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DESCRIPTION
CROSSLINKED ARTIFICIAL NUCLEIC ACID ALNA

The present invention reslates to a menomer of amino LNA,

and an c¢ligemer containing the same.

BACKGROUND ART
[CCO2]

A therapeutic method for diseases with nucleic acid
medicine include an antisense method, an antigen method, a

method with aptamer, and a method with siRNA, and so on.
L

[$3]

Among them, the antisense method 1s a method in which a
disease 1s treated cor prevented by introducing with an
oligonucleotide (antisense strand) complementary to disease-
related mRNA or non-ceding RNA from the cutside to form a
double strain, and accordingly, by adjusting the function of
RNA involved 1n the disease to treat or prevent the disease.
[0603]

icial nucleic acids have been

(i)
9]

Though varicus arti
develcoped as materials for the nucleic acid medicine,
proplems such as avolding texiclty in organs where nucleic

acid medicines are likely to accumulate, such as the liver
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and kidneys after systemic administration, and developing
sufficient medicinal efficacyr remain, there is still no
mclecule that should be a trump cerd. A 2'-amino LNA which
was developed by Wengel et al., in 1998 (hereinafter,
described as "ALNA") (Patent document 1, and Non-Patent
Document 1) can synthesize various artificial nucleic acids
by modifying the substituent at 2'position and so on, and
many ALNA derivatives have been synthesized sc far, mainly

+

e}
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]

1wcluding alkyl or acyl derivatives {(Patent documents 2
4, and Nen-Patent Documents 2 to 11), and a characteristic
tissue distribution after systemic administration has been
reported [(Non-Patent Document 12, however, it is
insufficient 1in terms of pharmacological activity and
accordingly, the derivatives have not been applied to
pharmaceuticals so far.

[0004]

We apply the efficient synthesis method of GuNA

previcusly found {Patent Document 5 and Neon-Patent Document

13) to synthesize a wide variety of novel ALNA derivatives,
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and perforrn screening specialized 1in  pharmacclo

W
’,AJ

activity evaluation, and accordingly, have found cut a nov

artificial nucieic acid having excellent 1in vitro and in

)

vivo pharmacological activity as compared with the existing

ALNA, and completed the invention of the present application.
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SUMMARY OF INVENTION
{PROBLEMS TC BE SCLVED BY INVENTION)
[0007]
The present invention relates to a novel bridged

3 1

ficial nucl c acid, as well as monomer containing the

[

e

]—..A.

art

In order to solve the above-mentioned problems to be

solved, the inventcrs have intensively studied to find our

a novel Z'-amino LNA and salts therecf, as well as oligomer
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ccentaining the same as a moncmer, thereby completed the
present invention.
[(0009)

That is, the present invention includes the following

Items [1] to [23], which should not be limited thereto.
Item [1] A compcund represented by general formula I:

[wherein

B represents a kase mciety of nucleic acid wherein ths
base moiety may be optionally substituted with one or more
substituents;

R:, Rz, Rz and Rs represent independently of each cther
a hydrogen atom, or a Ci-¢ alkyl group which may be optionally

subpstituted with one or more substituents:

F: and FRs represent independently of each other a
hydrecgen atom, a protecting group for hydroxy group, or a

phosphate group which may ke copticnally substituted with

substituents;



m is an integer of 1 or 2;
X represents & group represented by the following

formula (IXI-1), (II-2) or (II-3):

R;
o 5
o | | N
h \\s% hY
(11-1) (11-2} (1I-3)
5 the symbolis:
AT AN AN AW

which is described in the formula (II-1), (II-2) or (II-3)
represents a binding polint to 2'-amino group;

R7 and Rs represent independently of each other a

10 hydrogen atom, a C..¢ alkyl group which may be optionally

substituted with one or more substituents, a Co.s alkenyl

group which may be copticnally substituted with cne or more

substituents, a C:.s alkynyl group which may be opticnally

substituted with cne or more substituents, or an aromatic

group which may be optionally substituted with one or more

i;_l
B3]

substituents;

A represents an aromatlc group;

M represents a sulfonyl group which is substituted with
one substituent selected from the group consisting of a Ci-s

20 alkyl group which may be opticnally substituted with cne or
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more subpstituents and an aromatic group which may be
opticnally substituted with one ¢or more substituents. ]

or salts thereof

—
G
B

(hersinafter, the compound represented by formula
gsalts therecf 1s referred toc as "Present compound” or
"Compound of the present invention").

(2] The compound according to [1l] or salt thereof wherein
B represents an adeninyl group which may be optionally
substituted with one or more substituents, a guaninyl group
which may be optionally substituted with ocne or more
substituents, a cytosinyl group which may be cpticnally
substituted with cne or mnore substituents, a 5
methylcytosinyl group which may be optionally substituted
with one or more substituents, or an uracilyl group which
may be opticnally substituted with one or more substituents.
[3] The ccmpound accerding tc [11 or [2] or salts thersof

wherein Ri, Rz, Ry and Rs represent independently of each

bt

other a hydrogen atom; and

P

m is an integer of 1.
[4] The compound zccoerding to any one of [1] to [31 or salts
thereof wherein

X represents a group represented by formula (II-1); and

Rz and R represent independently of each ozher a
hydrogen atom, a Ci-s alkyl group which may be optionally

substituted with one c¢r mcocre substituents, or an arcmatic
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group which may be cptionally substituted with one or more
substituents.

[5] The compound according to [4] or salts therecf wherein
R7 and Rg represent independently of each other a hydrogen
atem, or a Ci.z alkyl group which may be opticnally
substituted with one or more substituents.

[el The compound according teo [5] or salts thereof wherein
one of Ry and Rs represents a hydrogen atom, and the other
therecf represents a2 methyl group.

[7] The compound according tc [5] or salts thereof wherein

one ol Ry and Rs represents a hydrogen atom, and the cother

wn

thereof represents an ilscpropyl group.
[8] The compcund according to any one of [1] to [3]1 or éélts
therecf wherein

X represents & group represented by formula (1I-2);

A represents a five or six membered hetercaryl group
containing one or more hetercatoms selected from the group

consisting of nitrogen atom, oxygen atom and sulfur atom,

wilich may be cptionally substituted with one or more

A represents & five c¢r six membered hetercaryl group
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are included, which

]

provided that at least twe nitrcgen atom
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may e opticnally substituted with cne or more substituents,
and the substituents is selected independently ¢f each cther
a group consisting of a Ci-3 alkyl group which may be
opticnally substituted with one or more halogen atoms, a
halogen atom, and an amino group which may be opticnally
substituted with one cr more Ci.; alkyl group.

[10] The compound according to [9] or salts thereof wherein
the five or six membered hetercaryl group represents a group
consisting of a triazclyl group, an oxadiazolyl group, a
thiadiazelyl group, a pyrimidinyl group, and a pyrazinyl

roup, each may be optionally substituted with cne or more

i8]

ubstituents.

0

o

[11] The compcound according to [10] or salts thereof whersin

the triazolyl group which may be cptionally supstituted wizh

[SH]

one or more substituents represents 1,5-dimethyl-1,2,4-
triazol-2-vl group.

[12] The compound according to [10] or salts thereof wherein
the oxadiazolyl group which may be opticnally substituted
with one or more substituents represents 5LS-methyl-1,2,4-
oxadiazol-3-vl group.

[13] The compounc according te [10] or salts thereof wherein
the thiadiazol group which may be optionally substituted

with one or more substituents represents 3-methyl-1,2,4-

thiadiazol-5-vl group.

Hh
H
t
Cr
(&3
O
=
n
{u
i_‘
[
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[14] The compound according to any one o
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therecf wherein
X repressents a group represented by formula (II-3); and
M represents a sulfonyl group which is substituted with
cne or more substituents selected from the group consisting
of a Cis alkyl group which may be optionally substituted
with one or more substituents, and an aryl group which may
be coptionally substituted with one or more substituents.
[15] The compound acceording to [14] or salts thereof wherein
M represents a sulfonyl group which 1s substituted with one
or mere substituents selected from the group consisting of
a methyl group and a phenyl group.
[l6] The compound according to according to any one of claims
(1] to [153]) or salts therecf wherein Rs represents a hydrogen
atem cor DMTr group, and R: represents a hydrogen atom or -
P(O{CHz}2CN (N (ipx)2) .
{17]) A compound selected from the group consisting of

3-{[(1R,4R,¢€R,78)-4-[[bis{4d~-methoxyphenyl) -phenyl-

methoxy|methyl]-6-(3-methyl-2, é-dioxo-pyrimidin-1-yl)-2-
methylsulf ~S~oxa-Z-azabicyclo[2.2.1]heptan-7-ylioxy-
(diisoprepylamino)phosphanyl]oxypropanenitrile {Prasent

N-[1-[{1R,3R,4R,75)-1-[[bis{4-methoxyphenyl)-
phenyimethoxy metnyl]-7-[2-cyancetnoxy-
(diiscpropyiaminge)phesphanyljoxy~5-methylsulfonyl-2-oxa-5-

azablicyclo[z2.2.1]heptan-3-yl]-5-methyl~2-oxo-pyrimidin-4-



[
[

15

B
(8]

—
—

vllbenzamide (Present compound 2);

[3-[ (1R, 3R, 4R, 75} - 1-[[bis(4-methoxyphenyl) -phenyl-
methoxylmethyl]-7-[Z-cyanoethoxy-
(diisopreopylamino)phosphanyljoxy-5-methylsulfonyl-2~oxa-5-
azabicyclo[Z.2.1lheptan-3-y1]-Z2-{2-
methylpropanoylamine)purin-é-y1]N,N-diphenylcarbamate
(Present compcund 3} ;

N-[%-{(1F

w

» 3R, 4R, 78) -1~ [ [bis(4-methoxyphenyl) -phenyl-
methoxyimethyl]-7-[Z2-cyancethoxy—
(diisopropylamino)phosphanyl]loxy~5-methylsulfonyl-2-oxa-5-

azabi

'_:

cyclol[Z.2.1]heptan-3-y1]-purin-6-yl]lbenzamide (Present
compound 4} ;

3-[[ (1R, 38, 4R, 73) ~5~ (benzenesulfonyl)-1-[[bis(4-
methoxyphenyl) ~phenylmethoxy methyl] -3~ {5-methyl-2, 4~
diocxopyrimidin-1-yl)-2-oxa~5-azabicyclolZ.2.1lheptan-7-
ylloxy-(diiscpronylamince)phosphanvyl]oxypropanenitrile
(Present compound 5);

N-[1-[{1R, 3K, 4R,73)-5-{benzenesulfonyl)-1-[[bis (4~
metnoxyphenyl) -phenyl-methoxylmethyl|-7-[2-cyancethoxy-
(dilsopreopylamino)phosphanyl)oxy-2~oxa-5-
azabicyclo[Z.2.lheptan-3-yl]-5-methyl-Z~oxo-pyrimidin-4-

vllbenzamide (Present compound 6&);

phenylmethoxy methyll-7-{2-cyanoethoxy~

(diiscpropylamine)phosphanyljoxy-N-methyl-3-(5-methyl~2, 4-
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dicxo-pyrimidin-1l-yl)-2-cxa~5~azablcycle[2.2.1]heptane-5-
carboxamide (Present compound 7);

(1R, 3R, 4R, 75)-3-{4-benzamide-5-methyl~2-oxo-pyrimidin-~
l-yl)-1-[[eois{4~methecxyphenyl) -phenyl-methoxylmethyl]-7-[2-

cyancethoxy-{diisopropylamine) phosphanyl]oxy~N-methyl-2-

Y

oxa-b-azabicyclo[Z.2.1]heptane-5-carboxamide {(Present
compeund &) ;

[8-[(IR,3R,4R,78)-1-[[bis {4-methoxyphenyl) -
phenylmethexyimethyl]-7-[2~cyancethoxy-
(diisopropylamino)phosphanyl]oxy-5-(methylcarbamoyl) ~2~oxa-
S—azablcyclo[Z2.2.1jheptan-3-yl]-2-{(2-
methylpropancylamino)purin-6-yl]N,N-diphenvlcarbamate

(Present compound 9} ;

1

(1IR,3R,4R,75) -3~ (&-benzamidepurin-9%-yi)~1-[[ois{d-
methoxyphenyl)phenylmethoxyimethyl]~7-{2Z-cyancethoxy-
(dilsopropylamino)phosphanyl]oxy-N-methyl-2-oxa-5-
azablcyclo[2.2.1]lheptane-5~carboxamide (Present cempound
18 ;

(lR,SR,4R;7S)—1—[[biS(4—
methoxyphenyl)phenylmethoxylmethyl]-7-[2-cyanocethoxy-

{(dilsopropylamine)phosphanylloxy-N-isopropyl=3~(5-methyl-

2,4-dioxopyrimidin-i-yl)-2-oxa-5~azabicyclo[2.2.1]heptane-
S5-carboxamide (Present compound 11);

-

(1R, 3R, 4R, 78)-3-({d-benzamide-5-methyi-2-oxopyrimidin~-
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cyancethoxy- (diiscopropylamino)phosphanyl]oxy-N-isopropyl-2-
oxa=5S=azabicyclco[Z2.2.1l]heptane-5-carboxamide (Present
compound 12) ;

[9-[ (1R, 3R, 4R, 75)-1-[Ibis(d-methoxyphenyl)-phenyl-
methoxymethyl]-7-[Z~cvanoethoxy—
(diisopropylamino)phosphanyl oxy-5-(iscpropylcarbamoyl) -2~
oxa—-b5-zazabicycle{Z.2.llheptan-3~-yl]-2-{2-

methylpropanoylamine)purin-é-yl]N,N-diphenylcarbamate

{(Present compound 13);

—

(1R, 3R, 4R, 75) -3~ (6-benzamidepurin-9-yl1)-1-[[bis{4-
methoxyphenyl) -phenyl-methoxyimethyl]-7-[Z~-cyvanocethoxy-
(diiscpropylamino)phosphanylloxy-N-isopropyl-2-oxa-5-

azablicyclo[2.2.1]heptane~-S~carboxamide (Present  compound

143 ;

[ #3]

(1R, 3R, 4R, 73)-1-[[bis(4d-methoxyphenyl) ~

hyl]-7~[2~-cvancethoxy-~

i

phenylimethoxy]me

(dilscpreopylamine)phosphanyl]oxy~N,N~dimethyl-3-(5-methyl-

£l

2,4-dioxopyrimidin-1-yl)-2-oxa-5-azabicyclo{2.2.1]heptane-
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2-oxa-S-azabicyclo[2.2.1 heptan

compound 1€);

3-[(1E,3R,4R,78)-1-[[pis{4-methoxyphenyl) -phenyl-



methoxyjmethyl] -3-(5-methyl-2,4-dioxo-pyrimidin-1-y1)~5-
pyrimidin-Z-yl-2-oxa-%-azabicyclo[2.2.1)heptan-T7-yl]oxy~-
(dilscpropylamine)phosphanyloxypropanenitrile (Present

cempound 17} ;

3

1-T(1R, 3R, 4R, 73)-1-[[kis(4-methoxyphenyl) -phenyl-

methoxymethyl]-7-[Z~-cyancethexy-
(diisoprepylamine)phosphanyl]oxy-5-pyrimidin-2-yl-2-cxa-5-
azabicyclolz.2Z2.1l]heptan-3-yl]~5-methyl-Z-oxo-pyrimidin-4-
vllbenzamide (Present compound 18);

N'-[9=~ (1R, 3R, 4R, 78)-1-[[bis(4-methoxyphenyl} -phenyl-
metnoxylmethyl ] -7~ [2~cyanocethoxy-
(diisoprepylamino)pheosphanyl]oxy~5-pyrimidin-2-yl-2-oxa~5—

azabicyclo[2.2.1 heptan-3-yl]-6-oxo-1H-purin-2-y1]-N, N-

w3

dimethyl-6-formamidire {(Fresent compcound 19);

N'-[9-(1R,3R,4R,78)-1-[[bis{4-methoxyphenyl)-phenyl-

3

methoxyjmethyl] -7~ [2-cvancethoxy~-
(diiscopropylamino)phesphanylloxy-5-pyrimidin-2-yl-2-oxa-5-
azabicyclo[2.2.1theptan-3-yl]lpurin~¢-yllbenzamide (Present
compound 20) ;

3-{ (1R, 3R, 4R, 75 -1-{[bis(4-methoxyphenyl)-phenyl-
methoxy]methyl]-3-{5-methyl~Z, 4d-dicxopyrimidin-i-yl)-5-
pyrimidin-4-yl-2-oxa-5-azabicyclc[2.2.Jheptan-7-y1l]oxy-
(diiscpropylaminoe)phesphanylioxypropanenitrile {Present
cempeund 210 ;

N-[1-[(IR, 3R, 4R, 7S) -1~ [[kis{d~methoxyphenyl) -phenyl-
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methoxylmethylj-7-[Z2-cyanoethoxy-

(diisopropylamino)phesphanyl]oxy-5-pyrimidin-4-yvl-Z-oxa-5-

azabicyclo[2.2.1]heptan-3~yl]~5-methyl-2-oxo-pyrimidin-4-

vllkbenzamide (Present compound 22} ;

3-[[ (1%, 3R, 4R, 73} -1-[[bis {4-methoxyphenyl) -phenyl-

methoxylmethyli-3-(5-methyl-2, 4-dioxec-pyrimidin-1-v1)-

(trifluocromethyl)pyrimidin-2-vli-2-cxa-5-

1

azablcyclo{2.2.1lheptan-7-yiloxy-

(diisoprepylamino)phosphanyl]oxypropanenitrile

compound 23);

ks
0]

- [

N-[1-[{1R, 3R, 4R, 75 -1~ [[blis{4-methoxyphenyl)-phenyl-

methoxyimethyl]-7-[Z2-cvancethoxy-

(diisopropylamino)phosphanyiloxy-5-{4-

7

Ha

{trifluoromethyl)pyrimidin-2-yl]=-2-oxa~5~

azablcyclo[Z2.Z.l}heptan-3~yl]~-5-methyi-2-cxo-pyrimidin-4~

vilbenzaride (Present compound 24);

3-[[{1IR,3R,4R,75) -1~ [bis{4-methoxyphenyl)

.
)

-phenyl-

4w

3

(w3

methoxylmethyl]-5-(5-chlorepyrimidin-2-y1}-3-{5-methyl-2,4-

dioxo-pyrimidin-I-yl)-Z-oxa-5b~azabicyclo[2.2.1

vljoxy-(diisopropylanino)phosphanyl]oxyoropanenitrile

{Present compound 25} ;

-7 -

N-[I-[(1R,3R,4R,73)-1-{{bis(4-methoxyphenyl)-phenyl-

methoxyimethylj-5-{5-chlorcpyrimidin-2-y1)-7~[2-

cyanoethoxy-(diiscpropylamino)phosphanyl]oxy-2-¢

azablcyclo(2.2.1 heptan-3-yl]-5-methyipyrinidin-4-
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yilbenzamide (Present compcound 256 ;
3-[1(1R,3R,4R,78)~1~[[bis{d-methoxyphenyl) -phenyl-
methexy|methyli]-5-[6-(dimethylamino)pyrimidin-4-y1]~3-(5-
methyl-2,4-dicxo-pyrimidin-1-vyl)-Z2-oxa-5-
azablcyclo!lZ.2. 1 heptan-T-ylloxy~

(dilsocopreopylamine)phosphanyl]oxypropanenitrile (Fresent

compcound 27} ;

2
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—
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|
T
eyl
J
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b
N
o
o
J
~
W
!
L
f
-
-

[ fbis(4-methoxyphenyl) -phenyli-

b

methoxylmethyl]~7-[2-

cyancetnoxy (diliscpropylamine)phosphanvl]oxy-5-[ {5~

dimethylamino)pyrimidin-4-vl]~Z=-oxa-5-
azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-

vllbenzamide {Present compound Z8};

Lo}

iy

3-[{ (1R, 3R, 4R, 73} -1-[[bis (4-methoxyphenyl)-phenyl-~

methoryimethyl]-5~{2-{dimethylamino}pyrimidin-4-y1]-3-(5-

methyl-2,4d-dicxe-pyrimidin-i-vyl)-2-oxa-5-

ey

azabicyclolZz.Z.1Theptan-7T-yl]oxy-

{(diisopropylaminc)oxypropanenitrile (Present compound 29);

-
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methoxy]methvl]-7-[Z-cvancethoxy~
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(dilscopropylamino)phosphanyl]oxy-5-[2-

(dimethylamino)pyrimidin-4-yl!-T-hydroxy-2-oxa-5-
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methoxylmethyl]-3-(5-methyi-2,4-dioxopyrimidin-1-vyi)-5-

pyrazin-2-yl-

methoxy]lmethy

{(diiscpropylamino)phosphanyl]loxy-!

arabicyciolZ.

yl]benzamide

2-oxa-b-azabicycle[Z.2.1)heptan-7-v1l]oxy~

2y
fIa
o

1

/5)-1-[{bis(4d~methoxyphenyl)~phenyl-

1]-7-[2-cyancethoxy-

U'I

L -pyrazine~2-yl-2-oxa—-5-

Z2.1l]lheptan-3-yl]~5-methyl-2-oxo-pyrimidin-4-

(Present compound 32);

3-[[ (1R, 3R, 4R, 78} -1-[[bis (4-methoxyphenyl) -phenyl-
methoxy]methyl]-5-(1,5~-dimethyl-1,2,4-triazol-3-y1)-3-(5~
methyl-2,d-dicxeopyrimidin-1-v1l)~2-cxa-5-
azabicyclol2.2.1]heptan-7T~-yiljoxy-
(diisoprepylamino)phosphanylloxypropanenitrile (Present

cempound 33

N-[1-[(1

methoxyimethyl]-

R, 3R, 4R,73)-1-[[bls{4-methoxyphenyl)-phenyl-

-[Z-cyancethoxy-

{dilsopropylamine)phosphanyl]oxy~-5-(1,5-dimechyl~1,2, 4~

triazol-3-yl)~2-cxa-bS-azabicyclo[2.2.1lheptan-3-y1]~5~
methyl-Z-oxo-pyrimidin-~d~yllbenzamide (Praesent compound

349

NT- (G-

methoxy]methyl]~

(diisopropylami

o

trigazol-3-

<)
‘» .y

R, 3R, 4R, 758 -1~ [bis(d-methoxyphenvl)-phenyl-

f-{Z2-cvancethoxy-

nojphosphanyl]oxy-5-{1,b-dimethyl-1,2,4-

]
O

[

-Z-oxa-5-azabicyclo[2.2.1]heptan-3~-yl]-6é-oxo-
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-

pout

i

in

Ny

lH-purin-2-yl1l]-N,N~dimethylformamidine (Present  compound
35)7
N-[9- (1R, 3R, 4R, 73)-1-[[bis{4-methoxyphenyl) ~phenyl-
methoxylmethyl|-7-[Z-cyancethoxy-
(diiscpropylamino)phosphanyloxy-5-(1,5-dimethyl-1,2,4~
triazol-3-yl)-Z-cxa-5-azabicyclo[Z.2.1]heptan-3-yl]lpurin~-6-
yi]benzamide (Present compound 34);
3*{[(1R,3R,4R,7S)—l~{{bis(4—methoxyphenyl)—yhenyl—
methoxy]methyll-3-{5-methyl-2,4-dioxcpyrimidin-1-y1)-5-(5~
methyl-1,2,d-oxadiazol-3-yl)-2~0oxa-5-
azabicyclo[2.2.1]lheptan-7-yl]loxy~
(diilscpropylamino) phosphanyl]exyproepanenitrile {(Present

compound 37);

g
J

N=[{1~-[ (IR, 3R, 4R, 78)-1-[[bis(4-methoxyphenyl) -phenyl-

L

o)

methoxy]methyl]-7-[Z~cyancethoxy-
(dilscpropylamino)phosphanyl]oxy=-5-(5-methyl-1,2, 4-
oxadlazol-3-yl)~-2-oxa-5-azablcyclo[2.2. 1 heptan-3-yl]-5-
methyl-Z~cxo-pyrimidin-4-vyl]benzamide (Present compound
3877

-[[{1R, 3R, 4R, 78)-1-{[bis{é-methoxyphenyl)-phenyl-

{at

methoxylmethyl]-3-(5-methyl-2, 4-dioxcpyrimidin-1-yl;~5- (3~
methyi-1,2,4-thiadiazol-5-yl)-2-0oxa-5-

azabicyclo[Z2.2.1]lheptan~T=-ylloxy-

A
o
Ui
M
o
o1

(dilsopropylamino)phnosphanyl]oxypropanenitrile (F

compound 33);
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N-{1-[(1R,3R,4R,73)-1-[[bis{4d-methoxyphenyl)-phenyl-
methoxy]methyl]-7~[Z~cyanoethoxy-

(diiscopropylamino}phosphanylloxy~3~{(3-methyl-1,2,4-

thiadiazol-5-yl)-2-oxa-5-azabicycle[2.2.1 heptan-3-y1l]-
methyl-2-oxo-pyrimidin-4-yllhenzamide (Present compound
40) ;

N=[1l-[(1R,3R, 4R, 73) -1~ [[bis (4-methoxyphenyl)-phenyl-
methoxy]methyl]-7-hydroxy-5-methylsulfonyl-2-oxa-5~
azabilcyclol[Z2.2.lneptan-3-yl]-5-methyl-2-0oxo-pyrimidin-4~
yvlldihydropyrimidin-Z-cne (Present compound 41);

N'-[9-[ (IR, 3R, 4R, 78)-1-[[bis(d-methoxyphenyl) -phenyl-
methoxylimethyl]-7-[2~

cyancethoxy (diisopropylamino) phosphanyl]oxy-5-

methylsulfonyl-2-oxa-5-azabicyclol2.2.l heptan-3-yl]~6~oxo-
lE-purin-2-yl]~N,N-dimethylformamidine (Present  compound

N-[9-T (1R, 3R, 4R, 78)-1-[[blis (4-methoxyphenyl)~phenyl-
methoxy]methyl]-7-[2~cyanoethoxy-

(dilsopropylamino)phosphanylloxy-5-methylsulfonyl-2-oxa—-5=

azabicyclo[2.2.1]heptan-3~yl]=-¢~cxo-1H-purin-2~yll-2-
methylpropane amide (Present compound 43); and

N-[9~[ (1R, 3R, 4R, 78} -1-[[bis{4-methoxyphenyl) -phenyl-~
methoxylmethyl] ~-7-hydroxy-S-methylsulfonyi-2-cxa-5-
azapclcyclo{2.2.1]heptan-3-vl]-€-oxo=~1H-purin-2-y1]-2-

&

metnylprecpane amide (Present compcund 44 .
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{Oligonuclectide)
{ig] An oligecnuclectide compound cemprising one or more

nucleosides represented by general formula (I'):

5 W Y X

[wherein,

B represents a base moiety of nuclelc acid wherein Lhe
base molety may be opticnally substituted with one cr more
substituents;

1G R-, Rz, Rs and Ry represent independently of each other
a hydrogen atom, or a Cl-6 alkyl group which may be
cpticnally substituted with one or more substituents;

m is an integer of 1 or 2;

X represents a group represented by the following

}4)
%2l
I
O
5
=3
o
3
Qi
[
~
|
’—_\
[
|
P
-
O
[t
—
|
I
(7]
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the symbols:
TEAWA VNS
which 1s described in the formula (II'-1), (II'-2) or (II'~-
3) represents a binding peint to Z'-amino group;

A represents an aromatic group containing one or more
hetercatoms selected from the group consisting of nitrogen
atom, oxygen atom and sulfur atom, which may be opticnally
substituted with cne cor more substituents;

M represents a sulfonyl group which is substituted with
cne or more substituents selected from the group consgisting
of a Ci-z alkyl greoup which may be cpticnally substituted
with one or more substituents, and an aromatic group which

e

may be opticnally supstituted with one or more substituents. ]

or salts thereof

Fhy

ter, th

cempound represented by formula (I'Y or

1]

[

{hereina
salts thereol 1s referred fo as "Present oligeonuclectide

compound” or "Oligonuclectide compound of the presenc
e g i F

invention").

} -
o0
Q
o
o
I
—
ot
tn
&
i
[N
P
D
Q
ey
=
o
(t
[
T
}A.A -
b

[19] The compound according to
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q

B represents an adeninyl group which may be opticnall

]

substituted with one or meore substituents, guaninyl group
which may be optionally substituted with one or more
substituents, a cytosinyl group which may be optionally

substituted with one or more substituents, 5

fu

methylcytesinyl group which may be optionally substituted
with one or more substituents or an uracilyl group which may
be optiocnally substituted with one or more substituents.
[20] The oligonucleotide compound according to [18] or [19]
or salts thereci wherein

Ri1, Rz, Rz and R: represent independently of each other
a hydrogen atom; and

m is an integer of 1.
[21] (Urea compcund) The ollgonuclectide compound
according to any one of [18] to [20] or salts thereof,
wherein

X represents a dgroup represented by formula (IT1'-13;
and

™

R- and Rs represent independently of each other a

hydrogen atom, a Cl-6 alkyl group which may be opticnal

Yot

Yy
substituted with one or more substituents, or an aromatic

group which may be copticnally substituted with cne or more

substituents.
[22] The cligonucleotide compeound according te [21] or salis

thereof wherein R; and Rs represent independently of each



group which may be

atom, a

cther a hydrogen
opticnally substituted with one or more substituents
rding to [22] cr salts

hydrogen atom,

[23]
thereof wherein one of Ry and Rg represents

The oligonucleotide compound according
a

thereof represents a methyl group

[23]

and the cther
[24] The oligonuclectide compound rding to or salts
thereof wherein cne of Fs represents a
and the other thereof represents an isopropyl group
he oligonucleotide compound

acco

hydrogen atom

ks and

[22] (Ary]l type compound)
g to any cne of claims 18 to 20 or salt therect

accordin

1G
represented by formula

ents a group
membered heterocaryl group

and
toms selected from the group

e
'O
li
=y
0
+
o
=
@
43

oxygen atom and sulfur atom,
one or more

contalning
of nitrogen atom,

wd
L

consisting
which may be optionally ubstituted
' [25] or

substituents.
The oligonucleotide compound accord
ryi group

netercarsy
nitregen

]
thereof wherein
five ¢r six membered

selected from
leas

20

ot

reEprese
ercatoms
hat at

I
3]
[
t
5

A

containing two

aton, oxygen af and sulfur atom, provided
included, which may

substiltuents,

nitro ogen atocms are
more

twe
with one

[
(€3]
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substituent 1is selected independently of each other from a
group consisting of a Cl1-3 alkyl group which may ke
cptionally substituted with one or more halogen atoms, a
halogen atom, and an amino group which may e optiocnally

substituted with one or mcre C1-3 alkyl groups.

gy

[27] The oligonuclecotide compound according to [26] or salts
thereof wherein the five or six membered hetercaryl greoup is
gselected from the group consisting of a triazolyl group, an
oxadiazelyl group, a thiadiazolyl group, a pyvrimidinyl group,
and a pyrazinyl group, ecach may be opticnally substituted
with one or more substituents.

[28] The cligonucleotide compound according to [27] or salts

u

therecf wherein the triazolyl group which may be optionally
substituted with one or more substituents represents 1, 5-

dimethyl-1,Z,4-triazol-3-yl group.

ey

[29] The coligonucleotide compound according to [27] or salts
thereof wherein the oxadiazolyl group which may be opticnally

substituted with one or mere substituents represents 5-

methyl-1, 2, 4-oxadiazcl-3~yvl group.

i ]
-
€3
ot
O
.
-3
]
f
193]
93]
3
ot
0]

[30] The oligonucleotide compound accordi
therecf wherein <the thiadiszolyl group which may be
optionally substituted with one or more substituents

- -

represents Z-methyi-1,2,4-thiadiazo

w3
o
(o
D

(311 (Sulfonamide type compound) The oligonucleco

[89]
rt
@
B
")
O
=
n
)]
]. +
i
[£3]

compound accerding te any c¢ne of [1
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Thereof, wherein
X represents a group represented by formula (II'-3);
and

M represents a sulfonyl group which is substituted with

cne ¢or more substituents selected from the group consistin

fe!

of a Cl-6 alkyl group which may be optionally substituted
with one cr more substituents, and an aryl group which may
be opticnally substituted with one or more substizuents.
[32] The compound according toe any one of [18] to [31] or
salts thereol wherein M represents a sulfonyl group which is
substituted with one or more substituents selected from the
group consisting of a methyl group and a phenyl group.

[33] The oligenuclecotide compeound according to any one of

s
LS

fa

(1] to [32] or salts thereof wherein one or more phosphate

bonds betwesen nuclectides represent a phosphorothicate bond,

(E

Ly |

FECT OF INVENTION)

According to the present invention, novel 2'-aminco LNA

{hereinafter, i1s abbreviated as TALNA™) and oligomer
comprising these ALNA as a monomer (hereinafter, is
acbreviated as "ALNA oligomer"”) can be prepared. The ALNA

oligomer of the present invention has a functional inhibition
cf a target micrceRNA in vitro, or a potential target gene
knockdown activity, and when administered to a living body,

has a potential target gene knockdown activity in many organs
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{such as muscle), which accordingly can be expected to use

as novel nucleic acid medicine.

MODE FOR CARRYING QUT THE INVENTICON
[5012]

Hereinafter, the present invention is further explained
in details. All of the publicaticns cited herein are
incorporated herein by reference.

{(Definition)

First, the definitions of the terms as used hersin are

described.

[CC13

[—

The term of "C:-s alkyl which may be optionally
substituted with one or more substituents" as used herein
encompasses any straight chain alkyl grecup having 1 to €
carbon atoms (Ci.s), preferably 1 to 4 carbon atoms (Ci-s),

more preferably 1 to 3 carbon atoms (Ci-3), any branched chain

alkyl group having 3 to ¢ carbon atoms in which the identical

—

ic alky

or different branched chains are contained, any cyc

group having 3 to € carbon atoms, and any combination

1C eX

o 1

thereof which have 4 to © carben atoms. Spec

i+

mple

i
6]

ZAJ

of the straight chain alkyl group having 1 to 6 carbon atom

wn

include methyl, ethyl, normal (which is abbreviated as "n")-
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)

(&3]

chain zlkyl group having 3 tce € carbon atoms in which the
idenrntical or different branched chains are contained include
i-prepyl, i-butyl, tert (which is abbreviated as "t")- butyl,
sec (which 1s abbreviated as "s")- Dbutyl, nesopentvl,
isopentyl, and the cthers, and alsc examples of the cy
alkyl group having 3 to & carbon atoms include preferably a
3 to © membered monccyclic cycloalkyl group, and specific
examples thereof include cyclopropyl, cyclobutyl,
cyclopentyl, cyclchexyl, and the c¢thers, which are not

£

limited thereto. Examples of the substituents include one

£

or mere {or preferably one to three) identical or different
groups selected from the group consisting of a hydroxy group,
a halogen atom, a nitro group, a cyano group, a C:.; alkyl
group, a Cs.¢ alkenyl group, a C:-s alkynyl group, a Ci.g alkoxy
group, an aryl group, an aryloxy group, an amino group which
may be cptionally substituted with Ci-3 alkyl group, an oxo
group, a thioxoc group, and a Ci-s alkyl group which may be
opticnally substituted with one or more halogen atoms, and

any groups not being affected under a reaction conditicn for

O

oligomerization is preferably included.

The term of "Ci-; ailkyl group which may be cptionally
substituted with c¢cne c¢r mcre substituents” as used herein
represents methyl, ethyl, n-propyl, or i-propyl, each may be

substiturted with one or more halo defined in the

O
W0
o
b
s
§u
w
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above term of "Ci-z alkyl group which may be optiocnally
substituted with one or more substituents”. Specific

examples thereot include perfluocrcalkyl (such as

triflucoromethyl, pentaflucroethyl, or heptaflucropropvl) and
) Y

the c¢thers.

3

Jech

[S—

[00

The term of "C:.e alkenyl which may be optionally
substituted with one or more substituents" as used herein
encompasses any stralght chain alkenyl group having 2 to 6
carbon atoms (C:z-g), preferably having 2 to 4 carbon atoms
(Cz2-2), more preferably having 2 tce 3 carbon atoms (Cz-3), any
branched chain alkenvl grcocup having 3 to € carbon atoms in
which the identical or different branchsd chains are

ic alkenyl grcup having 3 to 6 carbon

—

centained, any cyc
atems, and any comblnaticns therecof that have 4 to 6 carbon
atoms. Specific examples of the straight chain alkenyl group
having 2 to © carbon atoms include ethenyl, l-propenyl, 2-

ropenyl, l-butenyl, Z-butenyl, l-pentenyl, Z-pentenvyl, 3-
prog ¥ *

entenvyl, 4-pentenvl, l-hexenvl, and the others. Specific
p Vi, Yy

Lad

to 6

W

examples the branched chain alkenyl group havin
carbon atoms in which the identical or different branched
chalns are contained Inciude isopropenyl, l-methyl-1~
propenvl, i-methyl-Z-propenyl, Z-methyl-l-cropenyl, 2=

methyl-Z-propenyl, l-methyl-2-butenyl and the others, and

alsc examples o<f the cyclic alkenyl group having 3 to €
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carbon atoms include a three tTo six membered monocyelic
cycloalkenyl group, and specific examples thereof include
cyclopropenyl, cyclobutenyl, <c¢yclopentenyl, cyclchexenyl,
and the cthers. Examples of the substitusents include one or

more (cr preferably one to three) identical or different

groups selected from the group consisting of a hydroxy group,

a halogen ateom, a nitrc group, a cyanc group, a Ci-s alkyl

group, & Cz-s alkenyl group, a Cz-s alkynyl group, a C..s alkoxy

(a3}

group, an aryl group, an aryloxy group, an aminc group which
mey be optionally substituted with C:-3 alkyl group, an oxo

group, & thioxo group, and a Ci-s alkyl group which may be

opticnally substituted with one or more halogen atoms, and

th
Q
[

any groups not being affected under a reaction conditicn

ollgeomerization 1s preferably included.

[COlg]

The term cof "a Cz.s alkynyl which may be optionally

substituted with cne or more supstituents” as used herein
-

enceompasses any straight chain alkynyl group having 2 to ¢

carbon atem (Cs:-z), preferably any straight chain alkynyl

1]

1 1 rd - +r
preferably any

M

F

group having 2 to 4 carben atoms (Cooa), mor

stralght chain alkynyl group having 2 to 3 carbon atoms (Co.

3}, any branched chain alkynyl group having 3 te € carbon
atcms which have the identical cr different branched chains,

kynyl group having 2 te ¢ carbon atoms, and any

ve 4 to © carbon atoms.
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Specific examples of the straight chain alkynyl group having

2 to 6 carbon atoms include ethynyl, I-propynyl, 2-prepynyl,

l-butynyl, Z-butynyl, l-pentynyl, Z-pentynyl, 3-pentynyl, 4-
pentynyl, I1-hexynyl anrd the cothers. Specific examples of
the branched chain alkynyl group having 3 to 6 carbon atoms
in which the identical o¢r different branched chains are
contalined include isopropynvl, l-methyl-l-propynyl, 1-
methyl-Z2-propynyl, Z-methyl-l-propynyl, Z2-methyl-Z-propynyl
l-methyl-Z-butynyl, and the others, and alsc examples of the
cyclic alkynyl group having 3 to & carbon atoms inciude
preferably a three to six membered monocyclic cycloalkynyl
group, and specific examples thereof include cyclobutynyl,
cyclopentynyl, cyclohexynyl and the others, which are not

£

reto. kExamples cof the substituents include cone

M

limirted th
or more (or preferably one to thres) identical or different
groups selected from the group consisting of & hydroxy group,
a halogen atom, a nitro group, a cyano group, a Cie alkyl

-

group, a Cz-g alkenyl group, a C:-s alkynyl group, a C..s alkoxy

J

group, &n aryl group, an aryloxy group, an amino group whici

may be optionally substituted with Ci.z alkyl group, an oxo

1

group, & thioxe greup, and a Ci-¢ alkyl group which may be

o

47
=
M
u
O
ot
; )
Cr
3
9
O
o
0o,
i_.;
1
=
O
o
h
O
I~

any groups not being affected under
cligemerization 1s preferably included.

[0017]
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The term of "an aromatic greoup which may be cptionally
substituted with one or more substituents" as used herein
means to encompass both of an aryl group and a hetercaryl
group. The aryi group and the hetercaryl group may be

£

independently of each other substituted with one or more
substituents. Examples of the substituents include one or
more (or preferably one to three) identical or different

groups selected from the group consisting of a hydroxy group,

ik

alkyl

93]
g

alogen atom, a nitro group, & cvano group, a Ci-

(o)
-

group which may be opticnally substituted with one or more
substituents, a C:-s alkenyl group which may be optionally
substituted with one or more substituents, a Cus alkynyl
group whicn may be optionally substituted with one or more
substituents, a hydroxy group, a Ci:-g alkoxy group, an aryloxy
group, an amino greoup which may be opticnally substituted
with one or more Ci-z alkyl groups, an Ci.e alkyl groups which
may be optionally substituted with one ¢r more halogen atoms,
and an aryl group, preferably a C:-s alkyl group which may be

ly substituted with one or more substitusnts, an

cpTlon

81}
j-

amino grcup which may be coptionally substituted with cne or
more Ci-z alkyl groups, and a halogsn atom, and more

referably a triflucrcocmethyl group, & dimethvlaminoe group
Py = =r

& chiore atem and the others, and any groups being affected

-
ot

-+

under a reacticn conditicn for cligomerization is preferably
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as used herein respresents a

ubstituent group which is derivatized

—h
-
o]
9]
't
,,
O
I
o
l_l
Q
ty
o]
o
T
O
[
48]
{n

from arcmatic hydrocarbon group and encompasses a group
coemposed  of  a plurality of cycles, and specifically,
represents a moncvalent group having © To 14 carbon atoms in
which one hydrogen atom is excluded from aromatic hydrocarbon
atom, conslsting of one or more five membered and/or six
membered ring, and include, for example, phenvl, indenyl,
naphthyl, phenanthrenyl, anthracenvyl and the c¢thers. Also

or the aryl group include one

h

@ 3ubstituents

53]
93]

e

exampies of t
or more {or preferaply one to three) identical or different
groups selected from the group consisting of a hydroxy group,
a halogen atom, & nitroc group, a cyanc group, a C..g alkyl
group which may be cpticnally substituted with one or more
substituents, a C;.s alkenyl group which may be optionally
substituted with one or more substituents, a Cz-: alkynyl
group which may be optionally substituted with one or mere
substituents, a Ci-¢ alkcxy group, an arvlcxy group, an aminc
group, an aminoc group which may be optionally substituted
with one or more C:.z alkyL groups, and an aryl Jgroup,
preferably a Ci-s alkyl group which may be optionally
substituted with ons or more substituents, an aminc group

ra

whiich may be optionally substituted with one or nore .-

(%)
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trifluoromethyl group, a dimethvlamino group, & chleorsc atom
and the others, and any groups beling affected under =a
reaction condition for oligomerization 1s preferably
included.

Specific examples of the aryl group which may be
opticnally substituted with one cr more substituents include
Z-methylphenyl, 3-methylphenyl, d-methylphenyvl, 2,6~
dimethylphenyl, 2,4~cdimethylphenyl, Z-chlorophenvl, 3~
chlorophenyl, 4-chiorophenyl, 2,4-dichlorophenyl, Z2,5-
dichlorophenyl, 2,6~dichlorophenyl, 2-bromophenyl, G-
methoxyphenyl, 4-chlorcphenyl, Z-nitrophenyl, 4-nitrophenyl

2-nitrophenyl, 2,%-dinitreophenyl, 2-triflucromethylphenvyl,

3-trifluoromethylphenyl, -trifivoromethylphenyl, 2=
dimethylaminophenyl, 3~dimethylamincphenyl, 4w

dimethylamincphenyl, and biphenyl and the others. Preferred
examples of the aryl group include a phenyl group which is
substituted with haiogen atcem, Ci-s alkoxy group or nitro

group, ©or an unsubstituted phenvyl group.

The ferm o©f “hetercary. (gzoup) as used herein
represents a monovalent group in which cone hydrogen atom is

r

taini

-

excluded frem opticnal heteroarcmatic compound co

o]
}_J
=]
el

one or more hetercatoms {such as nitrocgen atom, cxygen atom,

and/or sulfur atom) in a ring structure and having 5 to 12
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{ad
fEad

six membered ring, and preferably five membered cyclic or
six membered cyclic hetercaryl group. Specific examples of

the hetercaryl group include a five membered cyclic

fimg

hetercaryl group selected from pyrrolyl, furyl, thienvl,
pyrazolyl, imidazelyl, triazolyl, ftetrazolyl, oxazolyl,
isoxazcivl, thiazolyl, iscthizzolyl, oxadiazolyl, and

thiadiazelyly & six membered cyclic hetercaryl group

g

selected from pyridyl, pyridazinyl, pyrimidinyl, and
pyrazinyl, and preferably triazolyl, cxadiazolyl,

thiadiazelyl group, pyrimidinyl, or pyrazinyl. Alsc

b

examples of the substituents for the heterocaryl group include
cne or mere (or preferably one to thres) identical or
different groups selected from the group consisting of a

nitre group, a cyanoc group,

3t}

hydroxy group, a halogen atom,

1

a Ci-¢ alkyl group which may be optionaliy substituted with
one o©r mcre substituents, a C:-s alkenyl group which may be
opticnally substituted with cne or more substituents, a Co-g
alkynyl greup which may be cpticnally substituted with cne
or more substituents, a Ci.¢ alkoxy group, an arvloxy group,

an amino Jgroup, an amino group which may be optionally

=G

substituted with one or more C:-3 alkyl groups, and an aryl

group, preferably a C.-s alkyl group which may be optionally

ubstituted with one or more substituents, an amino group
H )

which may Dbe cptioconally substituted with cne cr more .

alkyl groups, and 2 halogen atom, and more preferably a
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triflucromethyl group,

5

a dimethylamine group, a chlorc atom
and th others, and any groups being affected under a
egction  condition  fo cligomerizaticon 1s preferably
included
5 Specific examples cf the hetercaryl group which may be
opticnally substituted with cne or more substituents include
1,2,4-triazolyl 1, 8-dimethyl-1,2,4-triazolvl, 1,2,4-
oxadiazolyl, S5-methyl-1,2,d-oxadiazcl-3-vy1, 1,2,4-
thiadiazolyl 3-methyl-1,2,4~thiadiazol-5-y 1,3~
10 pyrimidinyl, 1,5-pyrimidinyl, d-trirflucromethyl 1,5~
pyrimidinyi, d-dimethylamino-2,4-pvrimidinyl, 3=
dimethylamino-2,4-pyrimidinyl, 3Z-chioroe-1,5-~pyrimidinyi,
and 1,d-pyricazinyl, and preferably S-dimethyl-1,2,4~
triazel-3-yl, 1,2,4~cxadiazolyl, 3-methyl-1 thiadlazol-~
15 5-yl, 1,5-pyrimidinyl d-trifluoromethyl-1, 5-pyrimidinyi,
4-dimethylamino-2,4-pvrimidinyl 3-dimethvlamino-2, 4~
pyrimidinyl, 3-c¢hloro-1,5%-pyrimidinyl, and 1,4-pyridazinvl,
and meore preferably 1,5~dimethyi-1,2,4-triazol-3~yl, 1,2,4-
oxadiazol-3-yl, and 3-methyli-1,2,4-thiadiazcl-5-v1.
2C [002C]
Examples of the term of "five or six membered hetercaryl
group containing one or more hetercatoms sslected from the
group consisting of nitrogen atom, oxygen atom and sulfur
atom, which may be cptionally substituted with one or more
25h substituents” as used herein include a five me

¢}
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(@3]

or six membered cyclic heteroaryl group which may optionally
substituted with one or more substituents, which i1s defined
in the above-mentioned term of "hetercaryl group".

(C021]

1

The term of "five or six membered hetercaryl group

containing twe cor three hetercatoms selected from nitrogen
atem, oxygen atom, and sulfur atom, provided that at least
two nitrogen atoms are included, which may be opticonally
substituted with cne or more substituents”™ as used herein
represents triazolyl, oxadiazelyl, thiadiazolyl, pyrimidinyl
and pyridazinyi, each may be substituted with one or more
substituents, which is defined in the above-menticned term
of "heteroaryl group.
[002Z2]

The term of "sulfonyl group which is substituted with
one substituent selected from the group consisting of a Cl-
& alkyl group which may be cptionally substituted with one

.

cr more substlitusent

and an aromatic group which may be

5]

t

tuted with ne  or more substituents”

[

t

o
o

optionally su

! . <

represents a sulfenyl (S(C):z) group which 1s substituted with

=1

cne substituents thereof. ne Ci-z alkyl group which may be

‘tuted with one or more substituents, or the

O
ot
-+
&
-
(s
}
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o
o
2]
t
ot

o
=
ot
o
t
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joR
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o
i
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0

arcmatic group which may be optionally subst

or more substituents are as defined above, and specific

4]

examples of the substituents include methyl, triflucromethyl
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phenyl, 4-methyphenyl, and the others, preferably methyl and
phenvl,
[0023]

The term of "Ci-s alkoxy group" as used herein represents
a monovalent group in which the Ci-s alkyl binds to an ocxygen
atom, and represents a Ci-s alkyl-0 group. Specific examples

thereof include methoxy, ethoxy, n-propoxy, i-propoxy, n-

=<

butoxy, t-butcxy, s-butoxy, 3-methylbutoxy, and the others,
which are not limited thereto.
[0024]

The term of "aryvloxy (group)" as ussed herein represents
a monovalent group in which the aryl group is bonded to an
oxygen atom. Specific examples therecf include phenoxy, p-
tolyl and the cothers, which are not limited thereto.

[0025]

The term of "amino group which may be opticnally
substituted with one or more Ci;-z alkyl groups” as used herein
represents an amino group which may be opticnally substituted
with one or more hydrogen atoms may be opticnally substituted
with a Ci-z alkyl group. Specific examples thereof include
methylamino, ethylaming, iscpropylaninge, dimethylamino,

which are

O
i
u}
Q.
ot
o
53]
O
[
oy
it
[
193}

diethylamino, methviethylamin

ret limited thereto.

002e]

ey

Examples of the term of "halogen {(atom}" as used herein
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include flucrine atom (flucre), chlorine atom (chloro),

bromine atom (bromo), and iodine atom (icdo), and fluorine

atem or chloro atom is preferred.

Herein when the compound of the present inventicn, an
intermediate compcund, cr a starting material and the others

has a functional group (such as, a hydroxy group, an amino

up and the others), the functional group

"_t
o]
H
9]
&

group, 2 Carboxy
may be protected with & protecting group that is usually

crganic synthetic chemistry according to the

[N

used
method described in Theodora W. Greene, Peter G. M. Wuts,
"Protective Groups in Organic Synthesis" 4th. ed., John Wiley
& Sons, Inc. 1999, and after the reaction, the protecting
group may be then removed to obtain the desirable compound.
Examples of the protecting group include the protecting group
that is usually used in an organic synthetic chemistry as
described in the same document, and 1s also usually used in
an crganic synthetic chemistry, and examples of each cf the
protecting group depending on the functional group are
cdescribed below.

in terms of "a

3
]
D
—
D
¢
=
O
iy
e
[
O
ot
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@]
ot
l,._k.
o
18]
1]
]
O
o
(@]
8]
4]
&
i
=
E_ +
O
D
|83
l "y

~h

amino group", "a protecting greoup for phosphate group", or

"a protecting group for mercapto group" &as used herein is
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not particularly limited to any group as long as 1t can
protect amino group, hydroxy group, phosphate group or
mercaptoe group stably during a nuclesi acid synthesis.

Specific examples thereof include a protecting group that is

stable under zcidic cor neutral condition and also can be

1))

cleaved by a chemical method such as a hvdrogenolysis,
hydrolysis, an electrolysis, and a photolysis. Examples of
the pretecting group inciudes an alkyl group having 1 te &
carbon atoms; an alikenyl group having 2 te 6 carbon atoms;
an alkynyl grcup having 2 to & carbon atoms; an acyl group;
a tetrahydropyranyl group or a tetrahydrothiopyranyl group;
a tetrahydrofuranyl group or a tetrahydrothiofuranyl group:
a silyl group; a methyl group substituted with alkoxy group
having 1 To € carbon atoms; a methyl group substituted with
aikoxy group having 1 to ¢ carbon atoms, sald alkoxy group
being substituted with alkoxy group having 1 tc & carbon
atoms; a methyl group substituted with alkoxy group having
1 to ¢ carbeon atoms said alkoxy group being substituzed with

halogen atom; an ethyl group substituted with alkoxy group

having 1 to 6 carpcn atoms; an ethyl group substituted with
halogen atom; a methyl group substituted with one to three
aryl groups; a methyl group substituted with one to three

aryl oups, said aryl groups being substituted with alkyl

1ol
]

[t

group having to © carbon atoms, alkenyl group having 2 to

¢ carben atcms, alkynyl ¢reup having 2 to 6 carben atoms,
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alkoxy group having 1 to & carbon atoems, halogen atom, and/or
cyanc group; & carponyl group substituted with alkoxy group
having 1 to © carbon atoms; an aryl group substituted with

~

halogen atom, alkeoxy group having 1 to © carbon atoms and/or

—

nitro group; a carbonyl group substituted with alkoxy group
having 1 to 6 carbon atoms, said alkoxy group beling

logen atom and/cor silyl group substituted

sl

substituted with h

with alkyl group having tc €  carbon  atoms;  an

]

alkenyloxycarbonyl group; an aralkyloxycarbony group which
may be opticnally substituted with alkoxy group having 1 to
& carbon atoms and/or aryl group substituted with nitro
group; and the others.

The term of ‘'prectecting group for hydroxy group”
represents a protecting group that is usuzlly used 1in an
organic synthetic chemistry (in particular, nucleic acid
synthesis), and includes, for example, an aliphatic acyl

group; an aromatic acyl group; an aminccarbonyl group which

)
a0

may be substituted; an alkoxycarboyl group which may be

supstituted; an aliph

i}

cnyl group; an  arcmatic

bt
h

ti sSu

[$H]
0

o

aryl groups; a methyl group substituted with cne

8T}

l_!
<

l.J

aryl groups, saild aryl group being substituted with

o}

group having 1 to € carbon atoms, alkoxy group having 1 t©

& carbon atoms, halogen atom and/cr cyano group; or a silyl
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group. Speclific examples therecf include benzyl (Bn), 4,4'-~
dimethexytrityl (DMTr), 4-methoxytrityl, triphenylmethyl, 2-
naphthylmethyi, diphenylaminocarbonyl {DPCy,
cyancethoxycarkbonyl, tetrahydropyranyl, trimethylsilvl,

triethylsilyl, triisopropylsilyl, t-butyldimethylsilyl, t-
butylidiphenylisilyl, <triphenylsilyvl, d-methoxybenzyl (p-
methoxybenzyl), 3,4-dimethoxybenzyl, 2,6-dimethoxybenzyl,
p-phenylbenzyl, methanesulfonyl, trifluocromethansulfonyl,
methoxymethyl, benzoyl (Br), phenoxyacetyl, and acetyl and
the others, which should not be limited thereto, Benzyl

%

(Brij, 4,4'-dimethoxytrityl (DMT:; t-butyldimethylsilyl, t-

butyldiphenylsilyl, frimethylsilyl (M3,
diphenvylaminocarbonyl (DEC), methanesulfonyl, and
trifluorometnansulionyl are preferabcly included, and 4,4

dimethoxytrityl (DMTr) is mcore preferably included.
(C030]

Thne term of "phosphate group which may be optionally

v

substituted"” as used herein represents a phosphate,
phosphite, or a2 hyvdrophoesphite, each of

cptlonally substituents (which encompasses protecting group).

The term encompasses a p oh group represented by a
formula of -P (RPLy RFE, whereir R¥: and R repregsent
irdependently of each other a hydroxy group, a hydroxy group

that 1s protected with a protecting group for nucleic acid

syrthesis, a mercapte group, & mercaptce that is protected
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cid synthesis, an amino

n
41

with a protecting group for nucleic
group, an alkoxy group having 1 to 5 carben atoms, an
alkylthic group having 1 to 6 carbon atoms, a cyanoalkoxy
group having 1 to 6 carbon atoms, or an aminc group that is
substituted Qith alkyl group having I tc é carbon atoms.
Here the groups of the above-menticned formulae wherein R®:
represents ORFP!¥® and RF® represents NRP2E is referred to as
"phosphoramidite group", which is a preferred example. The

R¥& represents an alkyl group having 1 to 5 carbon atoms or

[

a cyanocalkyl group having 1 to 6 carbon atoms, arnd the R
represents an alkyl group having 1 to 6 carbon atoms.
Specific examples of "phosphoramidite group" include a group
represented by a formula of -P(O(CHz)2CN} (N(1iPr)2), or a group
represented by a formula of -P(OCH:) (N{iPr):} and the others,
which is nect limited thereto. The group represented by -

P{O{(CHz}2CN) (IN{iPrjz} 1s preferably included. Herein "iPr"

represents an isopropyl group.

The term of "phosphate group which may be cptiocnally

o
5]

substlituted with substituents™ as ed herein may form a
chiral auxiliary containing a phosphorus atom. Specific
examples of the chiral auxiliary containing a phosghorus
atom include an optical active bicyclic oxazaphospholidine,

which 1s described in non-patent document, N. Cka =t al., J.

AM, CHEM. SOC. 20608, 130, 16031, and an optical active 2-
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thio-1, 3, 2-oxa-thiaphospharane containing five valent
pnosphecrus atom, which 1s described in non-patent document,

Jsclence. aaul369 (2018)

O\

K, W. Encuse et al., Science 10. 11Z

which is neot limited thereto,

The term of Tprotecting group for amince group”
represents a protecting group that 1s usuzlly used in an
organic synthetic chemistry (in particular, nucieic acid
synthesis;, and include, for example, an aliphatic acyl

group; an arcmatic acyl group; an alkoxycarboyl group which

substituted; a methyl group substituted

=
58]
g
O
O
9]
o]
ot
i
O
>
¥l
frnd
M

with one to three zryl groups; and a methyl group substituted
with aryl grcoups, sald aryl group being substituted with
haleogen atom and/or cyanc group. Specific examples therecf
include acetyl (Ac), phenoxyacetyl (Pacy, t-

butyliphenoxyacetyl group (Tac), p-iscpropyl phenoxyacetyl

group {(iPc-Pac), trifluorcacetyl, proplionyl group,
isobutyryl, benzoyl (Bz), methoxycarbonyl, ethoxycarbonyl,
t-butoxycarbonyl (Boc), trimetnylsilylethoxycarbonyl (Teoc)
cyancethoxycarponyl {Ceocy, benzyloxycarhonyl (Cbhzj,
allyloxycarbonyl, Y-flucrenyimethoxycarbonyl {Fmoc),
dimethylamincmethylenyl, 2,2,2~trichloroethoxycarbonyl, t-
amylexycarbonyl, d-methoxyvibenzyvl, triphenyimethyl, Z=
nitrchenzenesulionyl, 2, 4~dinitrobenzenesulionyl or Z2-

(trimethylsilyl)ethexymethyl and the others, which are not
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limited tfhereto. Preferaply, iscbutyryl, benzoyl (Bz), o=~
butoxycarbonyl {Boo), and  trimethylsilylethoxycarbonyl
Teoc) are included.
[0033]
The term of "protecting group for a phesphate group"
represents a protecting group that 1s usually used in an

cid

[$H]

organic synthetic chemistry (in particularly, nucleic
synthesis), and examples thereof include an alkyl group
having 1 to 6 carbon atoms and/or an alkyl group having 1 to
& carbon atoms substituted with cyanc group; an aralkyl
group; an aralkyl group substituted with arvl group, said
ary. group being substituted with nitro group and/or halcgen
atem; an aryl group substituted with alkyl group having 1 to
& carbon atoms, halcgen atom, or nitro group; 2-cyancethyl
group; Z2,2,2-trichloroethyl  group; enzyl  group; 2=
chlorophenyl group; and 4-chlerophenyl group, and the others
whiich are not limited thersto.

[C034;

The term of 'protecting group for mercaptce group”

2

represents a protecting group that 1s usually used 1
organic synthetic chemistry (in particularly, nucleic acid
synthesis), and includes, for example, an aliphatic acyl

group, an aromatic acyl group, a benzoyl group (Bz), and the

ctners, which are not limited thereto.

,

|83

[0035]
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The term of "leaving group" as used herein represents

-

o}

partial substrate having electron pairs that is created
when the substrate 1s cleaved by a cleavage of heterolysis

during reacticn(s), and encompesses a halogen atom (such as

fluorine atom, chlcrine atom, bromine atom, iocdine atcm),

and "a leaving group for hydroxy". Examples of the leaving
group fTor hydroxyl include a sulfonylexy group (such as
paratolunesuliconyloxy, mesyloxy, and

triflucromethanesulfonyloxy), an acyloxy group (preferably,
gsaturated or unsaturated acyloxy group having 1 toe 8 carbon
atoms, for example, aryl group represented by RL-C(=0)-0-
wherein the RM represents an aryl group which may be
opticonally substituted with alkyl group (the total number of
carbon atom is preferably © to 8, for example, phenyl, or p-
tolyl), an aryloxy group which may be opticnally substituted
with alkyl group (the total number of carbon atom is

preferably €& to 8, for example, phenoxy, or p-tolyloxy), an

—h

aralkyl group (the total numpber c¢f carbon atom is preferably

total

m

7 te 9, for example, benzyl), an arylalkenyl greup (th
number ¢f carbon atom is preferably 8 or 9, for example,

1 number of carbon

431

©

<

cinnamyl; an aralkyloxry group {the t
14 i = I

atom is

~3

or example, benzyloxy, or 9-

fiuvorenylmethyloxy), an alkoxy group (a straight chain cor
Lranched chain alkoxy groug, for example, methoxy, ethoxy,

t-butoxy), and specific examples ¢f the leaving group include
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iodo, bromo, chlere, fluoro,
trifluoromethanesulfonyloxy,
triflucrocethanesulfonvloxy,
propanesulfonyvloxy,
nonaflucrcbutanesulfonyloxy,
sulfcnylexy,
pentailucroethanesulfonyloxy,
cyclopentanesulfonyloxy,

cyclohexanesulfonyloxy,

toluenesulfonyloxy,

mesyloxy, methanesulfonyloxy,
ethanesulfonvloxy, 2,2,2-
propanesulfonyloxy, iso-

pentanesulfonyloxy,
pentanesulfonyloxy,
hexanesulfonyloxy,
o-toluenesulfonyloxy, m-

p-toluenesulfenyloxy,

benzenesulfonyloxy, o-bromobenzenesulfonyloxy, m-
bromecenzenesulfonylexy, p-bromobenzenesulfonyloxy, o=
nitrobenzenesulfonyloxy, m-nitrobenzenesulfonyloxy, and p-
nitrobenzenesulfonyloxy, and the others, which ares not

limited thereto.

methanesulfonyloxy

Preferred examples of the leaving group

(mesyloxy; Ms-C-},

trifluoromethanesulfonyloxy, and p-toluenesulfonyloxy.

(&)
<
¥
[&3}

[ ]

Exampies of the term of

s
)
Qi
@]
3
Jort
19
N

inciude an aliphat

Specific

examples of

alkylcarbonyl Toup,

butyryi, izobutyryl,

isovaleryl, octanoyl,

nonanoyli,
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undecanoyil, dodecanoyl, tridecanovl, tetradecanoyl,
pentdecancyil, hexadecanoyl, l-methylpentdecanoyl, 14~

3,13~dimethyltetradecancyl,

W
*41

methylpentadecanovl,

-+

heptadecanoyl, 15-methylhexadecanovyl, cctadecanoyl, 1-
methylheptadecancyl, nonadecanoyl, eicosanoyl, and
henaicosanoyl; an aryloxyvalkycarbonyl group such as
phenoxyacetyl {pac;; a carboxylated alkylcarbonyl group such
as succinoyl, glutaroyl, and adipoyl; a carbonyl group that

-

is substituted with alkyl group having 1 to € carbon atoms,

said alkyl group being substituted with halogen atom, such
as chlorcacetyl group, dichloroacetyl, trichlorocacetyl,
trifluorcacetyl; an alkoxyalkylcarbonyl group having 1 to &
carbon atcms such as methoxyacetyl; and an unsaturatsd
alkylcarbonyl greup such as {(E)-2-methyl-2-butencyl. B&lsc,
examples of the aromatic acyl group include an arylicarbenyl
group such as benzoyl, o-naphthoyl, and p-naphthoyl; a
halogenoarylcarbonyl group such as 2Z-bromobenzoyl and 4-

chlcrcbenzovl; an aryvlcarbonyl group that 1s substituted

¥

alkyl group having 1 to € carbon atoms, such as 2,4, 6-
Yo g ¥ ’

wWaills

trimethylbenzoyl, and 4-toluoyl; an arylcarbonyl group that

1s supstitutsed with alkoxy group having 1 to € carbon atcoms,
such as 4-anisoyl; & carboxylated arylcarbonyl group such as

Z-carboxybenzoyl, 3-carboxybezoyl, and 4-carboxybenzovl; a

nitrcpbenzeyl; & carbonylated arylcarbonyl group that is
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substituted with alkoxy group having 1 to € carbon atoms,

ated

i, b

such  as Z-{methoxycarbonyl)benzoyl; and an Ty
arylcarbonyl group such as 4d-phenylbenzoyl, which are not

limited thereto.

The term of "aralkyl group” as used herein represents
an alkyl greup of 1 to & carbon atoms, preferably 1 to 4
carbon atoms, more preferably 1 to 3 carbon atoms, said alkyl

group being substituted with arcmatic hydrocarbon group

such as, & to 14 membered monccyclic, bicyeclic, or tricyvelic
' Y Y

aromatic hydrocarbon group). Specific examples thereof
include benzvyl, phenethyl, l-naphthylmethvyli, 2=

naphthylmethyl, and the others, but which are not limited

thereto.

Examples of term of "silyl group" as ussed herein inclilude

a si1lyl greup that 1= substituted with alkyl group having 1

tc © carboen atoms, such as trimethylsilyl, triethylsilyl,
lsopropyldimethylsilyl, t-butyldimethylisilyl,
methyldiisopropylsilyl metnyl di-t-butylsilyl,

triisopropylsilyl; a silyl group that is substituted with
one or two aryl group and also three alkyl groups having 1
to & carbon atoms, such as t-butyldiphenvylsilivl,

diphenvimethylsilvl, butyldiphenylbutylsilyl,

dipnenyliscopropylsilyl, and phenyldiiscpropylsilyl; and
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triphenylsilyl, but which are not limited thereto,
[C039]

The term of "B form" as used herein represents the a
compeund having a stereochemistry in which the directicon of
substituting the substituted bkase moiety of nucleic acid at
1' pesition of a ribese of nucleic acid and the direction of
substituting the supstituted 5'-position side chain at 4°
position cf a ribose of nucleic acid are the same direction
of the substitution. For a bridged artificial nucleic acid
2',4'-LNA, the @ form represents the compound having the
stereo configuration in which the directicon of substituting
the substituted base moiety o¢f nucleic acid at 1' position

of a ribese cof nucleic acid and the direction of substituting

o
th
O
=

the substituted 5'-position side chain that is not use

[
(W
9]

bridging substituted at 4' position of ribose of nucl

acld are the same direction of the substiturion.

The term of "B selective” as used herein represents

b

that a B form can be obtained.

c
(00417

The "a Pkase molety of nucleic acid" in the term cf "a
base mciety of nucleic acid which may be optionally

substituted with cne or more substituents" as used herein

includes, for example, a base molety of natural nucleic acid,

leic acid, which contains

(}

and a bases moiety of unnatural nu
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an aromatic heterocycle, and encompasses a monocyclic ring,

a bilicyclic ring, and a tricyclic ring. Here 1t should be

clearly understood that base moieties of wvarious nucleic

L1 g

zcid that has been now considered "unnatural™ to 2z skilled

perscn in the art, could be found in nature heresafter. Thus

"nucleic acid base meiety" includes nct only any heterccycle
contained in publicly known purine and pyrimidine, kut also
thelr heterccyclic analcgues and tautomers. Specific

exampies of the base molety of nucleic acid include adenine,
guanine, thymine, cytosine, uracil, purine, zanthine,
deazaguanine, N?,N?-ethanccytosine, M&,N°-ethano-2, f-
diaminopurine, 5S-methylcytosine, 5-(C¥-Cf -azlkynylcytosine,
S-flucrocytosine, S-bromouracil, pseudeisccytosine, 2=
hydroxy-S-methyl-4-triazolopyridine, isocytosine,
isoguanine, inosine, Nf-arylipurine, Nf-acylpurine, Né-
benzylpurine, N®-halopurine, f-vinylpurine, Nf-acetylenic
purine, N?wacylpurine, Né-hydroxyalkylpurine, N# -

thicalkylpurine, N°-alkylpurine, Nf-alkylpyvrimidine, N¢-

acylpyrimidine, N?-benzylpurine, N*-halepyrimidine, N* -
vinylpyvrimidine, N*-acetylenic pyrimidinel, N# -~
acetvipyrimidine, N* ~hydroxyalkylpyrimidine, NE -
thicalkylpyrimidine, t-azapyrimidine, t-azacytcesine, 2-
and/or d-mercaptepyrimidine, uracil, CP-alkylpyrimidine, C5-

:u

—vinylpyrimidine,
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C*-acetylenicpyrimidine, Cl-acylpyrimidine, Cs~

na
b
O

wydroxyalkylipurine, C°-amidopyrimidine, CP-cyanopyvrimidinyl
Co-nitrepyrimidine, C®-~aminopyrimidine, Nf-alkylpurine, N?-
alkyl-é~-thilopurine, S-cytidinyl, S-azauracilyl,
trazolepyridinyl, imidezolepyridinyl, pyrrolopyrimidinyl,

idinyl, and the others, which are not limited

thereto. Preferred examples of the base moiety of nucleic

acid include adenine, guanine, 2,6~diaminopurine, thymine,

i...w.l

-
-

Z-thiothymine, cytosine, S-methylcoytosine, uraci

-

fluorocytosine, =xanthine, 6é-aminopurine, Z-amincpurine, 6-

fo

chloro-Z-amincpurine, and 6é-chloropurine, and particular
preferred examples of the base molety of nucleic acid include
adenine, guanine, cytosine, 5L-methylcytosine, thymine, and

uracil. The base moletvy 0of thes nucleic acid be further

4]
<

substituted with one cr more substituents, and examples of
the substituents include hydroxy group, Ci-s alkoxy group,
mercapte group, Ci-s alkylthic group, amine group, aminoe group

a R+

substituted with Ci-¢ alkyl roup, Ci.s alkyl group, Ci-g

alkynyl group, oxo grecup, thioxce greup, and halogen atom.

I

i

necessary or 1f desiraple, the functional oxygen atom,

sulfur atom and nitrogen atorn

't
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protected and/cr deprotected. The appropriate protecting
roup 1s well known to a skilled person in the art, and
g 1

encompasses, for example, the above-mentioned protecting

h
.’><”

roup for hyvdroxy group and protecting croup for amince groun
L o I = 13
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butylidimethylsilyl group, and t-butyldiphenylsilyl group),
k

§]

'L group, acyl group (such as acetyl group,

e

propicnyl group, isobutyryl group, benzoyl group (Bz),
phencxyacetyl group (Pac)), alkoxycarboyl group (such as t-
butoxycarbonyl group (Boc), benzyloxycarbonyl group (Cbz),

diphenylaminocarbonyl group (DPC), cyanoethoxycarbonyl group

} b, sulfonyl group (such as methanesulfonyl group, and

(Ceo

(1

p-toluenesulfonyl group), dimethylaminomethylenyl group, and
the others, which are not limited therero.

[O042

"

icizl nucleic acid" as used herein

Fh

The term of "artii

encompasses artificial nuclecside, artificial nucleoctide

{herein, one nuclecszide or nuclectide is sometimes referred

I“‘i

te as a monemer) or artificial oligonuclectide. These
artificial nucleic acids are nct natural nucleic acids, but
nucleic acids that can be produced only artificially.
Examples of these artificial nucleic acids include those in
which the nucleic acid base meolety contains an unnatural
base, these having & sugar In which the sugar moiety is
medified, and/cr those contalining an unnatura
group as a phosphate melety, and the artificial nucleic acids
as used hereln represents those in which the sugar moiety

centalns an unnatural sugar, in particular, those containing
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a (decxy) ribose in which the carbon atoms at 2' position

idged.

3

and ¢' position are b

Trhe term of "artificial cligonucleotide"” as used herein

represents a substance in which two or more of the identical

n

or different "artificial nuclectides" are bonded with each
cther via a phosphediester bond cor 2 thiophosphodiester bend
and the like, and includes a substance in which preferably
2 up to 100, more preferably 5 up to 50, most preferably 10
up to 30 artificial nucleotides are bonded, cr a substance
in which the nucleotides together with these complementary
strands forms a double strand. Herein, an oligonucleotide

in which two or more nucleotides are bonded with each other

¥

is scometimes referred to as cligomer.

n

b

[0C44]

Embcdiments of the compcunds of the present invention
are described.
[0045]

Compcund represented by general formula

Acceording to cone embodiment c¢f the present application,



(1)

[wherein
B represents a base molety of nucleic acid wherein the
base molety may be cptionally substituted with one or more
5 substituents;
R:, Rz, R: and R4 represent independently of each other
a hydrogen atom, or a Ci-¢ alkyl group which may be optionally
substituted with one or more substituents;

Es and Rs represent independently of each other a

3

3

10 hydrogen atcm, a protecting group for hydroxy group, or a
phosphate group which may be copticornally substituted with

substituents;

=
’_}
[ 9]
)
=
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ot
o
W
I
R
O
h
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O
=
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X represents a group represented by the following

EAE
o
h
8]
by
w3
{
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(11-1) (1

the symbols:

which is described in the formula (II-1), (II-2) or (II-3)
represents a binding peint to Z'-amino group;

R7 and Ek; represent independently of each cother a

ocnal

[
-
i

hydrcgen atom, a Ci.s alkyl group which may be opt

—

[

substituted with one or more substituents, a Cz¢ alkeny
group which may be opticnally substituted with one or more
substituents, a Cz-¢ alkynyl group which may be optionally
substituted with one or more substituents, or an aromatic
group which may be opticrally substituted with one or more
substituents;

A represents an aromatic group;

M represents a sulfonyl group which is substituted with
orne substituent selected Ifrom the group consisting of a Ci-e
alkyl group which may be optionally stbstituted with one or
mere substituents and an aromatlc group which may  be

optlionally supstituted with one cr more substituents.]

-

cr salts therecof is provided.
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According to one embodiment ¢f the present applicatiocn,
o

The compound represented by general formula (I) or salts

a compound represented by general formula

thereof represent

)]

T -

1]

or salts thereocf is preferably included (wherein K., Rz, Rs,
Rs, Rs, Rg, B, X and m are the same as defisd in a general
formuia (I)).

[C047]

ot

he present application
e r

Q

Bccording to one embodiment of

th

the compeound represented by formula (I or salts thereco
wherein a ring B in the formula (1) represents an adeninyl
group which may be optionally substituted with one or more

substituents, uaninyl group which may be cpticnally

jot
Q0

substituted with one or more substituents, a cytosinyl greup
which may be opticnally substituted with one or nmors

substituents, & OS-methylcytosinyl group which may be
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optionally substituted with one or more substituents or an

O

uracilyl group which may be optionally substituted with cne
or mcre substituents is provided.
[0048]

According to one embodiment cf the present applicaticn,
the compound represented by formula (I) or salts thereof
wherein 1in the Zformula (I), a ring B represents a 5-
methylcytosinyl group which may be opticonally substituted
with one or more substituents or a S-uracilyl group which

may be optiocnaliy substituted with one or more substituents

is provided.

According to one embodiment of the present application,
the compound represented by formula (1) or salts thereof
wherein in the formula (I), R:, Rz, Rz and Ry represent
independently of each other a hydrcocgen atom, and m is an
integer of 1 1s provided.

[005C]

According to one embediment of the present applicaticn,

the compound represented by formula (I} or salts thereof

N

wherein in the formula (I), R¢ represents a hydrogen atom or

=
=
H
k9]
=
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=
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i
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According to one embodiment cof the pr



3]

15

58

g

the compound represented by formula (1) or salts thereof

™ e

wherein in the formula (I}, Rs represents DMTr group, and R

A

represents a hydrogen atom or -P(C(CHz2):2CN) (N{ipr)z).

%]

(00527

o~

According toc cone embodiment of the present applicaticn,

h

the compound represented by formula (I) is roughly divided

into the formula (II-1;, (II-2) or {II-3).

First, the compcund wherelin 1in the formula (I}, X
represents a group represented by formula (I1-1)
(hereinafter, referred to as "Urea type compound") is
included.

[0053]

According to cone embodiment of the present application,
& compound represented by general fcrmula (I} or salts
therecf wherein

X represents a group represented by formula (II-1): and

R+ and Rg represent independently of each other =a
hydrogen atom, a Cl-6 alkyl group which may be opticnally
substituted with one or moere substituents, or an arcmatic

group which may ke opticnally substituted with cne or more

-

substituents
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thereof wherein

X represents a group represented by formula (II-1); and

—i

¥

R+ and Rs represent independently of each other &
hydrogen atom, a C1-3 alkyl group which may be optionally
substituted with cne or more substituents, or an aromatic
group which may be optionally substituted with cne or more
substituents
is provided.

[0C53]

According to one embodiment of the present application,
a compound represented by general formula (I) or salts
therecf wherein

X represents a group repressented by formula (11-1); and

Ry and Es represent Independently of each other a
hydrogen atom, a methyl group, an iscopropyl group, or a
phenyl group

1s provided.

According to one embodiment of the present applicatic

3

a compound represented by generzl formula (I} or salfs
therecf wherein
X represents a group represented by formula (II-1}; and

a combinaticn o¢f Rs and Rsg represents a combination

wherein both ¢f R; and Rs represent a hydrogen atom; a

combination wherein both of Ry and Rs represent a methyl
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group; a combination wherein Rs; represents a hydrogen atom
and Rp represents a methyl group; a combination wherein R-
represents a hydrogen atom and Rs represents an isopropyl

group; or a combinatlion wherein Ry represents a hydrogen atom

4]

and Rg represents a phenvl group is provided.
[CO57)

According to one embodiment of the present application,
a compound represented by formula (I} or salts thereof

wharein

roup represented by formula (II-1;; and

<
=
o
gs
[
a
0
4]
i3
s
W
]
i9]

a combinaticn of Rr and Rs represents a combination
wherein both of Ry and Rs represent a hydrogen atom; a

combination wherein both o©of K;s and Rs represent a methyl

3

group; & combination whereln one of Ry and Rs represents a

hydrogen atom and the other thereof represents a methyl
group; a combination wherein one of R+ and Rs represents a
hydrogen atom and the other thereof represents an isopropyl
group; or a combination wherein one of R:; and Rs: represents
a2 hydrogen atom and the cther thereof represents a phenyl

group

is provided.

[C058]

According to one embodiment of the present applicaticn,
a compound represented by formula (I} or salts therecf
wherein
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X represents a group represented by formula (II-1); and
cne of R: and Rs represents & hydrogen atom, and the
other therecf represents a methyl group,

rovided.

[
4]
i}

[
>
(it
(e

According to one embodiment of the present application,
a compound represented by formula (I) or salts thereof
wherein

X represents a group represented by formula (II-1); and

one of Ry and Res represents a hydrogen atom, and the

other thereof represents an isopropyl group,

is provided.
[00&0]

Aiso the compound wherein 1n tThe formula (I}, X
represants a group represented Ly formula (II-2)

=
L
b
Q.
¥
O
i
w

(hereinafter, refe "hetercaryl type compound”) may

be included.

According to one embodiment of the present application,

a compound represented ky formula (I) or salts thereof

X repreéesents a group represented Dy formula {(II-2); and

A represents a five or six membered hetercaryl group
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which may be optionally substituted with one or more
substituents,

is provided.

According to cone embodiment of the present application,
a compound represented by formula (I) cr salts therecof
wherein

X represents a group represented by formula (II-2); and

A represents a five or six membered hetercaryl group
containing two ¢r three hetercatoms selected from nitrogen
atom, oxygen atom, and sulfur atom, provided that at least
two nitrogen atoms are included, which may be optionally
substituted with cne or more substituents,

is provided.

According to one embodiment of the present application,
2 compound represented by formuia (I) or salts thereof
whereiln

X represents a group represented by formula (II-2); and

A represents a five or six membered heterocaryl group
containing one or mere hetercatoms selected from the group

nsisting of nitrogen atom, oxygen atom and sulfur atom,

O
O

provided that at least two nitrogen atoms are included, which
may ke opticnally substituted with one or more substituents,

£

and the substituent is selected independently of
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63
from a group consisting of a C:-: alkyl group which may be
optionally substituted with one or more halogen atoms, &
halogen atom, and an amino group which may be optionally

substituted with one or more Ci-: 2lkyl group,

According to one embodiment cf the present application,
a compeound represented by formula (I) or salts thereof
wherein

X represents a group represented by formula (II-2); and

A represents a five or six membered hetercaryl group
containing cone or more heteroatoms selected from the group
congisting of nitrogen atom, oxygen atom and sulfur aton,
provided that at least two nitrogen atoms are included, which
may be optionally substituted with one or more substituents,
and the substituent is selected independently of each other
from & group consisting of a Ci3 alkyl group which may be
optionally substituted with cne or more halogen atoms, a

nd an amino group which may be opticnally

(1

halogen atom,

~

substituted with cne or more Ci-z alkyl group,

is provided.
(G065

According to cone empodiment of the present application,

i

Hh
i
}_ ]

a compound represented by crmula (I} or salts therecof

wherein
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X represents a group representad by formuia (II-2); and
the five or six membered hetercaryl group as A group is

selected from the group consisting of a triazelyl group, an

[t

oxadiazolyl group, a thiadiazolyl group, a pyrimidinyl group,
and a pyrazinyl group, each may be opticnally substituted
with one or more substituents,

is provided.

According to one embediment of the present application,

a group represented by formula (I} or salts there wherein

o]
H

X represents a group represented by formula (II-2); and

the triazolyl group which may be optionally substituted
with one or more substituents represents 1,5~dimethyl-1,2,4-
triazol~-3~-vl group,

1s provided.

According to cne embodiment of the present application,
& group represented by formula (I or salts thereof wherein

X represents a group represented by formula (I1-2); and

the oxadiazolyl group which may be opticnall

substituted with one or more substituents represents 5-

j$1]

methyl-1,2,4-cxadiazcl-3~yi group,

According te cne emboediment of the present application,
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a group represented by formula (1) or salts thersof wherein

[oR

X represents a group represented by formula (II-2); an

ft

L group which may be opticnall

<

the thiadiazocly
substituted with ocne or more substituents represents 3-

methyl-1,2,4-thiadiazcl-5-y1l grou

e

is provided.
(C069]
Accerding te cne embodiment of the present application,
a group represented by formula {(I) cr salts thereof wherein
X represents a group represented by formula {(II-3); and
M represents a suifonyl group which i1s substituted with
one substituent selected from a Cl-€ alkyl group which may
be opticnally substituted with one or more substituents, and
an aryl group which may be optionally substituted with one

or more substituents,

is provided,

@ present application

b

Zccording to one embpodiment of ¢

a group represented by formula (I) or salts thereof wherein

X represents a group represented py formula (II-3); and
M represents a sulfonyl grcup which 1s substituted with

cne substitusnt selecte from the group consisting of a

methyl group which may be cptionally substituted with cne or

more substituents, and a phenyl group which may be opticnally
substituted with one or more substituents,
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is provided.
[0071]

According to cone embodiment of the present application,
a group represented by formula (I) or salts therecof wherein

X represents a group represented by formula (I1-3); and

M represents a sulfonyl group which is substituted with
one or more substituents selected from the group consisting
of & methyl group and a phenyl group,
is provided.

[co72]

Accerding to cne embodiment of the present application,
as specific examples of the compound represented by formula
{1} or salts thereof, o¢ne or more compounds selected from
the following compounds or salts therecf are provided.

The compounds selected from the group consisting of the
following compounds:

3=-[[ (1R, 4R, 6R,

ey

~J

S)-4-[[bis(4-methoxyphenyl)-phenyl-
methoxy]methyl]-6- (S-methyl-2,4d-dioxo-pyrimidin-1-yl)-2-

methylsulfonyl-5-oxa~2~azabilcvclo[2.2.  heptan~7-vioxy~
Y E Yl Y

7]

(dilsopropylamino)phosphanyl]oxypropanenitrile {Present

compound 1) ;

chenyimethoxylmethyl] -7~ [Z2~cyancethoxy-
(diisoprcpylaminc)phosphanyiloxy-5-methylsulfonyl-2-~cxa-5-
azablcycio[Z2.2.1]heptan-3-yl]-b-methyl-2-cxo-pyrimidin-4~
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[9%[(lR,BR,4R,7S)—l—{{bis(4—methoxyph@nyl)—phenyl—

methexylmethyl]-7~[2~cyancethoxy-

{diisopropylamino)phosphanyl]oxy-5-methylsulfonyl-2-ox

azabicyclo[Z2.2.1]heptan-3-yl]~2~ (2~

methyipropanoylamine)purin-e-y1]N, N-di

{Fresent compound 3);

—-5-

{1

)=1~[ibis (4d-methoxyphenyl)-phenyl-

methoxylmethylj-7-[2-cyancethoxy-

{diiscopropylamino; phosphanyl]oxy-5-methylsulfonyl-2-oxa-5-

azebicyclo{Z2.2.llheptan

compound 4);

_3_y

Jomd

]

~purin-6-yllbenzamide {Present

3-[[{1IR, 3R, 4R, 75)-5-(berzenesulfonyl)-1-[[

methoxyphanyl) —phenyimethoxy]methyl] -3~ (5-met

dioxopyrimidin-1l-vyl)-2-oxa-5-azabicyclo[2.2.1]heptan-7-

yvilloxy-{diiscopronylaminc)phosphanvlloxypropanenitrile

(Present compound 5);

N-[1-[{1R,3R,4R, 78} -b-(benzenesulfonyl)-1~{[bis{d~

methoxyphenyl) -phenyl-m

(diisopreopylaming) phosph
azabicyeololZ2.Z.1]heptan

v]libenzamide (Fresent c

ethoxy]methyl]-7-~[2-cyanocethoxy-

ompound ©);

Joxy-2-oxa-5-

{

5w
~

li-5S-methyl-Z-oxo-pyrimidin-4-

methyl-2, 4-
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dioxo-pyrimidin-1l-ylj-Z2-oxa-5-azabicycle(2.2.1]heptane-5-
carboxamide {Present compound 7);

(IR, 3R, 4R, 78)-3-(4-benzamide-S-methyl-2-oxo-pyrimidin-
leyl)=1-[[bis(4-methoxyphenyl)-phenyl-methoxy methyl]-7-{2~
cyancethoxy~(diisopropylamino) phesphanyl]oxy-N-methyl-2-
oxa-S-azabicyclolZ.2.llheptane-5S-carboxamnide (Present
compound &) ;

[9-[ (1R, 3R, 4R, 7S)-1-[[bis(4-methoxyphenyl) -
prhenylimethoxyimethyl] ~7-[Z2-cyancethoxy-
(diisopropylaminc)phosphanyl]oxy=5=(methylcarbamoyl) ~2~-oxa-
S-azabicyclo[2.2.1]heptan-3-y11-2-{2~

methylpropancylaminojpurin-6-yliN,N-diphenylcarbamate

{Present compound 9);

i
i
+
o
ot
|91
fFay
|

IR, 3R, 4R, 75} -3~ {6-benzamidepurin-9-y
methoxyphenyl)phenylmethoxy methyl]-7-[2-cyancethoxy-

(diiscprepylamino)phosphanylloxy-N-methyl-2-oxa-5-

azabicyclol[2.2.1lheptane-5-carboxamide {(Present  compound
10}

(IR, 3R, 4R, 73)-1-[[bis{4d~
methoxyphenylphenyimethoxylmethyl]-7-[Z~cyancethoxy-
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cyancethoxy- (diisopropylamino)phosphanyl]oxy-N-isopropyl-2-
oxa-5-azablicyclc[2.2.1]heptane-5-carboxamide {Present

compound 12} ;

—

9-[(1R,3R,4R,78)-1-[[bis{4-methoxyphenyl)-phenyl-~
methoxylmethyl]-7-{2~cvancethoxy-
(diisopreopylamino)phosphanyl]oxy-5-(isopropylcarbamoyl)-2-
oxa-S-azabicyclolZ2.2. 1l heptan-3-v1]-2-(2-
methylpropancylamino)purin-6-yl]N,N~diphenylcarbamate

(BPresent compound 135 ;

(IR, 3R, 4R, 753) -3~ {&-benzaridepurin-9-y1)-1~[[bis {4~
methoxyphenyl)-phenyl-methoxy]lmethyl]-7-[2~cyancethoxy-

(diiscpropylamino)phosphanylloxy-N-isoprepyl-2-oxa-5-
azabicyclo[2.2.1]heptane~5~carboxamnide (Present compound
14}

(LR, 3R, 4R, 75)-1-[{bis (4d-methoxyphenyl) -
phenyimethoxy]lmethyl]~T7~{Z2-cvancethoxy-
(diiscpreopylamino)phosphanyl]oxy-N,N-dimethyl-3-(5-methyl-

Z,4-dloxopyrimidin~-l-yl)-2-oxa-5-azabicyclo[2.2. thep ane

S—carboxamide (Present compound 13);

(1R, 3R, 4R,78) -3~ (4-benzamide-5-methyl-2-oxo-pyrimidin-
l-yi)-i-[ibis{4-methoxyphenyl)-phenylmethoxy]methyl ~[2-
cyancetho (diisopreopylamino)phosphanyl]oxy~N, N-dimethyl-
2=oxa~b-azablcoyelo[2.2. jheptane-5-carboxamide (Fresent

3-[ (1R, 3R, 4R, 78)-1-[ [bis(4-methoxyphenyl) -phenyl-



(]

methoxy]methyl] -

pyrimidin-2-yl-Z-cxa-5-azabicycloi{Z2.2.1lhepran-7-yl]oxy-
{dilsopreopylamino)phosphanyl]oxypropanenitrile (Present
compound 17);
-[{1R,3R,4R,78)-1-[[bis(4-methoxyphenyl)-phenyl-
methoxy methyl]-7-[Z2-cyancethoxy-
(diisopropylamine)phosphanyl]loxy-5-pyrimidin-2-yl-2-cxa-5-

azabicycle[2.2.1)heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-
vllbenzamide (Present ccmpound 18};

N'"-[8- (1R, 3R, 4R, 73)-1-[[bis (d-methoxyphenyl)-phenyl-
methoxy]methyl]-7-[Z2~cyancethoxy-

{(dilscpropylamino)phosphanyl]oxy-5-pyrimidin-2-v1-2-cxa-5-

azabicyclo[2.2.1]heptan-3-yl]-6-oxo-1H-purin-2-y1]-N,N-

dimethyl-6-formamidine (Present mpound
N'-[9-(1R, 3K, 4R, 73] -1-[[bis(4é-methoxyphenyl)-phenyl-

methoxy]methyl]-7-[Z2~cyancethoxy-

N

(diiscpreopylamino)phosphanyl]lox -pyrimlidin-2-yl-2-oxa-5-

b
i

azabicyclio[2.2.1lheptan-3-yllpurin-6-vl]lboenzamide (Present
compound 20) ;
3-{ (1R, 3R, 4R, 75 ~1~[[bis(4-methoxyphenyl) -phenyl-

methoxylmethyli-3-{5-methyl-2,4-dioxecpyrimidin-1-v1)~

pyrimidin-4-yl-Z2-oxa-S-azabicyclel2.2.1]heptan-7-v1l]oxy-
(dilsopropylamino)phesphanyl]oxypropanenitrile (Present
compound 21);

N-[{1-{({1R, 3R, 4R, 78)-1-[[bis(4-methoxyphenyl)-phenyl-
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methoxylmethyl]-T7~[Z-cyancethoxy-
{(dilscopropylamino)phosphanylloxy-5-pyrimidin~4-yl-2-oxa-5-
azablicyclo[2.2.1]lheptan-3-yl]-5-mecthyi-2-oxo-pyrimidin-4-
vilbenzamide {Present compound 22);

3-{[ (1R, 3R, 4R, 738} -1-[[kis (4-methoxyphenyl) -phenyl-
methoxy]methyl]-3-{5-methyl-2,4-dicxo-pyrimidin-1-yv1)-5-[4-
{(triflvcoromethyl)pyrimidin-2-yl]-Z2-oxa-5-
azabicycle[Z2.2.1]lheptan~7~ylloxy-
(dilscpropylamino)phosphanvljoxypropanenitrile (Present

compound 23);

~[1-1T{1R,

b
L
B!
i
s
~3
9]
[

l_l

-[[bis (4-methoxyphenyl) -phenyl-
methoxy]methylj—7—{2fcyanoethoxym
(dilscopropylamine)phosphanyl]oxy-5-[4-
(trifluoromethyl)pyrimidin-2-yl]l~2-oxa-5-

P

azabicyclo[Z.2.1 heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-
yvilbenzamide (Present compcund 24);
3-[[{iR (4R, 75)-1-[[kbis{4-methoxyphenyl) -phenyl-

methoxyimethyl]-5-(5-chloropyrimidin-2-yl)-3~-{5-methyl-2,4-

§al

abi

3

4

dicxo-pyrimidin-l-yl)-2-oxa-5-a

P
{1
G
1
!".._l
O
[Ne]
[R]
}_l
ja
)
T
et
7]
—
1
-1
|

],4.4
O
>
<
|
3
|
Q
oG
3
H
U
i

cyancethoxy- (diiscpropylamine) phospnany

e B - - . q

zzablcyclo[Z2.2,.1]heptan~3-yl]-5S-methylpyrimidin-4-
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yllbenzamide {(Present compound 28);

3-[[{1R, 3R, 4R, 73)~-1~[[bi

4]

d-methoxypnenyl)-phenyl-~
methexyimethylj-2-[6-{dimethylamino)pyrimidin-4-y11-3-{5-
methyl-2,4-dioxo-pvrimidin~l-ylji-Z-oxa-5-

azabicyclo{2.2.1]heptan-7-yljoxy~
(diisopropylamine)phosphanyljoxypropanenitrile (Present
compound 27) ;

N-{1-[(lR,3R, 4R, 78} ~1~[[bis(d-methoxyphenyl)-phenyl-
methoxy]methyl]-T-[2-
cyancethoxy(dilscpropylaming) phosphanyl]oxy-5-[ (&~
dimethylaminoc)pyrimidin-4-yvl]-2-oxa-5-
azabicycle{zZ.2.1]heptan-3~-yl]~5-methyl-2-oxo-pyrimidin-4-
vllbenzamide (Present compound 28):;

3-11

(1R, 3

3%

AR, 7S} ~1-[[bis (4~methoxyphenyl)~phenyl-

(diisopropylamino)oxypropanenitrile (Present compound 29);

N-[1-T{1R,3R,4R,78)-1-[[bis(4-methoxyphenyl)-phenyl-

zablcyclo[Z2.2.1]lneptan-3-yl]~5-methyl-Z-oxo-pyrimidin~4-

834

viibenzamide (Present compound 307 ;

i
H
o
H
[
e
{4
e
+o
i
~.}
[ €3]
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o
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methoxy]methyl]-3-{5-methvl-2, {-dioxopyrimi
pyrazin-zZ-yl-Z-oxa-5-azabicyclecl2.2.1llheptan-7-v1loxy-
(dilscpropylaminc)phosphanvloxyvpropanenitril (Present
compound 31} ;

N-T1-[{1R,3R,4R,735)-1~[[bis{4-methoxyphenyl)-phenyl-
methoxy]metnyl]-7-{Z~-cyanocethoxy-
(diisopropylamino)phosphanyl]oxy-5-pyrazine-2-yl-2-oxa-5-
azablicycle[2.2. Theptan~-3~yl]~5~methyl-2-oxo-pyrimidin-4-
yllbenzamide (Present compound 32);

3-[[{1R,3R,4R,75)-1-[[bis (4-methoxyphenvyl)-phenvl-
methezylmethyl]l-5-(1,5-dimethyl-1,2,4~-triazcl~3~y1l)-3-(5~
methyl-2,4-dicxepyrimidin~1~yl)~Z~cxa-5-
azabicyclolZ. 2.1 heptan-7-y1l]oxy~
(dilsopropylaminoc)phosphanvl]oxypropanenitrile (Present
compound 33);

N~{1-[({1R,3R,4R,75)-1-[[bis(d-methoxyphe -phenyl-
metheoxyjmethyll~7-[2-cyanoaethoxy-
(diiscpropylamino)phosphanyljoxy-5~{1,5~dimethvl-1,2, 4-

triazol-3-yl)~-2-oxa-S~azablcycle([2.2.1]hepran-3-v1i-5-

methyl~Z-oxo-pyrimidin-4-vi]benzamide (Present compound
343 ;

N'-{9-[{1R, 3R, 4R, 73} -1-[[bis{d-methoxypneny.) -phe
methoxy]methyli-7-[Z-cyvancethoxy-
(diisoprepylamine)phosphanvijoxy-5-{1, 5-dimethvyl-1,2,4-
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1H~purin-2-yl]-N,N-dimethylformamidine (Present compound
30}

N=[9- (1R, 3R, 4R, 75)-1~[[bis{4-methoxyphenyl)-phanyl-
methexymethylj-7-[Z-cyancethoxy~-
(diisopropylamino)phosphanyljoxy-5-(1,5-dimethyl-1,2, 4-

triazol-3-yl)-Z-cxa-5-azabicyclo[2.2.1]heptan-3~-yljpurin-6-

Y1lbenzamide ({(Present compound 38);

(dilsopropylamino)phoesphanyl]oxyprepanenitrile (Present

compound 37);

L)

N-[1-[ (1R, 3R, 4R, 78)-1-[[bls{{~nmethoxyphenyl) -phenyl-

methexylmethyl]-7-[Z-cyancethoxy-

(diiscpropylaming)phosphanyloxy-5-(5-methyl~1,2,4-

oxadiazol-3-yl)-2Z-oxa-5-azablcyclol[2.2.1 heptan~-3-yl] -5~

methyl-Z2-oxc-pyrimidin-4d-yllbenzamide (Fresent compound
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azabicycleo{Z.2.llheptan-7T-yljoxy-

(diisopropylamino)phosphanyl]loxypropanenitrile (Present

compound 3% ;
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N-[1-]

(1R, 2R, 4R, 73) -1~

methoxy]lmethyl]-7-[2~-cyanocethoxy-

(dii
thiadiazol-5-vl}~Z2~0oxa~S~azablicyclo

methyl-Z-cxo-pyrimidin-

fiay

3

10}

[[bis({d-methox
¥yP

opropylamine)phosphanyljoxy-5-(3-methyl-1,

N-[1-[{

5
|

IR, 3R, 4R, 758)-1

-yl]lbenzamide

(2.2.1]heptan-

{Present®

-[[bis(é-methoxyphenyl

methoxylmethyl]-7-hydroxy~5S5-methylsuifonyl-2-oxa~

azapicyclo[2

vildihydropyrimidin-2-one

methoxy]meth

N*~-[9~[H{

.2.1l]lheptan-3-yl]-5-methyl~-Z-oxc-p

IR, 3R, 4R, 75) -1~

yl]-7-[2~

[fols{4d-methoxyphenyl

(Fresent compound

cyancethoxy {diisopropylamino) phosphanyl]oxy-5-

methylsulfonyl-Z-oxa-

1H-purin=-2-yl]

42

methoxy]methvl]

Y
/

r

e

5-azab

~{9- 1 (1R, 3R, 4R, 75)-2-1{

cpropylamino)phosphanyl]

cyclofz

-N,N-dimethylformamidine

[cis{d-methoxyphenyl)

-[Z-cyanoethoxy-

§__|

j ~phenyl

-phenyl-

oxy-5-methylsulfonyl-Z-oxa~5-

Ll-6-oxc-lH-purin~-2-y1]1-2-
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[0073]
Cligeonuclectide

Compound represented by cgeneral formula (I'}

According to cone embodiment of the present application,
an ollgonuclectide compound comprising one  or more

nted by general formula (I'):

(wherein,

E represents a pase moiety of nucleic acid wherein the
base molety may be optionally substituted with one or more
substituents;

E:, Rz, Ry and Rs represent independently of each other
a hydrogen atom, or a Cl-6 alkyl group which may be
opticnally substituted with one or more substituents;

: . - -
i1g an integer of 1 or Z:

oy

¥ represents a group representsd by the cllowing

formula (IIf-1), (II'-2), or {(II'-3):
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(Ir-1y (1¥-2) (11-3)

the symbols:
(AN AW AWAN
which is describked in the formula (II'~-1}, (II'-2) or (II'-
3) represents a binding point to 2'-amino group;

A represents an arcmatlc group containing one or more
hetercatoms selected from the group consisting of nitrogen
atom, oxygen atom and sulfur atom, which may be optionally
substituted with one or more substituenis;

M represents & sulfonyl group which is substituted with
one or more substituents selected from the group consisting

of a Ci-s alkyl group which may be optionally substituted

oy

with one or more substituents, and an aromatic group which

2

may be copticnally substituted with one or more substilituents.]

or salts thereot,

According to cne embodiment of the present application,

onuclectide compound repr

O

sented by formula ()} oz

i

Lo}

]

all o

salts thereof wherein
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in the formula (I'), the ring B represents an adeninyl

group which may be optionally substituted with one or mors

substituents, a guaninyl group which may be optionally

&

-

substltuted with cne or more substituents, a cvtosinyl group
which may be optionally substituted with one or more
substituents, a S-methylcytosinyl group which may be

ed with one or more substituents or an

ct

optionally substitu
uracllyl group which may be opticnally substituted with cne
or more substituents,

is previded.

-

]

R

[CG7

According to cone embodiment of the present application,

;o

a (I'y, the ring B represents a 5-

o

in the formu

methyleytesinyl group which may be opticnally substituted

ot -

wlth one or more substituents or a 5- uracilyl group which

1]

may have one or mcre proiecting groups,

is provided.

[007¢]

According to cne empoediment of the present application,
an ollgonucleotide compound represented by formula (I') or
salts therecf wherein

in the formula (I'), R:, Rz, R: and Ry represent
inderendently of each other & hydrogen atom, and m is an

th

integer ©

=

1,
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is provided.

[0077]

st}

According to cne embodiment of the present application,

de compound represented by formula (I') or

2]

an oligonuclesct
salts thereof wherein

in the formula (I'), one or more phosphate bonds between

6]

nucleotides represent a phosphorothicate bond, and is/fare
aulfurized,

is provided.

The compound wherein in the formula (I'), X repraesents
a group represented by  formula (II'-1) (hereinafter,
referred to as "Urea type compound”™ may be included.
[0079]

According to one empodiment of the present applicaticn,
an oligenucleotide compound represented by formula (I') or

salts therecf whersein

X represents & group represented by formula (II'-1);

&)
]

group which may be optionally substituted with one or more
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[608C]

Acceording to cne embodiment of the present applicaticn,
an oligonuclectide compound represented by formula (I') or
salts therecf wherein

X represents & group represented by formula (II'-1);

Es and Rs represent indspendently of each other a
hydrogen atom, a Cl-6 alkyl group which may be optionally
substituted with one or more substitusnts, or an aromatic
group which may be opticnally substituted with one or more
substituents,
is provided.

According to one embodiment of the present application,
an ollgenuclectide compound represented by formula (I') or
salts therecf wherein

X represents a group represented by formula (II'-13;
and
R: and Rs represent independentliyv of each other a

hydrogen atom, & Cl-3 aikyl group wni

’_.4
O
i
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{
L(g
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O
e
o
i
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o
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FA 2
[

substituted with cne or more substitu
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group which may be opticnally substitut
substituents,

is provided.

[C0gZ]
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According to one emboediment of the present application,

an cligonucleotide compound represented by formula (I') or

(e}

saits thereof wherein

X represents a group represented by formula (II'-1);

Ry and Rs represent indespendenily of each other a

hydrogen atom, a methyl group, an iscpropvi rou or
3 I Y d oy

Q0

chenyl group,
is provided.
[6083]
According to one embodiment of the present application,
an oligonuclectide compound represented by formula (I') or

salts thereof wherein

a combination of R and Rs represents a combination
whereln both of R; and Re represent a hydrogen atom; a
combination wherein bkoth of R: and Rs represent a methyl
greup; a cembination wherein Rs represents a hydrogen atom
and Rs: represents a methyl group; a combination wherein R-
represents a hydrogen atom and Rs represents an iscpropyl
¢group; or a combination wherein Rs represents a hydrogen atom

and Rz represents a phenyl group,

15 provided.
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gaits thereof wherein

X represents a group represented by formula (I7'-1);
and

a combination cof Ry and Ry represents a combination
wherein both of Ry and Rs represent a hydrogen atom; a
combination wherein both of Rs and Rs represent a methyl
group; a combination wherein one of Ry and Rs represents a
hydrogen atom and the other thereof represents an iscpropyl
group; a combination wherein one of Rs and Ry represents a
hydrogen atom and the cther thereof represents an iscpropyl
group; or a combination wherein one of Ry and Rs; represents
& hydrogen atom and the other therecf represents a phenyl
group,
is provided.
[0085]

According to one embodiment of the present application,

an ollgonucleotide compound represented by formula (I') or

salts thereof wherein

X represents a Jgroup represented by formula {(II'-13;
and
cne of R: and ERg represents a hydrogen atom and the

other thereof represents a methyl group,

ig provided.
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According to cne empbodiment of the present application,
an oligonuclectide compound represented by feormula (I') or

aalts therecf wherein

X represents a group represented by formula (II'-1});
and
one of Ry and Re represents a hydrogen atom and the

other thereof represents an isocprcpyl group,
is provided.
[C087]

Alsoc a

cecmpound  wherein in  the fermula (I'), X

represents a group reprasented by formulia (IT'-2)
{hereinafter, referred to as "heteroaryl type compound”) may

be inciuded.

According te cone embodiment of the present applicaticon,

an cligenucleotide compound represent

®

d by formula {(I') or

salts thereof wherein

X represents a group represented by formula (II'-2);
and
A represents & five or six membered heteroarvl group

7]

centalining one or more hetercatom:

which may

substituents,
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ig provided.
[0089]

According to one embodiment of the present application,
an oligonuclectide compound represented by formula (I') or
salts therecf wherein

X represents a group represented by formula (II'-2);

and

A represents a five or six membered hetercaryl group

{...

containing two or three hetercatoms selected from nitrogen
atom, oxygen atom, and sulfur atom, rovided that at least
two nitrogen atoms are included, which may ke opticnally
substituted with one or more substitusents,

is provided.

[0050]

According to one embodiment of the present applicaticn,
an oligonuclectide compcund represented by formula (I') or
salts thereol wherein

¥ represents a group rapressnted by formula (II'-2);
and

A represents a five or six membered heteroaryl group
coentaining one or more heteroatems selected from nitrogen
fur atom, provided that at least
twe nitrogsn atoms are included, which may e optiocnally
substituted with o©one ©r mnmore sSubstituents, and the

subpstituent 1is selected independently of eact

O
o+
o
[¢H]
H
=y
H
Q
=
u
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Cl-3 alkvl group which may be optionally substituted with
one or mere halogen atoms, & halogen atom, and an aminc group
which may ke cpticnally substituted with ons or more C1l-3
alkyl groups,
is provided.
[CC91]

According to one embodiment of the present application,
an oligonuclecotide compound represented by formulae (I') or
salts thereof wherein

X represents a group represented by formula (II'-2);

A represents a five or six membered hetercaryl group
containing one or more hetercatoms selected from nitrogen
atom, oxygen atom, and sulfur atom, provided that at least
twe nitrogen atoms are included, which may be optionally
substituted with one or more substituents, and the
substztuent is selected independently of each cother from a
Cl-3 alkyl group which may be opticrnally substituted with
one or more halogen atoms, a halegen atom, and an amino group

which may be opticnally substituted with one or more (Ci-3

rding te one emboediment of the present application,

()
9!
]

represented by formula (I') or

w
)
E_J
|

e
<
-
0
E_i
o)
O
-
ik,l‘
8]
o)
0
O
i
el
O
-
=5
{2



R

}._J
{5t

20

]
LR

g6

salts thereof wherein

X represents a group represented by formula (I1'-2);
and

the five or six membered hetercaryl group as A group 1is

zolyvl greup, an

)

selected from the group consisting of a tri
oxadiazolyl group, a thiadiazolyl group, a pyrimidinyl group,
and a pyrazinyl group, each may be optionally substituted
with one or more substituents,

is provided.

4]

According to one embediment of the present application,
an cligonuclectide compound represented by formula {(I') or
salts therecf wherein

¥ represents a group represented by formula (II'-2);
and

the triazole group which may be coptionally substituted
with one or more substituents represents 1,3-dimethyl-1,2,4-
triazol-3-vl group,
is provided.
[0C94]

According to cne emboediment of the present applicaticn,

tide cempound represented by formula (I') or

salts thereof whereln

X represents a group represented by formula (II'-2);

iy
{3
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the oxadiazolyl group which may be optionally
substituted with one or more substitusnts represents 5-
methyl-1,2,4-oxadlazcl-3-yl group,

is provided.

According to one embodiment of the present application,
an oligonucleotide compound represented by formula (I') or
salts thereol whersin

¥ represents a group represented by formula (II1'-2);

and

!

the thiadiazolyl group which may be optiocnally
substituted with one or more substituents represents 3-
methyl-1,2,4d-thiadiazol-5-yv1l group,
iz provided.
[005%¢€]

Accerding to one embodiment of the present application,
an coligonuclecotide compcund represented by formula (I') or
salts therecf wherein

ented by formula (II'-3);

0]

X represents a group repre

.

M repressents a sulfonyl group which 1s substituted with

cne substituent selected from the group consisting of a Cl-
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& alkyl group which may D

or more substituents and an aryl group which may be
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is provided.
[0097]

According to cone emboediment of the present application,
an oligeonucleotide compound represented by formula (I') or
salts thereof wherei

¥ represents & group represented by formula (II'-3);

and

M represents a sulfonyl grcup which is substituted with

=
1

Q

cne substituent selected from the group consisting o
methyl group wnich may be opticnally substituted with one or
mere substituents, and a phenyl group which may be optiocnally
substituted with one or mcre substituents,
is provided.
[0G28)

According to one embodiment of the present appiication,
an oligonucleotide compound reprezented by formula (I') or
salts therecf wherein

X represents a group represented by formula (ITI'-3);

M represents a sulfonyl group which is substituted with

one or more substituents selected from the group consisting

of a methyl group and a phenyl group,

According to cone embodiment ¢f the present application,
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an oligonucleotide compound represented by formula (I') or
salts thereof whereiln

X represents a group represented by formula (II'-33;
and

M represents a sulfonyl group which 1s substituted with

one or more substituents selected from the group consisting

According to cone embodiment of the present application,

the oligonucleotide or salts thereof 1s made by binding twe

te 100

[

cr mere the nucleotldes, and preferakly contains

nucleotides, more preferably 5 to 50 nuclectides, and

L‘LJ
)

particularly preferaply those in which 10 to 30 artificial
nucleotides are bonded or are combined together with these
complementary strands forms a double strand.
[(C101]

The term of

pound” used herein alkall metal salts such as sodium salt,

t, lithium salt; alkaline earth metal s=salts

ot

pectassium sa
such as calcium salt, and magnssium salts; metal saits such

as aluminium salt, iron salt, zinc salt, copper salt, nickel

[45]
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phenylglysine alkyl ester salt, ethylenediamine salt, N-
methylglucamine salt, guanidine salt, diethylamine salt,
triethylamine salt, hexylamine salt, dicyclohexylamine salt,

N

N,N'-dipenzyletvlenediamine salt, chlorcoprocaine salt
- & r

-

roceine salt, diethanclamine salt, N-benzvl phenetnvlamine
Yi i N

salt,  ©piperazine salt, tetramethylammonium  salt, and

£

tris(hydroxymethyl)aminomethane salt; incorganic acid salts,
for example, hydrohalic acids (such as hydroflucric acid,
hydreochloric acld, hydrobromic acid, and hydrecicdic acid),

-

nitrate salt, perchloric acid salt, sulfate salt, and

-

phosphate salt; salts of alkanesulfeonic acid having one to

six carpon atoms, such as methanesulfonate salt, triflucro

methanesulfonate salt, ethanesulfonate salt; arvlsulfonic
3

acid salts such as benzene sulfonate salt, and p-toluene

sulfonate salt; organic acid salts such as acetate salt,

malate salt, fumarate salt, succinate salt, citrate salt,
tartrate salt, oxalate salt, and maleate salt; and amino

acid salts such as glycine salt, lysine salt, arginine salsz,

&

crnithine salt, glutamic acid salt, and aspartic acid salt,
which should not be limited thereto. The salts are
encempassed by pharmaceutically acceptable salts.
[0102Z]

Each compound represented by general formula (I)

ses enanticomer form, diastersomer

0]

described herein encompa

sterec

s
O
[
]
™
193}
=

i®]

},
D
[+7]

form, cr mixXtures thersof.
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configuration o¢f sugar moliety 1in the structure of each

cempound encompasses o form and & form, however, 3 form 1s
preferred. When the above-mentiloned compounds represented

by the abcve formula (I} 1s obtained in the form of

lasterecmer or enantiomer, they can be separated by well-

o3

kncwn methods in organic synthesis (for example, sugar

synthesis), such as chromatcgraphy method or fracticnal

rystallization method. For example, the compound 2Td

has p form as a stereo configuration of sugar molety.

Each compound represented by general formula I
described herein compasses the compounds labeled with
isotopes ({such as °H, 23C, 1*C, N, 8F, 32p,

deuterated transformers.
The oligonuclectide <r analogues therecof described
herein may be mixed with auxiliary agents that are usually

used in  the formulation of pharmaceuticals, such  as
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exciplents, binders, preservatives, antioxidants,
disintegrants, lubricants, and flavors, to make
parerterazlly-administered formulation cr liposome
formulations. Also, the c¢ligonuclectide or analcgues
thereof Is mixed with pharmaceutical carriers that are

pharmaceutical arts to formulate into

3]
o
[o3
'_.4.
"
«f
i
[£H

usually u
topical formulations such as solutions, creams and ointments
[0105]

(Freparation method)

Fhy

HereinaZter, the preparation methoed of the compound of
the present invention is described.
Cptically active substances having absclute

configuration in each compound represented by the below-

ing materials and intermediate compounds may

ot

menticned star
be prepared by using as starting material optically active

substance(s) o¢or separating the isomers that created in the

intermediate stages for syntnesis. Also, the below-
mentioned replacement reaction of nucleic acid base in which

nucleic acid bese i1s replaced may proceed a fp-selective
transglycosylation effectively, and the obtained compound
represented by general formula I may be cobtained as a desired

B

]
O
=
D

mer selectively.

(C10

[a]
o

The compound ot the present invention cr

By

ts thereof may be prepared
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according to the following method, but which should not be

h

For starting materials, unless specific processes

therefor are stated, they may bke used as commerciallvy

The abbreviated symbols as used herein msan the
following meanings respectively.

THE: tetrahvdrofuran

DMSC: dimethyl sulfoxide

MsCi: methanesulfonyl chloride

DMAP: N,N-dimethyl-4-aminopyridine

iPrzNEt, DIPEA: N,lN-diiscpropyiethylamine

BSA: N,O-bis(trimethylsilyl)acetamide

TMSOTL: trimethyisilyl triflucro-methanesulfonate

TBSOTE: t-butyldimethylsilyl trifl

TMS: trimethylsilyl
TBEDPS: tert-butvidiphenvisilyl

Ac: acetyl

MalN: scetonitrile
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CMTr: 4,4'~-dimethoxyrrityl
[0108]

First, the summary of & preparation method for the
compound ¢f the present inventicon (monomer) is described.
[(0109]

(Sulfonamide type compound)

The preparation methed of the compound of the present
invention represented by general formula I wherein X
represents & group represented by formulia (II-3), so-called
sulfonamide type compound is described. The typical example

of the preparation scheme 1s described, and is not limited

thereto.
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(A1

DMTrO ‘ DMTIO
BorB Step 2

Suifonamidation

Step 1

B Protection of
hydroxy group | W—
" NG
HOG "NH + as needed RPro.Q NH i RPRO
B : Base moiety of Replaementof RP™ : Protecting group
nucieic acid  nucleic acid base of hydroxy group

N

“

Starting compound 1 Intermediate compound 2 Intermediate compound 3

DMTroO DMTro

BorB' . 3____.

4
Phosphoramiditation >——N‘
mbarrrrremer——- p...-
o
c—f

Step 3
Deprotection

N
Intermediate compound 4 Present compound

<

M:
Oz,s\gaikyi group, aromatic group

=
e
y
]
et
Y
9]
ot

ing group for hydroxy group is introduced as

5 Rs group In the general formula (I} by using a starting

Ui

material 1 (for example, which can be prepared according to

the process described in WO 2017/047816 AL) which i1s & sugar

PR

compound, according to a publicly known method to prepare an

(T

[
[a»]

nucleic acid in the starting materizl 1 (zbbreviated as "B™)
elc acid base exchange reaction with

other basic molety of nucleic acid which mey be cpticnall

EJ
b
=
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N

bhreviated as "B'") and a protecting grour for
3 e

B

protected |
hydroxy group 1s also introduced at the same time as the
nucleic acid base exchangs reaction to ©prepare an

This introducticn oi the protecting group for hydroxy
group can pe conducted under a reaction condition which 1is

known 1in organic synthetic chemistry (for example, nucleic

acid synthesis) depending on a kind of protecting group.
For example, when a protecting group for hydroxy group is a

! o

silyl type protecting group (such as TMS), a silyl agent
(such &s BSA, hexamethyl disilazane, TMS chlcride) can be
used. In the reacticn, Lewls acid {such as TMSOTE, TRSOTE,
and tin chloride) may be added.

The silylating agent may be used in about 1 to about 20
mclar equivalent{s), and the Lewis acid may be used in a
catalytic amcunt (about 0.05 molar equivalents) to about 2
molar equivalents as opposed to 1 mole ¢f the reaction

substrates.

dichlcrecethane, and chloroform; hvydrccarbeons such as benzene

and toluene; acetonitrile; water; or mixed sclvents therecf)



temperature, and particularly preferably at room temperature
te about &0 °C.
[C111]
Also, accerding to a nucleic acld exchangs reaction
5 (transglycosylation reaction), a pyrimidine base molety of
nucleic acid base such as thymine group (T) and uracil group
(U) can be replaced with other nucleic acid base moiety (for

example, adenine (A), guanine (G}, uracil (U), thymine (T},

cytosine {(C), or b-methvicytosine  (MC) to  ocbtain  an
10 intermed:iate compound 2 wherein the nucleic acld base moiety
is replaced. The base exchange reaction can be carried out,
for example, 1in the presence of Lewlis acid (such as TMSOTE
and TBSOTL), and the reactiocn can pbe facilitated by reacting
with the silylating agsnt.
15 (01127
(Step 2}

Next, using the intermediate compound 2 as a starting
material, an alkyl sulfonyl halide or an aromatic sulfonyl
halide can be reacted with the intermediate compound 2

20 acceording to a publicly known methed tc undergo a

sulfonamidation on an amino nitrogsn atom, resulting in
preparing an intermediate compound 3.

Exampies of the sulfone amidaticon reagent used 1in a

(MaClj), an alkyl
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sulfcnic anhvdride reagent (such as methane sulfonic
anhydride), an aromatic sulfonyl halide reagent (such as
benzene sulfonyl chlioride), cr an  aromatic sulfonic
anhydride (such as Dbenzene sulfonic anhvydride), and these
reagents can be used 1In the presence of a base (such as
triethyl amine, and DIFEA).

The sulfonamidation reagent may ke used in
appreoximately molar equivalents to somewhat excess molar

equivalents (for example, about 1.0 molar equivalent) as

opposed to 1 mele of the reaction substrates.

iy
1]

The solvents may be any cnes unless they affect th

i

reaction adversely, and the reacticn may be carried out 1

e
r

appropriate sclvents (for example, ethers such as THF;
halogenated hydrocarbons such as dichloromethane,
dichlorcethane, and chioroform; hydrocarkbons such as benzene
and toluene; acetonitrile; water; or mixed sclvents thereof).
The reaction can proceed preferably at -25 °C to room

temperature, and particularly preferably at 0 °C to room

temperatures
(C113]
(Step 2

Next, the protecting grcups for hydroxy group which is

9]
®;
L
.
0]
1....A -
o]
W3
ot
-
D

introduced 1in the step 1 1s deprotected

intermediate compound 3 as a starting material according to
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appropriate reaction condition (for example,

29

sent deprotection reacticn can be

used) depending on the kinds of the protecting group.

exampie,

(apbreviated as "RFRO") is a silly type protecting group (suct

when a protecting group

T
e

nydroxy

For

grou

&)

1

s}

as TMS), the reaction can be carried out by hydrolysis under

acidic conditicn

(such as acetic acid-TH

Frj

~wWatear)

or by

treating with a fluoride ion-dcnating reagent (such as TRAF) .

The =

reaction adversely,

an appropr

halogenated hydrocarbon atoms such as dichloromethane

clvent

951
=

iate solvents (for example,

r nmixed solvents thereof).

The reactlion may proceed preferably at

°C, particularly preferably at 0 °C to 50

Temperature.
[0114]
(Step 4)

under reacticon conditions that have been gensrall

organic synthesis [in particular, nuclei

ih

(for exampl

compound of

ethers

such

-25

r

ay be any ones unless they affect the
and the reacticn may be carried out in

as THF,

water,

°C to 100

°C as a reaction
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compound.
Examples of the phosphoramiditation reagent include

agents by the following formula:

(PN .Cl (Pr),N
and

which should not be limited thereto.

'

The phosphoramiditation reaction may be conducted in
the presence of appropriate bases {such as DIPEA) or
appropriate acilds (such as diisopropyl ammcnium tetrazclide,
and 4,b5-dicyancimidazcle).

The phosphoramiditation reagent may be used in 1 to
apout 10 melar eguivalentis), preferably 1 te apcut 5 molar
eguivalent (s) (such as 3 molar equivalents) as opposed to 1
mole ©f the reactiocn substrates.

The solvents may be any ones unless they affect the
reaction adversely, and the reaction may be carried ocut in
apprepriate solvents (for example, ethers such as THF;
halogenated hydrocarbons such as dichlorcmetnane,
dichlerocethane, and chloroform; acetonitrile; water: or

1

mixed solvents therecf). The reaction can proceed preferably

5

at -25 °C to 60 °C, and particularly preferably at ¢ °C to

rocom temperature.

—
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Here in any stages from the timing of before the above
step 1 to the timing of after the above step 4, a substituent
on the ring of the nucleic acld base may be appropriately

medified (for example, a Dbenzoylation reaction or a

acetylation reaction on an amince substituent on a cytosine

Also, among the above step (1) to step (4), a plural
steps (for example, step (1} and step (2), and step (2) and

step (3} may be carried cut successively.

(Urea type compound)

A methoed for preparing a compound of the present
invention represented by gensral formula I wherein X
represents a group represented by formula (II-1), which is
so-called urea type compound, 1s described. Typical examples
of the preparation scheme 1s indicated in the focllowing
reaction scheme 2, which sheould not be limited thereto.

Reaction scheme 2



DMTrO

step 1 B or B' DMTrO
B Replacement step 2 0 BorB
of nucleic acid base | ? Conversion
T SNGE o urea N
+ as needed RPRO..G NH N H
Protection of RPRC . protecti HorRPR0-0 N
] ) . Protecting group
B : Base moiety of | puqroxy group of hvdroxy arou )——N
nucleic acid ¥ Y group
. intermediate c
Starting compound 1 ompound § Intermediate compound 6
SeP 3 pMTIO DMT:O

+ as needead

Deprotection Step 4

Phosphoramiditation :

Intermediate compound 7 Present compound

Before undergoing a reaction for converting intc an
urea according to a publicly known method, similarly tc the
above reacticn scheme 1 using the above starting compound 1

rting materlal, a basic molety of nucleic acid in

{1

as a st
the starting compound 1 (abbreviated as "B") is subjected to

a nucleic acid base exchange reacticon with other basic moiety

cf nucleic acid which may ke optionally protected
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To the above reaction scheme, after the nucleic acid base

i

exchange reaction is carried out, a protecting group
hydroxy group may be introduced appropriately.

In a nucleic acid exchange reacticn (transglycosylation
reaction), according to a publicly known method, a pyrimidine
base moiety of nucleic acid base such as thymine group (T)
and uracll group (U) can be replaced with other nucleic acid
base moilety (fcor example, adenine (A), guanine (G), uracil
{(U), thymine (T}, cytosine (C), or S5-methylcytosine (¥C) o
obtain an intermediate compound 5 wherein the nucleic acid
base moiety 1s replaced. The base exchange reactlion can be
carried out, for example, in the presence of Lewis acid (such
as TMSCTf and TBSOTL), and the reaction can be facilitated

by

s
j

zacting with the silyvlating agent (such as BSA).

This introduction of the protecting grecup for hydroxy
group can be conducted under a reacticn conditicn which is
known in crganic synthetic chemistry (for example, nucleic

protecting group.

-t

acld synthesis) depending on a kind o

Fer example, when a protecting group for hydroxy group is a
silyl type protecting group (such as TMS), a =silyl agent

and tin chloride) may be added.

of
[4_}
t
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The silylating agent may be used in abow
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catalytic amount (about 0.05 molar egquivalents) to abcut 2
molar eguivalents as opposed to 1 mole of the reaction
substretes.

The solvents may be any ones unless they affect the
reaction adversely, and the reaction may be carried out in
appropriate solvents {for example, ethers such as TEHEF;
halocgenated hydrocarkbons such as dichloremethane,
dichlercethane, and chicroform; hydrocarbons such as benzene
and toluene; acetonitrile; water; or mixed solvents thereof).
The reaction may proceed preferably at 0O C to high

temperature, and particularl refe
b I

]

aply at room temperature

to about o0 °C.

O
fouct

19]

02
t

ep 2)

Next, using the starting compound 1 or the intermediate
compound 5 as a starting material, according to a publicly
known method, the reagent for converting into urea is reacted
with the starting compound 1 or the intermediate compound 5
to undergoe a convarsion reacticn to a urea on the aminc

nitrogen atom, results in preparing an intermediate compound

6.

o]
ct
O
-
3]
31
o
n
O
Q.

Examples c¢f the reagent for converting
in the reaction for converting inte urea include isccyanate,

alkyl carbamoyl haiide reagent {such as N-methylcarbamoyl

933

chloride) or N,N-dialkyl carbamcyl halide reagent (such a
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N,N-dialkyl carbamoyl chloride), and these reagents can be
used in the presence or absence of a base {such as DIPER).

The reagent for converting into urea may be used in
appreximately molar equivalents to somewhat excess molar
egquivalents (for example, about 1.0 molar eguivalent) as
cpposed to 1 mole of the reaction substrates.

=

The solvents may be any cones unless they affect the
reaction adversely, and the reacticn may be carried out in
appropriat sclvents (for example, ethers such as THF;
nalogenated hydrocarbons such ag dichlorcmethane,
dichlorocethane, and chloroform; or mixed solvents therecf).
The reaction may preceed preferably at -25 °C teo room
temperature, and particularly preferably at ¢ °C to room
Temperature.
[0120]
(Step 3

Next, as needed, when a protecting group for hydroxy
group is introduced in the above-mentioned step 1, using the

intermediate compound € as a starting mater

al, according to

-

e

a publicly known method, the introducsed protectis

W
W)
H

cup for
hydroxy group 1s deprotected tc¢ prepare an intermediate
compound 7.

The present deprotection reaction can be carried our in

apprepriate reactlon condition {(for example, reagents o be
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example, when a protecting group for  hydroxy group
(abobreviated as "RFRC") 13 a silyl type protecting group (such
as TMS), the reactlon can be carried cut by hydrolysis under
acidic condition (such as acetic acid-TH
treating with a flucoride ion-donating reagent (such as TBAF).

The solvents may be any ones unless they affect the
reacticon adversely, and the reaction may be carried out in
an appropriate sclvents (for example, ethers such as THF,

ha

}._.J

cgenated hydrocarbon atoms such as dichloromethane, water,
or mixed scolvents thereof).
The reaction may proceed preferably at -25 °C to 1C0°C,

particularly vreferably at 0 °C tc 50 °C as & reaction

(Step 4)

Further, similarly to the step 4 of the above-menticned

reaction scheme 1 ,the intermediate compound © or the

3.

intermediate compound 7 as a starting material is subjected

to a phosphoramiditation reaction according to a publicly
known method to prepare a desired urea type (for example,
methyl urea type, and isopropyl urea type) of the present

Examples of the phosphoramiditation reagent include 2-

—

cyancethyl-N,N-dilisopropylichlorophosphoramidite, and  the

reagent can be used in the presence of a base (such as



10

20

t.....l
)
1

triethylamine, DIPEA).

.

'he phospheramiditation reagent may be used in 1 to

q

about 10 mclar eguivalent({s), preferzbly 1 to about 5 molar
equivalent (s} (such as 3 molar equivalents) as opposed to 1
mole of the reaction substrates.

The solvents may be any ones unless they affect the
reaction adversely, and the resacticon mayv be carried cut in
appropriate solvents {for example, ethers such as THF;
halogenated hydrocarbons such as dichlicrcemethane,

dichlcroethane, and chloroform; acetopitrile; water; or

mixed sclvents thereof). The reaction can proceed preferably

—

at -25 °C te ¢0 °C, and particularly preferably at 0 °C to
room temperature,
(01223

Also, among the above step (1) te step (4), a plural
steps (for example, step (1) and step (2), step (2) and step
y, and step (1} to step (3)) may be carried out
successivaly.
Here in any stages from the timing of before the above

step 1 to the timing of after the above step 4, a substituent

Fhy

on the ring of the nucleic acid base may be appropriately

medified {(for example, & benzoylation reacticon cor a
acetylatlion reacticon cn an amino substituent on a cytosine
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(Aryl type compound)

08

A preparaticrn method of

formula I wherein X represents formula (II-2),

aryl type of the present compound is described.

the preparation scheme

scheme 3.

REeaction scheme 3

Step 1

~Ne
HO “NH

B . Base moiety
of Nucleic acid

intermediate compound 8

Starting compound 1

Step 3

Phosphoramiditation > N
w’. ‘P..
I

DMTrO
as needed

B / Replacement of
ucteic acid base

e

o
NCI

Present compound

Before undergoin

g

publicly known method,

the compound represented

Examples cof

so-called an

is snown 1in the following reaction
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; Step 2 BorpB'
N Arylation &
:"\ - Ne s
g NH N
HO N
A
A : Aromatic group

intermediate compound 9
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1 using the above starting compound 1 as a starting material,
a basic molety of nucleic acid in the starting compound 1
(abbreviated as "B") is subjected to a nucleic acid basse
exchangs reacticn with other basic moilety of nucleic acid
which may be optionally protected (abbreviated as "3'"), and
thereafter, the arylation reaction may be carried ocut.

In a nucleic acid exchange reacticon (transglycosylation
reaction), according to a publicly known method, a pyrimidine
base mciety of nucleic acid base such as thymine group (T)
and uracil group (U} can be replaced with other nucleic acid
base molety (for example, adenine (A), guanine (&), uracil
(U;, thymine (T}, cvytosine (), or S-methylcytosine {¥C) to

obtain an intermediate compound 8 wherein the nucleic acid

base molety 1s replaced. The base exchange reaction can be

.
[0
c
0
Ly

carried out, for example, in the presence of Lewis acid
as TM3OTE and TB30TL), and the reacticn can be facilitated
by reacting with the silylating agent (such as BSA).

= Py

This introduction of the protecting group for hydro
¢ £y

silyl type protecting group (such as TMS}, a silyl agent
{such as BSA, hexamethyl disilazane, TMS chlcoride’ can be

used. In the reaction, Lewls acid (such as TMSOTF, TBSCOT!

t

r
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and tin chicride) may be added.

The silylating agent may be used in about 1 to about 20
molar equivalent{s;, and the Lewilis acid may be used in a
catalytic amount (about C.05 moclar eguivalents) to about 2
molar eguilvalents as oppesed te 1 mole of the reaction
substrates.

The solvents may be any ones unless they affect the
reaction adversely, and the reacticn may ke carried ocut in
apprepriate solvents (for example, ethers such as THF;
halogenated hydrocarbons such as dichloromethane,
dichlcroethane, and chlcroform; hydrocarbons such as benzene
and toluene; aceteonitrile; water; or mixed solvents thereof).
The reaction may proceed preferably at 0 °C to high
temperature, and particularly preferably at room temperature

to about 60 °C.

wod

[0126]

(Step 2}

Next, using the starting compound 1 or the intermediate

cempound 8§ as a starting material, according to a publicly
krown method, the arylaticon reagent 1s reacted with the

starting compound 1 or the intermediate compound 8 to undergo

an arcmatlzation reaction con the amino nitrogen atom, results
in preparing an intermediate compound 9.

n the arylation

}y..l -

Examples of the arylation reagent used

reactlion include a desired aryl halide compound (such as
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chloropyrimidine, dichlorcopyrimidine, flucropyrazine,

4]

chiorctriazcele, chlorcoxadiazele, or chlorothiadiazole), and

these reagents can be used in the presence of a base (such

as DIPEA).
The arylation reagent can be used in about one to about
five meclar eqguivalent(s) (for  example, three molar

h

eguivalents) as opposed to 1 mole of the reaction substrates.

The sclvents may be any ones unless they affect the
reaction adversely, and the reacticn may be carried cut in
appropriate solvents (fcor example, ethers such as THF;

halogenated hydrocarbons such as dichlorcmethane,

croform; aprotic polar sclvents such

!._.4

dichlorcethane, and ch
as DMSO; or mixed solvents thereof). The reacticn may
proceed preferaply at room temperature to high temperature,

and particulariy preferably at high temperaturs {(such =z

9]

fa
]
[an]

to 13C °Cy.
(0127]
(Step 3}

Further, similarly to the step 4 of the above-mentiocnead
reaction schems the 1ntermediate compcund 9 or the
intermediate compound 8 as a starting material is subjected
to a phosphoramiditation reacticn according to a publicly
known method teo prepare a desired aryl type (for exanmple,

arcmatic type or heterocaryl type) ¢f The present compound.

ge!

E

Examples of the phosphoramiditation reagent include 2-
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cyancethyl-N,N-diiscpropylchlorophosphoramidite, and ths
reagents can be used in the presence of a base (such as
triethylamine, DIPEA).

The phosphoramiditation reagent may be used in about 1
to about 1C¢ molar eguivalent(s), and preferably 1 to about
5 molar equivalent(s) (such as 1 to 3 molar equivalent(s))
as opposed to 1 moie of the reactlon substrates.

The solvents may be any ones unless they affect the

reaction adversely, and the reaction may be carried outr in

appropriate solvents (for example, ethers such as THF;
halogenated hydrocarbons such as dichloromethane,
dichlorocethane, and chloroform; acetonitrile; or mixed

soclvents thereof). The reaction may preoceed preferably at
-25 °C to &0 °C, and particulariy preferably at 0 °C to room
Temperature.

[0128]

-

Also, among the above step (1) to step (3), a plura
steps (for example, step (1) and step (2)) may be carried
out successively.

[0123]

£

rom the timing of

3

41

Here in any stages

step 1 to the timing cf after ths above step 3, a substituent
on the ring cf the nucleic acid base may be appropriately

modified (fcr example, & benzoylation reaction or a

acetylaticn reacticon con an aminc substituent on a cytosine



intreduced aryl group may be modified (for example, a

8]

chlore group into an amino group), or

transformation of th

both of these substituents may be modified.

[8)]
—
[
fa
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(Alternative preparation methoed o¢f nucleic acid base
exchange reaction)

Instead of the nucleic acld base exchange reaction

described in step 1, the partial transformation of nucleic

10 acld base may be carried out by using & series of reaction

as shown in the following reaction scheme 4. The series of

reacticn can be carried out according to the method described

—~

in the literature (for example, C.H.Kim. et al., J. Med.

an

Chem., 1927, 330, B86Z).

15 Reacticon scheme 4

DMTrO ___ o DMTrO F—<F0
o) O N
N Step A A
-\ <

NH
T

HO N AcO N
A A
i . intermediat d A
intermediate compound 8 idie compoun Intermediate compound B
DMTrO
#an
Step C ; N?]’N
— l;.
:\ 3 0
N\
A
Intermediate compound C
[C131]
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The intermediate compcound @' wherein thne nucleic acid
base molety represents a thymine (such as the intermsdiate
compound 2 obtained 1in the above step 2) as a starting
material s reacted with an acetylation reagent (such as
acetic anhydride) 1in the presence of a base (such as
pyridine} to prepare an intermediate compound A wherein a
hydroxy group is acylated. As needed, a catalytic amount of
DMAF may ke added as & reacticn activating reagent.

The acetylaticn reagent can be used in zabeut 1 to 3
molar eguivalent (s) (such as about 1.5 molar equivalents) as
oppesed to 1 mole of the reaction substrates.

The solvente may be any cnes unless they affect the
reaction adversely, and the reaction may be carried out in
appreopriate sclvents ({for example, ethers such as THF; or
pyridine used as a base). The reacticn can proceed
preferably at 0 °C to high temperature (such as room
temperaturs) .

[0132]

Next, after the thymine molety 1s activated with a

chlorinating reagent such as phosphoryl chloride, the

a starting material is reacted
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with 1,2,4~triazole in the presence of a base {such as DIPEA)

b

to prepare an intermediate compound B wherein the nucleic

aclid base molety is substituted with 1,2,4-triazcle group.
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The 1,2,4-triazole can be used 1in excess molar
equivalents {(for example, about five to about 20 molar
eguivalents, including about 9 to 10 molar equivalents).

The solvents may be any ones unless they affect ths

reacticn adversely, and the reaction may be carried out in

late solvents (for example, ethers such as THF;

f
s
e

B

O
e

B

}..J

halogenated hyvdrocarbons such as dichloromethane,
dichleoroethane, and c¢hloroform; acestonitrile; or mixed

t

{1

solvents therecf). The reaction can proceed preferably

F

-25 °C to room temperature, and particularly preferably a
¢ °C to rocom temperature.

[0133]

(Step C)

\lsc the intermediate compound B as a starting material

=]

is reacted with a base (such as ammonlia water) to remove the
acetyl grcoup which is introduced in the above step A, and
the 1,2,4-triazole group which is modified in the step B, to
prepare an intermediate compound C wherein the nucleic acid
base moiety 1s L-methylcytosine.

The ammonla water (such as 28% ammonia water) can e

<
1]
h
Fh
D
9}
5l
o
e
®

The sclvents may be any ones unless the
reaction adversely, and the reaction may be carried ocut in

apprcopriate solvents (fcr example, ethers such as THEF;
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acetonitrile; or mixed solvents thereo?) ., The reaction can

mperature, and

i

preoceed preferably at ¢ °C to room t

particularly preferably at room temperature.

Using the cbtained intermediate compound C as & starting
material, as needed, the substituent con the ring of nucleic
acid base 1s modified (Zor example, benzoylaticn or
acetylation of amino substituent of the cytosine ring), or
the substituent on the aromatic ring of the introduced aryl
group 1s modified (for example, a transformation of a chloro
group into an amino grcup), and theresafter, the substituent
is subjected to a phosphoramidation reaction to prepare a
desired aryl type {(for example, aromatic type, and heteroaryl

type) of the present compound.

{(Alternative preparation method 1 for arcomatization)

FPurther, i1nstead of an aromatization reaction with an
aryl reagent as described in step 2, & series of reaction as
shown in the following reaction step 5 can be used for an
aromatization reasction.

Reaction scheme 5
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3 : S, = N
HO “NH HO N
B : Base moiety of nucleic acid S)—Nﬁz

Starting compound 1

intermediate compound D Intermediate compound E

DMTrO DMTrO
Vov-B oL B
) AcO N e Ho:\h:l
>=NAC >\
— N
; N A
intermediate compound F N
[
Intermediate compound G
[0136]
{Step D)
The above starting material 1 is reacted with a reagent
] for ceonverting intc thiourea (such as 1,l-thioccarbonyl
imidazole), followed by treating with ammonia water, to
prepare an intermediate compound D wherein a group on the

amino nitrogen ateom 1s converted intce a thicurea.
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onverting intoe thicurea can be used 1n

10 about 1 to > molar eguivalentis), particularly about 2 molar
1 i

=
O
}._.J
{D
G

The solvents may be any cnes unless they affect

reaction adversely, and the reacticn may be carrisd cut

appropriate sclvents (for exampie, ethers such as THF).

I the reacticn substrat

23.

the

in

The
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reaction can proceed preferably at 0 °C tfo room temperature
(for example, rcom temperature;.

[0137]

(Step L)

Next, the intermediate compound D as a starting material
is reacted with a methylation reagent (such as methyl ilodide)
to prepare an intermediate compound having S-methylated and
carboimidated group or moilety.

The methylation reagent can be used in about 1 to 5

melar equivalent{s), particularly, 3 molar equivalents, as

cpposed to 1 mole of the reacticn substrates.

The solvents may be any ones unless they affect the
reaction adversely, and the reaction may be carried out in
appreopriate solvents (for example, ethers such as THF). The
reaction can proceed preferably at 0 °C to room temperature,
(for example, room temperature).

[0138]
(Step F)
Also the intermediate compeound E as a starting material

is reacted with an acetyla
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aniydride) 4in the presence of a base {such as pyvridine) to
prepare an intermediate cempound F having acylaticn on a
carbodiimide group and a hydroxy group. As needed, a

catalytic amount of DMAP may be added as & reaction

activating reagent.
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The acetylation rezgent can be use in about 1 to 2 molar
equivalent (s) (for example, about 3 molar equivalent(s)) as

opposed to 1 mele of the reaction substrates.

The sclvents may be any cnes unless they affect the

reaction adversely, and the reacticon may be carried out in

[0

appropriate solvents (for example, ethers such as THF, or
pyridine used as a base). The reaction can proceed
preferably at 0 °C to room temperature, {(for example, room
temperature) .

[CG139]

(Step G)

Also the intermediate compound F as a starting material
is subjected to a ring closure reaction with methyl hydrazine
te prepare an intermediate compound ¢ wherein a 1,2,4-
trizzole ring 1s formed.

The methyl hydrazine can be used in excess molar
equivalent {for example, about 5 to 20 molar equivalents
(such as about 10 molar eguivalents)) as opposed to 1 mole
of the reaction substrate.

The solvents may be any cnes unless they affect the

reaction adversely, and the reacticn mav be carried ocut in

i

apprepriate solvents {(fcr example, alcohols such as ethanol).

il

The reactlcn can proceed preferably at 0 °C to high

temperature (for example, room temperature).
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Using the cbtained intermediate comp

@]
-t
i
o)
)]
4]
0]
4]
on
¢t
Qi
i~
3
l,J
o}
i8]

material, as needed, the substituent on the ring of
zcid base 1s medified {(for example, benzovlaticn or the other
ones of aminc substituent of the cytosine ring), o©r the
substituent on the aromatic ring of the introduced aryl group
is medified (for example, a transformation of a chlcro group
intc an aminc group), and thereafter, the substituent is
subjected to a phosphoramidation reacticon to prepare a
desired aryl type (for example, aromatic type, and hetercaryl
typel of the present compound.

(01417

{Preparation method of cligomer)

WL
A
ff
o / Ry
Phospharamiditation N
AN
3l S / ™
() as needed R;——F"&)%\ . {0
Deprotection o ‘\\Nf
RN
[(FATaVAY k
Novel ffi_ﬁm%ﬁ@ﬂﬂd Novel oligomer compound
General formula (1) General formuia ()
R
Crrf N——?Rg ?fgi\ sdqi;
A M

(I1-1) or (IT"-1) (11-2) or (II'-2) (11-3) or (I1'-3)
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monomer starting material for preparation of cligonuclectide.
The oligonucleotide can be synthesized by subjecting tc
cligomerization reaction cof the compound represented by
general formula (I) or salts thereof, as needed followed by
deprotecting the protecting group for amino group and the
protecting group for hydroxy group.

For example, the oligomerizaticon is not limited te any
method as leng as it is the method that has been generally
known 1in the synthetic chemistry (in particular, nucleic

acid synthesis), and it can be used by an phosphoramidite

method. The phosphoramidite method can be conducted, for
example, according to the method described in WO 2014/046212
AL,

Using this coligomerization, oligonuclectide containing
one cor more nucleotldes represented by general formula (I)

can be prepared.

represented by general formula (I') comprises the following
step

a) a step of oligomerization of the compound represented
by general formula (I} or salts thereof, 1f necessary,
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and a
[0144]

cr preparing the compound represented

th

Also, the methoed
by general formuia (I) or salts thereof may comprise at least

teps described herein.
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cne of the

preparing the present compound or salts

i

a step ¢
thereof;

a step of phosphoramiditation of the above intermedizte
compound 4, 7 or 9 or salts thereof to prepare a compound

represented by general formula (I') cr salts therecf; and

a step of deprotecting a protecting group for hydroxy
group in the intermediate compound 3 c¢r 6 to prepare the

above intermediate compound 4, 7 or 9.

J1

[01453]

(

1

(Preparation method of phosphorothicate cligomer)

in the synthesis of cligonuclectide by

phosphoramiditation, an oxidizing agent 1s used 1in &

conversion reaction of a phesphite group into a phosphate

el

group. DDTT  (({({dimethylaminomethylidene)aminc)-38-1,2,4~

s

3

dithiazacline-3-cne) or Beaucage reagent (3H-1,2-

benzodithicl-3~one 1,1-dioxide) 1s used instead of the

O
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phospheorothicate oligomer having a protecting group wherein

an cxygen atecm at P=C of phosphate grcoup 1s replaced with a
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the

sulfur atom like P=3 to make a thiophosphate greoup.
Exanmple
[014¢]
Fereinafter, the present invention is further
specifically described by Examples, however, the present
invention i1s not limited thereto. The identification of
compound was carried out by Mass spectrum, High performance
liquid chromatography mass spectrometer; LCMS, NMR spectrum,
High-performance liquid chromatography (HPLC) and the like.
for proton nuclear magnetic resonance (H-
resonance freguency
(3i1p~

10

Irn NMR spectrum,
NMR}, an apparatus with 400 MHz of
was used, and for phosphorus nuclear magnetic rescnance
NMR), an apparatus with 161.8 MHz of the resonance frequency
15 wag used. As symbols used in NMR spectrum, "s" is "singlet",
"d" is "doublet", "dd" 1s "double o¢f doublet™, "t" is
"triplet”, "td" is "double of triplet", "g" is "guartet”,
"guin" i1s "quintet", "sept" is "septet”, "m" is "multiplet”,
"br" is "broad", "brs"™ is "broad singlet", "brd" is "broad
20 douplet™, "brt" 1ls "broad triplet™, and "J" is "cougling
constant”
[0147]
A structure and abbreviaticon of each artificial nucleic
acid thereinafter, as needed, described by abbreviation!
shown in the fcllowing structural formula.
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ALNA[2Pym]
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ALNA[4Pym]

ALNA[4CF3-2Pym]

Structure and Abbreviation of each artificial nucleic acid
by ’4(? P 3. ﬁ{‘;
fordm b Ifr S s b
NH NH K NH
}f }],NH 77— \\ gr ‘}I,NH
(5 N Q b},,
Pl <- }—Nﬁ T NHR
[a i’} o b G )\ O}HN\
ALNA[Ms] ALNA[Bs] ALNA[mU] ALNA[IpUT ALNA[dmU]
o © o ,4(,;9 o =0 bnr ©
\tf \,rw }_7‘“}’,&“ \_k}rﬂ o A b i b }rNH
L L g’ RN o]
~4 i f,’ K
8 N - >;’—N
N pu

’F‘%
RE=Y

N

ALNA[6NMe2-4Pym]

b - Oy Lript . ST Ly
CN\}—N\ \‘?JN N* b ‘N}
[0148]
Synthesis of ALNA[Ms]~T
DMTrO ka DMTrO ﬁg—,o DMTIO ﬁg;o
o M 4 N
; N{_NH —_— b Y NH — ; NH
i 77' Nt & U &
5 i © TMSC N TMSO N
HC NH NH 35
1a 2Ta g%
2Th
© Fg‘ © "o ’40
s N{_NH ‘) . N _NH
S (?/ - >—-N I - 77’
£ 2 SN Q
Pt d ISU—‘
0/ 2 NCI 01 \\0
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Example 1 Synthesis of Compound 2Ta
1-1(1lR,3R,4R,78)-1-[[bis(4-methoxyphenyl} ~
phenylmethoxymethyl]-7-trimethylsilyloxy-2-oxa-5~
azabilcyclo{2.2.1llheptan-3-yl]-5-methylpyrimidin-2, 4-dione

A mixed solution of 1-[ (IR, 3R, 4R, 78)~1~[[bis {4~
methoxyphenyl) -phenylmethoxyjmethyl]~-7~hydroxy-2-cxa-5-
azablcyclo[Z.2.1lheptan-3~-yl]-5-methylpyrimidin-2, 4-dicne
{la) {(which was prepared according to the method described
in WO  2017/047816  Al) (12.35 g, 21.61  mmol) in
dichlorcmethane was added BSA (13 mL, 53.17 mmol), and the
mixture was stirred at room temperature for § hours. Thereto
were added BSA (5.2 mL, 21 mmol) and TMSOTf (200 uL, 1.0
mmcl), and the mixture was stirred again at room temperature
for 15 hours. To the reacticn sclution was added 5% sodium
bicarbenate water (50 mL), and the mixture was stirred, and
extracted with dichloromethane. The aquecus layer was mixed
with dichloromethane (631 ml), and extracted, and the
dichlorcmethane crganic layer was combined, After the
sclvent was evaporated from the organic layer, the resulting
residue Was purified Dby silica gel chromatography
(chlorcform/methanol, 10C0/0 to 98/2)) tc obtain a compound
2Ta (10.49 g, vield 75%).

MS(ESIL): m/z = €44 (M+H)~



—

1

.

5

n

126

Example 2 Synthesis of Compound ZTb
1-{ (1R, 3R, 4R, 78} ~1~{ [bis {4-methoxyphenvl) -
phenylmethexyimethyl] -S-—nethylsulfonyl-7-trimethylsilyloxy-

~ -

Z=oxa-5-azabicyclo(2.2. 1l heptan-3-yii~b~methyvipvrinidin-
Y YLPY

Tc a mixed soluticn of compound ZTa (10.19 g, 15.83
mmol] in dichloromethane (50 mL) was added DIPEA (5.4 mL, 31
mmcel), and thereto was added mesyl chloride (1.4 mL, 18 mmol)
under ice bath, and the mixture was stirred in ice bath for
1.% hours. Te the reacticn solution was added 5% sodium
bicarbeonate water (20 mlL}, and the mixture was stirred, and
extracted with dichloromethane. The agquecus layver was mixed
with dichloromethane (20 mL}, and extracted, and combinsd
and mixed with a dichloromethane organic layer. After the
solvent was evapcrated from the crganic layer, the resulting
residue was purified Dby gilica gel chromatography

(chlcroform/methancl, 100/0 te %&/2)) to cobtain a compound

o2

2Tk (6.56 g, yield 57%).

MS(ESI;: m/z = 720 (M—H)-~

Example 3 Synthesis of Compound 2Tc

1-[ (1R, 3R, 4R,78)~1~[[bis{d-methoxyphenyl) -

rphenyimethoxylmethyl

azablcyclo[Z2.2. 1 heptan-3-y1l]-5-methylpyrimidin-2, 4-dione

Te a mixed soluticn of compound 2Tb (3.02 g, 4.13 mmo
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in tetrahydrefuran (15 ml; was added TBAF (1.35 mlL, 4.58
mmol, IM tetrahydrofuran sclution) in ice bath, and the
mixture was stirred for 30 minutes. To the reaction solution
were added 10% aqueous ammonium chleride solution (20 ml)
and dichloromethane (20 mL), and the mixiure was stirred,
and extracted with dichlorcmethane. The aguecus layer was
mixed with dichlcromethane (20 ml), extracted, and the
dichloromethane organic laver was mixed. After the soclvent
was evaporated from the c¢rganic layer, the resulting residue
was vurified by silica gel chromatograpny

{chlercform/methancl, 100/0 te 98/2) to cobtain a ccmpound

2te (2.47 g, vyield 92%).

€3]

MS({ESI}: m/z = €48 (M-H)-

[0

}.u_.!
5
P2

-

Example 4 Synthesis of Compound 2Td

3-[[ (1R, 4R, €R, 75} -4-[[bis(4-methoxyphenyl)-phenyl-
methoxylmethyl]l-6-(5-methyl-2,4-dioxopyrimidin-1-yl)-2-
methylsuifonyl-5-oxa-2-azabicyclo{2.2.1]heptan-7-yljoxy-
(diiscpropylamine)phosphanvl]oxypropanenitrile (Present
compound 1)

To & solution c¢f the compound 2Tc {(2.47 g, 3.80 mmcl)

in dichloromethane (12.5 ml) were added DIPEA (2.00 mL, 12.0
mmol;, and 2-cvanoethyl N, N-
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Then theretc was added 5% agueous sodium hydrocarbonate
sclution (15 mlL) and dichleromethane (10 ml) under ice-
cocling, and the mixture was stirred at rocm temperature,
and then extracted with dichleromethane. The agqueous laver
was extracted with dichloromethane (10 ml), and ccmbined and
mixed with the dichloromethane organic layer. After the
solvent was evaporated from the mixture under reduced
pressure, the mixture was purified by silica gel
chromatography (hexane/ethyl acetate, ©0/40 to 40/60) to
obtain a compound 2Td as the present compound 1 (2.13 g,
vield €6%).

MS{(ESI): m/z = 8530 (M+H)*

v

F:P-NMR (CDCls) &: 150.30, 149.12
[0153]

Synthesis of ALNA[Ms]-mC

DMTrO DMTC - NH DMT:O - NHEZ
N O { G ;
0N N _ N

),NH ‘ )r L

\: 0 mso‘\a}H © ™SS N
HO “HH é
J‘,‘\
1a 2mCa o0
2mCh

=

DMTrO /-/“‘g,NHSz DMTO > NHBz
D A
 — -\ gf —_— : g}’
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Example 5 Synthesis of Compound 2mCc
N-[1-[{1R,3R,4R,7S}-1-[[bis(4=methoxyphenyl) -
phenylmethexyimethyl]-7-hvdrexy-5S-methylsulfonyl-2-oxa~5-
azablcycloliZ.2.l]lheptan-3-ylj-5-methyl-Z-oxc-pyrimidin-4-
yllbenzamide

To a suspension sclution of the compound la {10.33 g,
18.1 mmo L) and N-(5-methyl-2-coxe~-1H-pyrimidin-4d-yl)
benzamide (12.42 g, 54.2Z mmel) in toluene soluticn (180 ml)

was added BSA {44 mL, 180 mmel), and the mixture was stirred

=

at rocm temperature for 15 minutes. Thereto was added TMSOTE
(0.52 mL, 2.71 mmol), and the mixture was stirred at room
temperature for 2 hours. The reaction sclution was added to

I

il

b (100G mL), saturated sodiw

by

a mixed scoluticon o©

nd the mixture

m

bicarbonate water (50 ml) and water (50 mL},
was stirred for 10 minutes, and inscluble materials wers
removed through Celite (TM}. The agueous layey was removed
from the fiitrates, and the organic laver was washed with

- M

d brine (50 mL} successively. The

w

water (50 mlL) and saturat
organic layer was passed through & phase separator, and the

ted. The residue was solubilized with

£

soclvent was evapor
dichloromethane (S0 mly, and thereto were added

5.0 mi, 36.0 mmol) and methane su

ot
[t
’_;
M
.
g
e
;_l
j81]
3
IS
i
3]

anhydride (3463 mg, 19.9 mmel), and the mixture was stirred

at room temperature for 40 minutes. Theretc was added
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methane sulfonic anhydride (%44 mg, 5.42 mmel), and the

ad at room temperature for 30 minutes.

o

mixture was stirr
Thereto was added further methane sulfonic anhydride (944

mg, 5.42 mmol) and triethylamine (1.3 mi, %.06 mmel), and

h

the mixture was stirred at room temperature for 20 minutes.

The mixture was diluted with ethyl acetate (B0 mlL), and
theretc were added water (40 ml) and saturated sodium
bicarbonate water {40 mlL), and the mixture was stirred. The
aquecus layer was removed, and the crganic layer was washed
with saturated brine (30 mL), and then passed through a phase
separator, and a solvent was evaporated, and the resulting
mixture was dried under vacuum. A residue was added by THF

(90 mL) o make a solution, and theretc was added TBAF (0.1

1

M, THF sclution, 21.7 mi, 21.7 mmol) under ice-cooling, and

LAt ] fascd

the mixture was stirred under ice-cooling for 15 minutes.

-]

The mixture was diluted with ethyl acetate (%0 mL), and

-

-y

thereto were added aqueocus ammonium chloride solution (40
ml) and water (40 mlL), and the mixture was stirrad. The
layer was removed, and the organic layer was passed

aguecu

1]
n

phase ssparator, and the solvent was evaporated.

T

[+

ugh

O

The resulting residue was purified by silica gel

3

chromategraphy (chloroform/methancl, 100/0 te  895/5) to

obtaln a compound 2ZmCc (5702 mg, yields over three steps

&3
oo
e

=
€]
i
)]
bt

yrom/Sz o= 753 (M+Ht
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Example ¢ Synthesis cof Compound 2mld
N-[1-[ (1R, 3R, 4R, 78)~1~[[bis(d-methoxyphenyl)-
phenylmethoxy]lmethyl]-7-[2~cyancethoxy-

5 (diiscpropylamino)phosphanyl]oxy=5S-methylsulfonyl-2-oxa-5-
azapicyclo{Z.2.1]heptan-3-yl]-5-methyl-2~oxo-pyrimidin~4-
vlibenzamide (Present compound 2)

The compound ZmCd as the present compound 2 (6809 mg,

oa

yield 72%) was obtaired from the compound ZmCc (8089 mg,

O
1N

10 9.8% mmol) similarly to the Example
MS{APCI}: m/z = 954 (M+H)*
[015¢]

Synthesilis of ALNA[Ms]-G

ﬁ”&ﬁ ;
N LN
wa Skn © TMST “NH THMSO N‘s
20
1a 2Ga o7
2Gh
’Wllb | &*(:>
&j"&“’ e
e '
DMTIO N DMTrO A
S ; g«%f »_: N Nﬁ"’
- > >—N‘ $ H
SN p-0 N
HO Fg d e
. 7N
d‘f\é NC——/” g’'n

2Ge
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Exampie 7 Synthesis of Compound 2Ga

{at

[9-[{1R,3R,4R,73)-1-[Ibls (d~methoxyphenyl) -
phenyimethoxyjmethyl]-7-trimethylsilylicoxy-2-oxa-5-

!

2.2.1l1heptan-2-yl]-2-{2-

methylpropanoylamine)purin-6-y1liN,N-diphenylcarbamate

Te a soluticon of the compound la (5040 mg, §.817 mmol)
and a solution of [Z-({Z-methylpropanoylamino)-%H-purin-6-
y1jN,N-diphenyl carbamate (5400 mg, 12.%7 mmeol) in 1,2-
dichlorcethane (24.7 mlL) was added BSA (14.8 ml, 60.46 mmcl),
and the mixture was stirred at 64 °C for 1 hour. Successively
thereto was added TMSOTL (0.167 mi, 0.864 mmol) was added
gradually while maintaining the inner temperature at 60 °C,
and the mixture was stirred for 1 hour. After allowed To
stand to cool, the reaction sclution was added gradually to
a mixed solution of chloroform (40 mL) and saturated agueous
sodium hydrcgen carbonate solution (40 ml}, which was
prepared separately, and ths mixture was stirred. Efter
sucticon filtering inscluble materials coff, the filtrates
were extracted with ethyl acetate (50 mL). The organic layer
was washed with saturated brine (50 mL), and then dried over
sodium sulfate. Successively, after the filtrates wers
evaporated under reduced pressure, the resulting residue was

purified by silica gel chreomatocgraphy {(chloroform/methancl,

ald 78

[

iJ.

100/0 te 97/3) to obtain a compound 2CGa (6350 mg, v ).
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MS(ESI): m/z = 8935 (M+H;~

o

(0158}

Example 8 Synthesis of Compound 2Gb

~J
Uz

[8-[ {1IR, 3R, 4%, J-1-{ibis (4-methoxyphenyl) -

pheny methoxyimethyl]-S-methylsulfonyl-7-trimethylsilyioxy-
2-oxa~5~azabicyclo[2.2. 1 heptan~-3-y1]-2-(2~
methylpropancylamine)purin-6-yl N, N~diphenylcarbamate

Tec a solution of the compound 2Ga (2370 mg, 2.537 mmol)
in dichleoromethane (24.9 mL} was added triethylamine (0.692
mL, 4.984 wmmol), and the mixture was stirred at room
temperature for 5 minutes. Successively, tThereto was added
methanesulfonyl chloride (0,193 mL, 2.488 mmol) under ice-
cooling, and the mixture was stirred for 1 hour. To the
reaction scolution were added methvlene chleoride (30 mL) and'
saturated agueous sodium hydrcgen carbonate solution {30 mL)
under ice-cooling, and the mixture was separated with a
separatory funnel. The organic layer was washed with
saturated brine (30 ml), and then dried over scodium sulfate.
Successively, after the filtrates were evaporated under
recduced pressure, the resulting mixturse was purified by
silica gel chromatography (hexane/ethyl acetate, 67/33 to

50/50) to obtain a compound 2Go (2210 mg, vield 88%).

MS(ESI): m/z = 10
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[9-[{(1R,3R,4R,73)-1-[[bis(4-methoxyphenyl) -

/1'}

phenylmethoxy)methyl]~7~hydroxy-5-methylsulfonyl-2-oxa-
azabicyclo{Z2.Z2.1lheptan-3-y1]-2-{2-
ethylpropancylamine)purin~6~yi]N,N-diphenylcarbamate

To a sclution of the compound 2Gb (2200 mg, 2.173 mmol);
in THEE (11 mL; was added TBAF (2.4 mL, 3.407 mmol) under
ice-coecling, and the mixture was stirred at room temperature
for 5 hours. To the reacticon solution were added ethyl
acetate {30 mL) and agueous ammonium chloride solution (30
ml) under ice-cooling, and the mixture was filtered and
separated with a separatory funnel. The organic layer was
washed with saturated brine (30 mlL), and then dried over
sodlium sulfate. Sugcessively, after the filtrates were
evapcrated under reduced pressure, the resulting residue was
purified by silica gel chromatography (hexane/ethyl acetate,
60/40 to 50/50). In order to remove raw materials, the
mixture was purified again by silica gel chromatography
(chlorcform/methancol, 100/0 to 97/3) to obtain a compound

vl

2Gc (1070 mg, vyield 52%).

MS{ESI): m/z = 941 (M+H)~
[0le0]
Example 10 Synthesis of Compound 2Gd

iy

F9-[ (1R, 3R, 4R, 73} -1-[[pis (4d-methoxyphenyl) -phenyl-
methoxyimethyl]~T7~[2-cyanoethoxy-

(diiscpreopylamino)phosphanyl]oxy~S-methylsulfonyl-2-oxa-5-
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azabicycle[Z2.2.lJheptan~3-yl]-2-(2-
methylpropancoylamine)purin~6~y1lIN, N-diphenylcarbamate
{Present compound 3)

To & solution of the compound 2Gc {1070 mg, 1.13% mmol;
in dichloromethane (5.690 mL) were added DIPEA (0.590 mg,
3.407 mmcl) and 2-cyancethyl N,N-diisopropylchlore
pnosphoramidite (0.310 mL, 2.282 mmol) under ice~cooling,
and the mixture was stirred at room temperature for 22 hours.
Te the reaction sclution were added dichloromethane (20 mL)
and saturated sodium kicarbonate water (20 ml) under ice-
cocoling, and the mixture was separated with a separatory
funnel. The aqueocus layer was removed, and the organic layer

was passed through a phase separator. After the filtrates

o3

were under reduced pressure, the resulting

)]

vaporate

residu

1)

was purified by silica gel chromatography
(hexane/ethyl acetate, 50/50 to 40/60) to obtain a compound
2Gd as the present compound 3 (548 mg, vield 42%).

MS(ESI): m/z = 1141 (M+H;*
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[01le2]
Example 11 Synthesis of Compound ZAc

N-{9-[ (1R, 3R, 4R, 75} ~1~{Ibis{d-methoxyphenyl) -

5 phenyimethoxy|methyl]-7-hydroxy~5-methylsulfonyl-2-oxa-5-

azablcycle{2.2.1l]lheptan-3-yll-purin-é-vyllbenzamide
To a suspension of the compound la (10.0 g, 17.6 mmcl)

and N-(8H-purin-é-yl)benzamide (5.04 g, 21.1 mmol)
toluene (176 mlL) was added dropwise BSA (30 mlL, 123 mmol),

1C and the mixture was warmed to &0 °Z, and stirred for
minutes. Thereto was added TM30TEf (1.03 mL, 5.34 mmol) a
the mixture was stirred at 60 °C for 15 minutes. The react:
solution was added to the mixture scluticon of IPE {100 mL:
and saturated sodium bicarkbonate water (120 ml! while

15 stirring under lce-ccoling, and tThe mixture was stirred fo
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the filtered residue was washed with Et:0 (20 mlL) twice, the
filtrates were separated with a separatory funnel, and washed
with saturated brirne (50 mL). After the mixture was passed
through a phase separator, the mixture was concentrated under

The residue was solubilized with

1

reduced pressur

]

dichlorcmethane (24.9% mL), and thereto were added pyridine
{(4.57 mL, 56.5 mmol) and methane sulfcnic anhydride (3614
mg, 20.75 mmol), and the mixture was stirred at room
temperature for 30 minutes. Theretc were added saturated
aguecus scdium hydregen carbonate solution (50 mL) and water
(50 mL), and the mixture was stirred, and separated with a
separatory funnel. After the crganic layer was washed with
saturated brine (50 mL), the mixture was passed through a
phase separator, and the solvent was evaporated under reduced
pressure. The residue was added by THF (88 =L} to make a
scluticn, and thereto was added TBAF (LM THF soluticn, 21.1

mL, 21.1 mmol) under ice-cocling, and the mixture was stirred

under ice-cocling for 30 minutes. The mixture was diluted
with ethyl acetate (80 ml), and thereto were added agueous
ammonium chloride sclution (50 ml) and water (50 ml), and
the mixture was stirred at room temperature, he mixture

was separated with & separatory funnel, and the organic laver

3]
[

was washed with saturated brin {50 mL), and then passed

=

or, and the sclvent was eva

o
O
I}
]
ot
B
(O3

oF

&

through & phase sepa

e  resulting residue was purified by silica gel
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chromatography (chloroform/methancl, 100/0 te S3/5) to
compound Z2Ac (10.6 g, yields over three steps 73%).
MS(ESI}: m/z = 763 (M+H)*
(01631
Example 12 Synthesis of Compound 2Ad
N-{9-[{1R, 3R, 4R, 78} ~1l=[[bis(d-methoxyphenyl) -
phenylmethoxylmethyl]-7-[2-cyancethoxy=~
(diisoproeopylamino)phosphanyljoxy-5-methylsulfonyl-2-oxa-5-
azakicyclo[2.2.1]lheptan-3-vyvi]l-purin-é-viibenzamide (Present
compound 4)

Tc a solution of the compound ZAc {5.60 mg, 7.01 mmol)
in dichleromethane (40 ml) were added DIPEA (4.8 mL, 28.0
mmol) and Z-cyanocethyl N,N-diisopropylchloro phosphoramidite
(4.7 mL, 21.0 mmel) in ice-cocling, and the mixture was
stirred at room temperature for 4 hours. Thereto was added
ethanol (1.2 mL, 21.0 mmecl) under ice-ccoling, and the
mixture was stirred at rcom temperature for 5 minutes. The
mixture was placed again under ice-cooling, and thereto were
added saturated sodlium bicarbonate water (20 ml), and

urated brine (20 ml), arnd the mixture was stirred, and
!

ot

Sa
the organic laver was passed through a phase separator.

After the filtrates were evaporated under reduced pressure,
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Synthesis of ALNAIBs}-T

ONITIO BMTrO fﬂ(F; PMTrO o Fﬁ(?zc

h,&ﬂ 3

; b,Nﬁ
:\ “\ _ - \ .. Q
AN TMSO
™SO
K émph SmPh
AN 22N
2Ta oo o0
ITh ITc
DMTAO
— ) jk;gr‘ h’NH
P d\'
~Ph
N,;_,/' o
- 3Td
[0165
Example 13 Synthesis of Compound 37Tb
1-[ (1R, 3R, 4R, 78} -5~ ({benzenesulfonyl)-1-{[bis (4~
methoxyphenyl) -phenylmethoxy]lmethyl]-7-trimethylsiliyioxy-2-
16 oxa-b-azablcyclo{Z.2.1l]lheptan~3-yl]-5-methyl-pyrimidin-2,4-

A compound ZTa (1.00 g, 1.56 mmol) was azeotroped with

cluene. To the residue we added dichliorcmethane (5 mL)

sclution was cooled

i A
[83]
i1
O
i
8]
i_J
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=
3
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under ice-ceoling, and thereto was added benzensufonyl
chleoride (0.21 mb, 1.6 mmel, and the mixture was stirrad
under ice-cooling for 4 hours. To the reaction solution was

added 5% potassium carbonate sclutien {2C¢ mL), and the

E,.h

mixture was stirred, and extracted with dichloromethane (5
ml) . The aguecus layer was mixed with dichloromethane {5
mL), extracted, and the extracts were combined and mixed
with the dichloromethane organic layer. After the solvent
was evapcerated from the organic laver, the resulting residue
was purified by silica gel chromatography (hexans/ethyl

acetate, 40/60 tc 20/80) to obtain a compound 3Th (0.78 g,

—

d 64%).

vie

MS(ESI): m/iz = 782 (M-H)-

1

{4

[01l6¢
Example 14 Synthesis of Compcund 3Tc

1-[ (1R, 3R, 4R, 7S) -5~ {benzenasulfonyl)-1-{[bis(4-
methoxyphenyl) -phenylmethoxy methyl]~-7-hydroxy-2-cxa-5-
azablcyclo[Z.2.1]heptan~3~yl]-5S-methylpyrimidin-2,4-dione

A compound 3Tc (0.59 g, yield 84%) was synthesized from

the compouna 3Th (0.78 g, 0.89 mmol) similarly to the Example

MS(ESI): m/z = 710 (M-H)~

[0la7]
Example 15 Synthesis of Compound 37d
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methoxyphenyl) -phenylmethoxy]methyli-3- (5~methyl-2,4-dicxo-
pyrimidin-1-yl;-Z-~oxa-5-azabicyclo[2.2.1]heptan-T7~-yl]loxy~-

(diisopronylamine) phosphanylloxypropanenitrile (Present

9]

compound 5]

By

the compound 3Tc (599 mg, 0.765 mmol)

}—...J

To & solution o
in acetonitrile (3 mlL) were added diiscpropylammonium
tetrazolide (171 mg, 0.9%6 mmel), 2-Cyancethyl N,N,N',N'-
Tetralscpropylphosphordiamidite (0.26 mL, 1.1 mmcl), and the
mixture was stirred at room temperature for 19 hours. Tc
the reaction sclution were added ethyl acetate (10 mL) and
water (5 ml), and after the mixture was stirred, the agueous
layer was separated. To the agueous layer was added ethyl
acetate (10 mL), and after the mixture was mixed, the organic
layer was separated. The crganic laver was combined and
mixed with above ocrganic layer, and the mixture was

concentrated at 40 °C under reduced pressure. The resulting

i3
[te]
4
E —_
O
hn
]
O
=
83
jut
0]
]
4
1))
?‘U
iy
B

residue was purified by gillic
(hexane/ethyl acetate, 67/33 to 10/90) to obtain a compound

3T7d as the present compound 5 (0.€65 g, leld B6%x).
g
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{p-no N\
O S—Ph
N{:I C{“
3mCd
[Cle9]
Example 18 Synthesis of Compound 3Cb

N-[1-[(1R,3R,4R,75)-5-(benzenesulfonyl)-1-[[bis{4-
methoxyphenyl) -phenylmethoxyimethyl]-7-trimethylsilyloxy-2-
oxa-S~azablcyclo[Z2.2.1]heptan-3-y1l]l-5-methyl-2-oxo-
pyrimidin-4-ylibenzamide

A compound 3mCh (0.85 g, yileld 71%) was synthesized
from the compound 1b (1.00 g, 1.34 mmcl) which weas

synthesized according tco the method described in WO

2017/04781¢ A1 similarly to the Example 13.

MS{ESI): m/z = 887 (M+H)"

[017¢:

Example 17 Synthesis of Compound 3mCh

N-{1-T{LlR, 3R, 4R, 73} -~ (benzenesulfonyl)-1-{[bis(4-
methoxyphenyl) -phenyimethoxymethyl]l-7-hydroxy-2-oxa-5-

azablcyclol[Z.2.llheptan-3-yl]l-5-methyl-2-oxo-pyrimidin-4-~
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yl]lbenzamide

A compcund 3mCc (0.78 g, yield 99%%) was synthesized
from the compound 3mCh (0.85 g, 0.96 mmol) similarly to the
Example 14.

MS{ESI): m/z = 813 (M+H)~

Example 12 Synthesis cf Compound 3mCd
N-[1-[{1R, 3R, 4R,78)-5-(benzenasulfonyl)-1-[{bis (4-

j-7-

gy

Z-cyanocethoxy-

Fot

methoxyphenyl) -phenylmethoxy]lmethy

|-

{diisopropylamino)phosphanyl)oxy-2~oxa-5-
azabicyclo{Z.2.1l]lheptan-3-y1l]-5-methyl-2~0oxo-pyrimidin-4~-

vl]benzamide (Presant compound &)

(&

A compound 3mCd (0.53 g, ield 55%) as the present
compound & was synthesized from the compound 3mCc (0.78 g,
0.8% mmol) similarly to the Example 15.

SIy: m/z =1015 (M+H)"

=1

MS (

SIP-NMR (CDClz) &: 149.94, 149.34

YNH o N — ; ) ek
- SN2 O >‘ﬁ‘ \\ : O
NGO HO "N p~-0 N
HO "NH }—NH d
MH
1a O \ NC"/—_ e} \
4Tc 4Td
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Examplie 19 Synthesis of Compound 4Tc

(1R, 3R, 4R, 735} ~1-{{bis(4d-methoxyphenyl; -

phenylmethoxylmeth ~7-hydroxy-N-methyl-3-(5-methyl-2,4-
dicxopyrimidin-l-yl;-2~oxa-5-azablicyclo[2.2.11heptane-5-
carboxamides

A compound 1a (1.20 g, 2.10 mmol) was azectroped with

toluene, and to the mixture solution of the residue in
tetranydrofuran (6 mL) was added N,N-diiscpropylethylamine
(J.61 mL, 3.5 mmol;, and therstc was added a sclution of N-

) in

F

methylcarbamoyl chioride (0.20 oy 2.2 ifthide!
tetrahydrofuran (1 ml) 1in ice bath, and the mixture was
stirred for 3 hours in ice bath. To the reaction sclution

oy
§

r {20 mi} and ethyl

A

were added 5§ sodium bilcarbeonate wat

4]

b

acetate (10 ml), and the mixture was stirred, and the mixture
was extracted with ethyl acetate. The agueous layer (10 mL)
was extracted with ethyl zcetate (10 mlL) <twice, and the
extracts were combined and mixed with the organic layer.
After the scolvent was evapcrated from the organic layer, the

H
D
mn
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L, 100/0 to 97/3) to obtain a cempound

Example 20 Synthe

B]
j]
4]
f_E
)]

of Compeound 4Td
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(1R, 3R, 4R, 78)-1-[[bis(4~methcxyphenyl] -
phenylmethoxyjmethyl]-7-[Z-cyancethoxy-
(diisopropylamino)phosphanylfoxy—N—methyl~3—(5—methyl~2,é—
lexopyrimidin-l-yl)-2-oxa-5-azabicycle{2.2.1)heptane-5-
carboxamide (Present compound 7)

A compound 4Td (0.326 g, yield 37%) as the present
compound 7 was synthesized frem the ceompound 47Tc (1.16 g,
1.8 mmel) similarly to the Example 15.

MS(ESI): m/z = BZB(M-H)-

SIP-NMR (CDCls) &: 149.31, 147.44

DMTIO
DMTrO - O BMTrG o -
NH S N/ e i bﬂﬁ
A 7‘f g 77,.!4 {
S NS IS
HO 'NH EANGE: 0 HO N
HO “NH "
1a o \
4mCa
4mCh
DMTrO &msz DMTrO A v
— Oy X
AN 8 >_N O O
HO Ij}_ p-0 N
NH o} NH
¢\ ne— d>m*\
4mCe 4meCd
F017¢]
Example 21 Synthesis of Compound 4mCa

d-amino-1-{ (1R, 3K, 4R, 7

1
#9]

)-i-[[bis{d-methoxyphenyl) -



(S

A
(82

foud

T-hydroxy-2-oxa-5-

(

phenvimethexy]methyl]
azapicyclo[2.2.1]heptan-3-yl]-5-methyl-pyrimidin-2~one
'c a mixed solution of the compound 1 (105.0 g, 184
S-methylcytosine (69.0 g, 551 mmol) and 1,2-
was added dropwise BSA (584 mlL, 2390
°C, and

mmoly,
I (918 mL)
The mixturs was warmed to &0

inner temperaturse was

an
therete was added TMSOTL

mmol) over 18 minutes.
Afterx
(s3]

20 minutes
LN

for
cooling,
the mixture was warmed to 60

stirred
the reaction

led to
and
40 minutes,

and thereto was added
525 mL).

5.2 mmol),
was stirred

=
LCr

mixture
ice-ceoling,

(

10
(1050 mL)

Lon was cocl
aqueous sodium hydrocarbonate sclution
and agueous
After the resulting

dropwlse 5% [
added chloroform

thereto were

(525 miy.

solution

Next,
the filtered residue

sodium chloride
residue 1

filtered

slurry was
chloroform )
] were added ethyl

through Celit
‘ i in a

12%

acetate

=
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e
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lt—*

were washed with

=
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hed with water
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separatory funnel,
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were combined, and washed with water 1050 mL twice. The
resulting c¢rganic layer was concentrated under reduced

gy . Thereto

[

pressure to obtain pale vellow solids (125,

was added THE (550 ml), and the mixfture was stirred, and
thereto was added 1M TBAF/THF sclution (276 mL, 276 mmol).
After the mixture was stirred at room temperature for 3 hours,

T

and

3

-
-

the reaction scluticn was quenched with water (550
thereto was added chioroform (550 mL), and the mixture was
separated with a separatory funnel. The agueous layer was
extracted with chloroform (275 mlL) again, and the organic
layers were combined. The organic layer was washed with
water, anrd then concentrated under reduced pressure, The
resulting residue was purified by silica gel chromatograghy
(chlorcfcrm/methanol, 20/1 to 4/1) to obtain a compound 4mCa
{(69.€2 g, vieid 62%).

MSE(ESTI): m/z = B93 (M+Na)*

(01771

Example 22 Synthesis of Compound 4mChb

(1R, 3K, 4R, 78) ~3- (4-amino-S-methyl-Z-oxo-pyrimidin-1-yi;-1-
[[bis(4-methoxyphenyl) -phenylmethoxyimethyl]-7-hydroxy-N-

—azabicycle[2.Z.1heptane-S~carboxami
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chloride (0.17 g, 1.8 mmol) in tetrahydrofuran {1 ml) under
ice-cocling, and the mixture was stirred for 3 hours in ice

ution were added tap water (15 mL),

p—

ath. To the reaction so

"

ethy! acetate (1 mL) and chlorcform {15 mL), and the mixture

[

was stirred, and extracted with organic solvent. The agqusous
layer was extracted with chlorcform (5 mlL), and the organic
layers were combined and mixed. The crganic laver was dried

over magnesium sulfate, and the solids were filtered. The

i

solvents were evaporated from the filtrates to obtain a
compound 4mCh (1.18 g, vield guant.}. The residus was used
to a next reaction without purification.

MS(ESI): m/z = €27 {(M-H)~

[0178]

Example 23 Synthesis c¢f Compound 4mCc

[T

(1R, 3R, 4R, 78) -3~ {4~benzamide-S-methyl-2-oxc-pyrimidin-1-

yl)-1-[{[bis(4-methoxyphenyl)-phenylmethoxyimethyl] -7~
hydroxy-N-methyl-Z-oxa-5-azabicyclo[Z.2.1]lheptane-5-

carboxamide

The compound 4mCh (1.18 g) was azeotroped with to

and to a mixture solution of the residue in tetrahydrofuran
{5 mL) were added benzolc anhydride (0.51 g, 2.27 mmol) and

methancol (0.0l mL, 0.25 mmcl) at room temperature, and th
mixture was stirred at 70 °C as a temperature of outer bath
for 4 hours. Theretc were added 5% sodlum bicarbonate water

(10 mi) and ethyl acetate (10 mlj, and the mixturse was
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stirred, and extracted with organic solvent(s). The aquecus

N

layer was extracted with ethvl ace

b
w3
o3
ot
3
{3

ate {15 ml]

ot

crganic layers were combined and mixed. After the solvent
was evaporated from the crganic layer, the resulting residus
was purifisd by silica gel chromatography
(chlorofeorm/methanol, 100/0C to 87/3) to cbtain a compound
dmCc (0.99 g, yield 77 %).

MS(ESI): m/z = 731 (M-H)~

Example 24 Synthesis of Compound 4mCd

(1R, 3R, 4R, 78) -3~ (4~benzamide->-methyl-2-oxo-pyrimidin~1-
v1)-1-[[bis{4-methcxyphenyl)-phenylmethoxy]lmethyl]-7-{2-
cyanoethoxy- (diisopropylamino) phosphanyl]oxy-N-mathyl-2-
oxa-b-azablceyelo[2.2.ljheptane-S~carboexamide {Present

compound &)

o

A compound 4mCd (0.%6 g, vieid 7 ) as the present

compound 8 was synthesized from the compound 4mCc (0.98 g,

1.34 mmol) similarly to the Example 15.
MS(ESI): m/z = 933 (M+H;~

Synthesis of ALNA[mU]-G
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)rNH
I N
SN o <
HO “NH s H N
. TMST “NH TMSO N
a NH
4Ga o \
4Gh
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N

...‘ \ >—‘N \“ N
HO K O,P‘d N
NH
NH
o \ NC—/‘ O AN
4G+
4Ge
[0181]
Example 25 Synthesis of Compound 4Ga

7

[9-[ (1R, 3R, 4R, 73)~1~{ [bis(4d-methoxyphenyl) -

€3]

phenylmethoxy]lmethyl]-7-trimethylsilyioxy-2-oxa-5-
azablcyclo{z.Z.l]lheptan-3-yl]-2-(2-
methylpropancylaminoe)purin-6-yl]N,N~-diphenylcarbamate

To a suspensiocon of the compound la |

(WYl
[
LN

g, 53.4 mmol)
and [Z2-(Z-methylpropancylamino) -SH-purin-€-y1]N, N-
diphenylcarbamate (26.7 g, 64.1 mmol) in toluene (267 ml)

was added dropwise BSA (31 mi, 372 mmol) over about 20
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on

and the mixture was stirred at 0 °C for additicnal 1

minutes. Thereto was added TMSO0TE (1.032 mL, 5.34 mmcl) and

@ o
crion

C for 20 minutes. The ¢

m
3]

the mixture was stirred at &0
solution was added to a mixture scluticen of IPE |

saturated sodium bicarbonate water (30 ml;) and water (50 ml)

[N

while stirring under ice-cooling, and the mixture was stirred

for 2z hours, and inscluble materizls were filtered off.

After the residue was washed with Et:0 (20 mi) twice, the

filtrate were separated with a separatory funnel, and the

1

organic layer was washed with water (50 ml) and saturated
brine (50 ml) successively. The mixture was passed through
a phase separatocr, concentrated under reduced pressure, and

dried under wvacuum to Compound 4Ga as crude product (48.67

3

g

M3 (ESL): m/z = 954 (M+H)~*

(o182}

Example 26 Syvnthesis of Compound 4Gc

[9-[{1R, 3R, 4R,7S)-1-{[bis{4~methoxyphenyl}-phenyl-

mathoxylmethyl]-7-hydroxy-N-methyi-2-cxa-5~

metnhyvlpropanoyvlamine)purin-6-y1]N,N~diphenyicarbamate

The compound 4Ga {17.4 g, 18.¢ mmcl) was sclubl

THE (100 ml), and thereto were added DIPEA (4.87 mL, 28.0

O
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under lce-cooling, and the mizxture was stirred for 30 minutes.
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Thereto were added saturated sodium bicarbenate water (100

mL) and ethyl acetate (100 mL) successively, and the mixture

was stirred at rocm temperature for & minutes. Alter the
miture was separated with a separatory funnel, the organic

layer was washed with water (50 mlL) and saturated brine (50
mL) successively, and the mixture was passed through a phase
separator, and the solvent was evaporated, and dried under

vacuum. The residue was added by THFE (90 ml) to make a

solution, and thereto was added TBAF (1M THF sciution, 4.54
mL, 4.54 mmol) under ice-cooling, and the mixture was stirred
under ice-cooliing for 20 minutes. The mixture was diluted
with ethyl acetate (100 mi), and thereto were added agueous
ammonium chleoride sclution (50 mlL) and water (50 ml), and
the mixture was stirred at room temperature for 5 minutes.

The mixture was separated with a separatory funnel, and the
organlc layer was passed through a phase separator and the
solvents were evaporated. The resulting residue was purified
by silica gel chromatography (chlercform/methancl, 100/0 to

95/5) to cobtain a compound 4Gc (9030 mg, yields over three

steps 24%;).



phenylmethoxy]methyl]-7-[Z-cvancethoxy=-
dilscpropylamine)phosphanyl]oxy-5-{(methyicarbamoyl) ~2-oxa-
DIOL E £ 3 YV

-2-(Z

[
E\

S~azabicyclceid.Z2.llheptan-3-yi
methylorepanoylamino)purin=~&-yl N, N-diphenylcarkamate
5 {Present compound 9
A compound 4Dc as the present compeound 9 (8700 mg, yield
79%) was synthesized from the compound 4Gc (2020 mg, 9.82
mmel) similarly to the Example 12.

MS(ESI): m/z = 1167 (M+H)*

Synthesis of ALNA[mU]-A

NHBz DMTrO
£
omTroy %g;o DMITCO ("IL U
g — [T —
~ *
LENE 0o N TMSO Fi
HO "NH TMSS “NH PNH
1a o) 5\
4Aa 4Ab
o Bz NHEBz
DMTrO ¢ ["ji DMTrO o S
— N o
N —_— <
:\; >_‘N‘ \.'(\\
Ho: N P"‘d N
NH
0’%\ ncj 15 HEAY
48 44d

NHB:
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N-TO-[(1R,3R,4R,75)~1-[[bis{4d-methoxyphenyl) -
phenylmethexylmethyli~7-trimethylsilyloxy-2-~oxa-5-

azaplcyclolZ.2.1lheptan-3-ylipurin~é~-yllbenzamide

To a suspension of the compeound la (30.0 g, 52.5 mmol)
and N-(9H-purin-6-yl}benzamide (15.0 g, 52.7 mmel) in

toluens (500 mL) was added dropwise BSA (90 mlL, 2368 mmol),
and the mixture was warmed to B0 °C, and stirrad for 20
minutes. Thereto was addsd TM3OTE (1.0 mL, 5.17 mmol) under
ice-cooling, and the mixture was stirred at €0 °C for 20

minutes. To a mixed sclution of IPE (200 mi) and saturated

scdium pilcarbonate water (200 ml) was added the reaction
sclution under ice-cooling while stirring, and the mixture
was stirred for 20 minutes, and inscluble materials were

filtered off. After the residues were washed with Et:0 (40

Fy

ml) twice, the filtrates were separated with a separatory

3 a

funnel, and washed with saturated brine. After the organic

layer was dried over sodium sulfate, insoluble materials

{1

b

filtered off, and the filtrates were concentrated under

W

wer

reduced pressure, and dried under vacuum to obiain a compound

42a as a crude product {40.5 g;.

MS(ESI): m/z = 757 (M+H)~
[C1lBe]

Example 29 Synthesis of Compound 4Ab

(1R, 3R, 4R, 75) -3~ (6-benzamidepurin-9~yi)~1[[bis {4-

methoxyphenyl) —phenyvlmethoxy methyli-N-methyl-7-

S
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trimetihylsilyloxy-Z-oxa-5-azabicyclo[2.2.1]heptane~5-
carboxamide

The crude product 4Ra (3.20 g) was sclubilized by THF
{87 ml), and theretc were added DIPER (3.00 mlL, 17.2 mmol),
and N-methyi carbameyl chloride (370 mg, 10.4 mmol)
successively at room temperature, and the mixture was stirred
for 30 minutes. Thereto were added ethyl acetate (100 ml),

saturated sodium bilcarbonate water (50 mL) and water (50 mL;,

d

W

and the mixture was separated with a separatory funnel,
the crganic layer was then washed with saturated brine (50
ml), and passed through a ghase separator and the solvents

were evaporated, and dried under vacuum to chtain a crude

product 43ab (8.70 g).

MS(EST): m/z = 813 (M-H)-
[0187]
Example 3C Synthesis of Compound 4Ac

(1R, 3R, 4R, 753} -3~ {G~benzamidepurin-9-yli~1i{ [bisid~-
methoxyphenyl)phenylmethoxylmethyl]~T-hydroxy-N-methyl-2-

oxa-b-azablcyclo[Z.2.1]heptane-5-carboxamide

The c¢rude product 4Ab (8.00 g) was added by THF (100
mlL} to make a sclution, and theretc was added TRED (1M THF
solution, 5.C0C mL, %.00 mmel) under ice-coocling, and the
mixture was stirred under ice-cocling for 1 hour. The
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water (30 ml), and the mixture was stirred at room
temperaturea. The mixture was separated with a separatory

funnel, the organic layer was washed with saturated brine

, and the

hel

b

(50 miL), zand passed through a phase sseparator

z
b

sclvents were evaporated. The resulting residue was purified
by silica gel chromatography {(chlorofcrm/methancl, 100/0 o

87/3) to obtain a compound 4Ac (6100 mg, vields over three

34

o
—
.

ste

g
0]

Example 31 Synthesis of Compound 4Ad

=

{1R, 3R, 4R, 78} -3~ {0o-benzamidepurin-%-v1)-1-{ibis /|
methoxyphenyl)phenylmethoxylmethyl]-7-[2-cyancethoxy-
{diisopropylaminc)phocsphanyl]oxy~N-methyl-2-oxa-5-
azablcycic[Z.2. 1 heptane~S~carboxamide (Present  compound
10)

A compcound 4Ad as the present compound 10 (3830 mg,

ield 48%) was obtained from the compound 4Ac (6100 m 8.20
gdr

mmol] similarly to the Example 12.
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Example 32 Synthesis of Compcound 5Tc

(1%, 3R, 4R, 73)-1-[ [bis (4-methoxyphenyl} -
phenylmethoxyimethyl]-7-hydroxy-N-iscpropyl-3-{(5-methyl-
Z,4-dioxopyrimidin-l-yl)-2-oxa-5-azabicyclo{2.2.1)heptane—

S-carboxamide

a1l

To a scluticn of the compound la (1500 mg, 2.624 mmol}
in dichleromethane (26 mL) was added 2-isccyanato-propane
(0.27 mL, 2.7 mmel) under ice=~cocling, and the mixture was
stirred at room temperature for 1 hour. Thereto were added
a mixed sciuvtion of ethyl acetate (10 ml) and saturated
bicarbonate solution (20 mL), and the mixture was separated

with a separatory funnel, and the agueous layer was then
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crganic layesr was dried over anhydrous sodium sulfate, and
filtered, and the sclvents were then evapcrated. The mixture

was purified by silica gel chromatography (hexane/ethyl

I}

0 to C/1CC) to obtain a compeund 5S5tc (1304 mg,

ol
9
[¢)]
t
Qi
ot
€]
n
(@]
N
&3]
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Example 33 Synthesis of Compound 5Td
5 (IR, 3R, 4R, 73)-1~-[[bis(d-methoxyphenyl) -

phenylmethoxylmethyl]-7-[2~cyancethoxy~
(diisopropylamino)phospghanyl]oxy-N-iscpropyl-3-(5-methyl-

2,4-dicxo-pyrimidin-1-yl)-2~coxa-5S-azabicyclo[2.2.]1hentane~

o]

S-carboxamide (Present compound 11

10 A ¢ ocund >td as

O
o

m

ct

he present compcund 11 (1272.9% mg,
vield 52%) was obtained from the compound 5Tc (2020 mg, 2.85

mmol) similarly to the Example ¢

MS(ESI): m/z = 855 (M-H)~
[01382]
15 Synthesis of ALNA[ipU]-mC

DMTrO DMT:O
DMTrO NHBz N NHBz
=\, NHBz c gg O N !
N/ §”ﬂ
;

: N
b — W

M NH d NH
1c © )“‘ &C“/- G}q

SmCc mCd
[0133]
Exampls 34 Synthesis of Compound 5mCc
{IR, 3R, 4R, 73} -3-(4-benzamide-5~methyl-2-oxo-pyrimidin-1-

20 yi)~il-[[bis{d-methoxyphenyl)phenylmethoxylmethyl]~7-



L

10

carbexamide

[
[
N
0

A compound bSmCc {1 mg, yield 93%) was chtained from

—

the compound lc (1300 mg, 1.657 mmel) which was synthesized

according to the method described in WC 2017/047816 AL,

)

MS{ESI): m/z = 761 (M+H)~

Example 35 Synthesls ¢f Compound 5mCd

(IR, 3R,4R,78)-3- (4-benzamide~-S5~methyl-2-oxoc-pyrimidin-1-

~

(d-methoxyphenyl) -phenylmethoxy]methyl] -7~ [2-

"y

Uy

yi)=1-[[bi
cyanoethoxy- (dilsopropylaminc)phosphanylloxy-N-iscpropyl-2-
cxa-b-azabicvclelZ.2. llheptane-5-carboxamide {Present
compound 12)

A compound SmCd as the present compound 12 (1002.8 ng,
yileld 75%) was cbtalned from the compound 3mCc (1168 mg,

1.137 mmel) similarly to the Example 4.

MS(ESI): m/z = 961 (M+H)”

Synthesis of ALNA[ipU]-C

Q.0 @0 e
N O N (8]
/N { DMTIO <’ f N DMTrO ¢ ; N
e STy — Yo }ybl’l ]
L HO K ?—d\ﬁ

;fhji” Nc_/wo d>‘€;m
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Example 36 Synthesis ¢f Compound 5Gc
N~[9~[ (1R, 3R, 4R, 75} -1~[[bis(4-methoxyphenyl) -
phenylmethoxylmethyl] -7T-hydroxy-5-(iscpropylicarbamoyl) -2~
oxa-S-azablcyclo[2.2.1l]heptan-3-yl]1-2-(2-
nethylpropanoylamino)purin-€-y1l]N,N-diphenylcarbanate

To a solution of the compound ld which was synthesized
according to the method described in Working examples of WO
2017/047816 Al (2.42 g, Z.81 mmol) in dichleoromethans (28
mL) was added isopropyl iscocyanate (0.31 mi, 3.0% mmol) under
ice~cocling, and the mixture was stiirred at room temperature
for three hours. Te the reactilon solution was added
saturated sodium bicarbonate water, and the mixture was
stirred, passed through a phase separator, and the solvents
were then evapcrated. The residue was purified by silica

gel chromatography (hexane/ethyl acetate, 50/50 to 20/80) to

obtain a compound 5Gc (1.41 g, yield 53%).
MS(ESI): m/z = 94& (M+H)~

[0197]

Exampie 37 Synthesis of Compound 5Gd

[9=-[ (IR, 3R, 4R, 73)~1-[[cisi{d-methoxyphenyl) -

phenylmethoxymetnyl]-7-[Z~cyanoethoxy-

~

{diisoprepylamino)phosphanylloxy-3-{iscpropylcarbamoyl) -2~
-~ !

oxa-S~azablcyciol2.2.llheptan-23-yil]j-2-(2-

in-6-y1l]N,N-diphenylcarbamate

=
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o
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L_J
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(Present compound 13)

A compound 5Gd as the present compound 13 (1.20 g, yield

70%) was obtained from the compound 5Gc (1.41 g, 1.49 mmol)
similarly o the Example 4.
5 MS(ESI): m/z = 1148 (M+H)*
SLP-NMR (CDClzy &: 149.42, 149.3%
[g198]
Synthesis of ALNA[ipU]-A
NHBz
HBz DMTrO (’N N
N r 1
BMTIO
™Yo /44);0 DMTO ¢ TN o N =/
) N}fNH . o N2 — R
g ot : RO
N U TMSO N
TMSO N JNH
1a G )ph
S5Aa 8Ab
NHEBz KHBz
N N
DMTO (; ;\j DMTro 5 ¢
ol N -
— kv K7
R o I
N >"N\ \:\‘.
HO N O,"'"'Q "j)_
NH NH
d>m> Nc~/r‘ o ;pu
5Ac 5Ad
10 [C1595
Example 38 Synthesis of Compound SAg
{1R, 3R, 4R, 78 -3-(6-benzamidepurin-5%-y1)-1-{{bis (4-
hyll-7-hydrexy-N-isopropyl-

methoxyphenyl) -phenylmethoxy]met

2-0%

I}

{1

Vo

Te a suspension of the compound la 0

s

(3]

S

~S=zzabicyclo[Z.2.1heptan-3-yv1l]-5-carboxamids

1705 mmol)
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(93]

and N- (9H-purin-6-ylibenzamide (5.0 ¢, 21.0 mmecl) in toluene
(175 mi) was added dropwise BSA (30 mi, 122 mmol), and the
mixture was warmed tTo €0 °C and stirred for 10 minutes, and
thereto was added TMSOTE (0.34 mL, 1.8 mmol}, and the mixture

was stirred at 60 °C for 15 minutes. The reaction solution

Hhy
¢t
oy
M

=
2!
=
T
[
<
3

E—E
{u

3

{1

was added to a mixed solution of
saturate sodium Picarborate water (100 mL) under ice-
cooling while stirring, and the mixture was stirred for 20
minutes, and insoluble materials were filtered off. frer
the filtered residue was washed with Et:0 {10 ml), the
filtrates were separated with a separatory funnel, and washed
with saturated brine. The crganic layer was dried over
scdium sulfate, and insoluble materials were then filtered
off, and concentrated under reduced pressure. The residue
was sclubilized by dichloromethane (162 ml), and thersto was
added isopropyl isocyanate (1.8 mL, 18 mmecl) at room
temperature, and the mixture was stirred for 60 minutes.
Thereto were added sthyl acetate (100 ml), saturated sodium
bicarbconate water (50 ml; and water (30 mL), and the mixture
was separated with a separatory funnel, and the organic layer

was washed with saturated brine (50 ml), dried over sodium

sulfatce, , and the solvents were then evapcrated.

The residue was added by THE (16Z ml) to make & =scluticn,

to was added TBAF (1M THF sciuticn, 2.3% mnl, &.11

ti]

and ther

mmol) under ice-cocling, and the mixture was stirred at room
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]
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[
&3]

et
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temperature for 24 hours. The mixture was diluted with ethyl

mi), and theretce were added aqgueous ammenium

]
<

acetate (!
chleoride scolution (50 ml) and water (30 ml), and the mixture

wasg stirred at room temperature, The mixture was separated

!_...A

with a separatcry funnel, and the organic laver was washed
with saturated brine (50 ml), and then dried ovar sodium
sulfate, filtered, and solvents were evaporated. The
resulting residue was purified by silica gel chromatography

(hexane/ethyl acetate, 20/50 to 0/100) to obtain a compound
P

SAc (10.1 g, vields over three steps 77%).

MS(ESIi: m/z = 770 (M+H)}*
[0200]
Example 3% Synthesis of Compound 5Ad

(LR, 3R, 4R, 78) -3~ {6-benzamidepurin-9-yl)-1~[[bis (4-
methoxyphenyl) -phenylmethoxymethyl]-7-[2-cyancethoxy-

(diiscpreopylamino)phosphanyl]oxy-N-isopropyl-Z2-oxa-5-

azabicyclelZ.Z.1l]heptane-S-carboxamide (Fresent compound

A compound 5d as the present compound 14 (4.6 g, vyield

51%) was obtained frem the compound 5S5c (7.0 ¢, 9.09% mmol)

similarly to the Example 4.
MS(ESI): m/z = 970 [(M+H)*
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DMTrO _ DMTFO
DMTrO Ao o ’/(FG o ﬁ{FQ
o_ ‘ N N
: ;

s )}(MH - g),Nﬁ e >_—:
g N 2 N -
NG, O HO N >-N‘ o N
HO “NH / p- P
ta o \ NCI o) A\
(o2c2]
Example 40 Synthesis of Compound 6Tc

(1R, 3R, 4R, 78} -1-[(bis (4-methoxryphenyl) -

phenylmethoxylmethyl]-7-hydroxy-N, N-dimethyl-3- (5-methyl-

-~

cycle[2.2.1]heptans-

-

2,4-dicxo-pyrimidin-l-ylj-2-cxa-5~azak
S-carboxamide

To a solution of the cempound la (1512 mg, 2.645 mmol)
in tetrahydrofuran (26 mlL) Was added N, N-
dilsopropylethylamine {(0.483 mL, 2.773 mmol) and the mixture
was cooled under ice-cocling, and thereto was added N,N-
dimethyl carbamoyl chloride {0.25% mL, 2.77 mmol}. The

mixture was warmed tc reom temperature, and therets was then

added N,N-dimethyl formamide (1 ml, 12.9 mmcl), and the

[R

mixture was stirred for 4 hours. Theretc was added a mixe

bicarbonate

o}

soluticn of ethyl acetate (10 mlL) and saturate

water (20 ml), and the mixture was stirred, and the mixture
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were then washed with saturated brine 10 ml. The ocrganic
layer was dried over anhydrcus sodium sulfate, filtered, and
the solvents were evaporated. The mixture was purified by

silica gel chromatcgraphy (hexane/ethyl acetate, 30/50 to

0/100) to obtain a compeound 6Tcl (1703 mg, vield guant.).
¥ ]

s

MS(ESI;: m/z = 642 {M-H)-"
[0203)
Example 41 Synthesis ¢f ccempound eTd

(1R, 3R, 4R, 73)-1-{[bois (4d-methoxyphenyl) -
¥

o

phenylmethoxy]methyl] -7-[2-cyancethoxy-
(diisopropylaminc)ghosphanyljoxy-N, N-dimethyl-3-(3-methyl-
Z,4-dioxopyrimidin-1-yl}-2-oxa~5~azabicyclo[2.2.1]heptane-
S-carboxamide (Present compound 15}

A compound 6T7d as the present compound

} was cbtained from the compound 6Tc (1758 mg, 2.735

o

yvield 6§
mmel) similarly to the Example 4.
MS(EST): m/z = 842 (M~-H)-

[0z204]

Synthesls of ALNA[dmU]-mC

BMTIO DRMTrO o ﬂ’/}, NHBz DMTrO o
o, [ )-NHBz . N_ K . N
XN N : )'a s

— N« — >-N N
N 3;7' HO N -0 N

HO “nH 2~N/ ; 3““

1c
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Exmaple 42 Synthesis c¢f Compound 6mCc

-

(IR, 3R, 4R, 78)-3- (4~benzamide-5-methyl-2-cxo-pyrimidin-1-

et
FAJ

|
'_l

—-{[pis({d4-methoxyphenyl)-phenylmethoxy]lmethyl]-7-
hydroxy-¥,N-dimethyl-2-oxa-3~azabicyclo[2.2.1lheptane-5-
carpoxamide

Te a sclution of the compound lc (1300 mg, 1.657 mmol)
in tetrahydrofuran (16.6 mL) was added N,N-diisopropyl ethyl
amine (0.317 mL, 1.8Z0 mmol), and the mixiure was cooled
under ice-ccooling, and thereto was added N, N-dimethyl
carbamovyl chloride {0.168 mlL, 1.83 mmol), and the mixture
was stirred at room temperature for 10 minutes. After ths
mixture was heated under reflux for 2 hours, thereto was

~

added a mixed scluticn ¢f ethyl acetate {10 ml) and saturated

0

i

at room temperature, and

sodium bicarbonate water (20 m

[

the mixture was separated with a separatory funnel, the
agueous layer was extracted with ethyl acetate 10 mL twice,
and the combined organic layvers were washed with saturated

brine 10 mi. The organic layer was dried over anhydrous

scdium sulfate, and filtered, and the sclvents were Lhen

chromatography (hexane/ethyl acetate, 70/30 to 30/70) to

=
0
x|
|#8]
Bt
=
.
B
]
~1
.
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b
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+

—
(o)
R
l
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Example 43 Synthesis of Compound &mCd
(1R, 3R, 4R, 738) -3~ (4-benzamide~-5~methyl-2-oxo-pyrimidin-1-
yl)=1-[[bis{4-methoxyphenyl)-phenylmethoxy]methyl]~7-[2-

Ccyanoethoxy~ (diisopropylamino)phosphanvljoxy-N,N-dimethyl~

5 Z-cxa-b-azablcycle[2.2. 1] heprtane-S-carboxamide {Present
compound 16)

A compound émCd as the present compound 1€ (936.5 mg,
vield 76%) was cbtained from the compound 6mCc (1018 mg,
1.322 mmel) similarly to the Exanple 4.

10 ME(ESI): m/z = 447 (M+H)*
[(C207]
Synthesis of ALNA[ZPvm]-T
DMTrO DMT(O /_,,g; o DMTrO
o o —X°r

§ WVNH — Y- ) . >m. {

oy o AN o N\ SNl

SN HO N P-0 N

HO “NH )-—N d
fa NL) NCI N\\)
TTe 7Td =
[cz208]
5 Example 44 Synthesis ¢f Compound 7Tc

|
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03]
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=
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1-[ (1R, 3R, 4R,73)-1
vhenylmethexyimethyl]-7-hydroxy-5-pyrimidin-2-y1l-2-oxa-5-
azabicycle[Z.2.1]heptan-3-yl]-5-methylpyrimidin-2,4-dione

A mixture cf the compound la (2.00 g, 3.50 mmely, 2-

G chlorepyrimidine (1.20 g, 16.5% mmol}, D
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N

mmel), and DMSC (17.5 ml) was stirred at 130 °C under
nitrogen atmosphere for € hours. Ethyl acetate was added to
the reacticn soluticon, and the mixture was washed with water
and saturated brine. The organic layer was dried over

anhydrous magnesium sulfate, and insoluble materials were

Q.

filtered off, an the filtrates were concentratad under
reduced pressure. The residue was purified by cclumn
chromategraphy (8i0:: chloroform/methancl = 100/0 to 80/10)
o obtain a compound JTc (1.74 g, vield 77%).

HRM3 (MALDT) : calculated value as CigHisNsCr [M+Naj*: €72.24265,
measured value: ©7z.2427

[0209]

Example 45 Synthesis of Compound 77Td

3-[{1R, 3R, 4R, 78)-1-[ [bls(d-methcxyphenyl) -
phenylmethoxyimethyl] -3~ (5-methyl2, 4-dioxc-pyrimidin-1-yl}-

1

S-pyrimidin-2-yl-Z-oxa-5-azabilcyclo[2.2.lheptan-T7-yl]loxy-
{diiscpropylamino)phosphanyl]oxypropanenitrile {Present
compound 17)

To a mizxture of the compound 7Tc (1.73 g, 2.6%2 mmocl),

lichloromethanse (13 mi}, and DIPEA (1.3% mL, 7.98 mmel) was

0
jo

added Z-cyanocethyl N,N-diiscpropyl chloro phosphorcamidite

stirred at room temperature under nitrogen atmosphere
cvernight. A saturated aguecus sodium hydrogen carbonate

scluticn was added to the resaction solution, and the mixture
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was extracted with chleorcficrm. The organic layer was passed
through a phase separator, and evaporated under reduced

pressure. The residue was purified by column chromatography

(31i02: hexane/ethyl acetate = 60/40 to 10/90, Diol:
5 hexane/sthyl acetate = 70/30 te 20/80, NH:
chloroform/methancl = 100/0 to 95/3) to obtain a compound

7Td as the present compound 17 (1.23 g, vield é8%).

HRMS (FAB) : calculated vaiue as Ce3HzoN-0:2 [M+H]-: 850.3693,
measured value: 850.3699

10 31P-NMR (CDClz} &: 148.72, 148.83
[CZ210]

Synthesis of ALNA{ZPym]-mC

N ; NH
2\ ‘7T'NH e i&\ " é?” —— L et )T’N e
HO N o Acd ﬁ)_ AcO N

h N N B N
S gf {1 gf - >—-N :‘:_\ ? gf
HO N —> WO \z}n p-0 N
N N 0o N
N7 N N Q e~ NO
tmCc = Tmld TmCe
[0211]
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[

phenylmethexy methyl]-3-(b-methyl-2, d-dioxc-pyrimidin-1-

yl)-5-pyrimidin-2-yl~Z~cxa~5S-azabicyclo[2.2,1llheptan-7-

To a mixture of the compound 7Ta (2.€8 g, 5.67 mmol),
DMAP (09.3 mg, C.5¢7 mmol), and pyridine (28 nl) was added
acetilc anhydride (0.804 mL, 8.51 mmel), and the mixture was
stirred at room temperature overnight. Ethvl acetate was
added tc the reaction =zolutien, and the mixture was washed
with saturated agueous sodium hydrogen carboenate scluticon,
and saturated orire. The crganic layer was dried over
anhydrcous magnesium sulfate, and inscluble materials are
fiitered off, and concentrated under reduced pressure.
Fyridine was azectroped with ethyl acetate, and the mixture

was triturated with diiscprepyl ether to cbtain the compound

TmCa (3.4% g, vield BS%) .

HRMS (FAB) : caliculated value as CzsHisNsOs [M+HIY: €92.2720,

measured valus: 692.2713

Example 47 Synthesis of Compound 7mCh

(IR, 3R, 4R, 78)-1-[[bis{4-methoxvphenyl) ~

Py

phenylmethoxy methyl]-3-[>-methyl-2-oxo-4-{1,2,4-triazol-1-
v, pyrimidin~t-yl]-5-pyrimidin-2-yl-Z-cxa-5-
azablcyclo (2.2, Jneptan-7-yl]lacetate

To a mixture ¢f the compound 7mCa (3.4¢ g, 5.00 mmel),
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mmol) and acetonitrile (50 ml) was added phosphe:

(0.7%2 mL, 8.50 mmocl) under ice-cocling, and the mixture was

cgen atmosphere

kg

T

o]

fod

stirred at room temperature under n
overnight. Ethyl acetate was added to the reaction sclution,
and the mixture was washed with saturated agueous sodium
hydrogen carbonate scluticn, and saturated brine. The

organic layer was dried over anhydrous magnesium sulfate,

*«(‘

and 1insoluble materials were filtered off, and the filtrates
were concentrated under reduced pressure. The mixture was
triturated with diisopropyl ether to obtain a compcund 7mChl
(3.40 g, vyield 92%).

HRMS (FAB) : calculated wvalue as CagHzeNeOy [M+H]*: 743.2%42,

Example 48 Synthesis of Compound 7mCc

d-amino-1-[(1R, 3R, 4R, 73} -1-[ [bis{4-methoxryphenyl) -

phenylmethoxy]methyl]l-7-hydrexy-5-pyrimidin-2-yl-2-oxa-5~
azablcyclol[2.2.l]lheptan-3-v1l]-5-methylipyrimidin-2-one
To & mixture of the cecmpound "mChk (3.40 g, 4.58 mmol)

and acetonitrile (40 ml) was added 28% ammonia water (31 ml),
and the mixture was stirred at room temperature for 3 days.

Water was added tTo Lhe reaction scluticn, and the mixture
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G

un

were filtered off, and concentrated under reducsed pressure.
The mixture was triturated with diisopropyl ether and small
amounts of ethyl acetate to obtain a compound 7mCc (2.65 g,
vield 89%) .

HEMS (FAB} : calculated value as C:gH3eNgOs [M+H] : 84G,.2773,

measured value: 645.2766

kxample 49 Synthesls of Compound 7mCd
N-[1-[{1lR, 3R, 4R, 73)-~1i-{{his{d-methoxyphenyl) -
phenylmethoxy]methyll-7-hydroxy-5~pyrimidin-Z~yl-2-oxa-5-
azabicyclo[Z.Z.l heptan-3-yi]-5-methyl-Z-oxc-pyrimidin-4-
vllbenzamide

To a mixture of the compcund 7mCc (2.62 g, 4.04 mmol),
and DME (20 mL) was added benzolc anhydride ({959 mg, 4.24
mrmol), and the mixture was stirred at room temperature under
nitrogen atmosphere overnight. Ethyl acetate was added to
the reaction sclution, and the mixture was washed with
saturated aguecus scdium hydrogen carbonate solution, water,

was dried over

it
1
o)
M
Q
=
O
oyl
3
tMJ.
1
H
b
e
]
=

and saturated brine.

residue was purified by column chromatography (Si0:z:

T 00

chlorcform/methancl = 100/0 to 9C/10) to obtain the compound

o

ImCd (1.42 ¢, vield 47%).

(&2}
L)

HEMS (FAR): calculiated wvalue as CuxHaolNeOr [M+E]*F: 75



)
<3

2
n

173

measured value: T53.3035
[0215]
Example 50 Synthesis of Compound 7mCe

(diisopreopylamino)phosphanyl]oxy-S-pyrimidin-2-y1-2-oxa-5-

azabicyclo[Z.2.1lheptan-3-yl]-5-methyl-2~-oxo~pyrimidin-4-
yllbenzamide (Present compound 18)

Tc a mixture cf the compound 7mCd (1.40 g, 1.86 mmcl),
dichlcromethane (9% mlL), and DIPEA (0.972 mL, 5.58 mmol) was

-
1
ke

added Z-cyanoethyl N,N-diisopropylchlorophosphoramidice

(0.830 mL, 3.7Z2 mmol), and the mixture was stirred at room
temperature under nitrogen atmosphere overnight. To

reaction  soluticon was added saturated agueous sodium

hydrogen carbonate sclution, and the mixture was extracted

with chloroform. The organic layer was passed through a
phase separator, and the solvents were savaporated. The
residue was purified by column chromatography  (Si0;:

hexane/ethyl acetate = 80/20 to 30/70, NH: hexane/ethyl

acetate = 50/20 te CG/100) to obtain a compound 7mCe as the

ERMS(FAE) : calculated value as CsHsNeOsP [M+Na]~:

(Sl
~.1
[#)]
(O8]
)
(0%
(@3]
-



174

[¥p:

ynthesis cf ARLNA[ZPym] -G
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[0217]
Example 51 Syntheslis of Compound 7Go

N'-[9-(1R, 3R, 4R, 75)-1-[ [bis{4d-methoxyphenyl) -

ey

phenylmethoxy]methyl]-7-hydroxy-5-pyrimidin-2-yi-2-cxa-5~
azablicyclo{z.2.1l]heptan-3-vl]-€-oxo-1H-purin-2-y1]-N,N-
dimethyl-formamidine

To a soluticn of the compound 1d (3.00 g, 3.20 mmel) in
methanol (20 ml) and THFP (20 ml) was added 28% ammonia water
(40 mi). Thereto were added methanol (20 ml: and THF (29
mi), and the mixture was allowed to stand at rcom tTemperatura

-

for 1o hours. Thereto was a sciution of 40% methyl amine in
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methancl (40 ml), and the mixture was allowed to stand at
room temperature for 4 hours. After solvents were evaporated

the residue was azeotroped with toluene, and dried under

HE

reduced pressure. The residus was scolubilized with DM30O (35
mL), and theretc were added DIPEA (4.8 mlL, 28.0 mmol), and
Z-fluocropyrimidine (0.€& mi, 10.5 mmcl), and the mixture was
stirred at 80 °C for 2 hours, and then stirred at 100 “C for

additional 2 hours. Thereto was added Z-flucropyrimidine

) and DIPEA (l1.€ ml, 9.3 mmol) additionally

—

(0.22 mL, 2.5 mmo
and the mixture was stirred at 100 °C for 2 hours. To the
reaction solution was N,N-dimethyl formamide dimethyl acetal
(2.3 L, 17.0 mmol; and the mixture was stirred at room

temperature. After 1 hour, thereto were added ethyl acetate

(200 ml), saturated sodium bicarbonate water (20 ml) and
water (80 mil), and the mixture was separated with a
separatory funnel. Thne organic layer was washed with water

(50 ml) three tTimes, and then washed with saturated brine.

After the mixture was died over sodium sulfate, inscluble

with a separatory funnel was further extracted with
chleorcform (100 mlL) three times, followed by washing with
warter {102 ml) and saturated brine. The chlorcform laver
was dried over sodium sulfate, and inscluble materizls were
then filtered off, and solvents were evaporated from the

7

~



10

15

iltrates under reduced pressure, and the residue was

cemoined with tThe above extracts, and the mixture was

purified by silica gel chromatography (chloroform/methancl,

100/0 to 92/8) to cbtaln a compound 7Gc (1.66 g, vields over

three steps €5 %).
MS(ESI): m/z = 731 (M+H)*

Synthesis of Compound 76Gd

N'-[9-(1R, 3R, 4R,78)~1~[[bis(4d-methoxyphenyl) -
phenylmethoxy]methyl]-7-[{2~cyanoethoxy-

(dilsopropylamino) phosphanyl]oxy-5-pyrimidin~2-yl-2-oxa-5-
azabicyclo[2.2.1lheptan-3-yl]l~6-oxc-1H-purin-2-y1l}1-N, N-
{Present compound 19)

dimethyl-o-formamidine

A compound 7Gd as the present compound 1% (1.07 g, yield

53%; was obtained Ifrom the compound 7Gc (1.58 g, 2.16 mmcl)
similarly to the Example 4.
MS(ESI): m/z = 931 (M+H)~
[02189]
Synthesis of ALNA[2Pym]-A
NHBz N
N
NHBz ¢ DMTrO 4
<’N_T$ DMTIO y 1 j o N
N = ]
BMTrO o N ! i > | N e y—
N N >-N O
A N P-C "N
\_;\_: HO N d N
HO “NH N);Q ne—’ N7 N
le M:u> =
TAb

NHBz
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Example 53 Synthesis of Compourd 7Az

-3

N~ {9~ (1R, 3R, 4R, 78)-1-[[bis{é-methoxyphenyl)

phenylmethoxyimethyli-T-hydroxy-5-pyrimidin-2-yl-2-oxa-5-

P

azabicycle[2.2.]1 heptan-3~vllpurin-é-yllbenzamide

A mixture of the compound le which was synthesized
according to the method described in WO 2017/047816 A1l (500
mg, 0.730 mmel), Z-fluorcopyrimidine (215 mg, 2.1% mmol),
DIPEA (0.503 mi, 2,92 mmol) and DMSC (7 mL}) was stirred at

130 °C under nitrogen atmcesphere for 7 hours. Ethyl acetate

N

was added to

1

he reaction solution, and the mixture was

ct

N

washed with water and saturated brine. The crganic laver
was dried cver anhydrcus  sodium sulfate, and insoluble
materials were filtered off, and the filtrates werse
concentrated by evaporating solvents under reduced pressure.
The residue was purified by column chromatography (Si0:z:

hexane/ethyl acetate = 50/50 to 0/100) to obtain a compound

HEMS (FARY : calcul ed valus as CazHzeNgQe [M+Nal-~ T85.2807,
measured value: 7EL.2807

[0227%]

Example 54 Synthesis of Compound 7Ab

3R, 4R, T78)~1~[[bis{4d-methoxyphenyl) -

phenyimethoxy]methyvi] -7-[2-cyancetnoxy-

a

ilscpropylamino)phesphanylioxy~S-pyrimidin-2-vl-2~oxa-5-
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20

azapblicycle[Z.2.1)heptan-3-yllpurin-€-ylibenzamide {Prasent
compound 20)

To & mixture of the compound 7Aa {(12¢ mg, 0.165 mmcl),
dichloromethane (3 mL) and DIPEA (86.2 uL, 0.495 mmol) was
added 2-cyancethyl N, N-diiscpropylchlorophosphoramidite
(73,6 uL, 0.330 mmel), and the mixture was stirred at room
temperature under nitrogen atmosphers for 5 hours. Saturated
agueous sodium hydrogen carbonate solution was added to the
reaction sclution, and the mixiture was extracted with
chloroform. The organic layer was passed through a phase
separator, and the sclvent was evapcorated. The residue was
purified by column chromatography (NH: hexane/ethyl acetate
= 50/50 to 0/100, S5i0:: hexane/ethyl acetate = 50/50 to 0/100,

diol: hexane/ethyvl acetate = &0/
Y

pis

C te 20/%0) to obtain a
compound 7Ak as the present compound 20 (110 mg, vield 69%).
HRMS{FAB) : calculated value as Cs2HssNioOsP [M+Na]l-: $85.3885,
measured value: $85.3878

JTP-NMR (CDCl:) &: 14

i
o
{2
L
a—
=
WO
e
-1

Synthesis ¢f ALNA[4Pym]~-T
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8Tc =N ara =N gTe
[0223]
Example 55 Synthesis of Compound 8Ta

-[ (1R, 3R, 4R, 73)~-7-benzyloxy~-1-(benzyloxy-methyl)-5-(6-
chloropyrimidin-4-ylj-2-oxa-5-azabicycle([2.2.1]heptan-3~
y1l]=5-methyl-pyrimidin-2,4-dicne

A mixture of the compound 1f which was synthesized
according to the methoed described in WO 2017/047816 AL (1.00
g, 2.22 mmol}, 4,6¢-dichloropyrimidine {398 mg, 2.66 mmol),
DIPEA {1.16 mL, .66 mmcl) and EtOH (20 mi) (2 batches) was

stirred at 120 °C under microwave 1lrradiation for 5 nours
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measured value:

[0224]

Example 56 Synthesis ¢f Compound 8Tb
1-[({1R, 3R, 4R, 78)-5-(6~-chlorcpyrimidin~4~yl) -7-hydroxyl-

1 - Ll

(hydroxymethyl)-2-cxa-5-azabicyclo[2.2.1 heptan-3-y1]-

-
N

=
o
r
o
<
Q._J
|
"3
s
~
b
=
g....l.
0.
i_i
s
i
o
[InN
!
o
}_J
G
=
®

To a mixture of the compound 8Ta (3.49 g, 6.21 mmol)
and dichlorcmethane (62 mL) was added trichloroborane (1.0
mel/L dichloromethane solution, 62 mL, 62.1 mmol) at -78 °C
under nitrogen atmosphers, and the mixfture was warmed to
room temperature gradually overnight. MeOH (62 ml} was added
to the reaction solution slowly under ice-cocling, and the
mixture was stirred for a while. Thsa reaction solution was

concentrated, and the residue was then triturated with ethyl

acetate to obtain a compound 8Tb (3.28 ¢) as a crude product.

6]
1]
wh
Vet
)
@)
’_t
=z
n
n

HRMZ (FAR)Y : calculated value a [M+H]*: 382.0918,

measured value: 382.0919

yl-Z-cxa-5-azapicyclo[2.2.  heptan-3-y1l]-5~methyl-

hyaroxide (654 mg, 20 wt%), and the mixiture was stirred at



[
-

€21

[

R
[

(31 mlL; was added to the reaction solution to dissolve

inscoluble materials, and palladium was filtered through
Celite. The filtrates were concentrated, and warer was
azeoctroped with toluene. The residus was triturated with

MeCOH to ocotain a compound 8Tc (1.75 g, yvields over twe steps

HEMS (FAR) ¢ calculated wvalue as CisHiNsOs [M+H] - 348.1302,
measured value: 348.,1308

[02z2¢;

Example 58 Synthesis oI Compound 8Td

1-[ (1R, 3R, 4R, 73)-1~-{[bis (d-methoxyphenyl) -

[l

phenylmethoxy methyl]-7-hydroxy-5-pyrimidin-4-yl-2-oxa-5-

H

¢

azablcyclo[Z2.2.1 heptan-3-y1l]-5-methyvlpyrimidin-2, 4-dicne
To a mixture of the compound 8Tc {444 mg, 1.28 mmol!}

s added 4,4’ -dimethoxy trityl chloride

1)

and pyridine (13 ml} w

(520 mg, 1.54 mmol), and the mixture was stirred at room

temperature overnight. Seturated agusous scodium hydrogen
carbeonate solution was added dropwise to the reacticon

soluticn under ice-cocling, and theretce was added ethyl
acecate. The organic layer was washed with saturated agueocus

2r and saturaced

1

sodium  hydrogen carbonate sciution, wa

brine. The c¢rganic layer was dried over anhydrous sodium
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ot

e

(A

0

diisopropyl ether to obtain & compound B8Td (652 mg, yield

78

ol

)

HRMS (FAB): calculated wvalue asg CaeHazN:0r
measured value: 650.2600

[0z227;

Example 59 Synthesis of Compound 2Te
3-[ (1R, 3R, 4R, 78)~1-{{bis(d-methoxyphenyl; -

phenylmethoxylmethyl] -3-(b-methyl-2,d-dicxopyrimidin-1-y1) ~

[
-
"~

S-pyrimidin-4-yl-Z-oxa-5-azabicycloi{Z.2.ltheptan-7-yl]loxy-

trile {Present

t...A.

(diiscpropylamino}phosphanyl]oxypropansan
compound 21)

To a mixture of the compound 8T7d (300 mg, (.462 mmol),
dichloromethane (5 miL) and IDZIPEA {322 uL, 1.85 mmol) was

=

t

addead Z2-cyanoethyl N, N-diilscpropylchlorophosphoramidi

(309 ui, 1.39 mmol) under lce-cocling, and the mixture was

1]

stirred at room temperature under nitrogen atmosphere
overnight. Saturated agueous scodium hydrogen carbonate
sclution was added to the reaction solution, and the mixture
was extracted with chleroform. The organic layer was passed
through a phase separator, and sclvents were evaporated.

3

residue was purified by column chrcematography

b
8!
%‘414
O

3

chicreform/methancl = 100/0 to 390/10, diol: hexare/ethyl
acetate= 50/5C to 0/1C0) to cbtain a compound 8Te as the
1 (283 mg, yield 67%).

rresent compound Z1

HRMS (FAB) : calculated value as CasHsoN:0Op [M+H]-: 850.3693,



o

)

£x

measuraed value: E50.3e85

fIns
~3

SIP-NMR (CDClz) &: 148.93, 14G.

N
i i — L { 7
o2 o d"\ = Q w i O
HO ™~ N Ac N Ac TN
’ /]
N7\ "‘\:? N7 N
8Td k:-'& 8Ca 8CHh N

O
N
N K N 5—“:
) (\)}r N (7)7’ 3 >‘N ‘\-"\ : g},
HG N B— HO N P-0 N

8Cc 8Cd 8Ce
[(0229]
Example 60 Synthesis of Compound 8Ca

[ (1R, 3R, 4R, 73)-i-I[bisid-methoxyphenyl)~

- =

phenylmethoxymethyl] -3~ (5-methyl-2,4-dioxopyrimidin-1-y1)~-

S-pyrimidin-4-yi-2-oxa-5S-azapblicycliclizZ.2.1liheptan~-7-

To a mixture of the compound 8Td {234 mg, 0.360 mmol),
DMAZ (4.4 mg. 0.0360 mmocl! and pyridine {3.6 mi) was added

acetic anhvydride (51.1 pL, 90.540 mmol), and the mixture was
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[
<

25

[t
58]
iy

ution, and the mixture was washed

p—

added to the reacticn sc
with 5% aquecus copper sulfate solution, water and saturated
brine. The organic layer was dried over anhydrous magnesium
sulfate, and concentrated. The residue was triturated with

dilsopropyl ether to obtain a compound 8Ca (219 mg, vyield

88

oo

[

HRMS (FAB) : calculated valuese as CaeHzeNele [M+H]-: £952.2720,
measured value: £82.2720

(0230}

Example 6l Synthesis ¢f Compound 8Cb

—a

[(1R,3R,4R,73)-1-[[kbis{4-methoxyphenyl) ~

I

phenylmethexylmethyl] -3~ {5-methyi-2-ox¢-4-(1,2,4-triazol-1-

v1lipyrimidin-1-vyl)-b-pyvrimidin-4-yi-2-oxa-5-
azablcyclo 2.2, heptan~-T~yllacetate

To & mixture cf the compound 8Ca (201 mg, 0.2%1 mmol),
1,2,4-trizzcole {181 mg, 2.62 mmcl;, DIPEA (507 plL, 2.91 mmol)
and acetcnitrile {3 ml) was added phosphoryl chleoride (46.1
ul, 0.4%4 mmol) under dce-ccoling, and the mixture was
stirred &t room temperature under nitrcocgen atmesp!
cvernignt. Ethyl acetate was added to the reaction sclution,
and the mixture was washed with saturated aguecus sodium
hydregen carbonate soluticn, and saturated brine, The
crganic layer was dried over anhydrous magnesium sulfate,

and concentrated. The mixture was triturated with

diisopropyl ether to cbtain a compound &Cb (211 mg yield
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HRMS (FAB) ¢ calculated value as CaoHaeNeOr [M+HI-: 743.294Z,

=S

meazured valus: 743,2939

Example &2 Synthesis cof Compound E8C¢
4-aminc-1-[{1R,3R,4R,75)~1-[[bis(4-methoxyphenyl} -

pnenylmethoxylmethyl]-7-hydroxy-5-pyrimidin-4-y1-2-oxa-5-
azabicyclo[Z.2.1]heptan-3-yl]-5-methylipyrimidin-2-one

To a mixture of the cempound 8Cb (613 mg, C.822 mmol)
and acetonitrile (2.3 ml) was added 28% azmmonia water (3.5

ml;, and the mixture was stirred at room temperature

overnight. Acetonitrile o¢f the reaction solution was
concentrated. Insoluble materials were «collected by
filtration, and washed with water. The crude product was

triturated with ethyl acetate to obtain a compound 8Cc (380
myg, yield 71%).
HRMS (FAB) ¢ calculated value as CasH3eNasOe [M+HI-: 649,2775,

measured value: €49,.2773

BExample €3 Synthesis <¢f Compcund 8Cd
N-[I-[{1R,3R,4R,75)-1-[[bis{4-methoxyphenyl) -

phenylmethoxy]methyl ] ~7-hydroxyS-pyrimidin-4-yl~2~0oxa-5-

3

lheptan-~3-yl]-S-~methyi-Z-oxo-pyrimidin-4-

¥

azablcyclol[z.2.]

vlibenzamide

0
(]
)]
1]
£
1
33
=
3
[
(3]
(9]
(%)
=
|
O
%;J

To a mixture of the compoun
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and pyridine (& mL} was added benzeoic anhydride (158 mng,
C.875 mmol), and the mixture was stirred at room temperature
for 3 days. The reacticn sclution was concentrated, and the

residue was purified by column chromatography (dicl: 0.5%

triethylaminechleoroform/methancl = 100/C te 90/10, Si0s:
0.55% triethylaminechlorcform/methancl = 100/0 to 90/10) to

s \\0

chtain & compound 8Cd (247 mg, vield 56%) .

HEMS (FAB) : calculated wvalue as Cy3HaoNeOy [M+H]-: 733.3037,
measured value: 753.3C40

[0233]

Example &4 Synthesis cf Compound 8Ce

N-[1-[{1R,2R,4R,78)-1~[[bis(d~methoxyphenyl) -

phenylmethoxylmethyl]-7-[2-cyancethoxy~

(diisopropylamino;phosphanyl]oxy-5-pyrimidin-4-yl-2-cxa-5-
azapicyclo[2.2.1]heptan-3-yil]l-5-methyl~2~oxo-pyrimidin-4-
vilbenzamide (Present mpound 22)

Te a mixture of the compound 8Cd (135 mg, 0.179 mmol),

dichloromethane (2 mlL), and DIPEA (125 ul, 0.716 mmol) was

added Z-cyancethyl N,N-diisopropylchlorophosphoramidite
(220 plL, 0.537 mmol) and the mixture was stirred at room
temperature under nitrogen atmos e for 2 days. Saturated
aguacus sodium hydrogen carbonate soluticon was added to the

reaction scluticn, and fthe mixiure was extracted with
chiorofcrm. The organic layer was passed through a phase

separator, and the sclvents were evaporated. The residue
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was purified by column chromatography (SiC:: hexane/ethvl
acetate= 50/50 te 0/100, dicl: hexane/ethyl acetate= £0/40
to 10/90, NH: hexane/ethyl acetate = 50/30 to 0/100) 1o

obtain a compound B8Ce as the present compound 22 (61.9 mg,

yield 36%).
HRMS {FAB): calculated value as CszHeoNeOs [M+H]T: 653,4115,

\ED

measured value: 53,410
SLE-NMR {CDClsz) &: 149,65, 150.24
[0234]

Synthesis of ALNA[4~CE3-2Pym]-T

OWMTrO - o DMTO

N o e K X
= o : NH )

o Tt - G

i.’ H i :Q 2

NH 3 i N <
gf HO N >— p-0 N
ST ;
HO “NH N Ve )
‘8 “E:}—ca NC N
9Ta 9Th
[0235]
Example 65 Synthesis of Compound 9Ta

I-1(lR,3R,4R,73)-1-[[bis (4~methoxyphenyl; -
phenylmethoxymethyl]-7-hydroxy>-[4-

f
4
t
o
]
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=
®
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o
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120 °C under microwave irradiation for 30 minutes. Z2-Chloro-

LI

B

b
b

(03

4-(triflucromethyl)pyrimidine (239 mg, 1.321 mmol) an

¢ the reacticn

()

b
=

(457 ul, 2.62 mmol) were added additional

scluticn, and tThe mixture was stirred at 120 °C under
microwave lrradiation for 1 hour. The reacticn solution was

concentratad, and theretc was added ethyl acstate, and the

mixture was washed with water and saturated brine. The

-

crganic layer was dried over anhydrous magnesium sulfate,

and concentrated. The residue was purified by column

chromatography (8iC;: chlorcoform/methancl = 100/0 to 93/5)

{u

fi=N

Tc chiain compound 9Ta (545 mg, vyield 87%).

HRMS (FAB; : calculated value as C37H3:F:NsOs [M+H]1™: 718.24883,

—

measured value: 718,249

s of Compcund STb

EMI -

Exampie 68 Synthes

3-[[(1R,3R, 4R, 78} -1~ [kis(d-merhoxyrhenyl) -

phenylmethoxylmethyl] =3~ (5-metnyl-2, 4-dioxopyrimidin-1-yl)-

5-ld-{triflucromethyl)pyrimidin-2~yl]~2-cgxa-5-

(226 ul, 1.47 mmel) under ice-ccoling, and the mixture was
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83

1]

stirred at room temperaturs under nitrogen atmosphere
overnignt. Saturated aqueous sodium hydrogen carbonate
scluticn was added to the reaction solution, and the mixture
was extracted with chlorcform. The organic layer was passed
through a phase separatcr, and the sclvents were evaporated.
The residus was purified by column chromatography (810::
hexane/ethyl acetate = 8(/2C to 30/70, dicl: hexane/ethyl
acetate = 70/30 to 20/80) to obtain a compound 9Th as the
present compound 23 (330 mg, yield 79%).

HERMS (FAB) : calculated value as CuisH:F3N:0P [M+H]: $18.3587,
measured value: 918.3568

FIP-NMR (CDCLlz) &: 149.04, 149.12, 149.20, 149.47

[0237]

Synthesis of ALNA[4-CEF:i-2Pymj-mC
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(1]

&}

3]

d-amino-1-[ (1R, 3R, 4R,78)-1-[[bis (d-methoxyphenyl) -

phenylmethoxyimethyl] ~7~hydroxy-5-{4-
{(trifiucromethyl)pyrimidin-2-yl]j-2-oxa-5-

azabicyclel[Z.2.1]lheptan-3-yl]-5-methyloyrimidin-2-cne

A mizxture of the compound 4Ca (500 mg, 0.876 mmol), 2-
chlorc-4-(triflucrcocmethyl)pyrimidine (317 ulL, 2.63 mmol),
DIPEA {ell ul, 3.50 mmol), and EtOH (4.4 ml) was stirred at

150 °C under micreowave irradiation for 1 hour. The reactiocn

|

sclution was concentrated, and thereto was added ethyl

te was washed with water and saturated

mixtur

®

, and th

¢

M
ot
43

~
-

1t

o

ne. The organic layer was dried over anhydrous magnesium

i._: -

br

it

sulfate, and concentrated. The residue was purified by

column chromatography (81i0z: chloroform/methancl = 100/0 to

S0/10) to obtain a compcund 9Ca (186 mg, vield 30%).

o

culated value as CziH3sFiNegCe [M+H]*: T717.2€483,

|

HEMS (FAB): ca

3

measured value: 717.286%1
[0239]
Exampie 6F Synthesis cof Compcund 9Cb
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To a mixture of the compound 9Ca {(3%5 mg, 0.351 mmol),
and DMF (5.5 ml) was added benzeic anhydride (131 mg, 0.579
mmol), and the mixture was stirred at room temperature
hyl acetate was added to the reaction solution,
and the mixture was washed with saturated agueous sodium
hydrogen carbonate sclution, water, and saturated brine.

layer was dried over anhydrous macnesium sulfate,

crganic T
and concentrated. The residue was purified by column
chromatography (8410z: chloroform/metharncl = 100/0 to 953/15)

to obtain a compound 5Ck (335 mg, vield 74%).
HEMS (FAB) : calculated wvalue as CyuH3zsFsNeO- [M+H]*: 821.2911,
measured value: 821.2932

[0240]

Synthesis <f Compound 9Cc

%
<y
e

Exampl

.

N-[1-[{1R,3R,4R,78)-1~[[bis(4-methoxyphenyl) -

jal

vhenylmethoxylImethyl]-7-[2-cyancethoxy~-

(diisopreopylamino)phosphanyl]oxy-5-{4-

(triflucromethyl)pyrimidin-2-yl]-2-oxa-5-
azabicycle[Z.2.1]heptan~-3~yl]~S-methvl-Z2-oxo-pyrimidin-4-

dichlioromethane (4 ml), and DIFEA {201 plL, 1.18 mmol)! was
addead Z2-cyancethvl N,N-diisopropylchlorophosphoramidite
(172 pL, G.770 mmol), and the mixture was stirred at room
temperature under nitrogen atmosphere cvernight Saturated



10

aguecus scdium hydrogen caroonate scolution was added to the
reaction soluticon, and the mixture was extracted with
chlorcoform. The crganic layer was passed through & phase
separator, and sclvents were evaporated. The residue was
purified by column chromatography (810:z: hexane/ethyl
acetate = 100/0 to 50/50, Diol: hexane/ethyl acetate = 100/0
to 50/50) to obtain a compound 9Cc as the present compound
24 (227 mg, vield 58%;.

HRMS (FAB) @ calculated value as CszHselNsOgP [M+H]T: 1021.3988,
measured value: 1021.3543

31

-NMR {(CDCls) &: 149.15, 149,28, 149.36, 1438.€0

[

[C

2]

41]

Synthesis of ALNA[D-CL-2Pym]-T

- o ; NH
O N — ) — > )ik
: »*“H NG ¢ >”§ Ny O
;\‘5 & HO %}_ p-0 N
HO “NH N o] N
N7 N e N7 N
1a - NC
10Ta
" 10Th b
[024Z2]
Example 70 Synthesis of Compound 10Tz
I-[{1R,3R,4R, 75} -I-[ kis{d-methoxvyphenyl) ~
phenylmethexy methyl]-0-(b-chlorcpyrimidin-Z-ylj~7-hydroxy-
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A mixture of the compound la (500 mg, 0.87% mmel, 2.5-

dichlorepyrimidine (1%% mg, 1.31 mmol), DIPEA (457 ulL, 2.63

mmol) and ExCH (4.4 mlL) was stirred at 150

r 1 hour. Inscluble materials of the reaction

;_1
H
H
o8]
o
ol
—+
l_k
O
-]
[
[

solutions were solubkilized with chlorcform, and the mixture

\

was concentrated. The residue was purified by column

chromatography (5i0z: chloroform/methanol = 1006/0 to 90/10)

I\J

to obtain a ccompound 10Ta (263 mg, yield 44%).

HEMS (FAB) : calculated value as CigH:ClNsOr [M+HI*: 684.2225,
measured value: 684,2226

[0243]

Example 71 Synthesis of Compound 107Th

3-[[ (1R, 3R, 4R, 78)~1~[[bis (4-methoxyphenyl) -
phenylmethoxylmethyl] -5~ {5~-chlcropyrimidin~2-vy1} -3~ (5~
methyl-Z,4-dioxcopyrimidin~-1l-yl)-2-oxa-5-
azablcycle[2.2.1iheptan-7-ylloxy~
(dilsopropylamino)phosphanyl]oxypropanenitrile (Present
compound 25;

3

Te a mixture of the compound 10Ta (240 mg, 0.351 mmol),

dichloromethane (3.5 mL) and DIPEA (183 pL, 1.05 mmol) was

(157 uL, C.70Z mmcl) under lce-cooling, and the mixture was
stirred at room temperature under nitrogen atmosphere for 4
days. Saturated agueocus sodium hydrogen carbonate solution

was added to the reacticn scluticns, and the mixture was
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1394

extracted with chloroform. The organic layer was passed
through a phase separator, and the solvents were evapcorated.
The residue was purified by column chromatography (Si0::
hexane/ethyl acetate = 70/30 to 20/80, dicl: hexane/ethyl

acetate = 70/30 to 20/80) to cbtain a compound 10Th {201 mg,

i

yield €53%).

HRME (FAB) : calculated value as CysHsaCIN3QeP [M+H]*: 884.3304,
measurad value: 884.3303

F1P-NMR (CDClz) &: 149.12

[0244]

Synthesis of ALNA[S-CLl~2Pym;-mC

DMTrO
MO /f*'g, NH; Fg,uﬁaz
© N/ 0 N !
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phenylmethoxy|methyli-5-{5-chloropyrimidin

(3
3]

-yl)-T-hydroxy-
Z-oxa-5-azabicyclo[2.2.1jheptan-3-yl]-5-methylpyrimidin-2-

an

b

Fhy

A mixture of the compound 4Ca (500 mg, 0.876 mmol),

[

o]

,O-dichicropyrimidine (391 mg, 2.632 mmol), and DIPER (6

P2

cirred at

Ui
ot

EL, 3.50 mmel) and EtCH (4.4 mL) {2 batches) was
150 °C under microwave irradiation for 1 hour for each batch.
The reaction scolution was concentrated, and water was added
theretc, and the mixture was extracied with chloroform. The
compined organic layer was passed through a phase separator,
and the solvents were evapcrated. The residue was purified
by column chromatography{SiQ:: chloroform/methancl = 100/0
to 90/10) to cbtain a compound 10mCa (381 mg, yvield 32%).

curated value as CigH3:CiNgOz [M+H] : €83.2385,

it

HERMS (FAR; 1 ca

measured value: 683.2389

Example 73 Synthesis of Compound 10mCh
N-[1-[(1R,3R,4R,78)-1-[[bis(4-methoxyphenyl)-

phenylmethoxyimethyl]-5-(5~chl
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Elrat

anhydride (24,8 mg, 0.110 mmol) additicna

-

1y, and the mixture

was furtner stirred at room temperature cvernight. Ethyl

E..m!

[
¢t
o
B
3
}__I.
X
o
-
3
4}

acetate was added to the reaction scluticon, a

b
.

was washed with saturated agqueocus sodium hydrogen carbonate
sclution, water, and saturated brine. The organic layer was
dried over anhydrous magnesium sulfate, and concentrated.
The residue was purified by column chromatography (SiOz:

chloroform/methancl = 100/0 teo 853/3) to cobrtain a compound

HEMS (MALDI) : calculated wvalue as  CgazH3aClNgO- [M+Naj*:

Example 74 Synthesis of Compound 1l0mCc

N=[1-[{1R, 3R, 4R, 73) -1~ [bis{4d-methoxyphenyli) -
phenylmethoxy]methyl]-5-(5-chloropyrimidin-2-y1}-7-[2~
cyancethoxy-{(dilsopropylamine)phosphanyl]oxy-Z2-oxa-5-
azablcyclo[2.2.1heptan-3-vl1]-5-methylpyrimidin-4-
yllbenzamide (Present ccmpound 26)

To a mixture of the compound 10mCbhb {409 mg, 0.520 mmol)

Lo

[

dichliorcmethane (5 mi;, and DIPEA (272 ui, 1.56 mmol} was
added Z-cyancethyl N,N-diiscpropylchliorophosphoramidite

(232 ul, 1.04 mmel), arnd ths mixture was stirred at rocom
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e
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E3
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it
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ution,

; end

reaction sc
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chlorcform. The organic layer was passed through a phase
separator, and the sclvents were evaporated. The residue

was purified by column chromatography (Si0:: hexane/ethyl

acetate= 100/0 to 50/50, dicl: hexane/ethyl acetate = 100/0

HEMS (MALDI) : calculated wvalue as  CszHzeCINzOgP [M+Na]~:

Example 72 Synthesis of Compound 11Ta
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1-[ (IR, 3R, 4R, 73)-1-[Ibis{4-methoxyphenyl) -

1

phenylmethoxy]methyl]-5-(6~-chlcropyrimidin-4-yi)-T7-hydroxy-

[__E,.

Z2-oxa-b-azablcyclo[2.2. ]heptan-3-yl]-5-methylpyrimidin-
2,4-dione

A mixture of the compound la {(1.00 g, 1.
dichloropyrimidine (391 mg, 2.63 mmol;, DIPEA {914 pL, 5.25
mmol) and ZTOH {18 mlL) was stirred at 120 °C under microwave
irradiation for 1 hcour. The reaction was concentrated, the
residue  was purified by column chromatography  ($10:z:
chloroform/methancl = 100/0 to 93/5) to obtain a compound

ield 8

Vi
o

—

11Ta {1.00

¥
=<

HRMS (FAB) : calculated value as C3eH3ClN:Or» [M+H]*: €84,2225,

measured value: 684.2214

o

(02

1

0]

Example 76 Synthesis of Compound 11Tb
1-[ (IR, 3R, 4R, 78)~1~[[bis (4d-methoxyphenyl; -
phenylmethoxy]lmethyl]~5-[6-{dimethylamino)pyrimidin-4-y1]-

-

heptan-3-yl]-5-

[—

I-hydroxy-Z-oxa-5S5-azabicyclol[2.2.1

methylpyrimidin-2,4-dione

9 mg, 2.1.9 mmol), and the mixture was
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yvield 76%).

HRMS {FAB) ¢ calculated value as CigHagNsOr [M+H]®: €83.3037,
measured value: 693.32030

[G251]

Example 77 Synthesis ¢f Compound 11Tc

3-[[ (1R, 3R, 4R, 78) -1~ [bisi{d-methoxyphenyl) -
phenyimethoxyjmethyl]~5~[6~ (dimethylamino)pyrimidin-4-y1]-
3-({5-methyl-2, d-dioxcpyrimidin-1~yl)-2-ocxa-5-
azabicyclo[2.2.1 heptan-T7-ylioxy-

(diisoprepylamine) phosphanvl]oxypropanenitrile (Present
compound 27)

Tec a mixture of the compound 11Tb {335 mg, 0.484 mmol),
dichioromethane {5 mL), DIPEA (253 ul, 1.45 mmol) was added
Z-cyancechyl N,N-diiscoprepylchlorophosphoramidite (216 ul,
C.%68 mmcl) under ilce-cooling, and the mixture was stirred
at room temperature under nitrogen atmosphere overnight., DME
(2 ml) was added To the reaction sclution, and the mixture
was stirred at room temperature under nitrogen atmosphere

overnight. To the reaction solution were added LDIPEA (253

nlL, 1.45 mmel), and 2-cyanosathyl N, N~
diisopropylchlorephosphoramidite (2zle  uL, 0.%68  mnmol)
additionally, and the mixture was stirred at room temperature
under nitrogen atmosphere for 2 days Erthyl acetate was
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and saturated brine. The organic laver was dried over
annydrous magnesium sulfate, and concentrated. The residue
was purified by column chromatography (310;:
chloroform/methanol = 100/0 to 80/10, Diol: hexans/ethyl
acetate = 50/50 to 0/100) to obtain a compound 11Tc as the
present compound 27 (189 mg, vield 44%).

ERMS (FAB): calculated value as CsHssNg0sP [M+H]*: 8§83.4115,
measured value: 893.4115

FIP-NMR (CDCls) &: 148.83, 148.99

[(0z252]

Synthesis of AILNA{6-NMe:-4Fym]-mC

LMTO LMTrO
o f’/'ngHz 0 ﬁ@
] N/ | Y|

O
N }
i 7[4 }ﬂ:' 77”&
..............}‘ SN O >—.&~ \:“\: O
: HO °N p-C N
o]
NWN/ NC'—-/— NWNX
=n" A=y’
11mCc 1imCd
[G253]

Example 78 Synthesls of Compeund 1limCa



o

R
[

L3
oy

d-amino-1-[(1R,3R,4R,73)-1-[[bis{4-methoxyphenyl) -

phenylmethoxyimethyl]-5-{6-chloropyrimidin-4-yl)-7-hydroxy-
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A mixture of the compound 4mCa (2. 01
4,6-dichloropyrimidine (626 mg, 4.20 mmeol), DIPEA (1.83 ml,
10.5 mmol) and EtCH (17.5 mi} was stirred at 100 °C for 4
hours. The reaction sclution was concentrated, and water
was added thereto, and the mixture was extracted with

chlorcoform, The organic layer was passed through a phase

separator, and the solvents were evapcrated. The residue
was purified by column chromatography (S10;:

chloroform/methancl = 10C0/0 to 90/10) to obtain a compound

, vield 5%

11lmCa (1.34

L0

HRMS (FAB) : calculated value as CigH3sClNeC: [M+H]-: 683.2385,

j83]

measured value: B83.2384

Example 75 Synthesis of Compcund 11imCh
d-aminc-1-[ (1R, 3R, 4R,73)-1-[[bis (4~methoxyphenyl) -
phenylmethoxy]lmethyl]-5-{8- (dimethylaminoc)pyrimidin-4-v1]-

methylpyrimidin-Z-cne
A mixture of the compound 1lmCa (1.12 g, 1.84 mmol),
cdimethylamine (50% agueous sclution, 863 ul, £.20 mmol), and
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[R]
jaw’

(53

[

202

for 30 mirutes. The reacticon was concentrated, and the
residue was purified by column chromatography (NH:

chiorcform/methanol = 100/0 to 95/5) to obtain a compound

~1
ot
pra
(%]
(o]
[t
[

HRMS (MALDI) : calculated value as CigHaiN-0g [M+Nal~:

Exampie 80 Synthesis of Compound 1ImCc

N-[1-[{1R, 3R, 4R,73) -1~ [[bis {4-methoxyphenyl)~-phenyl-
methoxy|methyl] -5-[6- (dimethylamino)pyrimidin-4-y1]-7-
hydroxy-Z-oxa-S-azabicyclo[2.2. lheptan-3-yv1l]i-5-methyl-2-

oxc-pyrimidin~4-yllbenzamide

(3]
oy
=
5
O
}_1

ture of the compcund 1lmCh (1.08 g, 1.

3
o
{1
e
‘L.l
»

~3
(R

Jeet

and DMP (8 mL) was added benzolc anhydride (389 mg,
mmol), and the mixture was stirred at room temperature

acetate was added to the reacticn solutions,

b

overnight. Ethy

and the mixture was washed with saturated agueous sodium

hydrogen carbonate sclution, water, and saturated brine. The

and concentrated. The residus was purified by column
chromatographny (310:: chloroform/methancl = 100/0 to 93/5)
to obtain & compound 11Cc (1.02 g, vield 823,

HRMS (MALDI) @ calculated value as CysHesN30y [MHH]-: 796.3433,

5

61

[C2
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cyanocethoxy (diiscpropylamine)phosphanyl]oxy-5-[{6~
dimethylaminopyrimidin-4-v1i-2-cxa-5-

azabicyclo[2.2.1lheptan~3-yl]-S-methyl-2-cxo-pyrimidin-4-

-

O
ko
o0

vllbenzamide (Present compound

To a mixture cf the compound 1llmCc (972 mg, 1.22 mmol),

Ui, 3.66 mmol) was

1

3

(o)

dichloromethans {12 mL) and DIPEA
added Z-cyanoethyl N,N~diisopropylchlorophosph idi

15 pL, 2.44 mmel), and the mixture was stirred at rcom
8!

i
[$1]
[ia

aguecus sodium hydrogen carbonate solution was added to the
reaction soclution, and the mixture was extracted with
chlocroform. The organic layer was passed through a phase

separator, and the scolvents were evaporated. The residue

HRMS (MALDI): calculated value as CsiHeNsOsP [M+Hj i 996.4532,
mezasured value: 99£.451L3
FIP-NMR (CDCis) &: 149.06, 149.17

[0257]

Synthesis of ALNA[Z-NMer-4rym]-T
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Example 82 Synthesis of Compound 12Ta
I-[ (1R, 3R, 4K, 738, -1~ [ bis (4-methoxyphenyl)-phenyl-

methexyjmethyl]-5-(Z2-chloropyrimidin~-4-yl)-7-hyvdroxy-2-oxa-

Swazabicyclo{2.2.1 heptan-3-yli-5-methylpyrimidin-2,4-cdicne

A mixture of the compcund la (2.00 g, 3.50 mmol), 2,4~
dichicrepyrimidine (782 mg, 5.25 mmel), DIPEA {(1.83 mL, 10.5
mmel;, and ETOH (17.3 ml) was stirred at 100 °C for 4.5
hours The reaction solutions were concentrated, and water

chloroform/methanol = 100/0 to $5/5) to obtein a compound
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Example 83 Synthesis of Compound 12Th

1-[ (IR, 3R, 4R, 78)-1-[{kis(4-methcxyphenyl) -phenyl-
methoxrylrethyl]-5-12-(dimethylanine)pyrimidin-4-yl]-7-

hydroxy-Z-oxa-5~azablecyclo[2.2.1)heptan~-3-~v1]-5-

methylpyrimidin-2,4-dione

o}
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I -
B
3
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(]

To & mixture of th mg, C.731 mmol),
DIPEA (637 ul, 3.¢6 mmol), and EtCH (5 mL) was added dimethyl
amine hyvdrochloride (1792 mg, 2.19 mmcl), and the mix-ure was
stirred at 150 °C under microwave irradiaticn for 30 minutes.
The reacticon sclutions wers concentrated, and the residue

Was purified by column chromatography {(31Cz:

chlcoroform/methancol = 100/0 to 85/5). The mixturse was
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Example &84 Synthesis ¢ Compound 127c
3= L{IR, 2R, 4R, 78) -1-[[bis {é-methnoxyphenyl] -phanyl-

methoxyjmethyl]-3-[2-{dimethylaminc)pyrinidin-4-yi]~3-(5-

methyli-Z,4-dioxopyrimidin-1-y1)-2-oxa-5-
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the mixture was stirred at room temperature under nltrogen
atmosphere for 5 days. Saturated agueous sodium hydrogen
carbonate solution was added fo the reaction sclutions, and

the mixture was extracted with chloroferm. The organic layer

was passed through a phase separator, and the sclvents were
evapcrated. The residue Was purified by column
chromateography (510:: chloroform/methanol = 100/0 to 90/10,
dicl: hexane/etnyl acetate = 350/30 to 0/10C) to obtain a

ol

compound 12Tc as the present compound 29 (304 mg, yields 47

cver Twe steps

“

alculated value as

9!

{IRM3 {FAR) :

i

[M+H]*: 893.4115,

measured value: 593.4128
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12ZmCh

N/f’—'g, NHBz
N
I

d-aminc-1-[{iR, 3R, 4R,75)-1-[[bis{4-methoxyphenyl)-phenyl-
methoxylmethyl-5-(2-chloropyrimidin-4-yi)~-7-hydroxy~-2-oxa-
S~azaplcyclo{Z.Z.1]heptan-3-yl]-S-methylpyrimidin-2-one

A mixture of the compound 4mCa (2.00 ¢, 2.30 mmcl),
Z2.4-dichlorcpyrimidine {£27 mg, 4.20 mmol}, DIPEA (1.32 mi,
and ETZOH (17.3% mL) was stirred at 100 °C for 3
heours. The reaction sclution was concentrated, and water

thereto, and the mixture was extracted with

chlorofcrm. The crgeanic layver was drisd over eanhydrous
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= 100/C te 90/10) to obtain a compound 12ZmCa (1.28 g, viseld

HRMS (MALDI; : calculated wvalue as CysH2:CINgOg [M+Na?i

T05.21929, measured value: 705.210%

Example B8 Synthesis of Compound 12mChb
(AR, 78) ~1-[[bis(4-methoxyphenyl)-phenyl~
wll=-5-[2-(dimethylamino)pyrimidin-4-yl]-7~
nydroxy-2-oxa-S-azablcyclo[2.2.1]heptan-3~-y1l]-5-
mnethyipyrimidin-2~one

A mixture c¢f the compound 12ZmCa (941 mg, 1.38 mmol
dimethyl amire (aqueous 50% sclution, 725 ulL, 6.20 mmol
and EtOH (14 mL, 0.1 M) was stirred at 150 °C under microwa

irradiaticn fory 30 minutes.

concentrated, and the residue was purified by column

8]

chromatography (NH: chlorcform/methancl = 100/0 to 90/10)

obtain a compound 1Z2mCbhb (784 mg, vield 82%),

ulated value as CiskEaN:Ce [M+H] : £%2.319

i

oy
el
i
¢3!
=z

ALDIL): cal

measured valus: ©%2.31¢7
[C264]
Example 27 Synthesis of Compound 12mCc

metnoxylmetnhyl] -5~ [Z-(dimethylamincleyrimidin-4-v1]-7~
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hydroxy-2-oxa-5-azabl

oxo-pyrimidin-4-yljibenzamide
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mmel)y, and the mixture was stirred at room
cvernight. Ethyl acetate was added to the reaction sclution,
and the mixture was washed with saturated aguecus sodium
hydrogen caroonate soluticon, water, and saturated brine. The

organic layer was dried over anhydrous magnesium sulfate,

and concentrated. The residue was purified by ccolumn
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Example 88 Synthesis cf Compound 12mld

N-[1-{(1lRk,3R,4R,78)-1-[{bis(4~methoxyphenyl)-phenyl-
methoxylmethyl]-7-[2-cyanocethoxy-

(diiscpreopylamino) phosphanylloxy-5-[2-

(dimethylaminc)pyrimidin~4-y1l]-7-hydroxy-2-oxa-5-

.
I

heptan-3-yll-S-metnyl-2-oxo-pyrimidin-

vilkbenzamide {Present compound 30)

dichlorcmethane (9 ml) and DIPEA (deec ul, 2.87 mmol) was
added Z-cyanoethyl N,N-diilscpropylchlorophosphoramidite

rature under nitrogen atmosphere overnight. Saturated
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agueocus sodium hydrogen carbonate sclution was added to the

+

¢

reactlion solution, and tne mixture was extracted with
chloreform. The crganic layer was passed through a phase’

separator, and the solvents were evapcrated. The residue

was purified by column chromatograpny (Si0:z: hexane/ethyl
acetate = 50/30 to (/10C, NE: hexane/ethvl acetate = 50/5)

to 0/100) to cobtain a compound 12mCd as the present compound

30 (482 mg, yisld 24%).

O

HEMSE (MALDI) : calculated value as CsgHexNsQeP [M+HIY: 594 .4

(93]
(]
[

[0266]

MNH E L
N r HO N -0 ™R
- 2 F
Ho Nhﬂ NC-—[—O th
1a L"ﬁ:/ —
13Ta 131‘1::\"'/
[(GZe7]
Example £9 Synthesis of Compceund 13T7a
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150 °C for 4.5 hours under nitrogen atmosphere. Ethyl

acetate was added to The reaction scluticns, and the mixture

was washed with water,

{13

nd saturated brine. The organic

layer was dried cver anhydrous magnesium sulfate, and

concentrated. The residue was purified by coclumn
chromatography SiCz: chloroform/methancl 100/0 to 90/10,

3i0z: hexane/ethyl acetate = LG/50 to CG/100) to obtain a
compouna 13Ta (227 mg, vield 40%).
HRMS (MALDT) ¢ calculated value as CigHizNsCr [M+Nal-: 672.24269,

measured valus: 672.,240%

Example 90 Syntheslis of Compound 13Tb
3-[1-0{(1R, 3R, 4R, 78)-1-[[bis (4-methoxyphenyl) -phenyl-
methoxylmetnyl] -3~ {5-methyi-2,4-dioxopyrimidin-I-yl}-5-
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reaction solution, and the mixture was extracted with
chlcrceform. The organic layer was passed through a phase
separator, and the solvents were evaporated. The residue

g

was purif
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acetate e= 50/50 to 0/100, NH: ethyl acetate/methancl = 100/0

to 90/10) to cobtain a compound 13Thb as the present compound

-

[0269]

Synthesis of ALNA[Prz]-mC

; NH . NH
M~ > M~ - I "
HO N AcO N Acl N
\zer o/ Y omm
13Ta
13mCh 13mCc
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ynthesis of Compound 13mCh
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1-2,4-dicoxeopyrimidin-1-yl; -5~
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pyrazin-Z-yl-Z-oxa-b-azabicyclo(Z.2.1lheptan-7-yl]lacetate

To & mixture cof the compound 13Tz (746 mg, 1.15 mmcl),

D
0,

DMAP {14.0 mg, O0.115 mmol) and pyridine (5.2 ml) was add
acetic anhydride (163 ul, 1.73 mmel), and the mixture was

4 A

stirred at room temperature overnight. Ethyl acetate was

J

t

added to the reaction sclution, and the mixture was washed

with saturated aguecus sodium hydrogen carbonate scluticon,

as dried over

z,

and saturated brine. The organic laver

1due was triturated

143]

azeotroped with ethyl acetate, and the re

with diiscpropyl ether to obtain a compound 13MCbhb (712 mg,

sl

).

yvield S0

HEME (MALDI; @ calculated value as CigHzsNsOs [M+Naj*: 714.2534,
measured value: 714.2520

[0z271]

Example b2 Synthesis of Compound 13mCo

-[{bis(4-methoxyphenyl) -phenyl-

[

[ (1R, 3R, 4R, 75) -

methoxy]methyl]-3-{5-methyl-Z-oxo-(4-1,2,4~triazol-1-

mmel) and acetenitrile (10 mlL) was added phosghoryl chloride
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(158 pL, 1.70 mmcl; under ice-cooling, and the mixture was

eactilorn solution, and
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the mixture was washed with saturated aqueous sodium hydrogen

r

£

carbonate solution, and saturated brine. The organic lay

was dried over anhydrous magnesium sulfate, and concentrated

HEMS {(MALDI): calculated value as CapH:gNeCr [M+Nal*: 765.2756,

o}
o)

measured value: 763.2720
Example 93 Synthesis of Compound 13mCd

d-amino-1~[{1R, 3R, 4R,7S8)-1-[[bis(4d-methoxyphenyl) -phanyl-

To a mixture of the compound 13mCc (744 g, 1.00 mmol,
crude product) and acetonitrile {10 ml) was added 28% ammonia

water (6.7 ml), and the mixture was stirred at room

temperature overnight. Water was added to” the reaction
sclution, and The mixture was extracted with chloroform. The
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Example G4 Synthesis of Compound 13mCe
N-[1-[(IR,3R,4R,75)-1-[[bis{4-methoxyphenyl)- nyl-
methexyimethyll-T~hydroxy-S-pyrazin-2-vl-2-oxa-
azabicyclol[Z.2.1lheptan-3~-yll-5S-methyl-2-coxo-pyrimidin-4-

To a mixture cof the compound 13mCd (625 mg, 0.9%63 mmal)
and DME (4.8 ml} was added kenzoyl anhydride (327 mg, 1.44

mmel), and the mixture was stirred at room temperature

and the mixture was washed with saturated agusous sodium

D

r

rbonate solution, wat

=
d
\Q
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crganic layer was dried over anhydrous magnesium sulfate,

and concentrated. The residue was purified by colunn

'4J
[
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e
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i

Q
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n
.
J

chromatography ({($S10z: chloroform/methancl =

compound 13mCe (245 mg, yield 34%).

)

To obtain

HEMS (MALDT) ¢ calculated value as CazHeclNegOr [M+Najt: 775.285

ol
[
-

measured valiue: 775.2845

Example §5 Syntnesis of Compcound 13mCft

(diisopropylamine)phosphanyl]loxy~5=pyrazin-2-yil-2-oxa-5-
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dichicreomethane (7.5 mL} and DIFEA (3292 ul, 2.25% mmcl) was
added 2-cyancethyl N, N~-diiscprepylchlorcepnosphoramidite

(335 pL, 1.50 mmel), and the nixture was stirred at room
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Ttemperature under nif

aquecus sodium hydrogen carbonate solution was added to the

reaction soluticon, and the mixture was extracted with
chleorcform. The crganic layer was passed through a phase

separator, and the solvents were evaporated. The residue

was purified by column chromatograpny (8i0:: hexane/ethyl

<3
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O
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0/80, NH: hexane/ethyl acetate = 50/

to 0/100) to cbtain a compound 13mCf as the present compound

measured value: 975.3523

SIP-NMR (CDClz) &: 148.25, 149.49

Synthesis of ALNA[Trz)-T
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Example 96 Synthesis of Ccocmpound 14Ta
(1R, 3R, 4K, 78} -1-{[bis(4-methexyphenyl) -phenyl-
methoxylmethyl]-7-hydroxy-3-(S-methyl-2,4-dioxopyrimidin-1-
vi)-Z-oxa-S-azabicyclei{2.2. 1l heptane-5-carbothicamide

To a mixture of the compeound 1z (2.00 g, 3.30 mmol) and

(17.5 mL) was added 1,l-thioccarbonyl diimidazole (1.25%

3
i

g, 7.00 mmcl), and the mixture was sitirred at room
temperature overnight. 28% Ammeonia water (17.5 ml} was added
0 the reaction sclution, and the mixture was stirred at

rocm  temperature  overnignt, The reacticn solution was

insoluble materials were washed with wa

cmpound 14Ta {2.35 g) as a crude product.
HEMEZ {MALDI) : calculated value as CazHaiNiCs [M+Nal-: 633.2040,
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Example %7 Synthesis of Compound 14Tb
methyl {1R, 3R, 4R, 78) ~1-{[bis{4d-methoxyphenyl) -phenyl-

eptane~S~-carbexyimidothicate
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To 2 mixture of the compound 14Ta (2.35 g, 3.50 mmcl,
crude preduct) and THF (17.5 mL), was added methyl icdide
{654 uyL, 10.5 mmol), and the mixture was stirred at room
temperature for Z days. Saturated agquecus sodium hydrogen
carbenate solution was added to the reaction sclution, and
the mixture was extracted with chiorcform. The organic layer
was drled over anhydrous magnesium sulfate, and inscluble

materials were filtered off, and concentrated under reduced

by

]

pressure. The residue was purified by column chromatography
(SiCz: chlorcform/methancol = 103/0 to B80/20) to obtain a
compound 14Tt (1.88 g, yields cver two 3teps 83%).

HEMS (MALDI}: calculated value as C:gHzelNsO» [M+H]*: 645.2377,

[ | P . S Bl
neasuraed value: ©d5,.2374
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To a mixture of the compound 14Tk {(1.87 g, 2.9%0 mmol ,

DMAP {35.4 mg, 0.2%0 mmol) and pyridine (14.5 ml) was added

acetic anhvdride (822 puL, 28.70 mmcl), and the mixrture was
stirred at rcom temperature ocvarnight. Bthyl acetate was

added to the reaction sclution, and the mixture was washed

with 5% aguecus copper sulfate scluticn, water, and saturated

)]

brine. The organic layer was dried over anhvydrous magnesium
sulfate, and insoliuble materials were filtered off, and the

were then concentrated under reducsd pressure to

-
[y
—
[
H
88}
i
[
Uy

measured vaiue: 751.2388

Example 99 Synthesis of Compcund 1£Td
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[bis {4-methoxyphenyl) -phenyl-

~5~{1,5-dimethyl-1,2,4~-triazol-3~yl}-

methoxylmetnyl

[a—

and ETOH (Z3 ml; was added methyl hydrazine (1.20 ml, 22.8
mmoLi), and the mixture was stirred at room tTemperature
overnight. The reaction solutilon was concentrated, and the
residue was purlified by column chrometegraphy  (S10z:
chloroform/methancl = 10C/C te 90/10) to obtaln a compeound

E -3
TN
it

1o}
X%
)

5 mg, vield &3%).
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HRMS {(MALDI) : calculated value as CigHisNgOs [M+Nal~: 685.2604,
measured value: 6285.2684

[0280]

Example 100 Synthesis of Compound 14T=
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7o & mixture of the compound 147d (576 mg, 0.864 mmcl),
dichromethane (8.6 ml) and DIPEA {431 ulL, 2.59 mmol) was
added 2-cyanoethyl N,N-diisopropylchlorophosphoramidite
{385 plL, 1.73 mmoil};, and the mixture was stirred at rcom
temperature under nitrogen atmesphere for 2 days. Saturated
aguecus sodlium hydrcgen carborate soluticn was added to the

H

reaction solutlons, and the mixture was extracted with

chlcroform. The organic layer was passed through a phas
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geparator, and the sclvents were evapcrated. The res:
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3TP-NMR (CDCLs
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Synthesis of ALNA[Trz]-mC
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Example 101 Synthesis of Compound
[{iR, 3R, 4R, 78)-1-[[bils{d-methcxypheny

methoxylmethyl]-5-11,

metnyl-2,4-dioxcpyvrimidin-1-v1

~dimetnyl-1,

FJ
|

e

o

2, 8-tri

j—Z2-oxa-5-

azabicycle [Z.2. ] nheptan-T-vllacetats

To a mixture of the compound 147Td (&
DMaR (16.9 mg, C.138 mmel) and pyridine
acetic arnhydride (1%¢ ul, 2.07 mmcil,



B

L
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B
o

with saturated aguscus sodium hydrogen carbonate scluticn,
water, and saturated brine. The organic laver was dried

fate, and insoluble materials

.
E

over anhydrous magnesium s

were fililtered off, and the filtrates were then concentrated

HRMS {MALDT) : calcuiated value as CzgHaoNeOs [M+Na]*: 731.2800,

-
Cad
[

measured value: L2781

(0283]

Example 102 Synthesis of Compound 14Cb
y
(LR, 3R, 4R, 73)-1-[ [bis{d-methoxyphenyl) -
Y nyl

methoxylmethyl] -5~ (1, S~dimethyl-1,2,4-triazol-3-yl)-3-(5-
metnyli-Z2-oxo-4-(1,2,4-triazol~l~yl)pyrimidin-1-yl]-2-oxa-5-
azablcycicl[Z.2.l]heptan~-T-vyl]lacetate
Te a mixture of the compound 14Ca (915 mg, 1.29 mmol;,
1,2,4-triazele (2802 mg, 11.6 mmol), DIPEA (2.25% mL, 12,9
mmel)  and acetonitrile (12.9 ml) was added phosphoryl
chicride (204 pL, 2.1% mmol] under ice-cocling, and the

mixture was stirred at room temperature under nitrogen

[ - - T o e o 5 P T T oy i S . JE— o}
reaClloll SCLUTion, 4andc the mixture was washed with Iaturated
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a compound 14Ck (1.08 g} as a crude product.
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measured value: 782.3019

Example 103 Synthesis of Compound 14Co

d-amino-{ (IR, 3R, 4R, 73S} ~1~[[bis (4-methoxyphe enyi)-phenyl-
methoxyJmethy 1-5-(1,5-dimethyl-1,2,4-triazocl-3~y1)~7~
hydroxy-2-oxa-S~azablcycle{2.2.1]heptan~3~yl]-5-
methylpyrimidin-2-cone

To a mixture of the compound 14Ck (1.07 ¢, 21.29 mmol),

crude preduct) and acetonitrile {(12.9 ml) was added 28%

e8]

ammonia water (E.6 ml), and the mixture was stirred at room

temperature overnight. Water was added to the reaction

i

soluticon, and the mixturs was sxtracted with chicroform.
crganic laver was passed through a phase separator, and the
filtrates were concentrated to obtain a compound 14Cc (748
mg, vields over two steps 87%) .

HRMES (MALDI ¢ calculated value as CisHasN-0Os [M+Na]-: 688.2854,

measured value: €88.2857
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metnoxylmethyvl]-5-{1,5-dimethyl-1,2,4-triazol-3-yl;-7-

by

hydroxy-Z-oxa-5-azablcyclo[2.2.1lheptan-3-y
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ard the mixtures was

overnight. A 2N agquecus socdium hydroxide solution |

was added to the reaction solu
stizred at room temperature Ior

added to the reaction solution,

g 14Ce {73

[}
i3
te}
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’ A

E‘l

(o)

added benzoic anhydride (374 mg,

™

stirred at room temperature

n

L5 omLy

wion, and the mixture was
1 hour. Ethyl acetate was
and the mixture was washed

with saturated aquecus sodium hydrogen carbonate solution,
and saturated brine,. The organic layer was drisd cver
anhydrous magnesium sulfate, and insoluble materials were
filtered off, and the filtrates were concentrated under
reduced pressure. The residue was purified by column
chromatography (510z2: chloroform/methancol = 100/0 to 90/10)
toc cktain a compound 14Cd (744 mg, yield 883%).

HEMS {MALDI ;
measured value:

[0z28¢]

Example 105 Synthesis of Compound
N-[1-[{LR, 3R r

calculated vaiue as CazHiaN-0-

[M+Nal~:

792.311¢,
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&dded Z-cyancethyl N,N-diisopropylchlorephesphoramidize
(C.422 mL, 1.80 mmcl) under ice-cocling, and the mixture was

stirred at room temperature under nitrogen atmosphere

through a phase separator, and the sclvents were evaporated.

The resicdue was purified by cclumn chromatography (5iQOz:

fod

(S

hexane/ethyl acetate = 50/50 to 0/100, NH: hexane/ethyl
acetate = 50/50 to 0/100) to cbhbtain a compound 14Ce as the
present compound 34 (672 mg, yield 73%).

raiude as CspHaeNsCeP [M+Na)*: 892.4155,

51
o
¢t
g
O,

HERMS (MALDI) : calcu

T 992.418¢6

1

measured valu

[
[os)

LP-NMR (CDCLls) &: 148.50, 148.
[0287]

Synthesis of ALNA[Trz]-G
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Example 106 Synthesis c¢f Compound 14Ga
(1R, 3R, 4R, 73} -3~ {Z2-aninoc-¢-oxo-1H~purin-9-vii-1-[[bi
methoxyphenyil) -phenyl-methoxylmethyl]l-7-avdroxy-2-0

To & sclution of the compound lg which was syn!

e ) '"';!‘\“ie

according to the methed described in WO Z017/04781
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diimidazole (21.0 g,

at room temperature for Z hours. 28% Ammoniszs water (270 mL)
was added to the reaction soluticon, and the mixturse was

tirred at room temperature for 30 minutes, followed by
stirring at 50 °C for 46 hours. Chloreform (700 ml) was
added to the reactlon scluticn, and after stirring for a

while, the organic layer was separated with a separatory

funnel, and dried over anhydrous scdium sulfartse. TITnsoluble

materials were filtered off, and the =solvents were then

'...t.

evaporated under reduced pressure, and the resulting residue
was roughly purified by silica gel chromatography (3i0z:

chleoreform/methanol = 100/0 to 9C/10). The resulting residue

was solubilized in ethvl acetate (250 ml), and theretc was
added toluene (250 mi). The sclvents were evaporated under
reduced pressure e about 300 mL {(sclids were precipitated

cut), and to the resulting suspensions was added diisopropyl
ether (IPE) (50 ml}, and the mixture was stirred at rocnm
temperature for 30 minutes. The precipitated materials were
collected by Zfiltretion, and the filtersd materiazls were

washed with IPE (50 ml), and then dried under reduced

pressure to obtaln a compound 14Ga {(27.% g, vyields 72%).

MS (ESI): m/z = 656 [M+H]~

[02B89]

Example 107 Synthesis of compound 14Gb

methyl (1R, 3R, 4R, 78 -3-(Z-aminc-6-oxo-lH-purin-%-yl;-1-
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Toe a solution of the compound 14Ga (2

4]

in THE (400 mL) was added dropwise methyl iodide {(4.24 mL,

.1 mmol) unde and the mixture was stirred at
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W

room temperature for 24 hours. The reaction solution wa

added to a mixed scluticn of scdium bicarbonate water (which

3l

was prepared from saturated sodium bicarbeonate water (4CC

ml) and water (400 mL)) and chloroform {1400 ml) while
stirring. After stirring for w while, the crxganic layer was
separated with a separatory funnel, and dried over anhydrous

sodium sulfate. The mixture was filtered through Celite,

i

and the filtrates were azeotropsd with toluene to obtain a
compeund 14Gh (2¢.9 g, vield B82%).
MS (ESIV: m/z = 670 [M+H]~

Synthesis of Compound 14Gc
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104 mmol) and DMAP (424 mg, 3.47 mmcl) , and the mixTure was

stirred at room temperature for 4 hours. Tc the reaction
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sclution were added ethyl acerate (400 ml) and satura-ed

sodium bicarbonate water (200 ml), and the mixture was
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and then dried over anhydrous sodium sulfate. After
insoluble materials were filtered off, the solvents were

evaporated under reduced pressure, and the resulting residue

30.

(8]

—

was azeotroped with toluene to obtain a compound 14Gc

v

as used as ltself without purification in
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Example 1005 Synthesis of Compound 14Gd

hoxyphenyl) -phenyl-
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methoxy|methyl]-5-(1,5-dimethyl~1,2,4-triazol-3~yl)-7-

ftor 2 heours, fellowed by stirring at 50 °C for 3 hours,
Water ({100 mL) was added to the reaction sclutions, the
mixture was evapcorated under recued pressure, Chloroform
(250 mL) was added theretc, and after stirring for a while,
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the mixture was passed through a phase separator, and the

ated with a separatory funnel. After

4

o33
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crganic laver w ep
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the solvents were evaporated, the solvents were azeotroped
with toluene. The resulting residue wasg suspended with IPE
(100 mL}, the mixture was placed in ultrascnic bath for 20
minutes, and the precipitatsed materials were then collected
by filtration, and the filtered materials were air dried
fcilowed by drying under reduced pressure.

To the solution of the resulting residue in DMF (75 mlL,
970 mmecl) was added N,N-dimethyl formamide dimethvlacetal
(50 mL, 375 mmol), and the mixturs was stirred at room
temperature for 2 hours. The reaction solvents were
evaporated under reduced pressure, and the resulting

1

sidue was purifi

+

{
[
o

d rougnly by silica gel

ad or

a
t

concentrat

chromatography (SiC:: chloroform/methancl = 100/0 to 90/10,
810z: ethyl acetate/methancl = 90/10 to 72/28). The crude
products were washed by suspending in ethyl ace!

and collected by filtration, and the filtered materials were

methoxy methyli]-7-[Z-cyvancetnoxy
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To a solution of the compound 14Gd {6.00 g, 7.60 mmol;

in dichloromethane (60 ml) was added DIPEA (5.30 ml, 20.%8

mmol) under ilce-ceooling, followed by adding dropwise 2-

cyanoethyl N,N-diiscoprepylchlorophospheoramidite (5.12 mL,

i

23.0 mmol), and the mixture was stirred at room temperatur

+

for ¢ hours. The reacticn sclutlon was cooled under ice-

i

cooling, and thereto were added saturated sodium bicarbornate
water {120 ml) and chloroform (160 mlL}, and the mixture was

stirred vigorously for 15 minutes, and the organic

e
<
z
o
0

-«

a2 separatory funnel, and dried over

Then separated wil

anhydrous sodium sulifate. After inscluble materials were
filtered off, the solvents were evaporated under raduced
pressure, and the resulting residue was purified by silica
gel chromatography (3iC:: ethyl acetate/methancl = 100/0 o

84/16; to cobtain & ccmpound 14Ge as the present compound 35

ME (ESI): m/Z = 948 [M+HI-
SIP-NMR (CDClz) &: 148.352, 148.59
rceo3]



NE=—Br ‘
) Nf:%)
14Aa
NN
N
O NN
LB
W Bz L Z:i} Bz
DMTrO o ;¢J§:0 DMTIO i TN DMTIO ¢ TN
Yord s B/ — oy
%\5 o %kf g i
HO "NH TMSC “NH TMSG N @
1a N
14Gh HN&* PR
NH, NHBz
NHB2 N N
¢ N DMTrO i:i_lf/{\w DMTO g; 7 N
DMT - ~{
e Xy Xy
N HG N HO N
TMSO N A .
>N Nl NN
AcN” =N N N
14Gd / f
14Ae 14Af
NHBz
N
DMTO {I } N
0 <
SRy
[N | >~N %kg
p-0 1@)*
d
N
ne— N
N
14Ag |
0254

Examnple 111 Synthesis of Compound 14Aa

T 4 1
Penzltll1azo

Zzotriazol-Z-yi)methaneimi
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To a sclution of benzotriazele (7.70 g, 64.6 ol) in

EtOH (135 mL) was added dropwise a solution of cyanogean

bromide (3.41 g, 22.2 mmol; in acetcones (13 ml) slcowly under
ice-cooling, followed by adding droowise a solution of 2N
scdium hydrexide ({(1€.2 mL, 32.4 mmecl) slcowly. ARfter fhe

mixture was stirred for 30 minutes under ice-cooling, the
precipitated materials were ccllected by filtration, and the

filtered materials were washed with cold ethancol {80 mlL).

—-

The mixture was alr dried followed by dryving under reduced

pressure gave a compound ld4ka (5.14 g, vield 813%).

LH NMR (400 MHz, CHLCROFORM-s) & ppm 6.92 - 6.98 (m, 1 H),
7.46 - 7.55 (m, 2 Hi, 7.58 - 7.65 {m, 1 H), 7.77 (ddd, J=8.35,
7.06, 1.03 Hz, 1 H), 8.17 - 8.22 (m, 1 H), £.22 - 2.27 I(m,
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methoxyphenyl)-phenyl-methoxylmethylj~-5-{(1, S~dimethyl-
1,2,4-triazol-3-yl]-2-cxa-3~azabicyclo[2.2.1 heptane-T7-cl
To a suspension of N-(9H-purin-é-yl)benzamide (5.15 g,

1.5 mmol) in teluene (200 ml} was injected the compound la

o

5 {l0.3 g, 17.9 mmol)} porticnwise, fcllowed by adding BSA (38
mL, 120 mmol;, and the mixture was stirred vigorously at &0
°C for 30 minutes. Thereto was added TMSCTS (0.324 mL, 179

1

mmol) at the same temperature, and the mixture was stirred

at 60 °C for 15 minutes. The reaction solutions wers coolad

10 under Ice-cooling, and the reaction soluticons were added
vigorously while stirring to a mixed sclution of IPZ (100
mL), water (100 ml) nd saturated sodium bicarbonate water
(100 mL) that was cooled under ice-cooling. After the
mixture was stirred vigorcusly for 20 minutes, inscluble

15 materials were filtered off by Celite. The organic layer of
the filtrates were separated with a separatory funnel, washed
with saturated brine (200 mL) and then dried over anhydrous
scdium sulfate, and the solvents were evaporated o obtain
the residue of the crude compound 14Gh.

20 To the soluticn of the resulting crude residue in THF

and further stirred at 50 C for & hours To the reactilion
solution were added ethyl acetate (400 mlt and saturated
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minuztes, the crganic layer was separated with a separatorn

Tc a scluticn of the resulting residue in pyridine (85
ml) were added acetic anhydride (5.08 miL, 53.8 mmcl) and

DMAP (21% mg, 1.79 mmol), and the mixture was stirred at

room temperature for 3 hours. Te the reaction sclutions
were added ethyl acetate (400 ml}) and saturated sodium

bonate water (200 mi), and after stirring for 20 minutes

o
-
(\
(1
#

the crganic layer was separated with a separatory funnel.

{300 miy and

®

The organlic layer was washed with water
saturated brine (100 mL) and then dried over anhydrous sodium
sulfate. After insclucle materials ware filtered off, ths
solvents were evaporated under reduced pressure, and the

residues was azeoiroped with toluene to obtaln ths res:idus ©

crude compound 14Gd.
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dioxane (100 ml) was added dropwise methyl h

b4 e - b ~ = e any P
mL, 179 mmol) under ice-cooling using co water, and ths
- - . PR + < i~ Lo, - [l
mixture was stirred at room temperature for 3 hours The
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solvents were then evapcrated under reduced pressure from
the mixture, and the residue was extracted with chloroform
(2 » 150 mL) using a separatcry funnel. The crganic lavers
were combined, the mixture was washed with saturzted brine
(1C0 mbL), and then dried over annydrous sodium sulfate.
After insoluble materials were filtered off, the solvents

were evaporated under reduced pressure, and the resulting

A

¥

residue was purified by silica gel chromatography (NH silica:

k]

»

C/0 t

&}

99/1) to obtain a compound

[
o

chiloroform/methancl = 1

A

14Ae (4.91 g, vield 41

methoxy]methyii-5-(1,5~dimethyl-1,2,4-triazocl-3-v1)-7~

7
©
)
o
F_l.
9]

s
9]
t.._l

hydroxy-Z-oxa-5- Llo[2.2.2Theptan-3-yljpurin-6-
Tc a mixture of the compound 14Ae (4.80 g, 7.1C mmol)
and pyridine {10 mlL} was added benzoyl! chloride (2.48 mL,

21.3 mmol) under ice-cooling, anrd the mixture was stirred

under ice-cooling for 3 hours. To the reaction sclutions
was addad a sclution ¢f ZN sodium hydroxide (25 mL, 50 nmmol)l,
and the mixture was stirred at room temperature for 7 hours.

The reacticn scluticns were washed with chloroform (50 mi!
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reslaue  wag puriiled by column  chromatography {510::

chloroform/methancl = 100/0 to 93/7) to obtain a compound
5 14Af (4.60 g, yield 833%).

MS (ESI): m/Z = 781 [M+H]"

Example 114 Synthesls of Compound 14Ag

N-{9-(1R, 3R, 4R, 75} -1-[[pis{4-methoxyphenyl) -phenyl-

10 metnexymethyl]-7-[2-cyancethoxy-
(diisopropylamirnc)phosphanyl]oxy-5-1(1,5-dimethyl-1,2,4-
triazol-3-yl)-~Z-~oxa~-S-azapicyclo(2.2.1)lheptan~3-yl]purin-6-
vlbenzamide (Present compound 36)

Te a mixture of the compound 14Af [4.26 g, 5.46 mmol)

15 and dichleromethane (50 ml) were added DIPEA (3.78 mL, 21.8
mmel) and Z-cyancethyl N,N-diisopropylchlorophosphoramidite
(3.6 mL, 16.4 mmol! und Lce-cooling, and the mixture was
stirred at rocom temperature for 2 hours. The reaction
solution was cecoled under ice-cooling, and saturated agueocus

20 scodium hydrogen carbonate sclution (100 mL} was added tc the
reaction clution, and the mixture was extracted with
chloroform (100 mLj. The organlc laver was dried over
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acetate/metharol = 10CG/0 to  S4/6
acetate/methancl = 100/0 te 93/7) to
as the present compound 3€ (3.88 g, v
MS (ESTy: m/Z = 980 [M+H]+

SLP-NMR (CDCl:) &: 148,84 149,04

15Ta

ompound

methoxy]methyl]-7-nydroxy~5-(5-methyl-

ylj)-2Z-oxa-b-azablcycle[Z2.2.1]lheptan

g({d-methoxyphen

15Ta

1)-phenyl-

2, 4—0oxadiazol -3~

o a mixture of the compound 14Tc {(2.10 g, 2.885 mmol)
and EtOH (14.4 mlL) was addsed hydroxyl amine (30% agusocus
sciuticn, 1.50 ml, 2B.8 mmol), and the mixture was stirred
&t room temperature for 2 days The reacticn solution was
concentratad, and the residue was purified by column
chromatcgraphy {(5iC2: chleoroform/methanel = 100/0 to S$0/10;
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Ta (1.34 ¢, vield 71%:.
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te obt compound
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HEMZ {MALDI): calculated value as CzshHizsN:sOsz [ a
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measured valus: 676.2363

methoxylmethyl]-3-({5-methyl-2,4-dioxopyrimidin-i-vy1)-5-(5-

methvl-1,2,4-oxadiazol-3-vyl)-2-oxa-5-
azablcyclol[2.2.1)heptan-7~yl]oxy-
(diisopropylamino)phosphanyl]oxypropanenitrile (Fresent

compeound 37)

To a mixture of the compound 15Ta (300 mg, 0.452 mmol),
dichloromethane (4.6 mL) and DIPEA (240 pL, 1.38 mmol) was
added Z-cyancethyl N,N~-diiscpropylchlorophosphoramidite

(205 uL, 0.¢18 mmoil), and the mixture was stirred at room

=

temperature under nitrogen atmosphere for 5 days. Saturated
aguecus sodium hydrogen carbonate solution was added to ths

reaction solution, and the mixture was extracted with

chicroform The crganic layer was passed through a phase
separator, and the solvenits were evaporatsd. The residue

was purified by column chromatography (Si0:: hexans/ethyl

acetate= 60/40 to 10/%0, Dicl: hexane/ethyl acetate = 70/30
to 20/80, NH: chlcecroform/methancl = 100/0 te 95/5% to obtain
a cempound 15Thb as the present compound 37 {214 mg, vield

2
(5
oy



HRMS (MALDI) : calculated valus as CygHzN-OsP [M+Nal~: 876.345¢,
measured value: B7¢.3441
FIP-NMRE {CDCl1ls} &: 148.83, 149.0%
[03C1]
3 Synthesis o ALNAIOxz]-mC
BMTrO =N
DMTrO Ao r Ao DMTrO AT 3
e O 0O g
N N 5 / M
K 77,NH N b’NH N
‘\\ : (o} e \\: o E o N g]f —
HO N Acd N)\ AcO N
N /)
i N
N1 N N
S N o
15Ta 18Ca 15ChH
DMTAO DMTrO DMTO
o (4(},5“-!2 o F’%,NHBZ 0 /{‘g,NHBZ
| N}r§ _ N/ »__ ) NS
e . g
I~ 3 O AN >" \ SN
HO N p-0 N

106 methoxyvimethyl] -3~ (5~methyi-2,4
methyl-1,2,4-oxadiazol-3-yl)~2~-cxa-5-
azabicyolo[2.2. ] heptan~-T-vllacetate

Tce a mixture of the compound 13Ta (9399 mg,
DMAP (18.7 mg, 0.153 mmel} and pyridine (7.7
i5 acetic anhydride (217 ul, 2.20 mmol), and the

mixrure was
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with saturated aguecus sodium hydrcogen carbonate solution,
water, and saturated brine. The crganic laver was dried
over anhydrous magnesium sulfate, and insoluble materials
were filtered off, and concentrated under reduced pressure
to obtain a compound 15Ca {1.10 ¢, the reaction has been
proceeded guantatively).
HRMS (MALDI) @ calculated value as Ci3pH3wNsOg [M+Nal-: 718,2483,

measured value: 712.2470

=

[ (1R, 3R, 4R, 73)-1-[[bis (4-methoxyphenyl)-phenyl-

thyl-1,2,4-oxadiazol-3-y1)-3-[5~
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methoxy methyli~-5~(5-m
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methvl-Z-cxo-4-{1,2,4-triazc

azabicyclic[Z.Z.1l heptan-7-yl]acstarte

To & mixture of the compound 15Ca (1.05 g, 1.51 mmol),

1,2,4d-triazcle (339 mg, 13.6 mmol), [

N

.
e {1

po

mmol) and acetonitri mL) was added phosphoryl chleride
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(239 piL, 2.57 mmel) under ice-cooling
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stirred at room temperature under nit:

overnigh Etnyl acetate was added To the reaction sclutlion,
and the mixiure was washed with saturated agueocus sodium
nydregen carbonate solutlon, and saturated brine The
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and insoluble materials were Lltered off, and the filtrates
were concentrated under reduced pressure to obtain a compound

15Ce (1.3Z2 g; as a crude prcduct.

HRMS (MALDI) : calculated value as CieHiegNeCg [M+Nal*: 765.2703,

meas d value: TEG.2707

[C304]

Example 119 Synthesis of Compound 15Cc
d-amino-1-[ (1R, 3R, 4R,78)-1-[[bis{4~-methoxyphenyl) ~phenyl-
methoxylmethyl]~7-hydroxy-5-(5-methyi-1,2, 4-oxadiazol~3-

yl)-Z2-oxa-d-azablcyclo[Z.2.1hepran-3-yl]-5-mathyl-

To a mixture cof the compound 15Ck (1.30 ¢, 1.51 mmcl,
crude product) and acetconitrile (15.1 mL) was added 28%
ammonia water (10.1 mL), and the mixture was stirred at room
Temperature overnignt. Water was added to the reaction
selution, and the mixture was extracted with chloroform. The

crganic layer was passed through a phase separator, and

cencentrated toe cotain a compound 15Cc (2.96 g, vields over
2 atans 97%
£ 3ITteps H/3%F)
ERMS (MALDI) : calculated value as CzsEH3zgNzOr [M+Na]*: €75.2538,

measured value: &7

[0305]
Example 120 Synthesis of Compound 15Cd
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vii-Z2-oxa-S-azablicyelo[2.2.lheptan-2-yll-5~-methyl-2~0oxo-
pyrimidin-4-vllibenzamide
To & mixture of the compcund 15Cc (C.93 g, 1.42 mmol)

and pyridine (7.1 ml) was added benzoic anhydride (482 mg,

overnight. To the reaction sclution was added 2N agueous

sodium hydroxide scluticn (7.1 mL), and the mixture was

added to the reactiocn solution, and the mixture was washed

and saturated brine. The organic layer was dried over
anhydrous magnesium sulfate, and inscluble materials were

filtered off, and the filtrates were concentrated under
reduced pressure. The resicdue was purified by column
chromatography (8102: chloreform/methancl = 100/0 to 90/10)
to cobtain a compeund 15Cd (858 mg, vield 863,

HRMS (MALDI} @ calculated value as CazHaoNeQe [M+Nal*: 779.2800,

measured vaiuve: 779.2754
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Toc a mixture cof the compound 15Cd (949 mg, 1.25 mmel;,

dichlorcmethane (12.5 mL} and CIPEA (0.653 miL, 2.75 mmol)
was aaded Z-cyanoethyl N,N-dilscopropylchloropheosghoramidite
(0.53% mL, 2Z.50 mmcl) under ice-cocling, and the mixture was
stirred at room temperature under nitrogen atmosphere

overnight. Saturated agueous scdium hydrogen carbonate
golution was added tTo the reacticn solution, and the mixture
was extracted with chloroform. The organic layer was passed
through a phase separator, and the sclvents were evaporated.
The residue was purlifled by column chromatography (8iC;:
hexane/ethyl acetate = 80/20 to 30/70, NH: hexane/ethyl
acetate = 50/50 te 0/100) to obtain a compound 15Ce as the
present compound 38 (834 mg, vyield 70%).

HEME (MALDI} : calculated value as CsiHsNeQsP [MNal-: ©75.3878,

3

measured value: 97%.387¢

FLP-NMR (CDClz) &: 148.9%8, 149.27

DT DMTrO /5%0
DMTrO o ,r:-jﬁ;g — »__}’OJ,N e
]Cm7#N)fNH | >wN {@N: %f
NN PG TN
HO SRH —/_dp e
1a NC S\N.yk
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pyrimidin-2,4-dione
A mixture of the compound la (3.0C g, 5.25 mmol), G&-

chloro-3-methyl-1,2,4-thiadiazele (848 mg, 6.30 mmel), DIPEA

(2.72 mL, 15.7 mmol) and DMSO (26 ml) was stirred at 120 °C
for 2 hours. Ethyl acetate was added to the reaction

nd saturated

+H

sclution, and the mixture was washed with water
brine. The organic layer was dried over anhydrous magnesium
sulfate, and insoluple materials were filtered off, and ths
filtrates were concentrated under reduced pressure, The
residuse was purilfied by column chromatography  (8510:2:
chlorcform/methanol = 100/0 te 95/3) to obtain a compound

16Ta {(3.30 g, vieid 94%).
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methcexy methyl]-3-(3=mecthyl-2,4-dioxcpvrimidin-1l-yv1)-5-{3-
J y Y Py 3

methyl-1,2,4-thiadiazol-5-vii-2-oxa-5-
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azabicyole

(diiscpropyvlamino)phesphanyljoxypropanenitrile {
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To a mixture of the compound 16Ta (2.2¢ g, 3.327 mmol),

Ll

dichloromethane (17 mL), DIPEA (1.75 mi, 10.1 mmol) was added

under nitrogen atmosphere overnight. Sarturated aguesous
sodium hydroegen carbonate scolution was added te the reaction

o
ot
I
[tY
=
=R
i
s
&
]
]
z,
93]
191]
0]
4
o+
s
ol
{1
ct
)
(o3
|
t._t
[
¥
[$]
-
k 5
O
3
Q
=
o]
0
=
+
oy
)

sclution, an
organic layer was passed through a phase separator, and the
solvents were evaporated. The residue was purified by column
chromatography (81C:z: hexane/ethyl acetate = 70/30 te 20/80,

Dicl: hexane/ethyl acetate = 70/3C %o 20/80) to cbtain a

compound 16Th as the present compound 39 (2.45 g, yield 84%).

Synthesis of ALNA[Tdz}-mC
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DMTro DMTrO DMTrO /=
0 - O o - O = M
N N CN N
E }rNH s }]’ﬂH 5 N
"\:. F & S ' :\:\ H 4 e =y / gr
MO N AcO N AcS N
3>=N J‘l =N
[ A S -
N ‘NJ\
16Ta 18mCa 18mCh
DMTYC DMTrO
DMTro =N, NH, o NHBz o
G N ! N f .&
Ly At =SRa
Yoio0 ENTER —> >”ﬂ, DR+
HO “:a}\ =3 O ﬁ}\ p-0 N}\
S 3,
s 2l .N,)\ NC WA
t6mCe 16mCd t8mCe
[G311]
Example 124 Synthesis of Compcund leémla
[[(1IR,3R,4R,73)~1~[[bkis{d-methoxyphenyl)-phenyl-
methoxylmethyl]-3-{S-methy. -2, 4-dicxcpyrimidin-1~y1l)-5-(3~-

methyl~1,2,4d~thladiazol-5-yl)-Z2-oxa-5-

azabicvele{2.2. 1 ]heptan~-7-vl]lacetate

To a mixture of

8.84 mmol),

mmol; and pyridine (18 ml) was added
acetic anhydricde {1..25 miL, 1Z.2Z mmel;, and the mixture was
stirred at room temperature overnight. The reaction solution
was concentratad, and ethyl acetate was added to the residue,
and the mixture was washed with saturated agueous sodium
hydrogen carbonate sclution, and saturated brine The

over anhydrous magnesium sulfate,

NHB:z
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and inscluble materials were filtered off, and the filrrates
were concentrated to cbtain a compound lémCa (3.69 g, vield
5C%) .
MS(ESI): m/z = 712 (M+H)"
[0312]
Example 125 Synthesis of Compound 16mCh
CLIIR, 3R, 4R, 78)-1-[[bis{4-methoxyphenyl) -phenyl-
methoxylmethyl]-3-[5>-methyl-Z-oxo-4-(1,2,4~-thiadizazole-1-
yijpyrimidin-1-y1]-5-(3-methyl-1,2,4-thiadiazoli-5-y1)-2~
oxa-S-azabicyclo[2.2.1]heptan~-T7-yliacetate

To a mixture of the compound lémCa (5.52 ¢, 7.7% mmol),
1,2,4-triazole (4.82 g, ©€9.8 mmol), DIPEA (13.4 mL, 77.5

5

mmol) and acetonitrile (39 mL) was added phosphoryl chloride

F

(1,23 ml 13.2 mrol) under ice-ccoling, and the mixture was

stirred at room temperature under nitrogen atmesphere for 2

hours. Ethyl acetate was added te the reaction scluticn,

and the mixture was extracted with saturated agueous sodium

hydrogen carbonate sclution, and saturated brine. The

were cconcentrated toe obltain a compound 16mCh as a crude

product (£.18 g, containing impurities).
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y-5-(3-methyl-1,2,4-thiadiazol-5-

(2.2.1)heptan~3~yl]-b-methyl-

containing impurities; and acetonitrile (3% ml) was added
228% ammonia water (3% ml)}, and the mixture was stirred szt
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organic layer was dried over anhydrous magnesium sulfate,
and insoluble materials were filtered off, ard the filtrates

were concentrated. Ihe residus was purified by column

chromatography (310:2: chloroform/methancl = 100/0 to 90/10)
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fer 1.5 hours. Ethyl

sclution, arnd the mixture was washed with

sodium hydrogen carbeonate solution, an

crganlic layer was dried over anhydro

AN

B

T te,

5 and inscluble materials were filtered off, and the filtrates
were concentrated. The residus was purified by column
chromatography (51i0z: chlorof

methoxy]lmethyll-7-[Z2-cyanoethoxy~

(diiscpropylamino, phosphanyl]

l_l
[

thiadiazol-5-yl)~-2-oxa-5-azabi

O
]
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methyl-Z2-oxo-pyrimidin-4-

[—

vl]oenzamide (FPrese

To a mixture cf the compound 16mCd (4.62 g,

dichloromethane

{12 ml} and DIPEA (3

20
cnicroform The crganic layer was passed through a phase
L2 separator, anca tne scivents were evaporated T



acetate = 50/2C to 30/7C, NH: hexane/ethyl acetate = 70/320
to 2C0/80) to cbtain a compcund 1€mCs as the present compound
40 (2.57 g, yield &1%).
5 MS{ESI;: m/z = 974 (M+H)~
SLP~NMR {(CDClz) &: 149.45, 149,78
[C31le]
ALNA[Ms])-mC can be alsc synthesized by transforming a

193}

nucieic acid base

—
<2

1-T nucleocside as follows.

i
O N—R NHZ
2’2 7 “N
NH 7 N
N PMTrO
DMTro N
N DMTrC (&)
v SEERLLL VS R (V8
'\. - O ~
— B N7
FF S Q\I\T
T™™MSO N, ™MsS N HO =0
S-0 - T
7% /S\TO 5
2Cd o} 2Ce
2Tb
HN=-Bz
Y
DMTrO~y o N—{
 — : 0
~
N
HO N,
550
70
2Cf
(0217
Example 129 Synthesis of Compound 2Cd
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l1-yil)~1,6-dihydropyrimidin-2-cne

Compound 2Tk (14.1 g, 0.01% mel) was solubilized in

acetonitrile (310 ml), and therstc was added triethvlamine
{97.29 mlL, ©.3%¢1 mol), and the mixture was stirred at 0 °C
for 15 minutes. To the reaction solution was added 1,2,4-

triazole {(30.3¢ g, 0.439 mol), and the mixture was stirred

at ¢ °C for 15 minutes, and thereto was then added phosphoryl

chloride (4.44 mL, 0.028 mol), and the mixture was stirred

2 hours. The reaction sclution was concentrated under
reduced pressure, and thereto were added ethvl acetats (200

mlL) and water (100 mL), and the mixture was separated with

& separatory funnel. The organic layer was washed with
sodium carbonate (100 mi) twice, dried over sodium sulfate,

and concentrated under reduced pressure to obtain a compound

Example 13C Synthesis ¢f Compound ZCe
Gramine-3- [ (1R, 2R, 4K, 78)~1-[[bis {4-methoxypheny]l) -phenyl-
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thereto, and the mixture was stirred at room temperature

cvernight. The reaction soluticn was concentrated under

materials were collected by filtration to obtain & compound
2Ce (8.3 g, vyields over two steps 64%).
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Iy m/fz = €£49.3 (M+E)
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Example 131 Synthesis of Compound 2Cf

\

N-[1-{{IR,3R,4R,78)-1-{[bis(4-methoxyphenyl)-phenyl~

I

methoxy|methyl]-7-hydroxy-S-methylsulfonyl-2-oxa-5-

2.11he

HE R

]

zebicycliol tan-3-yl]-5-methyl-2~oxo-pyrimidin~4-

(1
i)

yvijdihydropyrimidin-2-one

To & solution of the compound 2Ce (8.3 g, 0.012 mol) in

=
8

(63 mL) was added benzoic anhydride (2.57 g, 0.C11 mcl),

3

the mixture was stirred at room temperature for 24 hours.

(u
&

4]

The reaction sclution was diluted with ethyl acetate (200

The crganic layer was washed with water (180 ml3) and
saturated brine {100 ml} successively, and dried over scdium
sulfate The resulting mixtur was  concentrated under
reduced pressure, and the resulting residue was purified by
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Example 132 Synthesis of Comgpound 2Cg
1-[(1R, 3R, 4R, 78)-T-benzyicxyl~1~ (benzvioxymet

2Ch
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methylpyrimidin-2,4-dione (1lh) (20.00 g, 21.61 mmcl), which

triethyvlamine (15.5 mL, 111 mmel), and thereto was added
mesyl chioride (4.15 miL, 53.4 mmol) in ice bath, and the
mixture was stirzred in lce bath for 4.5 hours. 5% Sedium

1

icarbonate water (60 mL) was added therete under ice-cooling,

o

and the mixture was stirred and separated with a separatory
funnel. The aqueocus layer was extracted with dichloromethane

(40 mL} and the extract compined and mixed with the

w
z
@
H
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organic layer was washed
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with 15% brine (60 mlL}, and the sclvents were then evaporated.

The concentrated residue was washed with methancl (30 ml) as

ted materials were

j$3)

a suspension. The resulting precipit

collected by filtration, driad under wvacuum to cbtain a

1 e A T
yritheslis of Compourd 2Ch
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metnyl=-4~(1,2,4-triazol~-l-yl)pyrimidin-2-cne
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from the compound 2Cg (3.0 g, 2.6 mmol} similarly to Example

=

Example 134 Syntheslis of Compound ZC1

4-amino-1-[ (1R, 3R, 4R, 738)-7-penzyloxyl- (benzyloxymeth

]
s
H
83
i

rt

Z.2.1]1heptan-3~y

J

oy

fmt

F—
|

{5t
|

methylsulfonyl-Z-oxa-S-azapicyole
methyvl-pyrimidin~Z-one

Compound 2Ci (2.6 g, vield 87%) was cobtained from the
compound ZCh (2.4 g, 5.8 mmol) similarly to Example 130.
MS(ESI): m/z = 527.2 (M+E)-

/

[C324]

Example 135 Synthesls cf Compound 2T3%

d-amino-1-[ (1R, 3R,4R,78) -7-hydroxy~1- (hydroxymethyl)-5-

The compound 2C1 (2.6 g, 4.9 mmol) was solubilized in
acetic acid (28.6 mlL), and thereto was added 20%
palladium/carbon (0.35 g), and the mizxture was stirred at

rogm temperature under hydrogen atmesvhere for 16 hours.

-

Maitel

nsolubl

]

- 7 " —~ 3 — 3 o
cencentrated under reduced pressure.

added l-butanol and IPE, and fThe mixture was stirred, and
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ALNA[Ms] -G wherein & guanine mciety s protected with
& dimethylaminoc methylene group can be synthesized as fcllows
Here in the case where a monomer containing such a protecticn
style is used in an oligomer synthesis, i1t Iz possikle to
contrel a producticon of by-products ©
cligomer synthesis is performed using Compound 2Gd wherein

the €-position of guanine 1s protected with DPC.

Example 136 Synthesis of Compound Z2Ge
Z-amino-9-{ (1R, 3R, 4R, 78)-1-[[bis{4-methexyphenyl)-phenyl-

t

azabicyclol2.2.1lheptan-3~yl]~1H-purin-6-onsa

Te a solution of the compound 2Go (L0000 mg, 1.1 mmel)
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temperature, and zafter stirring the mixture, the organic
=

layer was recovered, and dried cover sodium sulfate. The
residue was filtered, and the sclvents were evaporated, and

the resulting  mixture was purified Dby sil

fin

ca gel

L, 87/3 to 92/€) to cbtain
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a compound 2Ge (0620 mg, vield Bc%).
MS(ESI): m/z = 675 (M+H)*

27

o
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; e e o & B o
& L4 Synthesis ¢f Compouna ZG

F

N'-[9-[ (IR, 3R,4R,78)-1-[ [bis(4-methoxyphenyl) -phenyl-
methoxy methyl]-7-hydroxy-5-methylsulfonyl-2-oxa-5~-
azabicyclo[2.2.1 heptan-3-yl]-6-oxo-1H-purin-2-y1]-N, N-

dimethviIormamidine

tetrahvdrofuran (2.22 ml) and theretc was added N,N-

- £ 2 A Smat il amet o 1 L 3 .
imetnyl formamide cimsthyiacetal (132 mg, 1.11 mmol: at

. L, - T - e o - R ~ G b — o An
room temperature, and The mixture wasg stirred. Ethyl acetate

extracted (2 ml} once.

H A=l - —~ - 3 VR i T < - . PR A faal
d with bkrine, and dried over scdium sulfate. The

I
W

wash

{
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residue was filrtered,

{1

nd the solvents were avapcorated,
the resicdue was purified by silica gel chromatography
/

{chicroform/methanol = 99/1, chlorcform/methancl = 932

Example 138 Synthesis cf Compound 2Gg

N'=[9-[ (1R, 3R,4R,73) -1~ [pis(d-methoxyphenvy]

}_ "l
1
e
¥
®
!
=
E -
i

[

methexy]lmethyli-T7-[2-

cyancethoxy{dliscpropyvlamino}phosphanylioxy-3o-

methylsulfconyl-Z-oxa-5-azabicyclo{Z.2.1]heptan-3-yil-6-0x

lHE-purin-2-y1]j-N,N-dimethylformamidine

[

dichlcromethane {15 ml), and theretc were added

O

he compound 2GIL (900 mg, 1.2 mmcl) was solubilized in

N,N~diiscopreopylchloro phosphoroamizide (1061 mg, 4.5 mmol)

at room temperature, and the mixture was stirred overnight.

Thereto werea added saturated bicarbonate water

The residue was filtered. After the sclvents were evagor
the resulting mixture was purlfied Dby aminc =zilica
chromatography (cnloroform/methancl, 10C/0 to 97
ftollowed by diol silica gel chromateogr
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2Gg (690 mg, vield £0%).
MS({ESI;: m/z = 530 (M+H)~

guanine molety 1s protected with

lows.

fert

synthesized as fc
Eere in the case where a monomer containing such a protecticn

coligomer synthesis, 1t is possible to

by-products that may occur when

producticn of

Compound 2Gd wherein

N-[9-[ (1R, 3R, 4R, 75)-1-{[bis{d-methoxyphenyl)-phenyl-

methylsulfonyl-2-oxa-5-

~&~oxo~lH-purin-2-y1l]-2-

The cempound Z2Ge (100 mg, 0.13 mmol) was solubilized in
pyridine {1.4 mnlj}, and theretc were added N,N-dimethvli-4-
amincpyridine (29 mg, 0.24 mmol), and Z-methyl proganoyl-2-
methyl propancate (100 uL, 0.6 mmol) at room temperature,
and the mixture was stirred at 100 °C for 4 hours. Thereto
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and sodium acetate at room tempera

was separated. The resulting organic laver was dried cver
sodium sulfate. The residue was filtered, and the solvents

were evaporated, and purified by silica gel chromatography

(hexane/ethyl acetate, 50/50 to 20/80). Further the obtained

compound was sclubilized in tfetrahvydrofuran (1 ml), and

mL), and the mixture was stirred at 0 °C for 40 minutes. To

the reaction scluticn were added water and ethyl acetate,

{1
E.l'

and the organic laver was separated, then washed with

aguecus ammonium chloride solution, and the ocrganic was
separated again. After the resulting mixtu was dried over

Hw

scdium sulfate, the ressidue was filtered, and the solvants
were evaporated te obtain a compound 2Gn (56 mg, yield 50%).

ESI): m/z = 745 (M+H}*

=
3
i

[0231]
Example 149 Synthesisg of Compound 2G1
N-[9-[ (IR, 3R, 4R, 73i-1~{[bis{d-methoxyphenvl)-phenyli-
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Mcoclecular sieve 3A was added to dichloromethare (2.6
mL; and the mixturs was stirred for 1 hour, and thereto were

0 mg, 0.87 mmol), I-methvl

O

added the compound 2CGh (3

imidazole (10.9 mg, 0.1 mol) and tetrazole (84 mg, 1.2 mmcl),

(945 mg, 3.1 mmel) at room temperature, and the mixture was

stirred for & hours. Theretc was added saturated bicarbonate

water at room temperature, and The mixture was extracted

Ekq

with dichloromethane twice. The resulting crganic layer was

oty

dried over sodium sulfate, and the residue was filltered.
After the sclvents were evaporated, the resulting residue
was purified by silica g¢gel chreomategraphy (hexane/ethyl

acetate, 50/50 to 25/73) to cbtain a compound 2Gi (500 mg,

ARlso AINAIMsI-G monomer wheareln a guanine molety is
C b

ceompecund la as follows.
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Example 141 Synthesis of Compound 2G7
N-[9-[{IR,3F, 4R, 73} ~1~[[pis(4-methoxypnenyl) -phenyl-

methoxyimethyl]-7-trimethylsilyloxy-2-oxa-5-

azabicyclo(Z2.2.1heptan-3-ylj-6-oxo-lH-purin~2-y1

-

-2

methylprepane amlde
To a mixed solution of the compound la (5.0

mmol) and Z-methyl W-{¢6-oxoc-1,9-dihvdropurin-

(R
|
w3

b

.

amide (3.87 g, 17.2 mmcl) in 1,2Z-dichlicroerthane (30 m
added BSA {(Z1.4 ml, 27.5 mmoli, and the mixturs was
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for 1 hour ancd a half After allowed To stand to coo
the reactliorn soluticns were added chleorofeorm (30 mb)
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inscluble materials off, the organic layer was washed with
water and saturated brine, dried over magnesium sulfate, and
concentrated. The resulting residue was purified by silica
gel chromatography (chlcroform/methancl, 100/0 te 90/10) tfo

obtain a compound 2G7 (3.83 g, vyield 59%9%).

Example 142 Synthesis of Compound 2ZGk

N-[9-[ (1R, 3R, 4R, 73)~1-[[bis{4-methoxvphenyl) ~phenyl-

methoxy]methyl]->-methylsulfonyl-7-trimethylsilyloxy-2-oxa-
S-—azabilcyclo[2.2.1]neptan-3-yl]-6~cxo~1H-purin-2-y1l]-2-
methylpropane amids

pyridine (0.327 mL, 4.06 mmecl) in dichleoromethane (7 ml) was
added methane sulfonic anhyvdride {284 mg, 1.63 mmol) under
ice-cooling, and the mixture was stirred under ice-cooling

hydrogen carbonate

Hh
O
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was extracted with chlorcform. The organic layer was passsad
through a phase separator, and concentrated The resulting
residue  was purified by silica gel chromatography

{chicroform/methanol, 100/0 to $0/10) to oktain a ccmpound

2Gk (657 mg, vield 59%).
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azabicyclo{2.2.ITheptan-B—y;;—6%oxc—¢i—Durin—Z—yL]—Em
methylipropane anmide
To a sclution of the compound 28k (3.16 g, 2.87 mmol)

in THE (8 ml) was added TRBAF (1 mcl/L THF soluticn, 4.6 mlL,

thereto was added ethyl acetate, and the crganic layer was
washed with water and saturated brine. The organic laver

was dried over magnesium sulfate, and concentrated. The

2Gh (2.57 g, yield &9%3).
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Frxample 144 Synthesis of mpound 2Gh
N-[9-[{IR,3R%,4R,75)~1~[[bis{4-methoxyphenyl) -phenyl-

-
i

hozxylmetnyl]-7-hydroxy-S-methylsulfonyl-2-oxa-5-

=
)]
T
-y

olZ.2.1]heptan-3-yl]-é-oxo-1lE~purin-2-y1]-2-

The compound 2Gb (1010 mg, 1.0 mmol) was scolubllized in
tetrahy furan (10 ml), and thereto were added tetrabutyl

ammenium fluoride (I mol/L tetrahydrofuran solution, 3 nml,

.0 mmcl) at room temperature, and the mixiure was stirred
at 70 °C for 24 hours. Further, thereto was added tetrabutyl
ammenium fiucride (1 mol/L tetrahydrofuran solution, ¢ mi,
9.0 mmol}; at room temperature, and the mixture was stirred
at 20 °C for 8 hours. After the solvents were evaporated,

the resulting mixture was purified by silica gel

chromatography {chicroform/methancl, 98/2 to 93/7). The
resulting mixture was further purified by silica gel

chromatography (chlorcform/methancl, 100/0 to 94/6) to

cbtain a compound 2Gh (570 mg, yield 77%).
MS({ESI): m/z = 745 (M+H}~
[C338]
Example 145 Synthesis and Purification of Oligonuclectide
analcguses {in vitro)
Using each kind of amidite obtained 1in the above

M
b
L
=1
A
{
o
s
by
I
€]
D
13
ot
{1
C
=3
i)
O
i
]
4
)
}4)
i
O
s
e
O
E -
fs
1]
'O
o
0
;_l
4
8
F
!_L
[0
(B



f
<

[
n

[
()]

267

ns-81ll (manufactured by GeneDesign, Inc.) using 0.2 or 1.0
umol scale cf CPG or polystyrene support. All of the

amldites were adjusted to 0.1 M acetonitri
the coupling time of ncen-natural type of nuclecside was 10

minutes, and any steps other than the step were performed

under a standard condition of ns~8l1. RActivator 42 (Sigma-
Aldrich) as an activateor, Sulfurizing ReagentII (Grer

Research Corporation) for thionvlation were used. To the
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synthesized cligonu

the mixture was reacted at 60 to 65 °C
a cleavage from a support and a deprotection of a base moiety.
Ammonia was concentrated and evaporated, and the resulting
mixture was subjected to a purification by reverse phase
HPLC chromatography.
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Example 146 Synthesis and Purification of Cligonucleoctide

analogues {(in vivo)

examples {(present <compcounds 1 to 44, oligonuclsotide
analogue compounds indicated in  Table & below were
synthesized by DNA/RNLR oliconurlestide zutomatric mtheslizer

ynth egized py DNA/ENA cligeonucleotlds automatic syntheslizer
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adjusted to CG.1 M, and non-natural amidite was adjusted to
0.C5 M acetonitrile scluticn, and the coupling recycle time

¢f non-natural type of nucleocside was 20 minutes, and whan

ceupling, a thiolaticn, a capping step was carried out twice
in & row respectively. Any steps other than the stepn were

5

perfcrmed under a standard condition of AKTA oligopilot plus

1

G. Activator 42 (Sigma-Aldrich; as an activator,

darizing Reagentll (Gren Research Corporation) for

@5}
ty

ul
thionylation were used. To¢ the synthesized ocligonucleotide

was added 28% ammonia water, and the mixture was reacted at

€0 to 635 °C for & hours to perform a cleavage from a support
and a deprotection of & Dbase moiety. Ammonia  was
concentrated and evaporated, and ths resulting mixture was

l_ 4
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purifi by an anicn exchange column. Excess salts contained

[

after anicon exchange were removed by a desalting column.
[0340]

The purification and ceonfirmaticn of purity of the
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B sclution: acetonitrile

Cradient: A:B = 50:10 - 2C0:50 40 min.) or A:B
- 40:60 (45 min.)
Used column

Analiysis: Waters XBridgel@ Oligonuclectide
Column, 130 A, 2.5 um, 4.6 x 50 mm

Preparation: Waters ¥Bridged Oligonuclectide

130 A, 2.5 um, 10 «x
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Prep Column,
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rate:
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Analysis: 1 mL/min.

4 mL/min.

[0342]

Anion exchange purification

Mokbile phase
A soluticn: 20 mM Tris-HCLl (pKE B.0) aguecus so
2 solution: CmM Tris-HCIl (gH 2.0), 1 M NaBr

{1
3
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Detection: UV (260 nam)
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Desalting cclumn
Mokile phase
A scluticon: KO

B solution: H:0

column:

<

GE HiPrep 26/1
rate:

Flow

Cclumn temperature:

—
[
o8]
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menticned conditicns

Mobile phase

triethylamine agueo

-

B solution: meth

rr}
fonct

CW rate:

(00 mM

Cesalting

10 mL/min.

room temperature

synthesized oligonucleotide

the below-

20 under
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hexaliluoroisopropanol, 15 mM

s solution
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(wherein, small character represents each nucleic acid base,
T{X) represents each artificiazl nucleic acid sceclies
containing thymine, and all phosphate bonds represent
phosphodliester.)

Oligonucleotide Artificial m/z

nucleic acid
species
contained in
antisenss strand

(M-3H] -

Tm~1 (SEQ ID No. 1-1% ALNA [Me] 1223.8 |
Tm-1 {3EQ ID No. 1-2) ALNAIMs] 1245, 3 [M=-3H1-
Tm-3 (3EQ ID No. 1-3) ALNA(Rs! 1266.4 [M-3H]
Tm~-4 (SEQ ID No. 1-4) ALNA [mlU] 1238 .5 [M-3H]
Tm~5 (SEQ ID No. 1-5) ALNA [iplU] 1247.7 [M-3H]*
Tm-6& (SED ID No. 1-6) ALNA {dmlU] 1243.1 [M~3H]*
Tm~-7 (580 ID No. 1-7; ALNA{Z2Pym] 3736.52 [M-H]
Tm-8 (SEQ ID No. 1-8) ALNAT4Pym) 3736.49 [M~H]-
Tm-% (SEQ ID No. 1-9) AINATACF3-2Pym! 3804.51 [M-HI-T
Tm—-10 (SEQ ID No. 1-10: ALNA[SCL-2Pym] 3773037 (M-K]-
Tm—11 {53EQ ID No. 1-1131) | BRLNA[6NMeZ-4Pym] 37TT.89 H]-
Tm—-12 {(SEQ ID No. 1-12: ALNATZNMaeZ~4Pym] 3775.1% H-
Tm-13 (SEQ ID No. 1-13) ALNA[Prz] 3737.76 H1-
Trn-14 (SEQ ID No. 1-14) ALNAITrz] 252,88
Tm—-15 (SEC ID No. 1-15) ALNA{OxzZ] 3743.19
(03248
Taple 2 Magss spectrum measurement results of each SREL (Z~-
10~2) seguence
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of DNA&, T{X} or C(X) each represents artificial nucleic acid
gpeclas containing thymine, artificial nucleic acid species
contalining S-methylcytosine, respectively, and all phosphate

Oligonuclectide Artificial , m/z
compound NOG. nuclelic acid
specles

contained in
antisense strand

s

ID No.
IB No.
IZ No.

,_
:

i
-
;

REL-1 ID No. 2-1) ALNA [Me ] 1152.9 [M-4]

RBl-2 | ID No. Z-2) ALNA [Ms | 1217.0 [M-4H

RB1~3 ¢ ID No., 2-3) ALNA[1pU! 1224.1 [M-4H]

RB1-4 | ID HNo. ) ALNA[2Py1 4 2 M-H]
} g H]
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Tacle 3 Mass spectrum measurement results of each SRBL (3-
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{wherein, small characte epresents each nucleilc aclid base
o DNA, T(X) or C(X) each represents artificial nucleic acid

species containing thymine, artificial nucleic acid species

[ Labie 3]
Oligonucleotide Artificial m/z !
compound NG. nucleic acid

=)
Sense TLrand
SEBI1I-8 {S5EQ ID No. 3-1) ALNA [Me] 10e6. 4
SRE1-9 (SEQ ID No. 3-2} ALNA [Ms] 1142,3
SREI-1C (SEQ ID No. 3-3) ALNA[1pU} 1152.8
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et

SEBI-11 (ZEQ ID No. 3-4) ALNA[ZPym] 5718.12
SRBI-1Z2 (SEQ ID Neo. 3-3} ALNA[Prz] 571%.8¢6 i
SEB1-13 {ZEQ ID No. 3-3] ALNA[Trz] Hg24.11 |
SREl-14 (3BQ ID Neo. 3-7; ALNA[OxzZ] 5741 .47 ‘
[0348]
Table 4 Mass spectrum measurement results of each antimiR-
21 seqguence

Am)C(X)atC(X)agtC(X) tgaT (¥)aagC(X) tA(m) (SEQ ID No. 4)

(wherein, A{m) represents 2'-MOE adenosine, small character
repregents each nucleic acid base of DNA, T(X) or Ci{X) each
represents artificial nucleic acid species containing

thymine, artificial nucleic acid species containing 5-

1]

methylcytosine, respectively, and all phosphate bond

[Table 41

Oligonucleotide Artificial m/z
compound No. nucleic acid
speciles
contained in
antlisense strand
antimiR21-1 ALNA [Me ] 1021.4 [M-6E]-"

MNo. 4-13
antimiRz1-2 ALNA{mU] 1.17.6 [M-6H]:
(SEQ ID No. 4-2)

antimiR21-3 ALNA[ipU] 1140.8 [M-6H, -
ALNA [dmiU] 112%.1 [M-aH]-"
ALNAITrz] gELY L ET [M-HI1-
ALNA[O%Z] £832,17 [M-E]-
[0349]
Table 5 Mass spectrum measurement results of each Malatl
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(wherein, small character represents each nuclei
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phosphate bond

represent phesphorothicate.)

[Table 5]
Cligonucliectide Arvificial m/ =
compound No. nucleic acid
specles

Example 147 Evaluation of Dbinding
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strand and mismatch selectivity

Each o©of an antisense strand containing various

represents each artificial nucleic acid specle centaining
- Y e - e e, e e e 4 B B H o Py - o

thymineg); a sense strand, tnat 1is, DNA strand having a

seguence complementary to the antisense strand (wherein
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character represents each nuclsic acid base of INA}; a RNA

strand having a complementary saguence (wherein seguence
represents AGCRARAARACGC (SEQ ID No. 7), and large charac
represents each nucleic acid base.); and a RNA strand having
2  cemplementary sequences contalining 1 base mismatch

{whereln seqguence represents AGCAAANAACGC (SE ID Neo. B3,

and large character represents sach nucleic acid base, and
each N represents uracil (U), guanine(G}, cvtosine(C).) was
annealed to form a2 doubkle strand, and then Tm value tha® is

o

a temperature at which 50% cf the double strand is deviated,

was measured, and the double strand- forming capacity of

=

Specifically, a sample scluticon {150 uL; which contains

T

aguecus scdium  chloride solution 100 mwmol/L, sodium
phesphate buffer (pH 7.4; 10 mmol/L, antisenss strand 4

umcl/L, and antisense strand 4 umcl/L was warmed to 95 °C

and then cooled to room temperature over 4 hours. Nitrogen
stream was passed intc a 1 chamber of spectrcophotometer
(JASCO, V-730, PAC-T743R) so as to prevent a condensation

phencmencr, and the sample sclution was cooled to 10

s P T I - T : - T e P 1 oy I =3

graduaily, and further kept at 10 °C for I minute, and the
X 5 . 3 TV e oy e ooz I J

nmeasurement was then started. The temperaturs was warmed to

o
&2l
o]
g

P — - I . ~ Y 3 - o~ < e - £
abscrption at 260 nm was measured at every timing of

rise. Here in order to prevent & concentration change due
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measurement results are
(03251
Tablie © Msasurement re

o
}44
¢l
o
]
I

£
-

i~
o))

ot
p
o8

=
‘L.._.J
D

I_A
|_.4
3
.
{
91]
o
j]

by

o
0
i1
-
[
i1
O

R
[N

fte o

=1 1a

e T
't

®
s

|92]
®
]
w
4

H

L Ly
~ 0
W0
ol
ot
=
e
it
t
F
te}
9]
ot
|

NAA

CGC-37

N=_C
T-C
mismatch

DNA

ALNA [Me] 53 51 37 45 38
ALNA [Ms] 51 51 37 45 25

ATNATES]

[t
O

ALNA[mU]

L
(e}

ALNA[ipU] 52 51 38 42 35
ALNA [dmU] 50 0 35 42 33
ALNATZPym] 43 48 34 42 33
ALNA[4Pyn] 52 52 39 43 36
ALNA[ACF3-25ym) 47 49 35 42 32
ALNA[3C1-2Pym] 47 48 34 472 32
ALNA[SNMeZ-4Pym] | 34 52 38 39 34
ALNA[ZMNeZ~4Pym] 52 50 sg 40 35
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RILNAPrz] 50 51 38 43 34
ALNA[Trz] 48 50 36 4z 34

ALNA[Cxz] 49 50 36 44 35
[0352]
As clearly shown in Table &, the antisense strand
containing varicus artificial nucleic acids has the same or

higher sense strand binding ability and mi

nse str

(‘E)

as compared with antis

ALNA [Me] as known ALNA.
[0353]
Example 147 In vitroSR-BXI knockdown activity

Hepa lclc7 cells were seeded at 2.5 x 10% ¢

and contalning natu

smatch selectivity

iral DNA and

test

1ls per well

and cultured for 24 hours, and then various modified
antisense cligonucleic acids having a complementary sequence
to SRB1 were added at a firal concentraticn of 100, 20, 4

nmol/L, and af

The same cconditions were carried cut in 3
Regarding antisense tivity, the inhibition

contrel. The results are shown in Table 7
(03547
Tanle 7 'n vitrc SRBL knockdewn activity test
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Artificial nucleic Knockdown activity (%)
acld species =

3-10-3 2-10-2
ALNA [Me] 30 27
ALNA [Ms] 48 38
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ALNA[Trz] &0

ALNA[Oxz] 67 50

The target gene (SRR1) knockdown activity of the
antlsense oligonuclectide containing each artificial nucleic

acid in the two sequence patterns of 3-10-3, and 2-10-2 at
Gymnosis 100 nM was shown.
The two array patterns are as follows.

same as

3-1G-3: TX)T(X)C{X)agtcatgactT{X)C (X} C(X) (as the
SEQ ID No. 3 in the abovs Table 3
2-10-2: T(X)C{X)agtcartgactT(X)C(X) (as the same as SEC ID
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Example 148 In vitro miRNA-~-Z1 inhibitory activity test

7y
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¢

0f cells/ml of HEK293 cells were seedad in a 10

2

o
X

—

cm dish, and the cells were cultured overnight in a C0:

ctio

J
&
=+
¢
g

incubkater., Next day, using FuGENE HD Trans
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}
c
-
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]
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o]
1

and cells were transfected with 10 ug of reporter plasmid in

o

which the ¢

8]

mplementary sequence of mik~21 was clonsd into

I“.!
8]

the multicloning site of psiCHECK-2 wvector |
were cultured in a COz incubator for about Z4 hours. These
cells were reccovered, and 2.0 = 10% cells/well of cells were
reseeded 1n a %6-well plate, and a miR-21 inhibitor into

which sach artificial nucleic acid was introduced was addad.

ured in a CO: incubatcr for 96 hours.

ct

After cells were cul

Using the Dual-Glo Luciferase Assay System, luminescencs
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the luminesce

the ratic te the luminescence value due to fireflyv luciferase
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1 nuclsic miR-21 inhibition rate (%)
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Seguence of used antisense oligo is shown below.
vimg Tl atCiXjagtC{X)tgal (X)) aagC(¥)tA(m) (the same as SEQ ID

Ne. 4 in the apove Table 4)

A S~ i » oy — - - Bl
{(wherein, A(m) represents Z2'-MOE adencsine, small character
represents each nucielc acld kase of DNA, T{X) or C{i} eazch
represents artificlal nucieilc &acid  species  gontaining
-t.», v o P P Pape o —~ 1 P - R [y
avmineg, ArTliicla. nudC.el< acrd speCles containing  o-
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As clearly shown in Table &, ALNA[mU], ALNA[ipU],

ELNA[dmU], ALNA[Trzj, and ALNAIOxz] had
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micre RNA 1nnhibitory activity as compared to ALNA[Me] as a

Example 1492 In vive MALATI knockdown tTest

Antisense c¢lligonucleotide

&

(10 mg/kg and 50 mg/kg)

)

¥

targeting MALAT. were prepared with PBS to make a
concentration of 10 mg/mL and then diluted with FRS to make
a 5 mL/kg, which was administered intravenously to 6 week-
oid C57BL/6J mice {male, Charles River Japan,. After 72
hours, plocd was collected from the abdominal vena cava of

= mouse urnder anesthesia ot lscflurane (Japan

F
ey

Pharmacopoela, manufactured by Pfizer, Inc.) and suthanized

by exsanguinaticon. Blood was coagulated and then centrifuged

to prepare serum, which was then stored frozen (set at -
8C0°C) until the time of measurement After euthanizing by
exsanguiration, liver, kidney, fat, skeletal muscle
(quadriceps femoris, gastrocnemius muscle;, lung, heart,
stomach, Jeljunum, testis, skin, spleen, and brain were
collected and frozen in liguid nitrogen A homogsnization
bufifer of Maxwsll R3IC simply RNA Tissue Kit was added to
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bead shocker, RNA was pur
described 1n the xit, RT reacticn and the subseguent
reactions were performed duplicately, and the amount of ENA

50 to 300 ng. Regarding knockdown
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activity, the inhibkition rate of Malatl expression was set
as 100% Dbased con tne amount ratio of Malatl toe GAPDH in

vehicle group. The results are shown in Tables 5 and 10.

Taeblie 9 Malatl knockdown rate (%) in each crgan when 50

mg/kg was acdministered

Ereificial

mucleic acid

+h

1
T

ALNA [Me ]

T
Oy L
(o]

ALNA [Ms )

(ad | o {0
= |0
{5

RINA[2Dym]

Lo
L0
[&3) I=X k53
L BES
Oy { s | U
[av] A¥e)
y]

o

[593 BN}

ALNA[1pU]

Table 10 Malatl knockdown rate (%) in each crgan when 10

mg/ kg was administered

- |gastro-
ps |cremiuvsferainflengfheartfstomacieiununftestislsplieen|fas
femorismuscls
0 21 10 50 12 1 O J 43 3
2 47 O 49 |17 32 10 39 15 70
A 0 0 o 1 37 o 27 15 o 18
6E 0 L1 24 |75 |29 |50 33 22 73 47
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GUXA)T(X)T(X)cactgaat
above Table o)
{(wherein, small character represents each nucleic acid base

c¢f DNA, T(X), C(¥X) or G(X) sach represents artificial nucleic

specles containing bS-methyicytosine, or artificial nucleic
acid species containing guanosine, respectively, and all

phosphate bonds represent phesphorothicate. )

b
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61]

strong target gene knockdown in many organs (liver, kidney,
skeletal muscle, lung, heart, stomach, jejunum, testis, fat)
as compared to ALNA[Me]l as a known ALNA. viso ALNA[2Pym]
had a strong target gene knockdewn in particular crgans
{heart, Jejunum, testls, fat) as compared to ALNAIMe] as a
known ALNA. Alsc ALNA[ipU] had a similar degrse of target
gene knockdecwn effect in liver as compared to ALNA[Mel,
whilst, had a2 remarkably stronger target gene knockdown

effect 1n Iung and spleen than ALNA{Me]. Since various

sp.een, antisense o0iligos

reducing toxlcity in 11
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Example 13¢ MALAT]  knockdown activity test 1in  each
central tissue, liver, and kidney by intraventricular

7 week-old C37BL/6J (male, Japan Charles River) was

izxed to a brain sterectaxic device under anesthesia by

E"h

Isoflurane (manufactured by Pfizer Inc.). An incision was
made in the scalp while lying on a heat insulating mat %o
exposse the skull. After conflrming the position of the
bregma, & hole was drilled in the skull 1 to 2 mm around the

upper left verntricle (1.0 mm to the left and .4 mm behind

the bregma) with a dental electric drill. A 27 gauge needle

h

was inserted into the left ventricle (1.0 mm to the laft o

, and a single dose of

by

e

Bregme, .4 mm benind, 2.3 mm deep
antisense oligo (5 wg/l0 ul/head) targeting MALAT] that was
prepared to 5 ug/il ul in saline using a needle-mounted
microlniusion pump was administered at a flow rate of 2

eL/min for 5 minutes. Thereafter, the hole in sku

logsed with the medical cement Belfast (manufactured by
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to prepare serum, which was then stored frorzen (set at -
2 [ . = = v e vy = . B : 3
307C) until the time of measurement. After euthanizing by

exsanguination, brain, sp

1
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collected. For the brain, after
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then brain wa
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were separated, an

Matrices (RBM-20008, manufactured by Bic Research Center Co.,
Ltd.), which is a slicer for making sagittal secticns, and

a brain 1s sliced from the median to the left brain side to
a thickness oI about Z mm, and then an olfactory kulb,
cerepral cortex, hippccampus, striatum, and cerebellum were
taken out from the section. The rest of the section
which the 5 sites were removed was also collectad as &
complex site such as the brain stem. The spinal cord was
separated at the beoundary of T13, and twc sites were
collected as a part in the prain side from Ti3 (hereinafter,
preoximal spinal cord), and ancther part from T13 to L5

{hereinafter, distal spinal cord). The ccllected organs

1 e 4 vy o v Eoar e o - -1 1 B - 1
shocker, and chlcoroform (manufactursed by Jyunsel chemical)
- 2 = Tl o~ T ey 1.7 — <7 P = - Ee
andg mixed. ine aguecus layer was recovare Irom tnis mixture
by centrifuge separation. RNA was purified according to the
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using the amcunt of ENA per reaction in 2 to 7 ng. Reocarding
J¢ J g 3

knockdewn activity, the inhibition rate of Malatl expression

wag get as 100% based cn the amount ratio of Malatl to GAPDE
in vehicle group. Standard error was calculated kased on

Table 11 MALAT1 knockdewn rate (%) in each central tissue,

liver, and kidneyv when 5 pg/head was administered

BLNA [Me] =5.0 26,2 11.2 1371 L. g Z5.0 Lo (1400 3603
ALNA [Ms] 4.7 37.4 35.2 |49.5 |12.9 |46.5 25.0 18.2 [34.3 21,1
ALNA[mU] 8.5 29.8 13.3 |24.0 [-42.6 40,6 23.4 1.1 4.7 |17.8
ALNA{Cxz 8.0 28.2 18.7 132.1 5.3 144.3 44,9 1.5 11,1 |32.5

Sequence o©f used antisense cligonuclecotide is shown

apla 5)

ﬁ
o
o
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i
O
@®
=

(wherein, small character represents each nucleic acid base

of DNA, T{¥), C{(X) or G(X) sach represents artificial nuclaic

=

(3

id species centaining thymine, artificial nucleic acid
species contzaining S-methvlicvtosine, or artificia

acird Specles containing guanocsine, respecuively, and ail
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Industrial Applicability
5 [(03€64]

b

An amino bridged artificial nuclelic acid (ALNA) of the

present Inventicon can be uss in a preparation of novel
artificial nucleic acid oligomer Alsc an oligomer

in particular corgans and can be used as nucleic acid drugs.

[Sequence Listing Free Text]

[0365]

=
wn

SEQ ID Nos. I to € show DNA oligeonuclecotides.

SED ID Nee. 7 to 8 show RNA oligonuclsctides.
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i. A compound represented by general formula I:

(I

[wherein
B represents a base mciety of nucleic acid wherein ths
base moiety may be cpticnally substituted wilith one or more

substituents;

her

ot

Ri, Ez, R

Lad

and R: represent independently of each o

10

t .

Ily

833

a hydrogen atom, or a Ci-¢ alkyl group which may be op

g

substituted with one or more substituents:

Es and Rs represent independently of each other a
hydregen atcom, a pretecting group for hydroxy group, or a

chosgphate group which may be opticnzslly substitutred with
o Ing pot ha g J

¥ represents a group represented by the fo

i
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which 1s described in the formula (II-1), (II-2) or (II-3}
represents & binding point to 2'-amino group;
E: &and Reg zxrepresent independently of each c¢ther a

hydrcgen atom, a C:-¢ alkyl grcup which may be optionally

;& C:ies alkenvyl

52}

siubstituted with one or more substituent

roup which may ke oprionally substituted with cne or more
i L N -

substituted with cone or more substituents, or an aromatic

group which may be opticnally substituted with ¢ne or nore
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Z. The compound accerding tTo claim 1 ¢or salt therect

ubstituents, a 5-
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cptl
methylcytosinyl group waich may be opticnally substituted

with one or mere substituents, or an uracilyl group which

may be optionally substituted with one or more substituents.
3. The compound accecrding to claim 1 or 2 or salts thersof
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wherein R:, Rz, R: and E: rspressnt 1

other a hydrogsn atom; and

m S a

}__4

y integer of 1.

4. The compound accerding £o any one o

j

salts therecf wherein

o

roup represented by formula (II-1); and
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independently o each other a

group wnich may be opticnally

Qr an arcmatic

gubstituted with o©one or more subst

group which may be opticnally substituted with one or more

i
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8. The ccompound according to any one of claims 1 to 3 ¢

]

4

X represents a group represented by formula {(I1I1-2);
A represents a five cr six membered hetercaryl group

one or more hetercatoms selected from ths group

-

ul

[N

conta
consisting of nitrogen atom, oxygen atom and sulfur atcem,
which may be opticnally substituted with one or more
substituents.

9. The compound according to claim 8 or salts thereof
whereln A represents a five or six membered hetercaryl group
containing two or three heteroatoms selected from the group

ng ¢ nitrogs: oxvgen atom and sulfur ateom
- = r
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3

provided that at least two nitrogen atoms are included,

which may be cpticnally substituted with one or more
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The compound according to claim 9 cr salts thereof
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a thiadiazelyl group, a pyrimidinyl group, and a pyrazinyl

N P . e PR T P R .4
ch may ke optionally substifuted with one cr more

W

group, e

substituents.
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1. The compcund according to claim 10 or salts thereof
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wherein the triazolyl group
substituted with cne or more substituents repressents 1,5-

- ~

dimethyi-1,2,4~triazel-3-yv1l group.
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Z. The compound according tec claim 10
wherein the oxadlazolyl roup which may be optionally

substituted with one or more substituents represents 5-

substituted with one or more substituents represents 3-

-1,2,4-thiadiazol-5-v1 group.

et

methy

14. The compound according to any one of claims 1 to 3 or
c:a'\— tlﬂc:.‘r‘c.r\: o Ty
S5altTsS Mol Wil i

X represents z group represented by formula (II-3); and

= R, B | Yoy 4 1 - T
cft a Ci-e alkyl group whicn may be opticnally subs

Ltn one or more supstituents, and an &ryl group which may
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be optlonally substituted with one or more substituents.
1. The compound according to claim 14 or salts *hereaf
whereiln M represents a sulfonyl group which is substitured
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1. An oligonuclectide ceompound comprising one o©r more
nuclecsides represented by general formula (I'):
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[wherein,

B represents a base molety of nucleic acid wherein the
base molety may be cpticnally substituted with one or more
substituents;

Ri, Rz, Rz and Ri represent independently of each other
a hydrogen atom, or a Cl-6 alkyl group which may be
cpticnally substituted with one or more substituents;

m is an integer of 1 or 2:

X represents a group represented by the following
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crmuia {(I1'-1y, (II1'-2), or (II'-3):
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one or more substituents selected from the group consisting
of a Ci-s alkyl greoup which may be opticnally substituted
with one or more substituents, and an aromatic group which

may be cpticnally substituted with one or more substituents.]

19. The compound according to claim 18 or salts thereof
wherein B represents an adeninyl group which may be
cptionally substituted with one or moere substituents, a
guaninyl group which may be ocpticonally substituted with one
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21. The oligonuclectide compound according to any one of
claims 18 to 20 or salts thereof, whersin

X represents a group represented by formula (II'~1);

s
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R- and Rs represent independently of each other a
hydrocgen atom, a Cl-6 alkyl group which may be copticnally
substituted with one or more substituents, or an aromatic

group wnich may be cptionally substituted with one or more

substituents.
22. The cligonucleotide compound according te claim 21 or

salts thereof wherein R- and Rg represent independently of
each other a hydrogen atom, a CIl-3 alkyl group which may be
opticnally substituted with one or mere substituents.

23. The oligonuclectide compound according to claim 22 or
salts thereci wherein one of R; and Re represents a hydrogen

atom, and the other therecf represents a methyl group.
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A represents a five or six membered heterocaryl group
containing one or more hestercatoms selected frem the group

consisting of nitrogen atom, oxygen atom and sulfur atom,
which may be opticnally substituted with ons or more

substituents.
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26, The oligeonuclecotide ceompound according to <¢laim
salts therecf wherein

A represents a five or silx membered hetercaryl group
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centaining two or three hetercatoms selected from nitrogen
atom, oxygen atom, and suliur atom, provided that at least
two nitrogen atems are included, which may ke optionally
stbstituted with one o©¢r mere substituents, and the
substituent is selected independently of each other from a
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pticrally substituted with one or more halogen atoms, a
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halogen atom, and an amino group which may be optionally
substituted with one or more C1-3 alkyl groups.
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represents 1, S-dimethyi-1,2,4-triazocl~3-yl group.
25. The oligonuclectide compound according te claim 27 or

salts thereof wherein the oxaciazolyl group which may be

cpticnally substituted with one o©r moere substituents
represents 5S5-methyl-1,2,4-cxadiazol-3-v1 group.
3. The coligonuclectide compcund according to claim 27 or

salts therecf wherein the thiadiazclyl group which may be

opticnally substituted with one or mors substituents

31. The oligonucleotide ceompound according to any cne of
claims 18 to 20 or salts thereof, whersin

X represents a group represented by formula (II'-3);

M represents a sulfonyl group which is substituted with
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one or more subkstitusnts se d from the group consisting

of a Cl-6 alkyl greoup which may be optionally substituted

with one or more sup tuents, and an aryl group which may

substituted with one or more substituents selected from the

33. The oligonuclectide mpound according to any one of
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bencs between nucleotides represent a phosphorothiocate bond.



