H, d, J=3.0 Hz), 4.76-4.63 (4H, m), 4.52-
4.40 (2H, m), 3.78 (6H, s), 3.36 (1H, dd, J=10.3, 3.0 Hz), 3.29 (1H, dd, J=10.3, 4.8
Hz), 2.30-2.23 (1H, m), 2.18-2.12 (1H, m). (only observable peaks are shown)
[0849]
(Step 4)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-3'-deoxyinosine

With use of the compound (1.28 g),obtained in the above step 3 the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (1.47 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).
MS(ESDm/z: 820(M-CsH14N+OH+H)".
"H-NMR (CDCl3) 8: 7.99-7.94 (4H, m), 7.59-7.56 (1H, m), 7.46-7.42 (4H, m), 7.33-
7.18 (7TH, m), 6.81 (4H, d, J=8.5 Hz), 6.13 (0.5H, br s), 6.07 (0.5H, br s), 4.84-4.39
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(6H, m), 3.84-3.52 (10H, m), 3.42-3.34 (2H, m), 2.59 (1H, t, J=6.3 Hz), 2.52 (1H, t,
J=6.3 Hz), 2.30-2.07 (2H, m), 1.18-1.07 (12H, m).

[0850]

(Step 5)

The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 836 mg). With use of an acetonitrile solution of the compound
obtained and the compound (735 mg) obtained in the above step 4, the reaction was
performed in the same manner as in step 8 of Example 1, and the resulting crude
product was directly used for the subsequent reaction.

[0851]

(Step 6)
2-{9-[(5S,7R,8R,12aR,14R,15R,15aR)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-2-oxo0-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-
yl]-6-0x0-6,9-dihydro-1H-purin-1-yl} ethyl benzoate

With use of the crude product obtained in the above step 5, the reaction was
performed in the same manner as in step 9 of Example 1 to afford diastereomer 1
(67.6 mg) and diastereomer 2 (91.6 mg) of the title compound (retention time in
HPLC: diasterecomer 1 > 2).

Diastereomer 1 (less polar)
MS(ESDm/z: 1134(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1134(M+H)".
[0852]

(Step 7-1)
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(5S,7R,8R,12aR,14R,15R,15aR)-15-{[tert-Butyl(dimethyl)silylJoxy}-7-[ 1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

With use of the compound (diastereomer 1) (67.6 mg) obtained in the above
step 6, the reaction was performed in the same manner as in step 10 of Example 1,
and the resultant was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 0% - 50% (0 min - 30 min)] to
afford the title compound (34.9 mg).
MS(ESDm/z: 873(M+H)".
[0853]
(Step 7-2)
(5S,7R,8R,12aR,14R,15R,15aR)-15-{[tert-Butyl(dimethyl)silylJoxy}-7-[ 1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-dione

With use of the compound (diastereomer 2) (91.6 mg) obtained in the above
step 6, the reaction was performed in the same manner as in step 10 of Example 1,
and the resultant was purified by preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 0% - 50% (0 min - 30 min)] to
afford the title compound (44.2 mg).
MS(ESDm/z: 873(M+H)".
[0854]
(Step 8-1)
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Disodium (5S,7R,8R,12aR,14R,15R,15aS)-15-Hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound (34.9 mg) obtained in the above step 7-1, the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile] to afford the title compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21.9 mg).

MS(ESDm/z: 759(M+H)".

'H-NMR (CD;OD) &: 8.34 (1H, brs), 8.23 (1H, s), 8.02 (1H, s), 7.24 (1H, brs), 6.28
(1H, d, J=3.6 Hz), 6.15 (1H, d, J=3.0 Hz), 5.37-5.32 (1H, m), 4.99-4.93 (1H, m),
4.74-4.58 (3H, m), 4.36-4.29 (2H, m), 4.24-4.13 (3H, m), 4.00-3.91 (1H, m), 3.82
(2H, t, J=4.8 Hz), 3.51-3.49 (2H, m), 3.00-2.90 (3H, m), 2.57-2.51 (1H, m), 2.02-
1.97 (2H, m).

3IP-NMR (CDs0D) &: 59.7 (s), 56.2 (s).

[0855]

(Step 8-2)

Disodium (5S,7R,8R,12aR,14R,15R,15aS)-15-hydroxy-7-[1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

(Diastereomer 2)
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With use of the compound (44.2 mg) obtained in the above step 7-2, the
reaction was performed in the same manner as in step 11 of Example 1, and the
resultant was then purified with a Sep-Pak (R) C18 [0.1% aqueous solution of
triethylamine/acetonitrile] to afford the title compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (26.5 mg).

MS(ESDm/z: 759(M+H)".

'H-NMR (CD3OD) &: 8.48-8.46 (1H, brm), 8.24 (1H, s), 8.03 (1H, s), 7.41-7.38 (1H,
brm), 6.32 (1H, d, J=4.8 Hz), 6.15 (1H, d, J=4.2 Hz), 5.46-5.41 (1H, m), 5.21-5.17
(1H, m), 4.68-4.65 (1H, m), 4.59-4.54 (2H, m), 4.50-4.44 (1H, m), 4.35-4.32 (1H,
m), 4.21-4.18 (2H, m), 4.02-3.92 (2H, m), 3.84-3.81 (2H, m), 3.52-3.50 (2H, m),
2.96-2.83 (3H, m), 2.54-2.48 (1H, m), 2.03-1.98 (2H, m).

3IP-NMR (CDs0D) &: 60.3 (s), 59.1 (s).

[0856]

Example 49: Synthesis of CDN39
(5R,7R,8R,12aR,14R,15R,15aS,16R)-16-Fluoro-15-hydroxy-7-[ 1-(2-hydroxyethyl)-
6-0x0-1,6-dihydro-9H-purin-9-yl]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0857]
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[0858]
[Synthesis Scheme]
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[0860]
(Step 1)
1-[2-(Benzoyloxy)ethyl]-2',5'-bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]inosine

To a mixed solution of commercially available (Amadis Chemical Company
Limited) 5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]inosine (20.0 g) in pyridine (50
mL)-N,N-dimethylacetamide (70.1 mL), 4,4'-dimethoxytrityl chloride (12.5 g), 2-
bromoethyl benzoate (6.60 mL), and 1,8-diazabicyclo[5.4.0]-7-undecene (13.1 mL)
were added, and the reaction mixture was stirred at room temperature for 20 hours.
A saturated aqueous solution of sodium hydrogen carbonate and water were added to
the reaction mixture to quench the reaction, and the resultant was then subjected to
extraction with ethyl acetate. The organic layer was washed with brine, and dried
over anhydrous sodium sulfate. The drying agent was removed through filtration,
and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate/0.1% triethylamine] to
afford the title compound (24.1 g: with impurities).
MS(ESDm/z: 1121(M+H)".
[0861]
(Step 2)
1-[2-(Benzoyloxy)ethyl]-2',5'-bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-
(trifluoromethanesulfonyl)inosine

To a solution of the compound (24.1 g) obtained in the above step 1 in
dichloromethane (120 mL), pyridine (19.0 mL) was added, and
trifluoromethanesulfonic anhydride (5.96 mL) was slowly added dropwise thereto at
0°C, and the reaction mixture was stirred at the same temperature for 1 hour. A
saturated aqueous solution of sodium hydrogen carbonate and water were added to
the reaction mixture to quench the reaction, and the resultant was then subjected to

extraction with dichloromethane, and the organic layer was dried over anhydrous
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sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (19.7 g: with impurities).
MS(ESDm/z: 1153(M+H)".
[0862]
(Step 3)
9-{2,5-Bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-B-D-xylofuranosyl}-1-(2-
hydroxyethyl)-1,9-dihydro-6H-purin-6-one

To a solution of the compound (19.7 g) obtained in the above step 2 in N,N-
dimethylformamide (85.4 mL), cesium acetate (8.20 g) was added, and the reaction
mixture was stirred at room temperature for 16 hours. Methanol (85.4 mL) and
potassium carbonate (4.72 g) were added to the reaction mixture, which was stirred
at room temperature for 2 hours. Water was added to the reaction mixture to
quench the reaction, and the resultant was then subjected to extraction with ethyl
acetate. The organic layer was washed with brine, and dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate/methanol/0.1% triethylamine] to
afford the title compound (12.2 g: with impurities).
MS(ESDm/z: 917(M+H)".
[0863]
(Step 4)
1-[2-(Benzoyloxy)ethyl]-9-{2,5-bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-f-D-
xylofuranosyl}-1,9-dihydro-6H-purin-6-one

To a solution of the compound (12.2 g) obtained in the above step 3 in

dichloromethane (48.8 mL), pyridine (1.61 mL) and benzoic anhydride (3.16 g) were
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added, and the reaction mixture was stirred at room temperature for 64 hours. A
saturated aqueous solution of sodium hydrogen carbonate and water were added to
the reaction mixture to quench the reaction, and the resultant was subjected to
extraction with ethyl acetate. The organic layer was washed with brine, and then
dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl
acetate/methanol/0.1% triethylamine] to afford the title compound (7.36 g: with
impurities).
MS(ESDm/z: 1021(M+H)".
[0864]
(Step 5)
1-[2-(Benzoyloxy)ethyl]-2',5'-bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-
deoxy-3'-fluoroinosine

To a solution of the compound (7.36 g) obtained in the above step 4 in
dichloromethane (37.0 mL), 2,6-lutidine (3.34 mL) was added, to which N,N-
diethylaminosulfur trifluoride (1.42 g) was then added at -78°C, and the temperature
was gradually increased to room temperature under the nitrogen atmosphere, and
thereafter the reaction mixture was stirred overnight. A saturated aqueous solution
of sodium hydrogen carbonate was slowly added to the reaction mixture to quench
the reaction, water was added thereto, and the resultant was subjected to extraction
with ethyl acetate. The organic layer was washed with brine, and then dried over
anhydrous sodium sulfate. The drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [hexane/ethyl acetate 0.1% triethylamine] to
afford the title compound (6.89 g: with impurities).

MS(ESDm/z: 1023(M+H)".
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[0865]
(Step 6)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-3'-
fluoroinosine

To a solution of the compound (6.89 g) obtained in the above step 5 in
dichloromethane (25.0 mL), water (0.303 mL) and dichloroacetic acid (1.39 mL)
were added, and the reaction mixture was stirred at room temperature for 63 hours.
Pyridine (2.0 mL) was added to the reaction mixture, which was concentrated under
reduced pressure. The residue was partially purified by silica gel column
chromatography [hexane/ethyl acetate/methanol] and DIOL silica gel column
chromatography [hexane/ethyl acetate]. To a solution of the compound (25.0 mL)
obtained in pyridine,4,4'-dimethoxytrityl chloride (1.83 g) was added at 0°C, and the
reaction mixture was stirred at 4°C for 21 hours. Methanol (1.0 mL) was added to
the reaction mixture, which was stirred at 4°C for 1 hour, and then concentrated
under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/methanol/0.1% triethylamine] to afford the
title compound (1.33 g).
MS(ESDm/z: 721(M+H)".
'H-NMR (CDCl3) &: 7.99 (1H, s), 7.95 (1H, d, J=1.2 Hz), 7.93 (1H, s), 7.93 (1H, d,
J=1.5 Hz), 7.58-7.51 (1H, m), 7.43-7.37 (2H, m), 7.35-7.30 (2H, m), 7.26-7.13 (7H,
m), 6.82-6.75 (4H, m), 5.98 (1H, d, J=7.3 Hz), 5.13 (1H, dd, J=54.7, 4.1 Hz), 5.05-
4.92 (1H, m), 4.63 (2H, t, J=5.1 Hz), 4.56-4.25 (4H, m), 3.76 (3H, s), 3.76 (3H, s),
3.45 (1H, dd, J=10.9, 3.6 Hz), 3.34 (1H, dd, J=10.9, 3.6 Hz).
[0866]
(Step 7)
1-[2-(Benzoyloxy)ethyl]-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O- {(2-

cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-3'-deoxy-3'-fluoroinosine
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With use of the compound (1.33 g) obtained in the above step 6, the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (1.49 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).

MS(ESDm/z: 921(M+H)".

'H-NMR (CDCl3) &: 7.99 (0.5H, s), 7.98-7.93 (3H, m), 7.88 (0.5H, s), 7.58-7.52 (1H,
m), 7.45-7.37 (4H, m), 7.33-7.18 (7H, m), 6.85-6.77 (4H, m), 6.14 (0.5H, d, J=7.3
Hz), 6.10 (0.5H, d, J=7.9 Hz), 5.27-5.01 (2H, m), 4.70-4.61 (2H, m), 4.57-4.30 (3H,
m), 3.78 (3H, s), 3.77 (3H, s), 3.62-3.33 (6H, m), 2.56 (1H, t, J=6.3 Hz), 2.32 (1H, t,
J=6.3 Hz), 1.12 (6H, d, J=6.3 Hz), 1.04 (3H, d, J=6.3 Hz), 0.76 (3H, d, J=6.3 Hz).
[0867]

(Step 8)

The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 948 mg). With use of an acetonitrile solution of the compound
obtained and the compound (850 mg) obtained in the above step 7, the reaction was
performed in the same manner as in step 8 of Example 1, and the resulting crude
product was directly used for the subsequent reaction.

[0868]

(Step 9)
2-{9-[(5R,7R,8S,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-15-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-16-fluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-
5,8-methano-2A° 10\>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-
7-y1]-6-0x0-6,9-dihydro-1H-purin-1-yl} ethyl benzoate

With use of the crude product obtained in the above step 8, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound

(709 mg) as a mixture of diastereomers at the phosphorus atom.
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MS(ESDm/z: 1152(M+H)".

[0869]

(Step 10)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-15-{[tert-
butyl(dimethyl)silyl]oxy}-16-fluoro-7-[1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (709 mg) obtained in the above step 9, the reaction
was performed in the same manner as in step 10 of Example 1 to afford diastereomer
1 (108 mg: with impurities) and diastereomer 2 (102 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 891(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 891(M+H)".
[0870]
(Step 11-1)
Disodium (5R,7R,8S,12aR,14R,15R,15aS,16R)-16-fluoro-15-hydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 1)

With use of the compound (diastereomer 1) (108 mg: with impurities)

obtained in the above step 10, the reaction was performed in the same manner as in
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step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 3% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (40.1 mg).

MS(ESDm/z: 777(M+H)".

'H-NMR (CD30D) &: 8.66 (1H, m), 8.26 (1H, s), 8.02 (1H, s), 7.09 (1H, s), 6.29-
6.24 (2H, m), 5.68-5.45 (2H, m), 5.26-5.18 (1H, m), 4.78-4.73 (1H, m), 4.62-4.42
(3H, m), 4.26-3.98 (5H, m), 3.85-3.78 (2H, m), 3.53-3.47 (2H, m), 2.91-2.84 (2H,
m), 2.04-1.96 (2H, m).

3IP-NMR (CDs0D) &: 58.0 (s), 56.9 (s).

[0871]

(Step 11-2)

Disodium (5R,7R,8S,12aR,14R,15R,15a8S,16R)-16-fluoro-15-hydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound (diastereomer 2) (102 mg: with impurities)
obtained in the above step 10, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following

[Purification Conditions] to afford the title compound as a triethylamine salt.
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[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 3% - 25% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (26.7 mg).

MS(ESDm/z: 777(M+H)".

'H-NMR (CD3OD) &: 8.73 (1H, m), 8.25 (1H, s), 8.02 (1H, s), 7.10 (1H, brs), 6.33
(1H, d, J=6.7 Hz), 6.28 (1H, d, J=9.1 Hz), 5.65-5.50 (1H, m), 5.49-5.43 (1H, m),
5.31 (1H, dd, J=54.4, 3.6 Hz), 4.79 (1H, dd, J=6.3, 4.5 Hz), 4.62-4.34 (4H, m), 4.27-
4.14 (2H, m), 4.08-4.01 (1H, m), 3.93-3.87 (1H, m), 3.86-3.80 (2H, m), 3.53-3.47
(2H, m), 2.95-2.89 (2H, m), 2.06-1.97 (2H, m).

3IP-NMR (CDs0D) &: 63.1 (s), 59.7 (s).

[0872]

Example 50: Synthesis of CDN40
(5R,7R,8S,12aR,14R,15R,15aS,16R)-7-[1-(2-Aminoethyl)-6-0x0-1,6-dihydro-9H-
purin-9-yl]-16-fluoro-15-hydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21>,10A.>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0873]
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[0876]
(Step 1)
3'-Deoxy-3'-fluoroinosine

To a solution of commercially available (Angene International Limited) 3'-
deoxy-3'-fluoroadenosine (2.38 g) in acetic acid (120 mL), an aqueous solution (48
mL) of sodium nitrite (6.10 g) was added in small portions, and the reaction mixture
was stirred at room temperature for 43 hours. The reaction mixture was
concentrated under reduced pressure, and azeotroped twice with toluene. The
residue was purified by silica gel column chromatography
[dichloromethane/methanol] to afford the title compound (3.76 g).
MS(ESDm/z: 271(M+H)".
1H-NMR (CDs0OD) &: 8.30 (1H, s), 8.05 (1H, s), 6.03 (1H, d, J=7.8 Hz), 5.08 (1H,
dd, J=54.4, 4.1 Hz), 4.89-4.85 (1H, m), 4.38 (1H, dt, J=26.8, 3.2 Hz), 3.82-3.73 (2H,
m).
[0877]
(Step 2)
3'-Deoxy-1-[2-(1,3-dioxo0-1,3-dihydro-2H-isoindol-2-yl)ethyl]-3'-fluoroinosine

To a solution of the compound (3.76 g) obtained in the above step 1 in N,N-
dimethylacetamide (37.6 mL), 2-(2-bromoethyl)-1H-isoindole-1,3(2H)-dione (6.60
mL) and 1,8-diazabicyclo[5.4.0]-7-undecene (3.12 mL) were added, and the reaction
mixture was stirred at room temperature for 3 days. The reaction mixture was
concentrated under reduced pressure, and the residue was purified by silica gel
column chromatography [hexane/ethyl acetate/methanol] to afford the title
compound (3.51 g: with impurities).
MS(ESm/z: 444(M+H)".
"H-NMR (CDCls) &: 7.87 (1H, s), 7.84 (1H, s), 7.81 (2H, dd, J=5.4, 3.0 Hz), 7.73
(2H, dd, J=5.4, 3.0 Hz), 5.83 (1H, d, J=7.9 Hz), 5.28 (1H, dd, J=11.5, 2.4 Hz), 5.18
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(1H, dd, J=55.0, 4.2 Hz), 5.01-4.87 (1H, m), 4.49 (1H, d, J=28.4 Hz), 4.43-4.28 (2H,
m), 4.19-4.08 (2H, m), 3.95 (1H, d, J=8.2 Hz), 3.91-3.84 (1H, m), 3.76 (1H, d,
J=13.3 Hz).
[0878]
(Step 3)
5'-0O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-1-[2-(1,3-dioxo-1,3-dihydro-
2H-isoindol-2-yl)ethyl]-3'-fluoroinosine

With use of the compound (3.51 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (4.05 g).
MS(ESDm/z: 746(M+H)".
"H-NMR (CDCl3) &: 7.95 (1H, s), 7.79 (2H, dd, J=5.4, 3.0 Hz), 7.73 (1H, s), 7.70
(2H, dd, J=5.4, 3.0 Hz), 7.34-7.29 (2H, m), 7.25-7.18 (7H, m), 6.81-6.76 (4H, m),
5.92 (1H, d, J=7.3 Hz), 5.12 (1H, dd, J=54.4, 4.2 Hz), 4.97-4.85 (1H, m), 4.55-4.40
(2H, m), 4.30-4.22 (1H, m), 4.21-4.01 (2H, m), 3.77 (6H, s), 3.73 (1H, d, J=10.3 Hz),
3.43 (1H, dd, J=10.9, 3.6 Hz), 3.32 (1H, dd, J=10.9, 3.6 Hz).
[0879]
(Step 4)
5'-0O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}-3'-deoxy-1-[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-
yl)ethyl]-3'-fluoroinosine

With use of the compound (4.05 g) obtained in the above step 3, the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (4.35 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).

MS(ESDm/z: 946(M+H)".
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"H-NMR (CDCl3) &: 7.95 (0.5H, s), 7.94 (0.5H, s), 7.84-7.78 (2H, m), 7.73-7.68 (2H,
m), 7.65 (1H, s), 7.43-7.41 (2H, m), 7.32-7.15 (7H, m), 6.84-6.77 (4H, m), 6.09
(0.5H, d, J=7.9 Hz), 6.05 (0.5H, d, J=7.9 Hz), 5.31-5.16 (1H, m), 5.15-4.98 (1H, m),
4.51-4.21 (3H, m), 4.20-4.05 (2H, m), 3.793 (1.5H, s), 3.789 (3H, s), 3.784 (1.5H, s),
3.66-3.55 (2H, m), 3.50-3.30 (4H, m), 2.56 (1H, t, J=6.3 Hz), 2.41 (1H, t, J=6.3 Hz),
1.16 (3H, d, J=7.3 Hz), 1.14 (3H, d, J=7.3 Hz), 1.10 (3H, d, J=7.3 Hz), 0.83 (3H, d,
J=7.3 Hz).

[0880]

(Step 5)

The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 1.47 g). With use of an acetonitrile solution of the compound
obtained and the compound (1.35 g) obtained in the above step 4, the reaction was
performed in the same manner as in step 8 of Example 1, and the resulting crude
product was directly used for the subsequent reaction.

[0881]

(Step 6)
3-{[(5R,7R,8S,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15-{[tert-butyl(dimethyl)silyl]oxy}-7-{1-[2-
(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethyl]-6-0x0-1,6-dihydro-9H-purin-9-yl} -
16-fluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-
2).°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-
yl]oxy}propanenitrile

With use of the crude product obtained in the above step 5, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.25 g) as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1177(M+H)",
[0882]
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(Step 7)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-[1-(2-
aminoethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-15- {[tert-butyl(dimethyl)silylJoxy} -
16-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a mixed solution of the compound (1.25 g) obtained in the above step 6 in
ethanol (7.5 mL)-tetrahydrofuran (7.5 mL), hydrazine monohydrate (0.599 mL) was
added, and the reaction mixture was stirred at 50°C for 6 hours. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by C18
silica gel column chromatography [10 mM aqueous solution of triethylammonium
acetate/acetonitrile] to afford diastereomer 1 (145 mg: with impurities) and
diastereomer 2 (198 mg: with impurities) of the title compound (retention time in
HPLC: diasterecomer 1 > 2).

Diastereomer 1 (less polar)

MS(ESDm/z: 890(M+H)".

Diastereomer 2 (more polar)

MS(ESm/z: 890(M+H)".

[0883]

(Step 8-1)

Disodium (5R,7R,8S,12aR,14R,15R,15aS,16R)-7-[1-(2-aminoethyl)-6-0x0-1,6-
dihydro-9H-purin-9-yl]-16-fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 1)
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With use of the compound (diastereomer 1) (145 mg: with impurities)
obtained in the above step 7, the reaction was performed in the same manner as in
step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 5% - 50% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (70.7 mg).
MS(ESDm/z: 776(M+H)".
'H-NMR (CD;OD) &: 8.64 (1H, s), 8.23 (1H, s), 8.02 (1H, s), 7.07 (1H, s), 6.27 (1H,
d, J=4.5 Hz), 6.25 (1H, d, J=6.7 Hz), 5.67-5.43 (2H, m), 5.23-5.16 (1H, m), 4.76
(1H, t, J=5.1 Hz), 4.63-4.45 (3H, m), 4.31-4.03 (5H, m), 3.51-3.46 (2H, m), 3.31-
3.26 (2H, m), 2.90-2.83 (2H, m), 2.03-1.94 (2H, m).
3IP-NMR (CDs0D) &: 57.9 (s), 56.9 (s).
[0884]
(Step 8-2)
Disodium (5R,7R,88S,12aR,14R,15R,15aS,16R)-7-[1-(2-aminoethyl)-6-0x0-1,6-
dihydro-9H-purin-9-yl]-16-fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)
(Diastereomer 2)

With use of the compound (diastereomer 2) (198 mg: with impurities)

obtained in the above step 7, the reaction was performed in the same manner as in
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step 11 of Example 1, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 5% - 50% (0 min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (69.7 mg).

MS(ESDm/z: 776(M+H)".

'H-NMR (CD3OD) &: 8.73 (1H, s), 8.27 (1H, s), 8.02 (1H, s), 7.09 (1H, s), 6.31 (1H,
d, J=6.7 Hz), 6.26 (1H, d, J=8.5 Hz), 5.62-5.47 (1H, m), 5.47-5.41 (1H, m), 5.30
(1H, dd, J=53.8, 3.6 Hz), 4.78 (1H, dd, J=6.7, 4.2 Hz), 4.58 (1H, d, J=26.0 Hz), 4.51-
4.41 (2H, m), 4.40-4.23 (3H, m), 4.11-4.05 (1H, m), 3.93-3.86 (1H, m), 3.53-3.46
(2H, m), 3.36-3.28 (2H, m), 2.90 (2H, t, J=5.7 Hz), 2.05-1.96 (2H, m).

3IP-NMR (CD30D) &: 62.8 (s), 59.4 (s).

[0885]

Example 51: Synthesis of CDN41
N-(2-{9-[(5R,7R,8S,12aR,14R,15R,15aS,16R)-16-Fluoro-15-hydroxy-2,10-dioxo-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)-2-hydroxyacetamide

[0886]
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41b (Diastereomer 2)

[0887]
[Synthesis Scheme]
[0888]

N N
K o
[0889]
(Step 1-1)

Disodium (5R,7R,8S,12aR,14R,15R,15a8S,16R)-16-fluoro-15-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)
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With use of the compound (25.0 mg) obtained in step 8-1 of Example 50, the
reaction was performed in the same manner as in step 1-1 of Example 7, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (18.6 mg).

MS(ESDm/z: 834(M+H)".

'H-NMR (CD;OD) &: 8.60 (1H, m), 8.12 (1H, m), 8.02 (1H, s), 7.11 (1H, brs), 6.27
(1H, d, J=4.9 Hz), 6.23 (1H, d, J=9.1 Hz), 5.75-5.58 (1H, m), 5.54 (1H, dd, J=53.5,
3.0 Hz), 5.28-5.20 (1H, m), 4.75 (1H, t, J=5.2 Hz), 4.62-4.52 (1H, m), 4.52-4.42 (2H,
m), 4.29-4.01 (5H, m), 3.92 (2H, s), 3.64-3.58 (2H, m), 3.53-3.47 (2H, m), 2.93-2.76
(2H, m), 2.06-1.93 (2H, m).

3IP-NMR (CD30D) 8: 57.9 (s), 56.7 (s).

[0890]

(Step 1-2)

Disodium (5R,7R,8S,12aR,14R,15R,15a8S,16R)-16-fluoro-15-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo0-1,6-dihydro-9H-purin-9-yl}-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)
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With use of the compound (diastereomer 2) (15.0 mg) obtained in step 8-2 of
Example 50, the reaction was performed in the same manner as in step 1-1 of
Example 7, and purification was then performed under the following [Purification
Conditions] to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 30% (0
min - 40 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (7.4 mg).

MS(ESDm/z: 834(M+H)".

'H-NMR (CD;OD) &: 8.69 (1H, m), 8.16 (1H, s), 8.02 (1H, s), 7.11 (1H, s), 6.32
(1H, d, J=6.7 Hz), 6.26 (1H, d, J=8.6 Hz), 5.67-5.51 (1H, m), 5.48-5.43 (1H, m),
5.29 (1H, dd, J=54.0, 3.7 Hz), 4.77 (1H, dd, J=6.4, 4.6 Hz), 4.62-4.33 (2H, m), 4.25-
4.17 (2H, m), 4.08-4.01 (1H, m), 3.94 (2H, s), 3.93-3.85 (1H, m), 3.70-3.56 (2H, m),
3.52-3.46 (2H, m), 2.93-2.86 (2H, m), 2.04-1.97 (4H, m).

3IP-NMR (CD30D) 8: 62.8 (s), 59.5 (s).

[0891]

Example 52: Synthesis of CDN42
(5R,7R,8S,12aR,14R,15R,15aS,16R)-7-{6-Amino-2-[(2-aminoethyl)amino]-9H-
purin-9-yl}-16-fluoro-15-hydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-22°, 101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0892]
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[0893]

[Synthesis Scheme]
[0894]
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(Step 1)
2',5'-Bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-iodoadenosine

Commercially available (Amadis Chemical Company Limited) 2-
iodoadenosine (1.35 g) was azeotroped three times with pyridine. To a solution of
the residue in dehydrated pyridine (17.0 mL), 4,4'-dimethoxytrityl chloride (2.35 g)
was added, and the reaction mixture was stirred under the nitrogen atmosphere at
room temperature overnight. Methanol (5.00 mL) was added to the reaction
mixture to quench the reaction, and the resultant was then concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate/0.1% triethylamine] to afford the title compound (1.96 g: with
impurities).
MS(EST)m/z: 998(M+H)".
'H-NMR (CDCl3) &: 7.88 (1H, s), 7.29-7.12 (18H, m), 6.73-6.60 (8H, m), 6.31 (1H,
d, J=7.9 Hz), 5.69 (2H, brs), 5.13 (1H, dd, J=7.6, 4.5 Hz), 4.07 (1H, t, J=3.3 Hz),
3.77 (6H, s), 3.76 (3H, s), 3.74 (3H, s), 3.14 (2H, d, J=3.6 Hz), 2.87 (1H, d, J=4.2
Hz), 2.28 (1H, s).
[0896]
(Step 2)
2',5'-Bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-iodo-3'-O-
(trifluoromethanesulfonyl)adenosine

The compound (100 mg) obtained in the above step 1 was azeotroped three
times with toluene. To a solution of the residue in dehydrated dichloromethane (1.0
mL), pyridine (0.20 mL) and trifluoromethanesulfonic anhydride (27.0 uL) were
added under the nitrogen atmosphere at 0°C, and the reaction mixture was stirred at
the same temperature for 80 minutes. Trifluoromethanesulfonic anhydride (27.0
pL) was further added thereto, and the reaction mixture was further stirred for 80

minutes. A saturated aqueous solution of sodium hydrogen carbonate was added to
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the reaction mixture to quench the reaction, and the resultant was then subjected to
extraction with dichloromethane. After the organic layer was dried over anhydrous
sodium sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate/0.1% triethylamine] to afford the title
compound (57.2 mg).
MS(ESDm/z: 1130(M+H)".
"H-NMR (CDCl3) &: 7.73 (1H, s), 7.32-7.09 (18H, m), 6.79-6.70 (6H, m), 6.60-6.56
(2H, m), 6.19 (1H, dd, J=8.2, 3.9 Hz), 6.01 (1H, d, J=7.9 Hz), 5.59 (2H, brs), 4.05
(1H, d, J=3.6 Hz), 3.98 (1H, t, J=6.7 Hz), 3.78 (3H, s), 3.77 (3H, s), 3.71 (3H, s),
3.70 (3H, s), 3.39 (1H, dd, J=10.9, 6.0 Hz), 3.17 (1H, dd, J=10.6, 7.0 Hz).
[0897]
(Step 3)
9-{2,5-Bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-B-D-xylofuranosyl}-2-iodo-
9H-purin-6-amine

To a solution of the compound (2.76 g) obtained in the above step 2 in N,N-
dimethylformamide (24.4 mL), cesium acetate (1.20 g) was added, and the reaction
mixture was stirred at room temperature for 3 hours. Methanol (24.4 mL) and
potassium carbonate (675 mg) were added to the reaction mixture, which was further
stirred for 2 hours. Water was added to the reaction mixture to precipitate a solid,
and the methanol component was then distilled off under reduced pressure. The
resulting solid was collected through filtration to give the title compound (2.38 g).
"H-NMR (CDCl3) &: 8.02 (1H, s), 7.42-7.13 (18H, m), 6.79-6.72 (8H, m), 5.68 (2H,
brs), 5.55 (1H, d, J=1.2 Hz), 5.49 (1H, d, J=9.1 Hz), 4.48 (1H, s), 4.41-4.37 (1H, m),
4.06 (1H, dd, J=9.1, 3.6 Hz), 3.77 (9H, s), 3.76 (3H, s), 3.56-3.48 (2H, m).
[0898]
(Step 4)
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2',5'-Bis-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-3'-fluoro-2-
iodoadenosine

To a solution of the compound (2.54 g) obtained in the above step 3 in
dichloromethane (17.0 mL), pyridine (1.13 mL) was added, and N,N-
diethylaminosulfur trifluoride (0.397 mL) was added thereto under ice-cooling, and
the reaction mixture was stirred under the nitrogen atmosphere at room temperature
for 40 minutes. A saturated aqueous solution of sodium hydrogen carbonate was
added to the reaction mixture to quench the reaction, and the resultant was then
subjected to extraction with dichloromethane. After the organic layer was dried
over anhydrous sodium sulfate, the drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [hexane/ethyl acetate/0.1% triethylamine] to
afford the title compound (2.02 g: with impurities).
MS(ESD)m/z: 1000(M+H)".
[0899]
(Step 5)
3'-Deoxy-3'-fluoro-2-iodoadenosine

To a solution of the mixture (2.02 g) obtained in the above step 4 in
dichloromethane (20.2 mL), water (0.364 mL) and dichloroacetic acid (0.996 mL)
were added under ice-cooling, and the reaction mixture was stirred at room
temperature for 15 minutes. Pyridine (1.95 mL) was added to the reaction mixture
to quench the reaction, and the resultant was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (1.34 g: with impurities).
"H-NMR (CD30D) &: 5.94 (1H, d, J=7.9 Hz), 5.09 (1H, dd, J=54.7, 4.3 Hz), 4.95-
4.89 (1H, m), 4.40 (1H, d, J=27.3 Hz), 3.87-3.76 (2H, m). (only observable peaks are

shown)
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[0900]
(Step 6)
2-[(2-Aminoethyl)amino]-3'-deoxy-3'-fluoroadenosine

Ethylenediamine (1.35 mL) was added to the compound (1.34 g) obtained in
the above step 5, and the reaction mixture was stirred at 110°C for 1 hour. The
reaction mixture was concentrated under reduced pressure, and the residue was
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] to afford the title compound (543 mg: with
impurities).
"H-NMR (CD30D) &: 7.94 (1H, s), 5.88 (1, d, J=7.9 Hz), 5.09 (1H, dd, J=54.7, 4.5
Hz), 4.95 (1H, dq, J=25.1, 4.2 Hz), 4.38 (1H, dt, J=27.6, 2.7 Hz), 3.84-3.76 (2H, m),
3.56-3.53 (2H, m), 3.01 (2H, t, J=5.7 Hz).
[0901]
(Step 7)
3'-Deoxy-3'-fluoro-2-{[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine

To a solution of the compound (543 mg) obtained in the above step 6 in
tetrahydrofuran (10 mL), 1-({[2-(trimethylsilyl)ethoxy]carbonyl} oxy)pyrrolidine-
2,5-dione (961 mg), N,N-dimethylformamide (5.0 mL), and methanol (5.0 mL) were
added, and the reaction mixture was stirred at room temperature for 1.5 hours.
Thereto, 1-({[2-(trimethylsilyl)ethoxy]carbonyl}oxy)pyrrolidine-2,5-dione (800 mg)
was further added, and the reaction mixture was further stirred for 40 minutes.
After the reaction mixture was concentrated under reduced pressure, the residue was
purified by silica gel column chromatography [hexane/ethyl acetate] to afford the

title compound (483 mg).
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'H-NMR (CD30D) &: 7.87 (1H, s), 5.83 (1H, d, J=7.9 Hz), 5.15-4.96 (2H, m), 4.35
(1H, dt, J=27.4, 2.7 Hz), 4.11-4.04 (2H, m), 3.84-3.73 (2H, m), 3.48-3.38 (2H, m),
2.96-2.83 (2H, m), 0.95-0.83 (2H, m), 0.00 (9H, s).
[0902]
(Step 8)
N-Benzoyl-3'-deoxy-3'-fluoro-2- {[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } adenosine

With use of the compound (483 mg) obtained in the above step 7, the reaction
was performed in the same manner as in step 3 of Example 11 to afford the title
compound (374 mg).
'H-NMR (CDCl3) &: 9.16-9.03 (1H, m), 8.01 (2H, d, J=7.3 Hz), 7.63-7.33 (4H, m),
5.85-5.60 (2H, m), 5.21-4.91 (2H, m), 4.45 (1H, d, J=27.8 Hz), 4.19-4.06 (2H, m),
3.92 (1H, d, J=12.7 Hz), 3.77-3.34 (6H, m), 1.05-0.87 (2H, m), -0.02 (9H, s). (only
observable peaks are shown)
[0903]
(Step 9)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-3'-fluoro-2- {[2-
({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } adenosine

With use of the compound (374 mg) obtained in the above step 8, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (398 mg).
MS(ESDm/z: 878(M+H)".
"H-NMR (CDCl3) &: 8.94 (1H, brs), 8.01-7.98 (2H, m), 7.88-7.81 (1H, m), 7.62-7.49
(3H, m), 7.40-7.20 (9H, m), 6.83-6.78 (4H, m), 6.12-5.48 (2H, m), 5.22-4.98 (2H,
m), 4.52 (1H, d, J=27.8 Hz), 4.24-4.10 (2H, m), 3.77 (6H, s), 3.65-3.29 (8H, m),
1.04-0.88 (2H, m), 0.01 (9H, brs).
[0904]
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(Step 10)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-3'-deoxy-3'-fluoro-2- {[2-({[2-
(trimethylsilyl)ethoxy]carbonyl} amino)ethylJamino } adenosine

With use of the compound (398 mg) obtained in the above step 9, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (434 mg) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).
'H-NMR (CDCl3) &: 8.79-8.75 (1H, m), 8.00-7.97 (2H, m), 7.83 (0.5H, s), 7.77
(0.5H, s), 7.61-7.21 (12H, m), 6.84-6.79 (4H, m), 6.07-5.96 (1H, m), 5.58-5.10 (3H,
m), 4.50-4.40 (1H, m), 4.11-4.06 (2H, m), 3.87-3.80 (1H, m), 3.79 (3H, s), 3.78 (3H,
s), 3.65-3.20 (10H, m), 2.63-2.59 (1H, m), 2.39 (1H, t, J=6.3 Hz), 1.17 (3H, d, J=6.7
Hz), 1.15 (3H, d, J=6.7 Hz), 1.10 (3H, d, J=6.7 Hz), 0.92-0.86 (2H, m), 0.81 (3H, d,
J=6.7 Hz), -0.01 (9H, s).
[0905]
(Step 11)
Compound A:
N,N-diethylethaneaminium (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-benzamido-2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]amino } -9H-purin-9-yl)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-15- {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-16-fluoro-2-oxo-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A>,10A.>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-thiolate
Compound B:
bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-
benzamido-2-{[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]Jamino}-9H-
purin-9-yl)-14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
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yl)-15-{[tert-butyl(dimethyl)silyl]oxy}-16-fluoro-2,10-dioxooctahydro-2H,10H,12H-
5,8-methano-2)>,10)\.>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

The same reaction as in step 7 of Example 1 was carried out in the following
scale (raw material: 502 mg). With use of an acetonitrile solution of the compound
obtained and the compound (434 mg) obtained in the above step 10, the reaction was
performed in the same manner as in step 8 of Example 1 and step 9 of Example 1 to
afford diastereomer 1 (43.9 mg) and diastereomer 2 (27.0 mg) of title compound A,
and diastereomer 1 (55.0 mg) and diastereomer 2 (121 mg) of title compound B
(each with impurities).

Diasterecomer 1 of compound A (less polar)

MS(ESDm/z: 1309(M+H)".

Diastereomer 2 of compound A (more polar)

MS(ESDm/z: 1309(M+H)".

Diastereomer 1 of compound B (less polar)

MS(ESDm/z: 1256(M+H)".

Diastereomer 2 of compound B (more polar)

MS(ESDm/z: 1256(M+H)".

[0906]

(Step 12-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-amino-2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]amino } -9H-purin-9-yl)-15-
{[tert-butyl(dimethyl)silyl]oxy}-16-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of compound A (diastereomer 1) (43.9 mg) obtained in the above
step 11, the reaction was performed in the same manner as in step 10 of Example 1 to
afford the title compound.

MS(ESD)m/z: 1048(M+H)".

[0907]

(Step 12'-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-amino-2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethylJamino } -9H-purin-9-yl)-15-
{[tert-butyl(dimethyl)silyl]oxy}-16-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-22°, 101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of compound B (diastereomer 1) (55.0 mg) obtained in the above
step 11, the reaction was performed in the same manner as in step 10 of Example 1 to
afford the title compound.

MS(ESDm/z: 1048(M+H)".

[0908]

(Step 12-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-amino-2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]amino } -9H-purin-9-yl)-15-
{[tert-butyl(dimethyl)silyl]oxy}-16-fluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of compound A (diastereomer 2) (27.0 mg: with impurities)
obtained in the above step 11, the reaction was performed in the same manner as in
step 10 of Example 1 to afford the title compound.

MS(ESDm/z: 1048(M+H)".
[0909]
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(Step 13-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15a8S,16R)-7-(6-amino-2-

{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethylJamino } -9H-purin-9-yl)-16-

fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
The compound obtained in the above step 12-1 and the compound obtained in

step 12'-1 were combined, and the reaction was performed in the same manner as in

step 11 of Example 1 to afford the title compound (36.4 mg).

MS(ESDm/z: 934(M+H)".

[0910]

(Step 13-2)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15a8S,16R)-7-(6-amino-2-

{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]amino } -9H-purin-9-yl)-16-

fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the compound obtained in the above step 12-2, the reaction was

performed in the same manner as in step 11 of Example 1 to afford the title

compound (12.4 mg).

MS(ESDm/z: 934(M+H)".

[0911]

(Step 14-1)

Disodium (5R,7R,8S,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-

aminoethyl)amino]-9H-purin-9-yl}-16-fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-

tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
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methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound (36.4 mg) obtained in the above step 13-1, the
reaction was performed in the same manner as in step 5 of Example 40, and
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 40 min)] and
Sep-Pak (R) C18 [water/acetonitrile/0.1% triethylamine].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21.0 mg).

MS(ESDm/z: 790(M+H)".

"H-NMR (CD30D) &: 8.26 (1H, brs), 8.01 (1H, s), 7.04 (1H, s), 6.27 (1H, d, J=4.8
Hz), 6.13 (1H, d, J=7.9 Hz), 5.69-5.50 (1H, m), 5.57 (1H, dd, J=53.5, 2.7 Hz), 5.14-
5.10 (1H, m), 4.73 (1H, t, J=4.8 Hz), 4.62-4.53 (1H, m), 4.50-4.44 (2H, m), 4.24-
4.01 (3H, m), 3.67-3.58 (1H, m), 3.50-3.44 (3H, m), 3.20-3.04 (2H, m), 2.83-2.81
(2H, m), 2.04-1.94 (2H, m).

3IP-NMR (CDs0D) &: 58.4 (s), 56.5 (s).

[0912]

(Step 14-2)

Bis(N,N,N-tributylbutan-1-aminium) (5R,7R,8S,12aR,14R,15R,15aS,16R)-7-{6-
amino-2-[(2-aminoethyl)amino]-9H-purin-9-yl}-16-fluoro-15-hydroxy-2,10-dioxo-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of the compound (29.5 mg) obtained in the above step 13-2, the
reaction was performed in the same manner as in step 5 of Example 40, and
purification was then performed under the following [Purification Conditions] to
afford the title compound (24.2 mg: with impurities).

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)],
Sep-Pak (R) C18 [water/acetonitrile/0.1% triethylamine], and preparative HPLC [10
mM aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% -
25% (0 min - 30 min)].

"H-NMR (CD3;0D) &: 8.27 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.32 (1H, d, J=6.0 Hz),
6.15 (1H, d, J=7.9 Hz), 5.63-5.51 (1H, m), 5.39-5.35 (1H, m), 5.30 (1H, dd, J=54.4,
3.6 Hz), 4.77 (1H, t, J=5.1 Hz), 4.60-4.34 (4H, m), 4.19-4.13 (1H, m), 3.92-3.88 (1H,
m), 3.70-3.62 (1H, m), 3.51-3.45 (3H, m), 3.26-3.07 (18H, m), 2.98-2.87 (2H, m),
2.03-1.99 (2H, m), 1.70-1.62 (16H, m), 1.47-1.37 (16H, m), 1.03 (24H, t, J=7.3 Hz).
[0913]

(Step 14-2")

Disodium (5R,7R,8S,12aR,14R,15R,15aS,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-16-fluoro-15-hydroxy-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

The compound (19.0 mg: with impurities) obtained in the above step 14-2
was purified by preparative HPLC [10 mM aqueous solution of triethylammonium

acetate/acetonitrile, acetonitrile: 10% - 25% (0 min - 30 min)].
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The resulting compound was subjected to salt exchange in the same manner
as in [Conversion to Sodium Salt] described in step 11 of Example 1 to afford the
title compound (8.4 mg).

MS(ESDm/z: 790(M+H)".
5 'H-NMR (CD;OD) &: 8.27 (1H, s), 8.01 (1H, s), 7.12 (1H, s), 6.31 (1H, d, J=6.0 Hz),

6.15 (1H, d, J=8.5 Hz), 5.65-5.49 (1H, m), 5.38-5.34 (1H, m), 5.30 (1H, dd, J=55.0,
3.0 Hz), 4.77 (1H, dd, J=5.7, 4.5 Hz), 4.60-4.34 (4H, m), 4.19-4.13 (1H, m), 3.92-
3.88 (1H, m), 3.68-3.61 (1H, m), 3.51-3.45 (3H, m), 3.22-3.07 (2H, m), 2.89-2.87
(2H, m), 2.03-1.98 (2H, m).

10  3'P-NMR (CD3OD) &: 62.6 (s), 59.5 (s).
[0914]
Example 53: Synthesis of CDN43
(5S,7R,8R,12aR,14R,15R,15a8S,16R)-16-Amino-7-(2-amino-6-oxo-1,6-dihydro-9H-
purin-9-yl)-15-hydroxy-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2.3,5,6-

15  tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-22° 10).>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0915]

O—P-SH
o} N o
N4
H NH,
43

43a (Diastereomer 1)
43b (Diastereomer 2)

[0916]
20  [Synthesis Scheme]
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[0918]
(Step 1)

2'-0-Acetyl-3'-azido-5'-O-benzoyl-3'-deoxy-N-(2-methylpropanoyl)guanosine

To a solution of 1,2-di-O-acetyl-3-azido-5-O-benzoyl-3-deoxy-D-

ribofuranose

(4.0 g) as a compound known in the literature (Recl. Trav. Chim. Pay-

Bas 1986, 105, 85-91) in acetonitrile (60 mL), N2-isobutyrylguanine (3.65 g) and
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N,O-bis(trimethylsilyl)acetamide (8.08 mL) were added at room temperature, and the
reaction mixture was stirred at 70°C for 3 hours. Trimethylsilyl
trifluoromethanesulfonate (2.98 mL) was added thereto at 70°C, and the reaction
mixture was stirred at the same temperature for 1 day. After the reaction mixture
was cooled, a saturated aqueous solution of sodium hydrogen carbonate was added
thereto to quench the reaction, and the resultant was subjected to extraction with
ethyl acetate. The organic layer was washed with brine, and dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate] to afford the title compound (4.82 g).
'H-NMR (CDCl3) &8: 12.2 (1H, 5), 9.42 (1H, s), 8.02 (2H, m), 7.71 (1H, s), 7.63 (1H,
m), 7,48 (2H, m), 5.97 (1H, d, J=3.9 Hz), 5.87 (1H, dd, J=5.5, 3.9 Hz), 5.10 (1H, dd,
J=11.7,5.5 Hz), 4.93 (1H, t, J=5.9 Hz), 4.66 (1H, dd, J=11.7, 5.5 Hz), 4.14 (1H, q,
J=7.2 Hz), 2.77 (1H, m), 2.21 (3H, s), 1.31 (6H, m).
[0919]
(Step 2)
3'-Azido-3'-deoxy-N-(2-methylpropanoyl)guanosine

To a mixed solution of the compound (5.48 g) obtained in the above step 1 in
tetrahydrofuran (64 mL)-methanol (32 mL), 5 M sodium hydroxide (17 mL) was
added at 0°C, and the reaction mixture was stirred for 15 minutes. Acetic acid (5.08
mL) was added to the reaction mixture to quench the reaction, and the reaction
mixture was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [dichloromethane/methanol] to afford the title
compound (3.8 g).
"H-NMR (CD30D) &: 8.29 (1H, s), 5.97 (1H, d, J=5.7 Hz), 4.86 (1H, t, J=5.3 Hz),
4.29 (1H, t, J=5.3 Hz), 4.10 (1H, dt, J=5.9, 2.4 Hz), 3.87 (1H, dd, J=12.1, 3.1 Hz),
3.76 (1H, dd, J=12.3, 3.3 Hz), 2.74 (1H, m), 1.24 (6H, d, J=6.7 Hz).
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[0920]
(Step 3)
3'-Azido-5"-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-N-(2-
methylpropanoyl)guanosine

With use of the compound (3.8 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (5.78 g).
"H-NMR (CDCl3) &: 11.9 (1H, s), 7.68 (2H, d, J=7.4 Hz), 7.60 (1H, s), 7.57 (2H, d,
J-8.6 Hz), 7.51 (2H, d, J=8.6 Hz), 7.39-7.18 (3H, m), 7.02 (1H, d, J=4.7 Hz), 6.95
(2H, d, J=9.0 Hz), 6.89 (2H, d, J=9.0 Hz), 5.84 (1H, m), 5.63 (1H, d, J=7.8 Hz), 4.58
(1H, dd, J=6.7, 2.3 Hz), 3.99 (1H, m), 3.83 (3H, s), 3.81 (3H, s), 3.63 (1H, dd,
J=11.0, 1.6 Hz), 2.92 (1H, dd, J=10.8, 2.5 Hz), 0.91 (1H, m), 69 (3H, d, J=6.7 Hz),
0.21 (3H, d, J=7.0 Hz).
[0921]
(Step 4)
3'-Amino-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-N-(2-
methylpropanoyl)guanosine

To a solution of the compound (5.17 g) obtained in the above step 3 in
methanol (60 mL), triphenylphosphine (3.98 g) was added, and the reaction mixture
was stirred at room temperature for 4 hours. The reaction mixture was concentrated
under reduced pressure, and the residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (2.22 g).
"H-NMR (CDCl3) &: 7.77 (2H, d, J=6.7 Hz), 7.49-7.17 (8H, m), 6.86-6.77 (4H, m),
5.93 (1H, d, J=2.7 Hz), 5.85 (1H, d, J=3.5 Hz), 5.02 (1H, dd, J=6.7, 2.7 Hz), 4.74
(1H, m), 4.32 (1H, m), 4.06 (1H, m), 3.79 (3H, s), 3.78 (3H, s), 3.72 (1H, t, J=5.9
Hz), 3.49 (1H, dd, J=10.4, 3.3 Hz), 3.33 (1H, dd, J=10.4, 3.7 Hz), 2.26 (1H, m),
1.21-0.95 (6H, m).
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[0922]
(Step 5)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-deoxy-N-(2-methylpropanoyl)-3'-
(2,2,2-trifluoroacetamide)guanosine

To a solution of the compound (2.22 g) obtained in the above step 4 in N,N-
dimethylformamide (20 mL), ethyl trifluoroacetate (4.0 mL) was added, and the
reaction mixture was stirred at 50°C for 2 days. After the reaction mixture was
cooled, a saturated aqueous solution of sodium hydrogen carbonate was added
thereto to quench the reaction, and the resultant was subjected to extraction with
ethyl acetate. The organic layer was washed with brine, and then dried over
anhydrous sodium sulfate. The drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography [dichloromethane/methanol] to afford the title
compound (2.06 g).
MS(ESDm/z: 751(M+H)".
'H-NMR (CDCl3) &: 12.0 (1H, brs), 7.81 (1H, brs), 7.65 (1H, s), 7.59 (2H, d, J=7.4
Hz), 7.47 (2H, d, J=9.0 Hz), 7.43 (2H, d, J=8.6 Hz), 7.27-7.18 (3H, m), 6.87 (2H, d,
J=9.0 Hz), 6.82 (2H, d, J=9.0 Hz), 5.72 (1H, d, J=6.3 Hz), 5.67 (1H, m), 5.02 (1H,
m), 4.33 (1H, m), 3.80 (3H, s), 3.78 (3H, s), 3.60 (1H, dd, J=10.6, 1.6 Hz), 3.29 (1H,
dd, J=10.6, 2.7 Hz), 1.36 (1H, m), 0.82 (3H, d, J=7.0 Hz), 0.44 (3H, d, J=6.7 Hz).
[0923]
(Step 6)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2'-O- {(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}-3'-deoxy-N-(2-methylpropanoyl)-3'-(2,2,2-

trifluoroacetamide)guanosine
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With use of the compound (1.0 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 4 of Example 5 to afford the title
compound (780 mg) as a mixture of diastereomers at the phosphorus atom.

[0924]

(Step 7)

2-Methylpropan-2-aminium 6-benzoyl-2-{2-O-[tert-butyl(dimethyl)silyl]-3-O-
[oxide(0x0)-A’-phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo|cd]azulene

To a solution of the compound (5.0 g) obtained in the above step 6 of
Example 1 in acetonitrile (30 mL), water (0.18 mL) and a pyridine salt of
trifluoroacetic acid (1.2 g) were added, and the reaction mixture was stirred at room
temperature for 30 minutes. To the reaction mixture, tert-butylamine (30 mL) was
added, and the reaction mixture was stirred at room temperature for 30 minutes.
After the reaction mixture was concentrated under reduced pressure, the residue was
azeotroped twice with acetonitrile. To a solution of the residue in dichloromethane
(50 mL), water (0.88 mL) and a solution of dichloroacetic acid (3.2 mL) in
dichloromethane (50 mL) were added in this order, and the reaction mixture was
stirred at room temperature for 1 hour. Methanol (5 mL) and pyridine (6.3 mL)
were added thereto to quench the reaction, and the reaction mixture was concentrated
under reduced pressure. The residue was purified by DIOL silica gel column
chromatography [hexane/ethyl acetate — dichloromethane/methanol] to afford the
title compound (3.0 g).

MS(ESDm/z: 589(M+H)".

'H-NMR (CD3OD) &: 8.01 (1H, s), 7.65 (1H, s), 7.44 (1H, m), 7.34-7.26 (4H, m),
7.02 (1H, d, J=639.3 Hz), 6.24 (1H, s), 4.89 (1H, m), 4.81 (1H, ddd, J=10.6, 5.1, 1.6
Hz), 4.43-4.27 (3H, m), 3.90 (2H, m), 3.14 (2H, m), 2.30 (2H, m), 1.42 (9H, s), 0.80
(9H, s), -0.27 (6H, s).
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[0925]
(Step 8)
Dinucleotide A

To a mixed solution of the compound (543 mg) obtained in the above step 7
in dichloromethane (6.0 mL)-acetonitrile (6.0 mL), the molecular sieves 3A, 1/16
(500 mg) and 4,5-dicyanoimidazole (126 mg) were added, and the reaction mixture
was stirred at room temperature for 15 minutes. The compound (780 mg) obtained
in the above step 6 was added to the reaction mixture, which was stirred for 5 hours,
and N,N-dimethyl-N'-(3-sulfanylidene-3H-1,2,4-dithiazol-5-yl)methaneimidamide
(219 mg) was added thereto, and the reaction mixture was further stirred for 2 hours.
The molecular sieves 3A were removed from the reaction mixture through filtration,
and a saturated aqueous solution of sodium hydrogen carbonate was added to the
filtrate, which was subjected to extraction with ethyl acetate. ~ After the organic
layer was dried over anhydrous sodium sulfate, the drying agent was removed
through filtration, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography [hexane/ethyl acetate].
To a solution of the resulting compound (740 mg) in dichloromethane (6.0 mL),
water (0.086 mL) and a solution of dichloroacetic acid (0.158 mL) in
dichloromethane (6.0 mL) were added in this order, and the reaction mixture was
stirred at room temperature for 1.5 hours. Pyridine (0.31 mL) was added thereto to
quench the reaction, and the reaction mixture was then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
[dichloromethane/methanol] to afford the title compound (520 mg) as a mixture of
diastereomers at the phosphorus atom.
MS(ESDm/z: 1168(M+H)".
[0926]
(Step 9)
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N-{9-[(5S,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15-{[tert-butyl(dimethyl)silylJoxy}-10-(2-
cyanoethoxy)-2-oxo-2-sulfanyl-10-sulfanylidene-16-(2,2,2-
trifluoroacetamide)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-2-yl}-2-methylpropanamide

With use of the compound (270 mg) obtained in the above step 8, the reaction
was performed in the same manner as in step 9 of Example 1 to afford the title
compound (110 mg) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1182(M+H)".

[0927]

(Step 10)

Bis(N,N-diethylethaneaminium) (5S,7R,8R,12aR,14R,15R,15aR,16R)-16-amino-7-
(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-15-{[ tert-butyl(dimethyl)silylJoxy } -
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (110 mg) obtained in the above step 9, the reaction
was performed in the same manner as in step 10 of Example 1 to afford diastereomer
1 (34.2 mg) and diastereomer 2 (19.3 mg) of the title compound.

Diastereomer 1 (less polar)
MS(ESDm/z: 859(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 859(M+H)".
[0928]

(Step 11-1)
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Disodium (5S,7R,8R,12aR,14R,15R,15aS,16R)-16-amino-7-(2-amino-6-0x0-1,6-
dihydro-9H-purin-9-yl)-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound (34.2 mg) obtained in the above step 10
(diastereomer 1), the reaction was performed in the same manner as in step 11 of
Example 1, and the resultant was then purified by C18 silica gel column
chromatography [10 mM aqueous solution of triethylammonium acetate/acetonitrile]
to afford the title compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (8.9 mg).

MS(ESDm/z: 745(M+H)".

"H-NMR (CD3;0D) &: 8.01 (1H, s), 7.93 (1H, s), 7.01 (1H, s), 6.20 (1H, d, J=3.9 Hz),
6.01 (1H, d, J=8.6 Hz), 5.65 (1H, m), 5.19 (1H, dt, J=9.5, 4.0 Hz), 4.68 (1H, t, ]=4.3
Hz), 4.40-4.28 (2H, m), 4.23 (1H, m), 4.17 (1H, m), 4.11-4.01 (3H, m), 3.41 (2H, m),
2.75-2.53 (2H, m), 1.98-1.78 (2H, m).

3IP-NMR (CD30D) &: 58.0 (s), 54.3 (s).

[0929]

(Step 11-2)

Disodium (5S,7R,8R,12aR,14R,15R,15aS,16R)-16-amino-7-(2-amino-6-0x0-1,6-
dihydro-9H-purin-9-yl)-15-hydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

(Diastereomer 2)
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With use of the compound (diastereomer 2) (19.3 mg) obtained in the above
step 10, the reaction was performed in the same manner as in step 11 of Example 1,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] to afford the title
compound as a triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (5.6 mg).

MS(ESDm/z: 745(M+H)".

"H-NMR (DMSO-ds) 8: 10.7 (1H, s), 8.40 (2H, brs), 8.09 (1H, s), 8.03 (1H, s), 7.74
(1H, brs), 7.22 (1H, s), 6.95 (1H, brs), 6.53 (2H, brs), 61.6 (2H, t, J=8.2 Hz), 5.57
(1H, q, J=8.0 Hz), 5.25 (1H, dd, J=7.8, 4.3 Hz), 4.61 (1H, dd, J=7.6, 4.5 Hz), 4.38
(1H, s), 4.27-4.11 (3H, m), 3.85-3.71 (3H, m), 3.35 (2H, m), 2.80 (2H, m), 1.93 (2H,
m).

3IP-NMR (DMSO-ds) 8: 60.3 (s), 58.3 (s).

[0930]

Example 54: Synthesis of CDN44
(5R,7R,8S,12aR,14R,15R,15aR,16R)-15,16-Difluoro-7-[ 1-(2-hydroxyethyl)-6-oxo-
1,6-dihydro-9H-purin-9-yl1]-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0931]
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44
44a (Diastereomer 1)
44b (Diastereomer 2)

[0932]

[Synthesis Scheme]

[0933]
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[0934]

(Step 1)

With use of the compound (636 mg) obtained in step 8 of Example 44, the
reaction was performed in the same manner as in step 7 of Example 1 to afford an

acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
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phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene. With use of the acetonitrile solution obtained and the
compound obtained in step 7 of Example 49 (640 mg), the reaction was performed in
the same manner as in step 8 of Example 1, and the resulting crude product was
directly used for the subsequent reaction.
[0935]
(Step 2)
2-{9-[(5R,7R,8S,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-10-(2-cyanoethoxy)-15,16-difluoro-2-oxo-2-
sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A>, 10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl benzoate

With use of the crude product obtained in the above step 1, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(228 mg: with impurities) as a mixture of diastereomers at the phosphorus atom.
MS(ESD)m/z: 1040(M+H)".
[0936]
(Step 3)
Disodium (5R,7R,8S,12aR,14R,15R,15aR,16R)-15,16-difluoro-7-[1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
20°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

The compound (228 mg) obtained in the above step 2 was dissolved in
methanol (5 mL) and 28% aqueous solution of ammonia (5 mL), and the reaction
mixture was stirred at 60°C for 12 hours. The reaction mixture was concentrated

under reduced pressure, and then purified by C18 silica gel column chromatography
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[10 mM aqueous solution of triethylammonium acetate/acetonitrile], preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 5% - 30% (0 min - 40 min)], and preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 7% - 50% (0 min - 40 min)] in this order to
afford diastereomer 1 and diastereomer 2 of the title compound as triethylamine salts
(retention time in HPLC: diastereomer 1 > 2).

The triethylamine salts obtained were each subjected to salt exchange in the
same manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford diastereomer 1 (12.5 mg) and diastereomer 2 (15.8 mg) of the title compound.
Diastereomer 1 (less polar)

MS(ESDm/z: 779(M+H)".

'H-NMR (CD;OD) &: 8.63 (1H, s), 8.16 (1H, s), 8.03 (1H, s), 7.08 (1H, s), 6.47 (1H,
dd, J=17.5, 1.8 Hz), 6.27 (1H, d, J=7.9 Hz), 5.64-5.36 (3H, m), 5.31-5.20 (1H, m),
4.62-4.50 (2H, m), 4.44-4.39 (1H, m), 4.32-4.12 (3H, m), 4.10-4.03 (1H, m), 3.99-
3.91 (1H, m), 3.83-3.72 (2H, m), 3.52-3.46 (2H, m), 2.78-2.72 (2H, m), 2.04-1.85
(2H, m).

3IP-NMR (CD3OD) 8: 57.5 (s), 55.0 (s).

Diastereomer 2 (more polar)

MS(ESDm/z: 779(M+H)".

"H-NMR (CD3;0D) &: 8.69 (1H, s), 8.21 (1H, s), 8.03 (1H, s), 7.25 (1H, s), 6.49 (1H,
dd, J=15.1, 3.0 Hz), 6.28 (1H, d, J=9.1 Hz), 5.64-5.28 (4H, m), 4.61-4.39 (4H, m),
4.26-4.17 (1H, m), 4.13-3.95 (3H, m), 3.84-3.77 (2H, m), 3.53-3.45 (2H, m), 2.92-
2.77 (2H, m), 2.02-1.92 (2H, m).

3IP-NMR (CD30D) &: 60.7 (s), 57.4 (s).

[0937]

Example 55: Synthesis of CDN45
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(5R,7R,8S,12aR,14R,15R,15aR,16R)-7-{6-Amino-2-[(2-aminoethyl)Jamino]-9H-
purin-9-yl}-15,16-difluoro-2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[0938]

O—P-SH
H,N N o
2 \Nv—/<
N
H_\na\u-i2
45
45a (Diastereomer 1)
45b (Diastereomer 2)
[0939]

[Synthesis Scheme]
[0940]
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[0941]
(Step 1)

With use of the compound (696 mg) obtained in step 8 of Example 44, the

reaction was performed in the same manner as in step 7 of Example 1 to afford an

acetonitrile solution of 6-benzoyl-2-{2
phosphanyl]-B-D-ribofuranosyl}-6,7,8
tetraazabenzo[cd]azulene.

compound (738 mg) obtained in step 1

-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A°-
,9-tetrahydro-2H-2,3,5,6-

With use of the acetonitrile solution obtained and the

0 of Example 52, the reaction was performed



10

15

20

25

- 476 -

in the same manner as in step 8 of Example 1, and the resulting crude product was
directly used for the subsequent reaction.

[0942]

(Step 2)

2-(Trimethylsilyl)ethyl [2-({6-benzamido-9-[(5R,7R,8S,12aR,14R,15R,15aR,16R)-
14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-10-(2-
cyanoethoxy)-15,16-difluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]carbamate

With use of the mixture obtained in the above step 1, the reaction was
performed in the same manner as in step 9 of Example 1 to afford a mixture
containing the title compound (1.31 g). The mixture obtained was directly used for
the subsequent reaction.

MS(ESD)m/z: 1195(M-H)".

[0943]

(Step 3)

Bis(N,N-diethylethaneaminium) (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-(6-amino-2-
{[2-({[2-(trimethylsilyl)ethoxy]carbonyl } amino)ethyl]amino } -9H-purin-9-yl)-15,16-
difluoro-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the mixture (1.31 g) obtained in the above step 2, the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(249 mg: with impurities) and diastereomer 2 (344 mg: with impurities) of the title
compound.

Diastereomer 1 (less polar)
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MS(ESDm/z: 936(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 936(M+H)".

[0944]

(Step 4-1)

Disodium (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15,16-difluoro-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10\°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 1)

With use of the compound (diastereomer 1) (249 mg: with impurities)
obtained in the above step 3, the reaction was performed in the same manner as in
step 5 of Example 40, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 10% - 40% (0 min - 30 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 0% - 30% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (9.2 mg).

MS(ESDm/z: 792(M+H)".

'H-NMR (CD3;0D) &: 8.17 (1H, brs), 8.01 (1H, s), 7.01 (1H, s), 6.45 (1H, d, J=17.5
Hz), 6.07 (1H, d, J=8.5 Hz), 5.84-5.64 (1H, m), 5.61 (1H, dd, J=53.5, 3.3 Hz), 5.40
(1H, dd, J=52.0, 4.2 Hz), 5.30-5.18 (1H, m), 4.59-4.17 (6H, m), 3.54-3.42 (2H, m),
3.39-3.31 (2H, m), 3.05-2.98 (2H, m), 2.69-2.51 (2H, m), 2.02-1.83 (2H, m).
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3IP-NMR (CDs0D) &: 57.3 (s), 54.8 (s).

[0945]

(Step 4-2)

Disodium (5R,7R,8S,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-15,16-difluoro-2,10-dioxo-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-
2,10-bis(thiolate)

(Diastereomer 2)

With use of the compound (diastereomer 2) (344 mg: with impurities)
obtained in the above step 3, the reaction was performed in the same manner as in
step 5 of Example 40, and purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 10% - 40% (0 min - 30 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 10% - 30% (0 min - 30 min)].

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (4.7 mg).

MS(ESDm/z: 792(M+H)".

'H-NMR (CD30D) &: 8.05 (1H, brs), 8.01 (1H, s), 7.35 (1H, s), 6.50 (1H, d, J=16.3
Hz), 6.06 (1H, d, J=8.5 Hz), 5.98-5.75 (1H, m), 5.48-5.28 (3H, m), 4.59-4.28 (3H,
m), 4.29-4.22 (1H, m), 4.04-3.98 (1H, m), 3.56-3.42 (2H, m), 3.36-2.61 (6H, m),
2.05-1.86 (2H, m).

3IP-NMR (CD30D) &: 58.4 (brs), 57.6 (s).

[0946]
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Example 56: Synthesis of CDN46
(5R,7R,8R,12aR,14R,158,15aR,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo| cd|Jazulen-2-
yl)decahydro-2H,10H-5,8-methano-2A>,10).°-

5  cyclopental[l][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[0947]

46
46a (Diastereomer 1)
46b (Diastereomer 2)

[0948]

[Synthesis Scheme]
10 [0949]
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[0950]
(Step 1)
(1R,2S,3R,5R)-3-(4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-5-
(hydroxymethyl)cyclopentane-1,2-diol

To 7-[(3aS,4R,6R,6aR)-6-({[tert-butyl(dimethyl)silylJoxy} methyl)-2,2-
dimethyltetrahydro-2H,3aH-cyclopenta[d][1,3]dioxol-4-yl]-4-chloro-5-iodo-7H-
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pyrrolo[2,3-d]pyrimidine (6.0 g) as a compound known in the literature (WO
2015/199136), trifluoroacetic acid (36 mL) and water (12 mL) were added in this
order, and the reaction mixture was stirred at room temperature for 3 hours. The
reaction mixture was concentrated under reduced pressure to afford a crude form of
the title compound. The crude product obtained was directly used for the
subsequent reaction.
[0951]
(Step 2)
(1R,2S,3R,5R)-3-(4-Amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-5-
(hydroxymethyl)cyclopentane-1,2-diol
To a solution of the compound (4.4 g) obtained in the above step 1 in 1,4-
dioxane (40 mL), 28% ammonia water (40 mL) was added, and the reaction mixture
was stirred at 90°C for 72 hours.  After the reaction mixture was concentrated under
reduced pressure, the residue was purified by C18 silica gel column chromatography
[water/methanol] to afford the title compound (3.4 g).
'H-NMR (CD;OD) &: 8.07 (1H, s), 7.56 (1H, s), 6.57 (1H, brs), 4.89 (1H, dd, J=19.2,
8.6 Hz), 4.79 (1H, d, 6.7 Hz), 4.70 (1H, t, J=5.3 Hz), 4.59 (1H, d, J=4.3 Hz), 4.15
(1H, m), 3.78 (1H, m), 3.45 (2H, m), 2.14 (1H, m), 2.03 (1H, m), 1.48 (1H, m).
[0952]
(Step 3)
7-[(4aR,6R,7S,7aR)-2,2-Di-tert-butyl-7- {[tert-butyl(dimethyl)silylJoxy } hexahydro-
2H-cyclopenta[d][1,3,2]dioxasilin-6-yl]-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine
With use of the compound (3.3 g) obtained in the above step 2, the reaction
was performed in the same manner as in step 1 of Example 1 to afford the title
compound (4.6 g).
"H-NMR (CDCl3) &: 8.27 (1H, s), 7.00 (1H, s), 5.69 (1H, brs), 4.92 (1H, dt, J=9.0,
1.2 Hz), 4.32 (3H, m), 3.98 (1H, t, J=10.8 Hz), 2.58 (1H, m), 2.26 (1H, m), 1.74 (1H,
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brs), 1.49 (1H, dt, J=12.5, 8.6 Hz), 1.13 (9H, s), 1.09 (9H, s), 0.86 (9H, s), 0.06 (3H,
s), 0.00 (3H, s).
[0953]
(Step 4)
7-[(4aR,6R,7S,7aR)-2,2-Di-tert-butyl-7- {[tert-butyl(dimethyl)silyl Joxy } hexahydro-
2H-cyclopenta[d][1,3,2]dioxasilin-6-yl]-5-(3,3-diethoxyprop-1-yn-1-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine

With use of the compound (4.6 g) obtained in the above step 3, the reaction
was performed in the same manner as in step 2 of Example 1 to afford the title
compound (3.6 g).
'H-NMR (CDCl3) &: 8.30 (1H, s), 7.15 (1H, s), 5.61 (1H, brs), 5.55 (1H, s), 4.90
(1H, dt, J=9.0, 1.2 Hz), 4.32 (3H, m), 3.97 (1H, t, J=10.8 Hz), 3.86 (2H, m), 3.71
(2H, m), 2.58 (1H, m), 2.28 (1H, m), 1.68 (1H, s), 1.48 (1H, m), 1.32 (6H, t, J=7.0
Hz), 1.13 (9H, s), 1.09 (9H, s), 0.86 (9H, s), 0.05 (3H, s), 0.04 (3H, s).
[0954]
(Step 5)
2-[(4aR,6R,7S,7aR)-2,2-Di-tert-butyl-7- {[ tert-butyl(dimethyl)silyl]oxy } hexahydro-
2H-cyclopenta[d][1,3,2]dioxasilin-6-y1]-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene

With use of the compound (3.60 g) obtained in the above step 4, the reaction
was performed in the same manner as in step 3 of Example 1 to afford the title
compound (2.44 g).
MS(ESDm/z: 589(M+H)".
'H-NMR (CDCl3) &: 8.18 (1H, 5), 6.66 (1H, s), 6.55 (1H, brs), 4.94 (1H, m), 4.36-
4.25 (3H, m), 3.97 (1H, t, J=10.8 Hz), 3.57 (2H, m), 2.93 (2H, t, J=5.5 Hz), 2.58 (1H,
m), 2.27 (1H, m), 2.09 (1H, m), 1.46 (1H, dt, J=12.5, 8.6 Hz), 1.29 (1H, m), 1.12
(9H, s), 1.08 (9H, s), 0.86 (9H, s), 0.04 (3H, s), 0.03 (3H, s).
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[0955]
(Step 6)
{2-[(4aR,6R,7S,7aR)-2,2-Di-tert-butyl-7-{[tert-butyl(dimethyl)silyl]oxy } hexahydro-
2H-cyclopenta[d][1,3,2]dioxasilin-6-yl]-2,7,8,9-tetrahydro-6H-2,3,5,6-
tetraazabenzo[cd]azulen-6-yl} (phenyl)methanone

With use of the compound (2.44 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 4 of Example 1 to afford the title
compound (2.01 g).
MS(ESDm/z: 663(M+H)".
"H-NMR (CDCl3) &: 8.12 (1H, s), 7.42-7.25 (5H, m), 6.97 (1H, s), 5.04 (1H, t, J=9.0
Hz), 4.44 (1H, m), 4.38 (1H, dd, J=10.0, 4.9 Hz), 4.33-4.23 (3H, m), 4.00 (1H, t,
J=10.8 Hz), 3.06 (2H, m), 2.60 (1H, m), 2.29 (3H, m), 1.57 (1H, m), 1.14 (9H, s),
1.10 (9H, s), 0.84 (9H, s), 0.06 (3H, s), 0.05 (3H, s).
[0956]
(Step 7)
{2-[(1R,25,3R ,4R)-4-{[ Bis(4-methoxyphenyl)(phenyl)methoxy]methyl}-2- {[tert-
butyl(dimethyl)silyl]oxy}-3-hydroxycyclopentyl]-2,7,8,9-tetrahydro-6H-2,3,5,6-
tetraazabenzo[cd]azulen-6-yl} (phenyl)methanone

With use of the compound (2.01 g) obtained in the above step 6, the reaction
was performed in the same manner as in step 5 of Example 1 to afford the title
compound (2.13 g).
'H-NMR (CDCl3) &: 8.03 (1H, s), 7.49 (2H, m), 7.38-7.19 (13H, m), 7.02 (1H, s),
6.83 (4H, m), 5.07 (1H, m), 4.60 (1H, dd, J=8.6, 5.1 Hz), 4.29 (2H, m), 3.99 (1H, m),
3.79 (6H, s), 3.33 (1H, dd, J=9.4, 3.9 Hz), 3.22 (1H, dd, J=9.2, 4.1 Hz), 2.97 (2H, t,
J=6.5 Hz), 2.68 (1H, d, J=1.6 Hz), 2.37-2.18 (5H, m), 0.73  (9H, s), -0.18 (3H, s), -
0.47 (3H, s).
[0957]
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(Step 8)
(1R,2S,3R,5R)-3-(6-Benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-
2-yl)-5-{[bis(4-methoxyphenyl)(phenyl)methoxy|methyl}-2-{[tert-
butyl(dimethyl)silylJoxy}cyclopentyl 4-oxopentanoate

To a solution of levulinic acid (2.96 g) in tetrohydrofuran (20 mL), N,N-
dicyclohexylcarbodiimide (2.63 g) was added, and the reaction mixture was stirred at
room temperature for 12 hours. After a precipitate was removed through filtration,
the filtrate was concentrated under reduced pressure. To a solution of the residue in
dichloromethane (20 mL), the compound (2.10 g) obtained in the above step 7 and 4-
dimethylaminopyridine (155 mg) were added, and the reaction mixture was stirred at
room temperature for 1 hour. After a saturated aqueous solution of sodium
hydrogen carbonate was added to the reaction mixture to quench the reaction, the
resultant was subjected to extraction with ethyl acetate, and the organic layer was
dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate] to afford
the title compound (2.35 g).
"H-NMR (CDCls) 3: 8.02 (1H, s), 7.49 (2H, m), 7.40-7.19 (13H, m), 7.04 (1H, s),
6.84 (4H, m), 5.26 (1H, dd, J=5.1, 2.0 Hz), 5.06 (1H, q, J=9.0 Hz), 4.61 (1H, dd,
J=8.8, 4.9 Hz), 4.28 (2H, m), 3.79 (6H, s), 3.39 (1H, dd, J=9.2, 3.7 Hz), 3.19 (1H, dd,
J=9.4, 3.9 Hz), 3.00-1.85 (14H, m), 0.64 (9H, s), -0.13 (3H, s), -0.45 (3H, s).
[0958]
(Step 9)
(1R,2S,3R,5R)-3-(6-Benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-
2-yl)-2-{[tert-butyl(dimethyl)silylJoxy } -5-(hydroxymethyl)cyclopentyl-4-

oxopentanoate
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To a solution of the compound (2.35 g) obtained in the above step 8 in
dichloromethane (25 mL), water (0.24 mL) and a solution of dichloroacetic acid
(1.05 mL) in dichloromethane (25 mL) were added in this order, and the reaction
mixture was stirred at room temperature for 1 hour. After methanol (1.0 mL) and a
saturated aqueous solution of sodium hydrogen carbonate were added to the reaction
mixture to quench the reaction, the resultant was subjected to extraction with ethyl
acetate, and the organic layer was dried over anhydrous sodium sulfate. The drying
agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (1.15 g).

MS(ESDm/z: 621(M+H)".

"H-NMR (CDCl3) &: 8.05 (1H, s), 7.38-7.17 (5H, m), 7.04 (1H, s), 5.19 (1H, dd,
J=4.5, 1.4 Hz), 4.82-4.69 (2H, m), 4.47 (1H, dd, J=14.5, 7.4 Hz), 4.31 (1H, d, J=7.8
Hz), 4.15-4.08 (1H, m), 3.83 (1H, m), 3.75 (1H, d, J=10.8 Hz), 3.11-2.95 (2H, m),
2.90-2.51 (4H, m), 2.47-2.32 (2H, m), 2.32-2.11 (3H.m), 2.22 (3H, s), 0.68 (9H, s), -
0.16 (3H, s), -0.50 (3H, s).

[0959]

(Step 10)
N-Benzoyl-2'-O-[({(1R,2R,3S,4R)-4-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)-3-{[tert-butyl(dimethyl)silylJoxy}-2-[(4-
oxopentanoyl)oxy]cyclopentyl } methoxy)(2-cyanoethoxy)phosphorothioyl]-5'-O-
[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silylJadenosine

To a solution of the compound (550 mg) obtained in the above step 9 in
acetonitrile (12 mL), the molecular sieves 3A, 1/16 (500 mg) and N-benzoyl-5'-O-
[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O- {(2-
cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}adenosine (1.23 g) were added, and

the reaction mixture was stirred at room temperature for 15 minutes. To the
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reaction mixture, 4,5-dicyanoimidazole was added and the reaction mixture was
stirred for 1 hour, and thereafter 3H-1,2-benzothiol-3-one 1,1-dioxide (355 mg) was
added thereto, and the reaction mixture was further stirred for 1 hour. The
molecular sieves 3A were removed from the reaction mixture through filtration, and
a saturated aqueous solution of sodium hydrogen carbonate was added to the filtrate,
which was subjected to extraction with ethyl acetate. ~After the organic layer was
dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate] to afford
the title compound (1.17 g) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1539(M+H)".
[0960]
(Step 11)
N-Benzoyl-2'-O-[{[(1R,2R,3S,4R)-4-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)-3- {[tert-butyl(dimethyl)silyl]oxy}-2-
hydroxycyclopentylmethoxy } (2-cyanoethoxy)phosphorothioyl]-5'-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl Jadenosine

To a solution of the compound (1.22 g) obtained in the above step 10 in
acetonitrile (2.0 mL), a mixed solution of hydrazine monohydrate (0.25 mL) in acetic
acid (5.0 mL)-pyridine (7.5 mL) was added, and the reaction mixture was stirred at
room temperature for 30 minutes. After water was added to the reaction mixture to
quench the reaction, the resultant was subjected to extraction with ethyl acetate, and
the organic layer was dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (770 mg) as a mixture of diastereomers at the

phosphorus atom.
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MS(ESD)m/z: 1442(M+H)".
[0961]
(Step 12)
N-Benzoyl-2'-O-[{[(1R,2R,3S,4R)-4-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)-3- {[tert-butyl(dimethyl)silyl]oxy}-2- {[hydroxy(oxo)-
A>-phosphanyl]oxy} cyclopentyl methoxy} (2-cyanoethoxy)phosphorothioyl]-3'-O-
[tert-butyl(dimethyl)silyl]adenosine

To a solution of the compound (770 mg) obtained in the above step 11 in
pyridine (8.0 mL), diphenyl phosphite (0.61 mL) was added, and the reaction
mixture was stirred at room temperature for 2 hours. Water (20 mL), acetonitrile
(8.0 mL), and aqueous solution of triethylammonium acetate (2 M, 1.6 mL) were
added to the reaction mixture, which was stirred for 1 hour, and the reaction mixture
was then concentrated under reduced pressure. To a solution of the residue in
dichloromethane (5.0 mL), water (0.096 mL) and a solution of dichloroacetic acid
(0.22 mL) in dichloromethane (5.0 mL) were added in this order, and the reaction
mixture was stirred for 30 minutes. Pyridine (0.43 mL) was added thereto to
quench the reaction, and the reaction mixture was then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (400 mg) as a mixture of
diastereomers at the phosphorus atom.
MS(ESDm/z: 1203(M+H)".
[0962]
(Step 13)
N-{9-[(5R,7R,8R,12aR,14R,158S,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-y1)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-

(2-cyanoethoxy)-2-oxo0-2-sulfanyl-10-sulfanylidenedecahydro-2H,10H-5,8-methano-
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2)°,100°-cyclopenta[l][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-
purin-6-yl} benzamide

With use of the compound (400 mg) obtained in the above step 12, the
reaction was performed in the same manner as in step 9 of Example 1 to afford the
title compound (300 mg) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1217(M+H)".
[0963]
(Step 14)
Disodium (5R,7R,8R,12aR,14R,15S,15aR,16R)-7-(6-amino-9H-purin-9-yl)-15,16-
dihydroxy-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)decahydro-2H,10H-5,8-methano-2A>,10).°-
cyclopenta[1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a solution of the compound (300 mg) obtained in the above step 13 in
methanol (10 mL), 28% ammonia water (10 mL) was added, and the reaction
mixture was stirred at room temperature for 12 hours. After the reaction mixture
was concentrated under reduced pressure, triethylamine trihydrofluoride (3.0 mL)
was added to the residue, and the resultant was stirred at 45°C for 2 hours. The
reaction mixture was added dropwise to an ice-cooled mixed solution of 1 M solution
of triethylammonium hydrogen carbonate (18 mL)-triethylamine (6.0 mL) to quench
the reaction. The reaction mixture was concentrated under reduced pressure, and
then purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] to afford diastereomer 1 and diastereomer 2
of the title compound as triethylamine salts.

The triethylamine salts obtained were each subjected to salt exchange in the
same manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford diastereomer 1 (45.6 mg) and diastereomer 2 (12.6 mg) of the title compound.

Diastereomer 1 (less polar)
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MS(ESDm/z: 728(M+H)".

'H-NMR (CD30D) §: 8.69 (1H, s), 8.10 (1H, s), 7.93 (1H, s), 7.10 (1H, s), 6.29 (1H,
d, J=8.2 Hz), 5.38 (1H, dq, J=9.7.2.7 Hz), 4.99 (2H, m), 4.79 (1H, d, J=3.9 Hz), 4.61
(1H, dd, J=7.2, 4.9 Hz), 4.36 (1H, m), 4.29 (1H, m), 4.19 (1H, m), 3.99 (1H, m), 3.89
(1H, q, J=9.9 Hz), 3.47 (2H, t, J=4.9 Hz), 2.80 (2H.q, J=5.7 Hz), 2.72 (1H, m), 2.37
(1H, dt, J=16.4, 6.7 Hz), 1.94 (2H, m), 1.61 (1H, dt, J=16.4, 6.7 Hz).

3IP-NMR (CD30D) &: 58.3 (s), 54.0 (s).

Diastereomer 2 (more polar)

MS(ESDm/z: 728(M+H)".

"H-NMR (CD3;0D) §: 8.74 (1H, s), 8.10 (1H, s), 7.95 (1H, s), 7.09 (1H, s), 6.26 (1H,
d, J=8.6 Hz), 5.44 (1H, m), 5.24 (1H, m), 5.06 (1H, q, J=9.3 Hz), 4.59 (1H, dd,
J=9.4,4.3 Hz), 4.51 (1H, d, J=4.3 Hz), 4.34-4.21 (3H, m), 3.94 (1H, m), 3.74 (1H,
m), 3.47 (2H, m), 2.85 (2H, t, J=5.5 Hz), 2.54 (1H, m), 2.45 (1H, dt, J=17.1, 6.7 Hz),
1.95 (2H, m), 1.38 (1H, ddd, J=14.6, 8.3, 5.0 Hz).

3IP-NMR (CDs0D) &: 62.7 (s), 60.1 (s).

[0964]

Example 57: Synthesis of CDN47
(5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-Amino-9H-purin-9-yl)-15,16-dihydroxy-
2,10-bis(sulfanyl)-10-sulfanylidene-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101>-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-one

[0965]
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O—P-SH
HAN N 1
2 \N—// O
47
47a (Diastereomer 1)
[0966]

[Synthesis Scheme]
[0967]
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[0968]

(Step 1)

6-Benzoyl-2- {5-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2-O-[ tert-
butyl(dimethyl)silyl]-3-O-(4-oxopentanoyl)-f-D-ribofuranosyl }-6,7,8,9-tetrahydro-

2H-2,3,5,6-tetraazabenzo[cd]azulene
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With use of the compound obtained in step 5 of Example 1, the reaction was
performed in the same manner as in step 8 of Example 56 to afford the title
compound (2.8 g).

'H-NMR (CDCl3) &: 8.08 (1H, s), 7.48-7.19 (15H, m), 6.37 (4H, d, J=6.7 Hz), 5.48
(1H, dd, J=5.1, 2.3 Hz), 4.83 (1H, dd, J=6.7, 5.1 Hz), 4.37-4.00 (3H, m), 3.80 (3H,
s), 3.79 (3H, s), 3.69 (1H, m), 3.54 (1H, dd, J=10.6, 2.7 Hz), 3.39 (1H, dd, J=11.0,
2.7 Hz), 2.90-2.57 (6H, m), 2.20 (3H, s), 2.20-2.11 (2H, m), 0.69 (9H, s), -0.03 (3H,
s), -0.29 (3H, s).

[0969]

(Step 2)

6-Benzoyl-2- {2-O-[tert-butyl(dimethyl)silyl]-3-O-(4-oxopentanoyl)-[3-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

With use of the compound (2.8 g) obtained in the above step 1, the reaction
was performed in the same manner as in step 9 of Example 56 to afford the title
compound (1.74 g).
'H-NMR (CDCls) &: 8.06 (1H, s), 7.38-7.20 (5H, m), 7.04 (1H, s), 6.32 (1H, dd,
J=12.1, 1.6 Hz), 5.64 (1H, d, J=7.8 Hz), 5.47 (1H, d, J=5.1 Hz), 5.16 (1H, dd, J=7.8,
5.1 Hz), 4.40 (1H, m), 4.29 (1H, s), 4.17 (1H, m), 3.91 (1H, m), 3.75 (1H, m), 3.02
(2H, m), 2.90-2.60 (4H, m), 2.30-2.14 (2H, m), 2, 22 (3H, s), 0.68 (9H, s), -0.15 (3H,
s), -0.46 (3H, s).
[0970]
(Step 3)
N-Benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
butyl(dimethyl)silyl]-2'-O-[(2-cyanoethoxy) {[(2,4-
dichlorophenyl)methyl]sulfanyl} phosphorothioyl]adenosine

To a solution of commercially available (ChemGenes Corporation) N-

benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-
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butyl(dimethyl)silyl]-2'-O-{(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}adenosine (3.73 g) in acetonitrile (30 mL), the molecular
sieves 3A, 1/16 (1.0 g) and 2,4-dichlorobenzylmercaptan (1.8 mL) were added, and
the reaction mixture was stirred at room temperature for 10 minutes. Imidazole
perchlorate (3.18 g) was added to the reaction mixture, which was stirred for 2.5
hours, and sulfur (242 mg) was then added thereto, and the reaction mixture was
further stirred for 1 hour. The molecular sieves 3A were removed from the reaction
mixture through filtration, and a saturated aqueous solution of sodium hydrogen
carbonate was added to the filtrate, which was subjected to extraction with ethyl
acetate. After the organic layer was dried over anhydrous sodium sulfate, the
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (2.73 g) as a mixture of
diastereomers at the phosphorus atom.

MS(ESDm/z: 1111(M+H)".

'H-NMR (CDCls) &: 8.89 (1H, s), 8.74 (1H, d, J=1.8 Hz), 8.32 (0.5H s), 8.26 (0.5H,
s), 8.02 (2H, m), 7.64-7.61 (15H, m), 6.82 (4H, d, J=9.0), 6.45 (0.5H, d, J=6.7 Hz),
6.38 (0.5H, d, J=6.3 Hz), 5.88 (0.5H, ddd, J=14.2, 6.6, 4.8 Hz), 5.74 (0.5H, ddd,
J=14.4, 6.4, 4.8 Hz), 4.75 (0.5H, dd, J=4.7, 2.7 Hz), 4.64 (0.5H, dd, J=4.7, 2.3 Hz),
4.22-3.82 (5H, m), 3.78 (6H, s), 3.58-3.53 (2H, m), 3.34-3.29 (2H, m), 2, 57 (1H, t,
J=6.3 Hz), 2.48 (1H, t, J=6.3 Hz), 0.90 (4.5H, s), 0.88 (4.5H, s), 0.16 (1.5H, s), 0.11
(1.5H, s), 0.07 (1.5H, s), 0.04 (1.5H, s).

[0971]

(Step 4)

N,N-Diethylethaneaminium N-benzoyl-5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-
3'-O-[tert-butyl(dimethyl)silyl]-2'-O-[ {[(2,4-

dichlorophenyl)methyl]sulfanyl} (sulfide)phosphoryl]adenosine
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To a solution of the compound (2.66 g) obtained in the above step 3 in
acetonitrile (30 mL), triethylamine (30 mL) was added, and the reaction mixture was
stirred at room temperature for 4 hours. The reaction mixture was concentrated
under reduced pressure, and the residue was purified by DIOL silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (2.5 g) as a
mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1058(M+H)".
[0972]

(Step 5)

Dinucleotide B

To a solution of the compound (2.5 g) obtained in the above step 4 in
dichloromethane (10 mL), the molecular sieves 4A, 1/16 (1.0 g), the compound (930
mg) obtained in the above step 2, and 1-methylimidazole (1.18 mL) were added in
this order, and the reaction mixture was stirred at room temperature for 20 minutes.
To the reaction mixture, 2,4,6-triisopropylbenzelsulfonyl chloride (905 mg) was
added, and the reaction mixture was further stirred for 4 hours. The molecular
sieves 4A were removed from the reaction mixture through filtration, and a saturated
aqueous solution of sodium hydrogen carbonate was added to the filtrate, which was
subjected to extraction with ethyl acetate. ~After the organic layer was dried over
anhydrous sodium sulfate, the drying agent was removed through filtration, and the
filtrate was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography [hexane/ethyl acetate] to afford the title compound (1.04
g) as a mixture of diastereomers at the phosphorus atom.

MS(ESDm/z: 1662(M+H)".
[0973]
(Step 6)

Dinucleotide C
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With use of the compound (1.04 g) obtained in the above step 5, the reaction
was performed in the same manner as in step 11 of Example 56 to afford the title
compound (820 mg) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1564(M+H)".

[0974]
(Step 7)
Dinucleotide D

With use of the compound (820 mg) obtained in the above step 6, the reaction
was performed in the same manner as in step 12 of Example 56 to afford the title
compound (440 mg) as a mixture of diastereomers at the phosphorus atom.

[0975]

(Step 8)
N-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy}-10-
{[(2,4-dichlorophenyl)methyl]sulfanyl}-2-oxo0-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-6-y1} benzamide

With use of the compound (440 mg) obtained in the above step 7, the reaction
was performed in the same manner as in step 9 of Example 1 to afford the title
compound (360 mg).

MS(ESDm/z: 1340(M+H)".

[0976]

(Step 9)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-
benzamido-9H-purin-9-yl)-14-(6-benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulen-2-yl)-15,16-bis {[tert-butyl(dimethyl)silylJoxy }-2-0x0-10-
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sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A>,10A.>-furo[ 3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a dimethyl sulfoxide solution of the compound (360 mg) obtained in the
above step 8, 1-dodecanethiol (434 mg) and 1,8-diazabicyclo[5.4.0]-7-undecene
(0.40 mL) were added, and the reaction mixture was stirred at room temperature for
6 hours. The reaction mixture was directly purified by C18 silica gel column
chromatography [10 mM aqueous solution of triethylammonium acetate/acetonitrile]
to afford the title compound (130 mg).

MS(ESDm/z: 1182(M+H)".

[0977]

(Step 10)

Disodium (2S,5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-amino-9H-purin-9-yl)-
15,16-dihydroxy-2-oxo-10-sulfanylidene-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound (130 mg) obtained in the above step 9, the reaction
was performed in the same manner as in step 14 of Example 56, and the resultant
was then purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] to afford the title compound as a
triethylamine salt.

The triethylamine salt obtained was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (62.8 mg).

MS(ESDm/z: 746(M+H)".
"H-NMR (CD3;0D) §: 8.70 (1H, s), 8.07 (1H, s), 8.03 (1H, s), 7.25 (1H, s), 6.26 (1H,
d, J=8.6 Hz), 6.21 (1H, d, J=5.9 Hz), 5.52 (1H, dq, J=14.1, 5.2 Hz), 5.36 (1H, m),
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4.70 (1H, dd, J=5.7, 4.5 Hz), 4.42 (1H, d, J=4.3 Hz), 4.37-4.26 (3H, m), 4.21 (1H,
m), 3.96 (1H, m), 3.84 (1H, m), 3.50 (2H, m), 2.81 (2H, m), 1.93 (2H, m).
3IP-NMR (CDsOD) &: 119.8 (s), 59.4 (s).

[0978]

5  Example 58: Synthesis of CDN4§
(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-Dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-bis(sulfanyl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-

10  2,10-dione
[0979]

N—7

;

H
48

48a (Diastereomer 1)
48b (Diastereomer 2)

[0980]
[Synthesis Scheme]
15  [0981]
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4-Chloro-5-iodo-7-{[2-(trimethylsilyl)ethoxy|methyl}-7H-pyrrolo[2,3-d]pyrimidine

To a solution of commercially available (PharmaBlock Sciences (Nanjing),
Inc.) 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (73.8 g) in N,N-
dimethylformamide (10 mL), sodium hydride (containing 45% mineral oil) (13.3 g)
was added under ice-cooling, and the reaction mixture was stirred for 40 minutes
with increasing the temperature to room temperature. The reaction mixture was
again ice-cooled, [2-(chloromethoxy)ethyl](trimethyl)silane (51.0 mL) was added
thereto over 10 minutes, and the reaction mixture was then stirred at the same
temperature for 30 minutes. To the mostly solidified reaction mixture, water (260
mL) was added in small portions to quench the reaction. The solid was collected
through filtration, washed with water (1500 mL) and hexane (600 mL), and dried
under reduced pressure at 40°C to afford the title compound (97.63 g).
MS(ESDm/z: 410(M+H)".
'H-NMR (CDCls) &: 8.64 (1H, s), 7.54 (1H, s), 5.61 (2H, s), 3.52 (2H, t, J=8.3 Hz),
0.92 (2H, t, J=8.3 Hz), -0.04 (9H, s).
[0983]
(Step 2)
4-(Benzyloxy)-5-iodo-7- {[2-(trimethylsilyl)ethoxy]methyl } -7H-pyrrolo[2,3-
d]pyrimidine

To a solution of benzyl alcohol (27 mL) in N,N-dimethylformamide (170
mL), sodium hydride (containing 45% mineral oil) (12 g) was added under ice-
cooling, and the reaction mixture was stirred for 40 minutes with increasing the
temperature to room temperature. The reaction mixture was again ice-cooled, a
suspension of the compound (97.63 g) obtained in the above step 1 in N,N-
dimethylformamide (360 mL) was added thereto over 40 minutes, and the reaction
mixture was stirred at the same temperature for 35 minutes. Ice chips and a

saturated aqueous solution of ammonium chloride were added to the reaction mixture
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to quench the reaction. The reaction mixture was poured into a two-layer mixture
of a saturated aqueous solution of ammonium chloride and ethyl acetate, and
subjected to extraction with ethyl acetate:toluene (9:1). The organic layer was
washed twice with water and twice with brine, and then dried over anhydrous sodium
sulfate. The drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (107.7 g).
MS(ESm/z: 482(M+H)".
'H-NMR (CDCls) &: 8.47 (1H, s), 7.61 (2H, d, J=7.3 Hz), 7.41 (2H, t, J=7.6 Hz),
7.36-7.30 (1H, m), 7.30 (1H, s), 5.65 (2H, s), 5.57 (2H, s), 3.52 (2H, t, J=8.3 Hz),
0.91 (2H, t, J=8.3 Hz), -0.05 (9H, s).
[0984]
(Step 3)
4-(Benzyloxy)-5-(3,3-diethoxyprop-1-yn-1-yl)-7-{[2-(trimethylsilyl)ethoxy methyl } -
7H-pyrrolo[2,3-d]pyrimidine

To a mixed solution of the compound (113.4 g) obtained in the above step 2
in acetonitrile (1000 mL)-triethylamine (98 mL), copper iodide (4.49 g),
tetrakistriphenylphosphinepalladium(0) (8.17 g), and 3,3-diethoxyprop-1-yne (104
mL) were added under the nitrogen atmosphere at room temperature, and the reaction
mixture was stirred at the same temperature for 4.5 hours.  After the reaction
mixture was concentrated under reduced pressure, ethyl acetate and hexane were
added to the residue, and a solid precipitated was removed through filtration. The
solid was washed with a mixture of ethyl acetate:hexane (1:1), and the filtrate was
then concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate] to afford the title compound (145.5 g:
with impurities).

MS(EST)m/z: 482(M+H)".
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[0985]
(Step 4)
5-(3,3-Diethoxypropyl)-7-{[2-(trimethylsilyl)ethoxy]|methyl } -7H-pyrrolo[2,3-
d]pyrimidin-4-ol

To a solution of the compound (145.5 g) obtained in the above step 3 in
ethanol (900 mL), a 10% palladium-carbon catalyst (M) wet (50.2 g) was added, and
the reaction mixture was stirred under the hydrogen atmosphere at room temperature
for 5 hours. Dichloromethane (500 mL) was added to the reaction mixture, the
catalyst was removed through filtration with a Celite, and the filtrate was
concentrated under reduced pressure. The residue was purified twice by silica gel
column chromatography [hexane/ethyl acetate] to afford the title compound (59.6 g).
MS(EST)m/z: 418(M+Na)",394[M-H]".
'H-NMR (CDCls) &: 11.23 (1H, brs), 7.85 (1H, s), 6.79 (1H, s), 5.47 (2H, s), 4.58
(1H, t, J=5.9 Hz), 3.69 (2H, m), 3.57-3.49 (4H, m), 2.90 (2H, t, J=7.8 Hz), 2.07 (2H,
m), 1.23 (6H, t, J=7.1 Hz), 0.91 (2H, t, J=8.1 Hz), -0.04 (9H, s).
[0986]
(Step 5)
5-(3,3-Diethoxypropyl)-7-{[2-(trimethylsilyl)ethoxy]|methyl } -7H-pyrrolo[2,3-
d]pyrimidin-4-thiol

To a solution of the compound (59.6 g) obtained in the above step 4 in
dehydrated dichloromethane (300 mL), 2,6-lutidine (42 mL) was added under the
nitrogen atmosphere. Trifluoromethanesulfonic anhydride (31 mL) was added
dropwise thereto at -20°C over 20 minutes, and the reaction mixture was stirred at
the same temperature for 20 minutes. Thereto, N,N-dimethylformamide (500 mL)
and sodium monohydrogensulfide hydrate (33.5 g) were added under ice-cooling, the
temperature was increased to room temperature, and the reaction mixture was then

stirred for 2.5 hours. The reaction mixture was concentrated under reduced
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pressure to distill off low-boiling-point components. The residue was poured into a
two-layer mixture of ethyl acetate and an ice-cooled saturated aqueous solution of
ammonium chloride, and subjected to extraction with a mixture of ethyl
acetate:toluene (9:1). The organic layer was washed once with a saturated aqueous
solution of ammonium chloride, and twice with brine, and then dried over anhydrous
sodium sulfate. The drying agent was removed through filtration, and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography [hexane/ethyl acetate] to afford a mixture of the title
compound and 2,6-lutidine. The mixture obtained was poured into a two-layer
mixture of ethyl acetate and 1 N hydrochloric acid, and subjected twice to extraction
with ethyl acetate. The organic layer was washed three times with brine, and then
dried over anhydrous sodium sulfate. The drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure to afford the title
compound (57.6 g).
MS(ESI)m/z: 410[M-H]".
'H-NMR (CDCl3) &: 11.69 (1H, brs), 7.90 (1H, s), 6.96 (1H, s), 5.49 (2H, s), 4.61
(1H, t, J=5.9 Hz), 3.71 (2H, m), 3.55 (2H, m), 3.49 (2H, t, J=8.1 Hz), 3.14 (2H, t,
J=7.8 Hz), 2.08 (2H, m), 1.23 (6H, t, J=7.1 Hz), 0.90 (2H, t, J=8.3 Hz), -0.04 (9H, s).
[0987]
(Step 6)
3-(4-Sulfanyl-7-{[2-(trimethylsilyl)ethoxy]methyl}-7H-pyrrolo[2,3-d]pyrimidin-5-
yl)propan-1-ol

The compound (31.62 g) obtained in the above step 5 was dissolved in 80%
aqueous solution of acetic acid (300 mL), and the reaction mixture was stirred at
room temperature for 30 minutes. After confirming the disappearance of the raw
material, the reaction mixture was ice-cooled, sodium borohydride (1.45 g) was

carefully added in small portions thereto, and the reaction mixture was stirred at the
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same temperature for 30 minutes. Subsequently, sodium triacetoxyborohydride
(24.4 g) was added thereto over 15 minutes, and the reaction mixture was stirred at
the same temperature for 1.5 hours. The reaction mixture was concentrated to about
1/5 of the original volume under reduced pressure. Sodium hydrogen carbonate
(solid) was carefully added to the residue to neutralize to some degree, the reaction
mixture was subjected to extraction with ethyl acetate. The organic layer was
washed with saturated sodium hydrogen carbonate and brine in this order, and dried
over anhydrous sodium sulfate. The drying agent was removed through filtration,
and the filtrate was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography [hexane/ethyl acetate] to afford the title
compound (17.93 g).
MS(ESDm/z: 340[M+H]".
'H-NMR (CDCl3) &: 11.92 (1H, brs), 7.95 (1H, s), 7.01 (1H, s), 5.51 (2H, s), 3.70
(2H, t, J=5.9 Hz), 3.50 (2H, t, J=8.1 Hz), 3.23 (2H, t, J=7.3 Hz), 2.33 (1H, brs), 1.99
(2H, m), 0.91 (2H, t, J=8.3 Hz), -0.04 (9H, s).
[0988]
(Step 7)
2-{[2-(Trimethylsilyl)ethoxy]methyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-
triazabenzo[cd]azulene

To a solution of the compound (31.31 g) obtained in the above step 6 in
dehydrated tetrahydrofuran (600 mL), triphenylphosphine (25.4 g) and diisopropyl
azodicarboxylate (21.8 g) were added under the nitrogen atmosphere at 0°C, and the
reaction mixture was stirred at the same temperature for 1 hour. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by silica
gel column chromatography [dichloromethane/ethyl acetate] and silica gel column
chromatography [hexane/ethyl acetate] in this order to afford the title compound

(35.93 g: with impurities).
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MS(ESD)m/z: 322[M+H]".
'H-NMR (CDCl3) &: 8.57 (1H, s), 7.08 (1H, s), 5.58 (2H, s), 3.52 (2H, t, J=8.3 Hz),
3.17 (2H, m), 3.06 (2H, t, J=5.6 Hz), 2.36 (2H, m), 0.92 (2H, t, J=8.3 Hz), -0.05 (9H,
s).
[0989]
(Step 8)
(8,9-Dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)methanol

To a solution of the compound (35.93 g) obtained in the above step 7 in
dichloromethane (150 mL), trifluoroacetic acid (150 mL) was added at room
temperature, and the reaction mixture was stirred at the same temperature for 1.5
hours. The reaction mixture was concentrated under reduced pressure, and then
azeotroped four times with toluene. A mixture of dichloromethane:hexane (1:2)
was added to the reside, and a solid precipitated was collected through filtration
(solid 1).  After the filtrate was concentrated under reduced pressure, the residue
was purified by silica gel column chromatography [hexane/ethyl acetate — ethyl
acetate/methanol] to afford solid 2. Solid 1 and solid 2 were combined to give the
title compound (20.13 g).
MS(ESDm/z: 222[M+H]".
"H-NMR (CDCl3) &: 8.60 (1H, s), 7.19 (1H, s), 5.71 (2H, s), 3.21 (2H, m), 3.07 (2H,
m), 2.38 (2H, m). (only observable peaks are shown)
[0990]
(Step 9)
2,7,8,9-Tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene

To a suspension of the compound (20.13 g) obtained in the above step 8 in
methanol (250 mL), 28% aqueous solution of ammonia (150 mL) was added, and the
reaction mixture was stirred at room temperature for 1.5 hours. The reaction

mixture was concentrated to about half the volume under reduced pressure. A solid
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precipitated was collected through filtration, and washed with ethanol to afford solid
1. The filtrate was concentrated under reduced pressure, and solid 2 was obtained
through the same procedure. The filtrate was applied to silica gel, and then purified
by silica gel column chromatography [dichloromethane/methanol]. Fractions
containing the targeted product were concentrated under reduced pressure, the slurry
was washed with ethanol, and the solid was then collected through filtration (solid 3).
Solid 1, solid 2, and solid 3 were combined to give the title compound (12.36 g).
MS(ESDm/z: 192[M+H]".
"H-NMR (CDCl3) &: 10.53 (1H, brs), 8.57 (1H, s), 7.10 (1H, s), 3.18 (2H, m), 3.08
(2H, t, J=5.6 Hz), 2.37 (2H, m).
[0991]
(Step 10)
2-(2,3,5-Tri-O-benzyl-B-D-arabinofuranosyl)-2,7,8,9-tetrahydro-6-thia-2,3,5-
triazabenzo[cd]azulene

To a suspension of the compound(13.47 g) obtained in the above step 9 in
dehydrated acetonitrile (350 mL), powdery potassium hydroxide (10.3 g) and tris[2-
(2-methoxyethoxy)ethyl]amine (1.13 mL) were added under the nitrogen
atmosphere, and the reaction mixture was stirred at room temperature for 1.5 hours.
A solution of 2,3,5-tri-O-benzyl-o-D-arabinofuranosyl chloride (40.2 g) as a
compound known in the literature (J. Med. Chem. 1976, 19, 6, 814-816) in
acetonitrile (100 mL) was added in small portions thereto under ice-cooling, and the
temperature was increased to room temperature and the reaction mixture was stirred
for 4 hours. Undissolved matters were removed through filtration, and washed with
acetonitrile. The filtrate was concentrated under reduced pressure, and the residue
was purified twice by silica gel column chromatography [hexane/ethyl acetate] to
afford the title compound (26.19 g).
MS(ESDm/z: 594[M+H]".
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'H-NMR (CDCl3) &: 8.51 (1H, s), 7.37-7.17 (14H, m), 6.86 (2H, m), 6.82 (1H, d,
J=4.9 Hz), 4.68 (1H, d, J=11.7 Hz), 4.59 (1H, d, J=11.7 Hz), 4.54 (1H, d, J=13.2 Hz),
4.52 (1H, d, J=11.7 Hz), 4.36-4.33 (2H, m), 4.22 (1H, d, J=11.7 Hz), 4.14-4.08 (2H,
m), 3.77 (1H, dd, J=10.7, 3.9 Hz), 3.72 (1H, dd, J=10.5, 4.1 Hz), 3.13 (2H, m), 2.81
(2H, m), 2.27 (2H, m).
[0992]
(Step 11)
2-B-D-Arabinofuranosyl-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[ cd]azulene

To a solution of the compound (26.19 g) obtained in the above step 10 in
dehydrated dichloromethane (300 mL), a dichloromethane solution of boron
trichloride (1 M, 200 mL) was added under the nitrogen atmosphere at -78°C, and
the reaction mixture was stirred at the same temperature for 2 hours, and the
temperature was then increased to 0°C and the reaction mixture was further stirred
for 4 hours. The reaction mixture was again cooled to -78°C, a solution of
methanol (80 mL) in dichloromethane (160 mL) was added thereto, and the reaction
mixture was stirred for 30 minutes with increasing the temperature to room
temperature. The reaction mixture was concentrated under reduced pressure, and
azeotroped twice with ethanol. Ethanol (200 mL) and diethyl ether (100 mL) were
added to the residue to make a slurry, and the solid was collected through filtration
(solid 1). The filtrate was concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography [dichloromethane/methanol].
Fractions containing the targeted product were concentrated under reduced pressure,
ethanol was added thereto to make a slurry, and the solid was collected through
filtration (solid 2). Solid 1 and solid 2 were combined to give the title compound

(13.2 g).
MS(ESDm/z: 324[M+H]".
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'H-NMR (CD3;0D) &: 8.73 (1H, s), 7.96 (1H, s), 6.70 (1H, d, J=4.9 Hz), 4.32 (1H, t,
J=4.6 Hz), 4.25 (1H, t, J=4.6 Hz), 3.97 (1H, m), 3.90 (1H, dd, J=12.0, 3.2 Hz), 3.85
(1H, dd, J=12.0, 4.6 Hz), 3.53 (2H, m), 3.17 (2H, m), 2.43 (2H, m).
[0993]
(Step 12)
2-[3,5-Bis-O-(oxan-2-yl)-B-D-arabinofuranosyl]-2,7,8,9-tetrahydro-6-thia-2,3,5-
triazabenzo[cd]azulene

To a solution of the compound (15.35 g) obtained in the above step 11 in
dehydrated dimethyl sulfoxide (160 mL), 3,4-dihydro-2H-pyran (17.2 mL) and p-
toluenesulfonic acid monohydrate (9.02 g) were added at 0°C, and the reaction
mixture was stirred at room temperature for 3 hours. Thereto, 3,4-dihydro-2H-
pyran (8.6 mL) was further added, and the reaction mixture was stirred for 45
minutes, and immediately thereafter triethylamine (13 mL) was added thereto to
quench the reaction. The reaction mixture was poured into a two-layer mixture of
ethyl acetate and a saturated aqueous solution of sodium hydrogen carbonate, and
subjected to extraction with ethyl acetate. The organic layer was washed once with
water, and twice with brine, and then dried over anhydrous sodium sulfate. The
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (10.81 g) as a mixture of four
diastereomers.
MS(ESDm/z: 492[M+H]".
"H-NMR (CDCl3) &: 8.548 (0.2H, s), 8.546 (0.3H, s), 8.54 (0.3H, s), 8.53 (0.2H, s),
7.54 (0.2H, s), 7.53 (0.3H, s), 7.51 (0.2H, s), 7.44 (0.3H, s), 6.75 (0.2H, d, J=5.4 Hz),
6.71 (0.2H, d, J=5.9 Hz), 6.57 (0.3H, d, J=5.9 Hz), 6.56 (0.3H, d, J=5.9 Hz), 4.87-
4.69 (2H, m), 4.55-3.54 (10H, m), 3.18-3.12 (2H, m), 3.10-2.96 (2H, m), 2.40-2.30
(2H, m), 1.92-1.51 (12H, m).
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[0994]
(Step 13)
2-[2-Deoxy-2-fluoro-3,5-bis-O-(oxan-2-yl)-p-D-ribofuranosyl]-2,7,8,9-tetrahydro-6-
thia-2,3,5-triazabenzo[cd]azulene

To a solution of the compound (10.81 g) obtained in the above step 12 in
dehydrated dichloromethane (150 mL), pyridine (5.3 mL) and
trifluoromethanesulfonic anhydride (5.6 mL) were added under the nitrogen
atmosphere at 0°C, and the reaction mixture was stirred at the same temperature for 1
hour. After ice chips were added to the reaction mixture to quench the reaction, the
reaction mixture was poured into a two-layer mixture of ethyl acetate and a saturated
aqueous solution of sodium hydrogen carbonate, and subjected to extraction with
ethyl acetate. The organic layer was washed twice with brine, and dried over
anhydrous sodium sulfate. The drying agent was removed through filtration, and
the filtrate was concentrated under reduced pressure to afford a crude form of triflate
as an amorphous form. The crude form of triflate obtained was dissolved in
dehydrated tetrahydrofuran (150 mL), to which a tetrahydrofuran solution of
tetrabutylammonium fluoride (approximately 1 M, 154 mL) was added in small
portions under ice-cooling, and the reaction mixture was stirred at the same
temperature overnight. A saturated aqueous solution of ammonium chloride was
added to the reaction mixture to quench the reaction. The reaction mixture was
concentrated to about half the volume under reduced pressure. The residue was
poured into a two-layer mixture of ethyl acetate and a saturated aqueous solution of
ammonium chloride, and subjected to extraction with ethyl acetate. The organic
layer was washed once with a saturated aqueous solution of ammonium chloride, and
twice with brine. The aqueous layer was again subjected to extraction with ethyl
acetate, and the extract was washed with brine. The organic layers were combined

and dried over anhydrous sodium sulfate. The drying agent was removed through
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filtration, and the filtrate was concentrated under reduced pressure to afford a crude
form of the title compound (40.37 g).
MS(ESDm/z: 494[M+H]".
[0995]
(Step 14)
2-(2-Deoxy-2-fluoro-f-D-ribofuranosyl)-2,7,8,9-tetrahydro-6-thia-2,3,5-
triazabenzo[cd]azulene

To a solution of the compound (40.37 g) obtained in the above step 13 in
methanol (400 mL), p-toluenesulfonic acid monohydrate (2.09 g) was added, and the
reaction mixture was stirred at 60°C for 4 hours. Triethylamine (16 mL) was added
to the reaction mixture to quench the reaction. The reaction mixture was
concentrated under reduced pressure, and the residue was purified by silica gel
column chromatography [hexane/ethyl acetate — ethyl acetate/methanol].
Fractions containing the targeted product was concentrated under reduced pressure
until the fractions became a slurry, and the solid was collected through filtration.
The solid obtained was washed with hexane/ethyl acetate (1:1) to afford solid 1.
The filtrate was concentrated under reduced pressure, and the residue was purified by
silica gel column chromatography [dichloromethane/methanol] to afford solid 2.
Solid 1 and solid 2 were combined to give the title compound (5.32 g).
MS(ESD)m/z: 326[M+H]".
"H-NMR (CDCls) : 8.51 (1H, s), 7.01 (1H, s), 6.00 (1H, dd, J=13.7, 6.3 Hz), 5.95
(1H, dd, J=11.7, 2.0 Hz), 5.87 (1H, ddd, J=52.7, 6.3, 4.9 Hz), 4.69 (1H, m), 4.32 (1H,
brs), 3.96 (1H, d, J=12.7 Hz), 3.77 (1H, m), 3.17 (2H, m), 3.04 (2H, m), 2.41-2.31
(3H, m).
[0996]
(Step 15)
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2-{5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-2-deoxy-2-fluoro--D-
ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene

With use of the compound (5.32 g) obtained in the above step 14, the reaction
was performed in the same manner as in step 1 of Example 11 to afford the title
compound (10.1 g).
MS(ESDm/z: 628[M+H]".
"H-NMR (CDCls) &: 8.54 (1H, s), 7.42 (2H, d, J=7.3 Hz), 7.32-7.21 (8H, m), 6.81
(4H, m), 6.52 (1H, dd, J=17.3, 2.2 Hz), 5.37 (1H, ddd, J=53.3, 4.4, 2.4 Hz), 4.76 (1H,
m), 4.16 (1H, m), 3.789 (3H, s), 3.786 (3H, s), 3.59 (1H, dd, J=10.7, 2.4 Hz), 3.44
(1H, dd, J=10.7, 3.4 Hz), 3.12 (2H, m), 2.76 (2H, t, J=5.6 Hz), 2.27 (2H, m), 2.18
(1H, dd, J=7.8, 2.9 Hz).
[0997]
(Step 16)
2-(5-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-3-O-{(2-cyanoethoxy)[di(propan-2-
yl)amino]phosphanyl}-2-deoxy-2-fluoro-B-D-ribofuranosyl)-2,7,8,9-tetrahydro-6-
thia-2,3,5-triazabenzo[cd]azulene

With use of the compound (10.1 g) obtained in the above step 15, the reaction
was performed in the same manner as in step 6 of Example 1 to afford the title
compound (12.6 g) as a mixture of diastereomers at the phosphorus atom
(diastereomer ratio = 1:1).
"H-NMR (CDCls) &: 8.53 (1H, s), 7.40 (2H, m), 7.34-7.17 (8H, m), 6.84-6.74 (4H,
m), 6.53 (0.5H, dd, J=17.3, 2.2 Hz), 6.48 (0.5H, dd, J=17.6, 1.5 Hz), 5.50-5.31 (1H,
m), 4.99 (0.5H, m), 4.85 (0.5H, m), 4.31-4.26 (1H, m), 3.93-3.76 (1H, m), 3.792
(1.5H, s), 3.789 (1.5H, s), 3.779 (1.5H, s), 3.776 (1.5H, s), 3.67-3.51 (4H, m), 3.34-
3.30 (1H, m), 3.13-3.10 (2H, m), 2.76-2.69 (2H, m), 2.61 (1H, td, J=6.3, 2.4 Hz),
2.39 (1H, m), 2.28-2.21 (2H, m), 1.19-1.15 (9H, m), 1.03 (3H, d, J=6.8 Hz).
[0998]
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(Step 17)

With use of the compound (740 mg) obtained in the above step 16, the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 2- {2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-phosphanyl]-B-
D-ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene. With use
of the acetonitrile solution obtained and the compound obtained in step 3 of Example
22 (924 mg), the reaction was performed in the same manner as in step 8 of Example
1, and the resulting crude product was directly used for the subsequent reaction.
[0999]

(Step 18)
2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-Butyl(dimethyl)silylJoxy}-10-
(2-cyanoethoxy)-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cdJazulen-2(7H)-y1)-15-
fluoro-2-oxo-2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-
2)°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-oxo-
6,9-dihydro-1H-purin-1-yl}ethyl benzoate

With use of the crude product obtained in the above step 17, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(502 mg: with impurities) as a mixture of diasterecomers at the phosphorus atom.
MS(ESDm/z: 1065(M+H)".

[1000]

(Step 19)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[cd]azulen-2(7H)-
yl)-15-fluoro-7-[1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-22°, 101.>-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
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With use of the compound (502 mg) obtained in the above step 18, the
reaction was performed in the same manner as in step 10 of Example 1 to afford
diastereomer 1 (67.8 mg: with impurities) and diastereomer 2 (69.5 mg: with
impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 908(M+H)".

Diastereomer 2 (more polar)

MS(ESm/z: 908(M+H)".

[1001]

(Step 20-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 1)

With use of the compound obtained in step 19 above (diastereomer 1) (67.8
mg: with impurities), the reaction was performed in the same manner as in step 11 of
Example 1, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 45% (0 min - 40 min)], and preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/methanol, methanol:

25% - 75% (0 min - 40 min)].
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The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (21.2 mg).

MS(ESDm/z: 794(M+H)".

"H-NMR (CD30D) &: 8.55 (1H, brs), 8.41 (1H, s), 8.09 (1H, brs), 7.51 (1H, s), 6.58
(1H, d, J=16.9 Hz), 6.25 (1H, d, J=7.9 Hz), 5.55-5.34 (2H, m), 5.30-5.17 (1H, m),
4.74 (1H, d, J=4.2 Hz), 4.55-4.47 (1H, m), 4.46-4.40 (1H, m), 4.37-4.30 (2H, m),
4.28-4.16 (2H, m), 4.05-3.99 (1H, m), 3.90-3.70 (3H, m), 3.28-3.20 (1H, m), 3.18-
3.10 (1H, m), 2.91-2.82 (1H, m), 2.76-2.64 (1H, m), 2.33-2.22 (1H, m), 2.21-2.09
(1H, m).

3IP-NMR (CD30D) &: 57.6 (s), 52.7 (s).

[1002]

(Step 20-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-7-[ 1-(2-hydroxyethyl)-6-
oxo0-1,6-dihydro-9H-purin-9-yl1]-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-
2)°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-
bis(thiolate)

(Diastereomer 2)

With use of the compound obtained in step 19 above (diastereomer 2) (69.5
mg: with impurities), the reaction was performed in the same manner as in step 11 of
Example 1, and purification was then performed under the following [Purification
Conditions] to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),

acetonitrile-methanol solution (1:1): 10% - 45% (0 min - 40 min)], and preparative
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HPLC [10 mM aqueous solution of triethylammonium acetate/methanol, methanol:
25% - 75% (0 min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (14.9 mg).

MS(ESDm/z: 794(M+H)".

"H-NMR (CD30D) §: 8.60 (1H, s), 8.41 (1H, s), 8.16 (1H, s), 7.72 (1H, s), 6.60 (1H,
d, J=15.7 Hz), 6.28 (1H, d, J=7.9 Hz), 5.61-5.33 (3H, m), 4.59-4.49 (2H, m), 4.48-
4.39 (2H, m), 4.34-4.27 (1H, m), 4.25-4.16 (1H, m), 4.11-3.99 (3H, m), 3.86-3.75
(2H, m), 3.25-3.11 (2H, m), 3.05-2.90 (2H, m), 2.35-2.17 (2H, m).

3IP.NMR (CD3OD) &: 59.1 (s), 57.9 (s).

[1003]

Example 59: Synthesis of CDN49

(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[ 1-(2-Aminoethyl)-6-0x0-1,6-dihydro-9H-
purin-9-yl]-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-15-fluoro-
16-hydroxy-2,10-bis(sulfanyl)octahydro-2H,10H, 12H-5,8-methano-2A°,10A°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[1004]

49

49a (Diastereomer 1)
49b (Diastereomer 2)
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[1005]

[Synthesis Scheme]
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[1007]

(Step 1)

With use of the compound obtained in step 16 of Example 58 (1.80 g), the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 2- {2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-phosphanyl]-B-
D-ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene. With use

of the obtained acetonitrile solution and the compound obtained in step 3 of Example
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45 (2.30 g), the reaction was performed in the same manner as in step 8 of Example
1, and the resulting crude product was directly used for the subsequent reaction.
[1008]

(Step 2)
3-{[(5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-Butyl(dimethyl)silyl]Joxy}-14-
(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-7-{1-[2-(1,3-dioxo0-1,3-
dihydro-2H-isoindol-2-yl)ethyl]-6-0x0-1,6-dihydro-9H-purin-9-yl1}-15-fluoro-2-oxo-
2-sulfanyl-10-sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A>,10A°-furo[ 3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-yl]oxy } propanenitrile

With use of the crude product obtained in step 1 above, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.22 g) as a mixture of diastereomers at the phosphorus atom.

MS(ESD)m/z: 1090(M+H)".

[1009]

(Step 3)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[1-(2-
aminoethyl)-6-o0xo0-1,6-dihydro-9H-purin-9-yl]-16- {[tert-butyl(dimethyl)silylJoxy} -
14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-15-fluoro-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-2)>,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 2 above (1.22 g), the reaction was
performed in the same manner as in step 6 of Example 45, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] to afford diastereomer 1 (108 mg: with
impurities) and diastereomer 2 (111 mg: with impurities) of the title compound.
Diastereomer 1 (less polar)

MS(ES)m/z: 907(M+H)".
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Diastereomer 2 (more polar)

MS(ESDm/z: 907(M+H)".

[1010]

(Step 4-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[ 1-(2-aminoethyl)-6-oxo-1,6-
dihydro-9H-purin-9-yl]-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-
yl)-15-fluoro-16-hydroxy-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-22°, 10A.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 3 above (diastereomer 1) (108 mg:
with impurities), the reaction was performed in the same manner as in step 11 of
Example 1, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 50% (0 min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (44.4 mg).

MS(ESDm/z: 793(M+H)".

'H-NMR (CD30D) §: 8.50 (1H, s), 8.42 (1H, s), 7.92 (1H, s), 7.56 (1H, s), 6.56 (1H,
d, J=16.3 Hz), 6.21 (1H, d, J=6.0 Hz), 5.57-5.40 (2H, m), 5.35-5.22 (1H, m), 4.73-
4.67 (1H, m), 4.58-4.49 (1H, m), 4.45-4.26 (4H, m), 4.24-4.15 (1H, m), 4.05-3.96
(1H, m), 3.78-3.51 (1H, m), 3.26-3.06 (4H, m), 2.93-2.82 (1H, m), 2.70-2.51 (1H,
m), 2.29-2.07 (2H, m).

3IP-NMR (CD30D) &: 57.5 (s), 52.9 (s).
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[1011]

(Step 4-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-[ 1-(2-aminoethyl)-6-oxo-1,6-
dihydro-9H-purin-9-yl]-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-
yl)-15-fluoro-16-hydroxy-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-22°, 101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 3 (diastereomer 2) (111 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and the purification was then performed under the following [Purification
Conditions] to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 20% - 60% (0 min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (40.6 mg).

MS(ESDm/z: 793(M+H)".

"H-NMR (CD3;O0D) &: 8.57 (1H, s), 8.41 (1H, s), 8.13 (1H, s), 7.72 (1H, s), 6.59 (1H,
dd, J=15.7, 1.8 Hz), 6.26 (1H, d, J=8.5 Hz), 5.61-5.34 (3H, m), 4.57-4.48 (2H, m),
4.48-4.38 (2H, m), 4.38-4.28 (2H, m), 4.08-3.98 (3H, m), 3.29-3.21 (2H, m), 3.20-
3.12 (2H, m), 3.02-2.92 (1H, m), 2.92-2.81 (1H, m), 2.29-2.15 (2H, m).

3IP-NMR (CD3OD) &: 58.7 (s), 57.8 (s).

[1012]

Example 60: Synthesis of CDN50
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N-(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-Dihydro-6-thia-2,3,5-

triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-

bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-21°,10)\.>-furo[3,2-

11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
5  purin-1-yl}ethyl)-2-hydroxyacetamide

[1013]
N
0 NN
HS-P o) —
O OH k{—oj,_N P
N4¢\N—‘<;;B-\ gf F
— O—P-SH
O N 1
N—7/ ©
HO S
,»N
o H
50
50a (Diastereomer 1)
50b (Diastereomer 2)
[1014]

[Synthesis Scheme]
10  [1015]

[1016]
(Step 1-1)
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Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo-1,6-dihydro-9H-purin-9-yl}-2,10-dioxooctahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 4-1 of Example 59 (20.0 mg), the
reaction was performed in the same manner as in step 1-1 of Example 7, and the
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% - 30%
(0 min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (15.6 mg).

MS(ESDm/z: 851(M+H)".

'H-NMR (CD3OD) §: 8.43 (1H, s), 8.40 (1H, brs), 7.66 (1H, brs), 7.58 (1H, s), 6.53
(1H, d, J=16.3 Hz), 6.14 (1H, d, J=8.5 Hz), 5.73-5.64 (1H, m), 5.59-5.42 (1H, m),
5.42-5.29 (1H, m), 4.80-4.74 (1H, m), 4.53-4.26 (5H, m), 4.21-4.12 (1H, m), 3.99-
3.92 (1H, m), 3.83 (2H, s), 3.66-3.56 (1H, m), 3.43-3.26 (2H, m), 3.23-3.06 (2H, m),
2.89-2.79 (1H, m), 2.49-2.33 (1H, m), 2.27-2.15 (1H, m), 2.15-2.02 (1H, m).
3IP-NMR (CD30D) &: 57.0 (s), 52.6 (s).

[1017]

(Step 1-2)
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Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-7-{1-[2-(2-
hydroxyacetamide)ethyl]-6-oxo-1,6-dihydro-9H-purin-9-yl}-2,10-dioxooctahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 4-2 of Example 59 (10.0 mg), the
reaction was performed in the same manner as in step 1-1 of Example 7, and the
purification was then performed under the following [Purification Conditions] to
afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 7% - 25% (0
min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (6.6 mg).

MS(ESDm/z: 851(M+H)".

'H-NMR (CD3OD) §: 8.46 (1H, s), 8.42 (1H, s), 7.84 (1H, s), 7.78 (1H, s), 6.59 (1H,
d, J=15.1 Hz), 6.20 (1H, d, J=7.9 Hz), 5.69-5.38 (3H, m), 4.60-4.50 (2H, m), 4.48-
4.38 (2H, m), 4.31-4.20 (2H, m), 4.10-3.93 (2H, m), 3.87 (2H, s), 3.73-3.57 (2H, m),
3.52-3.41 (1H, m), 3.25-3.10 (2H, m), 3.01-2.90 (1H, m), 2.83-2.71 (1H, m), 2.30-
2.11 (2H, m).

3IP-NMR (CD30D) &: 58.2 (s), 57.6 (s).

[1018]

Example 61: Synthesis of CDN51
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(5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-Amino-2-[(2-aminoethyl)amino]-9H-
purin-9-yl}-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)-15-fluoro-
16-hydroxy-2,10-bis(sulfanyl)octahydro-2H,10H,12H-5,8-methano-2A°,101.°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[1019]

O—P-SH
H,N N o
2 \N_/<
N
H O\ n H,
51
51a (Diastereomer 1)
51b (Diastereomer 2)
[1020]
[Synthesis Scheme]

[1021]
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[1022]
(Step 1)

With use of the compound obtained in step 16 of Example 58 (1.80 g), the
5  reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-phosphanyl]--
D-ribofuranosyl}-2,7,8,9-tetrahydro-6-thia-2,3,5-triazabenzo[cd]azulene. With use
of the obtained acetonitrile solution and the compound obtained in step 6 of Example
47 (3.10 g), the reaction was performed in the same manner as in step 8 of Example
10 1, and the resulting crude product was directly used for the subsequent reaction.

[1023]
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(Step 2)
2-(Trimethylsilyl)ethyl [2-({6-benzamido-9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-
16-{[tert-butyl(dimethyl)silyl]Joxy}-10-(2-cyanoethoxy)-14-(8,9-dihydro-6-thia-
2,3,5-triazabenzo[ cd]azulen-2(7H)-yl)- 15-fluoro-2-oxo-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°, 10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]carbamate
With use of the crude product obtained in step 1 above, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.83 g: with impurities).
MS(ESDm/z: 1222(M+H)".
[1024]
(Step 3)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-(6-amino-
2-{[2-({[2-(trimethylsilyl)ethoxy]carbonyl} amino)ethyl]amino } -9H-purin-9-yl)-16-
{[tert-butyl(dimethyl)silyl]oxy}-14-(8,9-dihydro-6-thia-2,3,5-triazabenzo[cd]azulen-
2(7H)-yl)-15-fluoro-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-2A>,101.-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
With use of the mixture obtained in step 2 above (1.83 g), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(151 mg: with impurities) and diastereomer 2 (103 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1065(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1065(M+H)".
[1025]
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(Step 4-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-14-(8,9-dihydro-6-thia-2,3,5-

triazabenzo[ cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxooctahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 1)

With use of the compound obtained in step 3 above (diastereomer 1) (151 mg:
with impurities), the reaction was performed in the same manner as in step 5 of
Example 40, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 2% - 30% (0
min - 30 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (10.6 mg).

MS(ESDm/z: 807(M+H)".

'H-NMR (CD3;0D) &: 8.39 (1H, s), 7.97 (1H, brs), 7.55 (1H, s), 6.51 (1H, d, J=16.3
Hz), 6.00-5.92 (1H, m), 5.83-5.65 (1H, m), 5.44 (1H, dd, J=52.0, 3.6 Hz), 5.34-5.20
(1H, m), 4.77 (1H, d, J=3.6 Hz), 4.49-4.31 (5H, m), 4.11-4.07 (1H, m), 3.28-2.72
(8H, m), 2.29-1.99 (2H, m).

3IP-NMR (CD30D) &: 57.3 (s), 52.3 (s).

[1026]

(Step 4-2)
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Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{6-amino-2-[(2-
aminoethyl)amino]-9H-purin-9-yl}-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxooctahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)
(Diastereomer 2)

With use of the compound obtained in step 3 above (diastereomer 2) (103 mg:
with impurities), the reaction was performed in the same manner as in step 5 of
Example 40, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% - 30%
(0 min - 30 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (12.1 mg).

MS(ESDm/z: 807(M+H)".

'H-NMR (CD3OD) §: 8.39 (1H, s), 7.95 (1H, brs), 7.82 (1H, s), 6.58 (1H, d, J=15.1
Hz), 6.00-5.95 (1H, m), 5.90-5.71 (1H, m), 5.40 (1H, dd, J=51.7, 3.3 Hz), 5.38-5.25
(1H, m), 4.53-4.39 (4H, m), 4.28-4.18 (2H, m), 4.10-4.05 (1H, m), 3.27-2.54 (8H,
m), 2.34-2.10 (2H, m).

3IP-NMR (CD30D) 8: 57.9 (s), 57.3 (s).

[1027]

Example 62: Synthesis of CDN52
(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-Fluoro-2,16-dihydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-10-sulfanyl-14-(6,7,8,9-tetrahydro-
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2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100>-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[1028]

el o
N__N 0 9 F

O—B—OH

o] N
N—7
o]
52

52a (Diastereomer 1)
52b (Diastereomer 2)

H

[1029]
[Synthesis Scheme]
[1030]
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[1031]
(Step 1)

With use of the compound obtained in step 8 of Example 44 (1.00 g), the
5  reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene. With use of the obtained acetonitrile solution and the
compound obtained in step 3 of Example 22 (1.13 g), the reaction was performed in
10 the same manner as in step 8 of Example 1, and the resulting crude product was

directly used for the subsequent reaction.
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[1032]
(Step 2)
2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-
2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
cyanoethoxy)-15-fluoro-2-hydroxy-2-oxo-10-sulfanylidencoctahydro-2H,10H,12H-
5,8-methano-22°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-
7-yl]-6-0x0-6,9-dihydro-1H-purin-1-yl}ethyl benzoate

A solution of the crude product obtained in step 1 above in pyridine (32.5 mL)
was concentrated to about 25 mL, and 2-chloro-5,5-dimethyl-1,3,2°-
dioxaphosphinan-2-one (945 mg) was then added thereto, and the reaction mixture
was stirred at room temperature for 30 minutes. Iodine (1.11 g) was added to the
reaction mixture, which was stirred for 1 hour. The reaction mixture was poured
into an aqueous solution (150 mL) of sodium hydrogen carbonate (4.30 g), and the
resultant was stirred for 30 minutes, and then subjected to extraction with ethyl
acetate. After the organic layer was dried over anhydrous sodium sulfate, the
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate/methanol] to afford the title compound (671 mg: with
impurities) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1136(M+H)".
[1033]
(Step 3)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-15-fluoro-7-[ 1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-

furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-olate
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With use of the compound obtained in step 2 above (671 mg), the reaction
was performed in the same manner as in step 10 of Example 1 to afford diastereomer
1 (55.6 mg: with impurities) and diastereomer 2 (65.7 mg: with impurities) of the
title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 875(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 875(M+H)".

[1034]

(Step 4-1)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-10-sulfide-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-
olate

(Diastereomer 1)

With use of the compound obtained in step 3 above (diastereomer 1) (55.6
mg: with impurities), the reaction was performed in the same manner as in step 11 of
Example 1, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 5% - 25% (0
min - 30 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to

afford the title compound (11.3 mg).
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MS(ESDm/z: 761(M+H)".

'"H-NMR (CD;0D) &: 8.55 (1H, m), 8.15 (1H, m), 8.03 (1H, s), 7.14 (1H, d, J=4.8
Hz), 6.46 (1H, d, J=18.1 Hz), 6.28 (1H, d, J=7.9 Hz), 5.50-5.29 (2H, m), 5.16-5.04
(1H, m), 4.74-4.69 (1H, m), 4.40-4.18 (6H, m), 4.13-4.07 (1H, m), 4.02-3.91 (1H,
m), 3.84-3.74 (2H, m), 3.53-3.43 (2H, m), 2.81-2.63 (2H, m), 2.02-1.85 (2H, m).
3IP-NMR (CDsOD) &: 53.4 (s), -0.86 (s).

[1035]

(Step 4-2)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-10-sulfide-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-
olate

(Diastereomer 2)

With use of the compound obtained in step 3 above (diastereomer 2) (65.7
mg: with impurities), the reaction was performed in the same manner as in step 11 of
Example 1, and the purification was then performed under the following
[Purification Conditions] to afford the title compound as a triethylamine salt.
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 3% - 20% (0
min - 30 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (23.5 mg).

MS(ESDm/z: 761(M+H)".
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'H-NMR (CD3OD) &: 8.58 (1H, d, J=3.0 Hz), 8.19 (1H, d, J=2.4 Hz), 8.03 (1H, s),
7.40 (1H, s), 6.49 (1H, dd, J=16.3, 1.8 Hz), 6.29 (1H, d, J=8.5 Hz), 5.51-5.22 (3H,
m), 4.59-4.55 (1H, m), 4.43-4.17 (5H, m), 4.14-4.01 (3H, m), 3.85-3.78 (2H, m),
3.51-3.44 (2H, m), 2.90-2.75 (2H, m), 1.99-1.90 (2H, m).

3IP-NMR (CD30D) 8: 59.7 (s), -0.75 (s).

[1036]

Example 63: Synthesis of CDN53
(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-Fluoro-10,16-dihydroxy-7-[1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2-sulfanyl-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2).°,101°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione
[1037]

O—P-SH
O N i
N— ©
HO
53
53a (Diastereomer 1)
[1038]

[Synthesis Scheme]
[1039]
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[1040]
(Step 1)

With use of the compound obtained in step 8 of Example 44 (1.02 g), the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene (acetonitrile solution A). The compound obtained in step
3 of Example 22 (1.23 g) was azeotropically dehydrated three times with dehydrated
acetonitrile (10 mL). After the last operation, about 7 mL of acetonitrile was

allowed to remain, and the molecular sieves 3A, 1/16 (5 pellet-like particles) were
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added thereto (acetonitrile solution B). Acetonitrile solution A and acetonitrile
solution B were mixed together, and the mixture was stirred under the nitrogen
atmosphere at room temperature for 15 minutes. A decane solution of tert-butyl
hydroperoxide (5.5 M, 0.50 mL) was added to the reaction mixture, which was
stirred for 40 minutes, and the reaction mixture was ice-cooled, to which an aqueous
solution (1.1 mL) of sodium thiosulfate pentahydrate (826 mg) was added, and the
reaction mixture was stirred for 10 minutes. Water (20 mL) was added to the
reaction mixture, which was subjected to extraction with a mixture of
dichloromethane-methanol. After the organic layer was dried over anhydrous
sodium sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. To a solution of the residue in
dichloromethane (15.9 mL), water (0.200 mL) and a solution of dichloroacetic acid
(1.00 mL) in dichloromethane (15.9 mL) were added in this order, and the reaction
mixture was stirred at room temperature for 15 minutes. After pyridine (11.0 mL)
was added to the reaction mixture to quench the reaction, the reaction mixture was
concentrated under reduced pressure. The resulting crude product was directly used
for the subsequent reaction.
[1041]
(Step 2)
N,N-Diethylethaneaminium (5R,7R,8R,12aR,14R,15R,15aR,16R)-7-{1-[2-
(benzoyloxy)ethyl]-6-oxo-1,6-dihydro-9H-purin-9-yl} -14-(6-benzoyl-6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-16-{[tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-15-fluoro-2,10-dioxooctahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2-thiolate

The crude product obtained in step 1 was reacted in the same manner as in

step 9 of Example 1 to afford the title compound (122 mg: with impurities).
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MS(ESDm/z: 1136(M+H)".
[1042]
(Step 3)
(5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-Butyl(dimethyl)silylJoxy}-15-fluoro-
10-hydroxy-7-[ 1-(2-hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2-sulfanyl-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

With use of the compound obtained in step 2 above (122 mg, with impurities),
the reaction was performed in the same manner as in step 10 of Example 1, and the
resulting crude product was directly used for the subsequent reaction.
MS(ESDm/z: 875(M+H)".
[1043]
(Step 4)
Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[ 1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-2-sulfide-14-(6,7,8,9-
tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-2H,10H,12H-5,8-
methano-2A°,10A%-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-
olate

With use of the crude product obtained in step 3 above, the reaction was
performed in the same manner as in step 11 of Example 1, and the resultant was then
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 2% - 30% (0 min - 30 min)] to afford the title
compound as a triethylamine salt. The obtained triethylamine salt was subjected to
salt exchange in the same manner as in [Conversion to Sodium Salt] described in
step 11 of Example 1 to afford the title compound (30 mg).
MS(ESDm/z: 761(M+H)".
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'H-NMR (CD3OD) §: 8.58 (1H, s), 8.12 (1H, s), 8.02 (1H, s), 7.13 (1H, s), 6.47 (1H,
d, J=18.1 Hz), 6.27 (1H, d, J=8.5 Hz), 5.41 (1H, dd, J=51.7, 3.9 Hz), 5.29-5.16 (2H,
m), 4.58-4.52 (2H, m), 4.36-4.17 (5H, m), 4.05-3.90 (2H, m), 3.82-3.71 (2H, m),
3.52-3.43 (2H, m), 2.76-2.63 (2H, m), 2.02-1.85 (2H, m).

3IP-NMR (CD30D) &: 58.0 (s), -0.97 (s).

[1044]

Example 64: Synthesis of CDN54
(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-Fluoro-2,10,16-trihydroxy-7-[1-(2-
hydroxyethyl)-6-oxo-1,6-dihydro-9H-purin-9-yl]-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-21°,101°-
furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-dione

[1045]

54
[1046]

[Synthesis Scheme]
[1047]
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[1048]
(Step 1)

With use of the compound obtained in step 8 of Example 44 (1.00 g) and the
compound obtained in step 3 of Example 22 (1.13 g), the reaction was performed in
the same manner as in step 1 of Example 63, and the resulting crude product was
directly used for the subsequent reaction.

[1049]
(Step 2)
2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-Benzoyl-6,7,8,9-tetrahydro-2H-

2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16-{[tert-butyl(dimethyl)silyl]oxy}-10-(2-
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cyanoethoxy)- 15-fluoro-2-hydroxy-2,10-dioxooctahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-oxo-
6,9-dihydro-1H-purin-1-yl}ethyl benzoate

With use of the crude product obtained in step 1 above, the reaction was
performed in the same manner as in step 2 of Example 62 to afford the title
compound (602 mg: with impurities) as a mixture of diastereomers at the phosphorus
atom.

MS(ESDm/z: 1120(M+H)".

[1050]

(Step 3)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silyl]oxy}-15-fluoro-7-[1-(2-hydroxyethyl)-6-oxo-1,6-dihydro-9H-
purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(olate)

With use of the compound obtained in step 2 above (602 mg), the reaction
was performed in the same manner as in step 10 of Example 1 to afford the title
compound (90.8 mg: with impurities).

MS(ESDm/z: 859(M+H)".

[1051]

(Step 4)

Disodium (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-7-[1-(2-
hydroxyethyl)-6-oxo0-1,6-dihydro-9H-purin-9-yl]-2,10-dioxo-14-(6,7,8,9-tetrahydro-
2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)octahydro-2H,10H,12H-5,8-methano-
2)°,100°-furo[3,2-1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-

bis(olate)
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With use of the compound obtained in step 3 above (90.8 mg: with
impurities), the reaction was performed in the same manner as in step 11 of Example
1, and the purification was then performed under the following [Purification
Conditions] to afford the title compound as a triethylamine salt.

[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 1% - 20% (0
min - 40 min)].

The obtained triethylamine salt was subjected to salt exchange in the same
manner as in [Conversion to Sodium Salt] described in step 11 of Example 1 to
afford the title compound (40.4 mg).

MS(ESDm/z: 745(M+H)".

'H-NMR (CD;OD) &: 8.56 (1H, s), 8.19 (1H, s), 8.03 (1H, s), 7.10 (1H, s), 6.46 (1H,
d, J=18.7 Hz), 6.31 (1H, d, J=8.5 Hz), 5.51-5.32 (1H, m), 5.24-5.01 (2H, m), 4.61-
4.56 (1H, m), 4.41-4.21 (5H, m), 4.21-3.97 (3H, m), 3.87-3.75 (2H, m), 3.54-3.41
(2H, m), 2.83-2.67 (2H, m), 2.02-1.85 (2H, m).

3IP-NMR (CDs0D) &: -0.59 (s), -0.81 (s).

[1052]

Example 65: Synthesis of Drug-Linker 5

[Synthesis Scheme]

[1053]
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Drug-linker 5
[1054]
(Step 1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15,16-

5  bis{[tert-butyl(dimethyl)silylJoxy }-7-(6- {[(glycylamino)methoxy]methyl } -9H-purin-
9-y1)-2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo|[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 7 of Example 17 (diastereomer 2)
10 (80.6 mg), the reaction was performed in the same manner as in step 7-1 of Example
22 to afford the title compound (66.1 mg: with impurities).
MS(ESDm/z: 1059(M+H)".
[1055]
(Step 2)
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Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aS,16R)-7-(6-
{[(glycylamino)methoxy]methyl}-9H-purin-9-yl)-15,16-dihydroxy-2,10-dioxo-14-
(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 1 above (66.1 mg), the reaction
was performed in the same manner as in step 8-1 of Example 22 to afford the title
compound (40.4 mg: with impurities).

MS(ESDm/z: 831(M+H)".

[1056]

(Step 3)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[({9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-6-
yl}methoxy)methyl]glycinamide

(Drug-Linker 5)

With use of the compound obtained in step 2 above (40.4 mg), the reaction
was performed in the same manner as in step 9-1 of Example 22, and the resultant
was then purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 10% - 45%
(0 min - 30 min)] to afford the title compound (5.0 mg).

MS(ESDm/z: 1379(M+H)".
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'H-NMR (CD3;0D) &: 9.17 (1H, s), 8.83 (1H, d, J=4.8 Hz), 8.01 (1H, d, J=3.6 Hz),

7.63-7.45 (2H, m), 7.40-7.34 (3H, m), 7.29-7.12 (8H, m), 7.09 (1H, s), 6.47 (1H, d,

J=8.5 Hz), 6.31 (1H, d, J=6.7 Hz), 5.56-5.47 (2H, m), 5.05-4.91 (4H, m), 4.88-4.73

(3H, m), 4.57-4.30 (5H, m), 4.09-4.01 (1H, m), 4.00-3.55 (9H, m), 3.52-3.45 (2H,
5 m),3.18 (12H, q, J=7.3 Hz), 3.02-2.94 (1H, m), 2.90-2.71 (3H, m), 2.35-2.20 (2H,

m), 2.04-1.92 (3H, m), 1.27 (18H, t, J=7.3 Hz).

[1057]

Example 66: Synthesis of Drug-Linker 6

[Synthesis Scheme]
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N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
phenylalanyl-N-({2-[(2,5-dioxopyrrolidin-1-yl)oxy]-2-
oxoethoxy} methyl)glycinamide

To a solution of {[(N-{[(9H-fluoren-9-
yl)methoxy]carbonyl} glycyl)amino]methoxy}acetic acid (955 mg) as a compound
known in the literature (WO 2014/057687) in N,N-dimethylformamide (8.0 mL),
1,8-diazabicyclo[5.4.0]-7-undecene (0.74 mL) was added, and the reaction mixture
was stirred at room temperature for 1 hour (reaction mixture A). To a solution of
the compound obtained in step 10 of Example 22 (938 mg) in N,N-
dimethylformamide (8.0 mL), N-hydroxysuccinimide (229 mg) and 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (380 mg) were added, and the
reaction mixture was stirred at room temperature for 50 minutes (reaction mixture
B). Reaction mixture A was added to reaction mixture B, and the resultant was
stirred at room temperature for 1 hour. Dichloromethane (50 mL) and 10% aqueous
solution of citric acid (10 mL) were added to the reaction mixture, which was
subjected to extraction with dichloromethane. The organic layer was washed with
brine, and then dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [chloroform/(lower
layer of chloroform/methanol/water = 7:3:1)]. To a solution of the compound
obtained in N,N-dimethylformamide (8.0 mL), N-hydroxysuccinimide (229 mg) and
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (380 mg) were
added, and the reaction mixture was stirred at room temperature for 30 minutes.
Dichloromethane (100 mL) and water (25 mL) were added to the reaction mixture,
which was subjected to extraction with dichloromethane. The organic layer was
washed with brine, and then dried over anhydrous sodium sulfate. The drying agent

was removed through filtration, and the filtrate was concentrated under reduced
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pressure. The residue was purified by silica gel column chromatography
[chloroform/methanol]. Fractions containing the targeted product was concentrated
under reduced pressure, and diethyl ether was added to the residue to make a slurry.
The obtained solid was collected through filtration to give the title compound (412
mg).

'H-NMR (DMSO-ds) 8: 8.72 (1H, m), 8.32 (1H, m), 8.17-7.96 (3H, m), 7.71-7.15
(13H, m), 5.01 (1H, d, J=13.9 Hz), 4.70-4.48 (5H, m), 3.81-3.51 (7H, m), 3.05 (1H,
dd, J=14.2, 3.9 Hz), 2.83 (4H, s), 2.80 (1H, m), 2.64 (1H, m), 2.28 (1H, m), 2.07
(1H, m), 1.79 (1H, m).

[1060]

(Step 2)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-({2-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)amino]-2-oxoethoxy } methyl)glycinamide

(Drug-Linker 6)

With use of the compound obtained in step 8-2 of Example 5 (20.0 mg) and
the compound obtained in step 1 above (23.7 mg), the reaction was performed in the
same manner as in step 4 of Example 21, and the resultant was then purified by C18
silica gel column chromatography [10 mM aqueous solution of triethylammonium
acetate/acetonitrile], preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 20% - 45% (0 min - 40 min)],

and preparative HPLC [10 mM aqueous solution of triethylammonium
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acetate/methanol, methanol: 30% - 80% (0 min - 40 min)] to afford the title
compound (14.1 mg).

MS(ESDm/z: 1466(M+H)".

'H-NMR (CD30D) §: 8.74-8.69 (1H, m), 8.17-8.12 (1H, m), 8.04-7.96 (1H, m),

5 7.65-7.13 (13H, m), 7.13-7.04 (1H, m), 6.33-6.23 (2H, m), 5.50-5.31 (2H, m), 5.07-
4.94 (2H, m), 4.85-4.76 (1H, m), 4.71-4.26 (10H, m), 4.18-3.53 (13H, m), 3.53-3.33
(3H, m), 3.19 (12H, q, J=7.3 Hz), 3.05-2.92 (1H, m), 2.91-2.70 (3H, m), 2.40-2.20
(2H, m), 2.07-1.87 (2H, m), 1.29 (18H, t, J=7.3 Hz).

[1061]

10 Example 67: Synthesis of Drug-Linker 7
[Synthesis Scheme]
[1062]
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[1063]
(Step 1)
[(N-{[(9H-Fluoren-9-yl)methoxy]carbonyl } -L-isoleucyl)amino |methyl acetate

To a mixture of commercially available (Iris Biotech GmbH) N-{[(9H-
fluoren-9-yl)methoxy]carbonyl}-L-isoleucylglycine (2.50 g) in tetrahydrofuran (45
mL)-toluene (15 mL), pyridine (0.588 mL) and lead tetraacetate (3.24 g) were added
at room temperature, and the reaction mixture was stirred at 65°C for 3 hours. The
reaction mixture was diluted with ethyl acetate, and washed with water and brine in
this order. After the organic layer was dried over anhydrous sodium sulfate, the
drying agent was removed through filtration, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
[hexane/ethyl acetate] to afford the title compound (2.06 g).
MS(ESDm/z: 447(M+Na)".
'H-NMR (CDCls) &: 7.77 (2H, d, J=7.9 Hz), 7.58 (2H, d, J=7.3 Hz), 7.40 (2H, t,
J=7.3 Hz), 7.32 (2H, td, J=7.6, 1.2 Hz), 6.97-6.92 (1H, br m), 5.32-5.20 (3H, m),
4.47-4.37 (2H, m), 4.21 (1H, t, J=6.7 Hz), 4.05-4.01 (1H, m), 2.04 (3H, s), 1.92-1.84
(1H, br m), 1.51-1.41 (1H, br m), 1.17-1.07 (1H, br m), 0.93-0.89 (6H, m).
[1064]
(Step 2)
Benzyl {[(N-{[(9H-fluoren-9-yl)methoxy]carbonyl}-L-
isoleucyl)amino]methoxy }acetate

To a suspension of the compound obtained in step 1 above (2.06 g) in
tetrahydrofuran (48 mL), benzyl glycolate (1.38 mL) and p-toluenesulfonic acid
monohydrate (92.3 mg) were added at 0°C, and the reaction mixture was stirred at
room temperature for 4 hours. The reaction mixture was diluted with ethyl acetate
and washed with saturated sodium hydrogen carbonate water, and the aqueous layer

was then subjected to extraction with ethyl acetate. The organic layer was together
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washed with brine, and dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography [hexane/ethyl acetate]
to afford the title compound (1.72 g).
MS(ESDm/z: 553(M+Na)".
'H-NMR (CDCl3) &: 7.76 (2H, d, J=7.9 Hz), 7.58 (2H, d, J=7.3 Hz), 7.42-7.29 (9H,
m), 6.74-6.69 (1H, br m), 5.24-5.21 (1H, br m), 5.17 (2H, s), 4.86 (2H, d, J=6.7 Hz),
4.48-4.39 (2H, m), 4.23-4.19 (3H, m), 4.04-4.00 (1H, m), 1.95-1.87 (1H, br m), 1.50-
1.41 (1H, br m), 1.15-1.07 (1H, br m), 0.93-0.89 (6H, m).
[1065]
(Step 3)
N-[(Benzyloxy)carbonyl]glycylglycyl-L-prolyl-N-{[2-(benzyloxy)-2-
oxoethoxy]methyl}-L-isoleucinamide

To a suspension of the compound obtained in step 2 above (1.72 g) in
acetonitrile (40 mL), 1,8-diazabicyclo[5.4.0]-7-undecene (0.290 mL) was added at
room temperature, and the reaction mixture was stirred for 1 hour (reaction mixture
A). To a suspension of commercially available N-
[(benzyloxy)carbonyl|glycylglycyl-L-proline (1.41 g) in acetonitrile (20 mL), 3H-
[1,2,3]triazolo[4,5-b]pyridin-3-ol (529 mg), 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (746 mg), and N,N-diisopropylethylamine (0.678 mL)
were added at room temperature, and the reaction mixture was stirred for 1 hour.
This reaction mixture was added to reaction mixture A above at room temperature,
and the resultant was stirred for 6 hours, and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
[chloroform/methanol] to afford the title compound (1.56 g).

MS(ESDm/z: 676(M+Na)".
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'H-NMR (CD3;0D) &: 7.37-7.27 (10H, m), 5.17 (2H, s), 5.09 (2H, s), 4.82-4.70 (2H,
m), 4.56-4.44 (1H, m), 4.17-4.14 (3H, m), 4.07-3.96 (2H, m), 3.83-3.82 (2H, m),
3.64-3.48 (2H, m), 2.34-1.78 (5H, m), 1.61-1.51 (1H, m), 1.25-1.13 (1H, m), 0.95-
0.87 (6H, m).
[1066]
(Step 4)
Glycylglycyl-L-prolyl-N-[(carboxymethoxy)methyl]-L-isoleucinamide

To a mixture of the compound obtained in step 3 above (1.56 g) in methanol
(8 mL)-tetrahydrofuran (24 mL)-dichloromethane (8 mL), 10% palladium-carbon
(M) wet (1.4 g) was added, and the reaction mixture was stirred under the hydrogen
atmosphere at room temperature for 23 hours. A mixture of
methanol/tetrahydrofuran (1:1) (50 mL) was added to the reaction mixture, which
was filtered with a Celite. The Celite was washed with a mixture of
methanol/tetrahydrofuran (1:1).  After the filtrate was concentrated under reduced
pressure, methanol (20 mL), tetrahydrofuran (20 mL), and 10% palladium-carbon
(M) wet (1.0 g) were added to the residue, and the reaction mixture was stirred under
the hydrogen atmosphere at room temperature for 3 hours. The reaction mixture
was filtered with a Celite, and the Celite was then washed with
methanol/tetrahydrofuran (1:1). The filtrate was concentrated under reduced
pressure to afford a crude form of the title compound (1.02 g).
MS(ESm/z: 430(M+H)".
[1067]
(Step 5)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
prolyl-N-[(carboxymethoxy)methyl]-L-isoleucinamide

To a solution of the compound obtained in step 4 above (1.02 g) in N,N-

dimethylformamide (24 mL), 1-{[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-
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4-oxobutanoyl]oxy}pyrrolidine-2,5-dione (956 mg) and N,N-diisopropylethylamine
(0.496 mL) were added, and the reaction mixture was stirred at room temperature for
1 hour. The reaction mixture was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography [chloroform/methanol].
Fractions containing the targeted product were concentrated under reduced pressure,
and ethyl acetate was added to the residue to solidify. The obtained solid was
collected through filtration to give the title compound (1.06 g).
MS(ESDm/z: 739(M+Na)",715(M-H)".
'H-NMR (CD30D) §: 7.64-7.59 (2H, m), 7.48-7.44 (3H, m), 7.38-7.23 (3H, m),
5.15-5.12 (1H, m), 4.74-4.70 (2H, m), 4.64-4.48 (1H, m), 4.25-4.18 (1H, m), 4.11-
3.96 (3H, m), 3.91-3.85 (1H, m), 3.78-3.57 (5H, m), 2.84-2.75 (1H, m), 2.39-2.16
(3H, br m), 2.08-1.84 (5H, br m), 1.61-1.52 (1H, br m), 1.23-1.15 (1H, br m), 0.96-
0.87 (6H, m).
[1068]
(Step 6)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
prolyl-N-({2-[(2,5-dioxopyrrolidin-1-yl)oxy]-2-oxoethoxy } methyl)-L-
isoleucinamide

To a suspension of the compound obtained in step 5 above (1.06 g) in N,N-
dimethylformamide (16 mL), N-hydroxysuccinimide (187 mg) and 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (312 mg) were added, and the
reaction mixture was stirred at room temperature for 16 hours. The reaction
mixture was diluted with chloroform, and washed three times with water. After the
organic layer was dried over anhydrous sodium sulfate, the drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
Ethyl acetate was added to the residue, and the obtained solid was collected through

filtration. To the solid collected through filtration, diethyl ether was added to make
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a slurry, and the solid was then collected through filtration to give the title compound
(767 mg).

MS(ESDm/z: 836(M+Na)".

'H-NMR (CD30D) §: 7.68-7.56 (2H, m), 7.48-7.44 (3H, m), 7.38-7.23 (3H, m),
5.15-5.12 (1H, m), 4.83-4.70 (2H, m), 4.64-4.50 (3H, m), 4.24-3.55 (8H, m), 2.83-
2.76 (5H, m), 2.38-2.18 (3H, m), 2.11-1.84 (5H, br m), 1.60-1.52 (1H, m), 1.25-1.13
(1H, m), 0.98-0.87 (6H, m).

[1069]

(Step 7)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-prolyl-N-({2-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)amino]-2-oxoethoxy} methyl)-L-isoleucinamide

(Drug-Linker 7)

With use of the compound obtained in step 8-2 of Example 5 (20.0 mg) and
the compound obtained in step 6 above (20.9 mg), the reaction was performed in the
same manner as in step 4 of Example 21, and the resultant was then purified by C18
silica gel column chromatography [10 mM aqueous solution of triethylammonium
acetate/acetonitrile], preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 20% - 45% (0 min - 40 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/methanol, methanol: 30% - 80% (0 min - 40 min)] to afford the title
compound (11.9 mg).

MS(ESDm/z: 1472(M+H)"



- 551 -

"H-NMR (CD3;OD) §: 8.71 (1H, brs), 8.19-8.13 (1H, m), 8.02 (1H, s), 7.64-7.56 (2H,
m), 7.48-7.41 (3H, m), 7.37-7.08 (4H, m), 6.34-6.23 (2H, m), 5.48-5.36 (2H, m),
5.16-5.08 (1H, m), 4.98-4.55 (6H, m), 4.52-4.15 (7H, m), 4.07-3.81 (6H, m), 3.80-
3.45 (8H, m), 3.19 (12H, q, J=7.3 Hz), 2.93-2.85 (2H, m), 2.85-2.71 (1H, m), 2.45-
2.30 (1H, m), 2.30-2.11 (2H, m), 2.08-1.83 (6H, m), 1.66-1.45 (1H, m), 1.29 (18H, t,
J=7.3 Hz), 1.28-1.10 (1H, m), 1.01-0.85 (7H, m).

[1070]

Example 68: Synthesis of Drug-Linker 8

[Synthesis Scheme]
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Drug-linker 8
[1072]
(Step 1)

N-(tert-Butoxycarbonyl)glycylglycyl-L-valyl-L-alanine
To a solution of commercially available (Chemfun Medical Technology

(Shanghai) Co., Ltd.) N-(tert-butoxycarbonyl)glycylglycine (5.00 g) and N-
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hydroxysuccinimide (2.97 g) in N,N-dimethylformamide (50 mL), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (4.95 g) was added under the
nitrogen atmosphere at 0°C, and the temperature was increased to room temperature
and the reaction mixture was stirred for 1 hour. Triethylamine (3.6 mL) and
commercially available (KOKUSAN CHEMICAL Co., Ltd.) L-valyl-L-alanine (4.05
g) were added to the reaction mixture, which was stirred at the same temperature for
6 hours. The reaction mixture was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography
[dichloromethane/methanol]. Fractions containing the targeted product was
concentrated under reduced pressure, and diethyl ether was added thereto to make a
slurry.  The obtained solid was collected through filtration to give the title
compound (4.99 g).
MS(ESI)m/z: 401(M-H)".
'H-NMR (DMSO-ds) 8: 12.43 (1H, br), 8.27 (1H, d, J=6.8 Hz), 7.92 (1H, t, J=5.4
Hz), 7.79 (1H, d, J=9.3 Hz), 6.99 (1H, t, J=5.9 Hz), 4.19 (1H, t, J=8.1 Hz), 4.13 (1H,
m), 3.73 (2H, d, J=5.4 Hz), 3.52 (2H, d, J=5.9 Hz), 1.92 (1H, dd, m), 1.35 (9H, s),
1.24 (3H, d, J=7.3 Hz), 0.85 (3H, d, J=6.3 Hz), 0.79 (3H, d, J=6.8 Hz).
[1073]
(Step 2)
N-(Azaniumylacetyl)glycyl-L-valyl-L-alanine trifluoroacetate

With use of the compound obtained in step 1 above (1.00 g), the reaction was
performed in the same manner as in step 1 of Example 21 to afford a crude form of
the title compound (1.10 g).
MS(ESI)m/z: 301(M-H)".
"H-NMR (DMSO-de) &: 12.49 (1H, br), 8.54 (1H, t, J=5.6 Hz), 8.34 (1H, d, J=6.8
Hz), 8.03 (1H, d, J=9.3 Hz), 8.00 (3H, brs), 4.24 (1H, dd, J=8.8, 6.8 Hz), 4.17 (1H,
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m), 3.93-3.84 (2H, m), 3.62-3.58 (2H, m), 1.96 (1H, m), 1.27 (3H, d, J=7.3 Hz), 0.89
(3H, d, J=6.8 Hz), 0.84 (3H, d, J=6.8 Hz).
[1074]
(Step 3)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]|glycylglycyl-L-
valyl-L-alanine

With use of the compound obtained in step 2 above (861 mg), the reaction
was performed in the same manner as in step 2 of Example 21 to afford the title
compound (737 mg).
MS(ESDm/z: 590(M+H)".
"H-NMR (DMSO-ds) 8: 12.46 (1H, s), 8.28 (1H, t, J=8.1 Hz), 8.18 (1H, t, J=5.9 Hz),
8.13 (0.5H, t, J=5.6 Hz), 8.04 (0.5H, t, J=5.9 Hz), 7.99 (0.5H, t, J=5.9 Hz), 7.73
(0.5H, d, J=1.5 Hz), 7.67 (1H, m), 7.61 (1H, m), 7.53-7.44 (3H, m), 7.40-7.28 (3H,
m), 5.03 (0.5H, d, J=6.3 Hz), 5.00 (0.5H, d, J=6.3 Hz), 4.21 (1H, dd, J=9.0, 7.1 Hz),
4.18-4.08 (1H, m), 3.78-3.67 (2H, m), 3.65-3.55 (3H, m), 2.72-2.59 (1H, m), 2.28
(1H, d, J=7.8 Hz), 2.09-2.03 (1H, m), 1.99-1.91 (1H, m), 1.79 (1H, m), 1.25 (1.5H, d,
J=5.4 Hz), 1.24 (1.5H, d, J=5.4 Hz), 0.87 (3H, d, J=6.8 Hz), 0.82-0.79 (3H, m).
[1075]
(Step 4)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-valyl-L-alaninate

With use of the compound obtained in step 3 above (260 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (84 mg).
MS(ESDm/z: 687(M+H)".
"H-NMR (DMSO-ds) 8: 8.73 (1H, t, J=7.0 Hz), 8.18 (0.5H, t, J=5.7 Hz), 8.12 (0.5H,
t, J=5.7 Hz), 8.04 (0.5H, t, J=5.7 Hz), 7.98 (0.5H, t, J=5.7 Hz), 7.84-7.60 (3H, m),
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7.52-7.44 (3H, m), 7.40-7.28 (3H, m), 5.03 (0.5H, d, J=6.0 Hz), 5.00 (0.5H, d, J=6.0
Hz), 4.69-4.58 (1H, m), 4.22 (1H, t, J=7.6 Hz), 3.80-3.54 (5H, m), 2.80 (4H, s), 2.73-
2.59 (1H, m), 2.34-2.24 (1H, m), 2.11-2.02 (1H, m), 1.99-1.91 (1H, m), 1.79 (1H,
m), 1.45 (1.5H, d, J=3.6 Hz), 1.43 (1.5H, d, J=3.6 Hz), 0.85 (3H, d, J=6.7 Hz), 0.83-
0.79 (3H, m).

[1076]

(Step 5)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-valyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-alaninamide

(Drug-Linker 8)

With use of the compound obtained in step 8-2 of Example 8 (5.3 mg) and the
compound obtained in step 4 above (4.5 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 25% - 35% (0 min - 30 min)] to afford the title compound (5.1 mg).
MS(ESDm/z: 1359(M+H)".

'H-NMR (CD3OD) &: 8.37 (1H, brs), 8.02 (1H, s), 7.66-7.13 (9H, m), 6.33 (1H, d,
J=6.7 Hz), 6.13 (1H, d, J=9.1 Hz), 5.49-5.42 (2H, m), 5.13-5.04 (1H, m), 4.83-4.80
(1H, m), 4.51-3.63 (14H, m), 3.51-3.37 (4H, m), 3.14 (12H, q, J=7.3 Hz), 2.90-2.72
(5H, m), 2.36-1.96 (6H, m), 1.34-1.25 (21H, m), 0.98-0.86 (6H, m).

[1077]

Example 69: Synthesis of Drug-Linker 9
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[Synthesis Scheme]
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[1079]
(Step 1)

N-(Azaniumylacetyl)glycyl-L-prolyl-L-isoleucine trifluoroacetate

With use of commercially available (Hangzhou Peptide Biochem Co., Ltd.)
N-(tert-butoxycarbonyl)glycylglycyl-L-prolyl-L-isoleucine (1.00 g), the reaction was
performed in the same manner as in step 1 of Example 21 to afford a crude form of
the title compound (1.02 g).
MS(ESDm/z: 343(M+H)".
"H-NMR (DMSO-ds) 8: 12.61 (1H, s), 8.51 (0.7H, t, J=5.1 Hz), 8.48 (0.3H, t, J=4.9
Hz), 8.35 (0.3H, d, J=8.8 Hz), 8.05 (0.7H, d, J=8.3 Hz), 7.99 (3H, brs), 4.55 (0.3H,
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dd, J=8.3, 2.4 Hz), 4.46 (0.7H, dd, J=8.8, 2.9 Hz), 4.23 (0.3H, dd, J=8.5, 5.6 Hz),
4.15 (0.7H, dd, J=8.3, 5.9 Hz), 4.06 (0.7H, dd, J=17.6, 5.4 Hz), 3.99-3.95 (1H, m),
3.63-3.36 (4.3H, m), 2.28-2.20 (0.3H, m), 2.07-2.00 (0.7H, m), 1.96-1.74 (4H, m),
1.46-1.36 (1H, m), 1.26-1.13 (1H, m), 0.89-0.83 (6H, m).
[1080]
(Step 2)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
prolyl-L-isoleucine

With use of the compound obtained in step 1 above (1.02 g), the reaction was
performed in the same manner as in step 2 of Example 21 to afford the title
compound (993 mg).
MS(ESDm/z: 630(M+H)".
"H-NMR (DMSO-ds) 8: 12.57 (1H, s), 8.30 (0.3H, dd, J=8.5, 3.6 Hz), 8.14-8.06 (1H,
m), 8.00 (0.7H, d, J=7.9 Hz), 7.88-7.80 (1H, m), 7.70-7.66 (1H, m), 7.63-7.60 (1H,
m), 7.53-7.27 (6H, m), 5.04 (0.7H, d, J=14.5 Hz), 5.02 (0.3H, d, J=14.5 Hz), 4.56
(0.3H, dd, J=8.5, 2.4 Hz), 4.47-4.43 (0.7H, m), 4.20 (0.3H, dd, J=8.2, 5.7 Hz), 4.12
(0.7H, m), 3.99-3.36 (7H, m), 2.68-2.58 (1H, m), 2.34-2.18 (1.3H, m), 2.09-1.74
(6.7H, m), 1.44-1.34 (1H, m), 1.25-1.12 (1H, m), 0.87-0.80 (6H, m).
[1081]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-prolyl-L-isoleucinate

With use of the compound obtained in step 2 above (300 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (287 mg).
MS(ESDm/z: 727(M+H)".
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'H-NMR (DMSO-ds) 8: 8.77-8.67 (0.3H, m), 8.50 (0.5H, d, J=8.3 Hz), 8.31 (0.2H,
m), 8.10-8.04 (1H, m), 7.88-7.79 (1H, m), 7.68-7.57 (2H, m), 7.49-7.26 (6H, m),
5.01 (1H, d, J=14.2 Hz), 4.80-4.42 (2H, m), 3.97-3.84 (1H, m), 3.79-3.34 (6H, m),
2.78 (4H, s), 2.64-2.57 (1H, m), 2.30-1.74 (8H, m), 1.56-1.17 (2H, m), 1.00-0.80
(6H, m).

[1082]

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-prolyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-isoleucinamide

(Drug-Linker 9)

With use of the compound obtained in step 8-2 of Example 8 (51.8 mg) and
the compound obtained in step 3 above (36.9 mg), the reaction was performed in the
same manner as in step 1 of Example 23, and the resultant was then purified by
preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 20% - 35% (0 min - 30 min)] to afford the title
compound (62.5 mg).

MS(ESDm/z: 1397(M-H)'.

[1083]

Example 70: Synthesis of Drug-Linker 10
[Synthesis Scheme]

[1084]
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Drug-linker 10

[1085]
(Step 1)
N-(Azaniumylacetyl)glycyl-L-phenylalanyl-L-methionine trifluoroacetate

With use of commercially available (Hangzhou Peptide Biochem Co., Ltd.)
N-(tert-butoxycarbonyl)glycylglycyl-L-phenylalanyl-L-methionine (1.00 g), the
reaction was performed in the same manner as in step 1 of Example 21 to afford a
crude form of the title compound (1.19 g).
MS(ESDm/z: 411(M+H)".
"H-NMR (DMSO-ds) &: 8.48 (1H, t, J=5.4 Hz), 8.41 (1H, d, J=7.8 Hz), 8.27 (1H, d,
J=8.3 Hz), 7.97 (3H, m), 7.28-7.18 (5H, m), 4.58 (1H, m), 4.32 (1H, m), 3.85 (1H,
dd, J=17.1, 5.9 Hz), 3.68 (1H, dd, J=16.6, 5.4 Hz), 3.56 (2H, m), 3.04 (1H, dd,
J=13.9, 3.7 Hz), 2.74 (1H, dd, J=13.7, 10.3 Hz), 2.47 (1H, m), 2.05 (3H, s), 2.00 (1H,
m), 1.88 (1H, m), 1.48 (1H, d, J=10.3 Hz). (only observable peaks are shown)
[1086]
(Step 2)
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N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
phenylalanyl-L-methionine

With use of the compound obtained in step 1 above (1.03 g), the reaction was
performed in the same manner as in step 2 of Example 21 to afford the title
compound (652 mg).
MS(ESDm/z: 698(M+H)".
"H-NMR (DMSO-ds) 8: 12.67 (1H, brs), 8.28 (0.7H, d, J=7.9 Hz), 8.25 (0.3H, d,
J=7.9 Hz), 8.17 (0.7H, t, J=5.7 Hz), 8.10 (0.3H, t, J=5.7 Hz), 8.04-7.93 (2H, m),
7.73-7.15 (13H, m), 5.00 (1H, d, J=13.9 Hz), 4.56-4.49 (1H, m), 4.35-4.28 (1H, m),
3.74-3.49 (5H, m), 3.03 (1H, dd, J=13.9, 3.6 Hz), 2.79-2.22 (5H, m), 2.11-1.76 (4H,
m), 2.02 (2.1H, s), 2.02 (0.9H, s).
[1087]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-phenylalanyl-L-methioninate

With use of the compound obtained in step 2 above (201 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (95 mg).
MS(ESDm/z: 795(M+H)".
"H-NMR (DMSO-ds) 3: 8.84-8.59 (1H, m), 8.17-7.96 (3H, m), 7.72-7.15 (13H, m),
5.01 (0.55H, d, J=14.5 Hz), 5.00 (0.45H, d, J=13.9 Hz), 4.86-4.74 (1H, m), 4.56-4.48
(1H, m), 3.75-3.50 (5H, m), 3.05-2.52 (6H, m), 2.82 (4H, brs), 2.33-1.73 (4H, m),
2.05 (3H, s).
[1088]
(Step 4)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-

yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[2-({6-amino-9-
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[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-methioninamide

(Drug-Linker 10)

With use of the compound obtained in step 8-2 of Example 8 (6.0 mg) and the
compound obtained in step 3 above (5.5 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 40% (0 min - 30 min)] to afford the title compound (2.0 mg).
MS(ESD)m/z: 1467(M+H)".

'H-NMR (CD;0D) &: 8.23 (1H, brs), 7.93 (1H, s), 7.54-7.07 (14H, m), 6.23 (1H, d,
J=6.7 Hz), 6.05-5.98 (1H, m), 5.41-5.31 (2H, m), 5.00-4.93 (1H, m), 4.73-4.69 (1H,
m), 4.41-3.52 (14H, m), 3.44-2.62 (12H, m), 3.08 (12H, q, J=7.3 Hz), 2.38-2.13 (3H,
m), 2.02-1.80 (8H, m), 1.19 (18H, t, J=7.3 Hz).

[1089]

Example 71: Synthesis of Drug-Linker 11

[Synthesis Scheme]

[1090]
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Drug-linker 11
[1091]
(Step 1)

N-(Azaniumylacetyl)glycyl-L-valyl-N°-carbamoyl-L-ornithine trifluoroacetate
5 With use of commercially available (Hangzhou Peptide Biochem Co., Ltd.)

N-(tert-butoxycarbonyl)glycylglycyl-L-valyl-N°-carbamoyl-L-ornithine (1.00 g), the
reaction was performed in the same manner as in step 1 of Example 21 to afford a
crude form of the title compound (1.02 g).
MS(ES)m/z: 389(M+H)".

10 'H-NMR (DMSO-d) &: 12.52 (1H, brs), 8.55 (1H, t, J=5.4 Hz), 8.29 (1H, d, J=7.3
Hz), 8.03-7.96 (4H, m), 5.97 (1H, brs), 5.40 (1H, brs), 4.26 (1H, t, J=7.8 Hz), 4.11
(1H, m), 3.93-3.85 (2H, m), 3.60 (2H, d, J=5.9 Hz), 2.95 (2H, brs), 1.97 (1H, m),
1.69 (1H, m), 1.56 (1H, m), 1.39 (2H, m), 0.88 (3H, d, J=6.8 Hz), 0.84 (3H, d, J=6.8
Hz). (only observable peaks are shown)

15 [1092]
(Step 2)
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N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
valyl-N°-carbamoyl-L-ornithine

With use of the compound obtained in step 1 above (1.02 g), the reaction was
performed in the same manner as in step 2 of Example 21 to afford the title
compound (795 mg).
MS(ESDm/z: 676(M+H)".
"H-NMR (DMSO-ds) 8: 12.49 (1H, s), 8.28-8.22 (1H, m), 8.18 (0.5H, t, J=6.0 Hz),
8.13 (0.5H, t, J=5.7 Hz), 8.06 (0.5H, t, J=5.7 Hz), 8.01 (0.5H, t, J=6.0 Hz), 7.75-7.71
(1H, m), 7.69-7.65 (1H, m), 7.62-7.59 (1H, m), 7.52-7.43 (3H, m), 7.40-7.28 (3H,
m), 5.93 (1H, t, J=5.7 Hz), 5.38 (2H, brs), 5.02 (0.5H, d, J=13.9 Hz), 5.01 (0.5H, d,
J=13.9 Hz), 4.24 (1H, dd, J=8.8, 7.0 Hz), 4.10 (1H, m), 3.79-3.54 (5H, m), 2.93 (2H,
q, J=6.4 Hz), 2.73-2.60 (1H, m), 2.29 (1H, m), 2.09-1.91 (2H, m), 1.79 (1H, m),
1.72-1.63 (1H, m), 1.60-1.50 (1H, m), 1.43-1.33 (2H, m), 0.86 (3H, d, J=6.7 Hz),
0.81 (1.5H, d, J=6.7 Hz), 0.80 (1.5H, d, J=6.7 Hz).
[1093]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-valyl-N°-carbamoyl-L-ornithinate

With use of the compound obtained in step 2 above (300 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (177 mg).
MS(ESDm/z: 773(M+H)".
"H-NMR (DMSO-ds) 8: 8.75 (1H, t, J=6.1 Hz), 8.20 (0.5H, t, J=6.1 Hz), 8.15 (0.5H,
t, J=5.6 Hz), 8.06 (0.5H, t, J=5.9 Hz), 8.02 (0.5H, t, J=5.9 Hz), 7.83 (0.5H, d, J=8.8
Hz), 7.77 (0.5H, d, J=8.8 Hz), 7.72 (0.5H, d, J=7.8 Hz), 7.67 (0.5H, d, J=6.3 Hz),
7.62-7.59 (1H, m), 7.52-7.44 (3H, m), 7.39-7.29 (3H, m), 6.03 (1H, brs), 5.43 (2H,
brs), 5.03 (0.5H, d, J=13.7 Hz), 5.01 (0.5H, d, J=14.2 Hz), 4.59-4.54 (1H, m), 4.25
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(1H, m), 3.79-3.68 (5H, m), 2.97 (2H, q, J=6.5 Hz), 2.80 (4H, s), 2.71-2.60 (1H, m),
2.28 (1H, m), 2.10-2.03 (1H, m), 2.00-1.93 (1H, m), 1.88-1.72 (3H, m), 1.54-1.49
(2H, m), 0.85 (3H, d, J=5.4 Hz), 0.81 (1.5H, d, J=4.9 Hz), 0.80 (1.5H, d, J=6.8 Hz).
[1094]

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-valyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-21°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-N°-carbamoyl-L-ornithinamide

(Drug-Linker 11)

With use of the compound obtained in step 8-2 of Example 8 (5.0 mg) and the
compound obtained in step 3 above (3.8 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 35% (0 min - 30 min)] to afford the title compound (3.0 mg).
MS(ESD)m/z: 1443(M-H)'.

[1095]

Example 72: Synthesis of Drug-Linker 12
[Synthesis Scheme]

[1096]
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[1097]
(Step 1)

N-(Azaniumylacetyl)glycyl-L-phenylalanyl-N°-carbamoyl-L-ornithine
5  trifluoroacetate
With use of commercially available (Hangzhou Peptide Biochem Co., Ltd.)

N-(tert-butoxycarbonyl)glycylglycyl-L-phenylalanyl-N°-carbamoyl-L-ornithine(1.00
g), the reaction was performed in the same manner as in step 1 of Example 21 to
afford a crude form of the title compound (1.05 g).

10 MS(ESDm/z: 437(M+H)".
"H-NMR (DMSO-d) &: 12.63 (1H, brs), 8.49 (1H, t, J=5.4 Hz), 8.40 (1H, d, J=7.8
Hz), 8.26 (1H, d, J=8.3 Hz), 7.97 (3H, brs), 7.28-7.17 (5H, m), 6.00 (1H, brs), 5.41
(2H, brs), 4.60 (1H, m), 4.17 (1H, m), 3.85 (1H, dd, J=16.6, 5.4 Hz), 3.67 (1H, dd,
J=16.6, 5.4 Hz), 3.56 (2H, d, J=5.9 Hz), 3.03 (1H, dd, J=13.9, 3.7 Hz), 2.96 (2H,

15 brs), 2.73 (1H, dd, J=13.9, 10.5 Hz), 1.73 (1H, m), 1.58 (1H, m), 1.40 (2H, m).
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[1098]
(Step 2)
N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]|glycylglycyl-L-
phenylalanyl-N°-carbamoyl-L-ornithine

With use of the compound obtained in step 1 above (1.05 g), the reaction was
performed in the same manner as in step 2 of Example 21 to afford the title
compound (550 mg).
MS(ESDm/z: 724(M+H)".
'H-NMR (DMSO-ds) 8: 12.60 (1H, s), 8.29 (1H, t, J=9.1 Hz), 8.17 (0.5H, t, J=5.7
Hz), 8.10 (0.5H, t, J=5.7 Hz), 8.04-7.94 (2H, m), 7.72-7.14 (13H, m), 5.94 (1H, br),
5.39 (2H, s), 5.01 (0.5H, d, J=13.9 Hz), 5.00 (0.5H, d, J=14.5 Hz), 4.56 (1H, m), 4.15
(1H, m), 3.74-3.49 (5H, m), 3.04-2.93 (3H, m), 2.77-2.58 (2H, m), 2.28 (1H, m),
2.05 (1H, m), 1.83-1.70 (2H, m), 1.62-1.52 (1H, m), 1.46-1.32 (2H, m).
[1099]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-phenylalanyl-N°-carbamoyl-L-ornithinate

With use of the compound obtained in step 2 above (225 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (226 mg).
MS(ESDm/z: 821(M+H)".
"H-NMR (DMSO-ds) 8: 8.80 (1H, t, J=7.6 Hz), 8.19-7.96 (3H, m), 7.72-7.15 (13H,
m), 6.03-5.89 (1H, br), 5.43 (2H, brs), 5.01 (0.5H, d, J=14.0 Hz), 4.99 (0.5H, d,
J=14.0 Hz), 4.65-4.53 (2H, m), 3.74-3.50 (5H, m), 3.03-2.95 (3H, m), 2.81 (4H, s),
2.78-2.58 (2H, m), 2.28 (1H, m), 2.07 (1H, m), 1.91-1.73 (3H, m), 1.56-1.49 (2H,
m).

[1100]



10

15

20

- 566 -

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-N°-carbamoyl-L-ornithinamide

(Drug-Linker 12)

With use of the compound obtained in step 8-2 of Example 8 (5.1 mg) and the
compound obtained in step 3 above (4.0 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 35% (0 min - 30 min)] to afford the title compound (4.6 mg).
MS(EST)m/z: 1493(M+H)".

'H-NMR (CD;OD) &: 8.31 (1H, brs), 8.02 (1H, s), 7.62-7.14 (14H, m), 6.32 (1H, d,
J=6.0 Hz), 6.11 (1H, brd, J=5.4 Hz), 5.55-5.41 (2H, m), 5.06 (1H, dd, J=13.9, 11.5
Hz), 4.86-2.73 (28H, m), 3.19 (12H, q, J=7.5 Hz), 2.39-2.16 (2H, m), 2.04-1.94 (3H,
m), 1.84-1.74 (1H, m), 1.73-1.62 (1H, m), 1.51-1.37 (2H, m), 1.29 (18H, t, J=7.3
Hz).

[1101]

Example 73: Synthesis of Drug-Linker 13

[Synthesis Scheme]

[1102]
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Drug-linker 13
[1103]
(Step 1)

N-(Azaniumylacetyl)glycyl-L-isoleucyl-N°-carbamoyl-L-ornithine trifluoroacetate
With use of commercially available (Hangzhou Peptide Biochem Co., Ltd.)

N-(tert-butoxycarbonyl)glycylglycyl-L-isoleucyl-N°-carbamoyl-L-ornithine (1.00 g),

the reaction was performed in the same manner as in step 1 of Example 21 to afford a

crude form of the title compound (1.09 g).

MS(ES)m/z: 403(M+H)".

"H-NMR (DMSO-ds) 8: 8.54 (1H, t, J=5.4 Hz), 8.30 (1H, d, J=7.3 Hz), 8.03 (1H, d,

J=9.3 Hz), 7.99 (3H, brs), 5.99 (1H, brs), 4.27 (1H, t, J=8.1 Hz), 4.11 (1H, m), 3.92-

3.83 (2H, m), 3.60 (2H, m), 2.95 (2H, m), 1.71 (2H, m), 1.56 (1H, m), 1.48-1.33 (3H,

m), 1.08 (1H, m), 0.86 (3H, d, J=6.8 Hz), 0.81 (3H, t, J=7.3 Hz). (only observable

peaks are shown)

[1104]

(Step 2)
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N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycyl-L-
isoleucyl-N°-carbamoyl-L-ornithine

With use of the compound obtained in step 1 above (1.08 g), the reaction was
performed in the same manner as in step 2 of Example 21 to afford the title
compound (524 mg).
MS(ESDm/z: 690(M+H)".
"H-NMR (DMSO-ds) 8: 12.47 (1H, brs), 8.25 (1H, t, J=6.0 Hz), 8.17 (0.5H, t, J=5.7
Hz), 8.12 (0.5H, t, J=6.0 Hz), 8.04 (0.5H, t, J=6.0 Hz), 7.99 (0.5H, t, J=6.0 Hz), 7.76-
7.66 (2H, m), 7.62-7.59 (1H, m), 7.52-7.29 (6H, m), 5.92 (1H, t, J=5.4 Hz), 5.38
(2H, s), 5.02 (0.5H, d, J=14.5 Hz), 5.01 (0.5H, d, J=13.9 Hz), 4.25 (1H, t, J=8.2 Hz),
4.09 (1H, m), 3.78-3.54 (5H, m), 2.93 (2H, q, J=6.4 Hz), 2.73-2.59 (1H, m), 2.33-
2.24 (1H, m), 2.10-2.02 (1H, m), 1.79 (1H, ddd, J=16.6, 7.3, 5.7 Hz), 1.74-1.63 (2H,
m), 1.60-1.50 (1H, m), 1.45-1.33 (3H, m), 1.09-1.00 (1H, m), 0.84 (3H, d, J=6.7 Hz),
0.79 (1.5H, t, J=6.7 Hz), 0.77 (1.5H, t, J=7.0 Hz).
[1105]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-isoleucyl-N°-carbamoyl-L-ornithinate

With use of the compound obtained in step 2 above (250 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (224 mg).
MS(ESDm/z: 787(M+H)".
"H-NMR (DMSO-ds) 8: 8.75 (1H, t, J=6.4 Hz), 8.19 (0.5H, t, J=5.8 Hz), 8.14 (0.5H,
t, J=5.8 Hz), 8.06 (0.5H, t, J=5.8 Hz), 8.01 (0.5H, t, J=5.8 Hz), 7.89-7.65 (2H, m),
7.63-7.58 (1H, m), 7.53-7.27 (6H, m), 5.96 (1H, m), 5.42 (2H, brs), 5.02 (0.5H, d,
J=14.0 Hz), 5.01 (0.5H, d, J=14.0 Hz), 4.64-4.51 (1H, m), 4.26 (1H, t, J=8.2 Hz),
3.79-3.55 (5H, m), 3.01-2.93 (2H, m), 2.80 (4H, brs), 2.73-2.58 (1H, m), 2.28 (1H,
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m), 2.12-2.02 (1H, m), 1.87-1.68 (4H, m), 1.54-1.38 (3H, m), 1.11-1.02 (1H, m),
0.83 (3H, d, J=6.7 Hz), 0.78 (1.5H, t, J=6.7 Hz), 0.76 (1.5H, t, J=6.7 Hz).

[1106]

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-isoleucyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-y1]-9H-purin-2-
yl}amino)ethyl]-N°-carbamoyl-L-ornithinamide

(Drug-Linker 13)

With use of the compound obtained in step 8-2 of Example 8§ (5.4 mg) and the
compound obtained in step 3 above (4.0 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 35% (0 min - 30 min)] to afford the title compound (4.7 mg).
MS(ESD)m/z: 1457(M-H)".

[1107]

Example 74: Synthesis of Drug-Linker 14
[Synthesis Scheme]

[1108]
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Drug-linker 14
[1109]
(Step 1)

N-[4-(11,12-Didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-oxobutanoyl]glycylglycine
5 With use of commercially available (Tokyo Chemical Industry Co., Ltd.)

glycylglycine (0.61 g), the reaction was performed in the same manner as in step 2 of
Example 21 to afford the title compound (1.08 g).
MS(ESI)m/z: 420(M+H)".
"H-NMR (DMSO-ds) 8: 12.57 (1H, s), 8.12 (1H, t, J=6.0 Hz), 8.07 (1H, t, J=5.7 Hz),

10 7.69-7.67 (1H, m), 7.62-7.60 (1H, m), 7.52-7.29 (6H, m), 5.03 (1H, d, J=13.9 Hz),
3.73 (2H, d, J=6.0 Hz), 3.70-3.55 (3H, m), 2.64 (1H, m), 2.28 (1H, m), 2.06 (1H,
ddd, J=15.3, 7.7, 5.6 Hz), 1.79 (1H, ddd, J=16.5, 7.4, 5.6 Hz).
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[1110]
(Step 2)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl|glycylglycinate

With use of the compound obtained in step 1 above (1.07 g), the reaction was
performed in the same manner as in step 3 of Example 21 to afford the title
compound (942 mg).
MS(ESDm/z: 517(M+H)".
'H-NMR (DMSO-ds) 8: 8.40 (1H, t, J=6.0 Hz), 8.19 (1H, t, J=6.0 Hz), 7.69-7.67
(1H, m), 7.64-7.62 (1H, m), 7.53-7.29 (6H, m), 5.05 (1H, d, J=14.5 Hz), 4.26 (1H,
dd, J=18.1, 6.0 Hz), 4.19 (1H, dd, J=18.1, 6.0 Hz), 3.72-3.59 (3H, m), 2.81 (4H, brs),
2.68-2.59 (1H, m), 2.33-2.24 (1H, m), 2.07 (1H, ddd, J=15.4, 7.6, 5.7 Hz), 1.80 (1H,
ddd, J=16.3, 7.3, 5.4 Hz).
[1111]
(Step 3)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-prolyl-L-leucinate

To a suspension of the compound obtained in step 2 above (250 mg) and
commercially available (KOKUSAN CHEMICAL Co., Ltd.) and L-prolyl-L-leucine
(166 mg) in N,N-dimethylformamide (5.0 mL), N,N-diisopropylethylamine (0.25
mL) was added, and the reaction mixture was stirred at room temperature for 2.5
hours. Thereto, L-prolyl-L-leucine (833 mg) was further added, and the reaction
mixture was stirred overnight. ~ After the reaction mixture was concentrated under
reduced pressure, chloroform (50 mL) and 10% aqueous solution of citric acid (10
mL) were added to the residue, and the resultant was subjected to extraction with
chloroform. The organic layer was concentrated under reduced pressure, and the

residue was partially purified by silica gel column chromatography



10

15

20

25

- 572 -

[chloroform/lower layer of (chloroform:methanol:water = 7:3:1)]. To a solution of
the crude product in N,N-dimethylformamide (5.0 mL), N-hydroxysuccinimide (67
mg) and 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (111 mg)
were added, and the reaction mixture was stirred at room temperature for 1.5 hours.
The reaction mixture was concentrated under reduced pressure, chloroform (40 mL)
and water (15 mL) were added to the residue, and the resultant was subjected to
extraction with chloroform. After the organic layer was dried over anhydrous
sodium sulfate, the drying agent was removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [chloroform/methanol], [ethyl acetate/methanol] in this order to
afford the title compound (127 mg).

MS(ESDm/z: 727(M+H)".

'H-NMR (DMSO-ds) 8: 8.85 (0.3H, m), 8.56 (0.5H, d, J=7.3 Hz), 8.33 (0.2H, m),
8.09 (1H, m), 7.91-7.79 (1H, m), 7.70-7.28 (8H, m), 5.04 (0.7H, d, J=14.5), 5.03
(0.3H, d, J=13.9),4.71-4.29 (2H, m), 4.01-3.30 (7H, m), 2.79 (4H, brs), 2.63 (1H,
m), 2.33-1.64 (10H, m), 0.93-0.83 (6H, m).

[1112]

(Step 4)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-prolyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-isoleucinamide

(Drug-Linker 14)
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With use of the compound obtained in step 8-2 of Example 8 (6.9 mg) and the
compound obtained in step 3 above (4.7 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 40% (0 min - 30 min)] to afford the title compound (7.2 mg).
MS(ESI)m/z: 1397(M-H)'".

[1113]

Example 75: Synthesis of Drug-Linker 15
[Synthesis Scheme]

[1114]

== O-P-8 -
HoN— /N o) Na ﬁN O—.‘\'s ( [f
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N—\_ i OsNH2
H NH,  Step 2

Drug-linker 15

[1115]
(Step 1)
2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-alanyl-L-glutaminate
With use of commercially available (Wako Pure Chemical Industries, Ltd.) L-

alanyl-L-glutamine (263 mg) and the compound obtained in step 2 of Example 74
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(250 mg), the reaction was performed in the same manner as in step 3 of Example 74
to afford the title compound (90 mg).

MS(ESDm/z: 716(M+H)".

"H-NMR (DMSO-ds) 8: 8.59 (0.8H, d, J=7.3 Hz), 8.48 (0.2H, m), 8.20-7.92 (3H, m),
7.70-7.25 (9H, m), 6.85 (1H, brs), 5.02 (1H, d, J=13.9 Hz), 4.62 (1H, m), 4.33 (1H,
m), 3.75-3.56 (5H, m), 2.80 (4H, brs), 2.64 (1H, m), 2.33-2.21 (3H, m), 2.15-2.03
(2H, m), 1.99-1.87 (1H, m), 1.83-1.76 (1H, m), 1.24-1.17 (3H, m).

[1116]

(Step 2)
Bis(N,N-diethylethaneaminium)N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-
4-oxobutanoyl]glycylglycyl-L-alanyl-N'-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-glutamamide

(Drug-Linker 15)

With use of the compound obtained in step 8-2 of Example 8 (6.9 mg) and the
compound obtained in step 1 above (4.7 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 40% (0 min - 30 min)] to afford the title compound (3.9 mg).
MS(ESDm/z: 1388(M+H)".

'H-NMR (CD3OD) &: 8.38-8.35 (1H, m), 8.02 (1H, s), 7.66-7.13 (9H, m), 6.33 (1H,
d, J=6.7 Hz), 6.14-6.10 (1H, m), 5.51-5.42 (2H, m), 5.14-5.06 (1H, m), 4.84-4.79
(1H, m), 4.53-3.64 (14H, m), 3.56-3.11 (6H, m), 3.15 (12H, q, J=7.5 Hz), 2.92-2.69
(4H, m), 2.42-1.93 (8H, m), 1.45-1.24 (3H, m), 1.27 (18H, t, J=7.3 Hz).
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[1117]

Example 76: Synthesis of Drug-Linker 16
[Synthesis Scheme]

[1118]
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Drug-linker 16
[1119]
(Step 1)

2,5-Dioxopyrrolidin-1-yl N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-yl)-4-
oxobutanoyl]glycylglycyl-L-prolyl-L-prolinate

With use of commercially available (Cool Pharm Ltd.) 1-(tert-
butoxycarbonyl)-L-prolyl-L-proline (777 mg), the reaction was performed in the
same manner as in step 1 of Example 21 to afford a crude form of 1-[(2S)-pyrrolidin-
1-ium-2-carbonyl]-L-proline trifluoroacetate. With use of this crude product and
the compound obtained in step 2 of Example 74 (428 mg), the reaction was
performed in the same manner as in step 3 of Example 74 to afford the title

compound (238 mg).
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MS(ESDm/z: 711(M+H)".

"H-NMR (DMSO-ds) 8: 8.12-8.08 (1H, m), 7.90 (0.2H, s), 7.82 (0.8H, d, J=4.8 Hz),
7.70-7.61 (2H, m), 7.52-7.29 (6H, m), 5.07-5.01 (1H, m), 4.88-4.86 (0.2H, m), 4.77-
4.74 (0.2H, m), 4.69-4.62 (0.8H, m), 4.60-4.56 (0.8H, m), 4.02-3.38 (9H, m), 2.79
(4H, brs), 2.68-2.58 (1H, m), 2.37-2.24 (2H, m), 2.16-1.73 (9H, m).

[1120]

(Step 2)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-prolyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]-L-prolinamide

(Drug-Linker 16)

With use of the compound obtained in step 8-2 of Example 8 (6.9 mg) and the
compound obtained in step 1 above (4.6 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 20% - 40% (0 min - 30 min)] to afford the title compound (5.8 mg).
MS(ESDm/z: 1383(M+H)".

[1121]

Example 77: Synthesis of Drug-Linker 17
[Synthesis Scheme]

[1122]
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(Step 1)
[(N-{[2-(Trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methyl acetate

With use of commercially available (Sundia) N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycylglycine (9.32 g), the reaction was performed
in the same manner as in step 1 of Example 67 to afford the title compound (8.24 g).
'H-NMR (CDCl3) &: 7.14 (1H, brs), 5.27 (2H, d, J=7.3 Hz), 5.20 (1H, brs), 4.22-4.16
(2H, m), 3.88 (2H, d, J=6.0 Hz), 2.08 (3H, s), 1.04-0.97 (2H, m), 0.05 (9H, s).
[1124]
(Step 2)
2'3'5'-Tris-O-[tert-butyl(dimethyl)silyl]-1-(2-hydroxyethyl)inosine

To a mixed solution of 2',3',5'-tris-O-[tert-butyl(dimethyl)silyl]inosine (31.3
g) as a compound known in the literature (Chem. Pharm. Bull. 1987, 35(1), 72-79) in
tetrahydrofuran (75 mL)-N,N-dimethylacetamide(75 mL), 2-bromoethanol (4.82 mL)
and 1,8-diazabicyclo[5.4.0]-7-undecene (7.65 mL) were added, and the reaction
mixture was stirred at room temperature for 23 hours. Water and ethyl acetate were
added to the reaction mixture, which was subjected to extraction with ethyl acetate.
The organic layer was washed with brine and dried over anhydrous sodium sulfate,
and the drying agent was then removed through filtration, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography [hexane/ethyl acetate] to afford the title compound (29.4 g).
MS(ESDm/z: 655(M+H)".
'H-NMR (CDCl3) &: 8.16 (1H, s), 7.99 (1H, d, J=2.4 Hz), 5.97 (1H, d, J=4.2 Hz),
4.40-4.25 (3H, m), 4.18-4.06 (3H, m), 4.03-3.92 (2H, m), 3.79 (1H, dd, J=11.5, 2.4
Hz), 3.08-2.83 (1H, brm), 0.96 (9H, s), 0.92 (9H, s), 0.82 (9H, s), 0.15 (3H, s), 0.14
(3H, s), 0.09 (3H, s), 0.08 (3H, s), -0.02 (3H, s), -0.15 (3H, s).
[1125]
(Step 3)



10

15

20

25

- 579 -

2',3',5'-Tris-O-[tert-butyl(dimethyl)silyl]-1-(2- {[(N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy} ethyl)inosine

To a solution of the compound obtained in step 2 above (15.6 g) in toluene
(46.8 mL), the compound obtained in step 1 above (10.4 g) and pyridine (9.63 mL)
were added, and the reaction mixture was stirred at 110°C for 12 hours. The
compound obtained in step 1 above (3.46 g) was further added to the reaction
mixture, which was stirred at 110°C for 1 day. A saturated aqueous solution of
sodium hydrogen carbonate and dichloromethane were added to the reaction mixture,
which was subjected to extraction with dichloromethane. After the organic layer
was dried over anhydrous sodium sulfate, the drying agent was removed through
filtration, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography [hexane/ethyl acetate] to afford
the title compound (20.6 g: with impurities).
MS(ESDm/z: 885(M+H)".
[1126]
(Step 4)
5'-O-[Bis(4-methoxyphenyl)(phenyl)methyl]-1-(2- {[(N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy } ethyl)inosine

To a solution of the compound obtained in step 3 above (20.6 g) in
tetrahydrofuran (50 mL), triethylamine trihydrofluoride (10 mL) was added, and the
reaction mixture was stirred at room temperature for 17 hours. To the reaction
mixture, a mixture of 1 M solution of triethylammonium hydrogen carbonate (50
mL) and triethylamine (10 mL) was slowly added under ice-cooling, and the reaction
mixture was then concentrated under reduced pressure. The residue was partially
purified by C18 silica gel column chromatography [water/acetonitrile], and then
freeze-dried. The obtained crude form was azeotroped with pyridine, and 4,4'-

dimethoxytrityl chloride (4.73 g) was added to a solution of the residue in pyridine
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(50 mL) at 0°C, and the reaction mixture was stirred at 4°C for 17 hours. Methanol
(2 mL) was added to the reaction mixture, which was stirred at room temperature for
15 minutes, and then concentrated under reduced pressure. The residue was
purified by silica gel column chromatography [hexane/ethyl acetate/methanol/0.1%
triethylamine] to afford the title compound (9.18 g: with impurities).
MS(ESDm/z: 845(M+H)".
"H-NMR (CDCl3) &: 7.94 (1H, s), 7.88 (1H, s), 7.65 (1H, brs), 7.41-7.36 (2H, m),
7.32-7.15 (7TH, m), 6.83-6.76 (4H, m), 5.96 (1H, d, J=6.1 Hz), 5.73-5.65 (2H, m),
4.87-4.80 (1H, m), 4.76-4.61 (2H, m), 4.44-4.39 (1H, m), 4.35-4.30 (1H, m), 4.22-
4.05 (4H, m), 3.83-3.73 (2H, m), 3.77 (6H, s), 3.72-3.67 (2H, m), 3.48-3.32 (3H, m),
0.99-0.91 (2H, m), 0.02 (9H, s).
[1127]
(Step 5)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-1-(2-
{[(N-{[2-(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy} ethyl)inosine

With use of the compound obtained in step 4 above (5.96 g), the reaction was
performed in the same manner as in step 3 of Example 5 to afford the title compound
(2.33 g) and 5'-O-[bis(4-methoxyphenyl)(phenyl)methyl]-2'-O-[tert-
butyl(dimethyl)silyl]-1-(2-{[(N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy} ethyl)inosine (2.45 g) as a
regioisomer of the title compound.
MS(ESDm/z: 959(M+H)".
"H-NMR (CDCl3) &: 7.99 (1H, s), 7.93 (1H, s), 7.45-7.39 (2H, m), 7.35-7.18 (7H,
m), 7.05 (1H, brs), 6.84-6.77 (4H, m), 5.92 (1H, d, J=5.4 Hz), 5.46 (1H, brs), 4.71-
4.61 (3H, m), 4.54-4.51 (1H, m), 4.22-4.10 (5H, m), 3.81-3.76 (2H, m), 3.78 (3H, s),
3.78 (3H, s), 3.74 (2H, d, J=6.0 Hz), 3.48 (1H, dd, J=10.9, 4.2 Hz), 3.26 (1H, dd,



10

15

20

25

- 581 -

J=10.9,4.2 Hz), 3.16 (1H, d, J=6.7 Hz), 1.00-0.93 (2H, m), 0.89 (9H, s), 0.09 (3H,
s), 0.02 (9H, s), 0.02 (3H, s).
Regioisomer (2'-O-TBS form)
MS(ESDm/z: 959(M+H)".
"H-NMR (CDCl3) &: 7.99 (1H, s), 7.91 (1H, s), 7.48-7.42 (2H, m), 7.37-7.18 (8H,
m), 6.85-6.78 (4H, m), 5.96 (1H, d, J=5.4 Hz), 5.63 (1H, brs), 4.88 (1H, t, J=5.1 Hz),
4.66 (2H, d, J=6.7 Hz), 4.36-4.32 (1H, m), 4.27-4.19 (2H, m), 4.18-4.10 (3H, m),
3.81-3.74 (4H, m), 3.78 (3H, s), 3.78 (3H, s), 3.50 (1H, dd, J=10.9, 3.6 Hz), 3.38
(1H, dd, J=10.9, 3.6 Hz), 2.73 (1H, d, J=4.2 Hz), 0.97-0.90 (2H, m), 0.86 (9H, s),
0.02 (3H, s), 0.01 (9H, s), -0.09 (3H, s).
[1128]
(Step 6)
5'-0-[Bis(4-methoxyphenyl)(phenyl)methyl]-3'-O-[tert-butyl(dimethyl)silyl]-2'-O-
{(2-cyanoethoxy)[di(propan-2-yl)amino]phosphanyl}-1-(2-{[ (N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy } ethyl)inosine

With use of the compound obtained in step 5 above (2.33 g), the reaction was
performed in the same manner as in step 4 of Example 5 to afford the title compound
(2.72 g) as a mixture of diastereomers at the phosphorus atom (diastereomer ratio =
6:4).
MS(ESDm/z: 1159(M+H)".
"H-NMR (CDCls) &: 8.03 (0.4H, s), 8.02 (0.6H, s), 7.95 (0.6H, s), 7.92 (0.4H, s),
7.46-7.40 (2H, m), 7.35-7.17 (7H, m), 6.88 (1H, brs), 6.84-6.78 (4H, m), 6.15 (0.6H,
d, J=4.2 Hz), 6.10 (0.4H, d, J=4.8 Hz), 5.34 (1H, brs), 4.86-4.61 (3H, m), 4.48-4.42
(1H, m), 4.29-4.09 (5H, m), 3.83-3.44 (9H, m), 3.79 (3H, s), 3.78 (3H, s), 3.32-3.23
(1H, m), 2.58-2.49 (1H, m), 2.44-2.38 (1H, m), 1.15 (3.6H, d, J=6.7 Hz), 1.11 (6H, d,
J=6.7 Hz), 1.04-0.92 (2H, m), 0.97 (2.4H, d, J=6.7 Hz), 0.85 (3.6H, s), 0.84 (5.4H,
s), 0.09 (1.2H, s), 0.06 (1.8H, s), 0.03 (9H, s), 0.00 (3H, s).
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[1129]
(Step 7)

With use of the compound obtained in step 8 of Example 44 (2.15 g), the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene. With use of the obtained acetonitrile solution and the
compound obtained in step 6 above (2.72 g), the reaction was performed in the same
manner as in step 8 of Example 1, and the resulting crude product was directly used
for the subsequent reaction.

[1130]

(Step 8)

2-(Trimethylsilyl)ethyl (2-{[(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-16- {[ tert-
butyl(dimethyl)silylJoxy}-10-(2-cyanoethoxy)-15-fluoro-2-oxo-2-sulfanyl-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]amino}-2-oxoethyl)carbamate

With use of the crude product obtained in step 7 above, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.47 g: with impurities) as a mixture of diastereomers at the phosphorus atom.
MS(ESDm/z: 1278(M+H)".

[1131]

(Step 9)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silylJoxy}-15-fluoro-2,10-dioxo-7-[6-0x0-1-(2-{[(N-{[2-

(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy } ethyl)-1,6-dihydro-9H-
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purin-9-yl]-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

To a mixed solution of the compound obtained in step 8 above (1.47 g) in
methanol (10 mL)-tetrahydrofuran (10 mL), 28% ammonia water (10 mL) was
added, and the reaction mixture was stirred at 50°C for 6 hours. After the reaction
mixture was concentrated under reduced pressure, the residue was purified by C18
silica gel column chromatography [10 mM aqueous solution of triethylammonium
acetate/acetonitrile] to afford diastereomer 1 (204 mg: with impurities) and
diastereomer 2 (205 mg: with impurities) of the title compound.

Diastereomer 1 (less polar)

MS(ESDm/z: 1121(M+H)".

Diastereomer 2 (more polar)

MS(ESDm/z: 1121(M+H)".

[1132]

(Step 10-1)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-7-
(1-{2-[(glycylamino)methoxy]ethyl } -6-0x0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 9 above (diastereomer 1) (204
mg), the reaction was performed in the same manner as in step 9-1 of Example 11,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] and preparative

HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile-methanol
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solution (1:1), acetonitrile-methanol solution (1:1): 10% - 50% (0 min - 40 min)] to
afford the title compound (40.7 mg: with impurities).
MS(ESDm/z: 863(M+H)".
[1133]
(Step 10-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-7-
(1-{2-[(glycylamino)methoxy]ethyl } -6-0x0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-
2,10-dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(thiolate)

With use of the compound obtained in step 9 above (diastereomer 2) (205
mg), the reaction was performed in the same manner as in step 9-1 of Example 11,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] and preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile-methanol
solution (1:1), acetonitrile-methanol solution (1:1): 10% - 50% (0 min - 40 min)] to
afford the title compound (50.8 mg: with impurities).
MS(ESDm/z: 863(M+H)".
[1134]
(Step 11-1)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-21°>,10A>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-

purin-1-yl}ethoxy)methyl]glycinamide
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(Drug-Linker 17a: diastereomer 1)

With use of the compound obtained in step 10-1 above (40.7 mg), the reaction
was performed in the same manner as in step 9-1 of Example 22, and the resultant
was then purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 20% - 45%
(0 min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 40% - 90% (0 min - 40 min)] to
afford the title compound (25.1 mg).

MS(ESDm/z: 1411(M+H)".

'H-NMR (CD3OD) &: 8.58 (1H, s), 8.09 (1H, s), 8.04 (1H, s), 7.57-7.49 (2H, m),
7.43-7.34 (3H, m), 7.32-7.08 (9H, m), 6.47 (1H, d, J=16.9 Hz), 6.23 (1H, d, J=7.9
Hz), 5.56-5.37 (2H, m), 5.31-5.17 (1H, m), 5.03 (1H, d, J=13.9 Hz), 4.79 (1H, d,
J=4.2 Hz), 4.64-4.38 (6H, m), 4.36-4.21 (4H, m), 4.05-3.60 (10H, m), 3.53-3.42 (3H,
m), 3.18 (12H, q, J=7.3 Hz), 3.01-2.92 (1H, m), 2.86-2.73 (1H, m), 2.70-2.54 (2H,
m), 2.37-2.16 (2H, m), 2.06-1.77 (3H, m), 1.28 (18H, t, J=7.3 Hz).

[1135]

(Step 11-2)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Drug-Linker 17b: diastereomer 2)
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With use of the compound obtained in step 10-2 above (50.8 mg), the reaction
was performed in the same manner as in step 9-1 of Example 22, and the resultant
was then purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile, acetonitrile: 25% - 45%
(0 min - 40 min)], and preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/methanol, methanol: 45% - 90% (0 min - 40 min)] to
afford the title compound (23.4 mg).

MS(ESDm/z: 1411(M+H)".

"H-NMR (CD30D) &: 8.67 (1H, s), 8.14 (1H, s), 8.02 (1H, s), 7.67-7.50 (2H, m),
7.43-7.36 (3H, m), 7.34-7.12 (9H, m), 6.48 (1H, d, J=15.1 Hz), 6.26 (1H, t, J=8.8
Hz), 5.60-5.31 (3H, m), 5.09-5.00 (1H, m), 4.61-4.22 (9H, m), 4.11-3.59 (13H, m),
3.50-3.44 (2H, m), 3.18 (12H, q, J=7.3 Hz), 3.04-2.93 (1H, m), 2.87-2.74 (3H, m),
2.39-2.22 (2H, m), 2.06-1.85 (3H, m), 1.28 (18H, t, J=7.3 Hz).

[1136]

Example 78: Synthesis of Drug-Linker 18

[Synthesis Scheme]
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Drug-linker 18

[1138]
(Step 1)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-

yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-(2-{9-



10

15

20

25

- 587 -

[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)glycinamide

(Drug-Linker 18)

With use of the compound obtained in step 7-2 of Example 45 (10.0 mg) and
the compound obtained in step 3 of Example 21 (8.8 mg), the reaction was
performed in the same manner as in step 4 of Example 21, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile], preparative HPLC [10 mM aqueous solution
of triethylammonium acetate/acetonitrile, acetonitrile: 25% - 50% (0 min - 40 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/methanol, methanol: 45% - 90% (0 min - 40 min)] to afford the title
compound (10.9 mg).

MS(ESDm/z: 1381(M+H)".

'H-NMR (CD3;0D) &: 8.61 (1H, s), 8.03 (1H, s), 8.02 (1H, s), 7.64-7.49 (2H, m),
7.44-7.37 (3H, m), 7.35-7.11 (9H, m), 6.48 (1H, dd, J=15.1, 1.8 Hz), 6.24 (1H, d,
J=8.5 Hz), 5.62-5.39 (3H, m), 5.03 (1H, dd, J=18.4, 14.2 Hz), 4.55-4.37 (5H, m),
4.29-4.18 (2H, m), 4.04-3.91 (3H, m), 3.87-3.52 (8H, m), 3.50-3.41 (3H, m), 3.19
(12H, q, J=7.3 Hz), 3.18-3.10 (1H, m), 3.02-2.92 (1H, m), 2.86-2.66 (3H, m), 2.40-
2.21 (2H, m), 2.06-1.84 (3H, m), 1.29 (18H, t, J=7.3 Hz).

[1139]

Example 79: Synthesis of Drug-Linker 19

[Synthesis Scheme]

[1140]
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[1141]

(Step 1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-({2-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2)>,10)\>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)amino]-2-oxoethoxy } methyl)glycinamide

(Drug-Linker 19)

With use of the compound obtained in step 7-2 of Example 45 (20.0 mg) and
the compound obtained in step 1 of Example 66 (19.8 mg), the reaction was
performed in the same manner as in step 4 of Example 21, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of

triethylammonium acetate/acetonitrile], preparative HPLC [10 mM aqueous solution
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of triethylammonium acetate/acetonitrile, acetonitrile: 20% - 45% (0 min - 40 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/methanol, methanol: 30% - 80% (0 min - 40 min)] to afford the title
compound (22.1 mg).

MS(ESm/z: 1468(M+H)".

'H-NMR (CD30D) &: 8.66 (1H, brs), 8.10 (1H, brs), 8.04-7.96 (1H, m), 7.66-7.35
(5H, m), 7.33-7.12 (9H, m), 6.52-6.41 (1H, m), 6.28-6.22 (1H, m), 5.64-5.31 (3H,
m), 5.07-4.99 (1H, m), 4.70-4.20 (9H, m), 4.11-3.51 (14H, m), 3.50-3.30 (3H, m),
3.27-3.10 (1H, m), 3.19 (12H, q, J=7.3 Hz), 3.07-2.93 (1H, m), 2.89-2.65 (3H, m),
2.41-2.18 (2H, m), 2.05-1.82 (2H, m), 1.29 (18H, t, J=7.3 Hz).

[1142]

Example 80: Synthesis of Drug-Linker 20

[Synthesis Scheme]
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[1144]
(Step 1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-

disulfideoctahydro-2H,10H,12H-5,8-methano-22.°,10A°-furo[3,2-
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11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)glycinamide
(Drug-Linker 20)

With use of the compound obtained in step 4-2 of Example 59 (25.0 mg) and
the compound obtained in step 3 of Example 21 (25.8 mg), the reaction was
performed in the same manner as in step 4 of Example 21, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile], preparative HPLC [10 mM aqueous solution
of triethylammonium acetate/acetonitrile, acetonitrile: 30% - 50% (0 min - 40 min)],
and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/methanol, methanol: 50% - 90% (0 min - 40 min)] to afford the title
compound (33.1 mg).

MS(ESDm/z: 1398(M+H)".

'H-NMR (CD;OD) &: 8.58 (1H, brs), 8.39 (1H, d, J=8.5 Hz), 8.00 (1H, brs), 7.71
(1H, brs), 7.64-7.49 (2H, m), 7.44-7.37 (3H, m), 7.32-7.10 (8H, m), 6.59 (1H, d,
J=15.1 Hz), 6.23 (1H, d, J=8.5 Hz), 5.65-5.36 (3H, m), 5.03 (1H, dd, J=16.6, 14.2
Hz), 4.57-4.38 (5H, m), 4.30-4.17 (2H, m), 4.07-3.95 (2H, m), 3.94-3.50 (9H, m),
3.50-3.35 (1H, m),, 3.19 (12H, q, J=7.3 Hz), 3.18-3.07 (3H, m), 3.04-2.73 (4H, m),
2.40-2.11 (4H, m), 2.05-1.92 (1H, m), 1.29 (18H, t, J=7.3 Hz).

[1145]

Example 81: Synthesis of Drug-Linker 21

[Synthesis Scheme]

[1146]
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Drug-linker 21

[1147]

(Step 1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-({2-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfideoctahydro-2H,10H,12H-5,8-methano-22.°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethyl)amino]-2-oxoethoxy} methyl)glycinamide

(Drug-Linker 21)

With use of the compound obtained in step 4-2 of Example 59 (15.0 mg) and
the compound obtained in step 1 of Example 66 (17.4 mg), the reaction was
performed in the same manner as in step 4 of Example 21, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile], preparative HPLC [10 mM aqueous solution

of triethylammonium acetate/acetonitrile, acetonitrile: 25% - 50% (0 min - 40 min)],
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and preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/methanol, methanol: 40% - 90% (0 min - 40 min)] to afford the title
compound (21.8 mg).

MS(ESD)m/z: 1485(M+H)".

"H-NMR (CD30D) &: 8.61 (1H, brs), 8.41-8.34 (1H, m), 8.10-8.05 (1H, m), 7.72-
7.37 (6H, m), 7.32-7.12 (8H, m), 6.63-6.50 (1H, m), 6.27-6.22 (1H, m), 5.65-5.31
(3H, m), 5.07-4.94 (1H, m), 4.68-4.20 (10H, m), 4.11-3.53 (14H, m), 3.26-3.08 (2H,
m), 3.19 (12H, q, J=7.3 Hz), 3.06-2.67 (4H, m), 2.40-2.11 (4H, m), 2.05-1.88 (1H,
m), 1.29 (18H, t, J=7.3 Hz).

[1148]

Example 82: Synthesis of Drug-Linker 22

[Synthesis Scheme]

[1149]
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[1150]
(Step 1)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[2-({6-amino-9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(8,9-dihydro-6-thia-2,3,5-
triazabenzo[cd]azulen-2(7H)-yl)-15-fluoro-16-hydroxy-2,10-dioxo-2,10-
disulfideoctahydro-2H,10H,12H-5,8-methano-22.°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-y1]-9H-purin-2-
yl}amino)ethyl]glycinamide
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(Drug-Linker 22)

With use of the compound obtained in step 4-2 of Example 61 (4.4 mg) and
the compound obtained in step 3 of Example 21 (3.5 mg), the reaction was
performed in the same manner as in step 4 of Example 21, and the resultant was then
purified by preparative HPLC [10 mM aqueous solution of triethylammonium
acetate/acetonitrile, acetonitrile: 25% - 45% (0 min - 30 min)] to afford the title
compound (6.4 mg).

MS(ESDm/z: 1412(M+H)",

'H-NMR (CD3;OD) &: 8.37 (1H, d, J=1.2 Hz), 8.10-7.98 (1H, m), 7.75 (1H, s), 7.62-
7.13 (13H, m), 6.59 (1H, d, J=16.3 Hz), 6.01 (1H, brs), 5.82-5.62 (1H, m), 5.54-5.33
(2H, m), 5.04 (1H, d, J=14.5 Hz), 4.57-3.48 (14H, m), 3.35-2.65 (12H, m), 3.17
(12H, q, J=7.3 Hz), 2.35-2.11 (4H, m), 2.00-1.92 (1H, m), 1.28 (18H, t, J=7.3 Hz).
[1151]

Example 83: Synthesis of Drug-Linker 23

[Synthesis Scheme]

[1152]
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[1153]
(Step 1)

tert-Butyl N-[(benzyloxy)carbonyl]glycylglycyl-L-phenylalanylglycinate

To a solution of commercially available (Bachem Holding AG) N-
[(benzyloxy)carbonyl]glycylglycyl-L-phenylalanine(5.00 g) and glycine tert-butyl
ester hydrochloride (2.03 g) in N,N-dimethylformamide (50 mL), N,N-
diisopropylethylamine (4.11 mL) and 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (3.01 g) were added under ice-cooling, and the reaction
mixture was stirred with increasing the temperature to room temperature overnight.
The reaction mixture was poured into a two-layer mixture of chloroform and a
saturated aqueous solution of sodium hydrogen carbonate, and subjected to
extraction with chloroform. The organic layer was washed with water and brine,

and then dried over anhydrous sodium sulfate. The drying agent was removed
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through filtration, and the filtrate was concentrated under reduced pressure, and
azeotroped twice with toluene. The residue was purified by silica gel column
chromatography [dichloromethane/methanol] to afford the title compound (4.51 g).
MS(ESDm/z: 527(M+H)".
"H-NMR (DMSO-ds) 8: 8.40 (1H, t, J=5.7 Hz), 8.15 (1H, d, J=9.1 Hz), 8.00 (1H, t,
J=5.7Hz), 7.51 (1H, t, J=6.0 Hz), 7.38-7.16 (10H, m), 5.03 (2H, s), 4.52 (1H, m),
3.80-3.54 (6H, m), 3.05 (1H, dd, J=13.9, 3.6 Hz), 2.76 (1H, dd, J=14.2, 10.6 Hz),
1.41 (9H, s).
[1154]
(Step 2)
tert-Butyl glycylglycyl-L-phenylalanylglycinate

To a mixture of the compound obtained in step 1 above (4.51 g) in methanol
(20 mL)-dichloromethane (80 mL), 10% palladium-carbon (M) wet (750 mg) was
added, and the reaction mixture was stirred under the hydrogen atmosphere at room
temperature overnight. Thereto, 10% palladium-carbon (M) wet (1.5 g) was further
added, and the reaction mixture was stirred under the hydrogen atmosphere at room
temperature overnight. The reaction mixture was filtered with a Celite, and the
filtrate was concentrated under reduced pressure. The residue was purified by
amino silica gel column chromatography [dichloromethane/methanol] to afford the
title compound (3.18 g).
MS(ESI)m/z: 393(M+H)".
"H-NMR (DMSO-ds) 8: 8.42 (1H, t, J=6.1 Hz), 8.20 (1H, d, J=8.8 Hz), 8.00 (1H,
brs), 7.28-7.16 (5H, m), 4.53 (1H, m), 3.78-3.73 (3H, m), 3.61 (1H, brd, J=16.1 Hz),
3.06 (3H, dd, J=15.4, 5.6 Hz), 2.76 (1H, dd, J=14.2, 10.3 Hz), 1.88 (2H, br), 1.41
(9H, s).
[1155]
(Step 3)
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tert-Butyl N-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)hexanoyl]glycylglycyl-L-
phenylalanylglycinate

The compound obtained in step 2 above (2.65 g) and commercially available
(Tokyo Chemical Industry Co., Ltd.) N-succinimidyl 6-maleimidehexanoate (2.20 g)
were dissolved in N,N-dimethylformamide (20 mL), and the reaction mixture was
stirred at room temperature for 7 hours. After the reaction mixture was
concentrated under reduced pressure, the residue was poured into a two-layer
mixture of dichloromethane and water, and subjected to extraction with
dichloromethane. The organic layer was washed three times with water, and once
with brine and then dried over anhydrous sodium sulfate. The drying agent was
removed through filtration, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography
[dichloromethane/methanol] to afford the title compound (3.52 g).
MS(ESDm/z: 586(M+H)".
"H-NMR (CDCl3) &: 7.28-7.17 (5H, m), 7.09 (1H, t, J=5.1 Hz), 6.96 (1H, t, J=5.1
Hz), 6.91 (1H, d, J=8.3 Hz), 6.68 (2H, s), 6.52 (1H, t, J=4.9 Hz), 4.86 (1H, q, J=7.3
Hz), 4.02-3.88 (5H, m), 3.82 (1H, dd, J=18.1, 4.9 Hz), 3.51 (2H, t, J=7.1 Hz), 3.15
(1H, dd, J=14.2, 6.3 Hz), 3.04 (1H, dd, J=13.7, 7.3 Hz), 2.25 (2H, t, J=7.6 Hz), 1.70-
1.57 (4H, m), 1.45 (9H, s), 1.32 (2H, s).
[1156]
(Step 4)
N-[6-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoyl]glycylglycyl-L-
phenylalanylglycine

To a solution of the compound obtained in step 3 above (1.00 g) in
dichloromethane (9.0 mL), trifluoroacetic acid (4.5 mL) was added at 0°C, and the
reaction mixture was stirred at room temperature for 2.5 hours. The reaction

mixture was concentrated under reduced pressure, and azeotroped twice with
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toluene. The residue was purified by silica gel column chromatography
[dichloromethane/methanol] to afford the title compound (534 mg).
MS(ESDm/z: 530(M+H)".
"H-NMR (DMSO-ds) 8: 12.59 (1H, br), 8.34 (1H, t, J=5.9 Hz), 8.10 (1H, d, J=8.8
Hz), 8.07 (1H, t, J=5.9 Hz), 7.99 (1H, t, J=5.6 Hz), 7.27-7.16 (5H, m), 7.00 (2H, s),
4.52 (1H, m), 3.76 (2H, d, J=5.9 Hz), 3.74 (1H, m), 3.66 (2H, d, J=5.4 Hz), 3.57 (1H,
dd, J=16.8, 5.6 Hz), 3.36 (2H, t, J=7.1 Hz), 3.04 (1H, dd, J=13.9, 4.1 Hz), 2.77 (1H,
dd, J=13.9, 10.0 Hz), 2.10 (2H, t, J=7.3 Hz), 1.51-1.43 (4H, m), 1.19 (2H, m).
[1157]
(Step 5)
2,5-Dioxopyrrolidin-1-yl N-[6-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-
yl)hexanoyl]glycylglycyl-L-phenylalanylglycinate

With use of the compound obtained in step 4 above (462 mg), the reaction
was performed in the same manner as in step 3 of Example 21 to afford the title
compound (258 mg).
MS(ESDm/z: 627(M+H)".
"H-NMR (DMSO-dy) &: 8.70 (0.85H, t, J=6.1 Hz), 8.44 (0.15H, t, J=5.9 Hz), 8.17
(0.85H, d, J=8.8 Hz), 8.11 (0.15H, d, J=8.8 Hz), 8.06 (1H, t, J=5.6 Hz), 7.99-7.95
(1H, m), 7.27-7.16 (5H, m), 6.99 (2H, s), 4.53 (1H, m), 4.28 (1.7H, d, J=5.9 Hz),
3.85(0.3H, d, J=5.9 Hz), 3.74 (1H, dd, J=17.1, 5.9 Hz), 3.66 (2H, d, J=5.9 Hz), 3.58
(1H, dd, J=16.8, 5.6 Hz), 3.36 (2H, t, J=7.1 Hz), 3.04 (1H, dd, J=13.9, 4.1 Hz), 2.81
(4H, brs), 2.77 (1H, dd, J=10.0, 3.7 Hz), 2.10 (2H, t, J=7.3 Hz), 1.51-1.44 (4H, m),
1.20 (2H, d, J=7.3 Hz).
[1158]
(Step 6)
Bis(N,N-diethylethaneaminium) N-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-

ylhexanoyl]glycylglycyl-L-phenylalanyl-N-[2-({6-amino-9-
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[(5R,7R,8R,12aR,14R,15R,15aS,16R)-15,16-dihydroxy-2,10-dioxo-2,10-disulfide-
14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-9H-purin-2-
yl}amino)ethyl]glycinamide

(Drug-Linker 23)

With use of the compound obtained in step 8-2 of Example 8 (9.5 mg) and the
compound obtained in step 5 above (7.5 mg), the reaction was performed in the same
manner as in step 1 of Example 23, and the resultant was then purified by preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile,
acetonitrile: 10% - 30% (0 min - 30 min)] to afford the title compound (7.8 mg).
MS(EST)m/z: 1299(M+H)".

'H-NMR (CD;OD) &: 8.35 (1H, s), 8.02 (1H, s), 7.29-7.15 (6H, m), 6.76 (2H, s),
6.32 (1H, d, J=6.7 Hz), 6.11 (1H, d, 8.5 Hz), 5.48-5.36 (2H, m), 4.82-4.79 (1H, m),
4.50-4.25 (6H, m), 4.06-3.81 (7H, m), 3.61-3.37 (9H, m), 3.17-2.89 (4H, m), 3.14
(12H, q, J=7.3 Hz), 2.21-1.96 (4H, m), 1.58-1.48 (4H, m), 1.30-1.21 (2H, m), 1.27
(18H, t, J=7.3 Hz).

[1159]

Example 84: Synthesis of Glycan-Remodeled Antibody 3

Preparation of Anti-HER2 Antibody 2-[SG-(N3)2]2

[Synthesis Scheme]

[1160]

(Fuca1,6)GlcNAc-anti-HER2 Anti-HER2 Antibody 2-[SG-(Ns)2]»
antibody 2
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[1161]
(Step 1)
Preparation of (Fucal,6)GIcNAc-Anti-HER2 Antibody 2

Commercially available PERJETA (R) intravenous infusion drip 420 mg/14
mL (Chugai Pharmaceutical Co., Ltd.) (3.5 mL) was subjected to buffer exchange in
accordance with Common Operation C to provide a phosphate-buffered saline
solution (6.0 mL, 15.39 mg/mL, pH 6.0). The same operations as in step 1 of
Example 25 were performed to afford a 20 mM phosphate buffer solution of the title
antibody (12.96 mg/mL, 7.5 mL, pH 6.0).
[1162]
(Step 2)
Preparation of Anti-HER2 Antibody 2-[SG-(N3)2]2

With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (12.96 mg/mL, 7.5 mL, pH 6.0) and [N3-PEG(3)]>-SG(10)Ox (22.5
mg), the same operations as in step 2 of Example 25 were performed to afford a
phosphate-buffered saline solution of the title antibody (10.21 mg/mL, 9.0 mL, pH
6.0).
[1163]
Example 85: Synthesis of Glycan-Remodeled Antibody 4
Preparation of Modified Anti-HER2 Antibody 2-[SG-(N3)2]2

[Synthesis Scheme]
[1164]
[Q] [0] Step 1 v Step 2 v
2 &
Modified anti-HER2 antibody 2 (Fuca1,6)GlcNAc-modified Modified anti-HER2 antibody 2-

anti-HER2 antibody 2 [SG-(N3)]2



10

15

20

- 600 -

[1165]
(Step 1)
Preparation of (Fucal,6)GlcNAc-Modified Anti-HER2 Antibody 2

With use of phosphate-buffered saline solution of a modified anti-HER2
antibody 2 prepared in accordance with Reference Example 5 (24 mL, 12.25 mg/mL,
pH 6.0), the same operations as in step 1 of Example 25 were performed to afford a
20 mM phosphate buffer solution of the title antibody (20.86 mg/mL, 12.5 mL, pH
6.0).
[1166]
(Step 2)
Preparation of Modified Anti-HER2 Antibody 2-[SG-(N3)2]2

With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (20.86 mg/mL, 12.5 mL, pH 6.0) and [N3-PEG(3)]>-SG(10)Ox (52 mg),
the same operations as in step 2 of Example 25 were performed to afford a
phosphate-buffered saline solution of the title antibody (10.87 mg/mL, 22 mL, pH
6.0).
[1167]
Example 86: Synthesis of Glycan-Remodeled Antibody 5
Preparation of Anti-CD33 Antibody-[SG-(N3)2]>
[Synthesis Scheme]
[1168]

Anti-CD33 antibody (Fuca1,6)GIcNAc-anti-CD33 Anti-CD33 antibody-[SG-(N3)2]>
antibody

[1169]
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(Step 1)
Preparation of (Fucal,6)GIcNAc-Anti-CD33 antibody
With use of phosphate-buffered saline solution of an anti-CD33 antibody
prepared in accordance with Reference Example 6 (9.0 mL, 11.56 mg/mL, pH 6.0),
5  the same operations as in step 1 of Example 25 was performed to afford a 20 mM
phosphate buffer solution of the title antibody (11.62 mg/mL, 8 mL, pH 6.0).
[1170]
(Step 2)
Preparation of Anti-CD33 Antibody-[SG-(N3)2]>
10 With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (11.62 mg/mL, 8 mL, pH 6.0) and [N3-PEG(3)]>-SG(10)Ox (21.5 mg),
the same operations as step 2 of Example 25 were performed to afford a phosphate-
buffered saline solution of the title antibody (10.01 mg/mL, 8 mL, pH 6.0).
[1171]
15  Example 87: Synthesis of Glycan-Remodeled Antibody 6
Preparation of Anti-EphA2 Antibody-[SG-(N3)2]>
[Synthesis Scheme]
[1172]

Step 1 Step 2
———
Anti-EphA2 antibody (Fuca1,6)GIcNAc-anti-EphA2 Anti-EphA2 antibody-[SG-(Ns)2].
antibody
20 [1173]
(Step 1)

Preparation of (Fucal,6)GIcNAc-Anti-EphA2 Antibody
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With use of phosphate-buffered saline solution of an anti-EphA2 antibody
prepared in accordance with Reference Example 7 (8.0 mL, 12.83 mg/mL, pH 6.0),
the same operations as in step 1 of Example 25 were performed to afford a 20 mM
phosphate buffer solution of the title antibody (13.51 mg/mL, 7 mL, pH 6.0).
[1174]

(Step 2)
Preparation of Anti-EphA2 Antibody-[SG-(N3)2]>

With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (13.51 mg/mL, 7 mL, pH 6.0) and [N3-PEG(3)]>-SG(10)Ox (21.7 mg),
the same operations as in step 2 of Example 25 were performed to afford a
phosphate-buffered saline solution of the title antibody (8.91 mg/mL, 7.5 mL, pH
6.0).

[1175]

Example 88: Synthesis of Glycan-Remodeled Antibody 7
Preparation of Anti-CDH6 Antibody-[SG-(N3)2]2
[Synthesis Scheme]

[1176]

Anti-CDH6 antibody (Fuca1,6)GlcNAc-anti-CDH6 Anti-CDH6 antibody-[SG-(N3)2]2

antibody
[1177]
(Step 1)

Preparation of (Fucal,6)GIcNAc-Anti-CDH6 Antibody
HBSor buffer (25 mM histidine/5% sorbitol, pH = 6.0) (5.0 mL, 20.0 mg/mL)

of an anti-CDHG6 antibody prepared in accordance with Reference Example 8 was
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subjected to buffer exchange to phosphate-buffered saline solution (pH = 6.0) in
accordance with Common Operation C, and the same operations as in step 1 of
Example 25 were then performed to afford a 20 mM phosphate bufter solution of the
title antibody (9.58 mg/mL, 9.0 mL, pH 6.0).
5 [1178]
(Step 2)
Preparation of Anti-CDH6 Antibody-[SG-(N3)2]2
With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (9.58 mg/mL, 9.0 mL, pH 6.0) and [N3-PEG(3)]2-SG(10)Ox (24.5 mg),
10  the same operations as in step 2 of Example 25 were performed to afford a
phosphate-buffered saline solution of the title antibody (10.69 mg/mL, 7.5 mL, pH
6.0).
[1179]
Example 89: Synthesis of Glycan-Remodeled Antibody 8
15  Preparation of Modified Anti-HER2 Antibody 2-[MSG1-(N3)]»
[Synthesis Scheme]
[1180]

Step 1 . Step 2
——

Modified anti-HER2 antibody 2 (Fuca1,6)GlcNAc-modified Modified anti-HER2 antibody 2-

anti-HER2 antibody 2 [MSG1-(Na)l2
[1181]
20 (Step 1)

Preparation of (Fucal,6)GlcNAc-Modified Anti-HER2 Antibody 2
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The same reaction as in step 1 of Example 85 was performed for a buffer
solution of the raw material antibody (10 mL, 12.25 mg/mL, pH 6.0) to afford a 20
mM phosphate buffer solution of the title antibody (14.84 mg/mL, 7.5 mL, pH 6.0).
[1182]

(Step 2)
Preparation of Modified Anti-HER2 Antibody 2-[MSG1-(N3)]2

With use of the 20 mM phosphate buffer solution of the antibody obtained in
step 1 above (14.84 mg/mL, 7.5 mL, pH 6.0) and [N3-PEG(3)]-MSG1(9)-Ox
(compound 1-11 in WO 2018/003983) (19 mg), the same operations as in step 2 of
Example 25 were performed to afford a phosphate-buffered saline solution of the
title antibody (10.48 mg/mL, 9.25 mL, pH 6.0).

[1183]
Example 90: Synthesis of Antibody-Drug Conjugate 5 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 4)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.97 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 1 (10 mM,
0.091 mL, 24 equivalents per antibody molecule) and propylene glycol (0.159 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.

Antibody concentration: 0.49 mg/mL
Antibody yield: 1.71 mg (31%)

Average number of conjugated drug molecules: 3.6
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[1184]
Example 91: Synthesis of Antibody-Drug Conjugate 6 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 5)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.97 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2a (10 mM,
0.091 mL, 24 equivalents per antibody molecule) and propylene glycol (0.159 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.91 mg/mL
Antibody yield: 3.17 mg (58%)
Average number of conjugated drug molecules: 3.6
[1185]
Example 92: Synthesis of Antibody-Drug Conjugate 7 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 6)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 4.00 mL) was diluted with propylene glycol (2.00 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2b (10 mM, 0.707
mL, 24 equivalents per antibody molecule) and propylene glycol (1.293 mL) was
added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (24.5 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.96 mg/mL
Antibody yield: 23.57 mg (59%)
Average number of conjugated drug molecules: 3.7
[1186]
Example 93: Synthesis of Antibody-Drug Conjugate 8 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 7)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 4.00 mL) was diluted with propylene glycol (2.00 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 5 (10 mM, 0.707
mL, 24 equivalents per antibody molecule) and propylene glycol (1.293 mL) was
added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (24.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.10 mg/mL
Antibody yield: 26.86 mg (67%)
Average number of conjugated drug molecules: 3.7
[1187]
Example 94: Synthesis of Antibody-Drug Conjugate 9 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 8)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 4.00 mL) was diluted with propylene glycol (2.00 mL). To this

solution, a mixture of a dimethyl sulfoxide solution of drug-linker 6 (10 mM, 0.707
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mL, 24 equivalents per antibody molecule) and propylene glycol (1.293 mL) was
added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (24.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.34 mg/mL
Antibody yield: 32.92 mg (82%)
Average number of conjugated drug molecules: 3.7
[1188]
Example 95: Synthesis of Antibody-Drug Conjugate 10 (Synthesis of Anti-LPS
Antibody-CDN Conjugate 2)

A phosphate-buffered saline solution of glycan-remodeled antibody 2 (pH
6.0) (10.55 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2a (10 mM,
0.087 mL, 24 equivalents per antibody molecule) and propylene glycol (0.163 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.88 mg/mL
Antibody yield: 3.08 mg (62%)
Average number of conjugated drug molecules: 3.6

[1189]
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Example 96: Synthesis of Antibody-Drug Conjugate 11 (Synthesis of Anti-EphA2
Antibody-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 6 (pH
6.0) (8.91 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2b (10 mM,
0.073 mL, 24 equivalents per antibody molecule) and propylene glycol (0.177 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and F to acquire the following results.
Antibody concentration: 0.60 mg/mL
Antibody yield: 2.10 mg (47%)
Average number of conjugated drug molecules: 3.8
[1190]
Example 97: Synthesis of Antibody-Drug Conjugate 12 (Synthesis of Anti-CD33
Antibody-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 5 (pH
6.0) (10.01 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2b (10 mM,
0.083 mL, 24 equivalents per antibody molecule) and propylene glycol (0.167 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (3.5 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.73 mg/mL
Antibody yield: 2.57 mg (51%)
Average number of conjugated drug molecules: 3.9
[1191]
Example 98: Synthesis of Antibody-Drug Conjugate 13 (Synthesis of Anti-CDH6
Antibody-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 7 (pH
6.0) (10.69 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 2b (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.96 mg/mL
Antibody yield: 3.37 mg (63%)
Average number of conjugated drug molecules: 3.8
[1192]
Example 99: Synthesis of Antibody-Drug Conjugate 14 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 1)

A phosphate-buffered saline solution of glycan-remodeled antibody 3 (pH
6.0) (10.21 mg/mL, 1.50 mL) was diluted with propylene glycol (0.750 mL). To

this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 3 (10 mM,



10

15

20

25

- 610 -

0.253 mL, 24 equivalents per antibody molecule) and propylene glycol (0.497 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (9.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.02 mg/mL
Antibody yield: 9.73 mg (64%)
Average number of conjugated drug molecules: 3.7
[1193]
Example 100: Synthesis of Antibody-Drug Conjugate 15 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 9)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 8 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.93 mg/mL
Antibody yield: 3.24 mg (61%)
Average number of conjugated drug molecules: 3.6

[1194]
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Example 101: Synthesis of Antibody-Drug Conjugate 16 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 10)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.35 mg/mL, 13.50 mL) was diluted with propylene glycol (6.750 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 9 (10 mM,
2.310 mL, 24 equivalents per antibody molecule) and propylene glycol (4.440 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (74.3 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.36 mg/mL
Antibody yield: 100.8 mg (72%)
Average number of conjugated drug molecules: 3.7
[1195]
Example 102: Synthesis of Antibody-Drug Conjugate 17 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 11)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 10 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (3.5 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.63 mg/mL
Antibody yield: 2.22 mg (42%)
Average number of conjugated drug molecules: 3.5
[1196]
Example 103: Synthesis of Antibody-Drug Conjugate 18 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 12)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 11 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.94 mg/mL
Antibody yield: 3.29 mg (62%)
Average number of conjugated drug molecules: 3.6
[1197]
Example 104: Synthesis of Antibody-Drug Conjugate 19 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 13)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To

this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 12 (10 mM,
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0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.92 mg/mL
Antibody yield: 3.20 mg (60%)
Average number of conjugated drug molecules: 3.5
[1198]
Example 105: Synthesis of Antibody-Drug Conjugate 20 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 14)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 13 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.01 mg/mL
Antibody yield: 3.52 mg (66%)
Average number of conjugated drug molecules: 3.5

[1199]
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Example 106: Synthesis of Antibody-Drug Conjugate 21 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 15)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 14 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.78 mg/mL
Antibody yield: 2.74 mg (51%)
Average number of conjugated drug molecules: 3.6
[1200]
Example 107: Synthesis of Antibody-Drug Conjugate 22 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 16)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 15 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (3.5 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.32 mg/mL
Antibody yield: 4.61 mg (86%)
Average number of conjugated drug molecules: 3.6
[1201]
Example 108: Synthesis of Antibody-Drug Conjugate 23 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 17)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 16 (10 mM,
0.088 mL, 24 equivalents per antibody molecule) and propylene glycol (0.162 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.93 mg/mL
Antibody yield: 3.25 mg (61%)
Average number of conjugated drug molecules: 3.6
[1202]
Example 109: Synthesis of Antibody-Drug Conjugate 24 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 18)

A phosphate-buffered saline solution of glycan-remodeled antibody 1 (pH
6.0) (10.70 mg/mL, 4.00 mL) was diluted with propylene glycol (2.00 mL). To this

solution, a mixture of a dimethyl sulfoxide solution of drug-linker 7 (10 mM, 0.707
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mL, 24 equivalents per antibody molecule) and propylene glycol (1.293 mL) was
added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (24.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.33 mg/mL
Antibody yield: 32.64 mg (82%)
Average number of conjugated drug molecules: 3.7
[1203]
Example 110: Synthesis of Antibody-Drug Conjugate 25 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 2)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.87 mg/mL, 8.00 mL) was diluted with propylene glycol (4.00 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 17a (10 mM,
1.079 mL, 18 equivalents per antibody molecule) and propylene glycol (2.921 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (44.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.16 mg/mL
Antibody yield: 51.5 mg (59%)
Average number of conjugated drug molecules: 3.8

[1204]
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Example 111: Synthesis of Antibody-Drug Conjugate 26 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 3)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.87 mg/mL, 8.00 mL) was diluted with propylene glycol (4.00 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 17b (10 mM,
1.079 mL, 18 equivalents per antibody molecule) and propylene glycol (2.921 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (44.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.24 mg/mL
Antibody yield: 54.99 mg (63%)
Average number of conjugated drug molecules: 3.9
[1205]
Example 112: Synthesis of Antibody-Drug Conjugate 27 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 4)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 19 (10 mM,
0.180 mL, 24 equivalents per antibody molecule) and propylene glycol (0.320 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (7.0 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.79 mg/mL
Antibody yield: 5.53 mg (51%)
Average number of conjugated drug molecules: 3.9
[1206]
Example 113: Synthesis of Antibody-Drug Conjugate 28 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 5)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 21 (10 mM,
0.180 mL, 24 equivalents per antibody molecule) and propylene glycol (0.320 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.84 mg/mL
Antibody yield: 5.91 mg (54%)
Average number of conjugated drug molecules: 3.9
[1207]
Example 114: Synthesis of Antibody-Drug Conjugate 29 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 6)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To

this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 22 (10 mM,
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0.180 mL, 24 equivalents per antibody molecule) and propylene glycol (0.320 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (5.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.92 mg/mL
Antibody yield: 4.60 mg (42%)
Average number of conjugated drug molecules: 3.5
[1208]
Example 115: Synthesis of Antibody-Drug Conjugate 30 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 7)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 18 (10 mM,
0.180 mL, 24 equivalents per antibody molecule) and propylene glycol (0.320 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.08 mg/mL
Antibody yield: 7.53 mg (69%)
Average number of conjugated drug molecules: 3.9

[1209]
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Example 116: Synthesis of Antibody-Drug Conjugate 31 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 8)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 20 (10 mM,
0.180 mL, 24 equivalents per antibody molecule) and propylene glycol (0.320 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.09 mg/mL
Antibody yield: 7.62 mg (70%)
Average number of conjugated drug molecules: 3.8
[1210]
Example 117: Synthesis of Antibody-Drug Conjugate 32 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 9)

A phosphate-buffered saline solution of glycan-remodeled antibody 8 (pH
6.0) (10.48 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 17a (10 mM,
0.087 mL, 12 equivalents per antibody molecule) and propylene glycol (0.413 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (7.0 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.77 mg/mL
Antibody yield: 5.36 mg (51%)
Average number of conjugated drug molecules: 1.8
[1211]
Example 118: Synthesis of Antibody-Drug Conjugate 33 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 10)

A phosphate-buffered saline solution of glycan-remodeled antibody 8 (pH
6.0) (10.48 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 17b (10 mM,
0.087 mL, 12 equivalents per antibody molecule) and propylene glycol (0.413 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.91 mg/mL
Antibody yield: 6.34 mg (61%)
Average number of conjugated drug molecules: 1.8
[1212]
Example 119: Synthesis of Antibody-Drug Conjugate 34 (Synthesis of Anti-HER2
Antibody-CDN Conjugate 19)

A phosphate buffer solution of an anti-HER2 antibody prepared in accordance
with Reference Example 1 was subjected to buffer exchange in accordance with

Common Operation C to prepare an antibody solution in phosphate-buffered saline/5
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mM EDTA (7.69 mg/mL). To this antibody solution (0.65 mL), an aqueous
solution of tris(2-carboxyethyl)phosphine hydrochloride (10 mM, 20.7 uL) and an
aqueous solution of dipotassium hydrogen phosphate (1 M, 9.8 uL) were added.
After confirming that the pH of the reaction mixture was within 7.4 + 1.0, the
reaction mixture was stirred at 37°C for 2 hours. A DMSO solution of drug-linker
23 (10 mM, 0.0689 mL) was added thereto, and the resultant was reacted with tube
rotator (MTR-103, AS ONE Corporation) at room temperature for 1 hour. An
aqueous solution of N-acetyl-L-cysteine (100 mM, 6.9 ulL) was added to the reaction
mixture to quench the reaction. The reaction mixture was subjected to buffer
exchange in accordance with the method described in Common Operation C to
afford an ABS solution of the targeted antibody-drug conjugate (1.6 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.46 mg/mL
Antibody yield: 2.34 mg (47%)
Average number of conjugated drug molecules: 6.5
[1213]
Example 120: Synthesis of Drug-Linker 24
[Synthesis Scheme]
[1214]
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(Step 1)
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With use of the compound obtained in step 8 of Example 44 (1.55 g), the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 6-benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-
tetraazabenzo[cd]azulene. With use of the obtained acetonitrile solution and the
compound obtained in step 6 of Example 77 (1.96 g), the reaction was performed in
the same manner as in step 8 of Example 1, and the resulting crude product was
directly used for the subsequent reaction.

[1216]

(Step 2)

2-(Trimethylsilyl)ethyl (2-{[(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-y1)-16- {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-15-fluoro-2-hydroxy-2-oxo-10-
sulfanylideneoctahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]amino}-2-oxoethyl)carbamate

With use of the crude product obtained in step 1 above, the reaction was
performed in the same manner as in step 2 of Example 62 to afford the title
compound (1.07 g: with impurities) as a mixture of diastereomers at the phosphorus
atom.

MS(ESDm/z: 1262(M+H)".

[1217]

(Step 3)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,16R)-16-{[tert-
butyl(dimethyl)silylJoxy}-15-fluoro-2,10-dioxo-7-[6-0x0-1-(2-{[(N-{[2-
(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy} ethyl)-1,6-dihydro-9H-
purin-9-yl]-10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
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yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-olate

With use of the compound (1.07 g) obtained in step 2 above, the reaction was
performed in the same manner as in step 10 of Example 1, and the resultant was then
purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile-methanol (1:1), acetonitrile-
methanol (1:1): 25% - 90% (0 min - 40 min)] to afford diastereomer 1 (67.8 mg: with
impurities) and diastereomer 2 (56.6 mg: with impurities) of the title compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1105(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1105(M+H)".
[1218]
(Step 4-1)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,16R)-15-fluoro-7-(1-{2-
[(glycylamino)methoxy]ethyl}-6-oxo0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-2,10-
dioxo-10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd ]Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-olate

With use of the compound obtained in step 3 above (diastereomer 1) (67.8
mg), the reaction was performed in the same manner as in step 9-1 of Example 11,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] and preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile-methanol
(1:1), acetonitrile-methanol (1:1): 10% - 60% (0 min - 30 min)] to afford the title

compound (33.7 mg: with impurities).
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MS(ESDm/z: 847(M+H)".
[1219]
(Step 4-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,16R)-15-fluoro-7-(1-{2-
[(glycylamino)methoxy]ethyl}-6-oxo0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-2,10-
dioxo-10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd ]Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-2-olate

With use of the compound obtained in step 3 above (diastereomer 2) (56.6
mg), the reaction was performed in the same manner as in step 9-1 of Example 11,
and the resultant was then purified by C18 silica gel column chromatography [10
mM aqueous solution of triethylammonium acetate/acetonitrile] and preparative
HPLC [10 mM aqueous solution of triethylammonium acetate/acetonitrile-methanol
(1:1), acetonitrile-methanol (1:1): 10% - 60% (0 min - 30 min)] to afford the title
compound (32.6 mg: with impurities).
MS(ESDm/z: 847(M+H)".
[1220]
(Step 5-1)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2-oxide-2,10-dioxo-
10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-22°,10A°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Diastereomer 1)
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With use of the compound obtained in step 4-1 above (33.7 mg) and the
compound obtained in step 11 of Example 22 (21.3 mg), the reaction was performed
in the same manner as in step 9-1 of Example 22, and the purification was performed
under the following [Purification Conditions] to afford the title compound (11.2 mg).
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/methanol, methanol: 40% - 90% (0
min - 40 min)].
MS(ESDm/z: 1395(M+H)".
"H-NMR (CD30D) &: 8.57-8.54 (1H, m), 8.16-8.10 (1H, m), 8.04 (1H, s), 7.64-7.49
(2H, m), 7.44-7.34 (3H, m), 7.33-7.11 (9H, m), 6.46 (1H, d, J=18.1 Hz), 6.26 (1H, d,
J=8.5 Hz), 5.54-5.30 (2H, m), 5.18-5.00 (2H, m), 4.75-4.71 (1H, m), 4.65-4.20 (10H,
m), 4.13-3.93 (2H, m), 3.88-3.60 (8H, m), 3.55-3.40 (2H, m), 3.26-3.15 (1H, m),
3.18 (12H, q, J=7.3 Hz), 3.02-2.91 (1H, m), 2.87-2.61 (3H, m), 2.38-2.18 (2H, m),
2.06-1.80 (3H, m), 1.28 (18H, t, J=7.3 Hz).
[1221]
(Step 5-2)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2-oxide-2,10-dioxo-
10-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide
(Diastereomer 2)

With use of the compound obtained in step 4-2 above (32.6 mg) and the

compound obtained in step 11 of Example 22 (20.6 mg), the reaction was performed
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in the same manner as in step 9-1 of Example 22, and the purification was performed
under the following [Purification Conditions] to afford the title compound (16.7 mg).
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile], preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/methanol, methanol: 40% - 90% (0
min - 40 min)], and preparative HPLC [100 mM hexafluoro-2-propanol, 8 mM
aqueous solution of triethylamine/acetonitrile, acetonitrile: 10% - 45% (0 min - 40
min)].

MS(ESDm/z: 1395(M+H)".

"H-NMR (CD3;0D) &: 8.58 (1H, s), 8.17-8.13 (1H, m), 8.02 (1H, s), 7.64-7.50 (2H,
m), 7.42-7.35 (4H, m), 7.32-7.12 (8H, m), 6.49 (1H, d, J=16.3 Hz), 6.27 (1H, dd,
J=8.2, 6.3 Hz), 5.50-5.21 (3H, m), 5.08-5.00 (1H, m), 4.66-4.23 (9H, m), 4.14-3.98
(3H, m), 3.91-3.52 (9H, m), 3.48-3.41 (2H, m), 3.23-3.12 (1H, m), 3.18 (12H, q,
J=7.3 Hz), 3.03-2.94 (1H, m), 2.85-2.75 (3H, m), 2.40-2.23 (2H, m), 2.06-1.87 (3H,
m), 1.28 (18H, t, J=7.3 Hz).

[1222]

Example 121: Synthesis of Drug-Linker 25

[Synthesis Scheme]

[1223]



- 629 -

B:
O e o
o O N Step 1 g Step 2 HQ &
v N (o]
(¢} — ——— YN 4
O~ X
HO F O"E‘OH

H
SN
\‘_/—0 4
—Si o— N—
/ H o_3 y
N— Bz
N NC
0. O a o ,~ o i v
N ° N o “— ¢ TBS N OHN
. = o H N O=h—1=0 )
\ o
o\ 07,N\7N ei/ N2 o 6 \\(_7’“ P
== o / HO === g
TBS- o L((D,NVN NN o F
P CN == O—-P-SH
N~ 07N & 74 b
s-0° © v o N )
Step3 L. o 2 N )N Step 4 N_?
\/\0’6\0 =
' i {
N Si—
o o/
HI
o oH H o
N
e N
Q2 s NN o NN
Ob===0 = “o-P ) -

7 o
0—P-§ — -
—=  E & Mg — , ot
N—7 ( (H O ) o}
NT N.
Q ~" ~
R NPa Sy
o
H o O NH,

NN S
Step 7-1 ) N D‘oj,s*F E &
Step 7-2 0 N—//N . (H (H\/

N

~
oy oy o O
OVNf\ﬁ Nrgkmws
é 7

Drug-linker 25a
Drug-linker 25b

[1224]

(Step 1)

N,N-Diethylethaneaminium 6-benzoyl-2-{5-O-[bis(4-
methoxyphenyl)(phenyl)methyl]-2-deoxy-2-fluoro-3-O-[ oxide(oxo)-A’-
phosphanyl]-B-D-ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraazabenzo[cd]azulene
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To a solution of the compound obtained in step 7 of Example 44 (1.49 g) in
pyridine (10.4 mL), diphenyl phosphite (599 uL) was added under ice-cooling, and
the temperature was increased to room temperature and the reaction mixture was
stirred for 30 minutes. Diphenyl phosphite (200 puL) was further added thereto, and
the reaction mixture was further stirred for 2 hours. Water (1.5 mL) was added to
the reaction mixture under ice-cooling, and the reaction mixture was stirred at room
temperature for 30 minutes, and then concentrated under reduced pressure. The
residue was purified by silica gel column chromatography [ethyl
acetate/methanol/0.1% triethylamine] to afford the title compound (1.41 g).
MS(ESDm/z: 779(M+H)".

'H-NMR (CD30D) &: 8.01 (1H, s), 7.54 (1H, s), 7.42-7.39 (2H, m), 7.32-7.19 (10H,
m), 7.14-7.09 (2H, s), 6.84 (1H, dd, J=628.7, 1.8 Hz), 6.83-6.79 (4H, m), 6.53 (1H,
dd, J=17.5, 1.8 Hz), 5.54 (1H, ddd, J=52.1, 4.0, 2.0 Hz), 5.37-5.27 (1H, m), 4.31-
4.21 (3H, m), 3.55 (1H, dd, J=11.2, 2.1 Hz), 3.38 (1H, dd, J=10.9, 3.0 Hz), 3.34 (6H,
s), 3.19 (6H, q, J=7.5 Hz), 2.84-2.69 (2H, m), 2.18-2.12 (2H, m), 1.29 (9H, t, J=7.3
Hz).

[1225]

(Step 2)

6-Benzoyl-2-{2-deoxy-2-fluoro-3-O-[hydroxy(oxo)-A’-phosphanyl]-B-D-
ribofuranosyl}-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulene

To a solution of the compound obtained in step 1 above (1.41 g) in
dichloromethane (20.0 mL), water (289 pL) and a solution of dichloroacetic acid
(1.14 mL) in dichloromethane (20.0 mL) were added, and the reaction mixture was
stirred at room temperature for 10 minutes. Pyridine (2.19 mL) was added to the
reaction mixture to quench the reaction, and the reaction mixture was then
concentrated under reduced pressure. A pyridine salt of trifluoroacetic acid (402

mg) was added to the residue, and the resultant was azeotroped three times with
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dehydrated acetonitrile (15 mL), with about 10 mL of acetonitrile allowed to remain
after the last operation. The obtained acetonitrile solution was directly used for the
subsequent reaction.

MS(ESDm/z: 477(M+H)".

[1226]

(Step 3)

With use of the compound obtained in step 6 of Example 77 (2.15 g) and the
acetonitrile solution of the compound obtained in step 2 above, the reaction was
performed in the same manner as in step 1 of Example 63, and the resulting crude
product was directly used for the subsequent reaction.

[1227]

(Step 4)

2-(Trimethylsilyl)ethyl (2-{[(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[cd]azulen-2-yl)-16- {[tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-15-fluoro-2,10-dioxo-2-
sulfanyloctahydro-2H,10H,12H-5,8-methano-2)>,101°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]amino}-2-oxoethyl)carbamate

With use of the crude product obtained in step 3 above, the reaction was
performed in the same manner as in step 9 of Example 1 to afford the title compound
(1.00 g: with impurities).

MS(ESDm/z: 1262(M+H)".

[1228]

(Step 5)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-16-{[tert-
butyl(dimethyl)silylJoxy}-15-fluoro-2,10-dioxo-7-[6-0x0-1-(2-{[(N-{[2-

(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy } ethyl)-1,6-dihydro-9H-
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purin-9-yl]-2-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd Jazulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-olate

With use of the compound obtained in step 4 above (1.00 g), the reaction was
performed in the same manner as in step 10 of Example 1 to afford diastereomer 1
(191 mg: with impurities) and diastereomer 2 (369 mg: with impurities) of the title
compound.
Diastereomer 1 (less polar)
MS(ESDm/z: 1105(M+H)".
Diastereomer 2 (more polar)
MS(ESDm/z: 1105(M+H)".
[1229]
(Step 6-1)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-7-
(1-{2-[(glycylamino)methoxy]ethyl } -6-0x0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-
2,10-dioxo-2-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-olate

With use of the compound obtained in step 5 above (diastereomer 1) (191
mg), the reaction was performed in the same manner as in step 5 of Example 40 to
afford the title compound (21.9 mg: with impurities).
MS(ESDm/z: 847(M+H)".
"H-NMR (CD3;0D) §: 8.39 (1H, s), 8.03 (1H, s), 7.71 (1H, s), 7.24 (1H, s), 6.45 (1H,
d, J=17.5 Hz), 6.15 (1H, d, J=8.5 Hz), 5.79-5.65 (2H, m), 5.46-5.36 (1H, m), 4.63-
4.23 (9H, m), 4.01-3.95 (1H, m), 3.65-3.57 (2H, m), 3.52-3.37 (5H, m), 3.15 (12H, q,
J=7.3 Hz), 2.76-2.68 (1H, m), 2.39-2.30 (1H, m), 1.92-1.82 (2H, m), 1.28 (18H, t,
J=7.6 Hz).
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[1230]
(Step 6-2)
Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-7-
(1-{2-[(glycylamino)methoxy]ethyl } -6-ox0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-
2,10-dioxo-2-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-
yl)octahydro-2H,10H,12H-5,8-methano-2A°,10A°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-10-olate

With use of the compound obtained in step 5 above (diastereomer 2) (369
mg), the reaction was performed in the same manner as in step 5 of Example 40 to
afford the title compound (137 mg: with impurities).
MS(ESDm/z: 847(M+H)".
"H-NMR (CD30D) §: 8.96 (1H, s), 8.14 (1H, s), 8.02 (1H, s), 7.04 (1H, s), 6.46 (1H,
d, J=19.3 Hz), 6.28 (1H, d, J=8.5 Hz), 5.61 (1H, dd, J=52.0, 4.2 Hz), 5.38-5.23 (2H,
m), 4.69-4.63 (2H, m), 4.56 (1H, d, J=10.3 Hz), 4.39-4.30 (4H, m), 4.26-4.17 (3H,
m), 3.97-3.91 (1H, m), 3.84-3.72 (2H, m), 3.52-3.46 (2H, m), 3.32-3.25 (2H, m),
2.97 (12H, q, J=7.3 Hz), 2.74-2.63 (2H, m), 2.03-1.84 (2H, m), 1.21 (18H, t, J=7.3
Hz).
[1231]
(Step 7-1)
Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-10-oxide-2,10-dioxo-
2-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]Jazulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 101.°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Drug-Linker 25a: diastereomer 1)
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With use of the compound obtained in step 6-1 above (21.9 mg), the reaction
was performed in the same manner as in step 9-1 of Example 22, and the purification
was then performed under the following [Purification Conditions] to afford the title
compound (26.3 mg).

[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 30% - 50% (0 min - 30 min)] and
Sep-Pak (R) C18 [water/acetonitrile/0.1% triethylamine].

MS(ESDm/z: 1395(M+H)".

'H-NMR (CD3OD) &: 8.58 (1H, d, J=4.2 Hz), 8.08-8.02 (2H, m), 7.64-7.13 (14H,
m), 6.46 (1H, d, J=18.1 Hz), 6.26-6.21 (1H, m), 5.45 (1H, d, J=53.2 Hz), 5.35-5.18
(2H, m), 5.07-5.01 (1H, m), 4.62-4.13 (10H, m), 4.09-3.90 (2H, m), 3.87-3.43 (11H,
m), 3.21-3.09 (1H, m), 3.18 (12H, q, J=7.3 Hz), 3.00-2.89 (1H, m), 2.83-2.52 (3H,
m), 2.37-2.21 (2H, m), 2.03-1.79 (3H, m), 1.28 (18H, t, J=7.3 Hz).

[1232]

(Step 7-2)

Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-10-oxide-2,10-dioxo-
2-sulfide-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2).>,10)\>-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

(Drug-Linker 25b: diastereomer 2)

With use of the compound obtained in step 6-2 above (47.5 mg), the reaction
was performed in the same manner as in step 9-1 of Example 22, and the purification
was then performed under the following [Purification Conditions] to afford the title

compound (15.1 mg).
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[Purification Conditions] preparative HPLC [10 mM aqueous solution of
triethylammonium acetate/acetonitrile, acetonitrile: 30% - 50% (0 min - 30 min)] and
Sep-Pak (R) C18 [water/acetonitrile/0.1% triethylamine].

MS(ESDm/z: 1395(M+H)".

"H-NMR (CD3;0D) &: 8.99 (1H, d, J=3.6 Hz), 8.14 (1H, d, J=1.8 Hz), 8.02-8.00 (1H,
m), 7.64-7.13 (13H, m), 7.01-6.98 (1H, m), 6.47 (1H, dd, J=19.0, 2.7 Hz), 6.27 (1H,
dd, J=8.5, 4.2 Hz), 5.67-5.52 (1H, m), 5.37-5.16 (2H, m), 5.08-5.01 (1H, m), 4.67-
4.14 (11H, m), 4.10-3.61 (10H, m), 3.47-3.42 (2H, m), 3.17-3.10 (1H, m), 3.15 (12H,
q, J=7.5 Hz), 3.00-2.92 (1H, m), 2.84-2.75 (1H, m), 2.63-2.54 (2H, m), 2.32-2.20
(2H, m), 2.03-1.79 (3H, m), 1.28 (18H, t, J=7.3 Hz).

[1233]

Example 122: Synthesis of Drug-Linker 26

[Synthesis Scheme]

[1234]
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(Step 1)
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With use of the compound obtained in step 6 of Example 77 (1.26 g), the
reaction was performed in the same manner as in step 7 of Example 1 to afford an
acetonitrile solution of 3'-O-[tert-butyl(dimethyl)silyl]-2'-O-[hydroxy(oxo0)-A’-
phosphanyl]-1-(2-{[(N-{[2-

(trimethylsilyl)ethoxy]carbonyl} glycyl)amino]methoxy}ethyl)inosine. ~With use of
the obtained acetonitrile solution and the compound obtained in step 8 of Example 44
(1.00 g), the reaction was performed in the same manner as in step 1 of Example 63,
and the resulting crude product was directly used for the subsequent reaction.

[1236]

(Step 2)

2-(Trimethylsilyl)ethyl (2-{[(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-y1)-16- {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-15-fluoro-2-hydroxy-2,10-
dioxooctahydro-2H,10H,12H-5,8-methano-22,101°-furo[3,2-
1][1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]amino}-2-oxoethyl)carbamate

With use of the crude product obtained in step 1 above, the reaction was
performed in the same manner as in step 2 of Example 62 to afford the title
compound (678 mg: with impurities).

MS(ESDm/z: 1246(M+H)".

[1237]

(Step 3)

2-(Trimethylsilyl)ethyl (2-{[(2-{9-[(5R,7R,8R,12aR,14R,15R,15aR,16R)-14-(6-
benzoyl-6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd]azulen-2-yl)-16- {[ tert-
butyl(dimethyl)silyl]oxy}-10-(2-cyanoethoxy)-15-fluoro-2-hydroxy-2,10-

dioxooctahydro-2H,10H,12H-5,8-methano-22°, 10A>-furo[3,2-
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11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]amino}-2-oxoethyl)carbamate

With use of the compound obtained in step 2 above (678 mg), the reaction
was performed in the same manner as in step 10 of Example 1, and the resultant was
then purified by C18 silica gel column chromatography [10 mM aqueous solution of
triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM aqueous
solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 25% - 90% (0 min - 30 min)] to afford the title
compound (99.6 mg: with impurities).

MS(ESDm/z: 1089(M+H)".

[1238]

(Step 4)

Bis(N,N-diethylethaneaminium) (5R,7R,8R,12aR,14R,15R,16R)-15-fluoro-7-(1-{2-
[(glycylamino)methoxy]ethyl}-6-0x0-1,6-dihydro-9H-purin-9-yl)-16-hydroxy-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cd |azulen-2-yl)octahydro-
2H,10H,12H-5,8-methano-2A°, 10A.°-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecine-2,10-bis(olate)

With use of the compound obtained in step 3 above (99.6 mg), the reaction
was performed in the same manner as in step 9-1 of Example 11, and the resultant
was then purified by C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [10 mM
aqueous solution of triethylammonium acetate/acetonitrile-methanol solution (1:1),
acetonitrile-methanol solution (1:1): 10% - 60% (0 min - 30 min)] to afford the title
compound (60.8 mg: with impurities).

MS(ESDm/z: 831(M+H)".
[1239]
(Step 5)
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Bis(N,N-diethylethaneaminium) N-[4-(11,12-didehydrodibenzo[b,f]azocin-5(6H)-
yl)-4-oxobutanoyl]glycylglycyl-L-phenylalanyl-N-[(2-{9-
[(5R,7R,8R,12aR,14R,15R,15aR,16R)-15-fluoro-16-hydroxy-2,10-dioxide-2,10-
dioxo-14-(6,7,8,9-tetrahydro-2H-2,3,5,6-tetraazabenzo[ cdJazulen-2-yl)octahydro-
2H,10H, 12H-5,8-methano-22°>,10A>-furo[3,2-
11[1,3,6,9,11,2,10]pentaoxadiphosphacyclotetradecin-7-yl]-6-0x0-6,9-dihydro-1H-
purin-1-yl}ethoxy)methyl]glycinamide

With use of the compound obtained in step 4 above (60.8 mg) and the
compound obtained in step 11 of Example 22 (21.3 mg), the reaction was performed
in the same manner as in step 9-1 of Example 22, and the purification was performed
under the following [Purification Conditions] to afford the title compound (30.5 mg).
[Purification Conditions] C18 silica gel column chromatography [10 mM aqueous
solution of triethylammonium acetate/acetonitrile] and preparative HPLC [100 mM
hexafluoro-2-propanol, 8 mM aqueous solution of triethylamine/acetonitrile,
acetonitrile: 10% - 45% (0 min - 40 min)].
MS(ESDm/z: 1379(M+H)".
'H-NMR (CD30D) §: 8.56 (1H, s), 8.16-8.10 (1H, m), 8.05 (1H, s), 7.63-7.49 (2H,
m), 7.45-7.35 (3H, m), 7.33-7.12 (9H, m), 6.45 (1H, d, J=18.3 Hz), 6.27 (1H, d,
J=9.8 Hz), 5.55-4.99 (4H, m), 4.65-4.42 (5H, m), 4.38-4.01 (8H, m), 3.89-3.60 (9H,
m), 3.52-3.42 (2H, m), 3.18 (12H, q, J=7.3 Hz), 3.00-2.91 (1H, m), 2.87-2.60 (3H,
m), 2.38-2.19 (2H, m), 2.04-1.81 (3H, m), 1.28 (18H, t, J=7.3 Hz).
[1240]
Example 123: Synthesis of Antibody-Drug Conjugate 35 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 11)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.87 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To

this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 24a (10 mM,
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0.135 mL, 18 equivalents per antibody molecule) and propylene glycol (0.365 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and F to acquire the following results.
Antibody concentration: 1.08 mg/mL
Antibody yield: 7.54 mg (69%)
Average number of conjugated drug molecules: 3.8
[1241]
Example 124: Synthesis of Antibody-Drug Conjugate 36 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 12)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.87 mg/mL, 1.00 mL) was diluted with propylene glycol (0.500 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 24b (10 mM,
0.135 mL, 18 equivalents per antibody molecule) and propylene glycol (0.365 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (7.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and F to acquire the following results.
Antibody concentration: 1.12 mg/mL
Antibody yield: 7.85 mg (72%)
Average number of conjugated drug molecules: 3.8

[1242]
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Example 125: Synthesis of Antibody-Drug Conjugate 37 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 13)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.87 mg/mL, 2.00 mL) was diluted with propylene glycol (1.00 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 26 (10 mM, 0.270
mL, 18 equivalents per antibody molecule) and propylene glycol (0.730 mL) was
added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (14.0 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and F to acquire the following results.
Antibody concentration: 1.05 mg/mL
Antibody yield: 14.71 mg (68%)
Average number of conjugated drug molecules: 3.8
[1243]
Example 126: Synthesis of Antibody-Drug Conjugate 38 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 14)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 3.00 mL) was diluted with propylene glycol (1.50 mL). To this
solution, a mixture of a dimethyl sulfoxide solution of drug-linker 25a (10 mM,
0.540 mL, 24 equivalents per antibody molecule) and propylene glycol (0.960 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 3 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution

of the targeted antibody-drug conjugate in ABS (19 mL).
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Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 1.38 mg/mL
Antibody yield: 26.28 mg (80%)
Average number of conjugated drug molecules: 3.7
[1244]
Example 127: Synthesis of Antibody-Drug Conjugate 39 (Synthesis of Anti-HER2
Antibody 2-CDN Conjugate 15)

A phosphate-buffered saline solution of glycan-remodeled antibody 4 (pH
6.0) (10.89 mg/mL, 0.500 mL) was diluted with propylene glycol (0.250 mL). To
this solution, a mixture of a dimethyl sulfoxide solution of drug-linker 25b (10 mM,
0.090 mL, 24 equivalents per antibody molecule) and propylene glycol (0.160 mL)
was added, and the resultant was reacted with a tube rotator (MTR-103, AS ONE
Corporation) at room temperature for 2 days. The reaction mixture was purified in
accordance with the method described in Common Operation D to afford a solution
of the targeted antibody-drug conjugate in ABS (3.5 mL).

Analysis was performed in accordance with the methods described in
Common Operations E and G to acquire the following results.
Antibody concentration: 0.93 mg/mL
Antibody yield: 3.25 mg (60%)
Average number of conjugated drug molecules: 3.5
[1245]
(Reference Example 1: Production of Anti-HER2 Antibody)

Herein, "trastuzumab", which is also referred to as HERCEPTIN (R),
huMADb4D5-8, or huMAb4D5-8, is a humanized IgG1 antibody including a light
chain consisting of an amino acid sequence represented by SEQ ID NO: 1 and a

heavy chain consisting of an amino acid sequence represented by SEQ ID NO: 2.
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US 5821337 was referred to for the amino acid sequence. Figure 4 shows the
amino acid sequences of the light chain (SEQ ID NO: 1) and heavy chain (SEQ ID
NO: 2) of trastuzumab.

[1246]

From the anti-HER2 antibody used herein, an IgG1 antibody of constant-
region-modified trastuzumab (hereinafter, also referred to as the modified anti-HER2
antibody) was designed and produced by causing mutation of leucine (L) into alanine
(A) at positions 234 and 235 specified by EU Index numbering in the amino acid
sequence of the heavy chain of trastuzumab (herein, also referred to as LALA
mutation). Figure 5 shows the amino acid sequences of the light chain (SEQ ID
NO: 1) and heavy chain (SEQ ID NO: 3) of the modified anti-HER2 antibody.
[1247]

(Reference Example 2: Production of Anti-LPS Antibody)

An anti-LPS antibody was produced with reference to WO 2015/046505.

The isotype of the anti-LPS antibody used in Examples is IgG1, and the anti-LPS
antibody has LALA mutation (hereinafter, also referred to as the modified anti-LPS
antibody). SEQ ID NO: 26 and SEQ ID NO: 27 respectively show the amino acid
sequences of the light chain and heavy chain of the modified anti-LPS antibody used
in Examples.

[1248]

(Reference Example 3: Synthesis of ML-RR-CDA-2Na")

ML-RR-CDA-2Na" used herein as a reference compound was synthesized in
accordance with a method described in Patent Literature 3 (WO 2014/189805).
[1249]

(Reference Example 4: Synthesis of 2',3'-cGAMP)
With use of cGAS, 2',3'-cGAMP used herein as a reference compound was

enzymatically synthesized from ATP and GTP. Preparation of cGAS and the
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enzymatic reaction were performed by using a method described in a literature

(Immunity, 2013, 39, 1019-1031, Cell Rep. 2014, 6, 421-430) with appropriate
modification. Purification was performed by column chromatography using a
weakly-basic anion exchange resin (DIAION WA10) and a synthetic adsorbent
(SEPABEADS SP207SS).

[1250]

(Reference Example 5: Production of Anti-HER2 Antibody 2)

"Pertuzumab", which is also referred as PERJETA (R), is a humanized IgG1
antibody including a light chain consisting of an amino acid sequence represented by
SEQ ID NO: 28 and a heavy chain consisting of an amino acid sequence represented
by SEQ ID NO: 29. WO 2004/008099 was referred to for the amino acid sequence.
Herein, pertuzumab is also referred to as anti-HER2 antibody 2. Figure 17 shows
the amino acid sequences of the light chain (SEQ ID NO: 28) and heavy chain (SEQ
ID NO: 29) of pertuzumab.

[1251]

Herein designed and produced was anti-HER2 antibody 2 having not only
LALA mutation but also a constant region of GIm3 allotype with mutation of lysine
(K) into arginine (R) at position 214 specified by EU Index numbering in the amino
acid sequence of the heavy chain (herein, also referred to as modified anti-HER2
antibody 2). Figure 18 shows the amino acid sequences of the light chain (SEQ ID
NO: 28) and heavy chain (SEQ ID NO: 30) of modified anti-HER?2 antibody 2 used
in Examples.

[1252]
(Reference Example 6: Production of Anti-CD33 Antibody)

An anti-CD33 antibody was produced with reference to WO 2014/057687.
The isotype of the anti-CD33 antibody used in Examples is IgG1, and the anti-CD33

antibody has LALA mutation. Figure 19 shows the amino acid sequences of the
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light chain (SEQ ID NO: 31) and heavy chain (SEQ ID NO: 32) of the anti-CD33
antibody used in Examples.
[1253]
(Reference Example 7: Production of Anti-EphA2 Antibody)

An anti-EphA2 antibody was produced with reference to WO 2009/028639.
The isotype of the anti-EphA2 antibody used in Examples is IgG1. Figure 20
shows the amino acid sequences of the light chain (SEQ ID NO: 33) and heavy chain
(SEQ ID NO: 34) of the anti-EphA2 antibody used in Examples.
[1254]
(Reference Example 8: Production of Anti-CDH6 Antibody)

An anti-CDH6 antibody was produced with reference to WO 2018/212136.
The isotype of the anti-CDH6 antibody used in Examples is IgG1, and the anti-
CDH6 antibody has not only LALA mutation but also mutation of proline (P) into
glycine (QG) at position 329 specified by EU Index numbering in the amino acid
sequence of the heavy chain. Figure 21 shows the amino acid sequences of the light
chain (SEQ ID NO: 35) and heavy chain (SEQ ID NO: 36) of the anti-CDH6
antibody used in Examples.
[1255]
(Test Example 1) Evaluation of STING Agonist Activity with Reporter Cells
<Reporter Gene Assay>

Human STING agonist activity was evaluated by using THP1-Dual (TM)
cells (HAQ-mutated) (InvivoGen, CA, US), with which the activation of the pathway
of interferon regulatory factor-3 (IRF3), which is present in the downstream of the
STING pathway, can be confirmed. Mouse STING agonist activity was evaluated
by using RAW-Dual (TM) cells (InvivoGen).
[1256]
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Assay was performed as follows. First, a test compound diluted with PBS
was aliquoted into a transparent 96-well plate (Corning Incorporated, NY, US) at 20
uL/well.  Subsequently, reporter cells suspended in assay buffer (an RPMI1640
medium or DMEM medium containing 10% bovine serum albumin) were added at
180 pL/well (1 x 10° cells/well) to initiate stimulation. ~ After the cells were
cultured in an environment at 37°C and 5% CO- for 24 hours, the resultant was
centrifuged to collect the supernatant. To a white 384-well plate, 6 pL of the
supernatant collected was added, and 15 puL. of QUANTI-Luc (InvivoGen) solution
was added thereto. After the resultant was well mixed together, emission was
measured by using a plate reader (PerkinElmer, Inc., MA, US). The maximum
count value for cells treated with 1.37 to 100 uM ML-RR-CDA-2Na* (Compound 21
in WO 2014/189805) was defined as 100% and the count for cells treated with PBS
as 0%, and a concentration required for the test compound to give a count of 50%
was calculated as the EC50 (uM) value by using GraphPad Prism (GraphPad
Software, CA, US). Table 1 shows the results of the human STING agonist activity
test.
[1257]
[Table 1]

THP1-Dual cells

Compound number
IRF EC50 (uM)

1la 5. 9
1b 0. 3
2a 4. 7
4 a 2.1
4b 1. 5
5a 2. 4
6 a 0. 6
6 b 2. 1
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44D 0. 35
45a 1. 2
45b 3. 1
46 a 3. 9
46b 0. 87
47 a 0. 58
48a 0. 035
48b 0. 039
49a 0. 33
49Db 0. 41
50a 0. 34
50b 0. 20
51la 0. 32
51b 0. 43
52a 0. 31
52b 0. 46
53a 6. O
54 4. 0
ML—RR—CDA - 2Na"* 4. 2
2’ 3 —cGAMP 21. 8

[1258]

These results revealed that the present compounds have agonist activity
against human STING. In addition, the present compounds were confirmed to have
agonist activity comparable to or higher than those of existing CDNs against mouse
STING.

[1259]
(Test Example 2) Protein Thermal Shift Assay with Recombinant STING C-
Terminal Binding Domain Protein
[1260]
(1) Construction of Expression Plasmids
[1261]
<Construction of Expression Plasmid for Human TMEM173>
For a plasmid for expression of human STING (hereinafter, occasionally

referred to as human TMEM173) in mammalian cells, a human TMEM173 cDNA
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Clone (Accession NM_198282.3, an expression plasmid for H232 (REF)-mutated
STING) (GeneCopoeia, Inc., MD, US) with mutation of arginine (R) into histidine
(H) at position 232 (hereinafter, referred to as H232 mutation or REF mutation) was
purchased. SEQ ID NO: 4 and SEQ ID NO: 5 respectively show the amino acid
sequence of human H232(REF)-mutated STING and the nucleotide sequence
therefor. In addition, an expression plasmid for wild-type STING and that for
mutated STING were produced through site-specific mutagenesis based on an
Inverse PCR method using the expression plasmid for H232-mutated STING as a
template. Specifically, PCR was first performed by using two primers (5'-
CGTGCTGGCATCAAGGATCGGGTTTAC-3'(H232R (WT) fwd) (SEQ ID NO:
12) and 5'-GTCACCGGTCTGCTGGGGCAGTTTATC-3'(H232R (WT) rev)) (SEQ
ID NO: 13) and a KOD-Plus-Mutagenesis Kit (SMK-101) (TOYOBO CO., LTD.),
and the targeted expression plasmid for wild-type (R232) STING was confirmed to
be successfully constructed through DNA sequencing. SEQ ID NO: 6 and SEQ ID
NO: 7 respectively show the amino acid sequence of human wild-type STING and
the nucleotide sequence therefor.

[1262]

Next, an HAQ (R71H, G230A, and R293Q)-mutated form was produced in
the same manner as for the expression plasmid for wild-type STING. Specifically,
PCR was performed by using two primers (5'-
GCTGACCGTGCTGGCATCAAGGATCGGGTTTAC-3' (H232R/G230A fwd)
(SEQ ID NO: 14) and 5'-GGTCTGCTGGGGCAGTTTATCCAGG-3'
(H232R/G230A rev) (SEQ ID NO: 15)) and the Mutagenesis Kit with the expression
plasmid for H232-mutated STING as a template. A plasmid for G230A-mutated
STING was obtained by introducing mutation simultaneously at two positions.
Further, PCR was performed by using two primers (5'-
CACCACATCCACTCCAGGTACCGG-3" (R71H fwd) (SEQ ID NO: 16) and 5'-



10

15

20

25

- 650 -

CAGCTCCTCAGCCAGGCTGCAGAC-3' (R71H rev) (SEQ ID NO: 17)) and the
Mutagenesis Kit with the expression plasmid for G230A-mutated STING plasmid as
a template to afford an expression plasmid for R71H/G230A-mutated STING.
[1263]

Subsequently, PCR was performed by using two primers (5'-
CAGACACTTGAGGACATCCTGGCAG-3' (R293Q fwd) (SEQ ID NO: 18) and 5'-
GCAGAAGAGTTTGGCCTGCTCAA-3"' (R293Q rev) (SEQ ID NO: 19)) and the
Mutagenesis Kit with the expression plasmid for R71H/G230A-mutated STING as a
template to afford an expression plasmid for the HAQ (R71H/G230A/R293Q)-
mutated form. SEQ ID NO: 8 and SEQ ID NO: 9 respectively show the amino acid
sequence of human HAQ-mutated STING and the nucleotide sequence therefor.
[1264]

Figure 6 shows the amino acid sequences of human wild-type STING, REF-
type STING, and HAQ-type STING.

[1265]
<Construction of Expression Plasmid for Recombinant STING C-Terminal Binding
Domain Protein, Etc.>

Human STING C-terminal binding domain (aal39-342) protein (UniProt
entry Q86WV6) cDNA was produced from an expression plasmid for each full-
length human TMEM173 cDNA clone (wild-type, H232-mutated, and HAQ-
mutated) through PCR with two primers (5'-
ACCTGTATTTTCAGGGCCTGGCCCCAGCTGAGATCTCTG-3' (hST Fw_v2)
(SEQ ID NO: 20) and 5'-
CAGAATTCGCAAGCTTTTAAGTAACCTCTTCCTTTTCCTCCTGC-3' (hST
Rv_V3) (SEQID NO: 21)). Each PCR product was inserted into pET15b, a vector
for expression with Escherichia coli, with use of an In-Fusion HD Cloning Kit

(Takara Bio Inc.) so that a 6xHis tag consisting of six nucleotides of histidine, an
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Avidin tag, and a TEV protease cleavage site were included at the N terminus to
construct expression plasmids for the pET15b-HisAviTEV-hSTING (139-342)
human wild-type, pET15b-HisAviTEV-hSTING (139-342) human REF-mutated,
and pET15b-HisAviTEV-hSTING (139-342) human AQ-mutated forms.

[1266]

For cDNA for expression of mouse STING C-terminal binding domain
(aal38-341) protein (UniProt entry Q3TBT3), cDNA corresponding to the amino
acids at positions 138 to 341 in the sequence of mouse TMEM173 cDNA was
artificially synthesized by Eurofins Genomics K. K. and used. SEQ ID NO: 10 and
SEQ ID NO: 11 respectively show the amino acid sequence of mouse STING and the
nucleotide sequence therefor. The cDNA synthesized was inserted into pET15b, a
vector for expression with Escherichia coli, with use of an In-Fusion HD Cloning Kit
so that a 6xHis tag consisting of six nucleotides of histidine, an Avidin tag, and a
TEV protease cleavage site were included at the N terminus to construct an
expression plasmid for the pET15b-HisAviTEV-mSTING (138-341) mouse wild-
type form.

[1267]

Artificially synthesized E. coli BirA (UniProt entry P06709) cDNA was
inserted into a pCDF_Duet-1 vector to construct an expression plasmid for
pCDF Duet-1 BirA (1-321).

[1268]
(i) Method for Preparing STING C-Terminal Binding Domain Protein

The thus-produced expression plasmids for pET15b-HisAviTEV-hSTING
(139-342) (human wild-type, human REF-mutated, and human AQ-mutated STING
C-terminal binding domain proteins) and expression plasmid for pET15b-
HisAViTEV-mSTING (138-341) (mouse wild-type STING C-terminal binding

domain protein) were each transformed with Competent E. coli Rosetta 2 (DE3)
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(Merck Millipore, MA, US) concomitantly with the expression plasmid for

pCDF Duet-1 BirA (1-321) to produce HisAviTEV-STING-expressing strains.

Each of these expression strains was added to a TB medium containing 100 pg/mL
ampicillin, 50 pg/mL streptomycin, and 30 pg/mL kanamycin, cultured at 37°C, then
exposed to 100 uM IPTG for inducible expression, and further cultured at 16°C.
[1269]

The culture solution was centrifuged, and the resulting bacterial cells were
suspended in 50 mM HEPES pH 8.0, 500 mM NacCl, 20 mM imidazole, 1 mM DTT,
5%(w/v) glycerol, Complete EDTA free, and then subjected to freeze-thawing.
After addition of Lysozyme and DNase I, proteins were extracted by ultrasonic
disintegration, and centrifugation was performed and the resulting supernatant was
collected. The supernatant obtained was purified by using an AKTA express
chromatography system (GE Healthcare, IL, US) with a HisTrap FF column (GE
Healthcare), and eluted with buffer (20 mM HEPES pH 7.5, 120 mM NaCl, 20%
Glycerol, 0.8 mM DTT) through a Superdex 200 16/60 column (GE Healthcare).
Fractions containing proteins of targeted molecular weights were collected with SEC
as His-Avi-TEV-hSTING (139-342) human wild-type protein, HisAviTEV-hSTING
(139-342) human REF-mutated protein, HiSAViTEV-hSTING (139-342) human AQ-
mutated protein, and His-Avi-TEV-mSTING (138-341) mouse wild-type protein.
The protein concentrations were measured by using a NanoDrop2000 (Thermo
Fisher Scientific, MA, US), and the proteins were cryopreserved at -80°C until use.
[1270]

SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, and SEQ ID NO: 25
respectively show the amino acid sequences of HisAviTEV-hSTING (139-342)
human wild-type protein, HisAviTEV-hSTING (139-342) human REF-mutated
protein, HisAvViTEV-hSTING (139-342) human AQ-modified protein, and His-Avi-
TEV-mSTING (138-341) mouse wild-type protein.
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[1271]
(ii1) STING Binding Test

The binding ability of each compound to the STING C-terminal binding
domain proteins was evaluated by protein thermal shift assay, which uses the
elevation of thermal denaturation temperature of protein as an index.

[1272]

Specifically, 3 uL of a test compound (final concentration: 0.5 mM), 3 uL of
SYPRO Orange Protein Gel Stain (Thermo Fisher Scientific) (final concentration:
20-fold), and 6 pL of a STING protein were mixed with use of assay buffer (20 mM
Tris-HCI pH 7.5, 120 mM NaCl) in a 384-well real-time PCR plate, and mixed
together with a plate shaker. With a real-time PCR system (Thermo Fisher
Scientific), the temperature was increased from 25°C to 95°C at a rate of 0.03°C/sec,
and the thermal denaturation temperature of the protein was measured by using
fluorescence emitted from SYPRO Orange as an index. From the measurement
acquired, Tm (the midpoint of the unfolding transition) (°C) was determined as a
temperature at which the increase rate of fluorescence intensity was maximized by
using the analysis software Protein Thermal Shift software (Thermo Fisher
Scientific). The Tm value for a well with no compound was subtracted from the
Tm value for each test compound to calculate the Tm shift caused by the compound
as ATm (°C). Table 2 shows the results of the test on binding to the STING
proteins.

[1273]
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[Table 2]
Compound number ATm (C)
Hu—WT Hu—REF | Hu—AQ Ms—WT

1a 8. 4 3. 4 12. 0O 14. 3
4 a 11. 5 5. 2 17. O 17. 5
4 b 9. 8 3. 5 13. 1 14. 9
6 a 10. 6 5. 7 14. 8 15. 7
6 b 8. 4 3. 4 11. 3 12. 9
7a 8. 0 3. 9 9, 7 11. 5
7b 7. 2 2. 8 9. 5 13. 2
8 a 7. 6 2. 8 10. 8 11. 5
12a 8. 0 3. 0 9. 6 11. 9
17a 7. 3 2. 7 10. 7 12. 6
17b 7. 4 P 2 10. 4 12. 6
20a 7. 5 3. 7 9. 7 12. 4
23a 9. 7 4. 2 12. 2 15. 6
25a 11. 4 6. 2 15. O 16. 0O
25b 10. 6 4. 6 13. 1 15. 8
26b 9. 1 3. 9 11. 5 14. 1
34a 14. 7 8. 8 18. 9 20. 3
34b 12. 0 6. 5 14. O 16. 7
35a 11. 0O 6. 6 13. 1 13. 5
35b 10. 3 5. 8 12. 6 14. 2
36 a 10. 8 5. 8 13. 3 15. 4
36Db 10. 1 5. 5 11. 8 19. 3
37a 11. 2 5. 2 13. 6 15. 3
37b 8. 1 3. 4 9. 4 12. 3
39a 10. 4 5. 7 12. 9 15. 0
39D 8. 9 3. 7 10. 5 13. 1
42 a 6. 5 2. 8 9. 0 11. 2
42b 5. 3 1. 4 7. 4 10. 6
44 a 13. 4 8. 7 18. 2 19. 3
44b 11. 4 6. 2 14. 3 17. 0
45a 8. 9 4. 4 10. 8 12. 3
45b 7. 5 3.1 9. 1 12. 1
48 a 15. 9 9. 3 22. 2 16. O
48b 14. O 7. 3 17. 8 15. 8
49b 12. 6 6. 6 16. 1 19. 3
50a 12. 3 6. B 15. 6 13. 0
50b 12. 3 6. 3 15. 3 7. 4
51b 9. 9 4. 3 11. 6 17. 0
52a 10. 9 5. 6 13. 5 14. 3
52b 9. 2 4. 4 10. 8 12. 3
53a 9. 6 5. 4 11. 6 14. 3
54 8. 3 3. 4 9. 8 12. 1
ML—RR—CDA+*2Na*|7. 0 2. 7 12. T 15 2
2’ 37 —cGAMP 13. 7 4. 1 24. 3 25, 8
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[1274]

These results revealed that the present compounds have binding activity to
human wild-type STING and mutated STING, and mouse wild-type STING.
[1275]

(Test Example 3) Anti-tumor Test (1)

Mice: Before use for experiment, 5-week-old female BALB/c mice
(BALB/cAnNCrICrlj) (Charles River Laboratories Japan, Inc.) were habituated
under SPF conditions for 4 days or longer.

[1276]

Measurement, calculation formula: In all the studies, the major axis and minor
axis of a tumor were measured twice or three times per week by using an electronic
digital caliper (CD15-CX, Mitutoyo Corporation) to calculate tumor volume (mm?).
The calculation formula is as follows.

Tumor volume (mm?) = 0.5 x Major axis (mm) x [Minor axis (mm)]?

Each test compound was diluted with physiological saline (Otsuka
Pharmaceutical Factory, Inc.) for use. In administration of it, 50 uL was
intratumorally administered.

[1277]

Cells of the mouse colorectal cancer cell line CT26.WT (CRL2638)
purchased from the American Type Culture Collection were used. CT26.WT cells
were suspended in physiological saline, 1.0 x 10° cells were subcutaneously
transplanted into the right axilla of each BALB/c mouse (Day 0), and 7 days
thereafter the mice were randomly grouped. Each test compound in a dose of 10 pg
was intratumorally administered on Day 7, 9, and 11, three times in total. A group
with administration of physiological saline was set as a group with a vehicle. The

number of mice in each group was five or six.
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The results are shown in Figures 7a and 7b. In each graph, the line with
solid squares corresponds to the group with a vehicle, the line with open squares to
the group with administration of compound No. 6a, the line with open inverted
triangles to the group with administration of compound No. 8b, and the line with
open circles to the group with administration of compound No. 9b. The vertical
axis represents tumor volume (mm?*), and the horizontal axis represents days after
tumor transplantation. The tumor growth progressed in the group with a vehicle.
In contrast to this, the tumor growth was significantly suppressed in the groups with
administration of a compound.

[1278]

These results confirmed anti-tumor effect of intratumor administration of the
cyclic dinucleotide derivatives.
[1279]

(Test Example 4) Anti-tumor Test (2)

A human HER2 gene was introduced into the mouse colorectal cancer cell
line CT26.WT (CRL2638) purchased from the American Type Culture Collection to
produce CT26.WT-hHER2 cells. Specifically, cDNA was amplified by using a
plasmid including cDNA for human HER2 (Clone ID IOH82145; Thermo Fisher
Scientific), and inserted into a pQCXIN retroviral vector (Takara Bio Inc.) by using
an In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.). The human HER2-
inserted pQCXIN retroviral vector was transfected into an EcoPack2-293 cell line
(Takara Bio Inc.) with Lipofectamine 3000 (Thermo Fisher Scientific), the
supernatant which contained virus was collected, and CT26.WT cells were infected
with the virus. The cells were maintained in a medium with 250 pg/mL Geneticin
(Thermo Fisher Scientific).

[1280]
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Each antibody-CDN conjugate was diluted with acetate buffer (10 mM
Acetate Buffer, 5% Sorbitol, pH 5.5) (NACALAI TESQUE, INC.) for use. In
administration of it, 200 uL was administered into the tail vein.

[1281]

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 30 pug was administered into the tail vein on Day 7, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was eight.

[1282]

The results are shown in Figure 8. In each graph, the line with solid squares
corresponds to the group with a vehicle, the line with open triangles to the group
with administration of anti-HER2 antibody-CDN conjugate (1), which was formed
by conjugating the compound of Example 8b to the modified anti-HER2 antibody
produced in Reference Example 1, and the line with solid triangles to the group with
administration of anti-LPS antibody-CDN conjugate (1), which was similarly formed
by conjugating the compound of Example 8b to the modified anti-LPS antibody
produced in Reference Example 2. The vertical axis represents tumor volume
(mm?®), and the horizontal axis represents days after tumor transplantation. The
tumor growth progressed in the group with a vehicle and the group with
administration of anti-LPS antibody-CDN conjugate (1), which does not bind to
HER2. In contrast to this, the tumor growth was significantly suppressed in the
group with administration of anti-HER2 antibody-CDN conjugate (1).

[1283]
These results confirmed antibody-target-dependent anti-tumor effect of

intravenous administration of anti-HER2 antibody-CDN conjugate (1).
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[1284]
(Test Example 5) Anti-tumor Test (3)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 6 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 30 pg was administered into the tail vein on Day 6, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was six or eight.

[1285]

The results are shown in Figure 9. In the graph, the line with solid squares
corresponds to the group with a vehicle, the line with open squares to the group with
administration of anti-HER?2 antibody-CDN conjugate (2), and the line with open
triangles to the group with administration of anti-HER2 antibody-CDN conjugate (3).
The vertical axis represents tumor volume (mm?), and the horizontal axis represents
days after tumor transplantation. The tumor growth progressed in the group with a
vehicle. In contrast to this, the tumor growth was significantly suppressed in the
groups with administration of anti-HER2 antibody-CDN conjugates (2) and (3).
[1286]

These results confirmed potent anti-tumor effect of the anti-HER2 antibody-
CDN conjugates.

[1287]
(Test Example 6) Anti-tumor Test (4)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Antibody-CDN

conjugate (19) in a dose of 30 pg was administered into the tail vein on Day 7, once
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in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was six.

The results are shown in Figure 10. In the graph, the line with solid squares
corresponds to the group with a vehicle, and the line with open triangles to the group
with administration of anti-HER2 antibody-CDN conjugate (19). In anti-HER2
antibody-CDN conjugate (19), a drug-linker is conjugated to the antibody through
cysteine conjugation. The vertical axis represents tumor volume (mm?), and the
horizontal axis represents days after tumor transplantation. The tumor growth
progressed in the group with a vehicle. In contrast to this, the tumor growth was
significantly suppressed in the group with administration of anti-HER2 antibody-
CDN conjugate (19).

[1288]

These results confirmed the potent anti-tumor effect of the anti-HER2
antibody-CDN conjugate with cysteine conjugation of the antibody and the drug-
linker.

[1289]
(Test Example 7) Anti-tumor Test (5)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 6 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 30 pg was administered into the tail vein on Day 6, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was five.

[1290]

The results are shown in Figure 11. In the graph, the line with solid squares

corresponds to the group with a vehicle, the line with open triangles to the group

with administration of anti-HER2 antibody-CDN conjugate (9), the line with open
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inverted triangles to the group with administration of anti-HER2 antibody-CDN
conjugate (10), the line with open rhombuses to the group with administration of
anti-HER2 antibody-CDN conjugate (11), the line with open circles to the group with
administration of anti-HER2 antibody-CDN conjugate (12), and the line with open
squares to the group with administration of anti-HER2 antibody-CDN conjugate (1).
In each of anti-HER2 antibody-CDN conjugates (9), (10), (11), (12), and (1), the
compound of Example 8b is conjugated via a linker, where the linkers are different
from each other. The vertical axis represents tumor volume (mm?*), and the
horizontal axis represents days after tumor transplantation. The tumor growth
progressed in the group with a vehicle. In contrast to this, the tumor growth was
significantly suppressed in the groups with administration of anti-HER?2 antibody-
CDN conjugates (9), (10), (11), and (12), as with the case of the group with
administration of anti-HER2 antibody-CDN conjugate (1).

[1291]

These results confirmed that anti-HER2 antibody-CDN conjugates exhibit
anti-tumor effect even for different linkers.
[1292]

(Test Example 8) Anti-tumor Test (6)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Each specimen for
administration was administered into the tail vein on Day 7, once in total. A group
with administration of acetate buffer was set as a group with a vehicle. The number
of mice in each group was five.

[1293]
The results are shown in Table 12. In the graph, the line with solid squares

corresponds to the group with a vehicle, the line with open triangles to the group
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with administration of 60 pg of anti-HER2 antibody 2-CDN conjugate (1), the line
with solid inverted triangles to the group with administration of 59 pg of anti-HER2
antibody 2, and the line with solid circles to the group with administration of 1.2 pg
of compound No. 8b. Each of the doses of anti-HER2 antibody 2 and compound
No. 8b is the equivalent of the corresponding component constituting anti-HER2
antibody 2-CDN conjugate (1). The vertical axis represents tumor volume (mm?),
and the horizontal axis represents days after tumor transplantation. The tumor
growth progressed in the group with a vehicle. In contrast to this, the tumor growth
was significantly suppressed in the group with administration of anti-HER2 antibody
2-CDN conjugate (1). However, the tumor growth was not suppressed in each
group with administration of the equivalent of anti-HER2 antibody 2 or compound
No. 8b.

[1294]

These results confirmed that anti-HER?2 antibody 2-CDN conjugate (1)
exhibits anti-tumor effect, and that the equivalent of anti-HER2 antibody 2 and the
equivalent of compound No. 8b do not exhibit anti-tumor effect when being
administered into the tail vein.

[1295]
(Test Example 9) Anti-tumor Test (7)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 30 pug was administered into the tail vein on Day 7, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was five or six.

[1296]
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The results are shown in Figures 13(a) to 13(c). In each graph, the line with
solid squares corresponds to the group with a vehicle, and each line with open
symbols to a group with administration of an evaluated subject of anti-HER2
antibody 2-CDN conjugates (2), (3), (4), (5), (6), (7), and (8). The vertical axis
represents tumor volume (mm?), and the horizontal axis represents days after tumor
transplantation. The tumor growth progressed in the group with a vehicle. In
contrast to this, the tumor growth was significantly suppressed in the groups with
administration of anti-HER?2 antibody 2-CDN conjugates (2), (3), (4), (5), (6), (7),
and (8).

[1297]

These results confirmed potent anti-tumor effect of the anti-HER2 antibody 2-

CDN conjugates.
[1298]
(Test Example 10) Anti-tumor Test (8)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 60 pg was administered into the tail vein on Day 7, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was five.

[1299]

The results are shown in Figure 14. In the graph, the line with solid squares
corresponds to the group with a vehicle, the line with open triangles to the group
with administration of anti-HER?2 antibody 2-CDN conjugate (9), and the line with
open circles to the group with administration of anti-HER2 antibody 2-CDN
conjugate (10). Anti-HER2 antibody 2-CDN conjugates (9) and (10) are antibody-

CDN conjugates using an MSG-type glycan-remodeled antibody with the average
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number of conjugated drug molecules being approximately 2. The vertical axis
represents tumor volume (mm?), and the horizontal axis represents days after tumor
transplantation. The tumor growth progressed in the group with a vehicle. In
contrast to this, the tumor growth was significantly suppressed in the groups with
administration of anti-HER2 antibody 2-CDN conjugates (9) and (10).

[1300]

These results confirmed potent anti-tumor effect of the anti-HER2 antibody 2-
CDN conjugates with the average number of conjugated drug molecules being
approximately 2.

[1301]
(Test Example 11) Anti-tumor Test (9)

A human EphA2 gene was introduced into the mouse colorectal cancer cell
line CT26.WT (CRL2638) purchased from the American Type Culture Collection to
produce CT26.WT-hEphA2 cells. Specifically, cDNA was amplified by using
pDONR221 including cDNA for human EphA2 (Thermo Fisher Scientific), and
inserted into a pLNCX retroviral vector (Takara Bio Inc.) by using a Gateway vector
conversion system (Thermo Fisher Scientific). The human EphA2-inserted pLNCX
retroviral vector was transfected into an EcoPack2-293 cell line (Takara Bio Inc.)
with Lipofectamine 2000 (Thermo Fisher Scientific), the supernatant which
contained virus was collected, and CT26.WT cells were infected with the virus.

The cells were maintained in a medium with 500 pg/mL Geneticin (Thermo Fisher
Scientific).
[1302]

CT26.WT-hEphA2 cells were suspended in phosphate buffer, 1.9 x 10° cells
were subcutaneously transplanted into the right axilla of each BALB/c mouse (Day
0), and 7 days thereafter the mice were randomly grouped. Each of the anti-EphA2

antibody and anti-EphA2 antibody-CDN conjugate (1) in a dose of 60 pg was
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administered into the tail vein on Day 7, once in total. = A group with administration
of acetate buffer was set as a group with a vehicle. The number of mice in each
group was eight.

[1303]

The results are shown in Figure 15. In the graph, the line with solid squares
corresponds to the group with a vehicle, the line with open circles to the group with
administration of the anti-EphA2 antibody, and the line with open triangles to the
group with administration of anti-EphA2 antibody-CDN conjugate (1). The vertical
axis represents tumor volume (mm?), and the horizontal axis represents days after
tumor transplantation. The tumor growth progressed in the group with a vehicle.
The tumor growth was not suppressed in the group with administration of the anti-
EphA2 antibody. In contrast to these, the tumor growth was significantly
suppressed in the group with administration of anti-EphA2 antibody-CDN conjugate
(1).

[1304]

These results, with use of a model in which the anti-EphA2 antibody does not
exhibit anti-tumor effect, confirmed potent anti-tumor effect of the anti-EphA2
antibody-CDN conjugate.

[1305]
(Test Example 12) Anti-tumor Test (10)

A human CD33 gene was introduced into the mouse lymphoid cell line
P388D1 (CCL-46) purchased from the American Type Culture Collection to produce
P388D1-hCD33 cells. Specifically, a pLVSIN lentiviral vector (Takara Bio Inc.)
with cDNA for human CD33 inserted therein was produced, and transfected into a
Lenti-X293T cell line (Takara Bio Inc.) by using a Lentiviral High Titer Packaging

Mix (Takara Bio Inc.), the supernatant which contained virus was collected, and
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P388D1 cells were infected with the virus. The cells were maintained in a medium
with 2 pg/mL Puromycin (Thermo Fisher Scientific).
[1306]

Four-week-old female DBA/2 mice (DBA/2NCrl) (Charles River
Laboratories Japan, Inc.) were purchased, and habituated under SPF conditions for 5
days before use for experiment.

[1307]

P388D1-hCD33 cells were suspended in phosphate buffer, 1.0 x 10° cells
were subcutaneously transplanted into the right axilla of each DBA/2 mouse (Day 0),
and 4 days thereafter the mice were randomly grouped. Each of the anti-CD33
antibody and anti-CD33 antibody-CDN conjugate (1) in a dose of 60 pg was
administered into the tail vein on Day 4, once in total. A group with administration
of acetate buffer was set as a group with a vehicle. The number of mice in each
group was 10.

[1308]

The results are shown in Figure 16. In the graph, the line with solid squares
corresponds to the group with a vehicle, the line with open circles to the group with
administration of the anti-CD33 antibody, and the line with open triangles to the
group with administration of anti-CD33 antibody-CDN conjugate (1). The vertical
axis represents tumor volume (mm?*), and the horizontal axis represents days after
tumor transplantation. The tumor growth progressed in the group with a vehicle.
The tumor growth was not suppressed in the group with administration of the anti-
CD33 antibody. In contrast to these, the tumor growth was significantly suppressed
in the group with administration of anti-CD33 antibody-CDN conjugate (1).

[1309]
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These results, with use of a model in which the anti-CD33 antibody does not
exhibit anti-tumor effect, confirmed potent anti-tumor effect of the anti-CD33
antibody-CDN conjugate.

[1310]
(Test Example 13) Anti-tumor Test (11)

CT26.WT-hHER2 cells were suspended in physiological saline, 5.0 x 10°
cells were subcutaneously transplanted into the right axilla of each BALB/c mouse
(Day 0), and 7 days thereafter the mice were randomly grouped. Each antibody-
CDN conjugate in a dose of 60 pg was administered into the tail vein on Day 7, once
in total. A group with administration of acetate buffer was set as a group with a
vehicle. The number of mice in each group was six.

[1311]

The results are shown in Figure 22. In the graph, the line with solid squares
corresponds to the group with a vehicle, the line with open triangles to the group
with administration of anti-HER2 antibody 2-CDN conjugate (11), and the line with
open circles to the group with administration of anti-HER2 antibody 2-CDN
conjugate (12). Compound No. 52a and compound No. 52b conjugated to anti-
HER?2 antibody 2-CDN conjugates (11) and (12), respectively, are each a CDN
having a phosphate group. The vertical axis represents tumor volume (mm?), and
the horizontal axis represents days after tumor transplantation. The tumor growth
progressed in the group with a vehicle. In contrast to this, the tumor growth was
significantly suppressed in the groups with administration of anti-HER2 antibody 2-
CDN conjugates (11) and (12).

[1312]
These results confirmed potent anti-tumor effect of anti-HER?2 antibody 2-

CDN conjugates (11) and (12) with a CDN having a phosphate group conjugated.
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Industrial Applicability
[1313]

The present invention provides novel CDN derivatives that have potent
STING agonist activity and exhibit potent anti-tumor effect. In addition, the
present invention provides antibody-drug conjugates including the novel CDN
derivatives. These are useful as therapeutic agents for diseases associated with

STING agonist activity (e.g., cancer).

Free Text of Sequence Listing

[1314]

SEQ ID NO: 1: Amino acid sequence of light chain of trastuzumab

SEQ ID NO: 2: Amino acid sequence of heavy chain of trastuzumab

SEQ ID NO: 3: Amino acid sequence of heavy chain of modified anti-HER2
antibody

SEQ ID NO: 4: Amino acid sequence of human H232(REF)-mutated STING
SEQ ID NO: 5: Nucleic acid sequence for human H232(REF)-mutated STING
SEQ ID NO: 6: Amino acid sequence of human wild-type STING

SEQ ID NO: 7: Nucleic acid sequence for human wild-type STING

SEQ ID NO: 8: Amino acid sequence of human HAQ-mutated STING

SEQ ID NO: 9: Nucleic acid sequence for human HAQ-mutated STING

SEQ ID NO: 10: Amino acid sequence of mouse STING

SEQ ID NO: 11: Nucleic acid sequence for mouse STING

SEQ ID NOs: 12 to 21: Primer sequences

SEQ ID NO: 22: Amino acid sequence of HisAviTEV-hSTING (139-342) human
wild-type protein

SEQ ID NO: 23: Amino acid sequence of HisAviTEV-hSTING (139-342) human

REF-mutated protein
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SEQ ID NO: 24: Amino acid sequence of HisAviTEV-hSTING (139-342) human
AQ-mutated protein

SEQ ID NO: 25: Amino acid sequence of His-Avi-TEV-mSTING (138-341) mouse
wild-type protein

SEQ ID NO: 26: Amino acid sequence of light chain of modified anti-LPS antibody
SEQ ID NO: 27: Amino acid sequence of heavy chain of modified anti-LPS antibody
SEQ ID NO: 28: Amino acid sequence of pertuzumab light chain

SEQ ID NO: 29: Amino acid sequence of pertuzumab heavy chain

SEQ ID NO: 30: Amino acid sequence of heavy chain of modified anti-HER2
antibody 2

SEQ ID NO: 31: Amino acid sequence of anti-CD33 antibody light chain

SEQ ID NO: 32: Amino acid sequence of anti-CD33 antibody heavy chain

SEQ ID NO: 33: Amino acid sequence of anti-EphA2 antibody light chain

SEQ ID NO: 34: Amino acid sequence of anti-EphA2 antibody heavy chain

SEQ ID NO: 35: Amino acid sequence of anti-CDH6 antibody light chain

SEQ ID NO: 36: Amino acid sequence of anti-CDH6 antibody heavy chain
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Claims

1. An antibody-drug conjugate represented by formula (11):

Ab——L—D] " ()

wherein

m? is in the range of 1 to 10;

Ab represents an antibody or a functional fragment of the antibody, where a
glycan of the antibody is optionally remodeled;

L represents a linker linking Ab and D;

Ab bonds directly from an amino acid residue of Ab to L, or optionally bonds
via a glycan or remodeled glycan of Ab to L; and

D represents a compound represented by formula (1):

Ql—i:! x° N \Zla
JQ I-21 \xs " N 27 ZVZZ (1
L S x3 Xz‘ 2
\x4 ||=—Q"
I
wherein

L bonds to any -NH: or hydroxy group included in L! or L?;
L! represents a group selected from the group consisting of the following

formulas:
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5 HN o [s] o
J%N / /k N N. ’U\N/ ) R
H~</ I Hﬁ/ L Hﬂ/ R I R |
N g | /* l L, qu o N./Rr ‘\F‘ f\,f)\ .
L wL " L H L
3 7

& N N
HN o 0 { Fa y 7
N /)‘\,N N /H\N/” N- . }-_‘/kw }\ JE,\
T ‘@ = A9t AP
N N R "N 'F/\‘N/” N SN R
L <L L L H L and

and optionally substituted at any position with one to three groups selected from the
group consisting of a hydroxy group, -NHz, a 2-hydroxyacetylaminomethy! group,
and a 2-[(2-hydroxyacetyl)amino]ethyl group,

wherein

R® and R® each independently represent a hydrogen atom, a halogen atom, a
hydroxy group, -NH., a C1-C6 alkyl group, a C2-C6 alkenyl group, or a C2-C6
alkynyl group;

R’ and R” each independently represent a hydrogen atom or a C1-C6 alkyl
group, wherein the C1-C6 alkyl group is optionally substituted with one or two
substituents selected from the group consisting of a halogen atom and an oxo group;

R® and R® each independently represent a hydrogen atom or a halogen atom;

Z* represents -CH.-, -NH-, or an oxygen atom; and

Z° represents a nitrogen atom or -CH=,

L2 represents a group selected from (i) and (ii):

(i) when bonding to L, L? represents -NHR', a hydroxy C1-C6 alkyl group,
or an amino C1-C6 alkyl group, wherein R’ represents a hydrogen atom, a C1-C6

alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, or a C3-C6 cycloalkyl



- 671 -

group, and the C1-C6 alkyl group, C2-C6 alkenyl group, or C2-C6 alkynyl group is
optionally substituted with one to six halogen atoms; and
(i) when not bonding to L, L? represents a hydrogen atom or a halogen
atom;
Q! and Q' each independently represent a hydroxy group, a thiol group, or a
borano group (BHz3);
Q? and Q? each independently represent an oxygen atom or a sulfur atom;
X! and X? each independently represent an oxygen atom, a sulfur atom, or -
CH2-;
Y!and Y? each represent an oxygen atom or -CHa-;
X3 and X* represent a group selected from (iii) and (iv):
(iii) when Y is an oxygen atom, X3-X* represents -CH3-O-, -CH2-S-, -
CH>-CH>-, or -CH»-CF»-; and
(iv) when Y1 is -CHa-, X3-X* represents -O-CH-;
X3 and X8 represent a group selected from (v) and (vi):
(v) when Y2 is an oxygen atom, X>-X® represents -CH2-O-, -CH2-S-, -CH2-
CHa-, or -CH2-CF»-; and
(vi) when Y2 is -CHa-, X°-X5 represents -O-CH-;
R?, R? and R® each independently represent a hydrogen atom, a halogen atom,
-OR', -OC(=0O)R’, -N3, -NHR', -NR'R", or -NHC(=O)R', wherein R' is as defined
above, and R" represents a C1-C6 alkyl group, a C2-C6 alkenyl group, a C2-C6
alkynyl group, or a C3-C6 cycloalkyl group;
W! represents a nitrogen atom, an oxygen atom, a sulfur atom, or -CH-;
W?2 represents a nitrogen atom or -CH=;
R* represents a hydrogen atom, a halogen atom, or -NHz;

R® represents a group selected from (vii) to (x):
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(vii) when W is a nitrogen atom, R® represents a hydrogen atom, a C1-C6
alkyl group, a hydroxy C1-C6 alkyl group, or an amino C1-C6 alkyl group;

(viii) when W is an oxygen atom, R® is absent;

(ix) when W is a sulfur atom, R® is absent; and

(x) when W' is -CH-, R® represents a hydrogen atom, a halogen atom, a
hydroxy group, -NH>, or a C1-C6 alkyl group;

Z1-72-73 together represents -CHz-CHz-CHa-, -CH2-CH2-R™-, -CH=CH-CH-,
-CH=CX-CHj>-, -CX=CH-CH>-, -CX=CX-CH2-, -C(=0)-CH>-CH>-, -CH-CH>-
C(=0)-, -CH2-CH(CHz3)-CHz>-, or -CH>-CH>-CH(CHz3)-, wherein R™ represents -O-
or -CH2-CHa- and X represents a halogen atom, or a group represented by either one

of the following formulas:

A

wherein
each asterisk indicates bonding to W, and each wavy line indicates bonding

to the carbon atom of =C-.

2. The antibody-drug conjugate according to claim 1, wherein W is a nitrogen
atom.
3. The antibody-drug conjugate according to claim 2, wherein W is a nitrogen

atom, and R® is a hydrogen atom.

4. The antibody-drug conjugate according to claim 1, wherein W is an oxygen

atom.
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5. The antibody-drug conjugate according to claim 1, wherein W is a sulfur
atom.

6. The antibody-drug conjugate according to claim 1, wherein W! is -CH-.

7. The antibody-drug conjugate according to claim 6, wherein W! is -CH-, and

R® is a hydrogen atom.

8. The antibody-drug conjugate according to any one of claims 1 to 7, wherein

Z*, 72 and Z® together form -CHz-CH,-CHa- or -CH=CH-CH,-.

9. The antibody-drug conjugate according to any one of claims 1 to 7, wherein

Z*, 7% and Z? together form -CH2-CH(CHs)-CHa- or -CH2-CH,-CH(CHa)-.

10.  The antibody-drug conjugate according to any one of claims 1 to 7, wherein
Z', 72 and Z3 together form -CH2-CH»-R™-, wherein R™ represents -O- or -CHa-
CHa-.

11.  The antibody-drug conjugate according to any one of claims 1 to 10, wherein

W2 s -CH=.

12.  The antibody-drug conjugate according to any one of claims 1 to 10, wherein

W?2 is a nitrogen atom.

13.  The antibody-drug conjugate according to any one of claims 1 to 12, wherein

R* represents a hydrogen atom.
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14.  The antibody-drug conjugate according to any one of claims 1 to 12, wherein

R* represents a fluorine atom.

15.  The antibody-drug conjugate according to any one of claims 1 to 14, wherein

R®and R¥ in L are each independently a hydrogen atom.

16.  The antibody-drug conjugate according to any one of claims 1 to 15, wherein

L! is a group selected from the group consisting of the following formulas:
Rfu . Rw RB
Nf[ Nj\)ﬁx N HN?MRW </N:ELEN
) =N y =y /fN l B
<N" N’A\Rg <,N | N%“*/ i <” E F R ; N/l\H/><
L e <L o

10
) > R
N i - R N. R 10 N ji RKW
</ \l )N\R><R” | /1>< (/ ! \\‘; R </ g \:-\
[ N NN N RS
~L , ~L oL

R /NLHQ Rw\_\ o Rm-lj\ NH, JN\HZ
i ( ~ NH v Y NSy
| L L T
NSRS NN N NTTNNE RS N
L : L . L C~L :
0 z
N R'IU \
N N r? />< N N/”\/'
‘«L, ‘ 1 11 and
wherein

R® and R each represent a hydrogen atom, a halogen atom, a hydroxy group,
or -NH2;

R represents a hydroxy group, -NHz, -NHC(=0)CH20H, -
CH2NHC(=0O)CH20H, -CH>CH>NHC(=0)CH.0H, a hydroxy C1-C3 alkyl group, or
an amino C1-C3 alkyl group;
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R and R each independently represent a hydrogen atom, a fluorine atom,
or a methyl group, or R'! and R*! bond together to form cyclopropane; and

Z* represents -CHz-, -NH-, or an oxygen atom.

17.  The antibody-drug conjugate according to any one of claims 1 to 15, wherein

L! is a group selected from the group consisting of the following formulas:

12 12

R R'" R R"
</""- | Ny (NIJ\}N (N‘IRN //N | Y
N N//kR‘E }\|-’ N{J\/-Rlz i/ .N')\R‘a \FJ-’ N¢I\N/A\V/R12
L , L ) e K )
12
Q o R" HN/\/R

/N" /ELN/\/RI; /N\)LN/\'/RW /N*‘ = r'? /N'\ﬁ\
<N-1~ /)\ 13 <;v-’l‘i‘\f?ru <N"‘ W R <,"“J /J\ "
-L , < L, . L

N R

R NH R 0 R NH NH
|
>\fm /] o ‘A f -
! wA\Rm N~ N/ARH ‘N )\Rrs N N//’J\/q
L b "-L
° ° \Z (f’\zla
N /\/91 NH)L R® l\
‘B @ a8 a9 . T
N \N/*Rm N”J\NaN N N/)\ R N /)\/
L H and
wherein

R and R™ each independently represent a hydrogen atom, a hydroxy group,
or -NHz;

R!? represents a hydroxy group, -NHz, -CH,0OH, -NHC(=0)CH,0H, -
CH2NHC(=0)CH:0H, or -CH2CH2NHC(=0)CH.0OH; and

Z% is as defined above.

18.  The antibody-drug conjugate according to any one of claims 1 to 15, wherein

L! is a group selected from the group consisting of the following formulas:
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wherein

R4 represents a hydrogen atom or -NH;;

R™ represents a hydrogen atom or -C(=0)CH,OH; and

R'® represents a hydroxy group, -NHz, -CH20H, -CH2CH>0H, -CH2NH,, or -
CH2CH2NHo..

19.  The antibody-drug conjugate according to any one of claims 1 to 18, wherein

L2 bonds to L and represents -NHa, -CH2NHa, or -CH,0H.

20.  The antibody-drug conjugate according to any one of claims 1 to 18, wherein

L2 does not bond to L and represents a hydrogen atom or a fluorine atom.

21.  The antibody-drug conjugate according to any one of claims 1 to 20, wherein

Q! and Q! each independently represent a hydroxy group or a thiol group.
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22.  The antibody-drug conjugate according to any one of claims 1 to 21, wherein

X! and X? each represent an oxygen atom.

23.  The antibody-drug conjugate according to any one of claims 1 to 22, wherein

Y and Y? each represent an oxygen atom.

24.  The antibody-drug conjugate according to any one of claims 1 to 23, wherein

X3 and X* represent -CHa-O-.

25.  The antibody-drug conjugate according to any one of claims 1 to 24, wherein

X® and X® represent -CH.-O-.

26.  The antibody-drug conjugate according to any one of claims 1 to 25, wherein
R, R?, and R® are each independently a hydrogen atom, a hydroxy group, or a

fluorine atom.

27.  The antibody-drug conjugate according to any one of claims 1 to 26, wherein

D is represented by either one of the following two formulas:

N

TN\ w . I\ w

D_a
Q ‘L: DM
mﬂ
Q
§
TS
‘X%
o,
oO— “L:
x_
3
r
o
-
|
X
N

wherein
LY, Q! QY, Q% and Q7 are as defined above;
RY, R R and R!® each independently represent a hydrogen atom, a

halogen atom, a hydroxy group, or -NHy;
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W2 represents -NH-, an oxygen atom, a sulfur atom, or -CH-; and

W* represents -CH= or a nitrogen atom.

28.  The antibody-drug conjugate according to claim 27, wherein D is represented

by either one of the following two formulas:

o’ N K o N o
4 0 UL
o ‘RW ﬁN Pz o 5R1'7 L\/O\,‘N e
= = 7 5 T
L S~ g Rr"® L )\\ o Rr"
o [ o [,
o ﬁ—o' o ﬁ—Q
q” o’
wherein

L%, QF, QY, Q2 Q?, RY, R, R, and R'® are as defined above.

29.  The antibody-drug conjugate according to claim 27 or 28, wherein D is

represented by any one of the following eight formulas:
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wherein
LY, QL QY Q2 and Q? are as defined above; and
R, R R and R% each independently represent a hydrogen atom or a

fluorine atom.

30.  The antibody-drug conjugate according to any one of claims 27 to 29, wherein

D is represented by any one of the following four formulas:
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wherein

L! is as defined above.

31.  The antibody-drug conjugate according to any one of claims 27 to 30, wherein
D is represented by any one of the following four formulas:

N —N
i N o N

P o Hsmb 0
é{ OH \\\O,N' -—/ o OH \\(wa' P

1 3 = 1 3 =
L
L/Q\\ c|) OH /Qj (‘) OH
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0 N/ N 0 N
HS W P e} HS=—
|
0

wherein

L! is as defined above.
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32.  The antibody-drug conjugate according to any one of claims 27 to 30, wherein
D is represented by any one of the following four formulas:

N N
o VRN 9 VR

HS» 770 \7 \ HS—?’iO _
o N L

(o]
| and
P

wherein

L! is as defined above.

33.  The antibody-drug conjugate according to any one of claims 1 to 26, wherein

D is represented by the following formula:

N
OON W

wherein
L! is as defined above:

Q% and Q® each independently represent a hydroxy group or a thiol group;
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R?! and R? each independently represent a hydroxy group or a fluorine atom;
and

WP represents -NH- or a sulfur atom.

34.  The antibody-drug conjugate according to claim 33, wherein D is represented

by either one of the following two formulas:

[} //___ N\ w ?| N
I SN A QL? Q —
— o
é" oH L(O\)/N P o :“OH \\O/N V

and o]

wherein

L, Q3 Q% and WP are as defined above.

35.  The antibody-drug conjugate according to any one of claims 1 to 34, wherein

L is represented by any one of the following four formulas:

NH, H,

N o) 0
/N ! =N /NfN /N | NH /N | NH
<N N') <N N/7I\N H, <N NANHZ and <N N/)
AL 4 L L

36.  The antibody-drug conjugate according to any one of claims 1 to 34, wherein

L! is represented by any one of the following four formulas:
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wherein

and

each asterisk indicates bonding to L.

37.  The antibody-drug conjugate according to any one of claims 33, 34, and 36,

wherein D is represented by any one of the following four formulas:
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\ and * H

wherein

each asterisk indicates bonding to L; and

Q3, Q% and WP are as defined above.
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38.  The antibody-drug conjugate according to any one of claims 33, 34, 36, and

37, wherein D is represented by any one of the following four formulas:

wherein

each asterisk indicates bonding to L.

39.  The antibody-drug conjugate according to any one of claims 33, 34, 36, and

37, wherein D is represented by any one of the following three formulas:
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wherein

each asterisk indicates bonding to L.

40.  The antibody-drug conjugate according to any one of claims 33, 34, 36, and

37, wherein D is represented by any one of the following four formulas:
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wherein

each asterisk indicates bonding to L.

41.  The antibody-drug conjugate according to any one of claims 1 to 40, wherein
linker L is represented by -Lb-La-Lp-Lc-*, wherein

the asterisk indicates bonding to drug D;

Lp represents a linker consisting of an amino acid sequence cleavable in a
target cell, or is absent;

La represents any one selected from the following group:
-C(=0)-(CH2CH2)n?-C(=0)-,
-C(=0)-(CH2CH2)n?-CH,-C(=0)-,
-C(=0)-(CH2CH2)n?-C(=0)-NH-(CH2CH2)n3-C(=0)-,
-C(=0)-(CH2CH2)n?-C(=0)-NH-(CH2CH2)n3-CH,-C(=0)-,
-C(=0)-(CH2CH2)n?-C(=0)-NH-(CH2CH,0)n3-CH-C(=0)-,
-(CH2)n*-0-C(=0)-, and
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-(CH2)n%-C(=0)-, wherein

n? represents an integer of 1 to 3, n® represents an integer of 1 to 5, n*
represents an integer of 0 to 2, and n® represents an integer of 2 to 7;

Lb represents a spacer bonding La and a glycan or remodeled glycan of Ab or
a spacer bonding La and a cysteine residue of Ab; and

Lc represents -NH-CH>-, -NH-pheny! group-CH»>-O(C=0)-, or -NH-

heteroaryl group-CH>-O(C=0)-, or is absent.

42.  The antibody-drug conjugate according to claim 41, wherein Lc is absent.

43.  The antibody-drug conjugate according to claim 41, wherein Lc is -NH-CHa-.

44,  The antibody-drug conjugate according to any one of claims 41 to 43, wherein
Lp represents any one selected from the group consisting of:

-GGVA-, -VA-, -GGFG-, -FG-, -GGPI-, -PI-, -GGVCit-, -VCit-, -GGVK-, -VK-, -
GGFCit-, -FCit-, -GGFM-, -FM-, -GGLM-, -LM-, -GGICit-, and -ICit-.

45.  The antibody-drug conjugate according to claim 44, wherein Lp is any one of

-GGVA-, -VA-, -GGFG-, -FG-, -GGVCit-, -VCit-, -GGFCit-, and -FCit-.

46.  The antibody-drug conjugate according to any one of claims 41 to 43, wherein
Lp is any one of -GGFG-, -GGPI-, -GGVA-, -GGFM-, -GGVCit-, -GGFCit-, -
GGICit-, -GGPL-, -GGAQ-, and -GGPP-.

47.  The antibody-drug conjugate according to claim 46, wherein Lp is -GGFG- or
-GGPI-.
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48.  The antibody-drug conjugate according to any one of claims 41 to 47, wherein
La represents any one selected from the group consisting of:
-C(=0)-CH2CH2-C(=0)-,

-C(=0)-CH2CH:-C(=0)-NH-(CH2CH20)3-CH-C(=0)-,
-C(=0)-CH2CH2-C(=0)-NH-(CH2CH20)4-CH>-C(=0)-, and

-(CH2)5-C(=0)-.

49.  The antibody-drug conjugate according to any one of claims 41 to 48, wherein

Lb is represented by any one of the following formulas:

N N
N7 \N/ix N7 SN

fLN/N\\N
Fo "y
H H H H
and
wherein, in the structural formulas for Lb shown above,

each asterisk indicates bonding to La, and each wavy line indicates bonding to

a glycan or remodeled glycan of Ab.
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50.  The antibody-drug conjugate according to any one of claims 41 to 48, wherein
Lb is -(succinimid-3-yl-N)-, wherein -(succinimid-3-yI-N)- represents the following

structural formula:
Vi
N

\

0

wherein the asterisk indicates bonding to La, and the wavy line indicates bonding to

a side chain of a cysteine residue of the antibody through forming thioether.

51.  The antibody-drug conjugate according to any one of claims 41 and 46 to 49,
wherein linker L is represented by -Lb-La-Lp-Lc-*, wherein

the asterisk indicates bonding to drug D;

Lp is -GGFG- or -GGPI-;

La represents -C(=0)-CH2CH,-C(=0)-;

Lb represents the following formula:

NéN\N/i }g\N/N\\N

N N
or
\

* *

wherein, in the structural formulas for Lb shown above,
each asterisk indicates bonding to La, and each wavy line indicates bonding to
a glycan or remodeled glycan of Ab; and

Lc represents -NH-CH2-.
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52.  The antibody-drug conjugate according to any one of claims 1 to 51, wherein
the average number of conjugated drug molecules per antibody molecule in the

antibody-drug conjugate is in the range of 1 to 10.

53.  The antibody-drug conjugate according to claim 52, wherein the average
number of conjugated drug molecules per antibody molecule in the antibody-drug

conjugate is in the range of 1 to 5.

54.  The antibody-drug conjugate according to any one of claims 1 to 53, wherein
the antibody bonds via a glycan bonding to Asn297 of the antibody (N297 glycan) to
L.

55.  The antibody-drug conjugate according to claim 54, wherein the N297 glycan

Is a remodeled glycan.

56.  The antibody-drug conjugate according to claim 54 or 55, wherein the N297
glycan is N297-(Fuc)MSGL1 or N297-(Fuc)SG.

57.  The antibody-drug conjugate according to any one of claims 1 to 56, wherein
the antibody or an antigen-binding fragment of the antibody is an anti-HER2
antibody, an anti-HERS3 antibody, an anti-DLL3 antibody, an anti-FAP antibody, an
anti-CDH11 antibody, an anti-CDH6 antibody, an anti-A33 antibody, an anti-CanAg
antibody, an anti-CD19 antibody, an anti-CD20 antibody, an anti-CD22 antibody, an
anti-CD30 antibody, an anti-CD33 antibody, an anti-CD56 antibody, an anti-CD70
antibody, an anti-CD98 antibody, an anti-TROP2 antibody, an anti-CEA antibody, an
anti-Cripto antibody, an anti-EphA2 antibody, an anti-G250 antibody, an anti-MUC1

antibody, an anti-GPNMB antibody, an anti-Integrin antibody, an anti-PSMA
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antibody, an anti-Tenascin-C antibody, an anti-SLC44A4 antibody, an anti-
Mesothelin antibody, an anti-ENPP3 antibody, an anti-CD47 antibody, an anti-EGFR
antibody, an anti-GPR20 antibody, or an anti-DR5 antibody or an antigen-binding

fragment of the antibody.

58.  The antibody-drug conjugate according to any one of claims 1 to 57, wherein
the antibody or an antigen-binding fragment of the antibody is any one selected from
the group consisting of 1gG being IgG1, 19G2, 19gG3, or 1gG4, IgE, IgM, IgD, IgA
being IgAl or IgA2, and IgY.

59.  The antibody-drug conjugate according to claim 58, wherein the antibody or

an antigen-binding fragment of the antibody is 1gG1.

60.  The antibody-drug conjugate according to claim 59, wherein a part of the

amino acid residues in the constant region is substituted.

61.  The antibody-drug conjugate according to claim 60, wherein the substition
comprises substitution of leucine with alanine at positions 234 and 235 specified by

EU Index numbering.

62.  The antibody-drug conjugate according to any one of claims 1 to 61, wherein
the antibody or an antigen-binding fragment of the antibody is a protein produced in

host cells by using a genetically engineered antibody gene.

63.  The antibody-drug conjugate according to claim 57, wherein the antibody or
an antigen-binding fragment of the antibody is an anti-HER?2 antibody or an antigen-

binding fragment of the antibody.



- 692 -

64.  The antibody-drug conjugate according to claim 63, wherein the antibody or
an antigen-binding fragment of the antibody is any one of the following (i) to (iii):
(1) an antibody comprising a light chain consisting of an amino acid sequence
represented by SEQ ID NO: 1 and a heavy chain consisting of an amino acid
sequence represented by SEQ ID NO: 2 or an antigen-binding fragment of the
antibody, or an antibody comprising a light chain consisting of an amino acid
sequence represented by SEQ ID NO: 1 and a heavy chain consisting of an amino
acid sequence represented by SEQ ID NO: 3 or an antigen-binding fragment of the
antibody;

(i) the antibody or an antigen-binding fragment of the antibody as defined in (i)
wherein a part of the amino acid residues in the constant region is substituted; and
(iii)  aprotein produced in host cells by using a gene (a) which is modified by
genetical engineering from a gene (b) of the antibody or an antigen-binding fragment

of the antibody as defined in (i).

65.  The antibody-drug conjugate according to claim 63, wherein the antibody or
an antigen-binding fragment of the antibody is any one of the following (i) to (iii):
(i) an antibody comprising a light chain consisting of an amino acid sequence
represented by SEQ ID NO: 28 and a heavy chain consisting of an amino acid
sequence represented by SEQ ID NO: 29 or an antigen-binding fragment of the
antibody, or an antibody comprising a light chain consisting of an amino acid
sequence represented by SEQ ID NO: 28 and a heavy chain consisting of an amino
acid sequence represented by SEQ ID NO: 30 or an antigen-binding fragment of the
antibody;

(i) the antibody or an antigen-binding fragment of the antibody as defined in (i)

wherein a part of the amino acid residues in the constant region is substituted; and
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(iii)  aprotein produced in host cells by using a gene (a) which is modified by
genetical engineering from a gene (b) of the antibody or an antigen-binding fragment

of the antibody as defined in (i).

66.  The antibody-drug conjugate according to claim 64 or 65, wherein the
substition comprises substitution of leucine with alanine at positions 234 and 235

specified by EU Index numbering.

67.  The antibody-drug conjugate according to any one of claims 63 to 66, wherein
one or two amino acids are deleted at the carboxyl terminus of the heavy chain of the

antibody or an antigen-binding fragment of the antibody.

68.  The antibody-drug conjugate according to claim 57, wherein the antibody or
an antigen-binding fragment of the antibody is an anti-CD33 antibody, an anti-
EphA2 antibody, or an anti-CDH6 antibody or an antigen-binding fragment of the
antibody.

69.  The antibody-drug conjugate according to claim 68, wherein the antibody is
an antibody comprising a light chain consisting of an amino acid sequence
represented by SEQ ID NO: 31 and a heavy chain consisting of an amino acid
sequence represented by SEQ ID NO: 32, an antibody comprising a light chain
consisting of an amino acid sequence represented by SEQ ID NO: 33 and a heavy
chain consisting of an amino acid sequence represented by SEQ ID NO: 34, or an
antibody comprising a light chain consisting of an amino acid sequence represented
by SEQ ID NO: 35 and a heavy chain consisting of an amino acid sequence

represented by SEQ ID NO: 36.
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70.  An antibody-drug conjugate represented by formula (I1):

A——L—D| an

wherein

m? is in the range of 3 to 5;

Ab represents an anti-HER2 antibody, where a glycan of the antibody is
remodeled,;

L represents a linker linking Ab and D;
wherein linker L is represented by -Lb-La-Lp-Lc-*, wherein

the asterisk indicates bonding to drug D;

Lp is -GGFG-;

La represents -C(=0)-CH2CH,-C(=0)-;

Lb represents the following formula:

wherein, in the structural formulas for Lb shown above,

each asterisk indicates bonding to La, and each wavy line indicates bonding to
a remodeled glycan of Ab; and

Lc represents -NH-CH-;

Ab bonds via a glycan bonding to Asn297 of the antibody (N297-(Fuc) SG) to
L; and

D represents a compound represented by the following formula:
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=0

LO—7T

wherein

the asterisk indicates bonding to L.

71.  Anantibody-drug conjugate represented by the following formula:
Ab—H( N )—FL—D]m2 :

wherein
m? represents an integer of 2;
Ab represents an anti-HER2 antibody, where a glycan of the antibody is
remodeled,;
L is a linker linking N297 glycan and D,
wherein linker L is represented by -Lb-La-Lp-Lc-*, wherein
the asterisk indicates bonding to drug D;
Lp is -GGFG-;
La represents -C(=0)-CH2CH,-C(=0)-;

Lb represents the following formula:
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wherein, in the structural formulas for Lb shown above,

each asterisk indicates bonding to La, and each wavy line indicates bonding to
a remodeled glycan of Ab; and

Lc represents -NH-CH>-;

N297 glycan represents N297-(Fuc)SG; and

D represents a compound represented by the following formula:

=0

LO—T

wherein

the asterisk indicates bonding to L.

72.  The antibody-drug conjugate according to claim 70 or 71, wherein the
antibody is any one of the following (i) to (iii):
(1) an antibody comprising a light chain consisting of an amino acid sequence

represented by SEQ ID NO: 28 and a heavy chain consisting of an amino acid



- 697 -

sequence represented by SEQ ID NO: 29, or an antibody comprising a light chain
consisting of an amino acid sequence represented by SEQ ID NO: 28 and a heavy
chain consisting of an amino acid sequence represented by SEQ ID NO: 30;

(i) the antibody as defined in (i) wherein a part of the amino acid residues in the
constant region is substituted; and

(iii)  aprotein produced in host cells by using a gene (a) which is modified by

genetic engineering from a gene (b) of the antibody as defined in (i).

73.  The antibody-drug conjugate according to claim 72, wherein the substition
comprises substitution of leucine with alanine at positions 234 and 235 specified by

EU Index numbering.

74.  The antibody-drug conjugate according to claim 70, 71 or 72,

wherein the antibody is an antibody comprising a light chain consisting of an amino
acid sequence represented by SEQ ID NO: 28 and a heavy chain consisting of an
amino acid sequence represented by SEQ ID NO: 29,

wherein a part of the amino acid residues in the constant region of the antibody is

substituted.

75.  The antibody-drug conjugate according to claim 74, wherein the antibody or

an antigen-binding fragment of the antibody is 1gG1.

76.  The antibody-drug conjugate according to claim 70, 71 or 72,
wherein the antibody is an antibody comprising a light chain consisting of an amino
acid sequence represented by SEQ ID NO: 28 and a heavy chain consisting of an

amino acid sequence represented by SEQ ID NO: 29,
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wherein the constant region of the antibody comprises substitution of leucine with

alanine at positions 234 and 235 specified by EU Index numbering.

77.  The antibody-drug conjugate according to claim 70, 71 or 72,

wherein the antibody is an antibody comprising a light chain consisting of an amino
acid sequence represented by SEQ ID NO: 28 and a heavy chain consisting of an
amino acid sequence represented by SEQ ID NO: 30,

wherein a part of the amino acid residues in the constant region of the antibody is

substituted.

78.  The antibody-drug conjugate according to claim 77, wherein the antibody or

an antigen-binding fragment of the antibody is 1gG1.

79. The antibody-drug conjugate according to claim 70, 71 or 72,

wherein the antibody is an antibody comprising a light chain consisting of an amino
acid sequence represented by SEQ ID NO: 28 and a heavy chain consisting of an
amino acid sequence represented by SEQ ID NO: 30,

wherein the constant region of the antibody comprises substitution of leucine with

alanine at positions 234 and 235 specified by EU Index numbering.

80.  The antibody-drug conjugate according to any one of claims 70 to 79, wherein
one or two amino acids are deleted at the carboxyl terminus of the heavy chain of the

antibody.

81. A STING agonist comprising the antibody-drug conjugate according to any

one of claims 1 to 80.
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82. A pharmaceutical composition comprising the antibody-drug conjugate

according to any one of claims 1 to 80.

83.  Ananti-tumor agent comprising the antibody-drug conjugate according to any

one of claims 1 to 80.

84.  The antibody-drug conjugate according to any one of claims 1 to 80, the
STING agonist according to claim 81, the pharmaceutical composition according to
claim 82, or the anti-tumor agent according to claim 83 for use in the treatment of

cancer.

85.  The antibody-drug conjugate according to any one of claims 1 to 80, the
STING agonist according to claim 81, the pharmaceutical composition according to
claim 82, or the anti-tumor agent according to claim 83 for use according to claim
84, wherein the cancer is lung cancer, kidney cancer, urothelial cancer, colorectal
cancer, prostate cancer, glioblastoma multiforme, ovarian cancer, pancreatic cancer,
breast cancer, melanoma, liver cancer, bladder cancer, gastric cancer, esophageal
cancer, endometrial cancer, testicular cancer, uterine cervix cancer, placental
choriocarcinoma, glioblastoma multiforme, brain tumor, head-and-neck cancer,
thyroid cancer, mesothelioma, gastrointestinal stromal tumor (GIST), gallbladder
cancer, bile duct cancer, adrenal cancer, squamous cell carcinoma, leukemia,

malignant lymphoma, plasmacytoma, myeloma, or sarcoma.

86.  The antibody-drug conjugate according to any one of claims 1 to 80, the
STING agonist according to claim 81, the pharmaceutical composition according to
claim 82, or the anti-tumor agent according to claim 83 for use according to claim

84, wherein the cancer is lung cancer, colorectal cancer, prostate cancer, ovarian
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cancer, pancreatic cancer, breast cancer, bladder cancer, gastric cancer, esophageal
cancer, endometrial cancer, uterine cervix cancer, head-and-neck cancer, bile duct

cancer, myeloma, or sarcoma.

87.  Use of the antibody-drug conjugate according to any one of claims 1 to 80,
the STING agonist according to claim 81, the pharmaceutical composition according
to claim 82, or the anti-tumor agent according to claim 83 in the manufacture of a

medicament for the treatment of cancer.

88.  The use according to claim 87, wherein the cancer is lung cancer, kidney
cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma
multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer,
bladder cancer, gastric cancer, esophageal cancer, endometrial cancer, testicular
cancer, uterine cervix cancer, placental choriocarcinoma, glioblastoma multiforme,
brain tumor, head-and-neck cancer, thyroid cancer, mesothelioma, gastrointestinal
stromal tumor (GIST), gallbladder cancer, bile duct cancer, adrenal cancer,
squamous cell carcinoma, leukemia, malignant lymphoma, plasmacytoma, myeloma,

or sarcoma.

89.  The use according to claim 87, wherein the cancer is lung cancer, colorectal
cancer, prostate cancer, ovarian cancer, pancreatic cancer, breast cancer, bladder
cancer, gastric cancer, esophageal cancer, endometrial cancer, uterine cervix cancer,

head-and-neck cancer, bile duct cancer, myeloma, or sarcoma.



