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CONJUGATES OF PYRROLOI[1,4]BENZODIAZEPINE DIMERS
AS ANTICANCER AGENTS

The present invention relates to pyrrolo[1,4]benzodiazepine (PBD) dimer conjugates, to the
compositions comprising them and to their therapeutic application, in particular as anticancer
agents. The invention also relates to the process for the preparation of the conjugates, to their
application as anticancer agents and to the dimers themselves.

[Technical field]

Pyrrolo[1,4]benzodiazepine dimers are anticancer agents which act by covalently bonding to the
DNA of the cells. These derivatives have been described in Applications WO 00/12508 and
WO 2005/085260, and in the following publications: Eur. J. Med. Chem., 2005, 40, 641-654;
Tetrahedron Letters, 1988, 29(40), 5105-5108.

The chemistry of conjugates has been known for many years and has been applied to several
families of cytotoxic agents, such as, for example, the maytansinoids (WO 04103272), the taxans
(WO 06061258), the Ileptomycins (WO 07144709), or CC-1065 and its analogues
(WO 2007102069); see also, with regard to the conjugates, Monneret C. et al., Bulletin du
Cancer, 2000, 87(11), 829-38; Ricart A.D. et al., Nature Clinical Practice Oncology, 2007, 4,
245-255; Singh R. and Rickson H.K., Therapeutic Antibodies: Methods and Protocols, 2009, 525,
445-467.

[Prior art]
Pyrrolo[1,4]benzodiazepine dimer conjugates have already been described in Applications
WO 07085930 or WO 2009/016516. The dimers used have more particularly the formulae:

H, =N XANT-AN-R_ o\ PN H, =N X-ANT-AN-X N—\rH}:
0D <0G
o] 0 o 0

in which T can represent an aryl or heteroaryl group substituted by —G-D-(Z),-SZ, or =G-D-(Z),-
C(=0)ZsRy. G represents a single or double bond or else -O-, -S- or -NR-. D represents a single
bond or else one of the following groups: -E-, -E-NR-, -E-NR-F-, -E-O-, -E-O-F-, -E-NR-CO-, -E-
NR-CO-F-, -E-CO-, -CO-E-, -E-CO-F, -E-S-, -E-S-F-, -E-NR-CS-, -E-NR-CS-F-, for which E and F
are chosen from -(OCH,CHpa)ialkyl(OCH>CH2);-, -alkyl(OCH,CHoy)-alkyi-
-,CH2CHy)-, -(OCH,CHy)icycloalkyl(OCH,CH3)-, -(OCH,CH,)heterocyclyl(OCH.CH,)i-, -(OCH,C
Ha)iaryl(OCH,CHa)-, -(OCH2CHa)heteroaryl(OCH,CH,)-, -alkyl-(OCH;CH,)alkyl(OCH2CHy)-, -
alkyl-(OCH,CH,):-, -alkyl-
(OCH2CHy),cycloalkyl(OCH2CH,);-, -alkyl(OCH,CHy)heterocyclyl(OCH,CHa);-, -alkyl-
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(OCH,CHy)aryl(OCH2CHz)-, -alkyl(OCH,CH,)heteroaryl(OCH,CHy)-, -cycloalkyl-alkyl-, -alkyl-
cycloalkyl-, -heterocyclyl-alkyl-, -alkyl-heterocyclyl-, -alkyl-aryl-, -aryl-alkyl-, -alkyl-heteroaryl- , -
heteroaryl-alkyl-. i and j represent integers ranging from 0 to 2000. Z represents an alkyl group
and p is an integer having the value 0 or 1.

The group L= -CH,C(=0O)NR;-(CH,CH,O)-ALK- which characterizes some of the
compounds of the present invention comprises the amide unit (-CONR;-) and can
correspond in WO 07085930 or in WO 2009/016516 only to the unit -E-CONR-F- with E =
alkyl and F = -(CH,CH,O)-alkyl-. However, the group L, which is attached to the phenyl
or pyridinyl ring and which is attached to L, is not described or suggested in these two
patent applications. Specifically, it could correspond only to the unit G. In point of fact, G
can only be a bond (single, double, triple) or else -O-, -S- or -NR-. As regards the other
compounds of the present invention which are characterized by the linker -O-ALK-NR;-
ALK-S-(CH,CH,0)-ALK-, none of the units D of WO 07085930 or of WO 2009/016516
provides for the combination of an amine group NR; and of a bond -S-. The following
dimers are described in WO 2009/016516:

o v,
{ ?q&/ J:,( \Jg‘? Kj&r O

o 2
g W
o"/\o')"\/l‘ D‘}) f\/
i{p'ﬁﬁ Ny H H =N \/d/
N MI;IXE ¥ fEx \J\’ d “\\/ (Ex.7)

but none of these dimers comprises a hnker similar to those described in the present

(Ex.5)

invention (in particular, no -ALK-S- unit).

Thus, the two applications WO 07085930 and WO 2009/016516 neither describe nor suggest
the compounds of the present invention.

[Technical problem]
The technical problem which the present invention intends to solve is that of providing novel
pyrrolo[1,4]benzodiazepine dimer conjugates.

[Definitions]
The following terms have the accompanying meanings:

e conjugate: a cell binding agent to which is covalently attached at least one molecule of a
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cytotoxic compound;

« cell binding agent: a molecule having an affinity for a biological target: it can, for example, be

a ligand, a protein, an antibody, more particularly a monoclonal antibody, a protein or antibody

fragment, a peptide, an oligonucleotide or an oligosaccharide. The role of the binding agent is

to direct the biologically active compound, such as a cytotoxic agent, towards the biological

target;

e biological target: an antigen (or group of antigens) preferentially located at the surface of the

cancerous cells or stromal celis associated with this tumour; it being possible for these antigens

to be, for example, a growth factor receptor, an oncogene product or mutated “tumour

suppressant” gene product, an angiogenesis-related molecule or an adhesion molecule;

« alkyl group: a saturated aliphatic hydrocarbon group obtained by removing a hydrogen atom

from an alkane. The alkyl group can be linear or branched. Mention may be made, as

examples, of the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl,

2,2-dimethylpropyl or hexyl groups;

e cycloalkyl group: a cyclic alkyl group comprising between 3 and 8 carbon atoms involved in

the cyclic structure. Mention may be made, as examples, of the cyclopropyl, cyclobutyl,

cyclopentyl or cyclohexyl groups;

e aryl group: a mono- or bicyclic aromatic group not comprising a heteroatom. The phenyl and

naphthyl groups are more particularty concerned;

« heteroaryl group: a mono- or bicyclic aromatic group comprising at least one heteroatom (O,

S, N) involved in the ring and connected to the carbon atoms forming the ring. The pyridinyl,

pyrrolyl, thienyl, furanyl, pyrimidinyl or triazolyl groups are more particularly concerned;

« heterocycloalkyl group: a cycloalkyl group comprising at least one heteroatom (O, S, N)

involved in the ring and connected to the carbon atoms forming the ring;

» alkoxy group: an -O-alkyl group, where the alkyl group is as defined above;

¢ alkanoyloxy group: an -O-CO-alkyl group, where the alkyl group is as defined above,

e alkylene group: a saturated divalent group of empirical formula —CnHa.n-, oObtained by

removing two hydrogen atoms from an alkane. The alkane can be linear or branched. Mention

may be made, as examples, of the methylene (-CH,-), ethylene (-CH;CH,-), propylene
Me Me

(-CH2CH2CHy-), butylene (-CH,CH,CH,CH,-), isobutylene ( % ) or hexylene

(-CH,CH,CH,CH,CH,CH_-) groups. A linear alkylene group can more particularly be of formula

—(CH2)m-, m representing an integer,;

¢ in the ranges of values, the limits are included (for example, a range of the type “i ranging

from 1 to 6” includes the limits 1 and 6.

Abbreviations used

AcOEt: ethyl acetate; ALK: (C4-C4z)alkylene group, more particularly (C4-Cg)alkylene group; TLC:
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thin layer chromatography; DAR: drug antibody ratio; DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene;
DCC: N,N'-dicyclohexylcarbodiimide; DCM: dichloromethane; DEAD: diethyl azodicarboxylate;
DIC: N,N'-diisopropylcarbodiimide; DIPEA: N,N-diisopropylethylamine; DMA: dimethylacetamide;
DMAP: 4-dimethylaminopyridine; DME: dimethoxyethane; DMF: dimethylformamide; DMSO:

5 dimethyl sulphoxide; e: molar extinction coefficient; EEDQ: 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline; EDCI: N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide; EDTA:
ethylenediaminetetraacetic acid; Fmoc: fluorenylmethoxycarbonyl; PG: protecting group; Hal:
halogen atom; HOBt: 1-hydroxybenzotriazole; HEPES: 4-(2-hydroxyethyl)-1-
piperazineethanesulphonic acid; LG: leaving group; NHS: N-hydroxysuccinimide; NMP:

10  N-methylpyrrolidinone; RP: reduced pressure; Rf: retention factor; SEC: steric exclusion
chromatography; AT: ambient temperature; TBDMS: tert-butyldimethylsilyl; TEA: triethylamine;
TFA: trifluoroacetic acid; TIPS: triisopropylsilyl; THF: tetrahydrofuran,; rt: retention time.

[Figures]
15 Fig. 1: high resolution mass spectrum of the conjugate of Ex. 1 after deglycosylation;
Fig. 2: high resolution mass spectrum of the conjugate of Ex. 2 after deglycosylation;
Fig. 3: high resolution mass spectrum of the conjugate of Ex. 3 after deglycosyiation;
Fig. 4: high resolution mass spectrum of the conjugate of Ex. 4 after deglycosylation;
Fig. 5: high resolution mass spectrum of the non-deglycosylated conjugate of Ex. 6.
20
These figures show, for each conjugate after deconvolution, the distribution of the entities
carrying from 0 to 8 tomaymycin dimers (Dg: no dimer; Dy: x dimers).

[Description of the invention]

25  The invention relates to compounds of formula:

| ~COZRb
"o ALK M ALK
4/N
in which:
« — represents a single bond or a double bond with the condition that, if
— represents a single bond, then:
30 « --—-represents a single bond;

\/

< U and/or ’, which are identical or different, represent(s), independently of one
another, H;




10

15

20

25

30

WO 2011/023883 -5- PCT/FR2010/051709

% W and/or W’, which are identical or different, represent(s), independently of one
another: OH, -OR, —OCOR, -COOR, -OCOOR, ~OCONRR’, a cyclic carbamate such
that N10 and C11 are included in a ring, -NRCONRR', -OCSNHR, a cyclic thiocarbamate
such that N10 and C11 are included in a ring, -SH, -SR, -SOR, -SOOR, -SOj, -
NRSOOR’, —-NRR’, a cyclic amine such that N10 and C11 are included in a
ring, -NROR'’, -NRCOR’, -N3, -CN, Hal or a trialkylphosphonium or triarylphosphonium
group;

R4, Rz, Ry’ and Ry, which are identical or different, represent, independently of one

another: H, Hal or a (C4-Cglalkyl group optionally substituted by one or more

substituent(s) chosen from: Hal, CN, NRR’, CF3;, OR, an aryl or heteroaryl group, or

S(O);Rwithq=0, 1 0r2;

or else

R, and R, and/or Ry’ and R;’ together form respectively a double bond =CH, or =CH-CHj;
Y and Y’, which are identical or different, represent, independently of one another, H or
OR;

M represents CH or N;

ALK and ALK’, which are identical or different, represent, independently of one another,
a (C4-Cg)alkylene group;

R and R’ represent, independently of one another, H or a (C4-Cg)alkyl or aryl group

optionally substituted by one or more substituent(s) chosen from: Hal, CN, NRR’, CF3;, OR
or an aryl or heteroaryl group;
L represents:
% the -L4-L,- group in which L, is attached to the aromatic ring comprising M via the
ALK or OALK group and represents one of the following groups:
-ALK-S-
0

/|:<(N —CH;—
-0-ALK-NR,-ALK-S§ Y

-O-ALK-NR3-ALK-S-
0

/—\ /U\I\LK-S-

OALKN, N
| T 4

,O—ALK-NOiALK‘S'

O-ALK-N,  N—ALK-S
\_/

and L, represents the -CH;C(=0)-NR;-(CH,CH,O)-ALK- group attached fo L,
via -CH,C(=0)-;
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or else
% the —-O-ALK-NR3;-ALK-S-(CH,CH,O)-ALK- group attached to the aromatic ring
comprising M via the OALK group;

e R;represents H or a (C4-Cg)alkyl group;

e irepresents an integer ranging from 1 to 40, rather from 1 to 20, preferably from 1 to 10;

e Z, represents a single bond, -O- or -NH- and Ry, represents H or a (C4-Ceg)alkyl,
(Ca-C)eycloalkyl, aryl, heteroaryl or (C;-C7)heterocycloalkyl group or else Z, represents a
single bond and R, represents Hal.

The compounds of formula (1), including those exemplified, can exist in the form of bases or of
addition salts with pharmaceutically acceptable acids or also of hydrates or solvates of these
bases or of these salts.

More particularly, the two ALK and ALK’ groups attached to the phenyl or pyridinyl nucleus both
denote a methylene group:

_COZbRb

L
U W'
w u = L1000

H 11 N‘. - 148
PR o o Z o R
10 M 1

R, 1
1 »
R, Ne_ 4 Y ¥ N .

3\|
Q

o}
More particularly, among the compounds of formula (1), those of formula (I1A) or (IB):

L-C(=0)-Z,R, L-C(=0}Z,R,

<O <0

(A) (B)

are singled out.

Y et Y’ more particularly represent a (C4-C,4)alkoxy group, in particular the methoxy group. R and
R’ can more particularly represent, independently of one another, H or a (C4-Cg)alkyl group.
According to a particular form, U=U’ and/or W=W’ and/or R4=R and/or R;=R;" and/or Y=Y’
and/or the two ALK and ALK’ groups attached to the phenyl or pyridinyl nucleus are identical.

L can more particularly be chosen from one of the following:
-ALK-S-CH,C(=0)-NH-(CH,CH20)-CH,CH3-
o}

/QN —CH;—CH,C(=0)NH-(CH,CH,0)-CH,CH,
-O-ALK-NR,-ALK-S 3
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-O-ALK-NR3-ALK-8-CH,C(=0)-NH-(CH,CH,0)-CH,CHa
(o]

-O-ALK-N N/u\'ALK—S CH,C(=0)-NH-(CH,CH,0)-CH,CH,

(o]
.o.ALK_,O)'LALKS- CH,C(=0)-NH~(CH,CH,0)-CH,CH,
-O-ALK-N N—ALK-8-CH,C(=0)-NH-(CH,CH,0)-CH,CH,

—0O-ALK-NR3-ALK-S-(CH,CH,0)-CH,CH,-

PCT/FR2010/051709

Among these, ALK more particularly represents a (C4-C,)alkylene group. In particular, ALK can
be one of the following: -CH,CH,-, -CH,CMe,- or -CH,CH,CMe,-. L can also be one of those

described in Table I below or in Table |l.

i represents an integer ranging from 1 to 40, rather from 1 to 20, preferably from 1 to 10. i can
take each of the values ranging from 1 to 40; in particular, i can have the value 3, 4, 5, 6, 7, 8, 9

or 10.

Table | describes representative examples of compounds according to the formula (1A). Each
compound of this table can exist in the foorm with M=CH (benzene) or M=N (pyridine). The

compounds with M=N are more soluble in water.

Table |

Compound of formula (1A)

(6]

L}\/\ AN gD ZbRb
| 0 (®]
/\/N\XS’iN_/T W
§ 0

SSCangnsecy
AN Y 4 0 p N e

ZbRb

|
NN&(S/KH\/\O/\/O\/\O/\,O\/I
X
H, =N o |N’ 0 Ny 1
2 N‘( ? ? :O')f'N N

ﬁ%ﬁ/\/o\/\o/\/’o\/\o/\izmr‘\b
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i~
ii

/>< \/ﬁ\ /\/0\/\ AP \/\()/\/ﬁ\Zth

I

O O

II\XS /YL\/\O AN /\/o\/\g/zbnn
]

ZbRb

The compounds according to the invention comprise the chemical group -C(=0)Z,R, (RCG1)
which is reactive with regard to a reactive chemical group (RCG2) present on the binding agent.
The reaction between RCG1 and RCG2 ensures the attachment of the compound to the binding
agent by formation of a covalent bond. Thus, the compound is capable of being conjugated to a
binding agent. More particularly, Z, represents O; in this case, RCG1 represents an acid
functional group (Rp=H) or an ester functional group. More particularly, -C(=0)Z,R,
represents -COOH, -COO(C4-Cg)alkyl, in particular -COOCHg3;, or -COOCH,CH=CH,. Preference
is given, among the ester functional groups, to the “activated” esters which exhibit a good
reactivity with regard to the RCG2 groups, in particular with regard to the amino groups present

on antibodies. Examples of activated esters are the following:

Ny,
SO M *"CD—-O-—N/ i
— - —_ 1G
R 20N M=H or catlon | N e
\5— or the —co-0— A\ / group,
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in which 1G represents at least one inductive group, such as -NO; or -Hal, in particular -F. The

i —-coo—@-No,
following groups may be concerned, for example: ore ¥ ¥ . Another type of

ey
—C(=0)Z,R;, group is the following: el

Mention may be made, as examples of RCG2, of the epsilon-amino groups of the lysines carried
by the side chains of the lysine residues which are present at the surface of an antibody, the
saccharide groups of the hinge region or the thiols of cysteines by reduction of intrachain
disulphide bonds (Garnett M.C. et al., Advanced Drug Delivery Reviews, 2001, 53, 171-216).
More recently, other approaches have been considered, such as the introduction of cysteins by
mutation (Junutula J.R. et al., Nature Biotechnology, 2008, 26, 925-932; WO 09026274) or the
introduction of non-natural amino acids, making possible other types of chemistry (de Graaf A.J.
et al.,, Bioconjugate Chem., 2009, February 3, 2009 (Review); DOI: 10.1021/bc800294a;
WO 2006/069246, and according to Chin J.W. et al., JACS, 2002, 124, 9026-9027 (ReCode®
technology)). These methods of attachment used with the antibodies can be applied to all known
binding agents according to their structure.

The compounds according to the invention can thus be used in the preparation of a binding agent
to which is covalently attached, in the position para to M, the dimer of formula:

U w'
1 = U\,1o Eoi iy
N
0\ - /'O R,
Ak M ALK Y
¥ 4 N R,
3

More particularly, the binding agent is an antibody. More particularly, the dimer has the formula:

<0pc s oo oy

Process for the preparation of the compounds of formula (I)
The compounds of formula (1) can be prepared according to Scheme 1:
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Scheme 1

The compounds P4, P’y and P, are reacted together to resuit in P;. LG and LG’ denote a leaving
group. L3 can represent the —L-C(=0)Z,Ry, group; in this case, P; thus represents a compound of
formula (l). In the case where P3 does not represent the —L-C(=0)Z,Ry, group, it is necessary to

convert L3 to the —L-C(=0)Z,R,, group using one or more reactions. In particular, in the case

Ao

where —C(=0)Z,R, = 0 , it is possible to introduce the L; group terminated by
the -C(=0)Z,Ry, group = -C(=0)0-(C+-C,)alkyl or -C(=0)O-allyl, which is subsequently converted
to the -C(=O)OH group, which finally reacts with N,N’-disuccinimidyl carbonate or NHS. The
conversion of -COOalkyl/allyl to ~-COOH can be carried out by treatment with lithium hydroxide. It
is particularly advantageous to use in particular a methyl ester. The reaction with
N,N’-disuccinimidyl carbonate is carried out in the presence of a base, for example DIPEA, that
with the NHS is carried out in the presence of a coupling agent, for example DCC. Likewise, in
Bive,

the case where —-C(=0)Z,R;, = =N it is possible to introduce a ~C(=0)Z,R;, group = -COOH
which subsequently reacts with N,N'-carbonyldiimidazole (JACS, 1958, 80, 4423; JACS, 1960,
82, 4596).

The compounds P4 and P’; are described in Patent Applications WO 00/12508, WO 00/12507,
WO 2005/040170, WO 2005/085260, WO 07085930 or WO 2009/016516 or are accessible by
total synthesis (Mori M. et al. Tetrahedron, 1986, 42, 3793-3806). In the case where P4 and/or P’
represent(s) tomaymycin of formula:

Tomaymysin , the latter can be prepared using the Streptomyces croceus strain by

following the teaching of FR 1516743 or else by total synthesis (see J. Antibiotics, 1983,
XXXVI(3), 276-282, Z. Tozuka, “Studies on tomaymycin. Total syntheses of the antitumor

antibiotics E- and Z- tomaymycins”). There also exist commercial P+/P’y compounds. For the
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introduction of the W/W'’ groups, the imine functional group ( — = double bond) is capable of
adding various HW/HW' compounds (for example H;O or alcohol ROH).

with regard to the compounds of formula P,

These have the formula:
L-C(=0)ZbRb

g o AL?'E
P2

in which:
= | M, ALK, ALK', Z, and Ry, are as defined above;

= E and E’ represent, independently of one another, an -OH group or a leaving group.

L can more particularly represent one of those described in Schemes 2, 2, 3, 3’, 3", 4, 5, 5', 6, 6,
6", 7.

The intermediates of formula:
L*
=

E = /E'
Sakk M Ak

m /ﬁ\ALK-SH

-O-ALK-N N
in which L* is chosen from: -ALK-SH; -O-ALK-NRj;-ALK-SH;
[0}

-O~ALK-NO)LALK'SH -O-ALK-N N—ALK-SH

] '

are also singled out.

In this invention, the term “leaving group” denotes an atom or a group of atoms which, in the
heterolytic reaction between P, and P4 or P’4, leaves while carrying away the electron pair of the
covalent bonds connecting ALK and LG or LG'. The leaving group is chosen more particularly

from a halogen atom, in particular chlorine or bromine, or a mesylate, tosylate, nosylate
or -OPPh;" group.

For the other Schemes below, use is made, for simplicity, of the following abbreviations:

W‘ u
@—N o
R,
0 .
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L4=-ALK-S- and L;=-CH,C(=0)-NH-(CH,CH,0)-ALK-

N (o]
" I o +P Py —= ()
\ALK M/ AL%
P!
Scheme 2

Preparation of P,
HAL
=

HO__ I M/ _OH
P, is obtained from the corresponding halogenated diol of formula ALK

ALK according
to the teaching of Ex. 3 (Scheme 2'):

ALK-SH

iv. conversion of OH to SH
i. protection
il. n- BuLI m ketone V. deprolection /fi
HO P OH
0” TBSO OTBS TBSO OTBS \ALK M ALi'
Hul/\[( \(CH,CH,O)l—ALK‘C(=O)Z,,R,, ‘
(o] P
\ NR,
S/Y ek ALK-(Y \(CH,CHO)ALK-C=0)Z,R,
Q

I vi. introduction of LG and LG'

B ——

s T HO | ~ OH
e SAK W ALK

Scheme 2’

LG

i. protection of the two alcohol functional groups using a protecting group, such as, for example,
tert-butyldimethylsilyloxy (TBS);

ii. preparation of the corresponding organolithium or organomagnesium derivative using
respectively n-BuLi or magnesium;

iii. nucleophilic addition to a ketone to form an alcohol functional group;

iv. preparation of the thiol via the formation of the corresponding thioacetate (see Ex. 3.7 and
3.8);

v. deprotection;

vi. introduction of LG and LG’. In the case of a mesylate group, use is made of methanesulphonyl

chloride in the presence of a base, such as a tertiary amine (for example, TEA or DIPEA); see
Ex. 1.4.

An example of halogenated diol and of the corresponding protected diol is that described in
Scheme 1 on page 48 of WO 2009/016516 (compounds 2 and 3 of Scheme 1). Two examples of
protected diols are those of CAS Nos. 181225-40-1 and 181225-41-2.
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The halogenated diol can be obtained by reduction of the corresponding diacid or diester
compound, for example that of CAS No. 193010-40-1. See also, in the case of a pyridine (M=N):

Liebigs Annalen der Chemie, 1991, 10, 987-988 or Tefrahedron, 2005, 61(7), 1755-1763
(compound 3 of Scheme 1).

Preparation of P,
case where ALK=CH,CH,
case where Ri=H

O
|~10j’\/{0/\'}.0\/\m2 L qmoj\/\io/\,};o\//\ﬁ)?\/mal
0

Hal=Brorl

Stage (i): formation of the amide and activation of the acid; the two stages are carried out
successively in a polar aprotic solvent, such as DCM: reaction between the amine functional

group and N-hydroxysuccinimidyl haloacetate, followed by in situ addition of a coupling agent,
such as DIC.

case where RyzH
0 L\{ o
Hoj\/\i“/\’}lo\/\rm, o O/\'}'O\/\ﬁ ; o ~To O g,
F

I(i)

g‘ooj\/‘{o/\‘}ro\/‘mj,k e

e}

Hal=Bror|

Stage (ii): protection of the carboxylic acid in the methyl ester form and of the amine in the
trifluoroacetamide form; the reaction is carried out in two successive stages in a polar aprotic
solvent, such as DCM: protection of the acid by treatment with trimethylsilyldiazomethane in the
presence of methanol, followed by protection of the amine by addition of trifluoroacetic anhydride
and of a base, such as TEA;

Stage (iii): alkylation of the amine and saponification of the ester; the reaction is carried out in two
successive stages in an anhydrous polar aprotic solvent, such as THF: alkylation of the amine by
treatment with a base, such as NaH, in the presence of a reactant carrying a nucleofuge group,
such as an alkyl halide RjHal, followed by addition of lithium hydroxide and of water;

Stage (i): subsequent to stage (iii), the reactions of stage (i) for the case R;=H are repeated.

case where ALK=CH,CH,

case where Rs=H
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%OJLAIK—\ = ”0’{/\’0\}"‘/\[“ ﬁ‘/lV ﬁ\ o’{’\/o‘}r/\ HO ALK—/\O’{'\’O\}P/\NH,

LY.

AL K—/\o’{'\/o‘}\/\ jV”m
Hal=Bror|

case where RszH

\Oj\ALK—\ + Ho 0‘]-‘/\r L \oj\m.x/\o’{"\/o‘lr/\r = ALK/\O’{/\/O\]'P/\NH?

Hal=Brort "o 0 l(vi)

g\ /ﬁ\ALK /\O’{’\/o\}r/\ LHaI o HOj\ALK /\0,{,\/0\]"‘/\ (“l) \Oj\ALKAO’{/\/O\}r/\N’COCFJ

5  Stage (iv): elongation of the PEG chain; the reaction is carried out in an anhydrous polar aprotic
solvent, such as THF or DMF, by treatment of a halogenated ester with the alkoxide of a
benzophenone/imine/PEG aicohol generated by the action of NaH or of potassium
naphthalenide, as described in WO 2007/127440;

Stage (v): selective cleavage of the imine by hydrogenation in the presence of palladium-on-
10 charcoal according to Wessjohann L. et al., Synthesis, 1989, 5, 359-63;

Stage (vi): protection of the amine by addition of trifluoroacetic anhydride and of a base, such as
TEA.

The amino/PEG alcohols are commercially available for, for example, i=3,4,7,8 or can be
15  prepared from the PEG diols, commercially available for i=3 to 12, according to the procedure

described in US 7230101. The protection of the amine functional group by benzophenone can be

carried out by azeotropic dehydration in the presence of a Lewis acid, such as BF; etherate.

0
/QN—‘CH,"—
“O-ALK-NR-ALK-S'
L= ’ 0 and L,= -CH,C(=0)-NR3-(CH,CH,O)-ALK-
-ALK-NR,-ALK-SSMe O-ALK-NR,-ALK-SSMe O-ALK-NR,-ALK-SH
~ + Py Py e I o~ e -~
L6 g LG’ Tom1_ . Ll Tom1 | e Tom™
ALK M~ ALk ALK M~ ALK SR W S
P, 5
| N—(CH,CH,0)-ALK-C(=0)Z,R, l
1\)(&_/\?: P,
o )
20 Scheme 3

Preparation of P,
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0-ALK-NH iy NH- 4
. Br-ALK-NHBog 2 0O 0-ALK-NH-CH,ALK-SSMe

N ii. deprotection e i HJ\ALK-SSM3+TI3‘ N Ké?trg‘duction of
e —_— -
PGO Z OPG' HO g OH L oH N
~ M /, ~ M z HO\ /|
ALK ALK ALK ALK dium AK M ALK
cyanoborohydride
Scheme 3’

i. nucleophilic reaction between one of the —OH functional groups (the other twa being protected
by PG and PG’, which denote protecting groups) and a bromoamine protected by Boc of formula
Br-ALK-NHBoc in the presence of a base, such as, for example, K,CO3, in a polar solvent, such
as DMF, THF or MeCN (see, for example, the conditions on page 63 of WO 07085930).

According to an alternative form, it is possible to carry out the nucleophilic substitution of the

H

EtO = OEt

bromoamine by the hydroxydiester of formula: o 9 and then to subsequently
reduce the ester functional group to give a —CH,OH functional group, for example with sodium
borohydride; it is possible to apply, for this, the conditions of the nucleophilic substitution and of
the reduction given on pages 62-63 of WO 2007/085930;

ii. deprotection of protecting groups;

iii. reductive amination with the aldehyde of formula HC(=0)-ALK-SSMe in the presence of
titanium isopropoxide; the reaction is carried out at ambient temperature in an anhydrous polar
aprotic solvent, such as THF;

iv. an intermediate complex is formed which is reduced in situ with a reducing agent, such as, for
example, sodium cyanoborohydride;

v. introduction of LG and LG'. In the case of a mesylate group, use is made of methanesulphonyl
chloride in the presence of a base, such as a tertiary amine (for example TEA); see Ex. 1.4.

An alternative form represented in Scheme 3" consists in introducing the -ALK-SSMe group onto
the NHBoc group, under the inspiration in particular of the method described by Kitagawa T.
etal., JACS, 2006, 128(45), 14448-14449, used to introduce acetylthioalkyl chains onto a
secondary amine:

OH 0-ALK-NHBoc 0-ALK-NBoc-ALK-SCOMe
N i. Br-ALK-NHBoc e vi. Hal-ALK-3COMe N
| OPG' PGO oPG' PGO | ~ oPG'
PGO = PG' = » e v,
Sak M Sake Sak M Sake Ak M Sark
vii. OH-
viii. MeSSO,Me
0-ALK-NH-CH,ALK-SSMe
ix. hydrolisis 0-ALK-NBoc-ALK-SSMe
N
| - X
LG\ P> LG x. introduction of LG/LG' |
akk M Cak GPO o7 _ OGP’

P, Sak M ALK’
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Scheme 3”

According to this alternative form, the alkylation is carried out using an intermediate Hal-ALK-
SCOMe (Hal=I, for example) and then the thiol is released by a treatment in a basic medium:

vi. alkylation by an alkyl halide carrying a thioacetyl group in the presence of caesium carbonate
in a polar aprotic solvent, such as DMF;

vii. selective cleavage of the acetyl group in a weak basic medium;
viii. formation of the —SSMe group by reaction of the intermediate thiol with MeSSO,Me;
ix. cleavage of the protecting groups PG and PG’;

X. conversion of the hydroxyl groups to nucleofuge groups LG/LG’, preferably mesylate groups.

O-ALK-NH-ALK-SSMe O-ALK-NR,-ALK-SSMe
® — e
Ok W AL{('O " HONALK W ALKOH
Scheme 3’

The introduction of an R; group = (C4-C4)alkyl onto an NH group is possible at different stages of
the synthesis (an example is given in Scheme 3’”). It is carried out, for example, by employing

the Wallach reaction, which uses an aldehyde (see Ex. 1.5, where the alkylation NH=>NMe uses
formaldehyde).

with regard to Ps
Thermo Fisher Scientific, Rockford, IL 61105, USA, Jenkem Technology USA Inc., 2033

W. McDermott Dr, Allen, TX 75013-4675, USA, and Quanta BioDesign Ltd., 195 West Olentangy
Street, Suite O, Powell, Ohio 43065-8720, USA, sell compounds of general formula

0
| N_/\H/EI-—(CHch;,O)rCH?CH,—C(:O)—O—-N
0
0

- denoted by NHS-PEG-maleimide. The

compound of CAS No. 756525-99-2 may more particularly be concerned.

The addition of the thiol to the maleimide unit is described on page 721 of “Bioconjugate

Techniques”, Greg T. Hermanson, 2nd Ed., Elsevier Inc. (ISBN-13: 978-0-12-370501-3;
ISBN-10:0-12-370501-0).

L4=-O-ALK-NR3;-ALK-S- and L,= -CH,C(=0)-NR3~(CH,CH,0),-ALK-
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0-ALK-NR,-ALK-SSMe

-ALK-NR,-ALK-SSMe ALK-NR,-ALK-SH
i e - b
LG P ~LG aliait Tom', — ™ |
TAK M7 ALk T Tk W ke oM~ Ak W S
P2
NR,
Hal/*\ﬂ/ N (CH,CH,0)ALK-C(=0)Z,R,
0
P4
(1
Scheme 4

The preparation is similar to that described in Scheme 3, P5 being replaced by P,.

An alternative form described in Scheme 4’ corresponds to a preparation similar to that described
5 in Schemes 2 and 2’;

N,
O-ALK-NR,-ALK-SSMe FALICNR -ALK-SH om«n,ms/\[( \(G(,CH,O),-N_K-C(mm
= _(')__. N = e

HO | - OH HO P LOH N, .
Ak M Ade ALK M7 Ak m/ﬁ( \tm,CH,ox-ALK-O(:oV&D‘*m Wi l
Q

P,

i
OoALKﬁR,»ALKS/\L( (CH,CHOVALK-CI=OZ,R,

 -— l\

Z L'
B W Sauc

Scheme 4’
10  i. deprotection by reduction of the disulphide

-O-ALK-N NiALK‘S‘

L= and L,= -CH,C(=0)-NR3~(CH,CH,0)-ALK-

ALK N=CO-ALK-SSMo 7\

_ALK- -CO-ALK-SSMe N
- S ANLKN N-CO-ALK-SH
LG LG N s > —_—
SALK W AL Tom1 |l Tom Tom1 i
ALK M7 ark: < A, -
P, ALK M7 Ak

N
HaI/Y % (CH,CH,0)-ALK-C(=0)Z,R, \
o]

(0]
Scheme 5

15  Preparation of P,
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ALK-N  N—CO-ALK-SSM
P = —CO- - e
=
LG | | e
Use is made of the compound P, of formula: ALK "M™ "ALK , Which is
obtained according to Scheme 5’ below:

H Boc
1

/ALK—N\—/NBOC " /ALK—OH

N
l R = E j () ?
——— S
PGO Z ~OPG' X i x
ALK M ALK 3 | @) |
ALK—-LG  PGO ~OPG'  HOS, . W ~OH

< Z
ALK "M ALK ALK'

0
AALKN  N—CO-ALK-SSMe g W

' iv HO _OH
LG LG M arad

= 1]
SALK M ALK M~ TALK
PZ
Scheme 5’

i. alkylation of the hydroxyl of the aromatic ring by a piperazine monoprotected in the 1 position
and carrying, in the 4 position, an alkyl chain functionalized in the end position by a nucleofuge
LG group. Preferably, the nucleofuge group is a mesylate group and the Williamson reaction is
carried out in the presence of a hydride in an anhydrous polar aprotic solvent, such as THF or
DMF;

ii. deprotection of the Boc, PG and PG’ groups, preferably in an acidic medium, for example in the
presence of hydrochloric acid or of TFA when the PG and PG’ groups are TBDMS.

According to an alternative form of stages i and ii, it is possible to carry out the nucleophilic

H

Et0 P OFEt

substitution of the bromoamine by the hydroxydiester of formula: 0 9 , and then to
subsequently reduce the ester functional group to give a ~CH,OH functional group, for example
with sodium borohydride; it is possible to apply, for this, the conditions of the nucleophilic
substitution and of the reduction given on pages 62-63 of WO 2007/085930;
iii. coupling carried out after initial activation of the acid to give an NHS ester,;
iv. introduction of the leaving groups LG and LG’. In the case of a mesylate group, use is made of

methanesulphonyl chloride in the presence of a base, such as a tertiary amine (for example
TEA).

-O-ALK-N N——"ALK-S-
|

Ly= and Ly= -CH,C(=0)-NR3-(CH,CH,0)-ALK-
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/ALK-U—ALK—SSMG

ALK U ALK—SSM N\
~ALK- mALRTSOMe ALK~ ~ALK—SH
| S P1+P'1 =3 U
LG LG’ X R ——
SAUC W ALK Tom1 | _Tom" f ) :
~ ALK M/ ark: Tom1 - . ~Tom"
P, ALK "M~ ALK

N
Hal/\( R (CH,CH,0)-ALK-C(=0)Z,R, \
0

U}
Scheme 6

Preparation of P>

ALK U ALK—SSM
- T - — e
=
LG | | _e
Use is made of the compound P, of formula: ALK 'M° ALK’ , which is obtained

by reductive amination according to Scheme 6’ below.

M B'o ALK—OBoc ALK H
o ~ 3
™ . ["] 0 L
———
PGO~_ Z —OPG' B i S
; N (ii)
WK ALK-LG  PGO | Z opg' HO | Z OH
—— ~ | ~ !
ALK ~M~ ALK’ ALK ™ SALK?
v) HTALK—SSMe
o
AALKN  N—CHALK—SSMe = s W e e
x -_—— e

ALK Mm% ALK

Scheme 6’

v. introduction of the -ALK-SSMe group by reductive amination carried out, for example, in the
presence of cyanoborohydride and of titanium isopropoxide.

An alternative form similar to that represented in Scheme 3” and using the alkylation method
described by Kitagawa T. et al., JACS, 2006, 128(45), 14448-14449, is given in Scheme 6"’:
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H Boc 5\ /—\
q ALK-N Boc -
N ~ ALK H
& - ( 0 /! ik
PGO-_ Z ~0PG' Sy & (vi) S
ALK ALK’ |
P

: I
— PGO ~OPG' '
ALK-LG SALK M ALK PGO_ LR 2 LK"OPG

(vii) l Hal—ALK—SCOMe

N  N—ALK— =N ,.( : -
ALK U ALK—SSMe /ALK'U—ALK SSMe _ALK- N-ALK—SCOMe
LG [ L (ix) | (vill) [
~ P AL PGO oPG' Wi PR s 1 0P
ALK M™ CALK “ALK M’ ALK ALK ~Mm ALK

P,

Scheme 6”

i. alkylation by monoprotected piperazine (cf. stage i. of Scheme 5’);
5  vi. selective deprotection of the Boc group in an acidic medium;
vii. alkylation by an alkyl halide carrying a thioacetyl group in the presence of caesium carbonate
in a polar aprotic solvent, such as DMF;
viii. selective cleavage of the acetyl group in a weak basic medium and formation of the —SSMe
group by reaction of the intermediate thiol with MeSSO,Me in the presence of a base, such as
10 TEA;

ix. cleavage of the protecting groups PG and PG' and conversion of the hydroxyl groups,
preferably to mesylates with methanesulphonyl! chloride.

L = —O-ALK-NR3-ALK-S-(CH,CH,0)-ALK-

0-ALK-NR,-ALK-SSMe 0-ALK-NR,-ALK-SSMe 0-ALK-NR,-ALK-SH
RS
l N + P+ Py — | G =
LG A L6 Tomd = L Tom1 | s Tom'1
ALK M7 ALK ALK M7 ALk SALK M N
PZ
Hal-(CH,CH,0)-ALK-C(=0)Z,R, l
PG
o
15 Scheme 7

This Scheme draws its inspiration from the preceding Scheme 3. The compound Pg can, for
example, be the compound of CAS No.564476-32-0, which is prepared according to
WO 03068144 (cf. compound 10a of Figure 7), or else the compound of CAS No. 309916-91-4.

20  Analogous compounds with different chain lengths i can be prepared according to the same
principle of Figure 7 of WO 03068144 starting from the corresponding PEG compound.

with regard to Pg

Brorl

i
a2 can be prepared according to the schemes below:
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case where ALK=CH,CH,
+\~,/‘JL‘ OL” O vsor [\\/O']T"'\ 2 . 1’{\/0'}.‘/ PO @, ?-’I'\/D'} G i
HO /\!]J/ ﬁ’ MscC r|)f A( \"0 \/ Y

(o}
Z=Bror| lfwl

/.’{'\‘/ 2 l-“/\[((

(¢]

§o

case where ALK#CH,CH,

/IVOJ\ALK—HJ H{,ov\homp(—v)— )VOJ)LALK{.O /\ﬁompﬂ. /]VOiALK{O/\,]—O—H o oiALK—/‘{‘o/\,},OMs o /k\oim( o~

0
5
gr'""()jtux»—/“io/\h’ - Hoj\ALK—/‘fo/\/]Tz

Z=8Brorl

Stage (i): activation of the alcohol in the mesylate form; the reaction is carried out in an
anhydrous polar aprotic solvent, such as DCM, by treatment with mesyl chloride in the presence
of a base, such as TEA.

Stage (ii): mesylate/halogen exchange; the reaction is carried out at reflux of a polar aprotic
solvent, such as acetone, with a sodium halide, such as sodium iodide.

Stage (iii): deprotection using a solution of hydrochloric acid (for example a solution in dioxane) or
of trifluoroacetic acid.

Stage (iv): activation of the acid; the reaction is carried out at ambient temperature in a polar
aprotic solvent, such as DCM, by treatment with NHS in the presence of a coupling agent, such
as DCC.

Stage (v): elongation of the PEG chain; the reaction is carried out in an anhydrous polar aprotic
solvent, such as THF or DMF, by treatment of a halogenated ester with the alkoxide of a PEG diol
monoprotected in the tetrahydropyran (THP) ether form. The preparation of this type of
monoprotected PEG diol is well described in the literature; see, for example, Richard A. et al.,
Chem. Eur. J., 2005, 11, 7315-7321 or Sakellariou E.G. et al., Tetrahedron, 2003, 59, 9083-9090.

Stage (vi): deprotection using a 0.1N hydrochloric acid solution (for example a solution in dioxane
or ethanol).

A person skilled in the art can draw his inspiration from the operating conditions of the examples
described below.

Process for the preparation of the conjugate

The conjugate is obtained by the process consisting in:

(i) bringing into contact and allowing to react an optionally buffered aqueous solution of the
binding agent and a solution of a compound of formula (1);

(i) and then optionally separating the conjugate formed in stage (i) from the compound of formula

(I) and/or from the binding agent not having reacted and/or from the aggregates which might be
formed.
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According to an alternative form, the conjugate which has formed in stage (i) is separated in
stage (ii) from the unreacted binding agent and from the aggregates possibly present in the
solution. According to another alternative form, the conjugate of stage (i) is separated in stage (ii)
only from the unreacted compound of formula (1) and from the aggregates which might be formed
and the binding agent which might not have reacted is left in the solution.

The compound of formula (l) preferably comprises an activated functional group —-C(=0)Z,Ry,
which is reactive with regard to the RCG2 groups, in particular with regard to the amino groups
present on the antibodies. A relatively unreactive or insufficiently reactive chemical group can be
easily converted into a more reactive group using one or more chemical reactions known to a

—-COO—N?]

person skilled in the art; for example —COOH + N-hydroxysuccinimide = ¢ or
(e]
—COO—Nb
else -COO(C4-Cg)alkyl » -COOH & —COOH + N-hydroxysuccinimide & o .

An example of a process applicable in the case of an antibody and of a compound of formula (1)
is that given in Example 1.

The aqueous solution of the binding agent can be buffered using, for example, buffers such as,
for example, potassium phosphate or N-(2-hydroxyethyl)piperazine-N'-2-ethanesulphonic acid
(HEPES buffer). The buffer depends on the nature of the binding agent. The compound of
formula (1) is dissolved in a polar organic solvent, for example DMSO or DMA.

The reaction takes place at a temperature generally of between 20 and 40°C. The duration of the
reaction can vary between 1 and 24 h. The reaction between the binding agent and compound of
formula (I) can be monitored by SEC with a refractometric and/or ultraviolet detector, in order to
determine therefrom the state of progression. If the degree of grafting is inadequate, the reaction
can be allowed to take place for a longer time and/or further compound of formula (l) can be
added. Reference may be made to the general method given in the Examples part for more
details on specific conditions which can be used for the conjugation.

A person skilled in the art has available various chromatographic techniques for the separation of
stage (ii): the conjugate can be purified, for example, by steric exclusion chromatography (SEC),
by adsorption chromatography (such as ion-exchange chromatography, IEC), by hydrophobic
interaction chromatography (HIC), by affinity chromatography, by chromatography on mixed

supports, such as ceramic hydroxyapatite, or by HPLC. Purification by dialysis or diafiltration can
also be used.
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The term “aggregates” is understood to mean the combinations which can be formed between
two or more binding agents, the binding agents having or not having been modified by
conjugation. The aggregates are capable of being formed under the influence of a large number
of parameters, such as a high concentration of binding agent in the solution, the pH of the
solution, high shear forces, the number of dimers grafted and their hydrophobic nature, or the
temperature (see the references cited in the introduction to J. Membrane Sci., 2008, 318,
311-316), the influence of some of them sometimes not being precisely clarified. In the case of
proteins or antibodies, reference may be made to AAPS Journal, “Protein Aggregation and
Bioprocessing”, 2006, 8(3), E572-E579. The content of aggregates can be determined using

known techniques, such as SEC (see, in this regard, Analytical Biochemistry, 1993, 212(2),
469-480).

After stage (i) or (ii), the solution of the conjugate can be subjected to a stage (iii) of ultrafiltration

and/or of diafiltration. The conjugate in aqueous solution is thus obtained on conclusion of these
stages.

Antibody

The antibody (see, in this regard, Janeway et al., “lmmunobiology”, 5th edition, 2001, Garland
Publishing, New York) can be chosen from those described in particular in Applications
WO 04043344, WO 08010101, WO 08047242 and WO 05009369 (anti-CAG6). The antibody can
in particular be monoclonal, polyclonal or multispecific. An antibody fragment may also be
concerned. A murine, human, humanized or chimeric antibody may also be concerned.

Conjugate

A conjugate generally comprises of the order of 1 to 10 pyrrolo[1,4]benzodiazepine dimer(s)
attached to the binding agent (this is the degree of grafting or drug-to-antibody ratio (DARY)). This
number varies according to the nature of the binding agent and of the dimer and also the
operating conditions used for the conjugation (for example, the number of equivalents of dimer
with respect to the binding agent, the reaction time, the nature of the solvent and the nature of the
possible cosolvent). Bringing the binding agent and the dimer into contact results in a mixture
comprising: several conjugates differing individually from one another by different DARs;
optionally the unreacted binding agent (in the case of an incomplete reaction); and possibly
aggregates. The DAR which is determined on the final solution, for example by UV spectroscopy,
thus corresponds to a mean DAR.

In the case where the binding agent is an antibody, UV spectroscopy can be a method used to
determine the DAR. This method draws its inspiration from that presented in Antony S. Dimitrov
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(Ed.), LLC, 2009, “Therapeutic Antibodies and Protocols”, vol. 525, 445, Springer Science. It
consists in measuring the absorbance of a solution of conjugate after the separation stage (ii) at
two wavelengths, denoted LO1 and LO2. Use is made of the following molar extinction

coefficients of the naked antibody and of the pyrrolo[1,4]benzodiazepine dimer measured prior to
the conjugation.

The absorbances of the solution of conjugate at LO1 and LO2 (A o4 and Ap2) are measured
either on the corresponding peak of the SEC spectrum (this makes it possible to calculate a
“DAR(SEC)") or by using a conventional UV spectrophotometer (this makes it possible to
calculate a “DAR(UV)"). The absorbances can be expressed in the form:

ALo1 = (Cp X €pLo1) + (CaX €aLo1)

ALo2 = (Cp X €pLo2) * (Ca X €A LO2)

equations for which:

e ¢cp and cp respectively denote the concentrations in the solution of the part of the
conjugate relating to the pyrrolo[1,4]benzodiazepine dimer and the part of the conjugate
relating to the antibody;

e ep o1 and ep o respectively denote the molar absorption coefficients of the
pyrrolo[1,4]benzodiazepine dimer hefore conjugation at the two wavelengths LO1 and
LOZ;

e e 101 and ea Loz respectively denote the molar absorption coefficients of the naked
antibody at the two wavelengths LO1 and LO2.

The term ‘“naked antibody” is understood to mean the antibody to which no

pyrrolo[1,4]benzodiazepine dimer is attached, that is to say the antibody before the conjugation
stage.

The resolution of these two equations results in:

Co = [(eaLo1X ALoz) - (€aLo2X ALo1)] / [(€pLo2X €A Lo1) - (€aLo2X €pLo1)]
ca = [ALo1 — (Co X epLo1)] / eaLon

The mean DAR then corresponds to cp/ca. In the case of the pyrrolo[1,4]benzodiazepine dimers,
the two wavelengths LO1 = 280 nm and LO2 = 320 nm are considered. The mean DAR
measured on the SEC spectrum is preferably between 1 and 10, preferably between 1.5 and 7.

The conjugate can be used as anticancer agent. Due to the presence of the binding agent, the
conjugate is rendered highly selective with regard to the tumour cells rather than the healthy cells.
This makes it possible to direct the compound of formula (I) which has an anticancer activity to

the close surroundings of these or directly inside these (in this regard, see the following
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publications, which describe the use of conjugates of monoclonal antibodies in the treatment of
cancers: “Antibody-drug conjugates for cancer therapy”, Carter P.J. et al., Cancer J., 2008, 14,
154-169; “Targeted cancer therapy: conferring specificity to cytotoxic drugs’, Chari R., Acc.
Chem. Res., 2008, 41, 98—107). It is possible to treat solid or non-solid cancers.

The conjugate is formulated in the form of a buffered aqueous solution at a concentration
generally of between 1 and 10 mg/ml. This solution can be injected in the infusion form as is or

else can be rediluted to form an infusion solution.

[Examples]

The chemical shifts (delta in ppm) are expressed in ppm.

Method A: high pressure liquid chromatography — mass spectrometry (LCMS)

The spectra were obtained on a Waters UPLC-SQD device in positive and/or negative
electrospray mode (ES+/-). Chromatographic conditions: column: ACQUITY BEH C18 1.7 pm —
2.1 x50 mm; solvents: A: H,O (0.1% formic acid), B: CH3CN (0.1% formic acid); column
temperature: 50°C; flow rate: 1 ml/min; gradient (2 min): from 5 to 50% of B in 0.8 min; 1.2 min:
100% of B; 1.85 min: 100% of B; 1.95 min: 5% of B.

Method B: high pressure liquid chromatography — mass spectrometry (LCMS)

The spectra were obtained on a Waters ZQ device in positive and/or negative electrospray mode
(ES+/-). Chromatographic conditions: column: XBridge C18 2.5 ym 3 x 50 mm; solvents: A: H,O
(0.1% formic acid), B: CH3CN (0.1% formic acid); column temperature: 70°C; flow rate:

0.9 ml/min; gradient (7 min): from 5 to 100% of B in 5.3 min; 5.5 min: 100% of B; 6.3 min: 5% of
B.

Method C: mass spectrometry (MS)

The spectra were recorded using chemical ionization (reactant gas: ammonia) on a WATERS
GCTof device (direct introduction without LC).

Method D: high pressure liquid chromatography — mass spectrometry (LCMS)

The spectra were obtained on a Waters UPLC-SQD device in positive and/or negative
electrospray mode (ES+/-). Chromatographic conditions: column: ACQUITY BEH C18 1.7 pm —
2.1 x 50 mm; solvents: A: H,O (0.1% formic acid), B: CH3;CN (0.1% formic acid); column
temperature: 70°C; flow rate: 1 ml/min; gradient (2 min): from 5 to 50% of B in 1 min; 1.3 min:
100% of B; 1.45 min: 100% of B; 1.75 min: 5% of B.

Method E: high pressure liquid chromatography — mass spectrometry (LCMS)
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The spectra were obtained on a Waters UPLC-SQD device in electrospray ionization mode in
positive and/or negative mode (ES+/-). Chromatographic conditions: column: ACQUITY BEH C18
1.7 pm — 2.1 x 50 mm; solvents: A: H,O (0.1% formic acid), B: CH3;CN (0.1% formic acid); column

temperature: 70°C; flow rate: 1 ml/min; gradient (4 min): from 5 to 100% of B in 3.15 min; 3.75
min: 5% of B.

Method F: high pressure liquid chromatography — mass spectrometry (LCMS)

The spectra were obtained on a Waters UPLC-SQD device in electrospray ionization mode in
positive and/or negative mode (ES+/-). Chromatographic conditions: column: ACQUITY BEH
C18, 1.7 uym — 2.1 x 30 mm; solvents: A: H,O (0.1% formic acid), B: CH3CN (0.1% formic acid);
column temperature: 45°C; flow rate: 0.6 ml/min; gradient (2 min): from 5 to 50% of B in 1 min;
1.3 min: 100% of B; 1.45 min: 100% of B; 1.75 min: 5% of B.

Method G: deglycosylation and mass spectrometry (HRMS) of a conjugate

Deglycosylation is a technique for enzymatic digestion using glycosidase. It is carried out starting
from 500 pl of conjugate + 100 pl of Tris HCI 50 mM buffer + 10 pl of glycanase-F enzyme (100
units of lyophilized enzyme/100 yl of water). The mixture is vortexed and maintained overnight at
37°C. The deglycosylated sample is then ready to be analysed by HRMS. As the case may be,
the HRMS analysis of the sample can also be carried out without prior deglycosylation. In both
cases, the mass spectra were obtained on a Waters Q-Tof-2 device in positive electrospray mode
(ES+). Chromatographic conditions: column: 4 pm BioSuite 250 URH SEC 4.6 x 300 mm
(Waters); solvents: A: 25 mM ammonium formate + 1% of formic acid: B: CH3CN; column
temperature 30°C: flow rate 0.4 ml/min; isocratic 70%A+30%B (15 min).

All the intermediate compounds described in this patent application are claimed for their use in
the preparation of a compound of formula (1). More particularly, for each example, all the
intermediate compounds described are claimed for their use in the preparation of the respective
compound of formula (1).

Example 1
1.1. Preparation of the conjugate

A conjugate is prepared by reacting hu2H11 (also known as hu53 2H11 on page 15 of
WO 2008010101; it is an antibody comprising a VH having the amino acid sequence SED ID
No.24) and N-hydroxysuccinimidyl 3-(2-{2-[2-(2-{3-[3-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl}(methyl)amino}-1,1-dimethylethylsulphanyl)-2,5-dioxopyrrolidin-1-
ylipropanoylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate.
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516 yg of  N-hydroxysuccinimidyl  3-(2-{2-[2-(2-{3-[3-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl](methyl)amino}-1,1-dimethylethyisulphanyl)-2,5-dioxopyrrolidin-1-
yllpropanoylamino}ethoxy)ethoxyjethoxy}ethoxy)propanoate in solution in 540 pi of DMA are
added to 8.19 mg of hu2H11 in 2.16 ml of an aqueous buffer with a 0.05 M concentration of N-(2-
hydroxyethyl)piperazine-N'-2-ethanesulphonic acid (HEPES), a 0.05 M concentration of NaCl and
a 2 mM concentration of ethylenediaminetetraacetic acid (EDTA) of pH=8. After stirring at AT for
3 h, the mixture is filtered through Millex®-SV 0.45 uM (PVDF Durapore Millipore) and purified on
a Superdex™ 200 prep grade column (Hiload™ 26/60 GE column) preequilibrated in a saline
phosphate buffer brought to pH=6.5 by addition of HCI. The fractions of interest are combined
and concentrated on Amicon Ultra-15 (Ultracel 50k Millipore) and then filtered through Sephadex
G-25 (NAP-5 and NAP-10 GE columns) preequilibrated in an aqueous buffer with a 10 mM
concentration of histidine comprising 10% of sucrose and 5% of NMP.

The conjugate obtained (2.5 ml) is quantitatively determined by spectrophotometry using the
extinction coefficients of 4-{2-[methyl(2-methyl-2-mercaptopropyl)amino]ethoxy}-2,6-bis[(S)-2-eth-
(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridine (€31g nm= 8848 M™'em™ and ezg0 nm= 8634 M'cm™) and of hu2H11 (€280 nm=
208 380 M'cm™): a mean of 3.8 tomaymycin dimers per antibody molecule at the concentration
of 1.52 mg/mi was determined.

1.2. N-hydroxysuccinimidyl 3-(2-{2-[2-(2{3-[3-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3.11a-tetrahydropyrrolo[2.1-c][1.4]benzodiazepin-5-one-8-
yloxymethyl]pyridin-4-yloxy)ethyll(methyl)amino}-1,1-dimethylethylsulphanyl)-2,5-
dioxopyrrolidin-1-yllpropanoylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate

~h, Nh\xsﬁ?(ﬁ n\”"’w“‘)”"‘/i(tj\]ﬁ
Wi o ',; Oy Ny g y =N ov&jwo N= Uu
\L{ﬂ%@? T%}J\, o &w{j? fﬁqb\v
A solution of 9.82 mg of 4-{2-[methyl(2-methyl-2-mercaptopropyl)aminojethoxy}-2,6-bis[(S)-2-eth-
(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridine in 50 yl of DMA and a solution of 6.8 mg of N-hydroxysuccinimidyl 3-{2-[2-
(2-{2-[3-(2,5-dioxo-2,5-dihydropyrrol-1-yl)propanoylaminojethoxy}ethoxy)ethoxyjethoxy}-
propanoate in 50 pl of DMA are added to 3.3 mg of diisopropylethylamine supported on resin
(3.72 mmol/g). The mixture obtained is stirred at AT for 24 h and then filtered through silica
(Interchrom Puriflash Silica 15/35U 2G) using a gradient from 0 to 10% of methanol in DCM. The
fractions comprising the desired product are combined, concentrated under RP and then purified
by flash chromatography on silica (Interchrom Puriflash Silica 15/35U 2G) using a gradient from 0
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to 10% of MeOH in DCM. The fractions comprising the desired product are combined and
concentrated under RP. 1.16 mg of N-hydroxysuccinimidyl 3-(2-{2-[2-(2-{3-[3-(2-{[2-(2,6-bis[(S)-2-
eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridin-4-yloxy)ethyll(methyl)amino}-1,1-dimethylethylsulphanyl)-2,5-dioxopyrrolidin-
1-yllpropanoylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate are thus obtained. LC/MS (E): rt =
1.38 min; [M+H]": m/z 1322.

1.3. 44{2-[methyl(2-methyl-2-mercaptopropyl)aminolethoxy}-2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolof2,1-c][1.4]benzodiazepin-5-one-8-
yloxymethyl]pyridine

AVFL\XS'S\ o hll\><SH
S x
W, =N O\JE;S\,O N\ AN o N O N\
» N\}O@\r? ?Klorb\/ vf:{wp:? ?Klorb\v

A solution of 40 mg of tris(2-carboxyethyl)phosphine hydrochloride and of 36.6 mg of NaHCO;in
680 pl of water is added to 40 mg of 4-{2-[methyl(2-methyl-2-
methyldisulphanylpropyl)aminolethoxy}-2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-
tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyllpyridine in solution in 2.1 ml of
methanol and 930 pl of DMF. The mixture is stirred at AT for 45 min, then concentrated under RP
and purified by flash chromatography on silica (Merck SuperVarioFlash 15 g column, Si60 15-
40 pm), using a gradient from 0 to 10% of MeOH in a DCM/acetonitrile 9:1 mixture. The fractions
comprising the desired product are combined and concentrated under RP. 21 mg of 4-{2-
[methyl(2-methyl-2-mercaptopropyl)aminolethoxy}-2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-
1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridine  are  thus
obtained. LC/MS (E): rt = 1.28 min; [M+H]": m/z 809; [M+H,0+H]": m/z 827.

1.4. 4-{2-[methyl(2-methyl-2-{methyldisulphanyl)propyl)amino]ethoxy}-2,6-bis[(S)-2-eth~(E)-
ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolof2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridine

/\/’L\XS’S\
|
/\/N\XS,S\

| N
=N ) A0 Nsy o
ho A \/ OH R \L{ﬁo ) Qﬂq
N Z o 0 ? d N
19.6 pl of methanesulphonyl chloride are added to a solution, cooled to -25°C, of 22 mg of 4-{2-
[methyl(2-methyl-2-(methyldisulphanyl)propyt)amino]ethoxy}-2,6-bis(hydroxymethyl)pyridine and

of 53 yl of TEA in 0.5 ml of DCM. After stirring for 30 min, the mixture is hydrolysed and the
organic phase is washed with water, then dried over MgSO, and concentrated under RP. The
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residue thus obtained (22 mg) is added to a solution of 20 mg of tomaymycin in 0.7 ml of DMF,
and also 30 mg of K,CO; and 12 mg of KI. The mixture is stirred at 30°C for 2 h and then
hydrolysed with 4 ml of water. The resulting precipitate is washed with water, dried under
vacuum, then dissolved in DCM, concentrated under RP and purified by flash chromatography on
silica (Merck SuperVarioFlash 15 g column, Si60 15-40 pm), using a gradient from 0 to 5% of
MeOH in DCM. The fractions comprising the desired product are combined and concentrated
under RP. 8 mg of 4-{2-{methyl(2-methyl-2-(methyldisulphanyl)propyl)amino]ethoxy}-2,6-bis[(S)-
2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridine are thus obtained. 'H NMR (500 MHz, d-chloroform): 1.28 (s, 6 H); 1.76 (d,
J=6.4 Hz, 6 H); 2.39 (s, 3H); 2.43 (s, 3 H); 2.60 (s, 2 H); 2.91 (s, 2 H); 2.97 (s, 4 H); 3.91 (d,
J=4.2 Hz, 2 H); 4.00 (s, 6 H); 4.09 (s, 2 H); 4.27 (s, 4 H); 5.27 (s, 4 H); 5.61 (q, J=6.4 Hz, 2 H);
6.85 (s, 2 H); 7.00 (s, 2H); 7.56 (s, 2 H); 7.65 (d, J=4.2 Hz, 2 H). LC/MS (A): rt = 0.74 min;
[M+H]": m/z 855; [M-H]: m/z 853.

1.5. 4-{2-[methyl(2-methyl-2-(methyldisulphanyl}propyl)aminolethoxy}-2,6-
bis(hydroxymethyl)pyridine

|
/\/n\><s’s\ N\Xs’s\

N
=N =N
HO. I N? OH HO. I N OH

365 pl of formic acid are added to a suspension, cooled to 0°C, of 322 mg of 4-[2-(2-methyl-2-
(methyldisulphanyl)propylamino)ethoxy]-2,6-bis(hydroxymethyl)pyridine in 262 pl of
formaldehyde. The mixture is heated at 100°C for 1% hours. After returning to ambient
temperature, the mixture is hydrolysed and then a 5N aqueous sodium hydroxide solution is
added until a pH = 12 is obtained. The aqueous phase is extracted 3x with AcOEt and the
combined organic phases are dried over MgSO, and concentrated under RP. 310 mg of 4-{2-
[methyl(2-methyl-2-(methyldisulphanyl)propyl)amino]ethoxy}-2,6-bis(hydroxymethyl)pyridine  are
thus obtained.

'H NMR (300 MHz, ds-DMSO): 1.26 (s, 6 H); 2.39 (s, 3 H); 2.40 (s, 3 H); 2.60 (s, 2 H); 2.88 (t,
J=5.7 Hz, 2 H); 4.13 (t, J=5.7 Hz, 2 H); 4.45 (d, J=6.0 Hz, 4 H); 5.31 (t, J=6.0 Hz, 2 H); 6.85 (s,
2 H). LC/MS (A): rt = 0.22 min; [M+H]": m/z 333; [M+HCO2H-H]: m/z 377.

1.6. 4-[2-(2-methyl-2-(methyldisulphanyl)propylamino)ethoxy]-2,6-
bis(hydroxymethyl)pyridine

H
A~ -NH, /\/N\XS S
g =
| ———g |
HO. N/ OH HO N/ OH

270 pl of 2-(methyldithio)isobutyraldehyde and 730 pl of titanium isopropoxide are added to a
suspension of 390 mg of 4-[2-aminoethoxy]-2,6-bis(hydroxymethyl)pyridine (prepared after
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deprotection of the Boc group from 4-(2-(tert-butoxycarbonylamino)ethoxy)-2,6-
bis(hydroxymethyl)pyridine described on page 101 of WO 07085930) in 2 ml of THF. After
20 min, an additional 270 pl of 2-(methyldithio)isobutyraldehyde and an additional 730 pl of
titanium isopropoxide are added and the mixture is stirred at AT for 2 h. 6 ml of ethanol are then
added to the mixture, the mixture is stirred at AT for 20 min and then 124 mg of sodium
cyanoborohydride are added to the mixture. After stirring for 45 min, an additional 124 mg of
sodium cyanoborohydride are added and, after stirring for 1 h, the mixture is concentrated under
RP and the residue is diluted in AcOEt and water. The resulting precipitate is filtered off and
dissolved in a 1M aqueous HCI solution. The aqueous phase obtained is brought to basic pH with
a 5M aqueous sodium hydroxide solution and extracted three times with DCM, and the combined
organic phases are concentrated wunder RP. 322mg of 4-[2-(2-methyl-2-
(methyidisulphanyl)propylamino)ethoxy}-2,6-bis(hydroxymethyl)pyridine are thus obtained.

'H NMR (400 MHz, dg-DMSO): 1.26 (s, 6 H); 1.81 (broad m, 1 H); 2.39 (s, 3 H); 2.67 (broad s,
2 H); 2.94 (broad t, J=5.7 Hz, 2 H); 4.11 (t, J=5.7 Hz, 2 H), 4.45 (d, J=5.5Hz, 4 H), 5.32 (4,
J=5.5 Hz, 2 H); 6.85 (s, 2 H). LC/MS (A): rt = 0.24 min; [M+H]": m/z 347.

Example 2

2.1. Preparation of the conjuqgate

A conjugate is prepared as for Ex. 1 by reacting hu2zH11 and N-hydroxysuccinimidyl 3-{2-[2-(2-{2-
[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-
c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-yloxy)ethyl}(methyl)amino}-1,1-
dimethylethylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoate. The conjugate
obtained is quantitatively determined by spectrophotometry using the extinction coefficients of
4-{2-[methyl(2-methyl-2-mercaptopropyl)amino]ethoxy}-2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-
1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepine-5-one-8-yloxymethyllpyridine  (ezig nm=
8848 M'cm™, e280 nm= 8634 M'em™) and of hu2H11 (€250 nm= 208 380 M'em™): a mean of 5.6
tomaymycin dimers per antibody molecule was determined.

2.1. N-hydroxysuccinimidyl 3{2-[2-(2-{2-]2-(2-{[2-(2,6-bis[(S)-2-eth~(E)-ylidene-7-methoxy-
1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
loxy)ethyl](methyl)amino}-1.1-

dimethylethylsulphanyl)acetylaminolethoxy}ethoxy)ethoxylethoxy}propanoate

V(T\;:,r|¢\,><5/\B,u\/\g/\/o\/\o/\/o\/\ﬂ,m« V(%,::rlq\xs,\!fu\/\o,\/o\/\n,\/u\/\[r.oﬂ

| o

w =N o A, A0 Ney 4 H AN A O AN Ney 1

: o L%
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5.5 mg of N,N’-disuccinimidyl carbonate and 15 pl of DIPEA are added to 12 mg of 3-{2-[2-(2-{2-

[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-
c][1,4]benzodiazepin-5-one-8-yloxymethyllpyridin-4-yloxy)ethyl](methyl)amino}-1,1-
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dimethylethylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoic acid in solution in
1 ml of THF and 1 ml of DCM. After 3 h at AT, 4 ml of DCM are added and the resulting organic
phase is washed twice with water, dried over MgSO, and concentrated under RP and the residue
is purified by flash chromatography on silica (Interchrom Puriflash Silica 15/35U 2G) using a
gradient from 3 to 8% of methanol in DCM. 8 mg of N-hydroxysuccinimidyl 3-{2-[2-(2-{2-[2-(2-{[2-
(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-
one-8-yloxymethyl]pyridin-4-yloxy)ethyl](methyl)amino}-1,1-
dimethylethylsulphanyl)acetylaminojethoxy}ethoxy)ethoxylethoxy}propanoate are thus obtained.
LC/MS (E): rt = 1.36 min; [M+2 H,O+Na]': m/z 1270; [M+H,0+Na]": m/z 1252; [M+H,0+H]": m/z
1229; [M+H]: m/z 1211.

2.2, 3-{2]2-(2{2-[2-(2-{[2-(2,6-bis[(S)-2-eth~(E)-ylidene-7-methoxy-1.2,3,11a-
tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyllpyridin-4-
loxy)ethyll{methyl)amino}-1,1-dimethylethylsulphanyl)acetylaminojethoxy}ethoxy)-

ethoxylethoxy}propanoic acid

h{w't%sf\g/nwo/\/“\/\r/\/“\/jf"\ P - ,\g,ﬂ\/\o,\/o\/\o,\,u\/\gm.
N A0 > . adl o\ﬁo Ne

\/L(ﬁ ? ?ﬁf'b\v T v@@@? ?Q}r“ .

17.5 pl of an aqueous lithium hydroxide solution and 100 pl of water are added to 18 mg of
methyl 3-{2-[2-(2{2-[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-
tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl](methyl)amino}-1,1-dimethylethylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}-
propanoate in solution in 270 ul of THF. After 2 h, the mixture is diluted in DCM and a phosphate
buffer is added to pH = 3. The resulting aqueous phase is extracted 3x with DCM, the combined
organic phases are dried over MgSO, and concentrated under RP and the residue is purified by
flash chromatography on silica (Interchrom Puriflash Silica 15/35U 2G) using a gradient from 3 to
15% of methanol in DCM. 11.5mg of 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl](methyl)amino}-1,1-dimethylethylsulphanyl)acetylamino]ethoxy}-
ethoxy)ethoxy]ethoxy}propanoic acid are thus obtained. LC/MS (D): rt = 0.88 min; [M+H,O+Na]":
m/z 1154; [M+HO+H]": m/z 1133; [M+H]": m/z 1115.

2.3. Methyl 3{2-[2-(2-{2-[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3.11a-
tetrahydropyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyll(methyl)amino}-1.1-
dimethylethylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoate
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Prepared according to Ex. 1 from methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis(hydroxymethyl}pyridin-4-
yloxy)ethyllmethylamino}-1,1-dimethylethylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxyjethoxy}-
propanoate:

0O
=

no A L _on \Fﬁ Kjg\\é\/
/\/ —N =

LC/MS (D): rt = 0.93 min; [M+H,O+H]": m/z 1146; [M+H] 1 m/z 1128.

Lo} (o]
ONN\XS/YH\/\O/\/O\/\O/\VO\/\[( \/&/\/N&(S/\n/ \/\o/\/ ~NoTT \/Y .

2.4. Methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis(hydroxymethyl)pyridin-4-yloxy)ethyl](methyl)-
amino}-1,1-dimethylethylsulphanyllacetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoate

| |
o/\/N\XSH NN\XS/T(H\/\O/\/O\/\O/\/O\/WO\
) >

HO |M/ OH OH

73.7 mg of methyl 3-[2-(2-{2-[2-(2-iodoacetylamino)ethoxylethoxy}ethoxy)ethoxylpropanoate in
solution in 1 ml of DMF and 39 ul of DIPEA are added to 45 mg of 4-{2-[(2-mercapto-2-
methylpropyl)(methyl)amino]ethoxy}-2,6-bis(hydroxymethyl)pyridine in solution in 1 ml of DMF.
After 24 h at AT, the mixture is concentrated under RP and purified by flash chromatography on
silica (Analogix Super Flash SiO, SF25-8g), using a gradient from 0 to 10% of methanol in DCM.
53 mg of methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis(hydroxymethyl)pyridin-4-
yloxy)ethyl](methyl)amino}-1,1-
dimethylethylsulphanyl)acetylaminojethoxy}ethoxy)ethoxylethoxy}propanoate are thus obtained.
'HNMR (400 MHz, de-DMSO): 1.21 (s, 6 H); 2.40 (s, 3H); 2.50 to 2.56 (m, 4 H); 2.87 (t,
J=5.8 Hz, 2 H); 3.15 t0 3.23 (m, 4 H); 3.40 (t, J=5.8 Hz, 2 H); 3.47 to 3.52 (m, 12 H); 3.59 (s, 3 H);
3.62 (t, J=6.2 Hz, 2 H); 4.13 (t, J=5.8 Hz, 2 H); 4.45 (d, J=5.8 Hz, 4 H); 5.31 (t, J=5.8 Hz, 2 H);
6.85 (s, 2 H); 7.98 (t, J=5.8 Hz, 1 H). LC/MS (A): rt = 0.35 min; [M+H]": m/z 620; [M+2H]2": m/z
310.5 (base peak); [M-H+HCO,H]: m/z 664.

2.5. Methyl 3-[2-(2{2-[2-(2-iodoacetylamino)ethoxy]ethoxy}ethoxy)ethoxylpropanoate

HN S N o AP I oH — /\g,n\/\o/\/o\/\o/\/o\/\g,o\
117.4 mg of N-hydroxysuccinimidyl iodoacetate in solution in 3 ml of DCM are added to 100 mg
of 3-(2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}ethoxy)propanoic acid. After 2 h at AT, 330 pl of
MeOH are added and the mixture is cooled to 0°C. 360 pl of a 2M solution of
trimethyisilyldiazomethane in hexane are added. After 1 h, the mixture is neutralized by addition
of 50 I of acetic acid and then a saturated aqueous NaHCO; solution is added until pH=8 is
obtained. The organic phase is dried over MgSQO, and concentrated under RP, and the residue is

purified by flash chromatography on silica (Interchrom Puriflash Silica 15/35U 10G) using a
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gradient from 0 to 10% of methanol in DCM. 132mg of methyl 3-[2-(2-{2-[2-(2-
iodoacetylamino)ethoxy]ethoxy}ethoxy)ethoxy]propanoate are thus obtained.

'H NMR (400 MHz, dg-DMSO): 2.54 (t, J=6.4 Hz, 2 H); 3.20 (q, J=5.8 Hz, 2 H); 3.41 (t, J=5.8 Hz,
2 H); 3.48 to 3.53 (m, 12 H); 3.60 (s, 3 H); 3.63 (t, J=6.4 Hz, 2 H); 3.65 (s, 2 H); 8.27 (broad t,
J=5.8 Hz, 1 H). LC/MS (A): rt = 0.54 min; [M+H]": m/z 448; [M+HCO,H-H]: m/z 492.

2.6. 4-{2-[(2-mercapto-2-methylpropyl)(methyl)amino]ethoxy}-2,6-
bis(hydroxymethyl)pyridine

| |
/\/N\XS/S\ /\/N\XSH
= - b
HO |N/ OH HO IN/ OH

A solution of 198 mg of tris(2-carboxyethyl)phosphine hydrochloride in 730 pl of water is added to
80 mg of 4-{2-[methyl(2-methyl-2-(methyldisulphanyl)propyl)amino]ethoxy}-2,6-
bis(hydroxymethyl)pyridine in solution in 1.95 ml of methanol. After 2 h at AT, the mixture is
concentrated under RP and the residue is taken up in 10 ml of water. The aqueous phase is
brought to pH=8 by addition of an aqueous sodium hydroxide solution and then extracted 2x with
AcOEt. The combined organic phases are washed with a saturated aqueous NaCl solution and
concentrated under RP. 68 mg of 4-{2-[(2-mercapto-2-methylpropyl)(methyl)amino]ethoxy}-2,6-
bis(hydroxymethyl)pyridine are obtained.

'H NMR (400 MHz, d-DMSO): 1.28 (s, 6 H); 2.43 (s, 3 H); 2.54 (s, 2 H); 2.62 (s, 1H); 2.91 (t,
J=5.7 Hz, 2 H); 4.15 (t, J=5.7 Hz, 2 H); 4.45 (d, J=5.8 Hz, 4 H); 5.30 (t, J=5.8 Hz, 2 H); 6.85 (s, 2
H). LC/MS (A): rt = 0.11 min; [M+H]": m/z 301.

Example 3
3.1. Preparation of the conjugate

A conjugate is prepared as for Ex. 1 by reacting hu2H11 and N-hydroxysuccinimidyl 3-(2-{2-[2-(2-
{2-[1-(3,5-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo{2,1-c][1,4]benzo-
diazepin-5-one-8-yloxymethyljphenyl-4-yi)-1-methylethylsulphanyl]acetylamino}ethoxy)ethoxy]-
ethoxy}ethoxy)propanoate.

The conjugate obtained is quantitatively determined by spectrophotometry using the extinction
coefficients of 1-(1-methyl-1-(methyldisulphanyl)ethyl)-3,5-bis[(S)-2-eth-(E)-ylidene-7-methoxy-
1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyllbenzene  (e319mm
8460 M'em™ and ezg0 nm= 10 531 M'em™) and of hu2H11 (€280 nm = 208 380 M'cm™): a mean of
4.2 tomaymycin derivatives per antibody molecule was determined.
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3.2. N-hydroxysuccinimidyl 3-(2-{2-[2-(2-{2-[1-(3,5-bis[(S)-2-eth~(E)-ylidene-7-methoxy-
1,2,3,11a-tetrahydropyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyllphenyl-4-yl)-1-

methylethylsulphanyl]acetylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate

Prepared as for Ex. 2 from 3-(2-{2-[2-(2-{2-[1-(3,5-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-
tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]phenyl-4-yl)-1-
methylethylsulphanyllacetylamino}ethoxy)ethoxylethoxy}ethoxy)propanoic acid:

1¢)
s\/ﬁ\” /\/0\/\0/\/0\/\0/\/3\9“ S\iw/\/o\/\o/\/o\/\o/\)]\ofp
I
O
o

LC/MS (F): rt = 1.27 min; [M+H]": m/z 1123.

3.3. 3-(2{2-[2-(2-{2-[1-(3.5-bis[(S)-2-eth~(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydro-
rrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyl]phenyi-4-yl)-1-

methylethylsulphanyllacetylamino}ethoxy)ethoxylethoxy}ethoxy)propanoic acid

Prepared as for Ex.2 from methyl 3-(2-{2-[2-(2-{2-[1-(3,5-bis[(S)-2-eth-(E)-ylidene-7-methoxy-

1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]phenyi-4-yl)-1-methyl-

ethylsulphanyllacetylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate:

\/g\\l/ﬁxnz\/c’\/\o/\ﬂ\/\o/\io/ ﬁ;}n/\ﬂ\/\o/\/o\/\o/\/ﬁ\m
N~ O O AN /MO O M
/H"Nglq ?j@ér&/ o \):/{*%@? ?Klorb\v

LC/MS (F): rt = 1.19 min; [M+H]*: m/z 1026.

3.4. Methyl 3-(2-{2-[2-(2-{2-[1-(3,5-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydro-
rrolof2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyllphenyl-4-yl)-1-

methylethylsulphanyl]acetylamino}ethoxy)ethoxylethoxy}etho ropanoate

Prepared as for Ex.2 from methyl 3-(2-{2-[2-(2-{2-[1-(3,5-bis(hydroxymethyl)phenyl)-1-

methylethylsulphanyl]acetylamino}ethoxy)ethoxylethoxy}ethoxy)propanoate:

S\iﬁ/\/o\/\o/\/o\/\o/\io/ \/g:/iu/\/o\/\o/\/o\/\o/\io/
S = o
AN 5 ﬁ) ? N

0
LC/MS (F): rt =1.28 min; [M+H]": m/z 1040.

3.5. Methyl 3-(2-{2-[2-(2-{2-[1-(3,5-bis(hydroxymethyl)phenyl)-1-methylethylsulphanyl]-
acetylamino}ethoxy)ethoxylethoxylethoxy)propanoate
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Prepared as for Ex.2 from 3,5-bis(hydroxymethyl)-1-(1-mercapto-1-methylethyl)benzene:

—\ s i ﬁ/\/f’\/\of\,-o\/\o 0

HO OH HO_ OH

'H NMR (400 MHz, ds-DMSO): 1.64 (s, 6 H); 2.53 (t, J=6.2 Hz, 2 H); 2.93 (s, 2 H); 3.15 (q,
J=6.0 Hz, 2 H); 3.37 (t, J=6.0 Hz, 2 H); 3.49 (m, 12 H); 3.59 (s, 3 H); 3.62 (t, J=6.2 Hz, 2 H); 4.49
(d, J=5.6 Hz, 4 H); 5.13 (t, J=5.6 Hz, 2 H); 7.14 (s, 1 H); 7.32 (s, 2 H); 7.84 (t, J=6.0 Hz, 1 H).
LC/MS (B): rt = 2.98 min; [M+H]": m/z 532; base peak: m/z 354; [M-H+HCO,H]: m/z 576.

3.8. 3,5-bis(hydroxymethyl)-1-(1-mercapto-1-methylethyl)benzene

SH SH
e ———
\;\Lo OH HO. OH

A solution of 43 mg of 5-hydroxymethyl-1-(1-mercapto-1-methylethyl)-3-[(tert-
butyl)dimethylsilanyloxymethyllbenzene in 1 ml of an acetic acid/THF/water (3/1/1) mixture is
stirred at AT for 4.5 h and concentrated under RP, and then the residue is taken up in 3 ml of
water. The pH of the aqueous phase is brought to 7 by addition of a 10% aqueous Na,CO,
solution and then the aqueous phase is extracted with AcOEt. The organic phase is dried over
MgSO, and concentrated under RP. 18 mg of 3,5-bis(hydroxymethyl)-1-(1-mercapto-1-
methylethyl)benzene are thus obtained.

'H NMR (400 MHz, ds-DMSO): 1.76 (s, 6 H); 3.19 (s, 1 H); 4.48 (d, J=5.9 Hz, 4 H); 5.14 (t,
J=5.9 Hz, 2 H); 7.13 (s, 1 H); 7.36 (s, 2 H). MS (C): CI: [M+NH,]": m/z 230.

3.9. 5-Hydroxymethyl-1-(1-mercapto-1-methylethyl)-3-[(tert-

butyl)dimethylsilanyloxymethyilbenzene

S SH
o \n/ -

114 ul of hydrazine hydrate are added to 336 mg of 1-{3-[(tert-butyl)dimethylsilanyloxymethyl]-5-
(hydroxymethyl)phenyl}-1-methylethyl thioacetate in solution in 3.7 mi of acetonitrile. After 3 h at
AT, the mixture is concentrated under RP and the residue is purified by flash chromatography on
silica (Biotage 25+M) using a gradient from O to 55% AcOEt in heptane. 230 mg of
5-hydroxymethyl-1-(1-mercapto-1-methylethyl)-3-[(tert-butyl)dimethylsilanyloxymethyllbenzene
are thus obtained.

'H NMR (400 MHz, d-DMSO): 0.08 (s, 6 H); 0.92 (s, 9 H); 1.76 (s, 6 H); 3.19 (s, 1H); 4.48 (d,
J=5.7 Hz, 2 H); 4.71 (s, 2 H); 5.14 (t, J=5.7 Hz, 1 H); 7.10 (s, 1 H); 7.33 to 7.42 (m, 2 H). MS (C):
Cl: [M+NH,]": m/z 344,
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3.10, 1-[3-[(tert-butyl)dimethylsilanyloxymethyll-5-(hydroxymethyl)phenyll-1-methylethyl

thioacetate
OH S
\fé\/ \é(
\\‘;“o o\\\‘/ ;\ﬂ) OH

S 4

404 pl of thioacetic acid and 376 mg of zinc iodide are added to 1g of 1-(1-hydroxy-1-
methylethyl)-3,5-bis[(tert-butyl)dimethylsilanyloxymethyllbenzene in solution in 4.7 ml of 1,2-
dichloroethane. The mixture is heated at 50°C for 40 min. After returning to AT, the salts are
removed by filtration, the organic phase is concentrated under RP and the residue is purified by
flash chromatography on silica (Biotage 40+M) using a gradient from 0 to 30% AcOEt in heptane.
248 mg of 1-[3-[(tert-butyl)dimethylsilanyloxymethyl]-5-(hydroxymethyl)phenyl]}-1-methylethyl
thioacetate are thus obtained.

'H NMR (400 MHz, dg-DMSO): 0.08 (s, 6 H); 0.91 (s, 9 H); 1.79 (s, 6 H); 2.17 (s, 3H); 4.48 (d,
J=5.6 Hz, 2 H); 4.70 (s, 2 H); 5.16 (t, J=5.6 Hz, 1 H); 7.11 (s, 1 H); 7.33 (s, 1 H); 7.35 (s, 1H).
LC/MS (A): rt = 1.23 min; [M+Na]": m/z 391.

3.11. 1-(1-Hydroxy-1-methylethyl)-3,5-bis[(tert-butyl)dimethylsilanyloxymethyllbenzene

Br OH

10.5 ml of n-BuLi as a 1.6M solution in hexane are added dropwise to 4.32 g of 1-bromo-3,5-
bis[(tert-butyl)dimethylsilanyloxymethyllbenzene (G.T. Crisp and P.D. Turner, Tetrahedron, 2000,
56 (42), 8335) in solution in 150 ml of THF cooled to -71°C. After 1 h 30, 4.27 ml of acetone are
added dropwise. The mixture is allowed to return to AT and then hydrolysed with a saturated
aqueous NH,4CI solution. The aqueous phase is extracted with 100 mi of AcOEt, the combined
organic phases are dried over MgSO, and concentrated under RP, and the residue is purified by
flash chromatography on silica (Biotage 65+M) using a gradient from 0 to 20% AcOEt in heptane.
248g of 1-(1-hydroxy-1-methylethyl)-3,5-bis[(tert-butyl)dimethylsilanyloxymethyllbenzene are
thus obtained.

'H NMR (400 MHz, d-chloroform): 0.11 (s, 12 H); 0.96 (s, 18 H); 1.59 (s, 6H); 1.69 (s, 1 H); 4.76
(s, 4 H); 7.21 (s, 1 H); 7.33 (s, 2 H). LC/MS (B): rt =6.43 min; [M+Na]": m/z 447; base peak: m/z
407.

Example 4
4.1. Preparation of the conjugate

A conjugate is prepared as for Ex. 1 by reacting hu2H11 and N-hydroxysuccinimidyl 3-{2-[2-(2-{2-
[2-(4-{4-[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-
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c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-yloxy)ethyllpipérazin-1-yl}-1,1-dimethyi-4-

oxobutylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoate. The conjugate obtained
is quantitatively determined by spectrophotometry using the extinction coefficients eayg o = 7876
M'em™ and es500m = 4334 M'cm™ for the tomaymycin dimer and ezg0 nm = 208 380 M'em™ for

hu2H11: a mean of 3.13 tomaymycin dimers per antibody molecule was determined.

4.2. N-hydroxysuccinimidyl 34{2-[2-(2{2-[2-(4-{4-[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-
1.2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]-pyridin-4-

loxy)ethyllpiperazin-1-yl}-1,1-dimethyl-4-oxobutylsulphanyl)acetylamino]-

ethoxy}ethoxy)ethoxylethoxy}propanoate:

Prepared according to Example 2 from 3-{2-[2-(2-{2-[2-(4-{4-[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]lpyridin-4-
yloxy)ethyl]piperazin-1-yl}-1,1-dimethyl-4-oxobutylsulphanyl)acetylamino]ethoxy}ethoxy)-
ethoxylethoxy}propanoic acid

- @B\/sziu/\/o\/\o/\/’\/\g/\/ﬁ\m /\IN\)NLXS\J\Q OO /\J\:’Q
=N o\,¢|\,o N J o M
HETREB. — ot ey

o]

LC/MS (B): rt = 3.27 min; [M+H]": m/z 1309; [M+2H]**: m/z 655.

4.3. 34{2-[2-(2-{2-[2-(4-{4-[2~(2,6-bis[(S)-2-eth~(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydro-
pyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-yloxy)ethyllpiperazin-1-yl}-

1.1-dimethyl-4-oxobutylsulphanyl)acetylaminolethoxy}ethoxy)ethoxylethoxy}propanoic
acid

Prepared according to Example 2 from methyl 3-{2-[2-(2-{2-[2-(4-{4-[2-(2,6-bis[(S)-2-eth-(E)-
ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-
yloxymethyl]pyridin-4-yloxy)ethyl]lpiperazin-1-y1}-1,1-dimethyl-4-
oxobutylsulphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}propanoate

ﬁ@us‘iu’\)‘/\“/\’owo/\iyﬂw@y\’xs\iﬁ”\/"\/\“”(’v\“vﬁ‘““
H =N e lN o Ney 1 H AN "\/{:j\/o Ny 1
BT, ey

LC/MS (B): rt = 3.16 min; [M+H]": m/z 1212; [M+2H]2+: m/z 606.

4.4. Methyl 3{2-[2-(2-{2-[2-(4{4-[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2.3.11a-
tetrahydropyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-yloxy)ethyi]-
piperazin-1-yl}-1,1-dimethyl-4-oxobutylsulphanyl)acetylaminolethoxy}ethoxy)ethoxy]-
ethoxy}propanoate
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Prepared according to Example 2 from methyl 3-{2-[2-(2-{2-[2-(4-{4-[2-(2,6-
bis(hydroxymethyl)pyridin-4-yloxy)ethylpiperazin-1-yl}-1,1-dimethyl-4-oxobutylsulphanyl)-
acetylamino]ethoxy}ethoxy)ethoxy]ethoxy}propanoate

y s J o S §

e 5\)]‘\ AN GO /\i -~ (\Nj\/x ”/\/ b e e o o~
r\jl N 0 0 0 u"\'N\)

~_N

b S H N oﬂ,o ¥
ST~ S ecN

0

o

'H NMR (500 MHz, de-DMSO): 1.22 (s, 6 H); 1.69 (m, 8 H); 2.37 (m, 2 H); 2.40 (m, 2 H); 2.48 (m,
2 H); 2.53 (t, J=6.1 Hz, 2 H); 2.72 (m, 2 H); 2.92 (m, 2 H); 3.04 (m, 2 H); 3.11 (s, 2 H); 3.19 (q,
J=5.4 Hz, 2 H); 3.39 (t, J=5.4 Hz, 2 H); 3.42 (m, 4 H); 3.49 (m, 12 H); 3.59 (s, 3 H); 3.62 (t,
J=6.1 Hz, 2 H); 3.86 (s, 6 H); 3.88 (m, 2 H); 4.10 (m, 4 H); 4.22 (m, 2 H); 5.17 (d, J=13.0 Hz, 2 H);
5.22 (d, J=13.0 Hz, 2 H); 5.55 (m, 2 H); 6.94 (s, 2H); 7.09 (s, 2H); 7.38 (s, 2H); 7.77 (d,
J=3.9 Hz, 2 H); 8.01 (t, J=5.4 Hz, 1 H). LC/MS (B): rt = 3.30 min; [M+H]": m/z 1225; [M+2H)}*": m/z
613 (base peak).

4.5. Methyl 3-{2-[2-(2{2-[2-(4-{4-[2-(2,6-bis(hydroxymethyl)pyridin-4-yloxy)ethyllpiperazin-
1-yi}-1,1-dimethyl-4-oxobutyisuiphanyl)acetylamino]ethoxy}ethoxy)ethoxylethoxy}-
propanoate

Prepared according to Example 2 from 4-(2-[4-(4-mercapto-4-methylpentanoyl)piperazin-1-
yllethoxy)-2,6-bis(hydroxymethyl)pyridine

(:)NJO'\/><‘” rfji/xs\iuf\/n\/\o/\/‘)v\o/\io/
N

A~ o ~N
' — o
HO A P OH no. . A _on

N

'H NMR (500 MHz, dg-DMSO): all the signals are broad with 1.22 (s, 6 H); 1.71 (m, 2 H); 2.20 to
2.58 (partially masked m, 8 H); 2.75 (m, 2 H); 3.12 (m, 2 H); 3.19 (m, 2 H); 3.47 to 3.53 (m, 18 H);
3.60 (m, 5 H); 4.18 (m, 2 H); 4.46 (m, 4 H); 5.31 (m, 2 H); 6.86 (s, 2 H); 8.00 (m, 1 H). LC/MS (B):
rt = 2.20 min; [M+H]": m/z 717; [M-H+HCO,H]: m/z 761.

4.6. 4-(2-[4-(4-mercapto-4-methyipentanoyl)piperazin-1-yllethoxy)-2,6-
bis(hydroxymethyl)pyridine

Prepared according to Example 2 from 4-(2-[4-(4-methyl-4-
(methyldisulphanyl)pentanoyl)piperazin-1-yllethoxy)-2,6-bis(hydroxymethyl)pyridine
0
, 0
N Sig” SH
B o N

ONN\)

| = —_— N
HO
N o HO IN/ OH

'H NMR (400 MHz, de-DMSO): 1.32 (s, 6 H); 1.76 (m, 2 H); 2.36 to 2.53 (partially masked m,
6 H); 2.66 (s, 1 H); 2.75 (t, J=5.5 Hz, 2 H); 3.40 to 3.52 (m, 4 H); 4.18 (t, J=5.5 Hz, 2 H); 4.46 (s,
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4 H); 5.30 (very broad m, 2 H); 6.86 (s, 2 H). LC/MS (B): rt = 0.76 min; [M+H]": m/z 398; [M-HJ:
m/z 396.

4.7. 4-(2-][4-(4-methyl-4-(methyldisulphanyl)pentanoyl)piperazin-1-yllethoxy)-2,6-
bis(hydroxymethyl)pyridine

O
J\/ S‘S/

(
i ™ %\,
Ho. W OH HO N OH

344 L of TEA and then, after stirring for 10min, 748 mg of 4-methyl-4-
(methyldisulphanyl)pentanoic acid, 417 wl of diisopropylcarbodiimide and 69mg of 1-
hydroxybenzotriazole hydrate are added to 600 mg of 4-[2-(piperazin-1-yhethoxy}]-2,6-
bis(hydroxymethyl)pyridine in solution in 12ml of DMF. After 15h at AT, the mixture is
concentrated under RP, 15 ml of water are added and extraction is carried out 2x with AcOEt.
The combined organic phases are dried over MgSO,4 and concentrated under RP, and the
residue is purified by flash chromatography on silica (Analogix Super Flash SiO, SF25-80g) using
a gradient from 2 to 10% of MeOH in DCM. 390mg of 4-(2-[4-(4-methyl-4-
(methyldisulphanyl)pentanoyl)piperazin-1-yllethoxy)-2,6-bis(hydroxymethyl)pyridine are  thus
obtained.

'H NMR (400 MHz, dg-DMSO0): 1.26 (s, 6 H); 1.79 (m, 2 H); 2.36 (m, 2 H); 2.39 (s, 3 H); 2.40 to
253 (partially masked m, 4 H); 2.75 (t, J=5.6 Hz, 2 H); 3.45 (m, 4 H); 4.18 (t, J=5.6 Hz, 2 H); 4.46
(d, J=5.9 Hz, 4 H); 5.30 (t, J=5.9 Hz, 2 H); 6.86 (s, 2 H). LC/MS (A): rt = 0.42 min; [M+H]": m/z
444; [M-H+HCO,H]: m/z 488.

19ml of a 4M solution of HCI in dioxane are added to 23g of 4-(2-(4-(tert-
butoxycarbonyl)piperazin-1-yl)ethoxy)-2,6-bis(hydroxymethyl)pyridine in solution in 33 ml of
dioxane. After 12 h at AT, the resulting precipitate is recovered by filtration on a sintered glass
funnel, taken up in MeOH and then concentrated under RP, and the residue is diluted in 40 ml of
an MeOH/water 1/1 mixture. The resulting solution is deposited on Mega BE-SCX, 25GM 150ML
(Varian). After washing the phase with MeOH, the product of interest is eluted with a 2N solution
of ammonia in methanol. The MeOH/NH; phase is concentrated under RP. 1.6 g of 4-[2-
(piperazin-1-yl)ethoxy]-2,6-bis(hydroxymethyl)pyridine are thus obtained.
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"H NMR (400 MHz, dg-DMSO): 2.40 (m, 4 H); 2.68 (m, 6 H); 4.15 (t, J=5.7 Hz, 2H); 4.44 (m, 4 H);

5.29 (m, 2 H); 6.85 (s, 2 H). LC/MS (A): rt = 0.10 min; [M+H]": m/z 268; [M+2H]2": m/z 134.5;
base peak: m/z 113.

4.9, 4-(2-(4-(tert-butoxycarbonyl)piperazin-1-yl)ethoxy)-2,6-bis(hydroxymethyl)pyridine

0 0

il NJLOJ\\ (\N’u‘ojv
C /’\/N\/J 0/\_,N\/l
= — %

0O 0

779 mg of sodium borohydride and 2.29 g of CaCl, are added to 3.1 g of diethyl 4-[2-(4-(tert-
butoxycarbonyl)piperazin-1-yl)ethoxy]pyridine-2,6-dicarboxylate in solution in 105 ml of EtOH.
After 3 h at AT, the mixture is hydrolysed and concentrated under RP. Water is added to the
residue obtained and the resulting aqueous phase is extracted 4x with AcOEt. The combined
organic phases are washed with a saturated aqueous NaCl solution and then concentrated under
RP. 2.4g of 4-(2-(4-(tert-butoxycarbonyl)piperazin-1-yl)ethoxy)-2,6-bis(hydroxymethyl)pyridine
are thus obtained.

'H NMR (400 MHz, dg-DMSOQ): 1.39 (s, 9 H); 2.43 (m, 4 H); 2.73 (t, J=5.6 Hz, 2 H); 3.30 (partially
masked m, 4 H); 4.17 (t, J=5.6 Hz, 2 H); 4.45 (d, J=5.9 Hz, 4 H); 5.30 (t, J=5.9 Hz, 2H); 6.86 (s,
2 H). LC/MS (A): it = 0.24 min; [M+H]": m/z 368.

4.10. Diethyl 4-[2-{4-(tert-butoxycarbonyl)piperazin-1-yl)ethoxy]pyridine-2,6-dicarboxylate

1
N oJ\\
O ()/\/N
[ ) i
\/o N/ O\/ \,0 | N/ ro\/
O O 0 0

4.5 ml of TEA and then 2 ml of methanesulphonyl chloride are added to a solution, cooled to 0°C,
of 5 g of 1-(tert-butoxycarbonyl)-4-(2-hydroxyethyl)piperazine in 102 ml of DCM. After 1 h, the
mixture is brought back to AT. After stirring for an additional 1 h, the mixture is hydrolysed and
the organic phase is washed 2x with water, then dried over MgSO, and concentrated under RP.
140 ml of DMF are added to the residue thus obtained (6.7 g) and the mixture is brought to 60°C.
190 mg of the diethyl ester of chelidamic acid (Scrimin P., Tecilla P., Tonellato U. and Vendrame
T.J., Org. Chem., 1989, 54, 5988) and 549 mg of K,CO; are then added and the mixture is
heated at 80°C for 20 h. After concentrating under RP, the mixture is hydrolysed and extracted 3x
with AcOEt, the combined organic phases are washed with a saturated NaCl solution and
concentrated under RP, and the residue is purified by flash chromatography on silica (Analogix
Super Flash SiO, SF25-150g) using a gradient from 60 to 85% of AcOEt in heptane. 3.1 g of

diethyl 4-[2-(4-(tert-butoxycarbonyl)piperazin-1-yl)ethoxy]pyridine-2,6-dicarboxylate are thus
obtained.



10

15

20

25

30

WO 2011/023883 -41 - PCT/FR2010/051709

"HNMR (400 MHz, ds-DMSO): 1.34 (t, J=7.2 Hz, 6 H); 1.39 (s, 9 H); 2.44 (m, 4 H); 2.76 (t,
J=5.7 Hz, 2 H); 3.30 (partially masked m, 4 H); 4.34 (t, J=5.7 Hz, 2 H); 4.38 (q, J=7.1 Hz, 4 H);
7.74 (s, 2 H). LC/MS (B): rt = 2.81 min; [M+H]": m/z 452; [MH+HCO,H]: m/z 496.

Example 5
5.1. 4-{2-[4-(2-Methyl-2-(methyldisulphanyl)propyl)piperazin-1-yljethoxy}-2,6-
bis(hydroxymethyl)pyridine

Prepared according to Example 1 from 4-[2-(piperazin-1-yl)ethoxy]-2,6-bis(hydroxymethyl)-
pyridine.

NH (\N ol
ek k) %
= —_— =
HO l 7 OH HO ] A OH

N
"H NMR (400 MHz, de-DMSO): 1.25 (s, 6 H); 2.39 (s, 3 H); 2.40 (s, 2 H); 2.44 to 2.57 (partially
masked m, 8 H); 2.69 (t, J=5.7 Hz, 2 H): 4.14 (t, J=5.7 Hz, 2 H); 4.45 (d, J=5.7 Hz, 4 H); 5.29 (t,
J=5.7 Hz, 2 H); 6.85 (s, 2 H). LC/MS (B): rt= 0.51 min; [M+H]": m/z 402.

Example 6

6.1. Preparation of the conjugate

A conjugate is prepared as for Ex. 1 by reacting hu2zH11 and N-hydroxysuccinimidyl 3-{2-[2-(2-{2-
[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzo-
diazepin-5-one-8-yloxymethyl]pyridin-4-yloxy)ethyl}(methyl)amino}-1,1-dimethylethylsulphanyl)-
acetyl(methyl)amino]ethoxy}ethoxy)ethoxy]ethoxy}propanoate. The conjugate obtained s
quantitatively determined by spectrophotometry using the extinction coefficients

e310nm = 7789 M'cm™  and  eom =4362M'cm™  for the tomaymycin dimer and
€280 nm = 208 380 M'em™ for hu2H11: a mean of 2.90 tomaymycin dimers per antibody of
molecule was determined.

6.2. N-hydroxysuccinimidyl

-ylidene-7-

methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-
loxymethyllpyridin-4-yloxy)ethyll{methyl)amino}-1.1-

dimethylethylsulphanyl)acetyl(methyl)amino]ethoxy}ethoxy)ethoxylethoxy}propanoate
Prepared according to Example 2 from 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl](methyl)amino}-1,1-dimethylethylsulphanyl)acetyl(methyl)amino]ethoxy}ethoxy)-
ethoxy]ethoxy}propanoic acid:

/\,N\X N\/\ AN N H \>< N\/\ AN
\/E‘L /\'( 0 )\/j‘r( /jl/ \/\|r
|| o N

HLTTRS — wc(v QA
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LC/MS (F): rt = 1.02 min; [M+H]" : m/z 1225; [M+H,0+H]": m/z 1243

6.3. 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis[(S)-2-Eth-(E)-ylidene-7-methoxy-1,2,3,11a-tetrahydro-
pyrrolo[2,1-c][1.4]benzodiazepin-5-one-8-yloxymethyllpyridin-4-
yloxy)ethyll{(methyl)amino}-1,1-
dimethylethylsulphanyl)acetyl(methyl)aminojethoxy}ethoxy)ethoxylethoxy}propanoic acid
Prepared according to Ex. 2 from methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis[(S)-2-eth~(E)-ylidene-7-
methoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyl]pyridin-4-
yloxy)ethyl}(methyl)amino}-1,1-dimethylethylsulphanyl)acetyl(methyl)amino]ethoxy}ethoxy)-
ethoxylethoxy}propanoate:

S N N Y S N I G
H, =N 0\/(;5\10 :IH\/\ /:,—;/\g/ 0,/5?\/0 ;?g, \/T
\/Cg%@[ S s ks \i/{gj? 913533\/

LC/MS (F): rt = 0.97 min; [M+H]": m/z 1129

6.4. Methyl 3-{2-]2-(2-{2-]2-(2-{[2-(2,6-bis[(S)-2-eth-(E)-ylidene-7-methoxvy-1,2,3,.11a-
tetrahydropyrrolo[2,1-c][1,4]benzodiazepin-5-one-8-yloxymethyllpyridin-4-
yloxy)ethyl](methyl)amino}-1,1-dimethylethylsulphanyl)acetyl(methyl)aminojethox
ethoxy)ethoxylethoxy}propanoate

Prepared according to Ex. 2 from methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6-bis(hydroxymethyl)pyridin-4-
yloxy)ethyll(methyl)amino}-1,1-dimethylethylsulphanyl)acetyl(methyl)amino]ethoxy}ethoxy)-
ethoxylethoxy}propanoate:

|
"\/N\/< /\a/"‘\/\o/\/o\/\o/\/o\/\g/o\

\/dj\,o =\ H
VC( J@? }J\/

'H NMR (500 MHz, ds-DMSO): the absorptions are broad with 1.20 (s, 6 H); 1.58 to 1.73 (m, 6
H); 2.38 (s, 3 H); 2.52 to 3.07 (m, 13 H); 3.36 to 3.63 (m, 23 H); 3.67 to 3.91 (m, 8 H), 4.06 to
4.26 (m, 6 H); 5.02 to 5.26 (m, 4 H); 5.33 to 5.60 (m, 2 H); 6.39 to 7.42 (m, 6 H); 7.76 (m, 2 H).
LC/MS (A): rt = 0.77 min; [M+H]": m/z 1142; [M+2HJ*": m/z 571.5 (base peak).

OH

/\/N\X /T \/\0/\/0\/\0/\\/ \/jf
I~IO\/ES\/
N

6.5. Methyl 3-{2-[2-(2-{2-[2-(2-{[2-(2,6 ridin-4-yloxy)ethyll(methyl)-
amino}-1,1-dimethylethylsulphanyl)acetyl(methyl)aminolethoxyl}ethoxy)ethoxylethoxy}-

propanoate:
Prepared according to Ex.2 from methyl 3-{2-[2-(2-{2-[(2-iodoacetyl)(methyl)amino]ethoxy}-
ethoxy)ethoxylethoxy}propanoate:



10

15

20

25

30

WO 2011/023883 ~-43 - PCT/FR2010/051709

| | |
/\/N\><SH O/\/N S/\H/N\/\D/\/U\/\O/\/O\/\g/o\
S x 0
HO A\ 7

OH

HO | N4 OH

'H NMR (400 MHz, de-DMSO): 50/50 resolution of rotamers with: 1.22 (s, 3H); 1.24 (s, 3 H); 2.41
(s, 3 H); 2.53 (t, J=6.2 Hz, 2 H); 2.56 (m, 2 H); 2.80 (s, 1 H); 2.88 (t, J=5.9 Hz, 2 H); 3.05 (s, 2 H);
3.35 to 3.58 (m, 18 H); 3.59 (s, 3 H); 3.62 (t, J=6.2 Hz, 2 H); 4.13 (t, J=5.9 Hz, 2 H); 4.45 (d,
J=5.9 Hz, 4 H); 5.29 (t, J=5.9 Hz, 2 H); 6.85 (s, 2 H). LC/MS (B): rt = 2.18 min; [M+H]": m/z 634;
[M-H+HCO,H]": m/z 678.

6.6. Methyl 3-{2-[2-(2-{2-[(2-iodoacetyl)(methyl)amino]ethoxy}ethoxy)ethoxylethoxy}-
propanoate

|
HN\/\O/\/O\/\O/\/O\/\H/D\ 'WNwONO%ONOWO\
0 (@] 0

117.4 mg of N-hydroxysuccinimidyl iodoacetate in solution in 6.5 ml of DCM are added to 215 mg
of methyl 3-(2-{2-[2-(2-(methylamino)ethoxy)ethoxylethoxy}ethoxy)propanoate. After 2 h at AT,
the mixture is concentrated under RP and the residue is purified by flash chromatography on
silica (Analogix Super Flash SiO, SF25-24g) using a gradient from 0 to 6% of MeOH in DCM.
210mg of methyl 3-{2-[2-(2-{2-[(2-iodoacety!)(methyl)amino]ethoxy}ethoxy)ethoxylethoxy}-
propanoate are thus obtained. "H NMR (400 MHz, de-DMSO): 55/45 resolution of rotamers with
2.54 (t, J=6.2 Hz, 2 H); 2.83 (s, 1.35 H); 3.02 (s, 1.65 H); 3.36 to 3.55 (m, 16 H); 3.60 (s, 3 H);
3.63 (t, J=6.2 Hz, 2 H); 3.83 (s, 1.1 H); 3.88 (s, 0.9 H). LC/MS (A): rt = 0.62 min; [M+H]": m/z 462.

6.7. Methyl 3-(2-{2-[2-(2-(methylamino)ethoxy)ethoxy]ethoxy}ethoxy)propanoate

o 0 |
O\H/N\/\G/\/O\/\O/\/ i e NG N /\/o\/\"/o\
0 o 0

3 ml of a 4M solution of HCI in dioxane are added to 390 mg of methyl 3-[2-(2-{2-[2-((tert-
butoxycarbonyl)(methyl)amino)ethoxy]ethoxy}ethoxy)ethoxylpropanoate in solution in 5.3 ml of
dioxane. After 12 h at AT, the mixture is concentrated under RP and the residue is dissolved in a
minimum of methanol and deposited on Mega BE-SCX, 10GM 60ML (Varian). After washing the
phase with MeOH, the product of interest is eluted with a 2N solution of ammonia in methanol.
The methanol/NH; phase is concentrated under RP. 270 mg of methyl 3-(2-{2-[2-(2-
(methylamino)ethoxy)ethoxy]ethoxy}ethoxy)propanoate are thus obtained. 'H NMR (400 MHz, dg-
DMSO): 2.28 (s, 3 H); 2.54 (1, J=6.2 Hz, 2 H); 2.59 (t, J=5.9 Hz, 2 H); 3.44 (t, J=5.9 Hz, 2 H); 3.47
to 3.54 (m, 12 H); 3.60 (s, 3 H); 3.63 (t, J=6.2 Hz, 2 H). LC/MS (A) (ELSD): rt = 0.30 min; [M+H]":
m/z 294.
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6.8. Methyl 3-[2-(2-{2-[2-((tert-butoxycarbonyl)(methyl)amino)ethoxy]ethoxy}ethoxy)-
ethoxy]propanoate

x ]
0 NSO AP OH C N\/\O/\/O\/\o/\/o N
(8] O —_—
T Y ] Y
2 mi of a 2M solution of trimethylsilyldiazomethane in hexane are added to a solution, cooled to

0°C, of 500mg of 3-[2-(2-{2-[2-((tert-butoxycarbonyl)(methyl)amino)ethoxy]ethoxy}ethoxy)-
ethoxy]propanoic acid in 4.8 ml of MeOH. After 2 h, the mixture is neutralized by addition of
120 pl of acetic acid and then concentrated under RP, and the residue is purified by flash
chromatography on silica (Analogix Super Flash SiO, SF25-40g) using a gradient from O to 5% of
methanol in DCM. 400 mg of methyl 3-2-(2-{2-[2-((tert-
butoxycarbonyl)(methyl)amino)ethoxylethoxy}ethoxy)ethoxylpropanoate are thus obtained.
'H NMR (400 MHz, dg-DMSO): 1.38 (s, 9 H); 2.54 (t, J=6.2 Hz, 2 H); 2.80 (broad s, 3 H); 3.29
(partially masked t, J=5.9 Hz, 2 H); 3.45 to 3.55 (m, 14 H); 3.59 (s, 3 H); 3.63 (t, J=6.2 Hz, 2 H).
LC/MS (A): rt = 0.84 min; [M+Na]": m/z 416 (base peak); LC/MS (A): rt = 0.84 min; [M+Na]": m/z
416 (base peak).

6.9. 3-[2-(2{2-[2-((tert-Butoxycarbonyl)(methyl)amino)ethoxylethoxy}ethoxy)ethoxy]-
propanoic acid

a0

OTH\/\O/\/O\/\O/\/O\/\TOL OTN\/\O/\/O\/\O/\/O\/\WOH
0 0 0
85.4 mg of NaH are added portionwise to a solution, cooled to 0°C, of 520 mg of 3-[2-(2-{2-[2-
((tert-butoxycarbonyl)amino)ethoxy]ethoxy}ethoxy)ethoxylpropanoic acid in 14 mi of THF. After
stirring for 5 min, 150 pl of iodomethane are added. The mixture is then stirred at AT for 2 h and
then an additional 150 pl of iodomethane are added. After 12 h at AT, the mixture is hydrolysed
and then brought to acidic pH by addition of agueous acetic acid at 0°C. The aqueous phase is
extracted 3x with AcOEt, the combined organic phases are dried over MgSO,4 and concentrated
under RP, and the crude product obtained is reacted again according to the same protocol with
85 mg of NaH and 176 pl of iodomethane for an additional 2 h. 500 mg of 3-[2-(2-{2-[2-((tert-
butoxycarbonyl)(methyl)amino)ethoxylethoxy}ethoxy)ethoxylpropanoic acid are thus obtained.
LC/MS (F): rt = 1.01 min; [M+H]": m/z 380.

Evaluation of the inhibition of the proliferation of the MDA-MB-231, MDA-A1 and HCT116
cell lines by the compounds of formula (I1A) with Z,R,= -OMe and Y=Y'= -OMe

The MDA-MB-231, MDA-A1 or HCT116 cells in their exponential growth phase are trypsinized
and resuspended in their respective culture medium (DMEM/F12 Gibco #21331, 10% FCS Gibco
#10500-056, 2 nM glutamine Gibco #25030 for the MDA cells; DMEM Gibco #11960, 10% FCS
Gibco #10500-056, 2 mM glutamine Gibco #25030 for the HCT116 cells). The cell suspension is
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seeded in Cytostar 96-well culture plates (GE Healthcare Europe, #RPNQO163) in the complete
culture medium containing serum at a density of 5000 cells/well (MDA-MB-231, MDA-A1,
HCT116). After incubation for 4 hours, successive dilutions of the tomaymycin dimers are added
to the wells in triplicate for each concentration. The cells are cultured for 3 days at 37°C under an
atmosphere containing 5% CO; in the presence of the cytotoxic agents. On the 4" day, 10 pl of a
4C-thymidine solution (0.1 pCiiwell, Perkin Elmer #NEC56825000) are added to each well. The
incorporation of '“C-thymidine is measured 96 hours after the start of the experiment using a
MicroBeta radioactivity counter (Perkin Elmer). The data are expressed in the form of a % of
survival by determining the ratio between the count obtained with the cells treated with the

cytotoxic agent and the count obtained with the cells of the control wells (treated with the culture
medium alone).

Table Il
Inhibition of the proliferation (**C-thymidine pulse at 96 h) ICsp [NM]
Structure of the compound of formula (IA) HCT116 MDA-A1 MDA-MB231
[
I\X(Y”V/\,-’\/O\/\NVY’M
\I s \)\/ 0.030 1.991 0.009
j\x/\["‘\/\,/\/"\/\/\/“\/\l/"“‘
=N, \/@ M
{ \f\ tkIIO :-I/O/ y
A 0.120 2.260 0.070
\/
CH e] ,—}’
A J‘V 0.127 >10 0.084
.)K/XJK.\"\\ AN vkn-
./\/"
I
;J(J'VR¢Y{
- 1.250 >10 0.450

It is found that the test compounds for which Z,R, = -OMe have a powerful anticancer activity;

this allows it to be supposed that the similar compounds characterized by another ZyR, group are
liable to exhibit an identical activity.
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Evaluation of the inhibition of the proliferation of the MDA-MB-231 cell lines by the
hu2H11-cytotoxic agent conjugates

MDA-MB-231 cells in their exponential growth phase are trypsinized and resuspended in their
culture medium (DMEM/F12 Gibco #21331, 10% FCS Gibco #10500-056, 2 nM glutamine Gibco
#25030). The cell suspension is seeded in Cytostar 96-well culture plates (GE Healthcare
Europe, #RPNQ0163) in the complete culture medium containing serum at a density of 5000
cells/well. After incubation for 4 hours, successive dilutions of the antibody-cytotoxic agent
immunoconjugates are added to the wells at concentrations decreasing from 107 to 107 M (in
triplicate for each concentration). The cells are cultured at 37°C in an atmosphere containing 5%
CO; in the presence of the antibody-cytotoxic agent immunoconjugates for 3 days. On the 4"
day, 10 pl of a "C-thymidine solution (0.1 pCifwell, Perkin Eimer #NEC56825000) are added to
each well. The incorporation of 14C-thymidine is measured 96 hours after the start of the
experiment with a MicroBeta radioactivity counter (Perkin Elmer). The data are expressed in the
form of a % of survival by determining the ratio between the count obtained with the cells treated
with the immunoconjugate and the count obtained with the cells of the control wells (treated with
the culture medium alone). In certain experiments®, the naked antibody hu2H11 was added to the
wells at a concentration of 1 pM at the start of the experiment and the inhibition of the
proliferation was measured as described above.

Table Ili
Inhibition of the proliferation ('*C-thymidine pulse at 96 h) ICso [PM]
Mean ICsg
Structure :\éean (+naked ICs ratio
o hu2H11*)
\X’\(N\/\/\)\/\ /\/”\/\r‘\' Uz 11
/ (\(fk Ilr) CH (IJ(\(J lty\j
- 31 540 17
:Lvy l«\’ AN AN /"N'\m:nn
"J ‘a/T o o \(]1’
1
19 0 Gt XY
o, "«.. L o o I 910 5095 6
9 7 hu2H11
T JL /\/’\/’\U/ O /’-g”\/u\H/‘
, /0 \/J j /\TN\ M
" /_iJ ﬁ(\/ SeHo oj ) \ 2
~ % 54 3981 74
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Monomer stability of the noncleavable tomaymycin dimer conjugates

The noncleavable hu2H11 conjugates prepared with tomaymycin dimers described in Examples 3
and 5 of International Application WO 09016516 have a tendency to experience a decrease in
their monomer purity over time after storing for several months at 3-5°C. Specifically, these
conjugates, formulated in an aqueous buffer at pH 6.5 with a histidine concentration of 10 mM
containing 10% of sucrose and 5% of NMP, exhibiting a mean of 3 to 3.5 tomaymycin dimers per
antibody molecule, with an initial monomer purity of the order of 97.5%, can decline in monomer
purity by 6 to 15% in 6 to 8 months. This phenomenon was not observed with the conjugate of
Example 3 which, with a mean of 3.5 tomaymycin dimers per antibody molecule, retains a
monomer purity of greater than 99% in 4 months under the same storage conditions, thus
suggesting a better stability of this particular conjugate. This is a general objective desired in the

field of conjugates to be able to have available a conjugate which retains a monomer purity over
time.

Evaluation of the antitumour activity of hu2H11-cytotoxic agent conjugates on female

SCID mice carrying an advanced human breast adenocarcinoma, MDA-MB-231

Two conjugates of the same antibody hu2H11, denoted C1 (prepared with the tomaymycin dimer
described in Example 5 of International Application WO 09016516) and C2 (conjugate of
Example 3), were evaluated at 4 dose levels on measurable mammary tumours MDA-MB-231
implanted s.c. on female SCID mice. The control groups were not treated. The doses of the two
conjugates are given in pg of tomaymycin dimer/kg. They were administered at 80, 40, 20 and
10 pg/kg by injection of intravenous (IV) bolus type on day 13 for C1 and on day 24 for C2.

As regards the evaluation of the antitumour activity of the conjugates, the animals were weighed
daily and the tumours were measured twice weekly using a calliper rule. The antitumour activity
was evaluated at the Maximum Tolerated Dose (MTD). A dose producing a loss in weight of 20%
at nadir or 10% (or more) mortality linked to the conjugate is regarded as being toxic. The body

weight of the animals includes the weight of the tumours. The weight of the tumours is calculated
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according to the formula: weight (mg) = [length (mm) x width (mm)?)/2. The efficacy parameters
are the AT/AC, the mean percentage of regression, the partial and complete regressions (PR and
CR) and the number of tumour-free mice at the end of the study (TFM).

The change in the volume of the tumours for each treated mouse (T) and control mouse (C) is
calculated for each tumour by subtracting the volume of the tumour on the day of the start of the
study from the volume of the tumour on the day of observation specified. The mean AT is
calculated for the treated group and the mean AC is caiculated for the control group. The ratio

AT/AC is then calculated and expressed as a percentage: AT/AC = (delta T/delta C) x 100.

A dose is regarded as being therapeutically active for a AT/AC of less than 40% and very active
for a AT/AC of less than 10%. When the AT/AC is less than 0, the dose is regarded as highly
active and the percentage of regression is then calculated (according to Plowman J., Dykes D.J.,

Hollingshead M., Simpson-Herren L. and Alley M.C., Human tumor xenograft models in NCI drug
development: Feibig H.H. BA, editor. Basel: Karger.; 1999, pp. 101-125).

The percentage of tumour regression is defined as being the percentage of decrease in the
tumour volume in the treated group on the day of observation specified in comparison with its

volume on the first day of treatment. The percentage of tumour regression is calculated at a

specific time t and for each animal. The mean percentage of regression is then calculated for the
group.

volume , —volume,

Percentage of regression (at time t) =
volume,,

x100

Partial regression (PR): The regressions are defined as being partial when the decrease in the

tumour volume reaches 50% of the volume of the tumour at the beginning of treatment.

Complete regression (CR): The complete regression is obtained when the volume of the tumour

=0mm® (a CR is regarded as being present when the volume of the tumour cannot be
measured).

TEM: The tumour-free mice are defined as being mice not exhibiting a detectable tumour at the
end of the study (beyond 100 days of treatment).
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Table IV - Evaluation of the antitumour activity of the conjugates C1 and C2 on female SCID mice carrying an advanced human breast

adenocarcinoma, MDA-MB-231

Conjugate  Administration Dosein Day of Mortality ~ Mean loss in weight in % Mean Mean Regressions ™ Biological
route/Dose in Hgkgof  administration at nadir AT/ACin  percentage 120 interpretation
mi/kg by tomaymycin (day) % of Partial  Complete a2}
injection dimer (mg (day) regression P
prot/kg) (day)
C1 1\ 80 (3.76) 13 5/5 - - - - - Toxic
DAR 2.9 10 mikg 40 (1.88) 0/5 -9.6 (20) 7(28) . 3/5 0/5 0/5 MTD, very active
20 (0.94) 0/5 -3.5 (30) 13 (28) - 0/5 0/5 0/5 Active
10 (0.47) 0/5 -1.1(27) 23 (28) - 0/5 0/5 0/5 Active
C2 v 80 (2.98) 24 4/6 - - - - - - Toxic
DAR 3.5 10 mi/kg 40 (1.49) 0/6 -5.0(31) <0 (46) 96.2 (46) 6/6 116 116 MTD, highly active
20 (0.75) 0/6 -4.4(31) <0 (46) 66.4 (46) 46 0/6 0/6 Highly active
10(0.37) 0/6 -4.0(31) 14 (46) - 0/6 0/6 0/6 Active

Abbreviations: MTD = Maximum Tolerated Dose, TFM = Tumour-Free Mice at the end of the study
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According to a single-dose administration scheme, the highest dose tested for these two
conjugates in this study (80 pg/kg) proved to be toxic, resulting in loss in weight and mortality.

At the MTD (40 pg/kg), C1 is very active and results in a loss in weight of 9.6% at nadir, a
ATIAC of 7% and 3 PRs for 5 SCID mice. An antitumour activity was also observed at the lower
doses of 20 and 10 pg/kg without resulting in PR.

At the MTD (40 pg/kg), C2 is highly active and results in a loss in weight of 5% at nadir and a
tumour regression of 96.2% with 6 PRs for 6 mice, including 1 TFM. It is also very active at the
lower dose of 20 pg/kg with a tumour regression of 66.4% and 4 PRs for 6 mice. An antitumour

activity was also observed at the lowest dose of 10 pg/kg without, however, resulting in
regression or PR.

In conclusion, it is found that C2 exhibits a strong anticancer activity and showed a better activity

than C1 with a tumour regression, PR and TFM at the MTD which are not observed with C1 at the
same doses.
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CLAIMS

Compound of formula (I):
_COZbRb

A Y N gy 2
Y §
< M
in which:
. == represents a single bond or a double bond with the condition that, if
== represents a single bond, then:
% -—represents a single bond;

« U and U’ each represents H;

< W and/or W’, which are identical or different, represent(s), independently of one
another: OH, -OR, -OCOR, -COOR, -OCOOR, -OCONRR’, a cyclic carbamate such
that N10 and C11 are included in a ring, -NRCONRR’, -OCSNHR, a cyclic thiocarbamate
such that N10 and C11 are included in a ring, -SH, -SR, -SOR, -SOOR, -SOj, -
NRSOOR', -NRR’, a cyclic amine such that N10 and C11 are included in a
ring, -NROR’, -NRCOR’, -N3, -CN, Hal or a trialkylphosphonium or triarylphosphonium
group;

e Ry, Rz, Ry and Ry, which are identical or different, represent, independently of one
another: H, Hal or a (C4-Cg)alkyl group optionally substituted by one or more
substituent(s) chosen from: Hal, CN, NRR’, CF;, OR, an aryl or heteroaryl group, or
S(O);Rwithq=0, 1 0r2;

or else

e R;andR; and/or Ry’ and Ry’ together form respectively a double bond =CH, or =CH-CHj;

e Y and Y’, which are identical or different, represent, independently of one another, H or
OR;

e Mrepresents CH or N;

e ALK and ALK’, which are identical or different, represent, independently of one another,
a (C4-Ce)alkylene group;

e R and R’ represent, independently of one another, H or a (C4-Cg)alkyl or aryl group;

e L represents:
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% the -L4-L2- group in which L4 is attached to the aromatic ring comprising M via the
ALK or OALK group and represents one of the following groups:
-ALK-S-

Ji)
/E\{N—CHZ—*
0
-O-ALK-NR;-ALK-S-
Q
I

-O-ALK-N N ALK-S-
ST

-O-ALK-NR,-ALK-5

\

-0-ALK-N 7 TALKS-

OALK-N  N—ALK-S-
N

and L, represents the -CH,C(=0)-NR;-(CH,CH,O)-ALK- group attached to L,

via -CH,C(=0)-;

or else

% the —O-ALK-NR3-ALK-S-(CH,CH,0)-ALK- group attached to the aromatic ring
comprising M via the OALK group;

e Rjrepresents H or a (C4-Cg)alkyl group;

e irepresents an integer ranging from 1 to 40, rather from 1 to 20, preferably from 1 to 10;

e Z, represents a single bond, -O- or -NH- and Ry, represents H or a (C¢-Cg)alkyl,
(C3-Cy)cycloalkyl, aryl, heteroaryl or (C3-C;)heterocycloalkyl group or else Z, represents a
single bond and Ry, represents Hal;

wherein :

- “aryl group” means a mono- or bicyclic aromatic group not comprising a heteroatom;

- “heteroaryl group” means a mono- or bicyclic aromatic group comprising at least one

heteroatom (O, S, N) involved in the ring and connected to the carbon atoms forming the ring;

- “cycloalkyl group” means a cyclic alkyl group comprising between 3 and 7 carbon atoms

involved in the cyclic structure; and

- “heterocycloalkyl group” means a cycloalkyl group comprising at least one heteroatom (O, S,

N) involved in the ring and connected to the carbon atoms forming the ring .

Compound according to Claim 1 of formula:
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_COZbRb

3 Compound according to Claim 1 of formula (lA) or (IB):
L-C(=0)- sz,,

L-C(=0)}ZR,

=<0 ﬁr <L T
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4. Compound according to Claim 1 to Claim 3, in which Y and Y’ represent a (C4-Cg4)alkoxy
group, more particularly a methoxy group.

5. Compound according to Claim 1 to Claim 4, in which L is chosen from:

-ALK-S-CH,C(=0)-NH-(CH,CH20);-CH>CH,-
0

/QN—CH2—CHZC(=O)NH-(CHZCHZO),-CHZCHZ
-O-ALK-NR,-ALK-S
0
-O-ALK-NR;-ALK-S-CH,C(=0)-NH-(CH,CH,0)-CH,CH,
0 0

-O-ALK-N N/lLALK'S' CH,C(=0)-NH-(CH,CH,0)-:CH,CH, 5 a| k.N ALK-S-CH,C(=0)-NH-(CH,CH,0)-CH,CH,
/

-0-ALK-N N—ALK-§-CH,C(=0)-NH-(CH,CH,0)-CH,CH,
\_/

; —O-ALK-NR3-ALK-S-(CH,CH20)-CH,CHz-

6. Compound according to Claim 1 or Claim 5, in which L is chosen from:

I
N
| N NCH,CH,0)-CH,CH, ! H
?(ONN%sji ‘/\(q/ ?CO/\/N\><S/\H/N\(CHQCH20)i-CH20H2-
0 . 0

)
0
(\N j\/xs\/[Ln _ACH,CH,0)i-CH,CH,-
N

is\/ﬁ\u/(CHchzO)i-CHZCHz- i/l/

S\J\ (CH,CH,0)-CH,CH,- | \>< |
$ T I SN Senonononon
Y : ]
7 .

'
|
J/N g~ (CHICH,0)-CH,CH,-

7. Compound according to Claim 1 or Claim 5, in which L is chosen from:

?(QNIL\XS’&N—/\[JNV\O/\/O\/\O/\/O\/?(
(6]

| H
?CO/\/N\XS/\"/N\/\O/\/O\/\O/\/O\/P(
(o]
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is\in/\ﬂ\/\o/\/o\/\o/\X

OJ\/XS\/H\uNO\AONO\AO/\;(

]

o Y NPy——
i
IL\XSWJ‘\/\"/\/O\/\(\/OW
¥ 0
'I‘\XS/\/"\/\O/\A\/\O/\){
ij

8. Compound according to Claim 1 to Claim 7, in which -COZRy, represents -COOH,

Q

—CO—O—N¢

-COO(C4-Cg)alkyl, -COOCHs, -COOCH,CH=CH,, o .

SOM —co—o—m’NQN
B M=H or catlon , é) _@m
—Co0 . .
¢ , the group, in which IG represents at
F, F

= -—C00 \—/ 4 [a]
. . . —C0 o@uo, /U-—N/ﬁ
least one inductive group, more particularly or F o F or Rty

9. Compound according to Claim 1, chosen from one of the following:
n\/\ AL A0 0\5
s Ay
Do n
S agprs ey
S B A A

0

| H
NNXS/\Q/N\/\O/VO\/\O/\/O\/\H/O\;%
H, ol T 8 i or\jﬁ: H
S 00 B e o G

(e} o}
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10.

11.

12.

13.

(e}

| |
/\/N\.X /\g/N\/\D/\/O\/\O/\/O\/\g )5

*1@@ J@Q

Process for the preparation of a conjugate, consisting in:

(i) bringing into contact and allowing to react an optionally buffered aqueous solution of a
binding agent and a solution of a compound as defined in one of Claims 1 to 9;

(ii) and then optionally separating the conjugate formed in stage (i) from the compound of
formula (l) and/or from the binding agent not having reacted and/or from the aggregates
which might be formed.

Process according to Claim 10, in which the —C(=0)Z,R,, group reacts with the chemical
groups present on the binding agent, in particular with regard to the amino groups present
on an antibody, and forms a covalent bond.

Process according to Claim 10 and Claim 11, in which stage (ii) consists in:

- separating the conjugate which has formed in stage (i) from the unreacted binding agent
and from the aggregates possibly present in the solution;

or else

- separating the conjugate of stage (i) only from the unreacted compound of formula (I)
and from the aggregates which might be formed and leaving in the solution the binding
agent which might not have reacted.

Process according to one of Claims 10 to 12, in which the binding agent is a ligand, a
protein, an antibody, more particularly a monoclonal antibody, a protein or antibody

fragment, a peptide, an oligonucleotide or an oligosaccharide.
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15.

16.
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Process according to Claim 10 to Claim 13, in which the reaction takes place at a
temperature of between 20 and 40°C and/or the duration of the reaction varies between 1
and 24 h,

Process according to one of Claims 10 to 14, in which, after stage (i) or (ii), the solution of
the conjugate is subjected to a stage (iii) of ultrafiltration and/or of diafiltration.

Use of a compound according to one of Claims 1 to 9 in the preparation of a binding
agent to which is covalently attached, in the position para to M, the dimer of formula:
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17, Use according to Claim 16, in which the binding agent is an antibody, preferably a
monoclonal antibody.

18. Use according to Claim 16 or Claim 17, in which the dimer has the formula:
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=X D 00 Y
I

Y Y..‘»\'A

19. Use according to Claim 16 to Claim 18, in which Y and Y’ represent a (C4-Cs)alkoxy
group, more particularly a methoxy group.

20. Compound according to one of Claims 1 to 9 for use as anticancer agent.

21. Pharmaceutical composition comprising a compound according to one of Claims 1 to 9
and at least one excipient.
22, Use of a compound of formula P,
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L-C(=0)ZbRb
RS
E = E
N ™ <.
ALK ALK Pz
or else a compound of formula:
Lt
-
E - /E
Sak M Carke

in which L* is chosen from:
-ALK-SH :
-O-ALK-NR3;-ALK-SH ;
Q

0
-0-ALK-N NJLA'-K-SH -0-ALK-N ALK-SH _o.ALK-N N—ALK-SH
N/ . . ,

in which formulae:
= |, M, ALK, ALK’, R3, Z, and Ry, are as defined in one of Claims 1to 9;
= E and E' represent, independently of one another, an —OH group or a leaving group;

as intermediate in the preparation of a compound of formula (I) as defined in one of
Claims 1 to 9.

23. Use according to Claim 22, in which the leaving group is chosen from a halogen atom or a
mesylate, tosylate, nosylate or -OPPh;" group.

24, Use of a compound chosen from one of the following:

|
/\/N\XSH
|
\/&\ N\Xs,s\ 0/\/‘3\><S/S\
N

=
N
N/ /O@H \/&\/ vﬁj\/
RS
0 N, » |
I @ j\/ HO_A, A\ _OH HO A\ OH
[
\/(Yj/://"‘\><s/\g/nv\o/\/o\/\c,/\/o\/\g/OH

H =N ~°
" '

- —‘{p?
(6]

A~ ANH,

| =
H, =N x 0 N/ o “ N= H
| X . L, <
N~ 70 -N
Ho A A _OH AN S Ty N

|
| { v
NN\XS/\[(L‘\/\O/\/O\/\()’\/O\/W/O\ O/\/N\>\SH
\/& ’ ’ \/f\
| L
HO N/ OH HO N OH
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S /ﬁ\ 0 0 /\J\
f\/ NN \/\o oM

H, [~ \;\Lvo =\ H
\)\fx{o ? ? O\':/\j%/

S\JLN/\/O\/\O/\/O\/\O/\/H\O/
HO OH

e ~A
'/J J\/XS ﬁ’\/o\/\o/\/o\/\o GH

f:

0 (8]

A A R

NJVX AN GO = (\NJ‘\/><SH
[ [,
HO N OH HO NZ OH
(0]

%ok, e

(\NH (\N (6] /\/N\)

N ’\/N\) N
\/&\/ \/g \\J\/ ~0 I N Di”
HO N OH HO N® OH O 0

|
/\/N\><S N\/\o/\/O\/\o/\,O OH
Sy
H, =N 0 IN/ (o} N= H
Jiosaaassocy

X o’V“%sr'
AN S/Y \/\o/\/ \/\0/\/ \/\g/
HO\/H;U\/

it being understood that the —COOH end functional group can be replaced by
a -COO(C+-Cg)alkyl end functional group, in particular a -COOMe end functional group,
and that the —SH end functional group can be replaced by a disulphide functional group,
in particular an —-SSMe functional group,

as intermediate in the preparation of a compound of formula (1) as defined in one of
Claims 1to 9.

25, Use of a compound according to one of Claims 1 to 9 in the manufacture of an anticancer
agent.



