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PYRROLOBENZODIAZEPINES AND CONJUGATES THEREOF

The present invention relates to pyrrolobenzodiazepines (PBDs), in particular
pyrrolobenzodiazepines having a fabile N10 protecting group, in the form of a linker to a cel!
binding agent.

Background to the invention
Pyrrofobenzodiazepines
Some pyrrolobenzediazepinas (PBDs) have the ability to recognise and bond to specific
sequences of DNA, the preferred sequence is PuGPu. The first PBD antitumour antibiotic,
anttwamycin, was discovered in 1865 (Leimgruber, et &/, J. Am. Chem. Soc., 87, 5783.5785
(1985); Leimgruber, et al, J. Am. Chem, Soo., 87, 5791-5783 (1965)). Since then, a number
of naturally oocurring PBDs have been reported, and over 10 synthatic routes have been
developed to-a varisly of analogues (Thurston. ef 8, Chem. Rev. 1984, 433-485 (1994}
Antonow, D, and Thurston, D.E,, Chen, Rev. 2811 111 (4}, 2815-2864). Family members
include abbeymycin (Mochlowski, ef af, J. Antfibiotics, 40, 145-148 (1887)), chicamycin
{Komshi, ef @/, J. Antiblotics, 37, 200-206 (1884)), DC-81 (Japanese Patent 58-180 487;
Thurston, ef al, Chem. Brit,, 28, 787-772 {1880y, Bose, of al., Telrahedron, 48, 751-758
{1992}, razethramyin (luminoto, 8 8/ J. Antibiofics, 83, 665-687 (1380)), neothramycins
A gnd B (Takeuch, el gl J AnBbiolics, 28, 93-96 (1576)), porothramycin (Tsunskaws, et &,
J. Antibictics, 41, 1368-1373 {1988}, prothracarcin (Shimizu, ef & J. Anfibiotics, 28, 2492-
2503 (1882, Langley and Thurston, J. Crg. Chem., §2, 81-87 {1887}, stbanomicin (DOC-
102 Hara, of al, J. Antibiotics, 41, TOZ-704 [1988): oh, ef al, J. Anfibictics, €1, 1281-1284
{1988Y), sibiromyein {Leber, et al., J Am. Chem Soc., 110, 2092-2983 (1988)) and
fomamycin {Adma, ef af, J. Antibiotics, 28, 437-444 (1872)). PBDs are of the general
struchire;

10

N

They differ in the number, type and position of subsiituents, in both thelr aromatic A rings
and pyrrolo C rings, and in the degree of saturation of the C ring. in the B-ring there is either
an imine (N=Cj, a carbinclamine(NH-CH{OH}), or a carbinolamine methyl ether (NH-
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CH(OMe)) at the N10-C11 position which is the electrophilic cenire responsible for alkylating
DNA. All of the known natural products have an (Srconfiguration at the shival C11a position
swhich provides them with a right-handed hvist when viewed from the C ring towards the A
ring. This gives tham the appropriate three-dimensional shape for tsshelicity with the minor
groove of B-form DNA, leading o a snug fif at the binding site (Kohn, In Antibiutics Hi.
Springer-Verlag, New York, pp. 3-11 (1878); Huley and Needham-VanDevanter, Acc.
Cherm. Res., 19, 230-237 (1886)). Thelr abillfy to form an adduct in the minor groove,
enabies them to inferfere with DNA processing, hence their use as antitumour agents.

The present inventors have previously disclosed in WO 2005/085251, dimeric PBD

compounds bearing C2 aryl substituents, such as:
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These compdunds have beern shown {0 be highly useful cytotoxic agents.

o

A particularly advanisgaous pyrrolobenzodiazenine compaund is described by Gregson et
at, {Chem. Commun, 1888, 707-798) as compound 1, and by Gregson et &, (J. Med. Chem.
2001, 44, 1161-1174) as compound 4a. This compound, aiso known as SJG-136, is shown
below:

S43-136

The presant iventors hiave praviously disclosed that PBD compounds can be employed as
prodrugs by protecting them at the N10 position with a nitrogen protecting group which is
removatie in vive (WO §0/12807). Many of {hese protecting groups are carbamates, and
are, for example, of tha struciure;
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where fhe asterisk {7} indicates the attachment point {o the N10 atom of the PBD.

The present inventors have also described the preparation of PBD compounds having a
nitrogen carbamate protecting group at the N10 positicss (WO 2005/023814). The protecting
groups are removabie from the N10 position of the PBD molsly © leave an N10-C11 imine
bond. A range of protecting groups is described, inciuding groups that can be cieaved by
the action of enzymes.

WO 2007/085830 describes ihe preparation of dimer PBD compounds having linker groups
for connection to a cell binding agent, such as an antibody. The linker is present in the
bridge linking the monomer PBD units of the dimer.

Antibody-drug conjugales

Antibody therapy has been established for the targated treatment of patients with cancer,
imrmunciogical and angiogenic disorders (Carler, P {2008) Nalure Reviews Immunotogy
§:343-357 ). The use of anfibody-drug tonjugates (ADC), i.e. immunoconjugates, for the
local delivery of cytotoxic or eylestatic agents, .. drugs to kill or inhibit tumor cells in the
freatment of cancer, targets defivery of the drug moisty to tumors, and intracellular
accumutation tharein, whereas systemic administration of these unconjugated drug agents
may result in unaccapiable levels of loxicity 10 normal cells as well as the tumor cells sought
o be eliminated (Xie ef af (2008) Expert. Opin. Biol. Ther. 6(3):281-291; Koviun et al (2006)
Canver Ras, 66{8X3214-3121, Law ef af (2008) Cancer Res. 68{4),2328-2337; Wu ef &/
{2008) Neture Biotech. 2X81137-1148; Lambert J. {2005} Current Opin. in Pharmacol,
5:543-548; Hamann P. (2005} Expert Opin. Ther, Patenfs 15(911087-1102; Pawe, B,
{2003y Cancer Celf 3:207-212; Trall of af {2008) Cancer Immunol. immunother. 52:328-337;
Svriges and Epenetos (1998) Anficancer Research 19:605-614).

Maximal efficacy with minimal toxicity is sought thereby. Efforts {o design and refine ARG
have fecused on the salectivity of monocional antibodies (mAbs) as wall ag drug meachanism
of action, drug-inking, drug/antibody ratio (loading), and drug-releasing proparties {(Junutula,
ef al., 2008k Nature Biotach,, 28(81.825-032; Doman et af (2009; Biocod 114(13)2721-2729;
US 7521541; US 7723485, WO2009/052240; MeDoragh (2008) Protsin Eng. Design & Sel,
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19(7). 299-307; Doronina et al (2006) Bioconj. Chem. 17:114-124; Erickson et al (2006)
Cancer Res. 66(8):1-8; Sanderson et al (2005) Clin. Cancer Res. 11:843-852; Jeffrey et a/
(2005) J. Med. Chem. 48:1344-1358; Hamblett et al (2004) Clin. Cancer Res. 10:7063~
7070). Drug moieties may impart their cytotoxic and cytostatic effects by mechanisms
including tubulin binding, DNA binding, or topoisomerase inhibition. Some cytotoxic drugs
tend to be inactive or less active when conjugated to large antibodies or protein receptor

ligands.

The present inventors have developed a novel approach to forming PBD conjugates with cell
binding agents, and in particular PBD antibody conjugates.

Summary of the Invention
In a general embodiment, the present disclosure provides a conjugate comprising a PBD
dimer compound connected through the N10 position via a specific sulfur linker o a cell

binding agent. The cell binding agent is preferably an antibody.

in a first embodiment, the present disclosure provides novel conjugate compounds of

formula (A):

and salts and solvates thereof, wherein:

the dotted lines indicate the optional presence of a double bond between C1 and C2
or C2 and C3;

R? is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-R", =C(RP),,
0-80,-R, CO,R and COR, and optionally further selected from halo or dihalo;

where RPis independently selected from R, CO,R, COR, CHO, CO,H, and halo;



R® and R® are independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR’,
NO,, MesSn and halo;

R’ is independently selected from H, R, OH, OR, SH, SR, NH;, NHR, NRR’, NO,,
5 MesSn and halo;

Y is selected from a single bond, and a group of formulae A1 or A2:

G O
Y.

(A1) *

|
< /\/N O
TR

(A2)
where N shows where the group binds to the N10 of the PBD moiety;
R and R*? are independently selected from H and methyl, or together with the
carbon atom to which they are bound form a cyclopropylene group;
10 CBA represents a cell binding agent;
Q is independently selected from O, S and NH;
R'"is either H, or R or, where Q is O, SO;M, where M is a metal cation;
R and R’ are each independently selected from optionally substituted C4.1» alkyl,
Cs.20 heterocyclyl and Cs.5 aryl groups, and optionally in relation to the group NRR’, R and
15 R’ fogether with the nitrogen atom to which they are attached form an optionally substituted
4-, -, 6- or 7-membered heterocyclic ring;
wherein R'?, R'®, R"® and R"" are as defined for R?, R®, R® and R’ respectively;
wherein R" is a C;.4, alkylene group, which chain may be interrupted by one or more
heteroatoms, e.g. O, S, N(H), NMe and/or aromatic rings, e.g. benzene or pyridine, which
20  rings are optionally substituted;
X and X' are independently selected from O, S and N(H).
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In a first aspect, there is provided a conjugate of formula (A):

the dotted lines indicate the optional presence of a double bond between C1 and C2 or C2
and C3;

R?is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-RP, =C(RP),,
0-8S0,-R, CO,R and COR, and optionally further selected from halo or dihalo;

where RPis independently selected from R, CO,R, COR, CHO, CO,H, and halo;

R® and R® are independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR’,
NO,, Me;Sn and halo;

R’ is independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR’, NO,,
Me;Sn and halo;

Y is selected from a single bond, and a group of formulae A1 or A2:

v 0L
~ /\/N O
R °

N
(A1) T (A2)

where N shows where the group binds to the N10 of the PBD moiety;

R and R™ are independently selected from H and methyl, or together with the
carbon atom to which they are bound form a cyclopropylene group;

CBA represents a cell binding agent;

Q is independently selected from O, S and NH,;

R" is either H, or R or, where Q is O, SO;M, where M is a metal cation;

R and R’ are each independently selected from optionally substituted C,.4, alkyl,
Capo heterocyclyl and Cs.o0 aryl groups, and optionally in relation to the group NRR’, R and
R’ fogether with the nitrogen atom to which they are attached form an optionally substituted
4-, 5-, 6- or 7-membered heterocyclic ring;

wherein R'?, RS, R" and R"" are as defined for R?, R®, R® and R respectively;
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wherein R" is a Cs.12 alkylene group, which chain may be interrupted by one or more
heteroatoms, e.g. O, S, N(H), NMe and/or aromatic rings, e.g. benzene or pyridine, which
rings are optionally substituted;

X and X' are independently selected from O, S and N(H).

Thus formula A is selected from the following formulae A-l, A-ll and A-lll, depending

onY:
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in compounds of formula A:

_s L
RL1 RLz
is the sulfur linking group.
5
A second embodiment of the present disclosure pertains fo the use of a conjugate of the first
aspect to provide a compound of formula (B) or (C) at a target location:
19 9
R R
RS
B
R’]B Rg
X. X
RH
R17 R‘i
R16 Re
C
10 and salts and solvates thereof, wherein the groups are as for the first aspect, except

that
Q is independently selected from O, S and NH; and
R" is either H, or R or, where Q is O, SO;M, where M is a metal cation.

15 A third embodiment of the present disclosure also provides compounds of formula (D) for

use in the preparation of the conjugate compounds of the disclosure:
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D
and salts and solvates thereof, wherein the groups are as defined in the first aspect of the
disclosure.
1:‘.{12 L" N
in the compounds above, the 5-membered rings represented by and
N ¥,
R™ may be replaced by a ring selected from:
R3
/W
N
\Y)\Rz
1

@ R (E), where R* with either of R' or R?, together with the carbon atoms

of the C ring to which they are attached, form an optionally substituted benzene ring;

V and W are each selected from (CHy),, O, S, NR, CHR, and CRR where nis 1, 2 or 3,
except that V is C when R and R?, together with the carbon atoms of the C ring to which
they are attached, form an optionally substituted benzene ring, and W is C when R® and R?,
together with the carbon atoms of the C ring to which they are attached, form an optionally
substituted benzene ring; and

N/N\{
U
(b) " (F), where T is selected from CH,, NR, CO, BH, SO, and SO;;

U is selected from CH,, NR, O and S;



Y is (CHy)n, where nis 1, 2, 3 or 4;
except that T, U and Y are not alt CH..

In an aspect, there is provided a compound of formula (D):

R16

and salts and solvates thereof, wherein
the dotted lines indicate the optional presence of a double bond between C1 and C2
or C2 and C3;
R? R®, R’, R, R" R, R, R, X, X, R", Y, R"" and R" are as defined herein.
10 In an aspect, there is provided a method of preparing a conjugate according fo the
first aspect, the method comprising the step of reacting a cell binding agent with compound
(D) as defined herein.
In another aspect, there is provided the conjugate according to the first aspect, for
use in therapy. In yet another aspect, there is provided the conjugate according to the first
15 aspect, for use in the freatment of a proliferative disease in a subject. In still another aspect,
there is provided the use of the conjugate according to the first aspect in the preparation of a
medicament for use in the treatment of a proliferative disease in a subject.
in a further aspect, there is provided a pharmaceutical composition comprising the
conjugate of the first aspect, a pharmaceutically acceptable diluent, carrier or excipient.
20
Detailed Description of the Invention
The present invention provides a conjugate comprising a PBD dimer connected through the
N10 position on one of the PBD moieties via the specified linker to a cell binding agent.
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The present invention is suitable for use in providing a PBD compound to a preferred site in
a subject. The conjugate allows the release of an active PBD compound that does not retain
any part of the linker. There is no stub present that could affect the reactivity of the PBD
compound.

Preferences
The following preferences may apply to all aspects of the invention as described above, or

may relate to a single aspect. The preferences may be combined together in any
combination.

Double Bond

In one embodiment, there is no double bond present between C1 and C2, and C2 and C3.

in one embodiment, the dotted lines indicate the optional presence of a double bond
between C2 and C3, as shown below:

O

In one embodiment, a double bond is present between C2 and C3 when R? is Cs.5 aryl or
Ci.12 alkyl.

In one embodiment, the dotted lines indicate the optional presence of a double bond
between C1 and C2, as shown below:
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In one embodiment, a double bond is present between C1 and C2 when R? is Cs.o aryl or
Cis alkyi

R?

in one embodiment, R* is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-
RP, =C(RP),, 0-S0,-R, CO;R and COR, and optionally further selected from halo or dihalo.
in one embodiment, R is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-
RP, =C(R),, 0-80,-R, CO,R and COR,

in one embodiment, R? is independently selected from H, =0, =CH,, R, =CH-R", and
=C(RP),.

in one embodiment, R? is independently H.

In one embodiment, R? is independently =O.

in one embodimant, RY is independently =CH,.

iy one embodiment, R is indepandently =CH-RY., Within the FRD compound, the group
=0H-RY may have either configuration shown below:

(‘) {1

In one embodiment, the configuration is configuration (1).

in one embodiment, R? is independently =C(R),.
in one embodiment, R? is independently =CF,.

in one embodiment, R? is independently R.
In one embodiment, R*is independently optionally substituted Cs.o aryl.
in one embodiment, R?is independently optionally substituted Cy.4 alkyt.

In one embodiment, R? is independently optionally substituted Cs.op aryl.
in one embodiment, R? is independently optionally substituted Cs; aryt.
in one embodiment, R? is independently optionally substituted Cg.10 aryl.
In one embodiment, R is independently optionally substituted phenyi.
in one embodiment, R is independently optionally substituted thienyl.
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in one embodiment, R? is independently optionally substituted napthyl.
in one embodiment, R? is independently optionally substituted pyridyl.
In one embodiment, R? is independently optionally substituted quinolinyt or isoquinolinyi.

in one embodiment, R” bears one to three substituent groups, with 1 and 2 being more
preferred, and singly substituted groups being most preferred. The substituents may be any
position.

Where R’ is a Cor aryl group. a single substituent is preferably on a ring atom that is not
adjacent the bond to the remainder of the compound, i.e. it is preferably 8 ory to the bond (o
the remainder of the compound. Therefore, where the Cqy gyt group is phemyi, the
substituent is preferably in the meta- or para- positions, and more preferably is in the parg-
position.

in one embodiment, R? is selected from:
RO OS
© o
where the asterisk indicates the point of attachment.

Where R*is a Cg4c aryl group, for example guinolinyl or isoquinolinyl, it may bear any
nurber of substiitents at any position of the quinoline or isoquinoline rings. In some
embodiments, § bears one, two or three subsiituents, and these may be on either the
proximal and distal rings or both (if more than one substituent).

in ons smbodiment, where R” is optionally substituted, the substituents are selected from
hose substifuents given in fhe substitusnt section below.
Where R is oplionally substituted, the substituents are preferably selected from:

Halo, Hydroxyl, Ether, Formyl, Acyl, Carboxy, Ester, Acyloxy, Amino, Amido,
Acylamido, Aminocarbonyloxy, Ureido, Nitro, Cyano and Thicether.

in one embodiment, where R or R? is optionally substituted, the substituents are selected
from the group consisting of R, OR, SR, NRR’, NO,, haio, CO,R, COR, CONH,, CONHR,
and CONRR'.
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Where R is Coyp &l kyt, the oplional substituent may additionally include Cyog heterocyclyt
and Cagp aryl groups.

Where R* is Ty 50 heterogyclyl, ihe oplional substituent may additionally include Cq.q, atkyl
and Csan aryt groups.

Where R? is Casn aryl groups, the optional substituent may additionally include

Cupe heterocyolyl and Cqyp wlkyt groups,

i is understood that the term "alkyl” encompasses the sub-classes alkenyl and alkynyl as
well as cycloalkyl. Thus, where R* is optionally substituted C.q, alkyl, it is understood that
the alkyl group optionally contains one or more carbon-carbon double or triple bonds, which
may form part of a conjugated system. In one embodiment, the optionally substituted Cyy
alkyl group confaing At least ong carbon-carbon double or triple bond, and this bond is
confugated wilh a double bond prasent between C1 and €2, or C2 and G3. ihone
embodiment. the o alkyt group s 3 group selected from saturated Cqyz alkyl, Coo atkenyl,
Crae alkyryl and Caap cycioalkyl,

If a substituent on R? is halo, it is preferably F or Cl, more preferably F.

i a substituent on R? is ether, it may in some embodiments be an alkoxy group, for example,
g Gy alkoxy group {e.g. methoxy, ethoxy} or ¥ may in some embodiments be a Csy aryloxy
group {e.g phenoaxy, pyridyloy, uranvioxy).

If a substituent on R is C, 7 alkyl, it may preferably be a Cq.4 alkyl group (e.g. methyl, ethyl,
propyl, butyl).

¥ a substituent on R? is Cur haterocyelyl, it may in some embodiments be Gy nitrogen
containing heterocychy group, e.g. morpholine, thismorpholing, pipsdding, piperazinyl.
These groups may e bound 1o the rest of the PBD moiety via the nitrogen atom. These
groups may be further substituted, for example, by G, alkyl groups.

If a substituent on R? is bis-oxy-C .3 alkylene, this is preferably bis-oxy-metiyylene or bis-oxy-
gthyiene.

Particularly preferred substiiuents for R® include methoxy, ethoxy, fluoro, chioro, cyano, bis-
oxy-methyiene, methvi-piperazinyl, morpholing and methyl-thienyl.
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Particularly preferred substituted R? groups include, but are not limited to, 4-methoxy-phenyl,
3-methoxyphenyl, 4-ethoxy-phenyl, 3-ethoxy-phenyl, 4-methyl-phenyl, 4-fluoro-phenyi, 4-
chioro-phenyl, 3,4-bisoxymethylene-phenyl, 4-methylthienyl, 4-cyanophenyt, 4-
phenoxyphenyl, quinolin-3-yl and quinolin-6-yi, isoquinolin-3-yl and isoquinolin-B-yi, 2-thienyt,
2-furanyt, methoxynaphthyl, and naphthyl.

in one embodiment, R? is halo or dihalo. In one embodiment, R?is -F or -F,, which
substituents are illustrated below as (Ill) and (IV) respectively:

f“/fr H J‘J’JJ‘ H
~ YI@F - }l/bhp
e} O F

(i {8

In some embodiments, it is preferred that there is either a double bond between C2 and €3
or the C2 substituent is bound to the PBD ring by a double bond (i.e. that the C atom at C2 is
a sp’ centre)

RD

in one embodiment, R” is independently selected from R, CO,R, COR, CHO, COH, and
halo.

In one embodiment, R” is independently R.

In one embodiment, R” is independently halo.

Rﬁ
in oue embodiment, RY is independently selected from H, R, OH, OR, SH, SR, NH,, NHR,
NRR, NGO, MesSn- and Halo.

in one embodiment, R® is independently sejected from H, OH, OR, SH, NH,, NO, and Halo.
in one embodiment, R® is independently selected from H and Halo.
in one embodiment, R® is independently H.

In one embodiment, R® and R’ together form a group -O-(CHy),-O-, where p is 1 or 2.

R?
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R’ is independently selected from H, R, OH, OR, 8H, SR, NH,, NHR, NRR’, NO,, Me;Sn
and halo.

in one embodiment, R’ is independently OR.

In one embadiment, R is independently OR™, where R™ is independently optionally
substituted T, alkyl

in one embodiment, R™ s independently optionally substituted saturated C,g alkyl.

in one embodiment, R™ is independently optionally substituted Cs.4 alkenyl.

in one embodiment, R™ is independently Me.

In one embodiment, R™ is independently CH,Ph.

In one embodiment, R™ is independently allyl.

R°

In one embodiment, R® is independently selected from H, R, OH, OR, SH, SR, NH,, NHR,
NRR, NG, MesSn- and Halo,

in one embodiment, R® is independently H.
In one embodiment, R® is independently R or OR.

Linking group

The linking group is removable from the N10 position of the PBD moiety in the conjugate of
formula A to leave an N18-C11 imine bond, a carbinolamine, a substituted carbinolamine,
where QR s OSOM, & bisulfite adduct, & iiocarbinolamine, a substituted
hiocarbinotaming, or a substituted carbinalamine (compound of formulae B or C) as
flustrated below:

N s §
/ﬁ e AN -

NE-011 imine sarbinolamine  substitued carbinolamine bisulfite adduct

1 SH 4 BR
/N\< /N\<

/QKNHR

thiocarbinolamine substitued thiocarbinolamine substitued carbinalamine
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where R and M are as defined for the conjugates of the invention.

in one embodiment, the linking group i8 removable from the N10 position of the PBD moiety
to leave an N10-G11 imine bond.

The specified link between the PBD dimer and the celi binding agent, e.g. antibody, in the
present invention i praferably stable extraceliularly. Before ransport or delivery into a cell,
the anfibody-grug conjugate (ADC) is preferably stable and remains intact, i.e. the antibody
ramains finked 1o the drug motety. The linkers are stable cutside the targst celt and may be
cleaved at some efficacious rate inside the cell. An effective linker will: (i) maintain the
specific binding properties of the antibody; (if) allow intraceliuiar delivery of the conjugate or
drug moiety; (iii) remain stable and intact, i.e. not cleaved, untit the conjugate has been
delivered or transported to its targetted site; and {iv) maintain a cytotoxic, cell-kifing effect of
a cytfostatic effect of the PRD drug moiety. Stability of the ADC may be measured by
standard analytical fachniques such as mass spectroscopy, HPLC, and the
separation/analysis technique LCMS.

Delivery of the compounds of formulae B or C is achieved at the desited activation site of the
conjugates of formula A by the action of an enzyme on the linking group. The S of the
conjugate of formula A is finked by a disulfide bond to a free S (active thiol) on the cell
binding agent.

The linking group may be cleavable by the action of an enzyme. In one embodiment, the
enzyme is a thioreductase.

Certain antibodies have reducible interchain disulfides, Le. cysteine bridges. Antibodies may
be made reactive for conjugation with linker reagents by treatment with 3 reducing agent
such as DTT {dithicthreftal). Each cysteine britige will thus form, theoretically, two raactive
thiod nuckeophites. Additional nucleophilic groups can be introduced into antibodies through
the rerction of lvsings with 2-iminothiclane (Traut's reagent) resulting in conversion of an
aming into a thiol. Reactive thiol groups may be introduced into the antibody {or fragment
thereof) by introducing one, two, three, fouwr, or more cysteine residues (e.g., preparing
mutant antibodies comprising one or more non-native cysteine amino acid residues). US
7521541 teaches engineering antibodies by introduction of reactive cysteine amino acids.
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R and R are selected from H and methyl, or together with the carbon atom to which they
are bound form a cyclopropylene group. in some embodiments, both are H. in other
embadiment, both are methyl. In further embodiments, one is H and the other is methy!; in
these embodiments, the carbon atom to which they are bound is a chiral centre.

in some embodiments, Y is a single bond.

E
¥ —"A\\/N‘w ,«'O
Y

i pther embodimeants, Y is (At
S
ir/N

T

T
in further embodiments, Y is (A2).

Q
in one embodiment, Q is selected from O, S, or N{H).
Preferably, Q is O.

RM

i one embaodimant, R is sither H, or R or, where Q is O, SOsM, where M is a metal cation.
in one embodiment, R is M,

in one embodiment, R" is R,

in one smbodiment, where Q is ©, R is SO.M, where M is a metal cation. The cation may
be Na'.

Cell Binding Agent

A cell binding agent may be of any kind, and include peptides and non-peptides. These can
include antibodias or a ragment of an antibody that contains at least one binding site,
lymphokines, hormones, growth factors, nutrient-transport molecules, or any other cell
binding molecule or substance.

The term “antibody” herein is used in the broadest sense and specifically covers monoclonal
antibodies, polycional antibodies, dimers, multimers, multtsgecitic antibadies (8.¢., bispecific
antibodies), and antibody fragments, so long as they exhitit the desired biclogical activity
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{Miller of &f {3003) Jour. of Immunglogy 170:4854-4861). Antibodies may be murine, human,
humanized, chimeric, or derived from other species. An antibody is a protein generated Dy
the immune system thal is capable of recognizing and binding to a specific antigen,
{Janewsay, C., Travers, P, Walport, M., Shiomehiks Z081) Immuno Biology, Sth 4., Sarland
Publishing, New York). A target antigen generally has numerous binding sites, also called
epliopes, recognized by CORs on multiple antibodies. Each antibody that specifically binds
o a different eplitope has a different structure. Thus, one antigen may have more than one
corresponding antibody. An antibody inchdes a full-length immunoglobulin molecule or an
mmunologically active portion of a full-length immunoglobulin molecule, i.e., a molecule that
contains an antigen binding site that immunospecifically binds an antigen of a target of
interest or part thereof, such fargets including bul not limited o, cancer el or cells that
produce autoimnmiune antiboadias associaiad with an awloimmune disease. The
immunogiobulin can be of any type (8.9 1gG. IgE. ight, 1gD, and igA), class {e.g. 1gG1, igGR,
InG3, g4, igA1 and 1gAZ) or subclass of immunoglobulin molecule. The immunoglobulins
can be derived from any species, including human, murine, or rabbit origin.

“Antibody fragments” comprise a portion of a full length antibody, generally the antigen
Dinding or variable region theredf. Examples of antibody fragments include Fab, Fab',
Flab'),, and Fv ragments; diabodies,; inesr antibodies; fragments produced by a Fab
axpression library, anti-idictypic (anti-id) antibodies, COR (compiamerntary determining
region}, and epitope-binding fragments of any of the above which immunospecifically bind {o
cancer cell antigens, viral antigens or microbial antigens, single-chain antibody molecules;
and multispecific antibodies formed from antibody fragments.

The term “monocional anfibody” as used herein refers to an antibody obtained from a
poputation of substantially homogensous antibodies, i.e. the individual antibodies comprising
the population are kientical excapt for possibie naturally occurring mutations that may be
presant in minor amounts. Monoclonatl antibodies are highly specific, being directed against
a single antigenic site. Furthermore, in contrast to polycional antibody preparations which
include different antibodies directed against different determinants (epitopes), each
monoclonal antibody is directed against a single determinant on the antigen. In addition to
thelr specificity, the monocional antibodies are advantageous in that they may be
synthesized uncontaminated by other antibodies. The modifier “monocional” indicates the
character of the antibody a8 being obtained fram a substantially homogeneous population of
antibodies, and is not 1o be construed as requiring production of the antibody by any
particular mathod. For exampis, the monoclonal antibodies to be used in accordance with
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the present invention may be made by the hybridoma method first described by Kohler ef a/
{1275) Nature 266:485, or may be made by recombinant DNA methods {see, US 48165671,
The moneciona! antibodies may also be isolated from phage antibody libraries using the
technigques described in Clackson et al (1881) Nature, 352:624-828; Marks et af {1831) J.
Mol. Biol., 222:581-597.

The monecional antibodies herein specifically include “chimeric” antibodies in which a
portion of the heavy andfor light chain is identical with or homologous to corresponding
sequences in antibodias derived from a particular species or belonging to a particular
antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous o corresponding sequences in antihodies derived from ancther speciss of
balonging o anather antibody class or subclass, as well as fragments of such antibodies, so
fong as they exhibit the desired biclogical activity (US 4B18587; and Momison et af (1884)
Proc, Natl. Avad. Soi. USA, 81888168883 Thimeric antibodies include “primatized”
antibodias comprising variable domain antigen-binding sequences derived from a non-
human primate {g.g. Old World Monkey or Ape) and human constant region sequences.

An “intact antibody” herein is one comprising a V0L and VH domains, as well as a light chain
constant domain (CL) and heavy chain constant domains, CH1, CH2 and CH3. The
constant domains may be native sequence constant domains (e.g. human native sequence
constant domains) or amino acid sequence variant thereof. The infact antibody may have
ong or more “effector funclions” which refer (o those biological activities atiributalie (o the Fe
region (& native sequencs FC region or aming acid seguencs varlant Fo region) of an
antibody. Examples of antibody effector functions include C1q binding,; complemant
dependent cytotoxicity, Fc receptor binding; antibody-dependent cell-mediated cytotoxicity
(ADCCY; phagocytosis; and down regulation of cell surface receptors such as B cell recepior
and BCR.

Depanding on the aming acid sequence of the constant domain of their heavy chains, intact
artibodies can be assigned o different “tlasses.” There are five major classes of intact
antibodies: igA, IgD. gk, {gG, and igh, and saveral of these may be further dividad into
“subciasses” (sotypes), e.g., IgG1, [gG2, 10G3, 1G4, igA, and IgA2. The heavy-chain
constant domains that correspond {o the different classes of antibodiss are called o, 8, 2, v,
and p, respeciively, The subunit structures and three-dimensional configurations of different
classes of Immunogliobulins are well known.
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Examples of cell binding agents include those agents described for use in WO 2007/0853930,
which is incorporated herein.

The cell binding agent may be, or comprise, a polypeptide. The polypeptide may be a cyclic
polypeptide. The cell binding agent may be antibody. Thus, in one emboediment, the present
invention provides an antibody-drug conjugate (ADC).

Drug loading

Thie drug toading is the average number of PBD drugs per antibody. Drug loading may
range from 1 to 8 drugs (D) per antibody (Ab), i.e. where 1, 2, 3, 4, 5, 6, 7, and 8 drug
moieties are covalenily altached to the antibody. Compositions of ADC include collections of
antibedigs conjugated with a range of drugs, from 1t 8. The average number of drugs per
artibody in preparations of ADC from conjugation reactions may be characterized by
conventional means such as mass spaciroscopy, ELISA assay, electrophoresis, and HPLC.
The quantitative distribution of ADT in terms of p may also be determined. By ELISA, the
averaged value of p in a parlicular preparation of ADC may be determined (Hambiett et al
{2004} Clin. Cancer Res, 10:7063-7070; Sanderson of al (2008) Clin. Cancer Res, 11:843-
852y, However, the distribution of p {drug) values is not discemibie by the antibody-antigen
binding and detection fimitation of ELISA. Also, ELISA assay for detection of antiboty-drug
conjugates does not delermine where the drug moieties are attached to the antibody, such
as the heavy chain or light chain fragments, or the particular amino acid residues. In some
instances, separation, purification, and characterization of homogeneous ADC where pis &
certain value from ADC with other drug loadings may be achieved by means such as reverse
phase HPLC or electrophoresis.

For soma antibody-drug conjudates, p may bs limited by the number of atachment sites on
the antibpdy. For example, an antibody may have only one or several cysteine thiof groups,
or may have only one or several sufficiently reactive thiol groups through which a linker may
be attached. Higher drug loading, e.g. p »B, may cause aggregation, insolubility, toxicity, or
loss of celiutar permeability of certain antibody-drug conjugates.

Typically, fewer than the theoretical maximum of drug moieties are conjugated to an

antibody during a conjugation reaction. An antibody may contain, for example, many lysine
resitiues that do not react with the drug-tinker intermadiate (D-L) or iinker reagent. Only the
most reactive lysing groups may reach with an amine-reactive linker reagent. Also, only the
most reactive cystaine thiof groups may react with a thiol-reactive tinker reagent. Generally,
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antibodies do not contain many, if any, free and reactive cysteine thiol groups which may be
linket to a trug moiety. Most cysteine thiol residues in the antibodies of the compounds
exist as disuifide bridges and must be reduced with a reducing agent such as dithiothreito!
{077 ot TCEP, under partial or fotal reducing conditions. The loading (drug/antibody ratio)
of an ADC may be controled in several differant manners, including: (i) limiting the molar
excess of drug-linker intermediate (DL} or linker reagent relative to antibody, (i) limiting the
conjugation reaction time or temperature, and (i) partial or limiting reductive conditions for
cysteine thiol modification.

Cysteine amino acids may be engineered at reactive sites in an antibody and which do not
form irdrachain or intermolecufar disulfide finkages (Junulula, 8t al., 2008b Nature Biotech.,
28(8).925-932; Dornan et al {2000) Blood 114{1332721-2728; US 7521541, US 7723485,
WO2009/052248, Shen et al {2012) Nature Biotech., 30(2):184-181; Junutula of al {2008)
Jowr of iImmun, Methods 332:41-82). The engineered cysteine thiols may react with finker
raagents or the drug-tinker reagents of the prasent invention which have thiol-reactive,
slectrophilic groups such a8 malaimide or alpha-halo amides to form ADC with cysteine
engineered antibodies (ThiocMabs) and the PBD drug moieties. The location of the drug
moiety can thus be designed, controlied, and known. The drug loading can be controiied
since the engineered cysteine thiol groups typically react with thiol-reagtive linker reagents or
drug-linker reagents in high yield. Engineering an ig& antibody (o infroduce 2 cysteine
amino acid by substitution at a single site on the heavy or light chain gives two new
cysteines on the symmetrical antibody. A drug loading near 2 can be achieved and near
homogeneity of the conjugation product ADC.

Where more than one nucleophilic or electrophilic group of the antibody reacts with a drug-
tinker intermediate, or linker reagent foliowsd by drug moiety reagent, then the resulting
protuct is 8 mixture of ADC compounds with a distribution of drug moieties attached to an
antibody, e.g. 1, 2, 3, ete. Liguid chromatography methods such as polymeric reverse phase
{PLRP) and hydrophobic interaction {(HIC) may separate compounds in the mixture by drug
loading value, Preparations of ADC with & single drug loading value (p) may be isolated,
however, these single loading valus ADCs may still be heterogeneous mixiures because the
drug moieties may be attached, via the linker, at different sites on the antibody.

Thus the antibody-tirug conjugate compositions of the invention include mixtures of
antibody-drug sonjugate compounds where the antibody has one or more PBD drug



10

15

20

25

30

35

WO 2013/053987 PCT/US2012/059864

21

moieties and where the drug moieties may be attached to the antibody at various amino acid
residues.

in one embodiment, the average number of dimer pyrrolobenzodiazepine groups per cell
binding agent is in the range 1 to 20. In some embodiments the range is selected from 1 to
8,2108,2106,2104, and 4 to 8.

in some embodiments, there is one dimer pyrrolobenzodiazepine groups per cell binding
agent.

Peptides

It one embodinment, the cell binding agent is a finear or cyclic peptide comprising 4-20,
preferably 8-20, contiguous aming acid residues. In this embodiment, it is preferred that one
cell binding agent is linked to one monomer or dimer pyrrolobenzotiazapine sompaund.

In one embodiment the cell binding agent comprises a peplide that binds integrin o, ;. The
peptide may be selective for o fs over XYS.

in one embodiment the cel binding agent somprises the A20FMDV-Cys polypeptide. The
AZOFMDV-Cys has the sequence: NAVPNLRGDLOVLAGKVARTC, Alternatively, a vartard
of the AZOFMDV-Cys seguence may be used whereln one, two, thres, four, five, six, seven,
eight, nine or ten amino acid residues is substituted with another amino acid residue.

in one embodiment the antibody is a monoclonal antibody; chimeric antibody; humanized
antibody, fully human antibody; or a single chain antibody. One embodiment the antibody is
a fragment of one of these antibodies having biological activity. Examples of such fragments
include Fab, Fab', F(ab"), and Fv fragments.

in these embodiments, each antibody may be linked to one or several dimer
pyrrolobenzodiazepine groups. The preferred ratios of pyrrolobenzodiazepine to celt binding
agent are given above.

The antibody may be a domain antibody (DAB).

in one embodiment, the antibody is a monocional antibody.
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Antibodies for use in the present invention include those antibodies described in WO
Z005/082023 which is incorporated hereln. Particulady preferred ave those antibodies for
wmour-associated antigens. Examples of those antigens known in the art include, nd are
not limited to, those tumour-associated antigens set oul in WO 2008/082023. Ses, for
instance, pages 41-55.

The conjugates of the invention are designed to target tumour cells via their cell surface
antigens. The antigens are usually normal cell surface antigens which are either over-
expressed or expressed at abnormat times. Ideally the target antigen is expressed only on
profiferative cells {(preferably tumour cells), however this is rarely observed in practice. As a
result, target antigens are usually selected on the basis of differential expression between
profiferative and healthy tissue.

Antibodizs have been raised 1o langet speciic imow raelated antigens inghuding:

Cripto, CDAO, THD1O, CLB3, Glycopratein NMB, CanAg, Her2 (ErbB2iNeu), CDES
(NCAM), CDEZ (Siglec?), CD3S (Siglecd), CHTY, CDI38, PSCA, PSMA {prostate specific
membrane antigen), BCMA, CD20, CD70, E-selectin, EphB2, Melanotransferin, Muc16 and
TMEFF2.

Tumor-associated antigens (TAA} are known in the art, and can prepared for use in
generating antibodies using metheds and information which are well known inthe art. In
attempts to discover effective celiudar targets for cancer diagnosis and therapy, researchers
have sought to identify transmambrang or otherwise tumor-associated polypeptides that are
specifically expressed on the surface of one or more particular type(s) of cancer celf as
compared to on one or more normal non-cancerous celi(s). Often, such tumor-associated
polypentides are more sbhundantly axpressed on the surface of the cancer cells as compared
o on the surface of the non-cancerpus cells. The identification of such tumor-associated cell
surface antigen polypeplides has given riss o the ability {0 specifically target cancer cells for
destruction via antibody-based therapies.

Examples of TAA include, but are not imited o, TAA {1)(38) listed below. For convenience,
information ralating 1o these anfigens, all of which are known in the art, is listed below and
ncludes names, alfernative names, Genbank accession numbers ard primary reference(s),
folfowing nucleic acid and protein sequence identification conventions of the National Center
for Blotechnology Information (NCBI). Nudlelc acld and protein sequences carresponding to
TAA {1)-{38) arg available in public dalabases such as GenBank. Tumor-associated
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antigens targeted by antibodies include all amino acid sequence variants and isoforms
possessing at least abowt 70%, B0%, 85%, 80%, or 85% sequence identity relative o the
sequences idenfified in the clted references, or which exhiblt subsigniially the same
biofogical properties or characteristics as a TAA having a sequencs found i the cited
references. For example, a TAA having a variant seguence genarally is able o bind
specifically to an antibody that binds specifically to the TAA with the corresponding
sequence listed. The sequences and disclosure in the reference specifically recited herein
are expressly incorporated by reference.

TUMOR-ASSOCIATED ANTIGENS (1)-(36):

{1) BMPRTE (bone morphogenetic protein receptordype 1B, Genbank accession no.
N#M_001203) ten Dijke P, of af Science 264 {51851 101-104 (1884}, Onoogane 14
{11)1877-1382 (1897}, WO2004/083382 (Cladm 2%, WO2003/042681 {Claim 12)
US2003/134790-A1 (Page 38-39), WOR0UZ/102235 (Claim 13; Page 296);, WO2003/055443
Page 91-82) WO2002/58122 {Example 2; Page 528-530), WO2003/028421 (Claim 6);
WO2003/024302 (Claim &; Fig 112) WO2002/98358 (Claim 1; Page 183); W0O2002/54940
(Page 100-101), WQ2DQ2/50377(Page 348-350), WO2002/30288 (Claim 27, Page 37631
WOZDG1M48204 (Example; Fig 45 NP_D01184 bane morphogenatic protein receptor, type
iB /pid=NF_001194.1, Cross-references: MIM;603248; NP_001194.1; AY085994

{2) E16 (LAT1, SLC7AS, Genbank accession no. NM_003486) Biochem. Biophys. Res.
Comymun. 255 (2), 283-288 (198%), Nature 385 (D091 288-291 (1988}, Caugitsch, MW, et
af (1992} J. Biol. Chem. 287 (18)111267-11273) WOZ004/048838 (Example 2);
WOZD04/032842 (Example IV}, WQ2003/042681 {Claim 12), WOZ003/018478 (Claim 1)
WQ2002/78524 (Example 2);, W02002/88074 (Claim 19; Page 127-128); W0O2002/86443
{Claim 27; Pages 222, 393), WO2003/003906 {Claim 10, Page 283, WQ2H0Z/84798 (Claim
33; Page 93-95); WO2000/14228 (Claim 5; Pags 1331363 US2003/224454 {Fig 3Y;
WO2003/025138 (Claim 12; Page 150), NP_003477 solute carrier family 7 {vationic amino
avid transporter, y+aystam), member § /pid=NP_{03477 .3 - Homo sapiens; Grass-
references: MIM.B0UTEZ; NP_D03477.3; NM_015823 NM_003488_1

(3) STEAP1 {5y fransmambrane epithefial antigen of prostate, Genhank accession no.
NM_{112448), Cancer Res. 81 {15), 5857-5880 (2001), Hubert, R.8., &f af {1808} Proc. Natl,
Acad. 5ol U 8A 868 (251 14523-14528), WOZ004/06587T (Claim B), WOZQR4/027048 (Fig
1Ly EP1394274 {(Exampls 1) WOR004/016228 (Clalm 2y WO2003/042661 {Clgim 12
LIS20G03M57080 (Exampie &), USZ0038/188830 (Exampie 5); USRO03/0684397 (Fig 2);
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WO2002/89747 (Example 5; Page 618-618); W02003/022995 (Example 9; Fig 13A,
Example 83; Pags 173, Example 2; Fig 2A) NP_038581 six fransmembrane apithetial
antigen of the prostate; Cross-references; M:004415; NP_028581.1; NM_012448 1

{4y DY72P {CAT25, MUC18, Genbank accession no. AF381488); J. Biot. Chem, 276
(29127371-27375 (2001)); WOR004/045553 (Claim 14), WOR002/02836 (Claim 6; Fig 12);
WO2002/83866 (Claim 18; Page 118-121); US2003/124 140 (Example 18); Cross~
raferences. GL34801467, AAKTA120.3; AF361488 1

{5) MPF {(MPF, MBLN, SMR, megakaryocyte potentiating factor, mesothelin, Genbank
accession no. NM_0O05823) Yamaguchi, N., of al Biof. Chern. 268 (2), B0&-808 (1884}, Proc.
Natl. Acad. Soi 8.4 96 (2011183111836 (1989}, Proc. Nall, Acad. Scl 454 83
{13:136-140 (1998}, J. Biol, Cham. 270 (37321884-21890 {19885)); WO2DD3/101283 {Claim
$4Y (WGR20021102238 (Claim 13; Pags 287-288); W02002/101075 (Claim 4. Page 308-
308), WOZDD2/7T1628 (Page 320-321), W084/10312 (Page 52-57); Cross-references:
MIME01081; NP_008814.2;, NM_O08823 1

{8) Napiab {NAPI-3B, NPTlib, SLC34AZ, solute carrier family 34 (sodium phosphate),
member 2, type i soiuns-dependent phosphate transporter 3b, Genbank accession no.
NM_D08424) J. Biol Chem. 277 {22519665-19672 (2002), Genomics 62 (2):281-284 (1999),
Felld, JA. of af {1989} Biccham. Biophys. Res. Commun. 258 (3).578-582),
WO2004/022778 (Claim 2); EP1384274 (Example 11); W02002/102235 (Claim 13; Page
326) EPUS75E568 [(Claim 1; Page 17-18), WO2001/57188 (Claim 20; Page 329);
WOZ0D4/032842 (Example V), WO2001/78177 (Claim 24, Page 138-140); Cross-
references: MiM:804217; NP_008415.1; NM_006424_1

{73 Sema Bb (FLII0IT2. KIAA1448, Mm 42015, SEMABE, BEMAG, Semaphori 5b Hiog,
sema domsain, seven thrombospondin repeats (type 1 and type 1-like), transmembrane
domain {TH) and short cytoplasmic domain, (semaphorin) 58, Genbank accassion no.
ABO40BT78), Nagase T., ef af (2000) DNA Res. 7 (2)1143-150) WO2004/000887 (Cladm 1);
WO2003/003984 {Claim 1), WOZOG2/08338 (Claimn 1, Page 50); WO2001/88133 (Claim 1,
Page 41-43, 48-58), WO200B/064152 {Claim 20y WO2G03/101400 {Clalm 11); Accession:
QOP283, EMBL; ABLADETE, BAASES89.1. Genew, HGNCI10737

(8) PSCA hlg (2700080C12RIK, CE30008016RIK, RIKEN cDNA 2700080C 12, RIKEN cDNA
2700050C12 gens, Genbank accession no. AY3ISR628); Ross ef af (2002) Cancer Res.



10

14

20

25

30

WO 2013/055987 PCT/US2012/059864

25

62:2546-2553; US2003/129192 (Claim 2);, US2004/044180 (Claim 12); US2004/044179
{Clalm 11); US2003/088061 (Clains 117 US2003/232056 (Example 5), WO2003/105758
{Claim 12); US2003/208818 (Example 8);, EP1347046 (Claim 1), WO2003/025148 (Claim
20} Crose-references: GLIT182378; AAQBBSY1.1; AY3586828_1

{8 ETBR {Endothelin type B receptor, Genbank accession no. AY275483); Nakamuta M., &f
&l Biochern, Biophys. Res. Cammun, 177, 34-39, 1081, Ggawsa Y., ef &f Biochem, Biophys.
Res. Commun. 178, 248-288, 1881; Aral M., el al Jpn. Cirp. J 56, 13031307, 1982; Arai M.,
ef af J. Biol, Chem. 2868, 3483-3470, 1083; Sakampto A., Yanagisaws M., ef af Biochem,
Biophys. Res. Commun. 178, 656-883, 1991; Eishourbagy N.A., ¢f &l J. Biol Chem. 268,
3873-3879, 1983, Haendler B, et & J. Cardiowase. Fharmacol. 20, 81-84, 1982, Tsutsumi
8., et &l Gens 228, 43-48, 1989, Strausberg R.L., ef al Proc, Nall, Acad. S¢f. /.54, 88,
1689018843, 2002; Bourgeois C., ef af J. Ciin. Endocrinol, Metab. 82, 3116-3123, 1887;
Okamoto Y., &f of Biol. Chern. 272, 21588-21506, 1897, Verhell LB, of &l Am. J Med.
Genet 108, 223-225, 2002, Hofstra RMW., et af Eur J. Hum. Genel, 5§, 18(-185, 1847,
Puffenberger E.G., ef &f Cefl 78, 1287-1268 1094, Atlle 7., et &, Hum. Mol Sened 4, 2407-
2409, 1995; Auricchio A, ef al Hum. Mol Genet 5:351-554, 1996; Amiel J., of af Hum. Mol
Genet 5, 355-357, 1298, Hofstra RIM W | ef at Nal, Genef 12, $45-447 1998, Bvansson
Pl et al Hum Genel 103, 145-148, 1088; Fuchs 8., ef af Mol. Med. 7, 115-124, 2001;
Pingault V., ef &/ (2002} Hum. Genet. 111, 188-206; WO2004/045516 (Claim 1);
WO2004/048838 (Example 2}, WQO2004/040000 (Claim 151); WO2003/087768 (Claim 1);
WQ2003/016475 (Claim 1); WO2003/016475 (Claim 1); WO2002/61087 (Fig 1);
WQO2003/0164984 (Fig 6), WO2003/025138 (Claim 12; Page 144);, W02001/98351 (Claim 1;
Page 124-125), EP0522868 (Claim 8; Fig 2); WO2001/77172 (Claim 1; Page 287-299);
US2003/109676; US6518404 (Fig 3), US5773223 (Claim 1a; Col 31-34), WO2004/001004
{10) MSG783 (RNF 124, hypothetical profein FLIZ03E, Genbank accession na.
MM_O17763) WOZGHSHA04275 {Claim 1), WO2DD4046342 (Example 2% WORD03/0426861
{Claim 12); WO2003683074 (Claim 14; Page 81); WO2008/018821 (Clalm 1);

WO R024382 {Clairm &) Fig 83 WO2001/66689 (Example 6); Cross-teferences:
LocusilD: 84884, NP_DB0233.2: NM_DM7783_1

(11) STEAPZ (HGNC 8839, IPCA-1, PCANAPY, STAMP1, STEAPZ, STMP, prosiate cancer
associated gene 1, prostale cancer associated protein 1, six fransmembrane spithelial
antigen of prostate 2, six transmembrane prostate protein, Genbank accession ng.
AF488138), Lab. Invest. 82 (111:1573-1582 (2002)), WOZCO3/0B706, US2003/084387
{Claim 1, Fig 13; WO2002/72598 (Claim 13; Page 54-55), WO2001/72862 (Claim 1; Fig 4R);
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WO2003/104270 (Claim 11); WO2003/104270 (Claim 16); US2004/005598 (Claim 22):
WO2003/042661 (Claim 12); US2003/060612 (Claim 12; Fig 10} WOR002/26822 (Claim 23;
Fig 2); WO2002/16429 (Claim 12; Fig 10); Cross-references: GHL22655488; AAND4GS0.1;
AF455138_1

{12) TrpM4 (BR22450, FLJ20041, TRPM4, TRPM4R, fransient receptor potential cation
channel, subfamily M, membar 4, Genbank accession no. NM_017638), Xu, X.Z., &f & Proc.
Natl Acad. Sci. U.S.A. 88 (18 10882-10887 (2001), Calt 108 {3):387-407 {2002}, J. Biol
Cham. 278 (331:30813-30820 (2003));, US2003/1436587 {Claim 4);, W2000/40814 {Tiaim
14; Page 100-103); W02002/10382 (Claim 1, Fig 9A);, W0O2003/042661 {Claim 12);
WORD0R/30268 (Claim 27; Page 381}, USZ003/219806 (Claim 4);, WO2001/62794 (Claim
14 Fig 1Ay Crogs-referances: MIMEGEE36, NP_060106.2; NM_017636_1

{13} CRIPTO {CR, CR1, CROF, CRIPTO, TDGF1, teratovarcinoma-derived growth factor,
Genbank accassion no. NF_G03203 o KM_003212) Gicoodicols, A., of & EMBO L. 8
{T31887-1891 {1888), Am. J Hum. Genel 48 [3):555-565 {1881)), US2003/224411 {Claim
1) WO2003/083041 (Exampie 1}, WO2003/034984 (Claim 12); W0O2002/88170 (Claim 2;
Page 52-53); W02003/024392 (Claim 2; Fig 58); WO2002/16413 (Claim 1; Page 94-95,
105); WQ2002/22808 (Claim 2; Fig 1); US5854399 (Example 2; Col 17-18); US5792616 (Fig
2}, Cross-references: MIM: 187305 NP _003203.1; NM_003212_1

{14y G241 {ORZ (Complement raceptor 2} or CIDR {C3d/Epstein Bar virus receptol) of
H8.73782 Genbank accession no. M26004}; Fujlsaku ef al {1888) J Biol Chem. 264
{4):2118-2128% Weis J.)., ef af L Exp. Med. 167, 10471086, 1988, Moore M., ¢ &/ Prog.
Natl. Acad. Sci. U.S.A. 84, 9104-9198, 1987, Barel M., ef af Mol fmmunol. 35, 1025-1034,
1088, Weis J.J., of & Proc, Nall, Acad. Sol. {L.8.A. B3, 5638-5843, 1988, Sinha S.K., of 8
{1983} J. fmmunal, 150, 8311-5320, WOZGU4/045820 (Example 4), USR004/005538
(Example 1), WO20Q3/062407 (Claim 8); WQ2004/045520 (Example 4); WOG1K2538 (Fg
9.1-8.9); W02004/020595 (Claim 1); Accession: P20023; Q13866;, Q14212; EMBL.; M26004,
AAA3ILT786.1.

{18) CO78h (CD7oR, CO7S8A, 1Gh fimmunagiobulin-associated beta), B28, Genbank
accession no. NM_000826 or 11038874}, Froc. Nall, Acad. Sof. L.8A. (2003) 100 (714126-
4131, Siood (2002) 100 (8):3068-3076, Muller of &f (1882 Eur. J. fmmunol. 22 811821~
1625} WOR004/01B225 fclaim 2. Fig 140 WO2003/087788, US20041101874 (tlaim 1,
page 102); WO2003/082401 {claim 8), WOZ2002/78524 (Example &) US2002/150873 {claim
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5, page 15); US5644033; WO2003/048202 (claim 1, pages 306 and 309); WO 99/58658,
LIGB534482 {claim 13, Fig 17AB Y WOZ000/55351 (claim 11, pages 1145-1148); Cross-
references: MIM 147245, NP_000617.1; NM_000626_1

(18) FCRH2 (IFGP4, IRTA4, SPAP1A (SH2 domain containing phosphatase anchof protein
1a), SPAP1B, SPAP1C, Genbank accession no. NM_0307684, AY38B134Y;, Genome Res, 13
{10).2285-2270 (2003}, Immunogenetics 54 (2187-25 {2002), Blood 98 (8):2862-2660
(2002), Frop, Natl. Aced. 8ol U.8.A. 88 (17y8772-89777 (2001), Xu, M., ef af {2001)
Biachers. Biophys. Res. Commun. 280 (31788-778; WO2004/018228 (Claim 2);
WO2003/077836; W02001/38490 (Claim 5; Fig 18D-1-18D-2); WO2003/097803 (Claim 12);
WOR003/089624 (Claim 28); Crosswreferences: MIM:606509; NP_110391.2; NM_030764 _1

{17} HERZ (ErbB2, Genbank gccession no. M11730); Coussens L., et a/ Science {1985}
230{473011132-1138) Yamameotn T., ef af Nafure 319, 230-234, 1986, Semba K., ef a/
Proc, Naff. Avad. Sci. UL.5.A. 82, 8407-8501, 1885, Swisrcz J. M., el &/ J. Cell Biol 1865, BEY-
880, 2004; Ruhns J.J.. ef &l J. Biol Chem. 274, 30422-36427, 1899 Cho H -8, ef af Nature
421, 756780, 2003; Ehsand A, of 8f {1993} Genomics 15, 426-429; WO2004/048838
(Example 2} WOR004/027048 (Fig 11), WO2004/009622; W0O2003/081210;
WOR003/088804 (Claim 8 WO2Z003/010475 {Claim 1); US2003/1185392; W(O2003/008537
{Claim 1); WORB03/DE5439 (Claim 28, Fig 1A-B); WO2003/025228 (Claim 37; Fig 5C);
WO2002/22836 (Example 13; Page 85-107); W02002/12341 (Claim 68; Fig 7);
WQ2002/13847 (Page 71-74), WO2002/14503 (Page 114-117); WO2001/53483 (Claim 2;
Page 41-46); W02001/41787 (Page 15); W02000/44898 (Claim 52; Fig 7); WO2000/20579
(Claim 3; Fig 2); US5h869445 (Claim 3; Cot 31-38); W(09630514 (Claim 2; Page 56-81};
EP1439393 (Claim 7); WQ2004/043361 (Claim 7}, WO2004/022708; W02001/00244
{Example 3; Fig 4% Accession: PO4BE6; EMBL, M11767; AAA35808.1. EMBL: M11761;
AAAISB08.1

{18) NCA ({CEACAMS, Cenbank accession no. MIST28), Bamett T, ot & Senomics &, 58
56, 1688; Tawaragl Y., et & Biochem. Biophys. Res. Commun, 150, 89-80, 1838, Strausberg
R.1.. et & Prog. Nafl, Acad. Sci, U.S.A. 29:18899-16903, 2002; wO2004/063709;
ER1432393 (Claim 7), WOZ004/044778 {Example 4); W02004/031238; WO2003/042661
{Claim 12), WOZ00Z/78524 {Example 2), WO2002/86443 (Claim 27; Page 427);
WO2002/80317 (Claim 2). Accession! P40189; Q14920; EMBL; M29541; AAAS9815.1.
EMBL; M18728
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(19) MDP (DPEP1, Genbank accession no. BC0O17023); Proc. Natl. Acad. Sci. (1.S.A. 99
{26):16889-16903 (2002)); WO2003/016475 (Claim 1); WORD02/64798 {Claim 33; Page 85~
87Y; JP05003790 (Fig 6-8); W099/46284 (Fig 8). Cross-references: MIM: 178780,
AAH17023.1; BCO17023_1

{20) IL20R«x (IL20Ra, ZCYTORY7Y, Genbank accession no. AF184971); Clark H.F., et al
Gepome Res. 13, 22882270, 2003; Mungall A J., ef al Nature 425, BOS-811, 2003;
Blumberg H., ef af Calf 104, 8-19, 2001; Dumoutier L., &f af J. fmmunof, 187, 3545-3549,
2001; Pardsh-Novak J., ef &l J. Biol Chem. 277, 47517-475823, 2002; Pletnev &., ef af (2003)
Biochemistry 42:12617-12624; Sheikh F., et a/ (2004) J. Immunol. 172, 2006-2010;
EP1384274 (Example 11} US2004/008320 (Example By, WOZ003/028262 (Page 74-78),
WO2ZB0B/0027 17 (Claim 2, Page 63); WQ2002/22183 (Page 45-47); US2002/042368 (Page
20-21), WOR001/46261 (Page 57-58); WO2001/48232 (Pags 63-65); WQ8B/37183 (Claim 1,
Page 55-58), Accession: QBUHF4; QBUWAD; QUESHS, EMBL, AF184871; AAFD1320.1.

{21) Brevican (BCAN, BEHAB, Genbank accession no, AF228053}, Gary 8.C., e &f Bene
256, 138147, 2000, Clark HLF., ef &f Genome Res. 13, 22852370, 2003; Strausberg R.L.,
ef &l Proc, Natl. Acad, Soi, U.SA. 88, 1688919803, 2002, US2003/186372 {Tlaim 11);
US2003/186373 (Claim 11), US2003/119131 (Claim 1; Fig 52); US2003/119122 {Claim 1;
Fig 52); US2003/118126 (Claim 1); US2003/119121 (Claim 1, Fig 52); US2003/119129
(Claim 1); US2003/118130 (Claim 1); US2003/119128 (Claim 1; Fig 52); US2003/119125
{Claim 1), WO2003/016475 {Claim 1) WO2002/02634 (Claim 1}

{22) EphB2R (DRT, ERK, HekB, EPHTS, TyroS, Genbank accession no. Ni_004442):
Chan.J. and Walt, V.M., Oncogene 6 (B). 1057-1061 (1991) Oncogene 10 (5):897-905
{1985), Annu. Rev. Neuroscl. 21:309-348 {1998), int. Rev. Cytol. 198:177.244 (2000))
WO2003042661 (Claim 12); WO200083216 (Claim 1, Pags 41) WO2004065576 (Claim 1),
WO2004020583 (Clairm 93 WO2003004528 (Page 128-132), WO200053218 (Claim 1; Page

42); Cross-references: MIM:600997; NP_004433.2; NM_004442 1

(23) ASLGEES (B7h, Genbank accession no. AX092328); 452004/0101889 (Claim 2);
WO2Z003104368 (Claim 11y WQ2004000221 (Fig 3); US2003/165504 (Claim 1);
520037124140 (Example 2}, US2D03/085143 (Fig 60), W02002/102235 (Claim 13; Page
288); US2003/091080 (Example 2}, WO2002M1 0187 (Claim 8; Fig 10); WO2001/94641
{Claim 12; Fig Tb). WOZ002/02624 {Claim 13, Fig 1A-1B); US2002/034749 (Claim 54; Page
45461 WO2002/08317 (Example 2; Page 320-321, Claim 34; Page 321-322);
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WO2002/71828 (Page 468-469), W0O2002/02587 (Example 1; Fig 1); W02001/40269
{Example 3; Pages 190-182); W0O2000/36107 (Example 2; Page 205-207); WO2004/053079
(Claim 12}, WO2003/0049889 (Claim 1); WOR2002/71928 (Page 233-234, 452-453); WO
01/16318

{24} PSCA (Prostate stem cell anfigen precursor, Genbank accession no. AJ287436); Reiter
R.E., et af Pron, Nall Acad. Soi .5 A 85, 1735-1740, 1888, Gu Z., of 8/ Oncogene 18,
1288-1288, 2000; Biochem. Biophys. Res. Commun. (2000} 275(3y783-788;
WOR004/022709; EP1334274 {Example 11} US2ZDB4/018553 (Claim 17); WO2003/008537
{Claim 1), WO2002/81846 {Claim 1; Page 184); WO2003/003306 (Claim 10; Page 288);
WO2001/40308 (Example 1, Fig 17); US2001/086751 (Example 1; Fig 1b), WO2000/32752
{Claim 18; Fig 1); WOSS/51805 {Claim 17: Page 97); WOBS/S1824 (Clain 10; Page g4V
WOS8/40403 (Claim 2; Fig 18Y. Accession: D43853; EMBL; AF043458; AAC35607 .1

(25) GEDA (Genbank accession No. AY2080763); AAP14854 fipoma HMGIC fusion-partner-
ke protein /pid=AAP14854 1 - Homo sapiens (human);, WO2003/054152 (Claim 20);
WO2003/000842 (Claim 1), WO2003/623013 {Example 3, Claim 20); US2003/194704
{Claim 45); Crossreferences: GE3010244%, AAP14954.1; AY260763_1

{28) BAFF-R (B cell -activating facior receptor, BLYS receptor 3, BRA, Genbank accession
Na. AFT18458) BAFF receptor /pid=NP_443177.1 ~ Homo sapiens: Thompson, 1.8, ef af
Science 293 (8537}, 2108-2111 (2001); WO2004/058309; W02004/011611;
WO2O03/048422 (Example; Page 32-38); W0O2003/014284 (Claim 35; Fig 6B);
WO20D3/025846 (Claim 70€; Page 515-618); W02002/94852 (Col 138-137); WO2002/38766
(Claim 3; Page 133), W02002/249808 (Example 3; Fig 3); Cross-references: MiM:606269;
NP_443177.1, NM_052845_1: AF132800

(27) CD22 {B-cell raceptor CD22-8 soform, BL-CAM, Lyb-8, Lyb8, SIGLEC-2, FLJ22814,
Genbank accession Na. AKD28487y, Wilson ef al (1991} J Exp. Med, 173:137-148;
WO2003/072038 (Claim 1; Fig 1) Cross-references: MIVMI1072688; NP_001762.1;

NN 0017711

{28) CD79a (CD79A, CD79%, immunoglobulin-associated alpha, a B cell-specific protein that
covaiently interacts with g beta (CDTOR) and forms a complex on the surface with g M
molenuies, transduces & signal involved in B-celi differentiation), ph 4.84, MW: 25028 Th: 2
{P] Gene Chromosome: 18913.2, Genbank accession No. NF_001774.10);
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WO02003/088808, US2003/0228319; WO2003/062401 (claim 8), US2002/150573 (claim 4,
pages 13-14), WODH/ERESEE (claim 13, Fig 18% WOR/OTE74 {Fig 1), UBES44033,; Ha ef af
(1882) J. fmmunol. 148(5),1528-1531; Midler af &/ (1882) Bur. J. Immunot. 22:1821-1625;
Hashimolo ef & (1884) imrmounogenstics 40{41.287-295; Preud'homms ef al {(1882) Ciin. Fxp.
fromuriol, Q0(1):141-148, Yu el af (1882) J. Immunel. 148(2) 833-837, Sakaguchi f &/ (1888}
EMBQ J. T{(111:3457-3464

(29) CXORSE (Burkit's lymphoma recapior 1, a G protein-coupled receptor that is activated
by the CXCL13 chemokine, functions in lymphocyte migration and humoral defense, plays a
rofe in HIV-2 infection and perhaps development of AIDS, lymphoma, myeloma, and
leukernig); 372 aa, ph: 8.54 MW 418588 TM: 7 [P] Gene Chromosomea: 112383, Genbank
accession No. NP_Q01707. 1y WGO200440000; WOZD04/015428, US200341105292
{Example 2) USE5585338 {(Example 2 WDZ002/61087 {Fig 1), WOZ00/E7 188 {Claim 20,
page 269). W02001/72830 (pages 12-13); WOR00W/22128 {(Example 1, pages 152-153,
Example 2, pages 254-256), WO99/28468 (claim 1. page 38}, USH440021 {Example 2, col
49-52); WQO094/28931 (pages 56-58); WO82/17487 (claim 7, Fig 8, Dobrer ef &/ (1982) £
o inmanol 22:2785-2798; Barella of af {(1295) Biochem. J. 302:773-779

{30) HLA-DOB (Beta subunit of MHC class H molecule (la antigen) that binds peptides and
presents them to CD4+ T lymphocytes), 273 aa, pt 8.56, MW, 30B2D.TM: 1 [P Gene
Chromosome: 8p21.3, Genbank accession No. NP_Q02111.1};, Tonnalle ef af (1985) EMBO
4 4{11).2838-2847; Jonsson ef &f {1888} immunogenetios 28{8)411-413; Beck of &/ (1992)
J. Mol. Biol. 2268:433-441; Strausherg of af (2002} Proo. Nall, Acad. Sof USA 2816889
16903; Servenius et &f {1987} J. Biol. Chem. 262:8753-8768; Beck et &f {1898} J. Mol Biol.
255:1-13; Naruse et a/ (2002) Tissue Antigens 59.512-519; W0O89/588658 (claim 13, Fig 15);
UB6153408 (Col 35-38), USHYTEHEY {col 168-170); US6011146 (col 145-146); Kasahara et
af {1988} Immunogenelics 30(11:66-88; Larhammar et af (1985) J. Biol. Chem.

2e26n 1411114119

{31} P2X5 (Purinergic recepior FEX ligand-gated ion channel §, an ion channel gated by
extracetiular ATP, may be involved in synaptic transmission and nesurogenesis, deficiency
may contribute 1o the pathophysictogy of idiopathic detrusor instability); 422 &), pb 7.65,
MWW 47208 TM: 1 [P] Gene Chromosome: 17p13.3, Genbank accession No.

NP _DO2852 2). Le ef af (1887) FEBS Lef. 418(1-2):195-199; WO2004/047749;
WQR0OI0T2035 (claim 10} Towchman ef af {2000) Genome Res, 10:165-173;



10

15

20

25

30

WO 2013/655987 PCT/US2012/059864

31

WO02002/22660 (claim 20); WO2003/093444 (claim 1); WO2003/087768 (claim 1);
WO02003/029277 (page 82)

(32) CD72 (B-cell differentiation antigen CD72, Lyb-2). 359 aa. pi: 8.66, MW 40225, TM: 1
{P] Gene Chromosome: 9p13.3, Genbank accession No. NP_001773.1) WO2004042348
{claim 85}, WO2003/026493 (pages 51-82, 57-58), WO2000/756855 {pages 108-106}; Von
Hoegen et af (1980) J. Immunol. 144(12).4870-4877; Strausbery et af (2002) Proc. Nat!,
Acad. S¢i USA 99:16899-16803.

(33) LY64 {Lymphocyte antigen 64 (RP105), type | membrane protein of the leucine rich
repeat (LRR) family, regulates B-cell activation and apoptosis, foss of funclion is associaied
with increased disease activily in patients with systemic lupus stvthematosis), 661 aa, pi
6.20, MW 74147 TN 1 [P] Gene Chromosome: 5g12, Genbank accession No.

NP 0055731 US2002/183687, WOGYOT1E8 [claim 11, pages 39425 Miura ef &/ (1986}
Genomivs 38(31289-304; Miura ef ai (1958) Blood 82:2815-2822; WGRZBO3/G83047,
WOG7i44482 (claim 8, pages 57-61); WO2000/12130 {pages 24-286)

(34) FcRH1 (Fc receptor-like protein 1, a putative receptor for the immunoglobulin Fc domain
that containg G2 type Ig-ike and ITAM domains, may have a role in B-lymphooyte
differentiation); 429 aa. pt 5.28, MW: 48925 TH 1 [P] Gene Chromosome: 1g21-1g22,
Genbank accession No. NP_443170.1), WO2003/077838; WO2001/38480 (claim &, Fig
1BE-1-18-E-2) Davis of af (2001} Froc. Natl. Acad. Sci USA 98(17).9772-9777;
WO203/080624 (claim 8); EP1347048 (claim 1); WO2003/089624 (claim 7)

(35) IRTA2 (Immunoglobulin superfamily receptor translocation associated 2, a putative
mmunoreceptor with possibie roles in B cell developraent and lymphomagenesis;
dereguiation of the gene by transiocation ocours in some B cell malignancles); 977 aa, pl:
6,88, MW 108488, TM: 1P] Gene Chromosome: 1921, Genbank accession No
Human:AF343662, AF343683, AF343664, AF343665, AF369794, AF397453, AKOS80423,
AKDO90475, AL834187, AY358085; Mouse AKO89756, AY 158090, AYS06558; NP_112571.1;
WOR003/024392 (claim 2, Fig 97); Nakavama et al (2000) Biochem. Biophys. Res.
Commun. Z77(11124-127 WOZ003/077838; W02001/38490 {claim 3, Fig 18B-1-18B-2)

(36} TEMBZ (TMEFFZ, tornoreguiin, TRPEF, PP TR, putative ransmembrane
proteoglytcan, related to the EGF/hereguiin family of growth factors and follistating; 374 aa,
NCBI Actession: AADBST78, AAFS1397, AAG4ARAET, NCBI RefSeq: NP_O87278; NCR!
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Gene: 2367 1; OMIM: 605734; SwissProt QBUIKS, Genbank accession No. AF179274;
AYIEBAGT, CAFBET23, CQT82438; WQR004/074320; JP2004113151; W02003/042661;
WOZOOH/G08814,; EP 1285044 ipages 89-70); WO2002/30268 (page 329}, W02001/90304;
US2004/249130; US2004/022727; WOR004/083355; US2004/187325; US2003/232350;
LIS2004/0058583; LIS2003/124579; Harle et af (2000) Genomies 87:148-152; Uchids of af
{1999) Blochem. Blophys. Res. Commun. 286:593-802; Liang ef af (2000) Cancer Res.
80:430712; Glynne~Jones &t & (2001) int J Cancer. Oct 15 84(2)178-84.

The parent antibody may also be a fusion protein comprising an albumin-binding peptlide
{ABP) sequence (Dennis et al. (2002} "Albumin Binding As A General Strategy For
fmproving The Pharmacokinetios Of Proteins” J Bio) Chem, 277.35035-35043; WO
(11445748}, Andibodies of the invention inclide fusion proteins with ABP saquences taught
by {1y Dennis ef f (2002) J Biof Chem. 277:38035-35043 at Tables Il and IV, page 35038;
{11} US 2004/0004827 af [007E] and 1) WO 01/45748 at pages 12-13, and all of which are
incarperated herein by reference.

in one embodiment, the antibody has been raised to target specific the tumour related
antigen a,Bs.

The cell binding agent may be iabelled, for example to aid detection or purification of the
agent sither pricr fo incorporation as a conjugate, or as part of the conjugate. The label may
be a biotin label. In another embodiment, the cell binding agent may be labelled with a
radioisotope.

Rand R’

in one embadiment, R is independenily sefected from oplionally substituted G alkyl,
Cagp NERIOCYCH and Copp arvi groups. These groups are each defined in the substituanis
section balaw.

in one embodiment, R is independently optionally substituted Ci.10 alkyl.

in one embodiment, R is independently optionally substituted Cs,q heterocyclyl.

in one embodiment, R is independently optionally substituted Csog aryl.
In one embodiment, R is independently optionally substituted C..4, alkyl.

Described above in relation to R® are various embodiments relating to preferred atkyl and
aryl groups and the identity and number of optional substituents. The preferences set out for
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R? as it applies to R are applicable, where appropriate, to all other groups R, for examples
where R®, R”, R®or R®is R.

The preferences for R apply also to R,

tn some embodiments of the invention there is provided a compound having a substituent
group ~-NRR'. in oneg embaodiment, R and R {ogether with the nitrogen atom to which they
are attached form an oplionatly subsiituted 4-, 5, 6~ or 7-membered heterooyclic ring. The
ring may contain a further heteroatom, for example N, Cor S,

in one embodiment, the heterocyclic ring is itself substituted with a group R. Where a further
N heteroatom is present, the substituent may be on the N heteroatom.

R
R* s a Caap slkylene group, which chain may be interrupted by one or more heteroatoms,
g.g. O, & NiH), NMe andior aromatic rings, ©.9. benzene or pyridine, which rings are
optionafly substituted.

in one embodiment, R” is & Gy alkylene group, which chain may be interrupted by one or
more heteroatoms andior aromatic rings, 8.g. benzene or pyridine.

in one embodiment, the alkylene growp is optionally interrupted by one or more heteroatoms
sefected from O, 8, and NMe andior sromatic rings, which rings are optionally substituted.
in one embodiment, the aromatic ring is a Gy arylene group, where aryiene pertains to a
divatent moiety obisined by removing two hydregen atoms from two aromatic ing atemns of
an aromatic compound, which moiety has from & 1o 20 ring atoms.

in one embodiment, R i8 a Cq.y, slkylene group, which chain may be intarrupted by one or
more heteroatoms, e.g9. O, 8, N{M). NMe andfor aromatic rings, e.g. benzene or pyridine,
which rings are optionally subsfituted by NM..

in one embodiment, R is a .y alkviene group.

in one embodiment, R" is selected from a Cs, Cs, Cy, Co and a Cs4 alkylene group.
in one embodiment, R" is selected from a Cj, Cs and a C; alkylene group.

In one embodimeant, R" is selected from a C; and a Cs alkylene group.

iy one eynbodiment, R" is a Gy alkylene group.

in one embodiment, R™ is & G alkyiense group.

The alkylene groups fisted above may be optionally interrupted by one or more heteroatoms
and/or gromatic rings, e.0. benzene or pyridine, which rings are optionally substituted.
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The alkylene groups listed above may be optionally interrupted by one or more heteroatoms
and/or aromatic rings, e.g. benzene or pyridine.

The alkylene groups listed above may be unsubstituted finear aliphatic alkytene groups.

X
in one embodiment, X is selected from O, S, or N{H).
Preferably, X is O.

E

The compounds where one or both € rings 13 replaced by a ring of formula B, have a group
R* which with elther of R or R, together with carbon atoms of the C ring fo which they are
sttached, form an optionaily substituted benzene ring. The optivnally substituted benzene
rng may be regarded as fused to the € ring of the pyrrolobenzodiazepine. The fused
benzene ring may be referred 1o as the D ring. The structure of the fused ring is fustrated
below:

R andd R 3 aned R?

where each of DY, D D% and D repressnts H or & substituent.

in one embodiment, the benzene ring is unsubstituted.

in one embodiment, the benzene ring is optionally substituted with one, two, three of four
groups selected fram QH, CN, R, OR, 0-80»R, CO:R, COR, 8H, SR, NH,, NHR, NRR’,
NO;, Ma:5n and halo.

in one embodimant, the benzene ring s monosubstituted. The monosubstituent may be any
ane of B, 1%, D% or D (the rest being H). {h one embodiment the benzene ring is
substituted at 0°, and D, D% and D? are each H. In one embodiment the benzene ring is
substituted at ¥, and B°, D® and D" are each H.



10

15

20

25

30

WO 2013/053987 PCT/US26012/059864

35

in one embodiment, R? with R’, together with carbon atoms of the C ring to which they are
attachad, form an optionally substituted benzene ring.

The praferences for V and W are st out below.

F

in the compounds whare one or both C rings is replaced by a ring of formuta .
in one embodiment, U is CH.whan T 5 NR, BH, SO, or SC..

in one embodiment, Tis CHy or COwhen U NR, C or 8.

In one embodiment, T is selected from CH, and CO.

In one embodiment, U is selected from NR, O and S.

In one embodiment, Y is (CH),, wherenis 1 or 2.

in one embodiment, the € ring of the compound A-B has a siructure selected from those

OO

; (I.....«\
N : B >
Y N \)r*"vs }f N
o O ‘

shown below:

Vand W

V oand W are each selected from (CHyly, Q) 8, NR, CHR, and CRR where nis 2.3 or 4,
except that V is C when R and R?, together with carbon atoms of the C ring fo which they
are attached, form an optionally substituted benzene ring, and W is C when R and R?,
together with carbon atoms of the C ring to which they are attached, form an optionally
substituted benzene ring.

in one embodiment, whern one of V and W is C, the other of V and W is selected from CH,
and NR.
in one embodiment, when one of V and W is C, the other of V and W is CH,.

Freferred Compounts

in one embodiment, the conjugate is a dimer wherein each of the PBD moieties has a C2
methylene group i.e. each R? is =CH,. 1t is preferred that the cell binding agent is an
antibody.
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in another embodiment, the conjugate is & dimer wherein each of the monamers has a CZ
aryl group Le. each RY is optionally substifuded Cipp aryl, and there is a double bond
betwsen C2 and C3 in sach PBD moisty, i is prefarred that the call binding agent is an

5  antibody.

C2 Alkylene
in one embodiment, the conjugate is a compound:

S
R [ %] AE\
Y
°ﬁ
MO i

\
N
f

O

0O

OH
II i
OMe AN

Ro A

10 and more preferably.

3
H, =N | SN OVN?\/O | Xy N\{,H

E N = Nl{ M—i\ RE
R, 2l OMe MeO /\7f NG
o o

.

wherain CBA 5 a cell binding agent such as an antibody or a cyclic or linear peptide,
andnis 0 or 1. ¥, RY and R™ are as previously defined, and RE and R™ are each
independently sefectad from H or R,
15
For sach of the compounds above, the following preferences may apply, where appropriate:
niso;
nis 1;
REis H;



WO 2013/055987 PCT/US2012/059864

37

R is R®, where RP is optionally substituted afky!;
R is R°, where R® is methyt;
CBA is an antibody,;
CBA is a cyclic peptide;
5 RY and R™ are H;
R and R are Me.

C2 Aryt
in one embodiment, the conjugate & a compound:

OH
~ N\ et
| e
N
,,;WN ~oue oo™ NN A
O

10
and more preferably:

wherein CBA 5 a oall binding agent such as an antibody or a cyclic or linear peptide,
Y, R ang R are as previously defined Ar' and Ar® are each independently optionally
16 substitted Caue ary, and nis 0 or 1. Ar' and Ar® may be the same or different.

in one embodiment, Ar° and A in sach of the embodiments above are each independently
selected from optionally substituted phenyl, furanyl, thiophenyt and pyridy!.
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in one embodiment, Ar' and Ar? in each of the embodiments above is optionally substituted
phenyl.

In one embodiment, Ar' and Ar? in each of the embodiments above is optionally substituted
thien-2-yt or thien-3-yi.

in one embodiment, Ar' and Ar? in each of the embodiments above is optionally substituted
quinoliny! or isoquinolinyl.

The quinolinyi or isoquinolinyt group may be bound to the PBD core through any available
fing position. For example, the quinclinyl may be quinolin-2-yl, guinolin-3-yi, quinolin-4yt,
guinolin-S-y, quinolin-G-, quinolin-7-yl and guinolin-8-yl. Of these quinolin-3-yl and
guinolin-8-yi may be preferred. The [sowdnotinyl may be isoquinolin-1-yi, isoquinolin-3-yi,
isoquinolin-4yl, isoquinolin-5-yl, isoquinoclin-8-yl, isoquinolin-7-yt and isogquinolin-8-yl. Of
these isoquinolin-3-yi and isoguinolin-6-yl may be preferred.

C2 Vinyt
in one embodiment, the conjugate is a
compound:
S
R 0\¢O
3
\QN O
H /*«"“i /Ov{f\/}gvo e
) LA
Rw,«w /N‘\‘,\ Ohe MeO ) N\{f TR
O Q

and more preferably:
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R iy ,
R o\(c
i

< - &

8] ;—;‘\V,Q Ry N "‘*\ »

OMa Mel N\f; Gy
%

wherein CBA is a cell binding agent such as an antibody or a cydlic or linear peptide,

Y, R" and R* are a5 previcusly defined, RY! and R"* are indepdently selected from H,
metind, ethyl and phenyl {which phenyt may be optionally substituted with fluoro, paricutarly
in the 4 position’ and Cag heterocyell, and nis G or 1. RY and RY may be the same or
different.

in some of the above embodiments, RY' and R may be indepdently selected from H,
phenyt, and 4-fluorophenyl.

Freferred intermediates
The present invention aiso provides intermediates for use in the preparation of the conjugate
compounds described herein.

Praferrad intermedigtes arg described below, and correspond closely to the preferred
conjugates described above.
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In one embodiment, the intermediate is a compound;

N &

R
and more preferably:
D
\
NP
LS
S
T
R 5
‘ OH
H“" f"f'N E{/‘\“\IG\“’,{/\/}?{\},Q\T ,m%\:/ J,N
-
oy ‘f o - . &
R N OMe MO \{i’”Nv et R
3 O

wherein nis O or 1, Y, R and R are as previously defined, and R® and R® are
sach independerdly seiected from H or R,
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in one embodiment, the intermediate is a compound:

Y
. 5\; OH
0 & Y AN
3"\ - \i«* N o
Pz |
OMe MeO N2 Al
o}
and more preferably:
—-—
\
NI
S
8
i
R \ O

N

5 6 Ol :O e
. ;'.‘ N /’”\‘.{‘;})\ Obde fel \],f’\f
A!ﬁ/Ly K‘g{;{) \/}\Ar

wherein Y, R™ and 8 are as previously defined Ar' and Ac® are each independently
optonally subsiititad G aryl, andnris 8 or 1, At and A may be the same or different.
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in one embodiment, the intermediate is a compound:

and more preferably:

T
\
.S
8
R.w/;:;\ O
O
‘&OH
O r‘/\ N‘ {
\‘\ \ n RNy S 4
A
o /’”\,,JK\/N OM& eQ ; Mi\i.\ ?,;'ﬁ\ \?//\R"’?
5 wherein Y, R" and Rﬁ are as praviously defined, RV and R™ are indepdently

sefected from M, methyl, ethyl and phenyt {which phenyt may be optionally substituted with
fluoro, particularly in the 4 position) and Cs¢ heterocyclyl, and nis 0 or 1. RY' and R may
be the same or different.

10 Substiluents
The phrase "optionally substituted” as used herein, pertains {o a parent group which may be
unsubstituted or which may be substituted.

Unless ofherwise spacified, the term “substituted” as used herein, pertains to a parent group
18 which bears one or more substifuents, The term “substituent” is used herein in the

conventional sense and refers 1o a chemical moiety which is covalently attached to, or if

appropriate, fused {0, a parent group. A wide variety of substituents are well known, and
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methods for their formation and introduction into a variety of parent groups are aisc well
known.

In a preferred embodiment, the substituents described herein (which include optional
substituents) are limited to those groups that are not reactive to a cell binding agent. The
link to the cell binding agent in the present case is formed from the N10Q position of the PBD
compound through a linker group (comprising, for example, LY, L2 and A) ta the cell binding
agent. Reactive functional groups located at other parts of the PBD structure may be
capable of forming additional bonds to the cell binding agent (this may be referred to as
crosslinking). These additional bonds may alter transport and biological activity of the
conjugate. Therefore, in some embodiment, the additional substituents are fimited to those
lacking reactive functionality.

in ong embodiment, ihe substituents are selacted from the group consisting of R, OR, SR,
NRR, NO,, haln, CO.R, COR, CONH,, CONMR, and CONRR'.

in ong embadiment, the substituents are selected from the group consisting of R, OR, SR,
NRR’, NO,, CO.R, COR, CONH,, CONHR, and CONRR'.

In one embodiment, the substituents are selected from the group consisting of R, OR, SR,
NRR’, NO,, and halo.

in one embodiment, the substituents are selected from the group consisting of R, OR, SR,
NRR’, and NO..

Any one of the embodiment mentioned above may be applied to any one of the substituents
desoribed herain, Altamatively, the substituents may be selected from one or more of the
groups listed below.

Exaripies of substituents arg described in move detail below.

Coap Bkl The term “Cogp alkyl" as used herein, pertains to a monovalent moiety obtained
by removing a hydrogen atom from a carbon atom of a hydrosarbon campound having from
1 to 12 carbon atoms, which may be aliphatic or aficyelie, and which may be saturated or
unsaturated (e.g. partially unsaturated, fully unsaturated). Thus, the term "alkyl® includes the
sub-classes atkenyl, alkynyl, cycloalkyl, etc., discussed below,

Examples of saturated alicyl groups include, but are not limited o, methyl (C4), ethvi (Cy),
propyl {Ca), butyl {Gy), pantyl {Cs), hexyl (Cg) and heptyt (Cr).
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Examples of saturated linear atkyl groups include, but are not limited to, methyl (C4), ethyl
{Ca), nepropy {Gad, n-butyl {Gy), n-pentyl (armvl) (Cs), n-hexy!l (Ce) and n-heptyl (C;).

Examples of saturated branched alkyl groups include iso-propyt (Ca), iso-butyt (C,), sec-butyl
{Cy), tert-butyt (C,), iso-pentyl (Cs), and neo-pentyl (Cs).

An aliyt group may optionally be interrupted by one or more heterocatoms selected from O,
N{H) and 8. Such groups may be referred 1o as “heteroalky!”.

Co.o0 Heteroalkyl The term “Co.q; heteroalkyl” as used herein, pertains o a monovalent
moisty oblained by removing a hydrogen atom from a carbon atom of a hydrocarbon
compound having frofs 2 0 12 catbon aloms, and one or more heteroatoms selected from
O, N{H) and S, preferably CGand S.

Exampies of heteroatkyl groups include, bt are not limited to those comprising one or more
sthylene glyool units of the type ~{OCHCH,)-. The terminal of a heteroalkyi group may be
the primary form of a heteroatom, e.g. -OH, -SH or -NH,. in a preferred embodiment, the
terminal is -CH,.

Coap Alkenyl. The tarm "Co.yp alkenyl” as used herein, pertains to an alkyl group having one
of more carbon-carbon double bonds.

Exarmpies of unsaturated alkeny! groups include, but are not limited to, ethenyl (vinyl,
~CH=CH,), {-propenyl {-CH=CH-CHM,), Z-propenyt (allyt, -CH-CH=CH,), isopropenyl
{1-methyivinyl, -C(CH;)}=CHy,), butenyl! (Cy), pentenyl {Cs), and hexenyi (Cs).

Trap alkynyl: The term "Gy alkynyl” as ysed herein, pertains to an alkyl group having one
or morg carbon-sarbon riple bonds,

Examples of unsaturated alkyny! groups include, but are not limited to, ethynyl (-C=CH) and
2-propyny! (propargyl, -CH,-C=CH).

Caqz cycloalkyl: The term “Cs.q, cycloalkyl” as used herein, pertains to an alkyl group which
i5 also & cyehy grotup: thatis, a monovalent molety obtained by removing a hydrogen atom
froms an aticyclic ring atom of & cyelic hydrosarbon (carbocyclic) compound, which moiety
has from 3 to 7 carbon atoms, inciuding from 3 to 7 ring atoms.



10

15

20

25

30

35

WO 2013/055987 PCT/US2012/059864

45

Exampies of gycloatikyl groups inctude, but are not limited fo, those derived from:
saturated mornocydlic hydracarbon compounds:
cyclopropane {0}, cyclobutane (Cy), cyclopentane (Cs), cyclohexane (Cg), cycloheptane
{C7), methylcyclopropane (Cy4), dimethyicyclopropane (Cs), methyleyclobutane (Cs),
dimethyleyclobutane (Cg), methylcyciopentane (Cg), dimethylcyclopentane (C;) and
methylcycichexane (C7);
unsaturated monocyclic hydrocarbon compounds:
cyclopropene (Cs), cyclobutene (Cy), cyclopentene (Cs), cyclohexene (Cg),
methylcyclopropene (C4), dimethyleyclopropene (Cs), methylcyciobutene (Cs),
dimethyicyclobutene {Ce), methylcyclopentene (Cs), dimethylcyclopentene (C;) and
methylcyclohexene (Cr); and
saturated polycydciic hydrocarbon compounds:
norcarane (C;), norpinane (Cy), norbornane {C;).

Caap heterocyclyl: The term "Capg heterocyclyl” as used herein, pertains to a monovalent
moiety obtained by removing a hydrogen atom from a ring atom of a heterocyclic compound,
which moigty has from 3 10 20 ring atoms, of which from 1 to 10 are ring heteroatoms.
Preferably, each ring has from 3 {0 7 ring atoms, of which from 1 to 4 are ring heteroatoms.

in this context, the prefixes (e.g. Csun, Car, Css, efc.) denote the number of ring atoms, or
range of number of ning atoms., whether carbon atoms or heteroatoms. For example, the
tarm "Cygheterooyaiyl”, &8 used herein, pertains to a heterocyclyl group having 5 or 8 ring
atoms.

Exampies of monocyslic haterocyclyt groups include, but are not imited (o, those derived
from:

Ny ariidine (Cy), azstidine (G4}, pysrolidine (tetrahydropyrrole) (Gq), pyrrofine {e.q.,
3-pyrroline, 2,5-dihydropyrrole) (Cs), 2H-pyrrole or 3H-pyrrole (isopyrrole, isoazole) (Cs),
piperidine (Cg), dihydropyridine (Cg), tetrahydropyridine (Cs), azepine (Cy);

O¢: oxirane (C,), oxetane {C,), oxolane (tetrahydrofuran) (Cs), oxole (dihydrofuran) (Cs),
oxane {tetrahydropyran) (Cg), dihydropyran (Cg}, pyran (Cg), oxepin (C;);

S,y: thifrane (C;), thietane (Cy), thiclane (tetrahydrothiophene) (Cs), thiane
{tetrahydrothiopyan) {Cg). thiepane {Cy);

O dioxolane {Cy), dioxane {Cq), and dioxepane (Cr);

Oy trioxane (Cs)
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N, imidazolidine (Cs), pyrazolidine (diazolidine) (Cs), imidazoline (Cs), pyrazoline
{dihydropyrazole) (Cq). piperazine (Cg);

N, O, tetrahydreoxazele {Gs), dihydrooxazole {Cs), tetrahydroisoxazole (Cs),
dihydroisoxazote {Cg), morpholine (C), tetralyydrooxazine (Cs), dihydrooxazine (Cq), oxazine
(Ce): b

N1S84: thiazofine (Cs), thiazolidine (Cs), thiomorpholine (Cg);

N2O+: oxadiazine (Cs);

0,8, oxathiole {Cs) and oxathiane (thioxane) (Cs); and,

N10484; oxathiazine (Cg).

Examples of substituted monocyclic heterocyclyd groups intlude those dersived from
saccharides, in cyclic form, for example, furanoses (Cs), such as arabinofuranase,
lyxofuranose, ribofuranose, and xylofuranse, and pyranoses {Cg), such as allopyranoss,
altropyranose, giucopyranose, mannopyranose, gulopyranose, idopyranose,
galactopyranose, and talopyranose.

Crop aryl The term “Cso ary”, 88 uged herain, partains to 2 monovalent moiety obtained by
removing a hydrogen atom from an aromatic ring atom of an aromatic compound, which
moiety has from 3 1o 20 ring atoms. Preferably, sach ring has from 5 to 7 ring atoms.

fn this context, the prefixes (8.g. Cs.a, Csy, Csus, efC.} denote the number of ring atoms, or
range of number of ring atoms, whether carbon atoms or heteroatoms. For example, the
oy "Cap aryl” a8 used hevein, partains 1o an aryl group having 5 or 8 ring atoms.

The ring atoms may be all carbon atoms, as in “carboaryl groups”.

Examplies of carboarnyt groups include, but are not imited 1o, those derived from benzene
{L.e. phenyl} (Cg), naphthaiens (Cy), azulene (Cw), antbracane (C), phenanthrene (01,
naphthacene {C), and pyrene (G}

Exampies of aryl groups which comprise fused rings, at least one of which is an aromatic
ring, include, bu are not limited to, groups derived from indane (e.g. 2,3-dihydro-1H-indens)
{Cq), indane {Cy), isoindens {Cy), tetraline (1,2 3 d-tetrahydronaphthalens {Cy),
acenaphthene (C,), flucrene (Qyy), phenalene (G}, acephenanthrene (Cy), and
aceanthrene (Cqg).
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Alternatively, the ring atoms may include one or more heteroatoms, as in “heteroaryl
groups”. Exampies of monocyalic hateroary groups include, but are not limited to, those
derived from;

Ny pyrrole (azole) (Gs), pyridine (azine) (Ce);

Oy furan (oxole} (Cs);

S, thiophene (thiole) (Cs);

N;O4: oxazole (Cs), isoxazole (Cs), isoxazine (Cg);

N,O,: oxadiazole (furazan) (Cs);

N3Oy oxatriazole (Cs);

NSy thiazole (Cs), isothiazole {Cs);

Ny imidazote {1 S-diazode) (Cg), pyrazole (1,2-diazole) (Cs), pyridazine (1,2-diazine) (Cq),
pyrimidine (1,3-dazine) {Gs) {8.9., oytosing, thymine, uracil), pyrazine (1,4-diazine) (Ce);
Ny triazole (Cq), iriazing (Cs); and,

Ny tetrazole {Cs).

Exampies of hetersaryl which comprise fused rings, include, but are not limited to:

Cq (with 2 fused rings) derived from benzofuran (Oy), isobenzofuran (O4), indole (N4},
isoindole (N4}, indolizine (N4}, indoline (N}, iscindoline {Ny), purine (N, (e.g., adenine,
guanine), benzimidazole (N,), indazole (Ny}, benzoxazole (N;0,), benzisoxazole (N1O),
benzodioxole (Oy), benzofurazan (N,O4), benzotriazole (Ns), benzothiofuran (8,),
benzothiazole (NS4}, benzothiadiazole {N,S};

Ce{with 2 fuset] rings) derived from chromens {(O,), isochromens {O4), chroman {O,),
sochroman (O4), benzodioxan {Oy), quinociing (N}, isoguinoling (N,), quinofizing (N,
benzoxazine (N,O,), benzodiazine (Ny), pyridopyriding (Ny), quinoxatine (Ny), quinszofine
{N2}), cinnoline {Ny), phthalazine (N,), naphthyridine (Ny), pteridine (N,);

Gy fwith 2 fused rings) derived from benzodiazepine (Ny),;

Oy {with 3 fused dngs) derived from carbazole (Ny), dibenzotfuran (Q4), dibenzothiophene
{84}, carboling (N}, perimidine {Ny), pyridoindole (Ng); and,

G {with 3 fused rings) derived Fom acridine (N4), xanthene (O4), thioxanthene (S4),
oxanttwens (Oq), phenoxathiin {$,84), phanazine (N,), phenoxazine (N,0,), phenothiazine
{N15,}, thianthrene {5y), phenanthridine {N,), phenanthroline (N,), phenazine (Ny).

The above groups, whether alone or part of another substituent, may themselves optionally
be substiiuted with one or more groups selected from themselves and the additional
substituents jisted below.
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Halo: -F, -Cl, -Br, and -l
Hydroxy: -OH.

Ether -OR, wherein R s an ether substifuent, for sxample, a C.yalkyl group {also referred
i 85 a Cy.r alkoxy group, discussed below), a Cap heterooyciyl group (alse referred to as a
Ca.go heterocyciyioxy group), of a Cags@hyd group (also referred to as a Cspp atyloxy group),
preferably & Coatkyl groun.

Alkoxy: -OR, wherein R is an alky! group, for example, a Cq.7 alkyl group. Examples of C
alkoxy groups include, but are not fimited to, -OMe (methoxy), -OEt (ethoxy), -O(nPr} (n-
propoxy), (RN {sopropoxy), -C{nBu} (n-butoxy), -O(sBu) {sec-butoxy), -O(iBu)
{isohbutoxy), and -Q{Bu} fert-buloxy),

Acetat -CHIOR HORY, wherein R' and R are independently acetal substituents, for
sxample, a G atkyl group, & Caggheterocyalyl group, or a Cqgp aryl group, preferably a Gy
alikyl group, or. in the case of & "oyclic” geetal group, R and R, taken togsther with the two
oxygen atoms o which they are altached, and the carbon atoms (o which they are sHfached,
form 2 heterocyclic ring having from 4 {0 8 ring atoms. Examples of acetal groups include,
but are nat imited to, -CH{OMe),, -CH{OEL),, and -CH{OMe)(OEt).

Hemiacetal; -CHIOMYORY, wherein R' is a hemiacetal substituent, for example, a Cy.; alky!
graun, & Coqheterocyivi group, or & Caag anyd groug, preferably & Cry alkyt group.
Examples of hamiacatal groups include, but are not fimited to, -CH{OHYOMe) and -
CH{OH)OEt).

Ketal: -CR{ORYORY, whers R' and R are as defined for acetals, and R is a ketal
substituent other than hydrogen, for example, a Cyr alky! group, a Cagp heterocyclyl group, or
a Cuap 2ty group, preforably a Gy alkyl group. Examples ketal groups include, but are nod
fhrited to, -CMe)OMek, -C{Ma)X OB, -C{Mel{OMe}OEY), -C{EH{OMe), -CEIOEL,, and
-C{EI}OMe)(OEY).

Hemiketal: -CR(OHYOR"), where R' is as defined for hemiacetals, and R is & hemiketal
substituent other than hydrogen, for exampie, a8 Gy alkyl graup, a Gy helerocyelyt group, of
a Oxou Ryt groug, preferably & G alkyl group. Examples of hemiacetal groups inctude, but



10

15

20

25

30

38

WO 2013/055987 PCT/US2012/059864

49

are not limited to, -C(Me)(OH)(OMe), -C(EtY(OH)(OMe), -C(Me)(OH)OEL), and
-C(E(CH)(OEY).

Oxo (keto, -one). =0.

Thione (thioketone): =S.

imino (imine): =NR, wherein R is an imino substitusnt, for example, hydrogen, Ty alkyl
groug, a Cypheterocychyl group, or a Cspe atyl group, preferably wdrogen or a Cy; atkyd
group. Examples of ester groups include, but are not limited to, =NH, =NMe, =NEt, and
=NPh.

Formyl (carbaldehyde, carboxaldehyde): -C{=0iH.

Acyl {kelo); -G(=UIR, wherein R is an acyl substituent, for example, a .. alky! group {also
referred fo as Coy alkylacyl or Gy alkanoyl), 8 Caap heterocyoly! group (also referred to as
Capn heterocyalyiacyt), or a Cagearyl group (also relerrad o 88 Usqe arvianyd), preferably a
Gy alkyt group. Examples of acyl groups include, but are not limifed to, -C{=Q1CH; (acetyl},
-C{=0)CHCHs (propionyt), -C{=0)C{CH;k (i-butyryl), amd -C(=0)Ph {benzoyi, phenone).
Carboxy (carboxylic acid). -C(=0)OH.

Thiocarboxy {thiocarboxylic acid); -C(=S)SH.

Thiolocarboxy (thiolocarboxylic acid): -C(=O)SH.

Thionocarboxy (thionocarboxylic acid): -C{=3)CH.

Imidic acid: -C(=NH)OH.

Hydroxamic acid: ~-C(=NOH)OH.

Ester (carboxylate, carboxylic acid ester, oxycarbonyl): -C(=O)OR, wherein R is an ester
substitusnt, for examiple, a Gy, atkyl group, a Cyge heterocyehyt group, 01 8 Caga 8yl group,

preferably a Ty alkyl group. Examples of ester groups include, bul are not imited to,
L{=0)0OTH,, -C{=0)0CHCHy, ~Gi=0)0C{CHa), and -C(=0)Y0Ph.
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Acyioxy (raverse ester) -QC{=OR, wharein R is an acyloxy substituent, for exampls, 2 Ciy
alid group, & Caap Beterocyclyt group, or & Cogmaryl group, preferably a Cuy alkyt group.
Examples of acyioxy groups inchude, bul are not Bmitad fo, ~OC(=0)CH, {scetoxy),
-OC(=0)CH,CHs, -OC(=0)C(CHas)s, -OC(=0)Ph, and -OC{=0)CH,Ph.

Oxycarboytoxy. -QC{=QJOR, wherein R is an ester substituent, for exampie, a C; alkyl
group, a Gy haterooyelyl groug, or & Cuge 2yt group, preferably a Gy alkyd group,
Examples of ester groups include, but are not imited to, -OCEOI0CH;, -QCE=0YOCHCH,,
-OC(=0)YOC({CH;s)s, and -OC(=0)OPh.

Arnino: -NR'RY, wherein R* and R are independently aning substitusnis, for example,
hydrngen, & Guo alkyl group (also referred 10 as Cur aikylamine or di-Cy- alkdaming), & Cax
heatarosyehyl group. or a Cege sty group, preferably B or a G, atkvl group, or, in the case of 8
“eyelic” amine group, R' and RE, taken togather with the nirogen atom to which they are
attached, form & heterocyclic ring having from 4 to 8 ring atoms. Amino groups may be
primary (-NH,), secondary {-NHR", or tertiary (-NHR'RY. and in cationic form, may be
quaternary (-'"NRIR'RY). Exampies of amino groups include, but are not fimited to, -NH,,
~NHCH;, -NHC{CHa),, -N{CHs)p, -R{CH,CHa)e, and -NHPh. Examples of cyciic amino groups
include, but are not limited to, aziridino, azetiding, pyrrolidino, piperidino, piperazino,
morpholino, and thiomorpholino.

Amido (carbamoyl, carbamyl, aminocarbonyl, carboxamide): -C(=0INR'R?, wherein R' and
R? are independently amino substituents, as defined for aming groups. Examples of amido
groups include, but are not limited to, -C{(=O)}NH,, ~-C(=O)NHCH;, -C(=O)N(CHs),,
L{=ONRCHCHg, and -C=OCHCH: ), as well as amido groups in which R and R,
together with the nitrogen atom o which gy are altached, form a haterocydlic structure a8
in, for axample, piperidinocarbonyl, morpholinocarbonyt, thiomorpholinocarbonyl, and
piperazinocarbonyl.

Thioamido (thiocarbamyl): -C(=S)NR'R?, wherein R' and R? are independently amino
substiiuents, as defined for amino groups, Examples of amide groups include, but are not
tirnited o, -Cl=8NH;, -C{=SINMHUMH,, -C=8IN{CH;),, and ~C{=S5)NHCH,CH;.

Acylamido {acylamine): -NR'C=D)R®, wherein R' is an amide substituent, for exampie,
hydragen, 2 Gy athyl group, a Cags heterocyolyl groug, or 8 Cage 8y group, praferably
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hydrogen or 8 Cor alkyl group, and R is an acy! substituent, for example, a C1.; alkyl group,
a Ty heterocyaivi group, or a Cxaaryl group, preferably hydrogen or a Gy alikyl group.
Exarnples of acylamide groups include, but are not limited to, -NHC(=0CH, |
SNHC(=0)CH.CH,, and -NHC(=01Ph. R and R may together form a cyclic structure, as in,
for example, succinimidyl, maleimidyl, and phthalimidyt:

|
o= MN__o
R U
7 =Ur

succinimidy! maleimidy! phihalimidyl

Aniinccarbonyioxy: -OCEMNR'R®, whereirnn R' and R® are independently amino
substiiuents, as defined for amino groups, Examples of aminocarbonyloxy groups include,
but are not limited 1o, -OC(=0)NH,, -OC(=0)NHMe, -OC(=0)NMe,, and -OC(=O)NEt,.

Ureida: -N(RMHCONR'R® wherein R? and R® are independently amino substituents, as
defined for amino groups, and R' is a ursido substituent, Yor exampia, hydrogen, a C,.r aligd
group, 8 Cu.y heterocycivt group, of a Caag aryl group, preferably hydrogen or & Gy alky!
group. Examples of ureido groups include, but are not limited to, -NHCONH,, -NHCONHMe,
-NHCONHEL, -NHCONMe,, -NHCONEt,, -NMeCONH,, -NMeCONHMe, -NMeCONHETY, -
NMeCONMe,, and -NMeCONEt,,

Guanidino: -NH-C{=NH)NH;.
Tetrazolyl: a five membered aromatic ring having four nitrogen atoms and one carbon atom,

oy

S h
\Y
N

imino: =NR, wharein R is an imino substituent, for example, for example, hydrogen, a C5
gyl group, a Caap heterooyciyl group, or a Capparyl group, preferably H or a Cyzalkyt group.
Examples of imino groups include, but are not limited fo, =NH, =NMe, and =NEt.

Amidine (amidino) ~C{=NRINR,, wherain each R is an amidine substituent, for example,
hydrogen, 8 G alkyl group. 3 e heterocyclyl group, or a Csgp aryl group, preferably H or
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a Cq7alkyl group. Examples of amiding groups include, but are not limited to, ~C{(=NH)NH,,
-C(=NH)NMe,, and -C{=NMe)NMe,.

Nitro: -NOG..

Nitroso: -NO.

Azido: -Ns.

Cyano (nitrile, carbonitrile). -CN.

isocyano: -NC.

Cyanato: -OCN.

Isocyanato: -NCO.

Thiocyano (thiocyanato): -SCN.

isothiocyano (isothiocyanato): -NCS,

Sulfhydryl (thiol, mercapto): -SH.

Thioether (sulfide): -SR, wherein R is a thioether substituent, for example, a C+.7alkyl group
{also referred o 85 @ Gralkyithio group). a Caaoheterocyciyt group, or a Csoparyl group,
wreferably 2 Coyalkyl group. Examples of C-alkylthio groups include, but are not limited fo,
*Schi ang ‘3CHQC§"§3.

Digulfide. -8S-R, wherain R is a disulfite substituent, for examgple, 8 G alky! group, 8 Cam
heterooyolyl group. or a Cagoatyl group, preferably a O alkyt group (also referred 1o hersin
as C.ralkyl disuffide). Examples of i alkyl disulfide groups include, but are not limited to,
-SSCH; and -SSCH,CHa.

Sulfine {sulfiny, sulfoxide): -S(=OIR, wharsin R is a sulfine substituent, for example, a G

afky! group, a Caug heterooyelyi group, or & Cspelryl group, prefarably a C..y alkyl group.
Exampltes of suline groups include, but are not limitad {o, -8{=01CH; and -B{=0ICH,OHu.
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Sulfone (suford): -S(=Q):R, wherein R is & sulfone substituent, for example, a C oy alky!
group. a Cags heterocytlyl group, or a Caas aty group, preferably a C.; alkyt group, including,
for example, a fluorinated or perfiuorinated C4 alkyl group. Examples of suifone groups
inclute, but are not imitad o, -S{(=03,CH; {meathanesulfonyl, mesyl), -S(=0).CF; (trifiy}),
~S{=0RCH,CH;, {eayl), -S{=00TF, {nonafiyl}, -S(=0),CHCF; (tresyl), -S(=0),CH,CH,NH,
ftauryt), -5{=0)Ph {phenyisulfonyl, besyl), 4-methyiphenyisulfonyt (tosyl),
d-chicrophenyisuffony! (clasyvl), 4-bromophenyisulfonyl (brosyl), 4-nitrophenyl (nosyt),
2-naphthalenesutfonate (napsyl), and S-dimethylamino-naphthalen-1-yisuifonate (dansyi).

Sulfinic acid (sulfino): -S(=0)OH, -SO,H.
Sulfonic acid (suifo): -8(=0),0H, -SO;H.

Sulfinate (sulfinic acid estar}, S{=0YXOK; wherein R is & sulfinate substifyent, for example, a
Gy alkyt group, & Cy e heterooyolyl group, or 8 Ceapary! group, preferably a Oy atkyl group.
Examples of sulfinate groups include, but are not limited to, -S(=0)OCH; (methoxysulfinyt;
methyl sulfinate) and -S(=0)00H,CH;, {sthoxysulfinyl; ethyl sulfinate).

Sulfonate {sulfonic aold ester). -8(=050R, wherein R is a sulfonate substituent, for example,
] Gz alky! group, & Caap heterocydlyl group, or & Cage aryl group, preferably a C.p alkyd
group. Examples of sulfonate groups include, but are not limited to, -S{=0),0CH;
{methoxysulfonyt; methy! sulfonate) and -5(=0),0CH,CH; (ethoxysulfony!; ethyl sulfonate).

Sulfinyloxy: -OS(=0)R, wherein R is a sulfinyloxy substituent, for example, a Cy; atky! group,
a Cap heterooyaiyl group, or & Casaryl group, preferably & G alkyl group. Examples of
sidfinyioxy groups inghide, but gre not fimited o, ~OS{(=0)CH; and -O8{=0DICHCH..

Sulfonyloxy: -O8{(=0pRR, wherel R is 8 sulfonyloxy substituen, for example, & Co alky]
Group, & Cag heterooytiyl group. or 8 Caue atyl group, preferably a8 Oq.p alkyt group.
Examples of sulfonyloxy groups include, but are not limited 1o, ~-OS(=ULCH; {mesylate) and
-OS(=0),CH,CH; (esylate).

Sulfate; -OS{=0D),0R; wherein R is a sulfate substituent, for example, a T, alkyl group. a
Ca.gp haterooyctyl group. or @ Caaparyl group, preferably & Ty atkyl group, Examples of
suifate groups include, but are not limited to, -O8(=0),00H,, and -SO{(=0;,OCH,CH,.
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Sulfamy! (sulfamoyl; sulfinic acid amide; sulfinamide): ~S{(=0INR'R®, wherein R' and R” are
independently amino substituents, as defined for amino groups. Examples of sulfamyl
groups include, but are not limited to, -S{=0)NMy, -S{(=OINH{CH4}, ~S{=CIN{CH: ),
-S(=0)NH(CH,CH3), -S(=0)N{CH,CH,),, and -S{=0)NHPh.

Sulfonamido (sulfinamoyl; sulfonic acid amide; sufonamide): ~8(=0)NR'R?, wharein R' and
R? are independently amino substituents, as defined for amino groups. Examples of
sulfonamido groups include, but are not limited 1o, -S(=0)NH,, -S{=0ENH{CH.).
-S(=0RLN(CHa)z, -S(EORLNH(CHCH;), -S(=ORLN(CHCHa), and -S(=0),NHPh.

Sulfaming: -NR'S{=03%0H, wherein R' is an amino substituent, as defined for amino groups.
Exampiss of sulfamine groups incitde, but are not limited to, -NHS(=0),0H and
-N{CH)S(=0),0H.

Sulfornamino: -NR'S(=0),R, wherein R is an amino substituent, as defined for amino
groups, and R is a sulfonamino substituent, for example, & Gy alkyl group, & Cax
heterocyclyt group, or a Csop aryl group, preferably a Gy alkyl group. Examples of
sulfonamino groups include, but are not limited 1o, -NHS(=0),CH; and -N(CH3)S{(=01,CsHs.

Sulfinamino: -NR'S(=0)R, wherein R’ is an amino substituent, as defined for amino groups,
and R is a sulfinaming substitusy, for example, g Gy alkyl group, a Caae heterocychyl groun,
or & Gugo aryt group, preferably & Coy glkyl growp. Examples of sulfinamino groups includs,
but are not limited to, -NHS3{=OJCH; and -N{CH;)S(=0)CeMs.

Phosphino {phosphine). “PR,, wherein R is & phosphing substituent, for example, -H, a Gy
alkyl group, 8 Cay heterooyclt group, or @ Gsaparyl group, preferably -H, & Cy.r alky group,
or & Cppp gyl group, Examples of phosphino groups include, but are not imdted 1o, -FH,,
-P(CHa)a, -P(CHaCHa), -P(t-Bu)e, and -P(Ph),.

Phospho: -P(=0),.

Phosphinyl (phosphine oxide): -P(=0)R;, wherein R is a phosphiny! substituent, for example,

& Gy alkyl group, g Cygpheterocyelyl group, of a Cag aryt group, preferably a Gy atkyl

group Or & Caparyl group. BExamples of phosphinyt groups include, Bt are not limited {o,
P{=ORCHy), -PEQYCHCHy), -P(=0)Buy, and -P(=0){Phj;.
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Phosphonic acid {phosphono}: -P(=0){OH),.

Phosphonate (phosphono ester). -P{(=0)(OR),, where R is a phosphonate substituent, for
example, M, 8 G alkyl group, & Caagheterocyclyl group, or a Cs.yp aryl group, preferably -H,
a Gy alky! group, or a g aryt group. Examples of phosphonate groups inciude, but are
not limited to, -P{(=0)}OCHa),, -P(=O)OCHLCHs)s, -P(=O)O-t-Bu),, and -P(=0){OPh),.

Phosphotic acid (phosphonooxy). -OP(=0){OH}),.

Phosphate (phosphonooxy sster) -OPOHOR),, where R is s phosphate substituent, for
exampte, -M, & i alkyl group. 8 Cageheterocyciyt group, or a Ceop avy group, preferably -H,
g Copalkyl group, or & Cagearyl group. Examples of phosphate groups include, but are not
fimited to, -OP(=0)}{OCHs),, -OP(=0){OCH,CH3),, -OP(=O)(O-t-Bu),. and -OP{=0}{OPh)..

Phosphorous acid: -OP(OH)..

Phosphite: -OP(OR),, where R is a phosphite substituent, for example, -H, a C,; alkyl group,
a Caa heterocyelyl group, or a Ceaqearyl group, preferably ~H, a G, alkyl group, or g Ce aryl
group. Exampies of phasphite groups include, but are not fimited fo, ~OP{QCH;),,
SCP{OCHCHay, -OR(O-1-Bu), and -OF{OPh),.

Phospharamidite: -OP{OR-NRS,, where R' and R? are phosphoramidite substituents, for
axampie, -H, 2 {optionally substituted) C.; alkyl group, 2 Cq. heterocyely group, ot a Caag
aryl group, preferably -H, a Cyyalkyl group, or a Cs.0 aryl group. Examples of
phosphoramidite groups inciude, but arg nat limited to, -OP{OCH,CH3)-N(CHa3),,
~OPQCHCH MNP, and <OPOCHZGH CN)-N(i-Pr),.

Phosphoramidate: <OP(=OYOR' R, where R’ and R® are phosphoramidate substituents,
for example, -H. a {optionally substituted) Gy alkyl group. & Cuag heterccyolyl group, or 8
Cr.an aryt group, preferably -H, a Cy.yalicyt group, or @ Cspparyl group. Examples of
phosphoramidate groups include, but are not imited to, ~-OP(=0)(OCH,CH3)-N(CHs)z,
~OP(=OHOCHCH, NP, and ~OP{=0)OCH,CHCN)-N(I-Pr),.
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Alkylene

Gy slkylene: The tarm *Cyq alkviene®, a5 used herein, pertaing 1o g hideniate modety
obtained by removing two hydrogen atoms, sither both from the same carbon alom, ar one
from sgch of two diffarent carpon atoms, of a hvdrocarbon compound having frem 3012
carbon atoms {(unless otherwise specified), which may be atiphatic or alinyclic, and which
may be saturated, partially unsaturated, or fully unsaturated. Thus, the term “alkviens”
includes the sub-classes atkenylene, alkynylane, cycioalkylene, etc., discussed below.

Examples of inear saturated Cqpalkyiene groups include, but are not limited to, -(CHa)q-
where n is an integer from 3 {0 12, for example, -CH,CH,CHo- (propyiens),
-CH,CHLCHLCH,- (butylene), -CH,CH,CH,CHLCH,- {pentylene) and -CH,CH,CH,CH-
2CH-CHoCHo- (Reptylene).

Examples of branched saturated Cs 4 alkylens groups include, but are not limited to,
SCH{CRRICH-, ~CH{CHICHCHy-, -CHICHCHCHCHy-, ~-CHCH(CH3)CH,-,
SOHCH{CH CHCH, ~CH{CHCH ), ~OH{CH,CH3)CH,-, and -CH,CH(CH,CH3)CHo-,

Examples of finear partially unsaturated C;.1; alkylene groups (C;.4p alkenylene, and
atkynylene groups) include, but are not limited to, -CH=CH-CH,-, ~CHp-CH=CHy-,
~CH=CH-CHy-CHy-, ~CH=CH-CH,-CH,-CHy-, ~-CH=CH-CH=CH-, -CH=CH-CH=CH-CH,-, -
CH=CH-CH=CH-CH.>-CHy-, -CH=CH-CH,-CH=CH-, -CH=CH-CH,-CH,-CH=CH-, and -CH,-
C=C-CHy-.

Examples of branched partially unsaturated Cq 4, alkylene groups (Cs 4 alkenylene and
alkynylene groups) include, but are not limited to, -C(CH3)=CH-, -C{CH,)=CH-CHy-,
SCH=CH-CH{CH:)- and ~-CaC-OH{CH)-.

Examples of alicyohic saturated Caag alkylene groups (Ca.qp cyclioalkylenes) include, but are
not limited to, cyclopentylene (e.g. cyclopent-1,3-ylene), and cyclohexylene
{e.g. cyclohex-1,4-ylene).

Examples of alicyclic partially unsaturated Cs 4, alkylene groups {Cj.4, cycloalkylenes)
include, but are not limited to, cyclopentenylene (e.g. 4-cyclopenten-1,3-yiene),
cyclohexenylene (e.g. 2-cyclohexen-1,4-ylene; 3-cyclohexen-1,2-ylene; 2 5-cyclohexadien-
1,4-ylene).
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inciudes Other Forms

Unisss othenwise specified, included in the above are the well knowi ionie, salf, solvate, and
protacied forms of thase substifuents. For example, a reference fo carboxylic acid LCOGOH)
also includas the anionic (carboxylate) form ((COT), a saft or solvate thereof, as well as
conventionat protected forms. Similarly, a reference to an amino group includes the
protonated form (-N"HR'R?), a salt or solvate of the amino group, for example, a
hydrochioride salt, as well as conventional protected forms of an amino group. Similarly, a
reference to a hydroxyl group also includes the anionic form (-07), a sait or solvate thereof,
as well as conventional protected forms.

Salts

it may be convanient or desirabile fo prepare, purify, and/or handle a corresponding salt of
the active compound, far example, & pharmageutically-acceptable salt. Examples of
pharmaceutically accepiable salis are discussed in Berge, et al., J. Pharm. Sci., 66, 1-18
{1977).

For exampile, if the compound s anionic, or has a functional group which may be anionic
{e.g. -COOH may be -COOQO’), then a salt may be formed with & suitable cation. Examples of
suitable inorganic cations includs, bt are not imited to, alkali metal ions such as Na© and
K, alkafine earth cations such as Ca*” and Mg?, and other cations such as Al*>. Examples
of suitable organic cations include, but are not limited to, ammonium ion (i.e. NH.") and
substiuted ammoniurn ions (8.9, NH.R®, NHRY , NHRS, NR), Examples of some suitable
substituted ammonium jons are those derived fromn ethylaming, disthylaming,
dicyciohaxylaming, tristhylamineg, butylaniine, efhwienediaming, sthanolamine,
diethanolamine, piperazine, benzylamine, phenylbenzylamine, choline, meglumine, and
romathaming, as wall as aming acids, such as lysine and arginine. An exampie of a
commaen guatemary ammanium on is N{CHa)

if the compound is cationic, or has g functional group which may be cationic (e.g. N may
be -NH;"), then a salt may be formed with a suitable amion. Examples of suitable inorgarnic
anlons inctude, but gre not limited 1o, those decived from the following inorganic acids:
hydrochioric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, phosphoric, and
phosphorous.

Examples of suitable organic anions includs, but are not limited to, those derived from the
following organic acids: Z-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
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camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthaiene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxatic,
paimitic, pamoic, pantothenic, phenylacetic, phenylsuifonic, propionic, pyruvic, salicylic,
stearic, succinic, sulfanilic, tartaric, toluenesulfonic, triffuoroacetic acid and valeric,
Exampies of suitable polymeric organic anions include, but are not limited to, those derived
from the oliowing polymeric acids: tannic agit. carboxymethyl cellulose.

Solvates

It may be convenient or desirable to prepare, purify, and/or handle a corresponding solvate
of the active compound. The term “solvate” is used herein in the conventional sense to refer
1o & complex of sulute (&.4. active compound, salt of active compound) and solvent. if the
sofvent is water, the solvate may be conveniently referred to as a hydrate, for example, a
mono-yydrate, a di-hydrate, 3 ibhydrats, ste.

The invention includes compounds whare a solvent adds across the imine bond of the PBD
motety, which is illustrated belew where the solvent is water or an alcohol (R*OH, where R*
iz Sy &Kyl

{ A
i
Ry N h R IRARN A 0 oy N“'iﬁag
J ! f A D RO y }1 M
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SN N VI TN 3 EIRNp YRR
TN TN N N LY § ety NIUESS N 3 prins A NUSLN SN
RO TN ! L TN PO TN
R o ® o R" O

These forms can be called the carbinclamine and carbinolamine ether forms of the PBD (as
described in the section relating to R above). The balance of these equilibria depend on
the conditions in which the compounds are found, as well as the nature of the moiety itself.

These particular compounds may be isolated in sofid form, for example, by lyophilisation.

Bsomers

Cenain compounds of the invention may exist in one or more particular geometric, optical,
enantiomeric, diasteriomeric, epimeric, atropic, sterecisomeric, tautomeric, conformational,
or anomeric forms, including but not limited {o, cis- and trans-forms; E- and Z-forms; ¢-, i-,
and r- forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and |-forms;
{(+) and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinai- and
anticlinal-forms; a- and B-forms; axial and equatorial forms; boat-, chair-, twist-, envelope-,
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and halfchair-forms; and combinations thereof, hereinafter collectively referred {0 as

“isomers” (or "isomeric forms”).

The term “chiral” refers to molecules which have the property of non-superimposabitity of the
mirror image partner, while the term "achiral” refers to molecules which are superimposable
on their mirror image pariner.

The term “stereoisomers” refers to compounds which have identical chemical constitution,
but differ with regard to the arrangement of the atoms or groups in space.

“Diastereomer” refers {0 a sterecisomer with two or move centers of chirality and whose
molecules are not mirror images of one another. Diastereomers hiave different physical
properiies, e.g. melting points, boiling points, speciral properties, and reactivities. Mixtures
of diastereomers may separate under high resolution analytical procedures such as
electrophoresis and chromatography.

“Enantiomers” refer to two sterecisomers of a compound which are non-superimposable
mitrror images of one another.

Stereochemical definiions and conventions used haredn generally follow 5. P, Parker, B4,
MeGraw-Hill Dictionary of Chemipg! Terms (1964) McGraw-Hill Book Company, New York;
and Elied, E. and Witen, $.. "Stereochemisiry of Organic Compounds”, John Wiley & Sons,
inc., Mew York, 1884, The compounds of the invention may contain asymmetric or chiral
centers, and therefore exist in differsnt sterecisomeric forms. 1t is intendad that all
sterecisomeric forms of the compounds of the invention, inctuding but not limited to,
diasterepmers, enantiomers and stropisomers, as well as mixiures thereof such as racemic
mixiures, form part of the present invention. Many organic compounds exist in optically
active forms, La, they have the ability to rotate the plane of plane-polarized light. In
describing an optically active compound, the prefixes D and L, or Rand S, are used to
denote the absoiute configuration of the molecuie about its chiral center(s). The prefixes d
and tor (+) and (-) are employed to designate the sign of rotation of plane-polarized light by
the compound, with () or | meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dexirorotatory. For a given chemical structure, these sterecisomers
are idenical except thal they are mirror inages of one another. A specific stereoisomer may
aiso be referred {0 as an enantiomer, and & mixture of such isomers is often called an
snantiomeric mixture, A 50:50 mixture of anantiomers is referred to as a racemic mixture or
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a racemate, which may occur where there has been no siereoselection or stereospecificity in
a chemical reaction or process. The terms "racemic mixture” and “racemate” refer {o an

equimolar mixture of two enantiomeric species, devoid of optical activity.

Note that, except as discussed below for tautomeric forms, specifically excluded from the
term “isomers”, as used herein, are structural (or constitutionat} isomers (i.e. isomers which
differ in the connections between atoms rather than merely by the position of afoms in
space). For example, a reference to a methoxy group, ~OCH;, is not {o be construad as a
reference 1o its structural isomer, a hydroxymethy! group, -CH,OH. Similarly, a reference o
artho-chioropheryt is notto be consirued as & reference to its structural isomer, meta-
chitrophenyl. However, & referance 1o a class of structures may well include structurally
isomarnc forms falling within that class {2.9. C.yalkyl includes n-propyl and iso-propyi; butyl
ncludes 11, iso-, s8¢, and tert-bubyl;, methaxyphenyl includes ortho-, meta-, and para-
methoxyphenyll

The above exclusion does not pertain to tautomeric forms, for example, keto-, encl-, and
enolate-forms, as in, for example, the following tautomeric pairs: keto/enol (illustrated
below), imine/enamineg, amide/imino alcoho!, amidine/amidine, nitroso/oxime,
thioketonefenathiol, N-nitroso/hyroxyazo, and nitro/aci-nitro.

*? -‘}Q \ /OH HQ‘ \ Ow
—C—C == c=C — c=¢’
i N 7 AN H* Ve .
keto enof enolate

The term "lautomer” or “tauvtomeric formy” refers to structural isomers of different energies
which are interconvertible via a fow energy basrier. For example, proton tautomers {(also
known as profotropic tautomers) include interconversions via migration of a proton, such as
keto-enol and imine-enamine isomerizations. Valence tautomers include interconversions
by reorganization of some of the bonding electrons.

Note that specifically included in the term “isomer” are compounds with ong or more isolopic
substitutions. For example, B may be in any isotopic form, including ™, “H (D), and M (T}
C may be in any isotopic form, including C, VC, and “C; O may be in any isotopic form,
including *°0 and "°0; and the like.
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Examples of isotopes that can be incorporated into compounds of the invention include
isotopes of hydrogan, carbon, nitrogan, axygen, phosphorous, fluorine, and chiorine, such
as. but not fimited o M (dewterium, D), “H (ritium), P BC, BC, BN, BE, Vi, ¥p Mg gy

and %

{. Various isolopically labeled compounds of the present invention, for example thoss
into which radioactive isotopes such as 3H, 13C, and 14C are incorporated. Such
isotopically labelied compounds may be useful in metabolic studies, reaction kinetic studies,
detection ot imaging techniques, such as posifron emission tomography (PET) or single-
photon emission computed tomagraphy (SPECT) including drug or substrate tissue
distribution assays, or in radioaciive reatment of patients. Deuterium jabelled or substituted
therapeutic compounds of the invention may have knproved DMPK drug metabolism and
pharmacokinatics) properties, relating io distribution, metabolism, and excretion (ADME).
Substitution with heavier isciopes such as deuterium may afford certain therapsutic
advantages resulling from greater melabolic siability, for example ingreased in vive halt-life
or reduced dosage requirements, An 18F iabeled compound may be useful for PET or
SRECT studies, isotopically [abeled compounds of this invention and prodrugs thereof can
genaaily ha prepared by carrving out the procedures disclosed in the schemes or in the
examtes and preparations described helow by substituling a readily avaliable isotopicaliy
labeled reagant for s non-isotopioally labsted reagent. Further, substitudion with heavier
sotopes, particularty deuterium (le., 2H or D) may afford certain therapeutic advantages
resulting from greater metabolic siability, for example increased in vivo half-life or reduced
dosage requirerents of &n improvement in therapeutic index. It is understood that deuterium
in this context is regarded as a substituent. The concentration of such a heavier isotope,
specifically deuterium, may bs defined by an isotopic enrichment factor. In the compounds of
thig invention any atom not specifically desighated as a particular isotope is meant to
represent any stable isotope of that atom.

tinless otherwise gpacified, a reference 1o a particular compound includes all such isomeric
forms, nchiding (wholly or partially} recemic and other mixiures thereof. Methods for the
preparation (e.g. asymmetfric synthesis) and separation (e.g. fractional crystallisation and
chromatographic means) of such isomeric forms are either known in the art or are readily
obtained by adapting the methods taught herein, or known methods, in a known manner.

Biological Activity

in vitro cell profiferation assays

Generally, the cytotoxic or cytestatic activity of an anfibody-drug conjugate (ADC) is
measurad by sxposing mammalian cells having receptor proteins, e.g. HERZ, {u the
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antibody of the ADC in & cell culture medium, culturing the cells for a period from about 6
hours 1o about 5 days,; and measuring cell viability. Celi-based /n vitro assays are used to
msasure viahifity {proliferation), cviotoxicity. and induction of apoptosis (caspase activation)
of an ADC of the invention.

The in vitro potency of anfibody-drug conjugates can be measured by a cell proliferation
assay. The DeliTiter-Glo® Luminescent Cell Viability Assay is a commercially available
{Promega Corp., Madison, Wi}, homogeneocus gssay method based on the recombinant
axpression of Colegplers luciferase (US Patent Nos, 5583024, 5874713 ang 5700670). This
cell proliferation assay determines the number of viable cells in culture based on quantitation
of the ATP present, an indicator of metabolically active cells {Crouch ef gf (1883) J. Immunol.
Heth. 180:81-88; US B602677). The CeliTiter-Slo™ Assay is conducted in 96 walf format,
making i amenable 0 sutomated Mgh-throughput soreening (MTS8) (Cree of &/ (1885)
AnfiCancer Drugs 8:388-404), The homogenseous assay procedure involves adding the
single reagent (CaliTiter-Glo™ Reagenty directly to cells cultured in serum-supplemented
medium. Cell washing, removal of redium and multiple pipetting steps are not required. The
system detects as few as 15 cellsiwelt in a 384-well format in 10 minutes giter adding
reagent and mixing. The cells may he treated continuously with ADC, or they may be
reated and separaied from ADC. Generally, cells treated briefly, i.e. 3 hours, showed the
same potency effects as continuously treated celis.

The homogeneous “add-mix-measure” format resuits i cell lysis and generation of &
luminescent signal proportional to the amount of ATP presant. The amount of ATP is directly
proportional to the number of cells present in culfure. The CaliTiter-Glo™ Assay generates 3
“glow-type” fuminescent signal, produced by the luciferase reaction, which has a half-life
generally greater than five hours, depending on cell type and meadium used, Vialie cells are
reflected in relative luminescence units (RLU). The substrate, Bestie Luciferin, is oxidatively
decarboxylated by recombinant firefly luciferase with concomitant conversion of ATP o AMP
and generation of photons.

in vivo efficacy
The in vivo efficacy of antibody-drug conjugates (ADC) of the invention can be measured by

umor xenogra®t studies in mice. For exampie, the in vivo efficacy of an anti-HER2 ADC of
the invention can be measured by a high expressing HER2 gansgenic explant mouse model.
An allograft is propagated from the Fob mmiv ransgenic mouse which doas nof respond fo,
or responds poorly to, HERCEPTING therapy. Subjects were ireated once with ADC at
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certain dose levels (mg/kg) and PBD drug exposure (ug/m?); and placebo buffer control
{Vehicle) and monitored over two weeks or more to measure the time to tumor doubling, log
cell kill, and tumor shrinkage.

Use
The conjugates of the invention may be used to provide a PBD compound at a target

location.

The target location is preferably a proliferative cell population. The antibody is an antibody
for an antigen present in a proliferative cell population.

in one embodiment the antigen is absent or present at a reduced level in a non-profiferative
cell population compared {o the amount of antigen present in the proliferative cell population,
for example a tumour cell population.

At the target ocation the linker may be cdeaved s0 as to release a compound of formulae B
or C Thus, the conjugate may be used 1o seleclively provide a compound of formulae B or C
to the target location.

The linker may be cleaved by an enzyme present at the target location.
The target location may e i wilro, i1 vivo or ex vivo.

The antibody-drug conjugate {ADC) compounds of the invention inciude those with utifity for
anticancer activity. In particular, the compounds include an antibody conjugated, i.e.
covalently atiached by & linker, 1o a PRD drug moisty, L. loxin, When the drug is not
conjugated o an antibody, the PBL) drug has a cylotoxic effect. The bivlogical activity of the
FRO drug moisty is thus modulated by corjugation to an antibody. The antibody-drug
conjugates (ADC) of the ivention selectively deliver an effective dose of a oytofoxic agent to
wmor ssue whereby greater selectivily, Le. g lower efficacious dose, may be achisved,

Thus, in one aspect, the present invention provides a conjugate compound as described
herein for use in therapy.

in a further aspect there is also provides a conjugate compound as described herein for use
in the treatment of a profiferative disease. A second aspect of the present invention provides
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the use of a conjugate compound in the manufacture of a medicament for treating a
profiferative disease.

One of ordinary skill in the art is readily able 10 determine whether or not a candidate
conjugate treats & proliferative condition for any particular cell type. For example, assays
which may conveniently be used 10 assess the activity offered by a particular compound are
described in the exampies below.

The term “proliferative disease” pertains to an unwanted or unconirolied ceilular proliferation
of excessive or abnormal cells which is undesired, such as, neocplastic or hyperplastic
growth, whether in vitro of io vivo,

Examples of profiferative conditions include, but are not limited to, benign, pre-malignant,
and malignant celfular oroliferation, including but not imited fo, neoplasms and tumours {(e.g.
histocytoma, ghoma, astrocyoma, osteoma), cancers (e.g. lung cancer, small cell lung
cancer, gastrointestinal cancer, bowel cancer, cofon cancer, breast carinoma, ovarian
carcinoma, prostate cancer, testicular cancer, liver cancer, kidney cancer, bladder cancer,
pancreas cancer, brain cancer, sarcoma, osteosarcoma, Kaposi's sarcoma, melanoma),
leukemias, psoriasis, bone diseases, fibroproliferative disorders (e.g. of connective tissues),
and atherosclerosis. Cancers of particular interest include, but are not limited to, leukemias
and ovarian cancers.

Any type of call may be treated, including bt not limited to, lung, gastrointestinal (including,
e.. bowel, colon), breast (mammary}, ovarian, prostate, liver (hepatic), kidney ({renal),
bladder, pancreas, brain, and skin.

in one embodiment, the treatment is of a pancreatic cancer.
in one embodiment, the treatrent is of a tumour having a,Bs integrin on the surface of the
cell,

It is contemplated that the antibody-drug conjugates (ADC) of the present invention may be
used to treat various diseases or disorders, e.g. characterized by the overexpression of a
wmor antigen. Exemplary conditions or hyperproliferative disorders include benign or
malignant tumors; leukamia, hasmaiological, and lymphoid malignancies. Others include
neuronal, glial, astrocyial, hypothalamic, glandular, macrophagal, epithelial, stromal,
blastocoslic, inflammatory, angiogenic and immunologic, including autoimmune, disorders.
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Generally, the disease or disorder {0 be treated i$ a hyperproliferative disgase such as
cancer. Examples of cancer to be treated herein include, but are not lirfted 1o, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid matignancies. More particular
examples of such cancers include squamous cell cancer (e.g. epithelial squamous cell
cancer), lung cancer including smali-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung and squamous carcinoma of the tung, cancer of the peritonsum,
hepatocellular cancer, gastric or stomach cancer incfuding gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancey, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial
or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well
as head and neck cancer.

Autoimmune diseases for which the ADC compounds may be used in treaiment include
theumaiologic disorders {such as, for example, rheumatoid arthritis, Sjogren’s syndrome,
scleroderma, lupus such as SLE and lupus nephritis, polymyositis/dermatomyositis,
cryoglobulinemia, anti-phospholipid antibody syndrome, and psoriatic arthritis), osteoarthritis,
auioimmune gasirointestinal and liver disorders (such as, for example, inflammatory bowel
diseases (e.g. uvicerative colitis and Crohin's disease), autoimmune gastritis and pernicious
anemia, autcimmune hepalilis, pricnary billary cirrhosis, primary sclerosing cholangitis, and
celiar dissase), vasculitis {such as, for suamptle, ANCA-associated vasculitis, including
Churg-Sirauss vasculitis, Wegener's granulomatosis, and polyarteriitis}), autoimmune
neurciogical disarders (such as, for sstampie, multiple sclerosis, opsocionus myoclonus
syndrome, myasthenia gravis, neuromyelitis optica, Parkinson’s disease, Alzheimer’s
disease, and autoimmune polyneuropathies), renal disorders (such as, for example,
glomerulonephritis, Goodpasture’s syndrome, and Berger’s disease), autoimmune
dermatologic disorders (such as, for example, psoriasis, uriicaria, hives, pemphigus vuigaris,
bullous pemphigoid, and cutaneous tupus erythematosus), hematologic disorders (such as,
for example, thrombocyiopenic purpura, thrombotic thrombocytopenic purpura, post-
transfusion purpura, and autcimmune hemolytic anemia), atherosclerosis, uveitis,
autoimmune hearing diseases (such as, for example, inner ear disease and hearing 10s38),
Behcet's disease, Raynaud's syndrome, organ transplant, and auteimmune endocrine
disordsrs (such as, for example, disbaticwalated autoimmune diseases such as insulin-
dependent diabstes mellitus {DDM), Addison's disease, and autoimmune thyroid disease
{e.g. Graves' disease and thyroiditis}). More preferred such diseases include, for example,
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rheumatoid arthritis, ulcerative colitis, ANCA-associated vasculitis, lupus, multiple sclerosis,
Sidgren's syndrome, Gravey’ disease, IDDM, pericious anemia, thyroiditis, and
glomeruionephritis,

Methods of Trestment

The conjugates of the present invention may be used in a method of therapy. Also provided
is a method of treatment, comprising administering to & subject in need of reatment a
therapeutically-effective amount of a conjugate compound of the invention, The term
“therapeutically effective amount” is an amount sufficient {o show benefit to & patiert, Such
benefit may be at least amelioration of at least one symptom. The actual amount
administered, and rate and time-course of administration, will depend on the nature and
severity of what i3 being treated. Prescriplian of treatment, e g. decisions on dosage, is
within the responsibility of generst pracitfioners and other medical doctors.

A compound of the invention may be administered alone or in combination with other
reatments, either simultaneousty or sequentially dependent upon the condition to be treated.
Examples of treatiments and therapies include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g. drugs, such as chemotherapeutics); surgery;,
and radiation therapy.

A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer,
regardiess of mechanistm of gotion. Classes of chemotherapeutic agents include, but are not
hmited 1 alkylating agents, antimetaboliles, spindle poison plant alkaloids,
cytotoxic/anttumer antibiolics, topolsomerase inhibitors, antibodies, photosensitizers, and
kinase inhibitors. Chemotherapeutic agents include compounds used in “targeted therapy”
and conventional chemotherapy.

Examples of chemotherapeutic agents include: erfotinib (TARCEVA®, Genentech/OS)
Pharm. s, docstaxel (TAXGTERE®, Sanofi-Aventis), 5-FU (fluorouracil, 5-fluorouracit, CAS
Ng, 51-21-8}, gemcitsbine (GEMZAR®, Lilly}, PD-0325901 (CAS No. 381210-10-8, Pfizer),
cisplatin {cis-diamine, dichioroplatinuny(ity, CAS Na. 16863-27-1), carboplatin {CAS No.
41575-84-4), paciitaxsl (TAXOLD, Bristol-Myers Squibb Oncolagy, Princeton, N4},
rasiuzumab (HERCEPTING, Genentech), temozolomide {d-methyl-5-ox0- 2,.3,4,6.8-
pentazabicycin [4.3.0] nona-2,7 8-triene- B-catboxamide, CAS No. 85622-93-1,
TEMODARS®, TEMODALD, Schering Plough). tamoxifen ((£»-2-{4-(1,2-diphenylbut-1-
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enyhphenoxyl-N, N-dimethylethanamine, NOLVADEX®, ISTUBAL®, VALODEX®), and
doxorubicin (ADRIAMYCIN®], Akli-1/2, HPPD, and rapamysin.

More examplas of chemotherapsutic agents includs: oxaliplatin (ELOXATING, Sanofi),
bortezomib VELCADE®, Millennium Pharm.), sutent (SUNITINIR®, SU1T1248, Plizer),
fetrozote (FEMARAE, Novartis), imatinib mesviate (GLEEVECE, Novartis), XL-518 (Mek
inhibitor, Exelixls, WO 2007/044515}, ARRY-838 (Mek inhibitor, AZDE244, Arcay BioPharma,
Astra Zeneca), SF-1126 {(PI3K inhibitor, Semafore Phasmaceuticals), BEZ235 (PI13K
inhibitor, Novariis), XL~147 {P13K inhibitor, Exelixis), PTK787/ZK 222584 (Novartis),
fulvestrant (FASLODEX®, AstraZenacal, leucovosin {folinic ackd), rapamycin (siolimus,
RAPAMUNER, Wyeth), lapatinib (TYKERR®, GSK5720186, Glaxo Smith Kling), lonafarmib
(SARASAR™ BCH 88336, Schering Plough), sorafenid (INEXAVARS, BAY43-8008, Bayer
Labg). gefitinih (IRCSSAR, AstraZenacs), innatecan {CAMPTCSAR®, GPT-14, Plizen,
tipifamil (ZARNESTRA™  Johnson & Johnson). ABRAXANE™ {Cremophorfree), albumin-
engipeered nanoparticle formulations of paclitaxsel (Amernican Pharmaceutical Pariners,
Schaumberg, I, vandetanib (rINN, 208474, ZACTIMA®, AstraZeneca;, chioranmbuci,
AG1AT78, AGTETY (SU 8271, Sugen), temsirolimus (TORISELE, Wyeth), pazopanid
{GlaxoSmithiling), canfosfamide (TELCYTA®, Telik), thiotepa and cyclosphosphamide
{CYTOXAN®, NEOSAR®Y), atkyl sulfonates such as busulfan, improsulfan and piposulfan;
aziridines such as benzodopa, carboguone, meiuredopa, and uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine, triethylenephosphoramide,
friethylenethiophosphoramide and trimethylomelamine; acetogenins {especially bullatacin
and puliatacinonel a camptothech (including the synthetic analog topotecan); bryostating
caliystatin, CC-1085 {Including its adozelesin, carzelesin and bizelesin synthetic analogs),
cryptophycins (particularly cryptophiycin 1 and cryptophycin 8); dolastatin; duocarmycin
{including the synthetic analogs, KW-2188 and CB1-TM1); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chliorambucil, chlornaphazine,
chiorophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochioride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosoureas such as carmustine, chiorozototin, folemusting, lomustine, nimustine,
and ranimnusting; antibiotics such as the enediyne antibictics (s.g. calicheamicin,
calicheamicin gammal, calicheamicin omegall (Angew Chem. intl. Ed. Engl {1894)
33:183-1868); dynemicin, dynemticin A; bisphosphonates, such as clodronate; an
gsperamicl; as well as neocarzinostatin chromophore and related chromoprotein enediyne
antibiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserineg, bieomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 8-diazo-5-oxo-L-norleucine, morpholino-doxorubicin,
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cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin,
esorubicin, idarubicin, nemorubicin, marceliomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogatamycin, olivomycins, peplomycin, porfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and 5-fluorouraci (5-FU); folic acid analogs
such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancifabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as calusterone, dromostanoione propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane,
fritostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecoicine; diaziquone; elfornithine; elliptinium acetate; an epothilone;
etonlucid; gallium nitrate; hydroxyurea: lenfinan; lonidainine; maytansinoids such as
maylansine and ansamitocing; mitpguazene; mitoxantrone; mopidanmol; nitraerine;
paniostating phenamet; pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazing; PBKE polysaccharide complex (JHS Natural Products, Eugene, ORY);
razoxane; rhizoxin sizofiran; spirogenmanium, tenuazonic acid; triaziquone; 2,2°,2"-
ichiorotrisinylamine, trichathecsnes (especially T-2 toxin, verracurin A, roridin A and
anguidine), urethan; vindesine, dacarbazine: mannomustine; mitobronilol; mitolactol;
pipobroman; gacytosine; arabineside {“Ara-C"}; cyclophosphamide; thiotepa; 8-thioguanine;
miercaptopufine; methotrexate; platirum analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP-16), ffosfamide; mitoxantrone; vincristine; vinoretbine
{NAVELBINE®), novantrone; eniposide; edatrexate; daunomycin; aminopterin; capecitabine
(XELODA®, Roche); ihandronate; CFT-11; fopoisomerase inhibitor RFS 2000;
giffusromethylomithing (DMFPCGY retinoids such as retinoic acid; and pharmaceutically
gocaptable salis, adds and derivatives of any of the above.

Afso included in the definition of "chemotherapeutic agent” are: (i) anti-hormonal agents that
act o reguiate or inhibit hormone action on tumors such as anti-estrogens and selective
estrogen recepior modutators (SERMs), including, for example, tamaoxifen (including
NOLVADEX®, tamoxifen citrate), raloxifene, droloxifene, 4-hydroxytamonifen, frioxifene,
keoxifens, LY 117018, onapristone, and FARESTON® {toremitine citrate}; (i) aromatase
intibitors that inhibit the enzyme arormatase, which regulates estrogen production in the
adrenal glands, such as, for example, H{8)imidazoles, aminoglutethimide, MEGASE®
{megesirol goetate], AROMASING (exemestans; Pfizer), formesianie, fadrozole, RIVISOR®
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{vorozole), FEMARA® (letrozole; Novartis), and ARIMIDEX® (anastrozole; AstraZeneca);
{iity ant-androgens such as futamide, nilutamide, bicalutamide, leupralide, and goseraiin; as
well as troxacitabing {a 1,3-tioxolane nucleoside cytosing anatog): (v} protein kinase
inhibitors such as MEK inhibitors (WO 2007/044518); (v) lipid kinase inbiibitors: (W) antisensse
oligonucleotides, particularly those which inhiblt expression of genes in signaling pathways
implicated in aberrant cell proliferation, for example, PKC-alpha, Raf and H-Ras, such as
oblimersen (GENASENSE®, Genta Ino.); (i) nbozymes such as VEGF expression
inhibitors {e.g., ANGIOZYME®) and HERZ expression inhibifors: (vili} vaccines such as gane
therapy vaccines, for example, ALLOVECTING, LEUVECTING, and VAXID®;, PROLEUKING
riL-2; topoisomerase 1 inhibitors such as LURTOTECAN®; ABARELIX® rmRH; (ix) anti-
angiogenic agents such as bevacizumab (AVASTIN®, Gengntech), and pharmaceutically
acceptaiis salts, acids and terivatives of any of the above.

Also included in the definition of “chemotherapeatic agent” are therapeutic antibodies such
as alemiuzumab (Campath), bevackzumal (AVASTING, Genentech); caluximab
(ERBITUX®, Imclone); panitumumab (VECTIBIX®, Amgen). rituximab {(RITUXANS,
Genentech/Biogen ldec), periuzumab (OMRITARG™  2C4, Genentsch), frastuzamab
{HERCEPTIN®. Genentechy), tositumomab (Bexxer, Corixia), and the antibody drug
conjugate, gemtuzumab czogamicin (MYLOTARGE, Wyeth),

Humanized monoclonal anlibodies with therapeutic potential as chemotherapeutic agents in
combination with the conjugates of the invention include: alemtuzumab, apolizumab,
aselizumab, atlizumab, bapineuzumab, bevacizumab, bivatuzumab meriansine, cantuzumab
mertansine, cedelizumab, certolizumab pegol, cidfusituzumab, cidtuzumab, daclizumab,
eculizumab, efalizumab, epratuzumab, erlizumab, felvizumab, forntolizumab, gemtuzumab
ozogamicin, inotuzumab ozogamicin, ipilimumab, labetuzumab, lintuzumab, matuzumab,
mepolizumab, motavizumab, motovizumab, natalizumab, nimotuzumab, nolovizumab,
numavizumab, ocrelizumab, omalizumab, palivizumab, pascolizumab, pecfusituzumab,
pectuzumab, pertuzumab, pexelizumab, ralivizumab, ranibizumab, reslivizumab, reslizumab,
rasyvizumab, rovelizumab, ruplizumab, sibrotuzumab, siplizumab, soniuzumab,
tacatuzumab tetraxetan, tadocizumab, talizumab, tefibazumab, tocilizumab, toratizumab,
frastuzumab, tucotuzumab celmoleukin, tucusituzumab, umavizumab, urtoxazumab, and
visilizumab.

Pharmacsutical cormpositions agconding 6 the present invention, and for use in accordance
with the prasent invention, may comprise, in addition to the active ingredient, i.e. a conjugate
compound, & pharmaceutivally acceplable excipient, carrier, buffer, stabiliser or other
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materials well known to those skilled in the art. Such materials should be non-toxic and
shouid not interfere with the efficacy of the active ingredient. The precise nature of the
carrier or other material will depend on the route of administration, which may be oral, or by
injection, e.g. cutaneous, subcutaneous, or intravenous,

Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or
fguid form. A tablet may comprise a solid carrier or an adjuvant. Liquid pharmaceutical
compositions ganerally comprise & {iquid carrier such as water, petroleum, animal or
vegetable oiis, mineral ol or synthetic oil. Physiological saline solution, dextrose or other
saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene
glycol may be included. A capsule may comprise a solid carrier such a gelatin.

For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the
active ingredient witl be in the form of a parenterally acceptable agueous solufion which is
pyrogen-free and has suitable pH, isotonicily and stabllity. Those of refevant skill in the art
are well abie to prepare sultable solulions using, for exampie, isotonic vehicles such as
Sodium Chioride {njection, Ringer's injection, Lactated Ringer's Injection. Preservatives,
stabilisers, buffers, antioxidants and/or other additives may be included, as required.,

Formulations
While it is possible for the conjugate compound to be used (e.g., administered) alone, it is
often preferable to present it as a composition or formulation.

in one embodiment, the composition is a pharmaceutical composition {(e.g., formulation,
preparation, medicament) comprising a conjugate compound, as described herein, and a
pharmaceutically acceptable carrier, diluent, or excipient.

in one embodiment, the composition is a pharmaceutical composition comprising at least
one conjugate compound, as described herein, fogether with one or more other
pharmaceutically accepiable ingredients well known to those skilied in the art, including, but
not imited 0. pharmaceutically acceptable carriers, diluents, excipients, adjuvants, fillers,
buffers, preservatives, anth-oxidants, lubricants, stabilisers, solubilisers, surfactants {e.g.,
wetling agents), masking agents, colouring agents, flavouring agents, and sweetening
agents.
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in one embodiment, the composition further comprises other active agents, for example,

other therapeutic or prophylactic agenis.

Suitable carriers, diluents, excipients, etc. can be found in standard pharmaceutical texis.
See, for example, Handbook of Pharmaceutical Additives, 2nd Edition {eds. 4. Ash and |,

Ash), 2001 (Synapse Information Resources, Ing., Endicott, New York, UBA)}, Reminglon's
Pharmaceutical Sciences, 20th edition, pub. Lippincolt, Williams & Wiikins, 2000; and

Handbook of Pharmaceutical Excipients, 2nd edition, 1594.

Another aspect of the present invention pertains to methods of making a pharmaceutical
composition comprising admixing at least one {"'Clradisiabelied conjugate or conjugate-ike
compound, as defined herein, together with ong or mors other pharmaceutioslly acceplable
ingredients well known to those skilled in the art, e.g.. carriars, diluants, excipients, eic. if
formulsted as discrate unite (e.g.. tablels, ot.), each unit contains a predetermined amount
{dosage) of the active compound.

The term “pharmaceutically acceptable,” as used herein, pertains {o compounds,
ingredients, materials, compositions, dosage forms, etc., which are, within the scope of
sound medical judgment, suifable for use in contact with the tissues of the subject in
guesiion (e.9., human) without excassive texiciy, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefitfrisk ratio. Each carrier,
dituent, excipient, eic. must also be “acceptable” in the sense of being compatible with the
other ingredients of the formulation.

The formulations may be prepared by any methods well known in the art of pharmacy. Such
methods include the step of bringing into association the active compound with a cartier
which constitutes one or more accessory ingredients. In general, the formulations are
prepared by uniformly and infimately bringing into association the active compound with
carriers (e.g., liquid carriers, finely divided sofid carrier, etc.), and then shaping the product, if
necessaty.

The formulation may be prepared fo provide for rapid or slow release; immediate, delayed,

timed, or sustained release; or a combination thereof,

Formulations suitable for perenteral administration (e.g., by injection), include aqueous or
Tor-aguecus, isotonic, pyrogen-free, sierile liquids (e.¢., solutions, suspensions), in which
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the active ingredient is dissolved, suspended, or otherwise provided (e.q., in a liposome or
other microparticulate). Such liguids may addiional contain other pharmateutically
govepiable ingredisnis, such as ant-oxidants, bulfers, preservatives, stabilisers,
bacteriostats, suspending agents, thickening agents, and solutes which render the
formutation isotonic with the blood (or other relevant bodily fluid) of the intended recipient.
Examples of excipients include, for example, water, alcohols, polyols, giycerol, vegetable
oils, and the like. Examples of suitable isotonic carriers for uae in such formudations include
Sodium Chiorda injection, Ringer's Solution, or Lactated Ringer's Injection. Typically, the
concentration of the active ingredient i the Hguid s from about 1 ngimi 1o about 10 ugir,
for example from about 10 ng/mt to about 1 pg/mi. The formulations may be presented in
unit-dose or multi-dose sealed containers, for example, ampoules and vials, and may be
stored in a freeze-dried (lyophilised) candition raquiting ordy the addition of the steriie fouid
carrier, for example water for injections, immediately prior to use, Extemporansous injechion
solutions and suspensions may be prepared from sterile powders, granules, and tablets.

Dosage

it will be appreciated by one of skill in the art that appropriate dosages of the conjugate
compound, and compositions comprising the conjugate compound, can vary from patient to
patient. Determining the optimal dosage will generally involve the balancing of the level of
therapeutic benefit against any risk or deleterious side effects. The selected dosage level
will depend on a variety of faciors inchuding, but not limited to, the activity of the particular
compound, the route of administration, the time of administration, the rate of excretion of the
compound, the duration of the treatment, other drugs, compounds, and/or materials used in
combination, the severity of the condition, and the species, sex, age, weight, condition,
general health. and prior medical history of the patienf. The amount of compound and route
of administration will ultimately be at the discretion of the physician, veterinarian, or clinician,
although generally the dosage will be selected {0 achieve local concentrations at the site of
action which achieve the desired effect without causing substantial harmful or deleterious
side-effects.

Administration can be effected in one dose, continuously or intermittently (e.q., in divided
doses at appropriate intervals) throughout the course of treatrnent. Methods of determining
the most effective means and dosage of administration are well known 1o those of skill in the
art and will vary with the formulation used for therapy, the purpose of the therapy, the target
call{s) being treated, and the subject being treated. Single or multiple administrations can be
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carried out with the dose level and pattern being selected by the treating physician,
veterinarian, or clinician.

In general, a suitable dose of the active compound is in the range of about 100 ng to about
25 mg {more typlcally about 1 pg to abowt 10 mg) per kilogram body weight of the subject
per day. Where the aciive compound s a salt, an ester, an amide, a prodrug, or the Hike, the
amount administered is calcuiated on the basis of the parent compound and so the actual
weight {o be used is increased proportionately.

in one embodiment, the active compound is administered to a human patient according to
the following dosage regime: about 100 mg, 3 times daily.

in one embodiment, the aclive compound is administered to a human patient according to
the foltowing dosage regime: about 180 myg, 2 times daily.

In one embodiment, the active compound is administered to a human patient according to
the following dosage regime: about 200 mg, 2 times daily.

However in one embodiment, the conjugate compound is administered to a human patient
according to the following dosage regime: about 50 or about 75 mg, 3 or 4 times daily.

In one embodiment, the conjugate compound is atministered {0 & human patient acording
to the following dosage regime: about 100 or about 125 mg, 2 times daily.

The dosage amounts described above may apply to the conjugate (including the PBD moiety
and the linker to the antibody) or to the effective amount of PBD compound provided, for
example the amount of compound that is releasable after cleavage of the linker.

For the prevention or treatment of disease, the appropriate dosage of an ADC of the
invention will depend on the type of disease to be treated, as defined above, the severity
and course of the disease, whether the molecule is administered for preventive or
therapeutic purposes, previous therapy, the patient's clinical history and response to the
antibody, and the discretion of the attending physician. The molecule is suitably
administered to the patient at one time or over a series of treatments. Depending on the type
and saverity of the disease, about 1 ngfkg to 16 mgika (e.g. ©.1-20 mokkg) of molscule i an
inftial candidate dosage for administration to the patient, whether, for exampie, by one or
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more separate administrations, or by continuous infusion. A typical daily dosage might range
from abowt 1 ugky 1o 100 mg/kg or irore. depending on the factors mentioned above. An
exemplary dosages of ADC fo be administerad o a patient is in the range of about 0.1 to
about 10 mgfkg of patient weight. For repeated administrations over several days or fonger,
depending on the condifion, the treatment is sustained until a desired suppression of disease
symploms oceurs. An exemplary dosing regimen comprises a course of administering an
initiat ioading dose of about 4 mo/ky, followed by additional doses avery week, two waeaks, or
hree weeks of an ADC. Other dosage regimens may be useld. The progress of thig
therapy I8 easily monitorad by conventional techniques and assays.

Treatpent

The term “treatment,” as used herein in the context of treating a condition, pertains generally
to treatment and therapy, whether of 2 human or an animal (e.g., in veterinary applications),
i which some desired therapeutic effect is achieved, for example, the inhibition of the
prograss of the condition, and includes a reduction in the rate of progress, a halt in the rate
of progress, regression of the condition, amelioration of the condition, and cure of the
condition. Treatment as a prophylactic measure (i.e., prophylaxis, prevention) is also
included.

The term "therapeutically-effective amount,” as used herein, pertains to that amount of an
active compound, or a material, composition or dosage from comprising an active
compound, which is effective for producing some desired therapeutic effect, commensurate
with a reasonabie benefitrisk rafio, when administered in accordance with a desired
weatment regimen,

Similarly, the term “prophytactically-effective amount,” as used herein, pertains to that
amount of an active compound, or & material, composition or dosage from comprising an
active compound, which is effective for producing some desired prophylactic effect,
commensurate with a reasonable benefit/risk ratic, when administered in accordance with a
desired treatment regimen.

Preparation of Antibody drug conjugates

Antibody drug conjugates may he prepared by several routes, employing organic chemistry
reqotions, condifions, and reagents known 1o these skillad in the art, including: (1) reaction of
& nugleophiiic group of an antibody with a bivalent linker reagent, o form antibody-linker
intermediate Ab-L, via a covalent bond, followed by reaction with an activated drug moiety
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reagent ; and (2} reaction of a drug moiety reagent with a linker reagent, to form drug-linker
reagent DL, via @ covalent bond, followed by reaction with the nucleophilic of an antibody.

Corjugation methods (1) and (2} may be employed with a variety of antibodies, and linkers
to prepare fite antibody-drug conjugates of the invention.

Nucleophilic groups on antibodies include, but are not limited fo side chain thiof groups, e.g.
cysteine. Thiol groups are nucleophilic and capable of reacting 10 forn: covalent bonds with
electrophilic groups on linker moieties such as thoss of the present invention. Cerlain
antibodies have reducible interchain disulfides, i.e. cysteine bridges. Antbodies may be
made reactive for conjugation with linker reagents by treatment with a reducing agent such
as DTT {Cleland's reagent, dithicthreitoly or TCEP (kis{2-carboxyethyliphosphing
hydrochioride: Getz ot &l ('1889) Anal. Riochem. Vol 273:73-80; Soilec Venturas, Baverly,
MA}. Each cysteine disuifide bridge will thus form, theoretically, two reactive thiol
nucleophiles. Additional nuclsophitic groups can be introduced into antibodies through the
reaction of lysines with 2-iminothiolane (Traut’s reagent) resulting in conversion of an amine
o a thiof,

The Subject/Patient

The subjectipatiant may be an animal, mammal, a placental mammal, a marsupial

{e.g., kangaroo, wombat), & monotreme {e.g., duckbilled platypus), a rodent (e.g., a guinea
pig. & hamster, a rat, a mouse), murine {8.g., 8 mouse), a lagomorph (e.g., a rabbit), avian
{&.g., & bird), canine {e.g., a dog). feline (e.g.. a cat), equine (e.g., a horse), porcine {(e.g., a
ig). ovine {&.¢., & sheep), boving {&8.4., & cow), a primate, simian (e.g., @ monkey or ape), a
monkey (e.g.. marmoset, baboon), an ape (e.q., gorilia, chimpanzee, orangutang, gibbon), or
a human.

Furthermore, the subject/patient may be any of its forms of development, for example, a
foetus. In one preferred embodiment, the subject/patient is a human.

in one embodiment, the patient is a population whers sach patiert has g umour having o.fs
integrin on the surface of the cell.
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Synthesis

One possible synthesis route to a dimer itermediate of formula Vil is shown below:

{it) Syt pratection

l {i} Ester reduction
{i) Nitro reduction

K}

R™ R
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{ (i} Isosyanate-mediated linker addition
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{is Sityl deprotection
i {ify Cyclisation
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Vil
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In the above scheme, R" represents:
¢
=~ )
N \
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A
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in general, unsymmetricatl dimers, with respact to their N10-C11 honds, way be prepared by
treating his-amino compounds of formuia IV with one equivalent of a commarially available
{or readily prepared) chioroformate reagent in order to break the symmetry of the molecules.

10 The remaining free amine can then be functionalised independently {o introduce the linking
group precursor (RY). Further functional group manipulation to close the PBD B-ring,
remove protecting groups affords the target molecule.

Compounds of formula IV are typloally prepared by coupling a suitably functionalised C-ring
16 fragment {1} to an A-ring containing dimer core of formula B, C-ring fragments may be
prepared from Known carbamate protected methyl 4-oxoprolinate builkding blocks,
Olefination under Witlig or Homer-Emmons conditions can be employed to furpish endo- or
exo-unsaturgted atkenas. C.ring and A-ring fragments can be coupled untler standard
conditions in the presence of triethylamine, using acid chicride derivatives of the A-ring
20  fragments to give molecules of formula i,  Symmetry may also be broken at this stage by
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introducing different C-rings. Compounds of type Ilf can be reduced, without affecting endo
or exo C-ring unsaturation, with zinc in acetic or formic acid to afford molecules of formula
IV,

Alternatively, a sultable 4-hydroxy pyrrolidine building block may be coupled o a dimer core
of formula 1. The hydroxy! groups can be oxidized 1o ketones and then converiad to enol
triflates. Suzuki coupling can be used fo introduce the pro C2 substituents (e.g. aryl, atkenyl
etc). The nitro groups can then be reduced to amines, one amineg is protecied leaving the
other free to bear the linker group.

Unsymmetrical carbamates of type Vi can be prepared by freating bis-amines of type IV with
a single equivalent of a commercially available (or readily prepared) chioroformates in the
presence of pyriding or lriethylamine. Chioroformales may be sslected to afford appropriate
carbamate based nitrogen protecting groups Prof") which are orthogonat 1o those used in
the pro-linker group (RY). The R' carbamate may bs infroduced by converting the remaining
amino group 1o an isocyanate and quenching it with the R" alcohol. Alternatively the R
alcohol can be converted to a chloroformate or functional equivalent (fluocroformate,
p-nitrocarbanate, pentafiuorccarbenate or hydroxybenzotriazote carbonate). Finally, the
remaining amino group can be converted {o a reactive p-nitrocarbamate,
pentafiucrocarbamate or hydrowybenzotrinzole carbamate which can be displaced with the
R" alcohot to afford molecules of formula VI,

Molecules of formula VI can be prepared from molecuies of formula VI by removing the silyl
protecting groups, with, for example, aqueous acetic acid. Oxidation with Dess-Martin
periodinane (or alternatively TPAP/NMO, PDC or under Swern conditions) affords the ring
closed product.

Conjugates of formula V may be prepared from molecules of formula Vii by removal of the
carbamate based nitrogen protection group.

in ancther embodiment, a conjugate of formula XVl may be prepared from compound IX as
shown in Scheme 2.
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Compound 1l

The synthesis of compounds of formula (i) is described in the applivants eartier application,
WO 2006/1 11758 and is also deseribed by Gregson et al. {J. Mad. Chem. 2001, 44, 1181-
1174). The preparation of compound (It} as described therein is specifically incorporated by
reference herein.

Reference is also made to the known methods of synthesising PRD dimers, including those
reviewed in Antonow, D. and Thurston, D.E,, Chem. Rev. 2001 111 (4), 2815-2884.

Further relevant disclosure may be found in WO 2010/091150. The intermediate
compounds described in WO 2010/091180 may also be employad in the methods described
above.

For example, the dimer compound (15) showat in paragraph [164] may be used as
sompound (81 in Scheme | above. This, and further adapiations, would be apparent 1o ong
of skill in the art.

Examples
General Experimental Methods

Optical rofstions were measured on an ADP 220 polarimeter (Bellingham Stanley Lid.) and
concentrations {C) are given in ¢g/M100ml. Melting points were measured using a digital
meliing polnt apparatus {Electrothermall. IR spectrs were recorded on g Perkin-Blmer
Spectrum 1000 FT IR Spectrometer. *H and "C NMR specfra were acquired at 300 K using
a Bruker Avance NMR speciromster at 400 ang 100 MHz, respectively. Chamical shifts are
reporied refative 1o TMS (5 = 0.0 ppm), and signals are designated as s (singlet), d (doublet),
t {riptet), di {double triplet}, dd {doublet of doublats), dad (double doubist of doublefs) or m
{multiplet), with coupling constants given in Hertz (Hz). Mass spectroscopy (M3} data were
cottected using & Walers Micromass ZQ instrument coupled 1o 5 Walers 2693 HPLC with a
Waters 2088 PDA. Waters Micromass ZQ paramelers used were: Capiftary (kV), 3.38; Cone
V3, 35 Bxtractor (V), 3.0 Bource temperature {°C), 100, Desolvation Temperature Q).
200; Cone flow rale (L), BO; De-solvation flow rate (L), 250, Highvesolufion mass
specroscopy (HRME) data were recorded on a Watsrs Micromass QTOF Globat in positive
Wemode using metalcoated borosilicate glass tps 1o intoduce the samples into the
nstrument. Thin Laver Chromatography (TLO) was performed on silica gel aluminium plates
{Merck 80, Fuss), and flash chromatography utiised silica gel {Merck 80, 230400 mesh
ASTM). Except for the HOBt (NovaBiocchem) and solid-supported resgents {Argonaut}, all
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other chemicals and solvenis were purchased from Sigma-Aldrich and were used as
supplisd without further purification.  Anhydrous sobvents were preparad by disiflation under
& dry nifrogen atmosphere i ihe presence of an appropriate dryving agent, and were stoved
over 4A molecular sieves or sodium wire. Petroleum ether refers to the fraction boliing at
40-60°C.

General LOMS conditions: The HPLC (Waters Alliance 26898 was run using a mobile
phase of waler (A} formic aclkd 0.1%) and acetonitriie {B) (formis acid 0.1%). Gradient: inifial
composition 5% B over 1.0 min then 5% B to $5% B within 3 min. The composition was held
for 0.5 min at 85% B, and then returned tc 5% B in 0.3 minuies. Total gradient run time
equale 5§ min. Flow rate 3.0 mUimin, 400pL was spiit Wz a zero dead volume tee pisce
which passes into the mass spettrometar. Wavelength detection range: 220 1o 400 nnw.
Function type: diode array (535 scans), Colummy Phenomenex® Onyx Monolithic G158 50 x
4,60 mm

Exampie 1
{a) (S)-2-(methoxycarbonyi)-4-methylenepyrrolidiniuen chicride (3)

oH ~ N
7 o
o e, =
h [E——— o a N [E—— oa"u,
O A N - L/\>:
S O o
g <
! i Q
1 2 3

B (8)-1-fert-huty! 2-methy d-methylenepyrrolidine-1, 2-dicarboxylate {2}

Potassium carbonate (19.92 g, 14 mumol, 3 eq.) was added 1o a stirred sofution of the
carboxylic acid (1) (10.92 g, 48 mmol, 1 eq.) in DMF (270 mL). The resulting white
suspension was stired at room temperature for 30 minutes, at which point iodomethane
(2148 g, 8.5 mL, 187 mmad, 3.18 &q.) was added. The reaction mixture was altowed to stir
at room temperature for 3 days. The DMF was removed by rotary svaporation under
reduced pressure to afford a vellow residue which was partitioned behyveen ethylacetate and
watst, The organic layer was separated and the aguecus phase was extracted with
ethylacetate. The combined organic layers were washed with water, brine and dried over
magnesium sulphate. The ethylacetate was removed by rotary evaporation under reduced
pressure {o give the crude product as a yellow oil. The crude product was purified by flash
chromatography [85% n-hexaneg/16% sthylacetate] to afford the product as a colorless oil.
{Known compaund F Manfré ef al, J. Qrg. Chem. 1882, 57, 2060-2065)
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{1} (8)-2-{mathoxycarbony-$-methylenepyrrolidiniun chioride (3)

A solution of 4 M hydrochloric acid in dioxane (83 mi, 2544 mmol, 4.5 84.) was added o
the Boe protected Cring fragment (2) (1287 g, 55.8 mmotl, 1 &g.) at room tempsralurs.
Effervescence was observed indicating liberation of CO, and removal of the Boc group.

The product precipitated as a white solid and additional dicxane was added o faciitale
stitring. The reacton mixture was alicwed to stir for an howr and then ditited with ether, The
pracipitated product was coliected by vacuurs fliration and washed with additiona ether. Alr
drying affordsd the desired product as a while powder (842 g, 84%] (P Herdwiin ef af,
Canadian Journaf of Chemisiry. 1882, 80, 3803-7)

(b) tert-buty! (5-((5-(5-amino-4-((8)-2-(((tert-butyidimethylsityoxyimethy!)-4-
methylenepyrrolidine-1-carbonyl)-2-methoxyphenoxy)pentyl)oxy)-2-({8)-2-({ (tert-
butykdimethylsivboxyimethvi-4-methvienapyrrolidine-1-carbonyl)-4-
methoxyphenviicarbarmste (8

1! /
o0 Oy 6
g M KO, ¢
Ao }{""?’\f AN e 10«“'\(\ A0 i”k‘g/ @T’_\ R
u : i ; T
N F,X,\:?-'-\}",O#i ”\/N- = \O/' \0 ‘\://Jﬁ}/”\/t
& s} &
3 . 5
3
HO-~ -OH
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/ 1 H i ——re
H} ! t i =
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" Boc
T8SC. . ;a-OTBS THSO-, | ~—QT88
) HQN\i/t.\\\I(O\ NN /0\ T, j/NHEf‘:“\ S~ HN\\' /\/.O\/\ \/\/.OT\(/NH;::__\
Py 1 H b . 1 { i i
22 : . o P S § i 3 o
—«»'N\ A g oo ;_N\# e e Sl . f"\'\":{j\\’}'f = \zﬁi, I;:_,.'\\_v./‘
A @ & &

{11 {8)-{4. 4" (pentane-1, 5-tivibis(oxyibis{S-mathoxy-2-nifro-4, T-phanyiena ) ibis(((S}-2-
{mathoxyrarbonyl-4-methylenspyrrofidio-1-ylirmethanone} (8

A catabylic amount of anhydrous DMF &.56 ml) was added {0 a stived suspension of oxaby
chioride (8.1 ¢, 8.25 mb, 71.7 mymol, 3 eq.} and dimer core 14} {1182 g, 238 mamal, 1 eg.)in
anhydrous DOM (180 mb} &t room tempearature. Vigorous effervescence was observed after
the addifion of DMF and the reaction mixture was alfowed to stir for 18 1 in a round boltom
fask fitted with a caichum chiovide drying tube. The resulting clear solution was evaporated
under reduced pressure and the solid iriturated with ether. The solid product was collected



10

1%

20

25

30

35

WO 2013/055987 PCT/0S2012/059864

82

by vacuum filtration, washed with additional ether and dried in vacuo at 40°C for 1.5 hours.
This solid was then added porfion wise to 8 suspension of the Cwring (33 {8.35 g, 52.8 mmot,
2280 inTEA (12.08 g. 118.8 mmol, & ey.) and dry DOM {110 mb), maintaining the
temperaiure bebween ~40 amd -50°C with the =id of & dry icefacetonitiiie bath. The reaction
mixtwe was allowed 10 stir at -40°C for thour and then allowed to warm o room temperature
at which point LOMS indicated the compilsate consumption of the starting material. The
regction mixturs was diiuted with addiions! DCM and washed sequentially with agueous
hydrochioric acid {1M, 2 x 200 mL). saturated aguscus sodium bicarbonate (2 x 280 mL),
water {250 mL), brine (250 mb}, dried (MgSQ,). DCM was removed by rolary evaporation
under reduced pressure {o afford the product as a yellow foam (13.94 g, 79 %). Analytical
Data: RT .85 mim; MS (ES™) mvzr (relative intensitys 741 (M + 117, 100).

i} (54,4 {pentane-1,5-diyibistoxy) bis{ B-mathoxy-2-nftro-4, {-phenylene ) bis({(§)-2-
(hydraxymeathyl-s-methyienepwrolidin-t-yhmethanone} (8}

solid Ehium borchydrde 0.083 g, 4.3 nwnol, 3 gg.) was added in ong portion {0 a solution of
the esler (§){1.08 g, 142 mmol, 1 eq.} in dry THF (10 mL ) under a nitrogen almosphere at
0°C {ice bath). The reaction mixture was allowed to stir at 0°C for 30 minutes and then
allowed o warm to room temperature at which point precipitation of an orange gum was
observed. The reaction mixture was allowed to stir at room temperature for a further 2 hours
and then cooled in an ice bath and treated with water (20 mL) to give a yellow suspension.
Hydrochioric soid (184} was carefully added {vigorous effervescence!) untif effervescence
ceased. The regction mixture was extracted with ethylaceiate (4 x 80 mb) and the combinad
organic layers ware washed with water (100 miL), brine (100 mil} and dried (MgSQ4).
Ethylacatate was remaoved by rotary evaporation under reducsd pressure 1o yisdd the proguct
as a yellow foam (0.96 g, 99%). The reaction was repeated on a 12.4 g scaie to yieid 11.06
g of product (96%). Analytical Data: RT 3.37 min. MS {E8") m/z (relative infensity) 885 (M
+ HI™, 100}

i} (B)-{{pentane-1 S-diyibis(oxybis(Bmsthoxy-2-nifro-4, {-phenyione ) bis{ (8- 2-({{ter-
butidimethyisilyljoxylmethyi}-4-methylenspyrrolidin-1-yiimetharone) (7}

A sotution of Ms-nifre alcohol (8 (7.94 g, 11.8 mmol, 1 eq), fer-bulyldimethyisiivichioride
{4.54 g, 30,18 mmod, 2.8 8g) and imidazole (4.1 g, 80.3 mmnl, 5.2 eg) in anhydrous DMF
{160 mid.j under an argon atmosphere was stirred at room temperature for 3 hours. The
reaction mixture was diiuted with water {250 ml.) and extrasted with DOM {4 % 100 mL). The
combined extracts were washed with water 200 ml}, ssturated Drine (200 mb}, diled
{MESO,) and avaporated under reducsd pressure. The residug was purified by Rash colummn
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chromatography [50% ethylacetate/50% n-hexane to 100% ethylacetate in 10% increments]
o afford the product as & yaliow foam {(10.0 g, 84%). Analytical Data: RT 4.57 min; MS
{E87) m/z {relative intensity) 813 (M + H]™, 100).

v} {Si-{{pertane-1, 5-divibisioxy) is(Z-amino-B-methoxv-4, 1-phenvlene Ibis{({8)-2-({{tert-
botyldimethylsiiyioxyimethyil-d-methvienepyrrolidin-i-yhmethanone} {8

Formic acki solution (5% viv, 15 mb) was added in one portion 10 & mixiure of zinc powdear
(28.56 g, 0.45 mol, 40 .} and compound {7 {10.3d g, 11.32 mmol, 1 #q.)} in
sthylacetatefethanot (80 mL/150 mb). An axothenn of 12°C was observed. After 15 minutes
the reaction mixture was filtered through celite washing with ethylacetate (excess). The
fitlrate was washed with safuraied sodium bicarbonate (3 x 150 mib ), water {200 mil.),
saturate brine (200 ml}, ddsd (MgSQ,) and evaporated under reduced pressurs. Purification
by flash column chromatography [ethyiacetate] gave the product as 5 white foam {8.09 g,
84%). Analytical Data: RT 4.43 min; M8 (E8) mz (refative intensity 883 (1M + B}, 160

{v} fert-putyl (5-({5-{B-amino-4-({8 }2-{{{fert-butyldimethyisiiyDoxy imethyl-4-
methylenepyrrolidine-1-carbonyl)-2-methoxyphenoxy ypentyljoxy)-2-({8)-2-({(tert-
butyldimethyisilyhoxy)methyl)-4-methylenepyrrolidine-1-carbonyt)-4-
methoxyphenyhcarbamate (8)

A solution of the bis-aniline (8) 8.02 g, 7.1 mmol, 1 eq.} and di-t-butyl-dicarbonate {1.54 g,
7.1 mmol, 1 eq.) in anhydrous THF (50 mb) was heated at reflux for 16 hours. The solvent
was evaparated under reduced pressure and the residue was purified by flash column
shromatography [A0% sthylacetate/B% a-hexane o 50% elhylaceiata/dl™ a-haxans o
100% adhwviacetats 1 1o give the product as a witlte foam (3.22 5, 48%). Analytical Data: RY
4.27 min MS (ES") nv/z (relative intensity) 953 (IM + HI™, 100), MS (ES") m/z (relative
intensity) 851 ({M - H])™, 100).
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(c) (118, 11a8)-2-(pyridin-2-yidisulfanyhethy! 11-hydroxy-7-methoxy-8-{(5-(((8)-7-methoxy-2-
methylene-5-0x0-2, 3.5, T tadetranydro- 1H-pyrolol2, 1-clf 1 4ibenzodiazepit-&-
yioxyipentyhoxy-2-methyplera-5-0x0-2,3, 11, t1a-tetrahydro-1H-pyrrolof2, §-

ofll 4lbenzadiazapine- 1Q(8M}-carboxyfate (14)

‘,\,‘N

i
[ 3\“..-"\,,,.-'::“, -;:4"
TR, t = ? ATRE

\ '\/\/0\/\//\\/ \/\,“\" AT e
‘SQ \, ~o” \ v {/” T\ /[!\ /L“/ = -
If Ef

Cormpound 19 was prepared according o Jones et al, J. Am. Chem. Soc., 2006, 728, 6526-
8527,

(i} tert-butyl (2-{pyridin-2-yidisulfanyliethyl) ((S)-{pentane-1,5-diyibis{oxy))bis(2-({S)-2-({(ter-
butyldimethylsilylioxyimethyl)-4-methylenepyreolidine-1-carbonyl)-4-methoxy-5, 1-
phenveng)lidicarbamate {11}

Trigthylaming (.25 g, .34 mi., 2.42 nwnof, 2.2 eq.) was added to a stirred solution of the
mono-Boc protected bis-antline (8) (1.05 g, 1.1 mmol, 1.0 eq.) and triphosgene (0.117 9, 0.4
mmol, 8.36 e4.} in dry THF (10 mbL) under an argon atmosphere at room temperature, The
regolion mixture was heatad to 40°C and after § miinuies & sample was freated with
methanol and analysed by LOMS as the methyl carbamate. Analytical Oata: BT 4.37 min
84S (ES7) mé {relative intensity) 1011 (M + HT, 100).

A solution of 2-{pyridin-2-yidisulfanyliethano! {18) (0.31 g, 1.65 mmel, 1.5 eq.) and
frigthylamine {0.17 g, 0.23 mi, 1.65 mmol, 1.5 q.} in dry THF (10 mL) was added drop wise
o the freshiy prepared isocyanate. The reaction mixiure was heated at 40°C for 1.6h after
which time a further portion of triphosgens (0,088 g, 0.2 mmol, .18 &g} was added. After a
further 30 min the reaction midure was atlowed 1o codl, filtered to remove triethylamine
hydrochioride and the filirate was evaporated 10 dryness to afford the crude product as a
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yeliow ot which was purified by flash column chromatography [60% n-hexane/40%
sthylacetate changing to 55% n-hexanerds% ethylacetate] to give the desired product as a
colowriess ot (0.63 g, 48%). Analytical Data: RT 4.50 min: MS (ES") m/z (refative infensity}
1166 ([0 + M}, 100), MS (ES') nvz (relative intensify) 1184 {[M - HI)~, 70).

(i} tert-buty!l (2-(pyridin-2-yldisulfanyljethyl) ((S)-(pentane-1,5-diyibis{oxy)}bis(2-((8)-2-
{bydraxymelthyi-4-methylenspyrrolidine-t-carbonylh-4~-methoxy-8, t-phenvienalidicarhamate
{12}

ACOHMH,G (3711} (8 ml) was added to a solution of compound {11} {0.87 g, 8.32 mmol, 1 eq)
in THF (2 mL) and the resultant solution was stirred at room temperature for 18h. The pH of
the reaction mixiure was adjusied 1o pHE with satwated NaHCO, soludion. The mixture was
extracted with athylatetate (3 3100 mil) and the combined exiracts were washad with
saturated NaHCQ, solution (100 mb), water {100 mi), saturated brine (100 mL), dried
{MgSBQ0;} and evaparated under reduced pressurs. Purification of the rasidus by flash
coturmmn chromatography fgradient elution chicrofornymethanc! 0% o 5% in 1% incremenis)
gave the product as a white foam (0.24 g, 81%). Anaiytical Data: RT 3.08 min, MS {ER™)
/g {relative intensity) 938 (A + HI™, 100), MS (ES) m/z (relative intensity) 936 ([M - H])",
1003

(i} (118, 1 1a8SMert-butyl 11-fwdraxy-8~((5-({{118,11a8)-11-hydroxy-7-methoxy-2-
ragthytens-5-axon-10-{{2-{pyadin-2-widisuifanyiiethoxy)carbonyl)-2,3,5,10,11, 1 ta-hexahydro-
THhpyrrolof2, 1-cif1 dibenzodiazepin-8-vloxypemty oxy j- 7 -methoxy-2wrethyiere S-oxg-

2,8, 11, 1 Ya-tetrafydro- T H-pyrrofofg, 1-cfl1, Rjbenzodiazepine~-10(5H}-carboxylate {13}

A solution of DMBO {78 mg, 72 L, 1.0 mmol, 4.4 ag) in DOM (5 mL) was added dropwise 1o
a solution of oxaly! chioride (82 mg, 42 L, 0.49 mmol, 2.18 eq.) in DCM {5 mL) under an
argon aimosphers &l -78°C (dry icefacetons). The solution was stired at -78°C for 15
minutes, A soiufion of compeund (12) (0.214 g, 0.23 mmol, 1.0 eq.) in DOM {6 mL) was
aUded dropwise and the mbdure was stirred al -78°C for 45 minutes. Tristhylamine (0.23 g,
0.32 mL., 2.28 mmot, 10 eq.) was added and after 5 min the reaction mixiure was allowed 1o
reach room temperature. The reaction mixture was treated with saturated NH,C solution (15
mi.), the organic portion was separated and washed with 18 citric acid solution (3 x 50 mL},
saturated NaHCO; soluon (100 mi), water {(100mL), saturated brine (100 mL), dried
{(MgB04} and evaporated under reduced pressure to give a pale yeliow oil. Purification by
flagh column chromatography gave the product a5 & white foam {68 myg, 32%). Analytical
Data: RT 2.90 min: MS (ES”) m/z (relative intensity) 933 (A7« HI". B0), MS (E8) m/iz
{refative intensity) 83& (M - HIY, 55).
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(v {118, 11a8)-2-{pyridin-2-yidisuifanyiethyl 11-hydroxy-7-methoxy-8-((5-({(S)-7-methoxy-2-
methylene-S-ox0-2,3.8, T 1a-tetrahydro- TH-pyrrolo[2, 1-c][1,4}benzodiazepin-6-
vhoxypeniyloxyi-2-methylene-5-ox0-2,3, 11,1 1a-tetrahydro-1H-pyrrolof2,1-

61 4ibenzodiarepine- 10{BH}-carboxyiate (14)

A cold {ice bath) solution of B8% triflucroacetic acid (1 mL) was added to compound 13
which had been cooled in an ice bath. The safution was stirred at 0°C for 15 minutes when it
was shown {o be complete by LCMS. The reaction mixiure was added dropwise to a mixture
of ive and saturated NaHCO, soiution fo nautralise the trifluoroacetic acid solution. The
mixture was exdracted with DOM (4 x 80 i) and the combined exiracts were washed with
saturated brine {100 mL}, dried (MgBQ,) and evaporated under reduced pressure o give the
product as & white foam (26 mg. 96%). Analytical Datas RT 2.72 min; MS {E87) mvx {relative
intensily) 816 ([ + M, 70}, MS (E8) m/z (relative intensity) 814 (M - HIY", 40}

Example 2
{8} (R)-2~(pyridin-2-yldisulfanylpropan-1-of {18}
9 Q
o o — "0
ol OxS Bt
>
15 I o 7
T T om

k':‘ .j’t"\ ,5
NT S
18

(i} (R)-methyl 2-(acetyithiojpropanoate (16)

Thipacetic acid {1.898 g, 1.B&mL, 26.1 mmol, 1.1 eq.) was added o & suspension of cesium
carbonate (7.73 g, 23.72 mmal, 1.0 eq.) iy dry DMF {40 mbj. Afer 30 minutes (Shmethyi 2-
chiorepropanoate (18) was added and the mixiure was alfowed to stir at room temperature
for 1 howr. The reaction mixture was parfitionad batween diethy! ethar {150 mb) and water
{180 mL}; the waler was separated and washed with a further portion of diethy! ethar {150
mil). The combined organic porfions wers washed with watsr {6 x 100 ml}, brine (200 mL),
drisd (MgSO,) and evaporated under raduced pressurs, Purification by flash column
chromatography [10% sthylacetate/80% n-hexane] gave the product as a colouriess off (3.01
g. 82%). Analytical Data: RT 2.286 mirn, M8 (E8") myz frelative intensity) 183 (M« HY, 10),
1BS(IM + Naj™, 85); fafs = +141)75C (o, 2.28 CHOL,).
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(i} (R)-2-mercaptopropan-1-of (17}

A golution of thivacetate {18) (0.57 g, 3.54 mmol, 1.0 &g} in dry THF (10 ml; was added
drop wise 1o 2 suspansion of ithium aluminium hydride (0.54 ¢, 14.15 mmol, 4.0 8q.) in dry
THF {20 mi) af reflux under an argon aimosphere. After 1h the reaction mixture was cooled
to U°C and 28 HC! was added drop wise mainiaining the temperatura below 30°C until
effgrvescence ceasad. The resultant mixiure was allowed fo stir at room temperature for 1
hour then fitered through celite washing with THF (40 mbL). The solvant was evaporated; the
residue was re-dissolved in DOM and dried (MgSQ,). Evaporation of the DOM under
ragduced pressive followed by column chromatography of the residus [B0% n-hexane/d0%
ethylacetate] gave the product as a pale yeliow o0il (0.193 g, 58%). Analytical Data: [aly = [-
2217 %5, (o, 0.972 CHCL).

(i} (R)-2-{oyridin-2-yidisuifanylipropan-1-of (18}

Suilfuryt chittide (1M n DOM, 2.0 mb, 2.0 mmol, 1.1 eq.) was added drog wise © a solution
of Z-mercaptopyridine {0.2 g. 1.871 mmol, 1.0 e} in dey DOM {8 mbL) at 0°C under an argon
atmosphere. The resultant schution was stirred at room temperature for 2 hours and the
POCM was evaporated under reduced pressurs {0 give a yeltow salid. The solid was
suspendad in dry DOM (10ml) and a sofution of (R}-2-mercaptopropan-1-of (17018 g,
1.00 mmed, 1.08 gy} in dry DOM S ml) was added drop wise. The mixture was stirred at
roon tamperature for 18 hours under an argon atmosphere. The reaction mixture was
fittered and the filirate was svaporated under reduced pressure to give a yellow gum. The
gum was ra-dissofved i water and the solution was basified with armnmorium hydroxide
sofution, extracted with DOM {3 x 50 mbL) and the combined extracts were washead with water
{100 mL), bring (100 mi), dried {(MgS0,} and evaporated to give a vellow oil. Puwification by
fiash column chromatography [80% n-hexane/20% ethylacetate to 60 % n-hexane/40%
sthylaceiate in 5% ncraments] gave the product as & colouriess off (0.213 g, 58%).
Analytical Data: RT 2.43 min; M8 (ES™) myz (relative intensity} 202 (JMf + HI™, BQY; [ofs =
L+27319% 0 (e, 0.28 CHOL).

(b} {118, 11a8i-(R)-2-(pyricin-2-yidisuffarviipropy! 11-hydroxy-7-methoxy-8-((5-(((S)-7-
methoxy-Z-methyleng-5-oxo~-2.3,. 8, 11g-tetrabiydro-1H-pyreoiaf2, 1-c][1 4]benzodiazepin-8-
vhoxyipentylloxy)-2-methytens-8-0xo-2, 3,11, 1 1a-tetrahydro- T H-pyrrolof2, 1-

clit, $lbenzodiazepine-10(5H)-carboxylate {22}
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) dert-butyt {(R)-2-{pyridine2-yidisulianylipropyl} ({8 }-{peniane-1,5-diyibis{oxy ) bis(2-({8)-2-
{{tert-butyidimethyisihvhoxyimethyl-4-methvienapyrrolidine- 1-carbonyl-d-nathoxy-5 -
phenyleneidicarbamate (18}

.

e

Triethylamine (0.28 ¢, 0.38 mL, 2.8 mmol, 2.2 eq.} was added to a stived solution of the
mone-bac protected Ris-aniline {@) (1.21 g, 1.27 mmol, 1.0 &q.} and friphosgene (0. 138 g,
(.48 mmol, 0.36 eq.) in dry THF {18 ml) under an argon almosphere at room temperafure,
The reaction mixture was hegted (o 40°0 and after 5 minutes a sample was treated with
methanot and analysed by LEMS as the methyl carbamate. Analytical Data: RT 4.30 min
MS (ES") myz frefative intensity} 1011 (M + WY, 100).

A solution of (R)-2-(pyridin-2-yidisulfanyhpropan-1-ol (18} (0.38 g. 1.91 mmief, 1.5 eq.) and
fristhylamine (018 g, 0.27 mi,, 1.81 ramol, 1.5 eq.) in dry THF (10 mbL) was ardded drop wise
o the freshiy prepared isocyanate. The reaction mixiure was heated af 40°C for 4 hours and
then stirred at roony lemperature for 18 hours. The reaction mixture was filtlered 1o remove
tristhylamine hydrochloride and the fiitrate was evaporatet (o dryness 1o afford the orude
product as a yeliow oil which was purified by flash column chvomatography [80% n-
hexane/dl% ethylacetate io 40% n-hexane/60% ethylacsiate in 5% incremments] o give the
desired product as a white foam (0.75 g, 50%). Analvtical Data: RT 4.50 min, M8 (ES"y miz
{relative intensity) 118G (M + HI™, 80); [oly = [-181%7% {c, 0.28 CHCy).
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{ii} tert-butyl ((R)-2-(pyridin-2-yldisulfanyl)propyl) ((S)-{pentane-1,5-diyibis(oxy))bis(2-{(S}-2-
{hydroxymefhyli-d-melifivienapyrrodidine. 1-carbonyll-dmethony-5, 1-phemylene Jdicarbamate
{20}

Acstic acldiH,O (341, 186 ml) was added to a solution, of the bis-sthvl sther (185(0.72 ¢, 0.81
mmol, 1 eq.) in THF (4 mL). The resultant solution was stirred at room temperature for 16
hours. The pH of the reaction mixture was adjusted to pH8 with saturated sodium
bicarbonate solution. The mixhre was extracted with ethylacetate (4 ¥ 150 mL) and the
combined extracts were washed with saturated sodium bicarbonate solution {2 x 150 mL),
water {150 mL}, brine (150 ml}, dried (MgSQ,) and evaporaled under raduced prassura,
Purification by flash column chromatography gave the product as a white foam (0.56 g,
SB%). Analytical Data: RT 3.18 min; M8 (ES") m/z (relative intensity) 953 ([M + HI™, 100);
fafe = -13.577C, (o, 0.22 CHCIL).

GiEy (118, a8 ari-buty! F1-hyedroxy-8-({6-t{{$18,11a8)-11-hydroxy-7-methoxy-2-
methylene-S-0x0-10-({({R} 2-{pyricin-2-yidisutfanyl}propoxy) carbonyl)-2,3,5,10,11,1 ta-
hexahydro-1H-pyrrolof2, 1-cf1, 4ibenzodiazepin-8-yl)oxy)pentyl)oxy}-7-methoxy-2-
methylene-S-oxe-2,3,11, 1 18-tetratydro-TH-pyrolo]2, 1-cfl1 4tbenzodiazeping- TO{5H)-
carpoxylate (21}

A sohaion of DMSG (91 mg. 82 pl, 1,16 mmol, 4.4 eq.) in anbydrous DUM {5 mb) was
added drop-wise 1o g solution of oxalyl chioride (2.00M i DCM, 318 pi., 0.638 mmol, 24 8q.)
in anhydrous DOM (5 mL). at -40°C under an argon atmosphere. Tha sofidion was stirred at
-AO°C for 15 minutes. A solution of the bis-aleohol (20) (0.252 g, 0.26 mmuol, 1 eq.}in
anhydrous DOM {110 ml) was added drop wise and the resultant mibdure stirred at -40°C for
45 minutes. During this ime the temperature was allowed to reach -25°C. The temperature
was lowered 10 -35°C and tristhylamine (0.27 g, 0.36 mL, 2.6 mmol, 10 eq.) was added drop
wiga, After § minutes the femperature was aliowed 10 reach room temperature. The reastion
mixiure was diioted with DCM (80 mil ) and exdracied with 1M citric acid solution (3 x 180
miL), saturated sodinm bicarbonate solution {150 mb), waler (200 mb), brine (200 my), drisd
{(MgB80,) and evaporated under reduced pressure 10 give a yellow foam. Purification by flash
eolumn chromatography [chioroformimethanol 0% 10 2% in 0.5% increments] gave the
product as a while foam (0,137 g, 53%). Analvtical Data: BT 3,17 min: M3 (EST Y mvz
{relative intensity) 948 (M + HI™, 100); faly = [+ 170799, (¢, 0.25 CHCLY).

(v} (118, 1 1a8(R)-2-{pyridin-Z-yidisuifanylpropyl 11-hydroxy-7-methoxy-8-((5-(({(S)-7-
methoxy-2-methylens-5-oxa-2,3,8, 1 fa-telrahydro-1H-pyrroiof2, 1-cj1,4]benzodiazepin-8-
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yhioxylpentylloxy)-2-methylene-5-ox0-2,3,11,11a-tetrahydro-1H-pyrrolo[2,1-

oI dibenzotiazepine- 1O5H)carboxyiate (22)

A cold {ice bath} sclution of 85% trifluoroacetic acid (8.5 mL) was added to compound (21)
{0.221 g, 0.23 mmot, 1 aq.) which had been cooled in an ice bath. The solution was stirred at
0°C for 25 minutes when B was shown 1o be complete by LOMS, The reaction mixture was
added drop-wise 1o a mixture of ke and saturated sodium bicarbonate solution (200 mi) to
neutralise the trifiuoroaceatic acid solution. The mikiure was extractad with DCM {4 x 78 mb)
and the combined exiracts were washed with water {100 mL) saturated brine (100 mb), dried
{MgBQ.) and evaporated under reduced pressure 10 give the crude product. Pusification by
flash column chromatography [chloroform/methanol 0% to 3% in 1% increments] gave the
product as a white foam (0,192 g. 88%). Analytical Data: RT 3.00 min; MS (ES™) m/#iz
(relative intensity} 830 (M + HI', 75} ol = [+44477°%, (¢, 0.26 CHCl.

Exampile 3: Determination of It Vitro Cytotoxicity

K862 human chronic myeloid leukaamia cells were maintainad in RPM1 1640 medium
supplemented with 10% fetal calf serum and 2 mM ghatamine at 37°C in a humidified
atmosphere containing 5% C0, and were incubated with a specified dose of drug for 86
hours at 37°C n the dark. The incubation was terminated by centrifugation (5 min, 300 o)
argt the oslis were washed once with drug-fres medium. Following the approptiate drag
raatment, the calls were transferred fo 96-well microtiter piates (10° cells per wall, 8 walls
per sample). Flates were then kept in the dark at 37°C in a humidified atmosphers
contalning 8% GO, The assay is based on the abilily of viabie cells 10 reduce a yeliow
sofuble tetrazolium sall, 344, 5-dimethyithiazoh2-yi)-2,5-dipheanyl-2H-tetrazofium bromide
{MTT, Aldrich-Sigma), to an insoluble purple formazan precipitate. Following incubation of
the plates for 4 days (io allow control cells to increase in number by approximately 10 fold),
20 ¢l of MTT solution (& mgimi in phosphate-buffered saling) was added to each welt and
the plates further incubatad for 5 hours. The plates were then centrifuged for § minutes at
300 g and the bulk of the medium pipstted from the cell peliet leaving 10-20 pl per well.
DMSO (200 pl) was added o sach well and the samples agitated (o ensure complate
mixing. The oplical density was then read at g wavelength of 850 nm on a Titertek Multiscan
ELISA plate reader, and a dose-response curve was constructad. For sach curve, an 1Cxy
value was read as the dose required fo reduce the final optical density to 50% of the control
value.
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Reduction/Oxidation of ThioMabs for Conjugation

Full length, cystelne sngineersd monosiunal antibogies (ThichMabs ~ Junubia, et at., 2008b
Nature Biotech., 206(81:925-832; Dornan et al {(2008) Blood 114{13):2721-2728; US 7821541,
U5 77234885, WO2008/052248, Ghert et al (2012) Nalure Blotech,, 30(2):184-181; Junutula
et al {2008} Jowr of mmun, Methods 332:41-52) expressed in CHO cells were reduced with
about a 20-40 fold excess of TCEP {inis(2-carboxyethyl)phosphine hydrochioride or DTT
{dithinthreitol) in 50 mM Tris pH 7.5 with 2 mM EDTA for 3 hrs &t 37°C or overnight at room
temperature (Gelz of & {1999) Anal. Biochem. Vol 273:73-80; Sallsc Ventures, Baverly,
MA}. The reduced ThioMab was diluted and joaded onto a HiTrap S colurmy in 10 i
sodium acetate, pH 5, and eluted with PBS containing. 0.38 sodium chloride. Alternatively,
the antibody was acidified by addition of 1/20% volume of 10% acetic acid, diluted with 10
wiM sucsinate pH §, baded onto the column and then washed with 10 colurmn volumes of
suoeinade buffer, The columy was sluted with 80 mM Tris pH7.5, 2 mM BEDTA.

The shnted reduced Thivkab was freated with 18 fold molar excass of DHAA
{dehydroascorbic soid) or 200 nlM aquesous copper suifate [CuSQ,). Oxidation of the
interchiain disulfide bonds was compieis in about three hours or more, Ambient alr oxidation
was also sffective. The re-oxidized antibody was dialyzed into 20 mM sodium succinate ph
5, 150 mbg NaCl, 2 mbt BEDTA and stored frozen at -20°C.

Conjugation of Thiv-Mabs with Compounds to prepare antibody-drug conjugates

The debiocked, reoxidized, thiv-antibodies {ThioMab) were reactad with 5-8 fold molar
excess of the compounds above (14, 22){from a DMSO stock at a concentration of 20 mid)
in 50 miM Tris, pH 8, until the reaction was complete (16-24 hours) as determined by LEC-MS
analysis of the reaction mixture.

The crude anfibody-drug conjugates (ADT) were then applied 1o a cation exchange column
after dilution with 20 mif sodium succinate, pH 5. The column was washed with at least 10
cojumn volurmes of 20 miM sodiun succinate, pH 5, and the aniibody was eluted with PBS.
The antibody drug conjugates were formulated into 20 mM His/acstate, pH §, with 240 md
sucrose using gel itration columns. The antibody-drug conjugatas weres charadterized by
UV spectroscopy to determine protein concentration, analytical SEC {size-axclusion
chromatography) for aggregation analysis and LC-MS before and affer reaiment with Lysine
C endopeptidase.
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Size exclusion clromatograghy was performed using a Shodex KWE02.8 column in 0.2M
potassium phosphate pH 6.2 with 0.25 miM potassium chioride and 15% iPA at & flow rate of
0.75 mimin. Aggregation state of the conjugate was determined by integration of eluted
peak grea absorbance at 280 am.

LC-S analysis was performed using an Agitent QTOF 6520 ESI instrument. As an
axampie, and an antibody-drug conjugate generated using this chemistry was reated with
1:500 wiw Endoprotaeinase Lys © (Fromega) in Tris, pH 7.5, for 30 min at 37°C. The
rasulting cleavage fragments were loaded onte & 1000A, B um PLRP-S column heated to
80°C and eluted with a gradient of 30% B to 40% B in § minutes. Mobile phase A was H:O
with 0.05% TFA and mobile phase B was acsfonitiile with 0.04% TFA. The flow rafe was

0. 5mifmin, Profein eltdion was monitored by UV absorbance detection af 280nm e 1o
slectrospray ionization gnd ME analysis. Chromatographic resolution of the unconjugated Fo
fragment, residual unconjugated Fab and drugged Faby was usually achieved. The abiained
m/iz spacira were deconvoluted using Mass Hunter™ sofiware {Agilent Technologies o
caloulate the mass of the antibody fragments.

As an example, the molecular weight {(MW) for thio-Tmab conjugated with 22 (mass
atkition=T20 daltons). Obsaved devonvoluted masses:

53,288 daltons corresponds to MW of unconjugated Fc fragment

47,431 daitons corresponds 0 MW of unconjugated Fab fragment

48,150 dalions correspands to MW of drugged Fab fragment

Thus the observed paak at 48,180 daltons corresponds to the expected Fab fragment
{47 431 daltons} beating one drug 22 (+720 daltons).
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ADUT Thio-conjugates with 22
Mass adgion 719.84
Ab ADC DAR {drug to Ohserved mass

antibody ratio) raked Ab | +2 haked | Fab+ 1

drugs | Fab drug
Tmab 101 1.6 148121 149580 | 47431 | 48150
Tmab 102 1.8 148122 148580 | 47431 | 48150
xCb22 | 103 1.8 1495415 150851 | 48075 | 48794
Tmab | 104 1.9 148122 148571 | 47431 | 48150
GFRA1 | 105 1.8 148916 150360 | 47828 | 48548
xGD 106 1.8 149706 151142 | 48220 | 48938
ADC Thio-conjugates with 14
Mass addition 705.81
Ab ADC DAR Observed mass
naked Ab | +2 naked | Fab+1
drugs | Fab drug

Tmab | 110 1.7 148121 149580 | 47432 | 48138
Tmab | 111 1.8 148122 149580 | 47432 ) 48135
xCh22 | 112 1.7 148410 150867 | 48074 | 48795

The following in vitro and in vivo assays are also described in Phillips et al (2008) Cancer

Res. 68(22):9280-9290.

in vitro cell proliferation assay

Efficacy of ADC were measured Ry & cell proliferation assay employing the foltowing protocol
{CeflTiter Glo Luminescent Cell Viability Assay, Promega Corp. Technical Bulietin TB288;
Mendozg et al (2002) Cancer Res. §2:5485-5488), All cell iines wers altained from
Amarican Type Culiure Collection:

1.

Arealiguot of 100 i of cell culture contalning about 10° cells (for example, KPL-4, a

human breast cancer celi line, Kurebayashi et al (1989} Bet. Jour. Cancer 79(5-61:707-717},
SKBR-3, or MCF7) iy medium was deposited in esch well of a 88-well, opague-walled plate.

2

e

3,
4

Control wells were prepared containing medium and without cells,

ADC was added to the experimental wells and incubated for 3-5 days.
The plates were equifibrated to room temperature for approximately 30 minutes,
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5. A volume of CellTiter-Glo Reagent equal to the volume of cell culture medium
present in each well was added.
8. The contents were mixed for 2 minutes on an orbital shaker to induce cell lysis.
7. The plate was incubated at room temperature for 10 minutes to stabilize the
fuminescence signal.
8. Luminescence was recorded and reported in graphs as RLU = relative luminescence

units.

Certain cells are seeded at 1000-2000/well or 2000-3000/wellin a 96-welt plate, 50 ul/well.
After one o lwo days, ADC are added in 50 ul. volumes to final concentration of 8000, 3000,
1000, 333, 111, 37, 12.4, 4.1, or 1.4 ng/mL, with "no ADC" controf welis receiving medium
alone. Conditions are in duplicate or triplicate After 3-8 days, 100 pliwelt Call TiHerGla i is
added (luciferase-based assay; proliferation measured by ATF levels) and catl countts are
determined using a luminometer. Data are plotted as the mean of luminescance for each set
of repticates, with standard devistion ewor bars. The protocol is a modification of the
CeliTiter Gl Luminescent Celf Viability Assay (Promegal:

1. Plate 1000 cells/ well in 50 pliwell of FBSiglutamine media. Allow cells to attach
avernight.

2. ADU s seriatly diluted 13 in medie baginning at at working concentration 18 ug/mi (this
resuls in ¢ final conceriration of 8 pgimi). 50 4l of diluded ADC Is added {o the 50 ul. of
celis and media already i the well,

3. incubate 72-88 ks (the standard is 72 hours, bul waich the 0 ugimi conceniration o stop
assay when the cells are 85-85% confluent).

4, Agd 100 pliwell of Promega Cell Tiler Glo reagent, shake 3 min. and read on
fuminometar

Resuits

Antibody-drug conjugates, trastuzumab-14 (110) and trastuzumab-22 (101) were tested
against BICBR-, KP4, and MCF-7 {Levensan et af (1887) Csnoer Ras. 57(15):3071-3078)
cells o maasure i vire cell viabitity in five day studies. The 10 (poiml) value for 101
against SK-BR-3 was 22.12. The Gy value for 110 agains! 3K-8R-3 was 102.78. are 8K~
BR-3 cells are HERZ+ expregsing, trastuzumab sensitive. Both 101 and 110 were
sffecively hactive against MOF-7, which is a HERZ non-expressing human breast
adenocarcinamsa cell ine. Thus, conjugates 181 and 110 demonstrate targetted cell kiliing
potency.
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Tumor growth inhibition, in vivo efficacy in high expressing HER2 ransgenic explant
T

Animals suitable for fransgenic experimernts can be obtained from standard commercial
sources sdeh as Taconic (Germantown, N.Y.). Many strains are suitable, but FVB female
mice are preferred because of their higher susceptibility to tumor formation. FVB males were
used for mating and vasectomized CD.1 studs were used io stimulate pseudopregnancy.
Vasectomized mice san be obtainad from any commercial supplier, Founders were bred
with efther FVB mice or with 129/8L6 x FvB pi3 heterozygous mica. The mice with
heterozyqosity at p&3 aliele were used to potentially increase tumar formation. However,
this has proven unnecessary. Therefore, some F1 tumors are of mixed sirain. Founder
tumors arg FVE only, Six Tounders ware oblained with some developing tumors without
having fitters.

Animals having tumors {aliograft propagated from Fo5 mmiv transgenic mice) were treated
with a single or multipls dose by IV injection of ADC. Tumor volume was assessed at
various tre points after injection,

Tumors arise readily in transgenic mice that express a mutationally activated form of neu,
the rat hamolog of HERZ, but the HERR that is overexpressed in human breast cancers is
not mutated and tumar formation is much less robust in transgenic mice that overexpress
nonmutated HERZ (Webster et &f (1994) Semin. Cancer Biol. 5:68-786).

To improve tumor formation with nonmutated HER2, transgenic mice were produced using a
HER2 cDNA plasmid in which an upstream ATG was deleted in order to prevent initiation of
translation at such upstream ATG codons, which would otherwise reduce the frequency of
franslation nitiation from the downstream authentic iniation codon of HER2 {for example,
see Child ef af (1898) J Bigl. Chem. 274: 24335-2434 1), Additionally, a chimeric intron was
added to the & end, which should also enhance the jevel of expression as reported eartier
{Neuberger and Willlams (1888) Nudleiz Acids Res. 16:8713; Buchman and Berg {1988)
Mol Celi, Bicl, 8:4395; Brinster st al (1988) Proo. Natl, Acad, Soi. LISA 85:836), The
chimeric infron was derived from a Promega veclor, Poi-neo mammatian expression vector
(bp 890-1022). The cONA 3-end is flanked by human growth hormone exons 4 and 5, and
polyadenyiation sequences. Moreover, FVB mice were used because tnis strain is more
susceptible 10 wmor development. The promoter from MMTV-LTR was used 1o ensiye
fissup-specific HERZ expression in the mammary gland. Animals were fed the AlN 76A dist
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in order to increase susceptibility to tumor formation (Rao et al (1997) Breast Cancer Res.
antd Treatment 45148158

Fob muring pammary tumor moedet

The Fo5 model is a transgenic mouse modet in which the human HERZ gene, under
transcriptional regulation of the murine mammary tumor virus promuoter (MMTV-HERZ), is
overexpressed in mammary epithelium. The overexprassion Sauses spontaneaus
development of mammary tumors that overexpress the human HER?2 reseptor. The
mammary tumor of one of the founder animals {founder #8 [FoB}) has been propagaied in
subsequent generations of FVB mice by serial transplantation of tumor fragments. Before
being used for an in vivo efficacy study, the MMTV-HERZ Fob transgenic mammary tumor
was surgically ransplanted into the No. 2/3 marmmary fat pad of nu/nu riice {from Charles
River Laboratories) in fragments that measured approximately 2x2 mm. When tumors
reached desired volumaes, the tumor-bearing mice were randomized and given a singie dose
by I injection of the ADC.

Restdis

Figure 1 shows & plot of the in vivo mean tumor volume change over time in breast cancer-
maode! MMTV-HERZ FoS mammary allogralt tumars inaculated into CRL nuwnu mice sfter
single iv dosing on day 0 with: {1} Vehicle 20mi Histidine acetats, pH 5.5, 240mid sucrose,
(2) xCDF2-22 {103) at 10mg/kg. (3} rastuzumab-22 (101) &t 1mgky, (4) rastuzumab-22
{101) &t 3mg/kg, and (5) trestuzumab-22 (104) at 10mg/kg. The lines in the figure are
indicated with the following symbols:

Figure 2 shows & piot of the in vivo mean umaor volwme change over time in breast cancer-
model MMTV-HERZ Fob mammary allogralt tumers inoculated into CRL nwim mice aftar
single v dosing on day O with: (1} Vehicle 20miM Histidine acelate, pH 5.8, 240umb sucross,
{2) xCD2Z2-14 (112) at Smgskg, (3} irastuzumab-14 {1103 at tmglkg, (4) rastuzumab-14
£110) at Imy/ky, (5) trastuzumab-14 (110) at Gmgks, and (6) trastuzumab-22 (101) at
Togikg. The fnes in the figure are indicatad with the followihg symbols:
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Abbreviations

Ac acetyl

Acm acetamidomethyi

Alloc allyloxycarbony!

Boc di-fert-butyt dicarbonate

t-Bu tert-butyl

baded] benzyl, where Bzl-OlMe is methoxybenzyl and Bzl-Me is methylbenzene

Chzor 2 berzyloxy-carbonyt, where Z-Cl and Z-Br are chioro- and bromobenzyloxy
carbonyl respectively

DMF N, N-dimethylformamide

Dnp dinitropheny!

DTT dithiothreitol

Fmoc gH-fluoren-g-yvimsthoxycarbonyl

mp N0 imine proterting qraup: 3-{2-methoxyethoxyjpropancate-Val-Ala-PAB

MC-O8y maleimidocaprovi-O-N-succinimide

Mog methaxycarbonyl

P msleimidaopropanamide

Mir 4-methoxy-2,3,6-trimethtylbenzenesulfony!

PAB para-aminobenzyloxycarbonyl

PEG ethyleneoxy

PNZ p-nitrobenzyl carbamate

Psec Z-{phenvisulfonylethoxycarbonyl

TBOMS tert-butyidimathyisilyl

TBDRS tart-butyldiphenyisilyl

Teoc 2-(trimethylsiiyl)ethoxycarbonyl

Tos tosy!

Trac 2,2, 2-trichlorethoxycarbony! chloride

Tr trityl

Xan xanthyl
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Claims
1. A conjugate of formula (A):
Rm
Ri.2
R“IQ
X' X
RIF
R'i? R?’
R16
A
5 the dotted lines indicate the optional presence of a double bond between C1 and C2 or C2
ang C3;

R? is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-RP, =C(R"},,
0-80,-R, CO.R and COR, and optionally further selected from halo or dihalo;
where R is independently selected from R, CO,R, COR, CHO, CO,H, and halo;
10 R® and R® are independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR,
NG,, MesSn and halo;

R is independently selected from H, R, OH, OR, SH, SR, NH;, NHR, NRR’, NO,,
MesSn and halo;

Y is selected from a single bond, and a group of formulae A1 or A2;

H
| AN
T N
(A2)
15 where N shows where the group binds to the N10 of the PBD moiety;

R and R™ are independently selected from H and methyl, or together with the
carbon atom to which they are bound form a cyclopropylene group;

CBA represents g cell binding agent,

Q is independently selected from O, S and NH;

20 RY is either H, or R or, where Q is O, SO;M, where M is a metal cation;
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R and R’ are each independently selected from optionally substituted C..; alkyl,
Cs.20 heterocyciyl and Cs 5 aryl groups, and optionally in relation fo the group NRR’, R and
R’ together with the nitrogen atom to which they are attached form an optionally substituted
4-, B-, 6- or 7-membered heterocyclic ring;

wherein R%, R, R and R" are as defined for R%, R®, R® and R’ respectively:

wherein R" is a Cs.12 alkylene group, which chain may be interrupted by one or more
heteroatoms, e.g. O, S, N(H), NMe and/or aromatic rings, e.g. benzene or pyridine, which
rings are optionally substituted;
X and X' are independently selected from O, S and N(H).

2. The conjugate according to claim 1, wherein R~ and R"? are both H.

3. The conjugate according to claim 1, wherein one of R~ and R is H and the other is
methyl,

4. The conjugate according to any one of claims 1 fo 3, wherein Y is a single bond.

5. The conjugate according to any one of claims 1 to 4, wherein R® and R'® are H,

and/or R? and R* are H.

8. The conjugate according fo any one of claims 1 fo 5, wherein R” are R'" are both
OR’ where R™ is optionally substituted C,.4 alkyl.

7. The conjugate of claim 6, wherein R™ is Me.
8. The conjugate according to any one of claims 1 to 7, wherein X is O.
9. The conjugate according to any one of claims 1 to 8, wherain R is H.

10.  The conjugate according to any one of claims 1 to 9, wherein there is a double bond

between C2 and C3 in each monomer unit, and wherein R? and R'? are independently R.

11.  The conjugate according to claim 10, wherein R® and R'? are independently
optionally substituted Cs4q aryl.
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12.  The conjugate according to any one of claims 1 to 9, wherein R? and R'? are
independently selected from =0, =CH,, =CH-R®, and =C(R"),.

13.  The conjugate according to claim 12, wherein R? and R are =CH,.

14. The conjugate according to any one of claims 1 to 13, wherein R” is a C alkylene

group or a Cs alkylene group.

15. The conjugate according to any one of claims 1 to 14, wherein the cell binding agent
is an antibody or an active fragment thereof, and wherein the antibody or antibody fragment

is an antibody or antibody fragment for a tumour-associated antigen.

186. The conjugate of claim 15 wherein the antibody or antibody fragment is an antibody
which binds {o one or more tumor-associated antigens or cell-surface receptors selected .
from (1)-(36):

(1) BMPR1B (bone morphogenetic protein receptor-type 1B);

(2) E16 (LAT1, SLC7AS5);

(3) STEAP1 (six fransmembrane epithelial antigen of prostate);

(4) 0772P (CA125, MUC186);

(5) MPF (MPF, MSLN, SMR, megakaryocyte potentiating factor, mesothelin);

(8) Napi3b (NAPI-3B, NPTllb, SLC34A2, solute carrier family 34 (sodium
phosphate), member 2, type I sodium-dependent phosphate transporter 3b):

(7) Sema 5b (FLJ10372, KIAA1445, Mm.42015, SEMASB, SEMAG, Semaphorin 5b
Hiog, sema domain, seven thrombaspondin repeats (type 1 and type 1-like),
transmembrane domain (TM) and short cytoplasmic domain, (semaphorin) 5B);

(8) PSCA hlg (2700050C12Rik, C530008016Rik, RIKEN cDNA 2700050C12,
RIKEN cDNA 2700050C12 gene);

(9) ETBR (Endothelin type B receptor);

(10) MSG783 (RNF124, hypothetical protein FLJ20315);

(11) STEAPZ (HGNC_863¢, IPCA-1, PCANAP1, STAMP1, STEAP2, STMP,
prostate cancer associated gene 1, prostate cancer associated protein 1, six
transmembrane epithelial antigen of prostate 2, six transmembrane prostate protein);

(12) TrpM4 (BR22450, FLJ20041, TRPM4, TRPM4B, transient receptor potential
cation channel, subfamily M, member 4);

(13) CRIPTO (CR, CR1, CRGF, CRIPTO, TDGF1, teratocarcinoma-derived growth
factor);
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(14) CD21 {CR2 {Complement receptor 2) or C3DR (C3d/Epstein Barr virus
receptor) or Hs 73792);

(15) CD79b (CD79B, CD798, IGb (immunogiobulin-associated beta), B29);

(16) FcRH2 (IFGP4, IRTA4, SPAP1A (SH2 domain containing phosphatase anchor
protein 1a), SPAP1B, SPAP1C);

(17) HERZ;

(18) NCA;

(19) MDP;

(20) IL20Rq;

(21) Brevican;

(22) EphB2R;

(23) ASLGB5Y;

(24) PSCA,

(25) GEDA;

(26) BAFF-R (B cell -activating factor receptor, BLyS receptor 3, BR3),

(27) CD22 (B-cell receptor CD22-B isoform);

(28) CD79a (CD70A, CD78¢, immunoglobulin-associated alpha);

(29) CXCR5 (Burkitt's lymphoma receptor 1);

(30) HLA-DOB (Beta subunit of MHC class I molecule (la antigen));

(31) P2X5 (Purinergic receptor P2X ligand-gated ion channel 5);

(32) CD72 (B-cell differentiation antigen CD72, Lyb-2);

(33) LYB4 (Lymphocyte antigen 64 (RP105), type | membrane protein of the leucine
rich repeat (LRR) family);

(34) FcRH1 (Fc receptor-iike protein 1);

(35) IRTAZ (Immunoglobulin superfamily receptor translocation associated 2); and

(36) TENBZ (putative transmembrane proteoglycan).

17.  The conjugate of claim 15 wherein the antibody or antibody fragment is a cysteine-
engineered antibody.

18. The conjugate of either claim 15 or claim 17 wherein the antibody is trastuzumab.

19, The conjugate of either claim 15 or claim 17 wherein Ab is an anti-HERZ2, an anti-
Steap1, or an anti-CD22 antibody.
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20.  The conjugate according to claim 15 wherein the drug loading (p) of drugs (D) to
antibody (Ab) is an integer from 1 {o about 8.

21.  The conjugate according to claim 20 comprising a mixture of the antibody-drug
conjugate compounds, wherein the average drug loading per antibody in the mixture of
antibody-drug conjugate compounds is about 2 to about 5.

22. The conjugate according to any one of claims 1 to 21, for use in therapy.

23.  The conjugate according fo any one of claims 1 to 21, for use in the treatment of a
proliferafive disease in a subject.

24, The conjugate according o claim 23, wherein the disease is cancer.

25, Use of the conjugate according to any one of claims 1 1o 21 in the preparation of a
medicament for use in the treatment of a proliferative disease in a subject.

26. A pharmaceutical composition comprising the conjugate of any one of claims 1 to 21,
a pharmaceutically acceptabie diluent, carrier or excipient.

27.  The pharmaceutical composition of claim 26 further comprising a therapeutically
effective amount of a chemotherapeutic agent,
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28. A compound of formula (D).

and salts and solvates thereof, wherein
the dotted lines indicate the optional presence of a double bond between C1 and C2
or C2 and C3;
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R? RS R’ R® R™ R R R® X, X, R" Y, R and R* are as defined in any one
of claims 1 to 14.

29. The compound of claim 28, which is:
7
”\?a‘:
: SNOYO OH
.,/’N\ N O 0 N
/’\/ L O/ ]ij \Ngé\

5 o

30. The compound of claim 28, which is:

R
,N

I

o
3/\/\?0

Proceas TN

10 31, A method of preparing a conjugate according to any one of claims 1 to 14, the
method comprising the step of reacting a cell binding agent with compound (D) as defined in

any one of claims 28 to 30.



