POTENT CONJUGATES AND HYDROPHI LI C LI NKERS This is a
continuation-in-part of United States Non-Provisional Application No.

12/ 433, 6680 2bidessApri | 30, 2009, which clains prioritypco/udnicopshest at es
Provi sional Application No. 61/049,289, filed April 30, 2008. The entire

di scl osures of the prior applications, Application Nos. 12/433,668 and

61/ 049, 289 consi dered part of the disclosure of the acconpanying conti nui ng
application and are hereby incorporated by reference. FIELD OF THE

| NVENTI ON [ 01] The present invention relates to new linkers to |ink drugs
(e.g. cytotoxic agents) to cell-binding agents (e.g., antibodies) in such a
way that the linker contributes in increasing the activity of the drug. In
particular, the present invention relates to the use of novel hydrophilic
l'inkers, wherein such linkers enhance the potency or the efficacy of the

cel | - bi ndi ng ageng - | b ety of cancer
cell types, incl %ﬂ@%@@gﬁéﬁé‘%ﬁi&@%mﬁd EFW gens on the cell
surface or cancers that are resistant to treatnment. The present invention
also relates to a method for preparing maytansi noi ds bearing a thioether

moi ety and a reactive group which allows the maytansinoid to be |linked to a
cel | - bi ndi ng aljfgnis.a coBhKEROIUNDaOP! Thited NI anProvisjonahApplémiion e} ugat es
of cytotoxic drugs are being devel oped as target-specific therapeutic
agents. AY433odtisefiledggirit S0, 2000| whish chime priadtly lte uitédSetea®trovgamml have been
conjugated wth different cytotoxic agents that inhibit various essential

cel l'ul ar Apgiaatién NoCHI/@®,789¢ fikd UWyH1 89, 1008Y tTaB shiveidikelosaies bsthatprios, t axanes:
U.S. Patent Nos. 5,208,020; 5,416,064, 6.333,410; 6,441, 163; 6, 340, 701;

6,372, 73 9 7 7 N1 N %@gfgkn
doxor ubi gﬁpﬁﬁ“’%’éﬁ& %;5” “5%3"5’?825 53/.43?%8;?31?@/%95%0 ggé 092; 5, 585, 499;

oo % R ARG B uAE v 3B AL ORI EFp {1 S0
cancer therq? (Richart, A D., and Tolcher, A W, 2007, Nature Cinical
Practi ce, CFI°N885. 255) |

FIELD OF THE INVENTION

[01] The present invention relates to new linkers to link drugs (e.g. cytotoxic agents)
to cell-binding agents (e.g., antibodies) in such a way that the linker contributes in
increasing the activity of the drug. In particular, the present invention relates to the use
of novel hydrophilic linkers, wherein such linkers enhance the potency or the efficacy of
the cell-binding agent-drug conjugates by several fold in a variety of cancer cell types,
including those expressing a low number of antigens on the cell surface or cancers that
are resistant to treatment. The present invention also relates to a method for preparing
maytansinoids bearing a thioether moiety and a reactive group which allows the

maytansinoid to be linked to a cell-binding agent.



[ 3] The anti body-cytotoxic agent conjugates typically are prepared by the
initial nodification of reactive noieties on antibodies, such as |ysine

am no gr oNp1onessyst ei ne groups (generated by reducti orCoOfUSR@DI05%20

di sul fi de bonds or by engineering of additional non-native cysteine

resi dues on to antibodi es using nol ecul ar bi ol ogy nmethods). Thus anti bodies
are first nodified wiwth a heterobifunctional |inker reagent, such as those
previ ously described, exenplified by SPDB, SMCC and SIAB (U.S. Patent No.
6,913,758 and U. S. Patent Publication No. 20050169933) to incorporate a
linker with a reactive group such as m xed pyridyldisulfide, maleimnmde or
hal oacet aBAEEGROINI) O3 BPHEANMENEKANi ve |inker group in the antibody is
subsequently conjugated with a cytotoxic agent containing a reactive noiety
such as a[02hi oAntgrody ponjdgrtsheicyonjicudiags @n beiagtlevealepebys taegtspaifiof a
cytotoxic agent derivative containing a thiol-reactive group (such as

hal oacet agiit@dgeutieragers. eAnditsidles\abiinsttvatiols ghesd pall-eufich entght hiendemg agent .
Thiol groups are incorporated on cell-binding agents such as an anti body

by reduct éd?q:f?fed Rath MeidhiSdytdib e ag S 1A Rhi bRvarRh R BbseRiial bHulaABBLts Bi ochem,
2002, 304, -156), or reduction of incorporated disulfide noieties (via

SPDP, SUCR R albAmd Vil ABLANRY BRLAAALS, pL@hnQULd by ghduct | on

with dithiothreito et a roc. | ca Ci . USA.
1980, 77, Y 1 ’ ; o ‘ ) !
1950, 1T AR 10 SRR OB o L TR ngBsnal ve cyst el ne
o oo BRRT A Bi’ QB it S dburignoed T0st balas; Y. el Go2ne (R Jue

3-nercaptopropionimdate ester (T. P, King et al., Biochemstry, 1978, 17,
1499- 15063-47:9%% 545%,48?&3,%@@%‘5&:%45%%6@8;é»7égéﬁ?s @bt gat B8tNdh di sul fide or
thi oether |inkages are cleaved intracellularly, presumably in |ysosones, to
del i ver t¢najugates wathspmebticse aifetaxicidnigs dee ackeely hpiveainvestigatqdhn the.  Eri ckson
et al., 2006, Cancer Research, 66, 4626-4433). In addition to the killing
of tar get cligdt fos cargat thbpy (Righayt, dx iz, aaddivichen Y. Yga2@d , Watihe €6diaai bl e
disulfide linkage also kill proximte antigen-negative cells in m xed
popul at i oRsicote, aM245gE).negati ve and anti gen-positive cells in vitro and in
vivo in xenograft nodels, suggesting the role of target-cell rel eased

cyt ot oxi c[oagenthd dhiiboB-OMbiBgicReéRREYuSIS) t?ﬁfbal[}ﬁirg bRPEIeABy the initial

non-anti gen-expressing cells in tunors wth heterogeneous antigen

expr essi OftofiYcatlon dflcH{: fibichibs on £HBEAEs, RESERTIGHne £H06 0rfids, F214eiA221)

[ 5] Although, antibody-cytotoxic drug conjugates show Ce ng activity

L L o g N ) ; ; g {5 ahed |
iy cagelSindBerd B reitdoh dohatifl dhifide bORK br BPLERRYhS oM Daled | 1
cell is | ow

wh t he. t { | i t toth t. Thi
oo B s R RO A PR A S B BT ™
ti-t Tvity i ients. A tentj al htot t i t
o RS BRI, A RBIERLL PR 250 2 Dt o cumen

functionalities (see G Szokacs et al., Nature Reviews, 5; 219-235, 2006).
However, PIVigusly desssibed. excantiieddy e Dh $MEy and PIAR &Y SgRateWNo. t 0 be

synt hesi zed, and often nodification in the structure of the drug results in
| oss of bf.81Dgh&and &St PatentPublitation Non@dQS0il 69933 hiedtcdrparatg adinkérewidng

approach. [06] The nethod described in the art for preparing a cytotoxic
conj ugat ereaftive gralg subh adinigd pgedyldiantide, ohleigridki @ habneghmrieabhe | i nker
requires two reaction steps (US Patent 5,208,020 & US Publication No.

2005/ 01692:33poraktddrreictive Hiekes @rduplih e angbadyeis bubssgi@htl A sordigabddl witogly, i S

nodi fied with a bifunctional crosslinker that undergoes reaction with the
reactive ghouRR a@éntlbRainflga hdRe Mbi@YSidh asAUKB] @Sup.NBnSHEN@nRIz g ON

| ysine residues or the sulfhydryl group on cysteine residues, to form

coval ent 3l ] [ an:.0f, {:he i.ndi ng agent,
the prod ufé{ﬁ%‘e{‘fg %gllﬂeraigﬁ(lg]{ej‘?f q[ d(?@(gstlé)ggﬁrag%é Hfaﬁ;eafngg gtlsdrtéelgm%géll:u Free &E:\Jg I %%Lg]ld ndi ng agent
from unreact.ed cro inker. In a.sec .ste k nown . a.conjugatign step,
2 Fenot | vEoRF R md BeRo S el b i R A RGeS A 7
added to the nodified cell-binding agent for reaction with the nodified
cell-binding agent. Following this reaction, an additional purification is
required to renpve any unreacted d2ug speci es and ot her byproducts fromthe
final conjugate. These multiple reaction and purification steps result in

|l ow yield of the final conjugate and can be expensive and cunbersone when
one considers inplenenting these steps on a |large scale. An additional
drawback to these nethods is the conjugate heterogeneity that is introduced
when unreacted crosslinker remains |inked to the cell-binding agent w thout




attached drug. The unreacted crosslinker can then undergo additional side
reactions such as hydrolysis and intranol ecul ar or internol ecul ar

reacti onswoBhawveeiss t herefore a need for functionali zesgdCcTresa@vioss2ar ug
derivatives, such as maytansinoids, that can be covalently linked via a
non-cl eavabl e bond to a cell binding agent, such as an antibody in
essentially one reaction step. SUMVARY OF THE INVENTION [7] The present

i nvention addresses the problem of resistance by designing new |linkers to
i nk drugs to cell-binding agents in such a way that the linker contributes
in increasing the activity of the drug. Thus, the present invention

i npr oves grhepsrranineprppratagivingdellchinding ageats|sbetkasdintaptibodydtyl regrictigh g agent such
that the |inker design provides conjugates that are active across a broad
spect r um witive dizoifsle rggadues GulSaudhyet ain, Anoy Biotiege 206X 30éski7nigomror dr ug
resistant tunors. [8] The present invention is based on the novel finding
t hat whenreliicidh bof fRR8ipoldidikaasfideEmgictiNVia SEIRBuitimidiesqed bed in U. S

Pat ent Publication No. 20050169933) are nodified to hydrophilic |inkers by

i ncor por a}S}jr{Z‘lglcﬁth by st SBB0d I5Oledldtie P with(dithfRERODNE] GARRASEDal L he

pot ency or e efficacy of the céll-binding agent-drug conjugates is

surprisi nﬁ;lo% Rnangad.s .Q)’S%,gbléig),ohgﬁ%%éfﬁ\g?rog E% IncBhpotA1dh & a&cﬁ{i+rraﬁ YPEs,

i ncl udi ng those "expressing ow i gers on the ce surface.

9] Also,_these PEG. t.ai ni ' t h
he pr ovi BIST) 6000 TORIOHD PR A BRHaL BFf BBt 28, PES; B2 Slant "To

t r eat ment 10].1n addition, .in the case of. aptibody conjugates
oor por a4 oF P GHAT Pl Biqt st By ERE St RGBT 6 ot dp o 15
nol ecul es_of a drug per antibody nolecule with high yield and no

aggr egat i ch/mmlﬁraeg?g&tlaxﬁ?ﬁ:ﬂﬁéegéme@m] ygreptoRipie I eEsaer i B i nker s
with up to 15 nolecules of a drug |inked per antibody nol ecul e bound with
hi gh af f i Kingyet plo Riaghgesistrant37§eh’.(14PMilP@D- t o that of unnodified anti body).

[04] The antibody-cytotoxic agent conjugates with disulfide or thioether linkages are
cleaved intracellularly, presumably in lysosomes, to deliver the active cytotoxic agent
inside the cancer cell (H. K. Erickson et al., 2006, Cancer Research, 66, 4626-4433). In
addition to the killing of target cells, antibody-cytotoxic agent conjugates with reducible
disulfide linkage also kill proximate antigen-negative cells in mixed populations of
antigen-negative and antigen-positive cells in vitro and in vivo in xenograft models,
suggesting the role of target-cell released cytotoxic agent in improving potency against
neighboring non-antigen-expressing cells in tumors with heterogeneous antigen
expression (Y. V. Kovtun et al., Cancer Research, 2006, 66, 3214-3221).

[05] Although, antibody-cytotoxic drug conjugates show cell killing activity in vitro
and anti-tumor activity ixn vivo, their potency is diminished in many cases, especially
when the antigen expression on the target cancer cell is low, or when the target cells are
resistant to the treatment. This is often the case in the clinical setting, resulting in low to

modest anti-tumor activity in patients. A potential approach to try to circumvent



[ 11] This invention al so discloses novel maytansinoids that are reactive
towards am ne groups or thiol groups of cell binding agents such that
t hi oet herwbi2nloedesmayt ansi noi d conj ugates with cell bi ndipog/usgeasicomy be
prepared in essentially one reaction step, w thout prior chem cal
nodi fication of the cell binding agent. [12] The present invention
di scl oses processes for the synthesis of novel maytansinoid derivatives
bearing a thioether-noiety and a reactive group . These novel maytansi noi ds
are useful in the preparation of thioether-|inked conjugates wth cell
binding agents in essentially one reaction step. Processes for the
pr epar at i GAisBRcg[q syBthseizn Bevagaigs tf@bbﬁa@aaa@réehlbﬁm liRarhebie Restonpilie reactive
mayt ansi noi ds are also disclosed. [13] Accordingly, the present invention
provi des @econpukack abbl. formel Reviewy, o21428ped06). Haowmvpotmsipotessoy nul a (1'):
Z-X -(-CH2-CH2-0-)n-Yp-D(1) D Yp-(-CH2-CH2-0-)n-X1-Z(1") wherein: Z
r epr esent sumbetr®actdnd e el @halogsiave Yo bhayhthesined, andwofam racdifleation imthiehi oet her
bond with a cell-binding agent;

structure of the drug results in loss of biological activity. Thus, there is a need for a

different approach.

[06] The method described in the art for preparing a cytotoxic conjugate of a cell

binding agent and a drug via non-cleavable linker requires two reaction steps (US Patent

5,208,020 & US Publication No. 2005/0169933). First, the cell binding agent, such as

an antibody, is modified with a bifunctional crosslinker that undergoes reaction with the

reactive groups of the cell binding agent, such as the amine group on lysine residues or

the sulthydryl group on cysteine residues, to form covalent chemical bonds. Following

modification of the cell binding agent, the product is purified to separate the desired

modified cell binding agent from unreacted crosslinker. In a second step, known as a

conjugation step, a reactive drug derivative, such as a thiol-containing maytansinoid, is

added to the modified cell-binding agent for reaction with the modified cell-binding

agent. Following this reaction, an additional purification is required to remove any

unreacted drug species and other byproducts from the final conjugate. These multiple

reaction and purification steps result in low yield of the final conjugate and can be

expensive and cumbersome when one considers implementing these steps on a large

scale. An additional drawback to these methods is the conjugate heterogeneity that is

introduced when unreacted crosslinker remains linked to the cell-binding agent without

attached drug. The unreacted crosslinker can then undergo additional side reactions such

as hydrolysis and intramolecular or intermolecular reactions. There is therefore a need



D represents a drug; X represents an aliphatic, an aromatic or a

het erocyclic group attached to the cell-binding agent via a thioether bond,
an am de wondio/2essar bamat e bond, or an ether bond; Y repCcedaspa/089%20

al i phatic, an aromatic or a heterocyclic group attached to the drug via a
coval ent bond selected fromthe group consisting of a thioether bond, an
am de bond, a carbamate bond, an ether bond, an am ne bond, a

car bon-carbon bond and a hydrazone bond; 1is O or 1; pis 0 or 1; and

for functionalized, reactive drug derivatives, such as maytansinoids, that can be
covalently linked via a non-cleavable bond to a cell binding agent, such as an antibody
in essentially one reaction step.

SUMMARY OF THE INVENTION

[07] The present invention addresses the problem of resistance by designing new
linkers to link drugs to cell-binding agents in such a way that the linker contributes in
increasing the activity of the drug. Thus, the present invention improves the manner in
which drugs are linked to a cell-binding agent such that the linker design provides
conjugates that are active across a broad spectrum of tumors, particularly in low antigen
expressing or drug resistant tumors.

[08] The present invention is based on the novel finding that when traditional linkers
(e.g. SMCC, SIAB etc, described in U.S. Patent Publication No. 20050169933) are
modified to hydrophilic linkers by incorporating a polyethylene glycol [PEG,, (-
CH,CH,O)n)] spacer, the potency or the efficacy of the cell-binding agent-drug
conjugates is surprisingly enhanced several fold in a variety of cancer cell types,
including those expressing a low number of antigens on the cell surface.

[09] Also, these PEG-containing conjugates unexpectedly are more potent than the
previously described conjugates toward cell lines that are resistant to treatment.

[10] In addition, in the case of antibody conjugates, incorporation of hydrophilic
linkers allowed the conjugation of up to 15 molecules of a drug per antibody molecule
with high yield and no aggregation or precipitation. These conjugates with hydrophilic
linkers with up to 15 molecules of a drug linked per antibody molecule bound with high

affinity to target antigen (similar to that of unmodified antibody).



nis an integer from1 to 2000. [14] Another aspect of the present
I nvention is a cell-binding agent drug conjugate of forrmula (2) or a
speci fi c wonpounessef forrmula (2'): CB-[ X - (- CH2- CH2- 0-) meYprsBjogiosdspo
[ D Yp- (- CH2-CH2-0-)n-X1],,-CB (2') wherein, CB represents a cell-binding
agent; D represents a drug; X represents an aliphatic, an aromatic or a
het erocyclic group attached to the cell-binding agent via a thioether bond,
an am de bond, a carbamate bond, or an ether bond; Y represents an
al i phatic, an aromatic, or a heterocyclic group attached to the drug via a
coval ent bond selected fromthe group consisting of a thioether bond, an
am de bonld,!] a Bas aentica dirordisclases miviebmayemsoidsthatrmraratordowarde ar bon- car bon
bond and a hydrazone bond; 1 is 0 or 1;

amine groups or thiol groups of cell binding agents such that thioether-linked

maytansinoid conjugates with cell binding agents may be prepared in essentially one

reaction step, without prior chemical modification of the cell binding agent.

[12] The present invention discloses processes for the synthesis of novel

maytansinoid derivatives bearing a thioether-moiety and a reactive group .These novel

maytansinoids are useful in the preparation of thioether-linked conjugates with cell

binding agents in essentially one reaction step. Processes for the preparation of cell

binding agent conjugates employing these novel reactive maytansinoids are also

disclosed.

[13]  Accordingly, the present invention provides a compound of formula (1) or a

specific compound of formula (1°):

Z—X~(—CHy—CHy-O0-)~Y,-D Q)]
D-Y,~(—CH,—CHy-0-)n—Xi-Z (1)

wherein:

Z represents a reactive functionality that can form an amide or a thioether bond with a

cell-binding agent;

D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-

binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a

covalent bond selected from the group consisting of a thioether bond, an amide bond, a



pis Oor 1; mis an integer from2 to 15; and nis an integer from1l to
2000. [15] Another aspect of the present invention is a conpound of

fornmul a (WP 20r0/@6¢speci fic compound of formula (3'): Z- XCT(U0SBHRHH420- ) n- Y- D
(3) DY-(-CH2-CH20-)n-X1-Z (3') wherein:

carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone

bond;

lisOorl;

pisOorl;and

n is an integer from 1 to 2000.

[14]  Another aspect of the present invention is a cell-binding agent drug conjugate of

formula (2) or a specific compound of formula (2°):
CB—[XiH(—CH,-CH,~-O-)i-Y;Dln (2)
[D-Y~«(—CHy—CHy—O0-)—X(]m-CB  (2°)

wherein, CB represents a cell-binding agent;

D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-

binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

Y represents an aliphatic, an aromatic, or a heterocyclic group attached to the drug via a

covalent bond selected from the group consisting of a thioether bond, an amide bond, a

carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone

bond;

lisOorl;

pisOorl;

m is an integer from 2 to 15; and

n is an integer from 1 to 2000.

[15] Another aspect of the present invention is a compound of formula (3) or a

specific compound of formula (3°):



Z represents a reactive functionality that can forman am de or a thioether

bond with a cell-binding agent; D represents a drug; X represents an

al i phat i cwoanicanessati c or a heterocyclic group attachedpto/usb@oosdcke bi ndi ng

agent via a thioether bond, an am de bond, a carbamate bond, or an ether

bond; Y represents an aliphatic, non-aromatic heterocyclic or aromatic

het erocyclic group attached to the drug via a disulfide bond; 1 is 0 or 1;

and nis an integer from1l to 14. [16] Another aspect of the present

invention is a cell-binding agent drug conjugate of fornula (4) or a

specific conpound of fornmula (4'): CB-(X1l-(-CH2-CH20-)n-Y-D)n, (4)
Z—Xi~(—CH,—CH,0-),~Y-D ~ (3)

D-Y-(—-CHCH;0-)—Xi-Z (3”)
wherein:
Z represents a reactive functionality that can form an amide or a thioether bond with a
cell-binding agent;
D represents a drug;
X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, non-aromatic heterocyclic or aromatic heterocyclic group
attached to the drug via a disulfide bond;
lisOor1;and
n is an integer from 1 to 14.
[16] Another aspect of the present invention is a cell-binding agent drug conjugate of
formula (4) or a specific compound of formula (4°):
CBAX(—CH,CH0-)—=Y-D)n  (4)
[D-Y-(—CH,—CH,0-)—X{]m-CB 4%
wherein, CB represents a cell-binding agent;
D represents a drug;
X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a
disulfide bond;

lisOor1i;and



[D-Y-(-CH2-CH20-)n-Xi | m CB(4') wherein, CB represents a cell-binding agent;
D represents a drug; X represents an aliphatic, an aromatic or a

het er ocycWoeogriasgsiat t ached to the cel |l -bi ndi ng agent vipaTastéwwosicker bond,
an am de bond, a carbamate bond, or an ether bond; Y represents an

al i phatic, an aromatic or a heterocyclic group attached to the drug via a
disulfide bond; 1is 0 or 1; and mis an integer from3 to 8, and n is an
integer fromlto 14.

m is an integer from 3 to 8; and
n is an integer from 1 to 14.
[17] Aneven further aspect of the present invention is a method for treating cancer
sensitive to treatment with said method, said method comprising parenterally
administering to a patient in need thereof an effective dose of a composition comprising
the conjugate of formula (2) or (4).
[18] In still another aspect of the present invention, there is provided novel
maytansinoids having a thioether moiety that bears a reactive group and that are
represented by the formula (5):

D’-Y’-V-Q-W-2° (5)
wherein:
D’ represents a sulfhydryl-bearing maytansinoid, such as N* -deacetyl-N* -(3-mercapto-
1-oxopropyl)-maytansine (DM1) or N* ’-deacetyl-N2’—(4—mercapto-4—methyl-1-
oxopentyl)maytansine (DM4);
Y’ represents a thioether bond
V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;
Q represents an optional aromatic or a heterocyclic moiety;
W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1

to 10 carbon atoms;

and

Z’ represents an amine or sulfhydryl reactive group.



[17] An even further aspect of the present invention is a nethod for
treati ng cancer sensitive to treatnent with said nethod, said nethod
conpri si /yoparenstsdial |y adm nistering to a patient in neetd/ushevmsdc2an
effective dose of a conposition conprising the conjugate of fornula (2) or
(4). [18] In still another aspect of the present invention, there is
provi ded novel maytansi noids having a thioether noiety that bears a
reactive group and that are represented by the formula (5):
D-Y-V-QWZ (5) wherein: D represents a sulfhydryl-bearing maytansi noid,
such as N2'-deacetyl -N2' - (3-mer capt ol- oxopropyl)-maytansine (DVL) or
N2' - deacellyl - NPhe redctive nwapinsindiddeti vative bearmeopibivethe) maietyais praperedDivie) ; Y’
represents a thioether bond Vis an optional linear, branched or cyclic
al kyl, al kenfHydoi-badriignydytgrsmofpl (sach 3d@Nt and DM4) ahd a batvbifuadtionsl; Q
represents an optional aromatic or a heterocyclic noiety;

crosslinker. The reaction is represented by the following chemical equation:

D+ Y”-V-Q-W-Z — D’-Y’-V-Q-W-Z’

wherein:

D’ represents a sulthydryl-bearing maytansinoid such as N*-deacetyl-N* -(3-mercapto-1-

oxopropyl)-maytansine (DM1) or N -deacetyl-N? -(4-mercapto-4-methyl-1-

oxopentyl)maytansine (DM4);

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1

to 10 carbon atoms;

Q represents an optional aromatic or a heterocyclic moiety;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1

to 10 carbon atoms;

Z’ is an amine or sulthydryl reactive group;

Y’ represents a sulthydryl-reactive moiety;

and

Y’ represents a thioether bond between the sulthydryl-bearing maytansinoid and the

crosslinker.

[20]  The present invention also discloses a process for the preparation of cytotoxic

conjugates of maytansinoids and cell binding agents linked via a non-cleavable bond

(formula 10), said process comprising reacting a cell binding agent with a compound of

formula Z’-W-Q-V-Y’-D’ to provide a cell binding agent conjugate of formula CBZ"-

W-Q-V-Y’-D’),

10



Wis an optional |inear, branched or cyclic al kyl, alkenyl or al kynyl group
having from1l to 10 carbon atons; and Z' represents an am ne or sulfhydryl
reacti ve woaupm/126§519] The reactive maytansi noi d deri vat iPCE/Use@wiongs2@
thi oether noiety is prepared froma sul fhydryl -bearing mayt ansi noid (such
as DML and DM4) and a heterobifunctional crosslinker. The reaction is
represented by the follow ng chem cal equation: D + Y'-V-QWZ
-->D-Y -V-QWZ wherein: D represents a sul fhydryl -bearing maytansinoid
such as N2'-deacetyl - N2: - (3- mer capt o- 1oxopr opyl) - mayt ansi ne (DML) or
N2' - deacetyl - N2' - (4- mer capt o- 4- et hy1l- 1- oxopentyl ) mayt ansi ne (DW);

wherein,

Z’ represents an amine or sulthydryl reactive group;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Q represents an optional aromatic or a heterocyclic moiety;

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Y represents a thioether bond;

D’ represents a sulfhydryl bearing maytansinoid, such as Nzy-deacetyl-Nz’-(3-mercapt0-
1-oxopropyl)-maytansine (DM1) or Nz’-deacetyl-Nz’—(4—mercapto-4-methy1-1-
oxopentyl)maytansine (DM4);

CB represents a cell-binding agent;

Z” represents an amide bond; and

m is an integer from 2 to 8.

[21]  The cell-binding agent maytansinoid conjugate may be further purified.

BRIEF DESCRIPTION OF THE DRAWINGS

[22] FIGURE 1 shows a structural representation of representative PEG-containing
thiosuccinimidyl-linked conjugates of the present invention

(mAb = monoclonal antibody).

[23] FIGURE 2 shows a structural representation of representative PEG-containing

thioacetamidyl-linked conjugates of the present invention.
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Vis an optional |inear, branched or cyclic al kyl, alkenyl or al kynyl group
having from| to 10 carbon atons; Q represents an optional aromatic or a
het er ocycWocormiz2edsy; Wis an optional |inear, branched ecTagedioossbkyl ,
al kenyl or al kynyl group having from1l to 10 carbon atons; Z' is an am ne
or sulfhydryl reactive group; Y" represents a sulfhydryl-reactive noiety,;
and Y' represents a thioether bond between the sul fhydryl-bearing
mayt ansi noi d and the crosslinker. [20] The present invention also discloses
a process for the preparation of cytotoxic conjugates of maytansi noids and
cell binding agents |inked via a non-cleavabl e bond (fornula 10), said
process cﬁ%ﬁri GIIRE 8 abewhystauctwpl represeaiangn afesntesentatiyed Eoppwainiagof f or mul a
Z'-WQV-Y -D to provide a cell binding agent conjugate of fornmula CB-(Z"-
W Q V-Y' - Bishifade linked compounds of the present invention.

[25] FIGURE 4 shows synthetic schemes for PEG-containing thiosuccinimidyl-

linked conjugates of the present invention.

[26] FIGURE 5 shows a synthetic scheme for PEG-containing thioacetamidyl-linked

conjugates of the present invention.

[27] FIGURE 6 shows synthetic schemes for PEG-containing disulfide linked

compounds of the present invention: a.) Synthesis of the PEG-containing disulfide

linked compound for 1-step conjugation to cell-binding agent; and b.) Synthesis of the

heterobifunctional PEG-containing disulfide linked crosslinking compound.

[28] FIGURE 7 shows a conjugation procedure for PEG-containing thiosuccinimidyl-

linked conjugates of the present invention (one-step conjugation).

[29] FIGURE 8 shows a conjugation procedure for PEG-containing thiosuccinimidyl-

linked conjugate of the present invention (2-step conjugation).

[30] FIGURE 9 shows a conjugation procedure for PEG-containing thioether-linked

(thioacetamidyl-linked) conjugate of the present invention (1-step conjugation).

[31] FIGURE 10 shows a conjugation procedure for PEG-containing thioether-linked

(thioacetamidyl-linked) conjugate of the present invention (2-step conjugation).

[32] FIGURE 11 shows a conjugation procedure for PEG-containing disulfide linked

conjugate of the present invention (1-step conjugation).

[33] FIGURE 12 shows a conjugation procedure for PEG-containing disulfide linked

conjugate of the present invention (2-step conjugation).
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wherein, Z' represents an am ne or sulfhydryl reactive group; Wis an

optional linear, branched or cyclic al kyl, alkenyl or al kynyl group having
from1l towbdQomanbssm at ons; Q represents an optional ar omraTiuS2a9/089620
het erocyclic noiety; Vis an optional l|inear, branched or cyclic alkyl,

al kenyl or al kynyl group having from1 to 10 carbon atons; Y represents a
t hi oet her bond; D represents a sulfhydryl bearing maytansinoid, such as
N2' - deacetyl - N2' - ( 3- ner capt ol- oxopropyl) - mayt ansi ne (DML) or

N2' - deacet yl - N2- - (4- mer capt 0- 4- net hy1l- 1- oxopentyl ) mayt ansi ne (DW);

[34] FIGURE 13 shows a synthetic scheme for PEG-containing, sulthydryl-reactive,
thiosuccinimidyl-linked compounds of the present invention.

[35] FIGURE 14 shows a conjugation procedure for PEG-containing
thiosuccinimidyl-linked conjugate of the present invention (1-step conjugation).

[36] FIGURE 15 shows a conjugation procedure for PEG-containing ,
thiosuccinimidyl-linked conjugate of the present invention (2-step conjugation).

[37] FIGURE 16 shows synthetic schemes for PEG-containing, sulthydryl-reactive,
thioacetamidyl-linked compounds of the present

invention; a.) Synthesis of the PEG-containing, sulthydryl-reactive, thioacetamide
linked compound for 1-step conjugation; and b.) Synthesis of the heterobifunctional
PEG-containing, sulfhydryl-reactive crosslinking compound for 2-step conjugation.

[38] FIGURE 17 shows a conjugation procedure for PEG-containing thioacetamidyl-
linked conjugates of the present invention (1-step conjugation).

[39] FIGURE 18 shows a conjugation procedure for PEG-containing thioacetamidyl-
linked conjugates of the present invention (2-step conjugation).

[40] FIGURE 19 shows a synthetic scheme for the PEG-containing, sulthydryl-
reactive, thioether-linked compounds of the present invention: a.) Synthesis of the PEG-
containing, sulthydryl-reactive, thioacetamidyl-linked compound for 1-step conjugation;
and b.) Synthesis of the homobifunctional PEG-containing, sulfthydryl-reactive
crosslinking compound for 2-step conjugation.

[411] FIGURE 20 shows a conjugation procedure for PEG-containing thioacetamidyl-

linked conjugate of the present invention (1-step conjugation).
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CB represents a cell-binding agent; Z" represents an am de bond; and mis

an integer from2 to 8.

[ 21] The cel | - bi ndi ng agent mayt ansi noi d conj ugate

may be f uwohero/pessifi ed. BRI EF DESCRI PTI ON OF THE DRAW RGH/USp@2jo546RGURE 1

shows a structural

representation of representative PEG cont ai ning

t hi osucci ni mdyl -1i nked conjugates of the present invention (mb =
nonocl onal anti body).
representative PEG containing thioacetam dyl-1inked conjugates of the

pr esent

i nventi on.

[23] FIGURE 2 shows a structural representation of

[42] FIGURE 21 shows a conjugation procedure for PEG-containing thioacetamidyl-

linked conjugate of the present invention (2-step conjugation).

[43] FIGURE 22 shows a mass spectrum (MS) of deglycosylated

HuAb-PEG4Mal-DM1 conjugate (10.7 DM1/Ab, average).

[44] FIGURE 23 shows size exclusion chromatography (SEC) of HuAb-PEGsMal-

DM1 conjugate (10.7 DM1/Ab, average).

(45] FIGURE 24 shows FACS binding of HuAb-PEG4Mal-DM1 conjugate (10.7

maytansinoid/antibody) is similar to that of unmodified antibody.

[46] FIGURE 25 shows cytotoxicity of anti-EpCAM antibody-maytansinoid

conjugates on multi-drug resistant COLO205-MDR cells.

[47] FIGURE 26 shows cytotoxicity of anti-CanAg antibody-maytansinoid conjugates

on multi-drug resistant COLO205-MDR cells.

[48] FIGURE 27 shows cytotoxicity of anti-CD56 antibody-maytansinoid conjugates

on Molp-8 multiple myeloma cells.

[49] FIGURE 28 shows cytotoxicity of anti-EpCAM antibody-maytansinoid

conjugates on HCT15 cells.

[50] FIGURE 29 shows cytotoxicity of anti-EpCAM antibody-maytansinoid

conjugates on COLO 205 mdr cells.

[51] FIGURE 30 shows in vivo anti-tumor activity of anti-EpCAM antibody-

maytansinoid conjugates on HCT15 xenografts.

[52] FIGURE 31 shows in vivo anti-tumor activity of anti-EpCAM antibody-

maytansinoid conjugates on COLO205 mdr xenografts.
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[24] FIGURE 3 shows a structural representation of representative

PEG cont ai ni ng di sul fide |inked conpounds of the present invention. [25]
FI GURE 4 wbawn/rysstiheti ¢ schemes for PEG contai ni ng thi esuaskevonsays | i nked
conjugates of the present invention. [26] FIGURE 5 shows a synthetic
schenme for PEG containing thioacetam dyl-1inked conjugates of the present
invention. [27] FIGJRE 6 shows synthetic schenes for PEG containing

di sul fide |inked conpounds of the present invention: a.) Synthesis of the
PEG cont ai ni ng disulfide |inked conpound for 1-step conjugation to
cell-binding agent; and b.) Synthesis of the heterobifunctional

PEG cont aiSA] ngFIGURH 32 shewsiimkied anti-ossdriaptkvitygpfaotipgpdidv anfi@8ly- FI GURE 7 shows
a conjugation procedure for PEG containing thiosuccinimdyllinked

conj ugat ega@insidoRd @ragars oh DG R0Sxdmopaftst ep conjugation). [29] FIGURE 8
shows a conjugation procedure for PEG containing thiosuccinimdyllinked

conj ugat ersaf tMEGUREESEMHowsHY 875 b tfndorSE@A /NI AGRhtibody30] FI GURE 9
shows a conj ugation procedure for PEG containing thioether-1inked

(1P oacet agt gk shd Ao SRRIIRS S0 REENt | nvent fon (1-step
[55] FIGURE 34 shows the binding of anti-CanAg antibody (huC242)-PEG24-Mal-
DMI1 conjugate with up to 17 D/A.

[56] FIGURE 35 shows in vitro potency of Anti-CanAg antibody (huC242)-PEG24-
Mal-DM1 conjugates with 4 to 17 D/A toward COLO 205 cells.

[57] FIGURE 36 shows in vitro potency of anti-CanAg antibody (huC242)-PEG24-
Mal-DM1 conjugates with 4 to 17 D/A toward multi-drug resistant (pgp+) COLO205-
MDR cells.

[58] FIGURE 37 shows cytotoxicity of Anti-EGFR Antibody-Maytansinoid
conjugates on UO-31 Cells.

[59] FIGURE 38 shows plasma pharmacokinetics of Antibody-PEG4-Mal-DM1.
[60] FIGURE 39 shows a structural representation of a thiosuccinimidyl-linked
conjugate of the present invention (mAb = antibody, m = 2-8).

[61] FIGURE 40 shows a structural representation of a thioacetamidyl-linked
conjugate of the present invention (mAb = antibody, m = 2-8).

[62] FIGURE 41 shows a conjugation procedure for a thiosuccinimidyl-linked
conjugate prepared with compounds of the present invention (mAb = antibody, m = 2-8).

[63] FIGURE 42 shows a conjugation procedure for a thioacetamidyl-linked

conjugate prepared with compounds of the present invention (mAb = antibody, m = 2-8).
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[31] FIGURE 10 shows a conjugation procedure for PEG containing

t hi oet her-1inked (thioacetam dyl-1inked) conjugate of the present invention
(2-step owojapaiessm) . [32] FI GURE 11 shows a conj ugat i eaTarse@edsyeeo f or
PEG cont ai ni ng disulfide |linked conjugate of the present invention (1l-step
conjugation). [33] FIGURE 12 shows a conjugation procedure for

PEG cont ai ning disulfide |inked conjugate of the present invention (2-step
conj ugation). [34] FIGURE 13 shows a synthetic schene for PEG contai ning,
sul f hydryl -reactive, thiosuccinimdyl-Ilinked conpounds of the present
invention. [35] FIGURE 14 shows a conjugation procedure for PEG containing
t hi osucci fi4i dFIGURINKEshayory wygtietc ssheimh dorpmese reactivevibiosicsmirgidykt ep
conjugation). [36] FIGURE 15 shows a conjugation procedure for

PEG- cont alifltedgomipbinai u€ dierpresestyihvdntinked conj ugate of the present invention
(2-step conjugation). [37] FIGURE 16 shows synthetic schenes for

PrESS g ﬁ ?t aja%] NOFIGURE by Shotks & SafHdt¢ 8chehid foR®e basPhMiibn bf thk aghieoemaweds of the
’ thiosuccinimidyl-linked compounds which contain a straight chain hydrocarbon between
the maleimide and NHS ester.
[66] FIGURE 45. Shows mass spectrum (MS) of deglycosylated mAb-SMCC-DM1
conjugate prepared with compounds of the present invention (3.42 DM1/mAb, average).
[671 FIGURE 46. shows a synthetic scheme for the two step preparation of the
amine-reactive thiosuccinimidyl-linked compounds which contain a cyclolkyl group
between the maleimide and NHS ester.
[68] FIGURE 47. shows a synthetic scheme for the two step preparation of the
amine-reactive non-cleavable thiosuccinimidyl-linked compounds containing a
cycloakyl group between the maleimide and NHS ester.
[69] FIGURE 48. Shows a synthetic scheme for the preparation of thioacetamidyl-
linked compounds of the present invention.
[70] FIGURE 49. Shows a synthetic scheme for the two step preparation of
thioacetamidyl-linked compounds of the present invention.
[71] FIGURE 50. Shows structures for thiosuccinimidyl-linked conjugates of the
present invention (mAb = antibody, m = 2-8).
[72] FIGURE 51. Conjugation procedure for a thiosuccinimidyl-linked conjugate
prepared with compounds of the present invention (mAb = antibody, m = 2-8).
[73] FIGURE 52. Synthetic scheme for the preparation of the sulthydryl-reactive

thiosuccinimidyl-linked compounds of the present invention.
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invention; a.) Synthesis of the PEG containing, sulfhydryl-reactive,

t hi oacetam de | i nked conpound for 1-step conjugation; and b.) Synthesis of
t he het erwbi2bimetisonal PEG cont ai ni ng, sul f hydryl - r eact ipcg/uscassbicaki ng
conpound for 2-step conjugation. [38] FIGURE 17 shows a conjugation
procedure for PEG containing thioacetam dyllinked conjugates of the present
invention (1-step conjugation). [39] FIGJRE 18 shows a conjugation
procedure for PEG containing thioacetam dyllinked conjugates of the present
i nvention (2-step conjugation). [40] FIGURE 19 shows a synthetic schene
for the PEG containing, sulfhydrylreactive, thioether-linked conpounds of
the preseléli n@@rﬂ%?ﬁg howsthat ane$iagAg(hy(Rd 2 pial-coHpaMal AYM1 conjugate

sul f hydryl -reactive, thioacetam dyl-Iinked conpound for 1-step conjugation;
and b.) SyrihB&gird/bfbindseo hgrgshipbsinge COMADS BEIS cont ai ni ng,

sul f hydryl -reactive crosslinking compound for 2-step conjugation. [41]

FI GURE 20[7$hovweEGURIOY. Shaivs diat Aht<Re i entiordy PR Ml {CHE)s-Mal-DM 1

t hi oacet am dyl | i nked conjugate of the present invention (1-step

conj ugat i @mjugate Wifk2d.8 B/ BilRbotdd aghiavnAghOpisHBRIAEIO5Qe BBt Gesk Q6 _
PEG cont ai ni ng t hi oacetam dyl | i nked conjugate of the present invention

(2-step cQniiiPakiochecatikéRbmbldREs 22 shows a mass spectrum (M5) of

degl ycosylat ed HUAb- I§EG4Mal- DML conjugate (10.7 DML/ Ab, average).
DETAILED DESCRIPTION OF THE INVENTION
[76] This invention discloses the novel findings that conjugates of cell-binding agents,
such as an antibody, linked to drugs, for example, cytotoxic agents, by polyethylene
glycol or polyethylene oxide linkers ((—CH>CH,O),) exhibit several fold greater
cytotoxicity toward target cancer cells than expected based on comparison with
traditional cell-binding agent drug conjugates with typical aliphatic linkers and similar
drug loads. Importantly, the conjugates described in this invention are highly potent or
efficacious toward cancer cells that are multidrug resistant (mdr), which have poor
sensitivity to treatment with cytotoxic drugs. Cancer therapy poses the hurdle of
overcoming mechanisms of drug resistance often encountered after multiple rounds of
treatment with different chemotherapeutic agents. One such mechanism observed in
cancer cells called multidrug resistance is caused by enhanced export of drugs by ATP-
binding cassette (ABC) transporters (C. Drumond, B. . Sikic, J. Clin. Oncology, 1999,
17,1061-1070, G, Szokacs et al., Nature Reviews, 5; 219 — 234, 2006). Therapies that
overcome these mechanisms of drug resistance, such as interfering with or overcoming
this efflux of drugs by cancer cells would be highly useful. The cytotoxicity of the PEG-

linked conjugates of cell-binding agents and cytotoxic drugs were evaluated against
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[44] FI GURE 23 shows size excl usion chromatography (SEC) of HuAb- PEGAMalDML
conjugate (10.7 DML/ Ab, average). [45] FIGURE 24 shows FACS bi ndi ng of
HuAb- PEGAWB2e0MR63sonj ugat e (10. 7 mayt ansi noi d/ ant i body) pPr3/useemolosge2a o t hat
of unnodi fied antibody. [46] FIGURE 25 shows cytotoxicity of anti-EpCAM
ant i body- mayt ansi noi d conjugates on nulti-drug resistant COL0O205- MDR cel | s.
[47] FI GURE 26 shows cytotoxicity of anti-CanAg anti body-nmaytansi noid
conjugates on nulti-drug resistant COL0O205-MDR cells. [48] FIGURE 27 shows
cytotoxicity of anti-CD56 anti body-nmaytansi noid conjugates on Ml p-8

i pLe ISR SOl om0 ELL R 28, s B LBl S

cy1FLoWT el O BALLERGAL AT Loty N OSB! LA AR SR PR 205 ™

ANt L Doy A O g S O o o g AL L S el killing of the mdr
cells in comparison to the much less potent conjugates derived from conventional
linkers. In addition, the conjugates of the present invention also display markedly higher
anti-tumor activity in animal models established with multidrug resistant tumor cells.
[77] The use of hydrophilic polyethylene glycol or polyethylene oxide linkers (PEG
or PEO; (—CH,CH,0),) also allows the incorporation of a relatively large number of
drugs per cell-binding agent molecule with the high protein monomer level of greater
than 90% at concentrations of greater than 1 mg/ml that are desired for therapeutic uses.
Furthermore, the polyethylene glycol (PEG)-linked conjugates of cell-binding agents
having a range of cytotoxic drug load (from a small value of 2 to a large number such as
15 drugs linked per cell-binding agent) showed greatly enhanced cytotoxicities toward
target cancer cells than expected from the stoichiometric increase in drug delivery based
on increased drug load of the conjugates. Conjugates of cell-binding agent and drug
having PEG spacers are described in this invention, which exhibited the super-
stoichiometric increase in cytotoxicity toward target cancer cells by as much as a 260-
650 fold enhancement in potency (see, for example, Figure 29) as compared to
traditionally prepared conjugates with similar drug loads.
[78] Therefore, in one aspect of the invention, drugs with linkers having a
polyethylene glycol spacer (-CH,CH,0), and a reactive group capable of reacting with a

cell-binding agent are described.
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[52] FIGURE 31 shows in vivo anti-tunor activity of anti-EpCAM
ant i bodymayt ansi noi d conj ugates on COL0205 ndr xenografts. [ 53] FI GURE 32
shows i n wowoloansisit unor activity of anti-EpCAM anti bodycagisarneionmrea
conj ugates on COLO 205 xenografts. [54] FIGURE 33 shows in vivo anti-tunor
activity of anti-CanAg anti bodymaytansi noid conjugates on COLO 205 ndr
xenografts. [55] FIGURE 34 shows the binding of anti-CanAg anti body
(huC242) - PEG24- Mal DML conj ugate with up to 17 D)A. [56] FI GURE 35 shows in
vitro potency of Anti-CanAg anti body (huC242)-PEQ4- Ml -DML conj ugates
wth 4 to 17 DA toward COLO 205 cells. [57] FIGURE 36 shows in vitro
pot ency of79nt$pecdieally enmtanteigd (tHhs2apert PReifigdggonmopné ehiorgaleéd with 4 to
17 DDA toward rmulti-drug resistant (pgp+) COL0205- MDR cells. [58] FlI GURE
37 shows ayd speafic compowtl ofifidrimuEEGER: Ant | body- Mayt ansi noi d conj ugates on
U0- 31 Cells.
Z—X~—CHy—CHy—O0-)—Y,-D q))
D-Y,~«(—CHy-CHy—O-)—X1-Z (1)

wherein:

Z represents a reactive functionality that can form an amide or a thioether bond with a

cell-binding agent;

D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-

binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a

covalent bond selected from the group consisting of a thioether bond, an amide bond, a

carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone

bond;

lisOor1;

pisOorl;and

n is an integer from 1 to 2000.

[80] Preferably, the covalent bond that attaches Y to the drug is a thioether bond or an

amide bond.

[81] Preferably n is an integer from 1 to 100. Even more preferably, n is an integer

from 1 to 14. In the most preferable aspect n is an integer from 1 to 4.

[82] Ina second aspect of the invention, novel conjugates of cell-binding agents and

drugs with polyethylene glycol linkers (-CH,CH,0), are described. These conjugates
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[ 59] FI GURE 38 shows pl asma phar macoki neti cs of Anti body- PEGA- Mal - DML.
[60] FIGURE 39 shows a structural representation of a
t hi osucciwormyi2eéisinked conjugate of the present inventipam/uSaod/osvcant i body,
m= 2-8). [61] FIGURE 40 shows a structural representation of a
t hi oacet am dyl -1i nked conjugate of the present invention (mb = antibody, m
= 2-8). [62] FIGJRE 41 shows a conjugation procedure for a
t hi osucci ni m dyl -1i nked conjugate prepared with conpounds of the present
invention (mAb = antibody, m= 2-8). [63] FIGURE 42 shows a conjugation
procedure for a thioacetam dyl-|inked conjugate prepared with conpounds of
t he prese#He Moy BofeRtdpVEmsBNcer egilsitivadpniugptes it yraditionad dipkers eRE 43 shows a
synthetic schenme for am ne-reactive thiosuccinimdyllinked conpounds of the
present ienpevaldnbdrug 1988] FI GURE 44 Shows a synthetic scheme for the
preparation of the am ne-reactive thiosuccinimdyl-Ilinked conpounds which
cont ai n a[83{ r a$hificalhacantdmydated ar bpnfchet waeot it heomjagad of OellsyiaddindS est er .

agent and a drug of formula (2) or a specific compound of formula (2°):

CB—X«(—CH-CH>-O-)y—Y—D]n (2)
[D-Y,«(—CH,—CH;—O0—-)—XiJm-CB  (2°)

wherein:

CB represents a cell-binding agent;

D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-

binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

Y represents an aliphatic, an aromatic, or a heterocyclic group attached to the drug via a

covalent bond selected from the group consisting of a thioether bond, an amide bond, a

carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone

bond;

lisOorl;

pisOor1;and

m is an integer from 2 to 15; and

n is an integer from 1 to 2000.

[84] Preferably, the covalent bond is a thioether bond or an amide bond.

[85] Preferably, mis an integer from 3 to 8.

[86] Preferably n is an integer from 1 to 100. Even more preferably, n is an integer

from 1 to 14. In the most preferable aspect, n is an integer from 1 to 4.
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[ 66] FI GURE 45. Shows nmass spectrum (M5S) of degl ycosyl ated mAb- SMCC- DML
conjugate prepared with conpounds of the present invention (3.42 DML/ mAb,
aver age) .wo[261}1264s8URE 46. shows a synthetic scheme for PClmastevo/osicep
preparation of the am ne-reactive thiosuccinimdyl-I|inked conpounds which
contain a cyclol kyl group between the nmaleimde and NHS ester. [68] FlI GURE
47. shows a synthetic schene for the two step preparation of the

am ne-reactive non-cl eavabl e t hi osucci nim dyl -1inked conmpounds contai ning a
cycl oakyl group between the mal ei m de and NHS ester. [69] FIGURE 48. Shows
a synthetic schene for the preparation of thioacetam dyllinked conpounds of
t he presel¥’]i nVenressnt invgrrion isalsUrsedion thetevd fiadingilaién the casettdne for the
two step preparation of thioacetam dyl-I|inked conpounds of the present

i nvent i onantibpdyl orffigBtdREVEein Siecamsibedyr is dinkiedets cfmtoxihdrogudieidisulfiddy| - | i nked
conj ugates of the present invention (mAb = antibody, m= 2-8). [72] FIGURE
51. Conj upaids.aherplicaitieabcor@ratian bitiweshl theinintecyf drigsiioked srahthe gapd prepar ed
wi th conpounds of the present invention (mAb = antibody, m= 2-8). [73]

FI GURE 5_2of_t§wélpah_i/1@n§gapwr@p£c@f inteRBarRIRAE BobRYY Rlhd difcagylobthedr yl -reacti ve
t hi osucci ni m dyl-11 nked” conpounds of the present invention.
immunoconjugate. The additional benefit of this linker design is the desired high
monomer ratio and the minimal aggregation of the antibody-drug conjugate. Thus, in
one aspect, the present invention is based on the critical finding that when the
polyethylene glycol spacer for a disulfide-linked conjugate consists of between 2 and 8
ethyleneoxy groups and the number of drugs linked ranges from 3 to 8, it gives
antibody-drug conjugates the highest biological potency or efficacy and also gives the
desired high monomer content.
[88] In apreferred aspect, cytotoxic drugs linked via disulfide group (-S-S-) having
short polyethylene glycol spacers ((CH2CH,0)n=1.14) with a functional group capable of
reaction with a cell-binding agent are described.
[89] Specifically contemplated in this aspect is a modified cytotoxic compound of
formula (3) or a specific compound of formula (3°):
7Z-X«(—CHy—CH;0-),-Y-D (3)
D-Y-(-CH,—CH,O-)—X-Z  (37)
wherein;
Z represents a reactive functionality that can form an amide or a thioether bond with a
cell-binding agent;

D represents a drug;
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[ 74] FI GURE 53. Shows that anti-CanAg (huC242)-Mal - (CH2) 6- Mal - DM |
conjugate with 3.8 or DDA binds to antigen-positive COL205 cells. [75]

FI GURE 54wo0Shoviessmat Anti - CanAg anti body (huC242) - Mal - ¢CiHR)SBe0kaEcRIML
conjugate with 3.8 DA is potent against antigen-positive COL0O205 cells but
| ess so agai nst antigen-negative Namalwa cells. DETAI LED DESCRI PTI ON OF THE
| NVENTION [76] This invention discloses the novel findings that conjugates
of cell-binding agents, such as an antibody, |inked to drugs, for exanple,
cytotoxic agents, by pol yethyl ene glycol or polyethylene oxide |inkers
((-CH2CH20) ") exhibit several fold greater cytotoxicity toward target
cancer ceKlrepredgats aprpplotiecanyaemalicon adstasedycEogronp ettachediidi the egilal

cel | -bi ndi ng agent drug conjugates with typical aliphatic |inkers and
sim | ar dbinding egehs vialatpoethanidng, art dveide bopd) g atubsmdedond, e dn ethet bund; | nvent i on
are highly potent or efficacious toward cancer cells that are multidrug

r esi st anty (réptesents\ah ialiphdiiaVi@onpaomaseidérbeyelit Yr drombati€ héte@BYclidigidupCyt ot oXi C
drugs. Cancer therapy poses the hurdle of overcom ng nmechani sns of drug
resi st ancgiehddan tRNGay Va8l Bdhigdd hdul ti pl e rounds of treatment with

di fferent chenotherapéutic agents. One such nechani sm observed in cancer
cell's cal{ed mljdrug resistance is caused by enhanced export of drugs by
ATP- bi ndi'ng cassette (ABC) transporters (C. Drunond, B. I. Sikic, J din.
Oncol ogy, %99%hm%;Tk%9?#5%P70’ G Szokacs et al., Nature Reviews, 5; 219 -
234, 2006?.€$her pies at "overcone these nechani sns of drug resistance,
such as iﬁb rf p%qg¥mﬁth or ove cog}n%tthis ef flux of drugs by cancer cells
woul d be |ghI]&e LRI 1S hETeESE BPHXi 1Ri% y of the PEG |inked conjugates of
cel | -bindi ng agents and _ cyt ot oxic dru?s wer e eval uated against nultidrug
resi stant Wéinc’%rane@r:ll rrefeged agnect, porypgalospbes]]-heding agems ad dugs lidkednt age

agai nst these resistant cells. In these assays agai nst nmdr cells, the PEG

| i nked covipdipatfss gafupded-B=)thiariae mglyadetens shad spgacst @& HeCldrQlgs-18 Mathed
unexpectedly potent cell killing of the ndr cells in conparison to the nuch
| ess pot emtrrovorapggaf drsg thed ol 8@ dre descclbaimbaitshowatlativehykldgk potemt addi tion, the
conjugates of the present invention also display markedly higher anti-tunor
activity biologiiahativipaelasd esicaddells aethask e desirdd Slochgmias bslparmies dunmor cel | s.
[ 77] The use of hydrophilic polyethylene glycol or polyethyl ene oxide

l'i nkers (REScOijuBEGh ylcCmGHROMohombSatidvitd Waninke pioki kpatakioen of a

relatively |arge nunber of drugs per cell-binding agent nolecule with the

hi gh prot ?J%? NQRAIRAIY ERdmRAhted (P@lsSikpdch AN c%ﬁ%hﬁémé@%ﬁ?c‘ﬂ{lé abhifBse QfL greater

than 1 ng that are desired for therapeutic uses. Furthernore, the

p0|yethylﬁgﬁugkXﬁﬁkﬁ%ggﬁ?géh&§@§O?ﬁﬂhﬁﬁg%ﬁs of cell-binding agents having a

range of cytotoxic oma s value of 2 to a | arge nunber
such as 15 drugs |inked per..cell-bindi ng agent) showed greatly enhanced
cytotoxicities tomd¢§*§%ggéﬁrgg%égbngt?ﬁ% tﬁgn expected fromthe
stoichionetric increase in d eljve based on increased drug | oad of

t he conjugates. Cbﬂ?hgéfgghﬁ#ﬂ%%sri mdrng §6ént and drug havi ng PEG
spacers are described in this invention, which exhibited the

super st oi WR¢8Wet ric increase in cytotoxicity toward target cancer cells by
as much as a 260- 650 fold enhancenent in potency (see, for exanple, Figure
29) as cofvBaerrdsents aqeldiindiomagdenyy prepared conjugates with similar drug

| oads.
D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a

disulfide bond;
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[ 78] Therefore, in one aspect of the invention, drugs with Iinkers having a
pol yet hyl ene gl ycol spacer (-CH2CH20)n and a reactive group capabl e of
reacti ng wiot2hoai2essh | - bi ndi ng agent are described. [ 79] rEparms2éoomsdey
contenplated in this aspect is a nodified conmpound of forrmula (I) or a
specific conpound of forrmula (1'): Z-X1-(-CH2-CH2-0-)n-Yp-D(1)

D Yp-(-CH2-CH2-0-)n-X1-Z(1') wherein: Z represents a reactive functionality
that can forman am de or a thioether bond with a cell-binding agent; D
represents a drug;

lisOorl;
m is an integer from 3 to §; and
n is an integer from 1 to 14.
[93] Preferably, mis an integer from 3 to 6.
[94] Also, preferably, n is an integer from 2 to 8.
[95] In this invention, drugs are lipophilic molecules, which when conjugated to cell-
binding agents such as antibodies often result in loss of yield due to protein aggregation
or precipitation. Increasing the number of drugs per cell-binding agent typically results
in worse protein aggregation and precipitation, and subsequent poor monomer
percentage and low yields. In contrast to the typical conjugate behavior with
conventional linkers, the PEG linkers result in a desirable improvement in monomer
percentage (>90% monomer) and yield (>70%) of the conjugates of cell-binding agents
with drugs at high concentrations of 1 mg/ml or greater that are useful for therapeutic
applications. In addition, these conjugates are stable upon prolonged storage at 4°C.
[96] In the present invention, novel maytansinoids having a thioether moiety that
bears a reactive group are disclosed such that those compounds are represented by the
formula (5):
D’-Y’-V-Q-W-Z’ (5)

wherein:

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group
preferably having from 1 to 10 carbon atoms; more preferably a linear alkyl having 1-5

carbon atoms, and still more preferably V is a one carbon alkyl group (CH);
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X represents an aliphatic, an aromatic or a heterocyclic group attached to
the cell-binding agent via a thioether bond, an am de bond, a carbamate
bond, or wo 2etiesssbond; Y represents an aliphatic, an aroWAIS2@IO59620
het erocyclic group attached to the drug via a coval ent bond sel ected from
t he group consisting of a thioether bond, an am de bond, a carbamate bond,
an et her bond, an am ne bond, a carbon-carbon bond and a hydrazone bond; 1
is Oor 1, pis Oor 1, and nis an integer from1l to 2000. [80]
Preferably, the coval ent bond that attaches Y to the drug is a thioether
bond or an amide bond. [81] Preferably nis an integer from1l to 100. Even
nmore pref erabl Y, isan ppticaal linges deanchgdomceyclicnlity, alkenyt orealkoogt gronpheviad| e
aspect nis an integer from1l to 4. [82] In a second aspect of the
i nvent i onfromdwvell0cerpu g@tresmofe mrefetablyi ding@-&gabdrsatamd, stilugsew t h
pol yet hyl ene gl ycol |inkers (-CH2CH20),, are described. These conjugates
preferably W is a cyclohexyl group;
D’ represents a sulfhydryl-bearing maytansinoid, and more preferably it is
selected from DM1, DM3 andDM4;
Y’ represents a thioether bond
Q represents an optional aromatic or a heterocyclic moiety, and preferably Q is
absent
Z’ represents an amine reactive group or a thiol reactive group selected from, but
not limited to, a N-hydroxy succinimide ester, N-hydroxysulfosuccinimide ester, para
or ortho-nitro phenyl ester, dinitrophenyl ester, pentafluoropheny! ester and sulfo-

tetrafluorophenyl ester; a maleimide or a haloacetamide, more preferably Z is a N-

hydroxysuccinimide, N-hydroxysulfosuccinimide ester or a maleimide.

[97] In another embodiment, reactive maytansinoid derivatives bearing a thioether
moiety are prepared from a sulfhydryl-bearing maytansinoid (such as DM1 and DM4)
and a heterobifunctional crosslinker. The reaction sequence is represented by formula
(6):

D’ +Y"-V-Q-W-Z’> D’-Y’-V-Q-W-Z>  (6)

wherein:

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group
preferably having from 1 to 10 carbon atoms; more preferably a linear alkyl having 1-5

carbon atoms, and still more preferably V is a one carbon alkyl group (CHy);
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are nore potent toward cancer cells than conjugates with traditional

| i nkers and equi val ent drug | oads. [83] Specifically contenplated in a

pr ef err edwvaperi2eiss a conjugate of a cell -bi ndi ng agent pamarsaoodosss2@f
formula (2) or a specific conpound of fornula (2'):

CB-[ X -(-CH2-CH2-0-)n-Yp-DIm (2) [D Yp-(-CH2-CH2-0-)n-X1]1-CB (2') wherein:
CB represents a cell-binding agent; D represents a drug;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having
from 1 to 10 carbon atoms; more preferably having 2-8 carbon atoms, still more
preferably W is a cyclohexyl group;

Y?” reprsents a thiol-reactive groups elected from maeimide or haloacetamide,
preferably a maleimide;

D’ represents a sulthydryl-bearing maytansinoid, and more preferably it is
selected from DM1, DM3 andDM4;

Y’ represents a thioether bond

Q represents an optional aromatic or a heterocyclic moiety, and preferably Q is
absent

Z’ represents an amine reactive group or a thiol reactive group selected from, but
not limited to, a N-hydroxy succinimide ester, N-hydroxysulfosuccinimide ester, para
or ortho-nitro phenyl ester, dinitrophenyl ester, pentafluorophenyl ester and sulfo-
tetrafluorophenyl ester; a maleimide or a haloacetamide, more preferably Z is a N-
hydroxysuccinimide, N-hydroxysulfosuccinimide ester or a maleimide.

Y’ represents a thioether bond.

[98] The invention also provides a process for the preparation of cytotoxic conjugates
of maytansinoids and cell binding agents linked via a non-cleavable bond said process
comprising reacting a cell binding agent with a compound of formula Z2’-W-Q-V-Y’-D’
to provide a cell binding agent conjugate of formula CB—HZ”-W-Q-V-Y’-D’)n.

wherein:

25



X represents an aliphatic, an aromatic or a heterocyclic group attached to
the cell-binding agent via a thioether bond, an am de bond, a carbamate
bond, or wo 2etiesssbond; Y represents an aliphatic, an aromAS2@Y/06962@

het erocyclic group attached to the drug via a coval ent bond sel ected from
t he group consisting of a thioether bond, an am de bond, a carbamate bond,
an et her bond, an am ne bond, a carbon-carbon bond and a hydrazone bond; 1
is Oor 1; pis Oor 1; and mis an integer from2 to 15; and n is an
integer from1 to 2000. [84] Preferably, the covalent bond is a thioether

bond or an am de bond. [85] Preferably, mis an integer from3 to 8.
W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having

from 1 to 10 carbon atoms; more preferably having 2-8 carbon atoms, still more
preferably W is a cyclohexyl group;

Q represents an optional aromatic or a heterocyclic moiety, and preferably Q is
absent;

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group
preferably having from 1 to 10 carbon atoms; more preferably a linear alkyl group
having 1-5 carbon atoms, and still more preferably V is a one carbon alkyl group (CH,);

Y’ represents a thioether bond;

D’ represents a sulthydryl-bearing maytansinoid, and more preferably it is
selected from DM1, DM3 and DM4;

CB represents a cell binding agent selected from an antibody, a single chain
antibody, an antibody fragment, a peptide, growth factor, hormone, vitamin, or ankyrin
repeat proteins (DARPins), preferably the cell binding agent is an antibody or an
antibody fragment or a Darpin,;

Z’ represents an amine reactive group or a thiol reactive group selected from, but
not limited to, a N-hydroxy succinimide ester, N-hydroxysulfosuccinimide ester, para
or ortho-nitro phenyl ester, dinitrophenyl ester, pentafluorophenyl ester and sulfo-
tetrafluorophenyl ester; a maleimide or a haloacetamide, more preferably Z is a N-
hydroxysuccinimide, N-hydroxysulfosuccinimide ester or a maleimide;

7 represents a thioether bond or an amide bond;

[99] The process can be conducted by mixing a solution of the cell binding agent ,

such as an antibody, in aqueous buffer, optionally containing up to 20% organic solvent.
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[86] Preferably nis an integer from1l to 100. Even nore preferably, nis
an integer froml to 14. In the nost preferable aspect, n is an integer
from1l tow@.2010/288}i The present invention is al so basedpomush@9nsoced
finding that in the case of antibody conjugates, wherein the antibody is

| i nked to cytotoxic drugs via disulfide bonds, there is a critical
correl ati on between the nunber of drugs |inked and the | ength of the

pol yet hyl ene gl ycol spacer in enhancing the potency or the efficacy of the
i mmunoconj ugate. The additional benefit of this linker design is the
desired high nononer ratio and the m ninmal aggregation of the antibody-drug
conj ugat ewitiTihgscompeuachef faspele 2 - W& VpY eBéintorgamcesetvestoriasmixiisedf on t he
critical finding that when the pol yethylene glycol spacer for a

di sul fi deetganksdvewnphdigateouciouftir st waef, abéblvweing heanatti8n &t prpteddaxy gr oups
and the nunber of drugs linked ranges from3 to 8, it gives antibody-drug
conj ugat esettvben Highest2 Hoiued. ogi cal potency or efficacy and al so gives the
desired high nonomer content. [88] In a preferred aspect, cytotoxic drugs

I( .( gﬁ ggH \Z/Bfiﬂe%ﬁjugitie dh B RHRepuifisd by BRYhRAGSNAY LN Gy eddayh@n@odl ycol spacers

, =l -14) ﬂg&ﬂoﬁoigg&ﬁﬁﬁgg%cg@%g@ capabl e of reaction with a cell-binding

agent are descri Specifically contenplated in this aspect is a

oo o0 PG ORIl BB, RSy SRR
An alkyl group is an aliphatic hydrocarbon group which may be straight or branched,
preferably having 1 to 20 carbon atoms in the chain or cyclic, preferably having 3 to 10
carbon atoms. More preferred alkyl groups have 1 to 12 carbon atoms in the chain.
"Branched" means that one or more lower alkyl groups such as methyl, ethyl or propyl
are attached to a linear alkyl chain. Exemplary alkyl groups include methyl, ethyl, n-
propyl, i-propyl, n-butyl, t-butyl, n-pentyl, 3-pentyl, octyl, nonyl, decyl, cyclopentyl and
cyclohexyl.
[101] An alkenyl group is an aliphatic hydrocarbon group containing a carbon-carbon
double bond and which may be straight or branched, preferably having 2 to 15 carbon
atoms in the chain. More preferred alkenyl groups have 2 to 12 carbon atoms in the
chain; and more preferably about 2 to 4 carbon atoms in the chain. Exemplary alkenyl
groups include ethenyl, propenyl, n-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl,
heptenyl, octenyl, nonenyl, decenyl.
[102] An alkynyl group is an aliphatic hydrocarbon group containing a carbon-carbon
triple bond and which may be straight or branched, preferably having 2 to 15 carbon
atoms in the chain. More preferred alkynyl groups have 2 tol2 carbon atoms in the

chain; and more preferably 2 to 4 carbon atoms in the chain. Exemplary alkynyl groups
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wherein; Z represents a reactive functionality that can forman amde or a
t hi oether bond with a cell-binding agent; D represents a drug; X

repr esentwoanioal2emat i c, an aromatic or a heterocyclic groas2@voswbed t o
the cell-binding agent via a thioether bond, an am de bond, a carbamate
bond, or an ether bond; Y represents an aliphatic, non-aromatic

het erocyclic or aromatic heterocyclic group attached to the drug via a
disulfide bond; 1 is 0 or 1; and nis an integer fromlto 14.

include ethynyl, propyﬁyl, n-butynyl, 2-butynyl, 3-methylbutynyl, n-pentynyl, heptynyl,
octynyl and decynyl.

[103] As used herein, the term "aromatic group" means a substituted or unsubstituted
aryl group consisting of an aromatic monocyclic or multicyclic hydrocarbon ring system
of 6 to 14 carbon atoms, preferably of 6 to 10 carbon atoms. Exemplary aryl groups
include phenyl and naphthyl. Substituents include, but are not limited to, alkyl groups,
halogens, nitro, amino, hydroxyl and alkoxy groups.

[104] Halogens include fluorine, chlorine, bromine and iodine atoms. Fluorine and
chlorine atoms are preferred.

[105] As used herein, the term “heterocyclic group” refers to a saturated, partially
unsaturated or unsaturated, non-aromatic stable 3 to 14, preferably 5 to 10 membered mono,
bi or multicyclic rings wherein at least one member of the ring is a hetero atom, or an
aromatic, preferably 5 to 10 membered mono-, bi- or multicyclic ring having at least one
hetero atom. Typically, hetero atoms include, but are not limited to, oxygen, nitrogen,
sulfur, selenium, and phosphorus atoms. Preferable hetero atoms are oxygen, nitrogen and
sulfur.

[106] Preferred heterocyclic groups include, but are not limited to, pyrrolidinyl,
pyrazolidinyl, imidazolidinyl, oxiranyl, tetrahydrofuranyl, dioxolanyl, tetrahydro-pyranyl,
dioxanyl, dioxolanyl, piperidyl, piperazinyl, morpholinyl, pyranyl, imidazolinyl, pyrrolinyl,
pyrazolinyl, thiazolidinyl, tetrahydrothiopyranyl, dithianyl, thiomorpholinyl, dihydro-
pyranyl, tetrahydropyranyl, dihydropyranyl, tetrahydro-pyridyl, dihydropyridyl,
tetrahydropyrinidinyl, dihydrothiopyranyl, azepanyl, pyrrolyl, pyridyl, pyrazolyl, thienyl,

pyrimidinyl, pyrazinyl, tetrazolyl, indolyl, quinolinyl, purinyl, imidazolyl, thienyl, thiazolyl,
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[90] Preferably, nis an integer from2 to 8. [91] In another preferred
aspect, conjugates of cell-binding agents and drugs |inked via disulfide
group (- Sv6-210maevismg pol yet hyl ene gl ycol spacers ((CH2CP2@)us2doobdde2eni t h a
narrow range of drug |oad of 3-8 are described that show relatively high
potent biological activity toward cancer cells and have the desired
bi ochem cal properties of high conjugation yield and high nononer ratio
with mniml protein aggregation. [92] Specifically contenplated in this
aspect is a cell-binding agent drug conj ugat e of fornula (4) or a specific
conpound of formula (4 % é - CH2- CH20- ) {
[D-Y- ( - CHxXeibigz9ly- ﬁHWW dﬁ@@’YmﬁﬂeﬂéﬁﬁhwéBﬂP@pﬁ%@%ﬁ@@'dnéﬁWltﬁﬁﬁﬂWhg agent ;
D represents a drug;
isoquinolyl, benzothlenyl isobenzofuryl, pyrazolyl, carbazolyl, benzimidazolyl, and

isoxazolyl, pyridyl-N-oxide, as well as fused systems resulting from the condensation with a
phenyl group.

[107] The aliphatic, aromatic and heterocyclic groups represented by X and Y can also
possess a charged substituent. The charged substituent can be negatively charged selected
from, but not limited to carboxylate, sulfonate and phosphates, or positively charged selected
from a tertiary or quaternary amino group.

[108] As used herein, the expression “linked to a cell-binding agent” refers to the
conjugate molecule comprising at least one drug derivative bound to a cell-binding agent via
a suitable linking group, or a precursor thereof. Preferred linking groups are thiol or
disulfide bonds, or precursors thereof.

[109] Asused herein, “precursor” of a given group refers to any group which may lead to
that group by any deprotection, chemical modification, or coupling reaction. For
example a precursor could be an appropriately protected functionality exemplified by a
thioester or thioether as a thiol precursor.

[110] As used herein, the term “reactive functionality” refers to an amine-, a thiol- or a
hydroxyl-reactive functionality. In other words, the reactive functionality can react with
amine, sulfhydryl (thiol), or hydroxyl group present on cell-binding agent. For example,
for amine-reactive functionality, the functionality could be a reactive carboxylic ester
(including N-succinimidyl, N-sulfosuccinimidyl, N-phthalimidyl, N-sulfophthalimidyl,
2-nitrophenyl, 4-nitrophenyl, 2,4-dinitrophenyl, 3-sulfo-4-nitrophenyl, 3-carboxy-4-

nitrophenyl, tetrafluorophenyl esters), a reactive sulfonic acid derivative, or a reactive
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X represents an aliphatic, an aromatic or a heterocyclic group attached to
the cell-binding agent via a thioether bond, an am de bond, a carbamate
bond, or wo 2etiesssbond; Y represents an aliphatic, an aroWAIS2@IO59620

het erocyclic group attached to the drug via a disulfide bond; 1 is 0 or 1;
mis an integer from3 to 8, and nis an integer fromlto 14. [93]
Preferably, mis an integer from3 to 6. [94] Al so, preferably, nis an
integer from2 to 8.

thioester to give an amide bond; for thiol-reactive functionality, the functionality could
be a maleimide, a haloacetamide, or a vinyl sulfone to give a thioehter bond; and, for
hydroxyl-reactive functionality, the functionality could be a reactive carboxylic ester to

give an ester bond.

A. MODIFIED DRUGS AND MODIFIED CELL BINDING AGENTS HAVING

HYDROPHILIC LINKERS

[111] A linker is any chemical moiety that is capable of linking a drug, such as a
maytansinoid, to a cell-binding agent in a stable, covalent manner. Linkers can be
susceptible to or be substantially resistant to acid-induced cleavage, light-induced
cleavage, peptidase-induced cleavage, esterase-induced cleavage, and disulfide bond
cleavage, at conditions under which the drug or the cell-binding agent remains active.
Figures 1, 2 and 3 exemplarily provide structural representations of conjugates of the
present invention.

[112] Suitable crosslinking reagents comprising hydrophilic PEG chains that form
linkers between a drug and the cell-binding agent are well known in the art, or are
commercially available (for example from Quanta Biodesign, Powell, Ohio). Suitable
PEG-containing crosslinkers can also be synthesized from commercially available PEGs
themselves using standard synthetic chemistry techniques known to one skilled in the
art. The drugs can be reacted with bifunctional PEG-containing cross linkers to give
compounds of formula (1), Z —Xi~«(—CH,—CH>—O0-)—Y,-D, by methods described
herein. For example, a thiol-containing maytansinoid drug can be reacted with a bis-

maleimido crosslinking agent having a PEG spacer to give a maytansinoid drug linked
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[95] In this invention, drugs are |lipophilic nolecules, which when
conjugated to cell-binding agents such as anti bodies often result in |oss
of vyi el d woeotoo2pssot ei n aggregati on or precipitation. | Rcrassomgsdche number
of drugs per cell-binding agent typically results in worse protein
aggregation and precipitation, and subsequent poor nonomer percentage and

|l ow yields. In contrast to the typical conjugate behavior with conventional
| inkers, the PEG linkers result in a desirable inprovenment in nononer

per cent age (>90% nononer) and yield (>70% of the conjugates of
cell-binding agents with drugs at high concentrations of 1 ng/nl or greater
t hat are visef thiodthar bpmmbeﬂgﬁ(ﬁpwp( sasdoi @nspld Figeddpl i Bns mp”g@@é conj ugat es
are stabl e upon prolonged storage at 4C. [96] In the present invention,
novel maymaytshsiridibaviraya PEGapidei aret htermineli retlyintii@grobp aarsthen bemeattedre gr oup
are disclosed such that those conpounds are represented by the fornmula (5):

D -Y' - V- GvM¥ &'céiDbindihgagérll as shown foVexasnpddlindgurona| to lpkdedy a cdiirbaiitited or
cyclic alkyl, alkenyl or alkynyl group preferably having from1l to 10

carbon at gg; dﬂﬁ@%@njﬁée@é §f RBhilag) dfieBsre®hkilet@ui Ng 1-5 carbon atons, and
still nore preferably V is a one carbon al kyl group (CH2); Wis an

opti onal. i 3p3nc BEARRIRE A LAY Gl diybe ik BB 30l or ouP havi ng

from1l to carbon aro ns; nore era Vi ng carbon atons, still

more pr ef r ab§¥ ax\gb%;}){l%lr{lgn Oprg%sy,lmkgrl%zjlgh an amine re CF g%l‘%lsleréh

sulfhydry prerera 'S Se ected from

DML, DMVB ydcrioxysuccmlmlde ester. to give a modified cell binding agent covalently bonded to the
linker through an amide bond (see for example Figure 15). In the next step the
maytansinoid reacts with the maleimido substituent on the other end of the PEG spacer
to give a cell-binding agent-drug conjugate of the present invention.

[114] Figures 16 and 17 shows by means of exemplification the synthesis of a PEG
cross linking agent and its reaction with maytansinoid through a thioacetamido link. A
maleimido substituent is then incorporated into the PEG to enable reaction with a cell
binding agent via a thioether bond. Alternatively, as shown for example in Figure 18,
the cell binding agent is first linked to the PEG crosslinker through a thioether bond.
The modified cell binding agent is then reacted with a maytansinoid drug to give a
conjugate. The synthesis of a homobifunctional PEG crosslinker, wherein both ends of
the PEG spacer contain an iodoacetamido moiety that enable linkage of both the
cytotoxic drug and the cell binding agent via thioether bonds to give a conjugate
containing a hydrophilic PEG spacer is shown for example in Figure 19. The
conjugation procedure to provide conjugates of the present invention is shown for

example in Figures 20 and 21.
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Y' represents a thioether bond Q represents an optional aromatic or a

het erocyclic noiety, and preferably Qis absent Z' represents an

am ne reawDI20®/QsBUP or a thiol reactive group sel ect edpPCrarspodwsocnot
limted to, a N-hydroxy succinimde ester, N hydroxysulfosuccinimde ester,
para or ortho-nitro phenyl ester, dinitrophenyl ester, pentafl uorophenyl
ester and sul fotetrafl uorophenyl ester; a maleimde or a hal oacet am de,
nore preferably Z is a Nhydroxysuccini mi de, N hydroxysul fosuccinim de ester
or a maleimde. [97] In another enbodi nent, reactive maytansinoid
derivatives bearing a thioether noiety are prepared froma

sul f hydr y[LéaPhagkited/inaisirhoilbreglsaed hatatheDRECanehtaivig, censelinders bearing

het er obi functional crosslinker. The reaction sequence is represented by
formul a (G3riouBreattive grvhfycdh Be readily sy¥ithewizeY WY de(hoils idserileddriierein. For V i s an

optional |inear, branched or cyclic alkyl, alkenyl or alkynyl group
pref er abl yxdnaplé, ragirﬂig beatidg b Oydidx P OP) s@hQFE9- d@ﬁéﬁlyﬂlﬁeﬁjftaf?ll’s@bidy (@a.glinear alkyl
having 1-5 carbon atonms, and still nore preferably Vis a one carbon al kyl

group ( CHB)tent No. 4,361,650) can be reacted with the iodo- -acetyl-PEG linker (Figure 5) in the
presence of a base, such as potassium carbonate, to link the maytansinoid via an ether
bond. Similarly, an amine-containing maytansinoid (synthesized as described in U.S.
Patent No. 7,301,019) can be reacted with an iodoacetyl PEG (shown in Figure 5), in the
presence of a base, such as pyridine or triethylamine, to provide a maytansinoid linked
to the PEG via a amine link. For linkage of a drug to the PEG via an amide bond, the
carboxy-PEG (shown in Figure 5) can be reacted with an amine-containing maytansinoid
in the presence of a condensing agent, such as dicyclcohexylcarbodiimide, to provide an
amide bonded PEG-maytansinoid. In order to link the drug to the PEG spacer via a
carbamate link, the PEG is first reacted with diphosgene to provide a PEG
chloroformate, which can then be reacted with an amine-containing maytansinoid, in the
presence of a base such as triethylamine, to give a carbamate linked PEG-maytansinoid.
[116] Examples of suitable linkers include linkers having an N-succinimidyl ester or N-
sulfosuccinimidyl! ester moiety for reaction with the cell-binding agent, as well as a
maleimido- or haloacetyl-based moiety for reaction with the drug. A PEG spacer can be
incorporated into any crosslinker known in the art by the methods described herein.
Crosslinking reagents comprising a maleimido-based moiety that can be incorporated
with a PEG spacer include, but is not limited to, N-succinimidyl 4-(maleimidomethyl)
cyclohexanecarboxylate (SMCC), N-succinimidyl-4-(N-maleimidomethyl)-cyclohexane-

1-carboxy-(6-amidocaproate), which is a “long chain” analog of SMCC (LC-SMCC), k-
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Wis an optional |inear, branched or cyclic al kyl, alkenyl or al kynyl group
having from1l to 10 carbon atons; nore preferably having 2-8 carbon atons,

still norwopneiesshbly Wis a cycl ohexyl group; Y" PCEISS@910S9620
thiol-reactive groups elected from maei m de or hal oacetam de, preferably a
mal ei m de; D represents a sul fhydryl-bearing maytansi noid, and nore
preferably it is selected from DML, DVB andDW4; Y' represents a

t hi oet her bond Q represents an optional aromatic or a heterocyclic noiety,
and preferably Q is absent Z' represents an amne reactive group or a

thiol reactive group selected from but not limted to, a N hydroxy
succi ni nmi geleasideundeddnhicdicaiy-sudcirominyt esierKdéU s tyenaleipadebutyricarctdyd~ ni t r o
phenyl ester, dinitrophenyl ester, pentafluorophenyl ester and

sul f ot et r afctinpriaPhary (GRBISS c-maleFRlSE At A2t Nehyiadx9a&Rindiidd@stefOr €
preferably Z is a Nhydroxysuccinim de, N-hydroxysulfosuccinimde ester or a

mal el m de(EMCS), m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS), N-(a.-
maleimidoacetoxy)-succinimide ester (AMAS), succinimidyl-6-(3-
maleimidopropionamido)hexanoate (SMPH), N-succinimidy! 4-(p-maleimidophenyl)-
butyrate (SMPB), and N-(p-maleimidophenyl)isocyanate (PMPI). Cross-linking
reagents comprising a haloacetyl-based moiety include N-succinimidyl-4-(iodoacetyl)-
aminobenzoate (SIAB), N-succinimidyl iodoacetate (SIA), N-succinimidyl bromoacetate
(SBA), and N-succinimidyl 3-(bromoacetamido)propionate (SBAP).

[117] Other crosslinking reagents lacking a sulfur atom can also be used in the
inventive method. Such linkers can be derived from dicarboxylic acid based moieties.
Suitable dicarboxylic acid based moieties include, but are not limited to, a,o-
dicarboxylic acids of the general formula shown below:

HOOC-A’,-E’4-(CH,CH;0),G’-COOH

wherein A’ is an optional linear or branched alkyl, alkenyl, or alkynyl group having 2 to
20 carbon atoms, E’ is an optional cycloalkyl or cycloalkenyl group having 3 to 10

carbon atoms, G’ is an optional substituted or unsubstituted aromatic group bearing 6 to
10 carbon atoms, or a substituted or unsubstituted heterocyclic group wherein the hetero
atom is selected from N, O or S, and wherein p, q and r are each 0 or 1, provided that p,

q, and r are all not zero at the same time, n is an integer from 1 to 2000.

[118] Many of the linkers disclosed herein are described in detail in U.S. Patent

Publication No. 20050169933,
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Y' represents a thioether bond. [98] The invention also provides a process
for the preparation of cytotoxic conjugates of naytansinoids and cel

bi ndi ng agenvw/i26ssked via a non-cl eavabl e bond sai d pr o®eTaSe@9Ps9630 Ng
reacting a cell binding agent with a conpound of forrmula Z2-WQV-Y' -D to
provi de a cell binding agent conjugate of formula CB-(Z"-WQ V-Y' -D)m

wher ei n: Wis an optional |inear, branched or cyclic alkyl, alkenyl
or al kynyl group having from1l to 10 carbon atons; nore preferably having
2-8 carbon atons, still nore preferably Wis a cycl ohexyl group; Q

represents an optional aromatic or a heteraqcyclic npiet and preferably Q
i s absent [119] Inangthesasgect gpthedmntion. fsgell-hipging pesat Gﬁn%ijlﬁffcﬁ Ry 15RqtpE . al kenyl
or al kynyl group preferably having from1l to 10 carbon atons; nore
pr ef er abl g bdundtinea crasslinkingneagept Wel iregeeti-tindieg dasnt, teeaby resafiinggn el nore
preferably V is a one carbon al kyl group (CH2); Y' represents a
t hi oet her cdatedt attachment of a linker molecule to the cell-binding agent. As used herein, a
“bifunctional crosslinking reagent” is any chemical moiety that covalently links a cell-
binding agent to a drug, such as the drugs described herein. In a preferred aspect of the
invention, a portion of the linking moiety is provided by the drug. In this respect, the
drug comprises a linking moiety that is part of a larger linker molecule that is used to
join the cell-binding agent to the drug. For example, to form the maytansinoid DMI, the
side chain at the C-3 hydroxyl group of maytansine is modified to have a free sulthydryl
group (SH). This thiolated form of maytansine can react with a modified cell-binding
agent to form a conjugate. Therefore, the final linker is assembled from two
components, one of which is provided by the crosslinking reagent, while the other is
provided by the side chain from DM1.
[120] In another aspect of the invention, the drug is linked to a cell-binding agent
through a disulfide bond. The linker molecule comprises a reactive chemical group that
can react with the cell-binding agent. Preferred reactive chemical groups for reaction
with the cell-binding agent are N-succinimidyl esters and N-sulfosuccinimidy! esters.
Additionally the linker molecule comprises a reactive chemical group, preferably a
dithiopyridyl group that can react with the drug to form a disulfide bond. Particularly
preferred linker molecules include, for example, N-succinimidyl 3-(2-pyridyldithio)
propionate (SPDP) (see, e.g., Carlsson et al., Biochem. J., 173: 723-737 (1978)), N-
succinimidyl 4-(2-pyridyldithio)butanoate (SPDB) (see, e.g., U.S. Patent No. 4,563,304),

N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP) (see, e.g., CAS Registry number
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D represents a sul fhydryl-bearing maytansinoid, and nore preferably it
bi ndi ng agent
sel ect ed woamoanesmnt i body, a single chain anti body, an aotriuseay/ofscagnent ,
peptide, growth factor, hornone, vitam n, or ankyrin repeat proteins

sel ected from DML, DMB and DW4, CB represents a cel

(DARPi ns), preferably the cell binding agent is an antibody or an anti body
fragnment or a Darpin; Z' represents an am ne reactive group or

thiol reactive group selected from but not limted to, a

N- hydr oxy

a

succi nim de ester, N hydroxysul fosuccinimde ester, para or ortho-nitro

phenyl ester, d|n|trophenyl ester, pentafluorophenyl ester

and

sul fotetr %ﬁﬂ%&ﬂ&;ﬁh@nﬁ jothss teagtivezcronst mkptsdriclo ps osedeserihet amide Paisdt e
preferably Z is a Nhydroxysuccinim de, N-hydroxysul fosuccinin de ester or a

mal ei m deNoZ5,9 Iep8esaithss mcorpoaetihercibmrits entiregnbyardfaencoond;

process can be conducted by m xing a solution of the cel

organic solvent. wth the conpound of fornula Z'-WQ V-Y' -

flow filtration or |na o) ese

provides another method of producing a cell-binding agent drug conjugate.

[99] The

bi ndi ng agent,
such as ap2ant Ahadytively) adgiseodtd ibUlS. Patenolbd . aal 163 BIQ tHeairid &t beffirsto 20%
D in organic
sol vent ofnoifidl X MEB8dRE aQEAANE EstS QUMM 10ABLL: AGNSQLA-Ufih Bdoel. Wat er,
allowing the reaction to proceed for between 5 mn to 72 hours. the

conj ugat epEaRoR B il difiks Blfaditeth RivbY AR AREP Wih Leflpitidy adefi 0Nt | A

For linkage

of siRNA’s, siRNAs can be linked to the crosslinkers of the present invention by

methods commonly used for the modification of oligonucleotides (see, for example, US

Patent Publications 20050107325 and 20070213292). Thus the siRNA in its 3” or 5°-

phosphoromidite form is reacted with one end of the crosslinker bearing a hydroxyl

functionality to give an ester bond between the siRNA and the crosslinker.

Similarly

reaction of the siRNA phosphoramidite with a crosslinker bearing a terminal amino

group results in linkage of the crosslinker to the siRNA through an amine.

B. CELL-BINDING AGENTS

[122] The cell-binding agents used in this invention are proteins (e.g., immunoglobulin

and non-immunoglobulin proteins) that bind specifically to target antigens on cancer

cells. These cell-binding agents include the following:

-antibodies including:

-resurfaced antibodies (U.S. Patent No. 5,639,641);

-humanized or fully human antibodies (Humanized or fully human antibodies

are selected from, but not limited to, huMy9-6, huB4, huC242, huN901, DS6, CD38,
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[100] In all aspects, an "aliphatic group” is defined as al kyl, al kenyl or
al kynyl group. An alkyl group is an aliphatic hydrocarbon group which may
be strai gho 20r0/a6mched, preferably having 1 to 20 car beaTaiSeemw/05982¢ he
chain or cyclic, preferably having 3 to 10 carbon atons. Miyre preferred

al kyl groups have 1 to 12 carbon atons in the chain. "Branched" neans that
one or nore |ower alkyl groups such as nethyl, ethyl or propyl are attached
to a linear alkyl chain. Exenplary al kyl groups include nethyl, ethyl,
npropyl, i-propyl, n-butyl, t-butyl, n-pentyl, 3-pentyl, octyl, nonyl,
decyl, cyclopentyl and cycl ohexyl. [101] An al kenyl group is an aliphatic
hydr ocar b8aF 4RGN TEN Bilt. frgstazumeabbbivataidn si@euwauamaboprituavdabidch may be
straight or branched, preferably having 2 to 15 carbon atons in the chain.
Mor e pr ef etuxadata(sks nygl, L gt haw.e,68%@ 1126638 Poandi.34&11th Lihe chain; and
nore preferably about 2 to 4 carbon atons in the chain. Exenplary al kenyl
groups i netaviktorat Peent| ApplicapamNd. 6042583 % tiyternatiorl Petayt A pplicaiinyDbut - 2- enyl ,
n- pent enyl, heptenyl, octenyl, nonenyl, decenyl. [102] An al kynyl group is
an al i phabpgepydnosaphan PAbIKaR0E NOBET008064 5837, R0R- RAER POblidatieh € bond and
whi ch may be straight or branched, preferably having 2 to 15 carbon atons

in the Ch@JubeeMUO%OPiﬁbg,ﬁg.@?%%ﬁ%f%ﬂica%ﬁNB.Sz(ﬂ%‘é?18%8%9—%%&&{ fap, atoms in the

chain; and nore prefera carbon atons 1 n the chain. Exenplary

al kynyl g i,nC tdryyh, , nyl - A

3 ot byl UL MACBHERE W RBESRY R, (OB ket KB s used
herein, the term,/ .aronati r o ans a sybstituted or, . u i.tuted aryl
group congf%%Tﬂaﬁé?wzﬁ??Y@éﬂt%%B%Q:§8G@F¥8t%ri%ﬁﬁ¥#@§€r#8'ﬁ§§$§%ﬁﬁ%on ring
systemof 6 to 14 carhon atons, preferably of 6 to 1 arbon at ons.

el ar y KRGt eigioligs i erttn hnaer ahal bkl sldft et 421 mel ude,
but are not limted to, alkyl groups, halogens, nitro, am no, hydroxyl and
al koxy gr 6L§5s12031(1924), andIMglerey qt akd Rleed, PPuDKE8E 95 ¢ H1%h-1:4ed br omi ne and

i odine atonms. Fluorine and chlorine atons are preferred. [105] As used
herein, the terapitopechiediog freginentspiantibodief eick as eFva FelathabarediF(abar ti al | y
unsaturated or unsaturated, non-aromatic stable 3 to 14, preferably 5 to 10

menber ed (Ranlegm,bi Irruandl 1311 AR05-12602 (19§3); Bhengdtral,at east. 108470@ABer of t he
ring is a hetero atom or an aromatic, preferably 5 to 10 nenbered nono-,

bi - or nult97ay Nisshoffiengl, AR Bchém | BIasHys. gve230etdan ooahom Typically, hetero
atons include, but are not limted to, oxygen, nitrogen, sulfur, selenium

and phosphorus atons. Preferable hetero atons are,oxyqen, njtrogen and
sul fur. [123] Additional cell-binding agents include other cell-binding proteins and

polypeptides exemplified by, but not limited to:

-Ankyrin repeat proteins (DARPins; Zahnd et al., J. Biol. Chem., 281, 46, 35167-35175,
(2006); Binz, H.K., Amstutz, P. & Pluckthun, A. (2005) Nature Biotechnology, 23,
1257-1268) or ankyrin-like repeats proteins or synthetic peptides described, for example,
in U.S. Patent Publication No. 20070238667, U.S. Patent No. 7,101,675;

WO/2007/147213; and WO/2007/062466);

-interferons (e.g. o, B, ¥);
-lymphokines such as IL-2, IL-3, IL-4, IL-6;

-hormones such as insulin, TRH (thyrotropin releasing hormones), MSH (melanocyte-
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[ 106] Preferred heterocyclic groups include, but are not limted to,

pyrrolidinyl, pyrazolidinyl, imdazolidinyl, oxiranyl, tetrahydrofuranyl,
di oxol anyWwo 208imnessydr o- pyranyl , di oxanyl, di oxol anyl, pippenisdyi/059620
pi perazi nyl, norpholinyl, pyranyl, imdazolinyl, pyrrolinyl, pyrazolinyl,

t hi azol i di nyl, tetrahydrothiopyranyl, dithianyl, thionorpholinyl,

di hydr opyr anyl ,

t et rahydr opyr anyl , di hydr opyr anyl , t et rahydro- pyri dyl, di hydropyri dyl ,

t et rahydropyrini di nyl, dihydrothi opyranyl, azepanyl, pyrrolyl, pyridyl,
pyrazolyl, thienyl, pyrimdinyl, pyrazinyl, tetrazolyl, indolyl,

qui nol i nystimygeingriprmonay siikigid| hprmonds; sialy ps andipgendang estroganszandhi azol yl |
furanyl, benzofuranyl, 1,2,4-thiadiazolyl, isothiazolyl, triazoyl,

t et r azol ylgrowthdapiom ahy tolobestirmilhtirenfuttorsi sacdbarBGRF, UrGH-o, [Kyi-4zGIGHFE,
carbazol yl, benzim dazolyl, and isoxazolyl, pyridyl-Noxide, as well as
fused sysjeOBFLESGM-CRY (Bﬁ%@%st, b@nm_%%y onsyish(@sphenyl group. [107]
The aliphatic, aromatic and heterocyclic groups represented by X and Y can
al so possess a charged substituent. The charged substituent can be

negat i vel 2¢haMhew tg@peélclm@@ng pgf isttantbrdy) jtbinds & ervandigewdelisat e, sul fonate
and phosphates, or positively charged selected froma tertiary or

guat er nar yolgpeptide grdougy be § t@8meAbrans exbléraiteeferg, rechigon ypndgsidonct ki mked to a
cell-binding agent” refers to the conjugate nol ecul e conprising at | east
one drug gewilyikioy.eEbaniaytaatigens @diudeinadéqndesagends remnia; agiowith Bdrtrent,i nki ng
group, or a precursor thereof. Preferred |inking groups are thiol or

di sul fi deinbRiafe hufian REEAHhSAHcnetane bedhe growtl Bbrmidme UsE@tH IR @bAe " Precur sor ™
of a given group refers to any group which may | ead to that group by any

depr ot ect ie‘R{&sing %%r?ﬁelratﬂ%i& A RbhO Mnyr8id s& %%lhg Hoin@Re! lifRprotEiRs; ofprapl e a
precursor could be an appropriately protected functionality exenplified by

t hi t I - - as A : o ehds y in, th
Cor m °r g SEHTA Ry by SRSl Ly fhginelbgiel . L he
f.unctional it | n_other I activ uqﬁtionality

hydr oxyl -reagctiv ] ( ds he .r L
can v eact SRR THAAIZAE AR Flucedtiy SPTine S sy O oms: frtd it on
cel | - bi ndj.n ent_ . _For ex 5 , for amne-reactive functignality, the
{unct i onaliig B (E b o ATl P Tl gk ¥ 1ors Heh gl REpin
N-succi nimdyl, N-sul fosuccinimdyl, Nphthalinmdyl, N sulfgophthalimdyl,
2- ni t r oph@gl natiurgliq fagishdwig surfactadtyp plapnBioaihgativatar, sughy as-wokipase 8pheny! |
3-carboxy-4- nitrophenyl, tetrafluorophenyl esters), a reactive sulfonic
aci d der i bamanyerinegy tigsuedgeg plgsninogen activator (t-PA); bombesin; thrombin;

hemopoietic growth factor; tumor necrosis factor-alpha and -beta; enkephalinase;

RANTES (regulated on activation normally T-cell expressed and secreted); human

macrophage inflammatory protein (MIP-1-alpha); a serum albumin, such as human

serum albumin; Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain;

prorelaxin; mouse gonadotropin-associated peptide; a microbial protein, such as beta-

lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as

CTLA-4; inhibin; activin; vascular endothelial growth factor (VEGF); receptors for

hormones or growth factors; protein A or D; rheumatoid factors; a neurotrophic factor

such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3,

NT4, NT-5, or NT-6), or a nerve growth factor such as NGF-f; platelet-derived growth
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t hi oester to give an am de bond; for thiol-reactive functionality, the
functionality could be a nalei mde, a hal oacetam de, or a vinyl sulfone to
gi ve a t hwoehteenessond; and, for hydroxyl-reactive functipomaiscaog/osdche
functionality could be a reactive carboxylic ester to give an ester bond.

A. MODI FI ED DRUGS AND MODI FI ED CELL BI NDI NG AGENTS HAVI NG HYDROPHI LI C
LINKERS [111] A linker is any chemcal noiety that is capable of linking a
drug, such as a maytansinoid, to a cell-binding agent in a stable, coval ent
manner. Linkers can be susceptible to or be substantially resistant to

aci d-i nduged a i ght -i.nduced cl eavage ldase-i.nduced cl eavage,

est er ase- aﬁ%&’a@é%éfég@(}’é’&éggraw g‘?@ﬁf‘f%‘é %@%@Bﬁ@@,; éd,gerrg?l %g\?{tc?fi tions under
whi ch the_dru r. the cel | -bindi a remai active. Figures |, 2 and 3
exenpl ari faytop%%@f )déra%s[fq)rgele%grgw%? Eﬁ%@é@ﬁ%ﬁ%ﬁ%@ﬁ ‘ag%‘ﬂjal]%gpgég“e& t he present
invention. [112] Suitable crosslinking reagents conprising hydrophilic PEG
chai ns thiilcltlﬁmgrﬁcﬁff-ﬁk,ew-ﬁéimﬁfﬁ%T@Fu[g‘h@na h85desulingikedironhdeden! are wel |

known in the art, or are comrercially avail able (for exanple from Quanta
Bi odesi gnandPoW@GF;1 aah i ©F-11)Sddst1ab)- 16 HFRPEGraio MG B nimglictiks slowtik éacwr can al so be
synt hesi zed from commerci ally avail abl e PEGs t hensel ves usi ng standard

synt het i ch@hREIpBdtENs, FPCINNIOUBS, KIBMPSVA, P A8 KU CeAMUT 161STRAR, CHAe dr ugs
can be reacted with bifunctional PEG containing cross linkers to give

conpounds TEf\IBfZQE%ﬂHAe ?ecéﬁt)&vsi %Hﬁ%@ép’t&@?ﬁo%ﬁe@e‘}i&; MOLRI, A¥sotRiihadgptsiescri bed

herei n. For exa ath -contai ni ng maytansi noid drug can be reacted
W th a bi sl 6LA1 (0. 6r,058hDk DEFROSAY [y, TER BRAAD, iorgl ve 2
naytansin%gﬁLgégé ?%ﬁgﬁ v?h a tﬁioetﬁer to%ﬁ to the PEG spacer ( see for
exanpl e Fj i).. @is nmodi f i, ed [ale ami Qggl REGEN and a
t er i nal hgﬁéﬁéﬁ 6y dﬁo%gﬁs?ﬁkﬁi%E?’Eggcfgg’§gghﬁgg%%ﬁ?’ |n§ing%égent as
shown for b i i gur t i de q@h indj.n ent -.drug
conj ugat ecgfig?a %I(QD{}Z%T)@& ‘&f?@d?%&ﬁﬂ%%n%?@ﬁ@ 360 %Sgl)ggt@b%at ively,
t he cell binding agent can be first reacted at one end of the bifunctional
PEG cont alCRB3RgCRABSDH4. fkBr. bPar igStalt at hR7P et +8% 68! SHER-as a Nny
droxysuccinimde ester. to give a nodified cell binding agent covalently
bonded t oCIHES) Cakik CIH BdGA1 Hn ChHibdecrpibridoictinostapindegtaypipeionsi gure 15). In
the next step the maytansinoid reacts with the mal einm do substituent on the
ot her endimfhuhdtexiPEG wpaocerphogergiiv eraeio €BMPi andintarfermgesuch ds ungricomi- ugat e of
the present invention.

alpha, -beta, and -gamma; colony stimulating factors (CSFs), e.g., M-CSF, GM-CSF,

and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10; superoxide dismutase; T-cell

receptors; surface membrane proteins; decay accelerating factor; viral antigen such as,

for example, a portion of the HIV envelope; transport proteins; homing receptors;

addressins; regulatory proteins; integrins, such as CD11a, CD11b, CDl11c, CD18, an

ICAM, VLA-4 and VCAM,; a tumor associated antigen such as HER2, HER3 or HER4

receptor; and fragments of any of the above-listed polypeptides, antibody mimics

Adnectins (US appl 20070082365), or an antibody which binds to one or more tumor-

associated antigens or cell-surface receptors disclosed in US Publication No.

20080171040 or US Publication No. 20080305044 and are incorporated in their entirety

by reference.
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[ 114] Figures 16 and 17 shows by neans of exenplification the synthesis of
a PEG cross linking agent and its reaction with maytansi noid through a

t hi oacet anDao10/i2e851 A nmal ei m do substituent is then i ncecparsatsasiead o t he
PEG to enable reaction with a cell binding agent via a thioether bond.
Alternatively, as shown for exanple in Figure 18, the cell binding agent is
first linked to the PEG crosslinker through a thioether bond. The nodified
cell binding agent is then reacted with a maytansinoid drug to give a
conjugate. The synthesis of a honobifunctional PEG crosslinker, wherein
both ends of the PEG spacer contain an iodoacetam do noiety that enable

| i nkage off12bbt Additienallyt GMeXBI, vdrichybiadutotrel@é kelisian bt nggdagenellvi a t hi oet her
bonds to give a conjugate containing a hydrophilic PEG spacer is shown for
exanpl e ibinfingugent Idischkel cetnfrugaiciemyel@eadurleikemigpribvd dhich binjdegat es of
the present invention is shown for exanple in Figures 20 and 21. [ 115]
One ski | | gghvhiad rheliaédn BY dskd foe pldvetidndtragd gREGefeeidrafdtitigayradgs| | nkers
beari ng various reactive groups can be readily synthesized by nethods

descri bed, &I &0 of HAf-R%ATRbE disBasd! 4 LRSS ANAL P11 1 GKOHR, Such as
19-denet hyl maytansinoids (U S. Patent No. 4, 361, 650) can be reacted with

the i odo- REL Whiéﬁ%%dsitg %{an&g}ii%géﬁl bré)us.E(ﬁ]fotr% dtpgaﬁﬁ@rﬂgﬁmgﬁggmg%glc such as

pot assi um carbonat e, n maytansinoid via an et ond. Simlarly,

an am ne-cont ai,ni n tansinoi.d (synthesized as descrjhed.in U S Patent
0. 7 30150 R PR TP R PSR BB PR gur e ©)
in the presence. of ase, such as ridine or triethylamne, to provide a
mayt ansi nbP! e‘]"?%%@d‘% ?bﬁici%éarﬁﬁ(}ls\?géf’ 'gyfg&ﬁf%@mlo%?&m?fﬁfu i ngﬁ‘eﬁiodr ug to
the PEG via an am de bond, the carboxy-PEG fshomn in Figure 5) can be
react ed widmesk Qemaesteidntanibsiuss Rayeesiislagionys prbotBRdeBALYPSY a
condensi ng agent, such as dicyci cohexyl carbodiimde, to provide an am de

bonded Pgﬁgi@ﬁ?@ﬁﬁéﬁs e h‘% blrcl:seﬁ} Hid%ed @n bk Q\!ﬁcc@%ﬁﬂ et @ With@stibgenshacer via a

car bamat t he PE Irst reacted wt i phosgene to provi de a PEG

ryt ansi e JA e PLaldhibogfe LERREETMAR AR BIPR AIIBAE i ve

carbamate | i pnked PEG maytansinoid. [116] Exanples of suitable |inkers

i ncl ude I%ﬁ?&rs havi ng an N-succinimdyl ester or Nsul fosuccinimdyl ester
noiety for reaction with the cell-binding agent, as well as a ei m do- or
hal oacet yl28hsBatesd apyeeny Forraé‘élé‘idil?ﬁr?nﬁﬁl? Sfef% YdiPg preseat Iﬁi‘:“@t%‘degﬁéec an be

i ncorporated into any crosslinker known in the art by the nethods described
her ei . CFBNEPieHRISHE H&dgb L2, CoHpF: RPSICRE Pl 683 badddl S6idPy that can
be incorporated with a PEG spacer include, but is not limted to,

N- succi ni @D29] CI2-2(1 n@DPeL. 15198t P3a, CLE ¢ COR8 XGRS 4biox (D36 LLIPEMED)38,

N-succi ni m dyl-4- (N-nmal ei mi donet hyl ) -cycl ohexanel-car boxy-(6-am docapr oat e)
,  Whi ch | €Dd0,'Codg A, €DS5anab6g @hH70GKIDE9( CO3GMITY 1, CDnéiB £Ciil @foundecanoi ¢
acid N-succinimdyl ester (KMJA), y-nmalei mdobutyric acid Nsuccini m dyl
ester (GVBH)34,CIVEI7e CN1d9GAR TN 162 adkibds bY the BB veptot fintdly sas &thé EMCS) ,

m nmal ei m dobenzoyl - N- hydr oxysucci ni m de ester (MS),

N (amel ei gGEQRLPIRXNERS USER NbMIHRA e&&gtbr;(céiwa@e_sio_ﬁmédme@k&hlasﬁ;mu

mal ei m dopr opi onam do) hexanoate (SMPH), N succi ni m dyl

4- (p- mal eMQ'cg,ﬂfiBG B Iy r ADUYYARLE, \ééh@i%)airpcm, agglfa@zbeab atggbrqe aﬁ;@%ﬂa i socyanat e

(PMPI). Cros i nking reagents conpri’'sing a oacet ased ety include

N-succi ni m,dy1-4- (i odgacet yl1) - am Wi ni mi.dyl

i odoacet ap}é) e%%l”ﬁ?érml\‘rnglhlg@%%ﬁ%rﬁ%hag?gﬁgé%%gf gl%eéﬁ%g %%t?lgﬁﬁl}g’u%i‘ ni m dyl
3- (bronoacet.am do | onat e. ( SBAP 117] , O r.0ssl i nki reagents
| acki ng aﬁiﬂgﬁﬁﬁm%?%ﬁﬁbawﬂﬁﬁ§%%Eﬁﬁﬁéé%ﬁ@ﬁS%W@“Rﬁ3¥ﬁ€F$§f%@@' ) such

|'i nkers can be derived fromdicarboxylic acid based noieties. Suitable
di car boxylCE-Replahbiatesgrandploba-dN); ge interéeuk sy suchag Lt 1E; Hopd graug,

a, wdi carboxylic acids of the general formula shown bel ow.

HOOC- A' p- Ehtide@HAGI2, 2103th B cep@OAIKR/{1t3 receptor; obesity (OB) receptor; mpl receptor;

CTLA-4; protein C etc. The most preferred targets herein are IGF-IR, CanAg, EphA2,
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wherein A is an optional |inear or branched al kyl, al kenyl, or alkynyl
group having 2 to 20 carbon atons, E is an optional cycloal kyl or

cycl oal kewglogvasgsihaving 3 to 10 carbon atons, G is amcopis2anamakoc20
substituted or unsubstituted aromatic group bearing 6 to 10 carbon atons,
or a substituted or unsubstituted heterocyclic group wherein the hetero
atomis selected fromN, 0 or S, and wherein p, q and r are each 0 or 1,
provided that p, g, and r are all not zero at the sane tinme, n is an
integer from1 to 2000. [118] Many of the |inkers disclosed herein are
described in detail in US.  Patent Publication No. 20050169933. [119] In
anot her a¥s&eh MYCIh&EGR:dit CEH D, ¢RE0.EdP32 iRdi A3 addM’ (P3FodPrPed by
reacting a bifunctional crosslinking reagent with the cell-bindi ng agent,

t her eby r€eba#+CIAY, iGP 1B38eCHoMA¢rameu,dipCadVinERIP I8! (agprbtieimkedured aicul e to t he
cel |l -binding agent. As used herein, a "bifunctional crosslinking reagent”

i s any cheavaal levads mtaymajhaty afbumbe btehyt chihaek sell), cletpinsbalpbh fligetagent to a
drug, such as the drugs described herein. In a preferred aspect of the

i nvent i ONintedriROAIphaOMbeed; lﬁteg%nd apkh NBetADnREMn] FGIRIM\dsiad, bp18, g odaHg. |n this

respect, the drug conpri ses I'i nking noiety that is part of a | ar ger
l'i nk the d
For Z;amﬁfﬁ‘%rianfaﬁf%ﬂ"ﬂ%ﬁ%g%g i Py PR SR R OPL I BRRt b L 12 5T

hydr oxyl qr t fr sul f | group
(5 O e PR SPRAR b s eﬁ%#?@?@?%&‘ﬁu s

cel | - bi ndj t fQrm a conj ugate. ef the final linker is
assenbl ed&&%(g?&a% ‘g?fﬁd?@m(gate%h@gﬂf eW‘YFté( yl %fo'f?PEﬁ/l ded by the crosslinking
reagent, while the other is provided by the side chain fromDML. [120] In
anot her aklip8tt Pisferiep antigope friapibodissenermigpsses byithiergsanbinyeriinal®i ndi ng agent
t hrough a disulfide bond. The |inker nolecule conprises a reactive chem cal
group t hatnckida Glrproteingisteh asH{eDT €ID4, KiLNd IGhY 9agPRE.. CIPR b fd3*edDBéact i ve

chem cal groups for reaction with the cell-binding agent are N-succini m dyl
est er s an@DBBsUD#@<ieT, DD cyd CEE B8 &rmmemifalsiof the RelB sectfier faimilk suchmas| ecul e
conprises a reactive chem cal group, preferably a dithiopyridyl group that
can react theiBGF tebeptel HGRROHERB oy BIER4Stdebtoilecelaibesidiansle@idsasutlyagor ef er r ed

| i nker nol ecul es i nclude, for exanple, N-succinimdyl 3-(2-pyridyldithio)

propi onat erASPRR.1 (5186.,956VHA-4, TaANES ONCAM, HpCANSI AsHM8/Petad lintegrin] nd 723- 737
(1978)), Nsucci ni m dyl 4-(2-pyri dyI di t hi o) but anoat e (SPDB) (see, e.g., US.

Pat ent Noalpﬁa 5/@§ta§9143 m%ﬁﬂ@iﬁ%@i’t aér beda %%Quhﬁlsyﬂhgﬂegﬂe@ panegneate ( SPP)

(see, e. egls ry nunb 498 08- ot her reacti ve

cross- | ”Lﬁﬁf éD&%%?Qnt?éDtlﬁ‘QE iR RYJ, g%‘%&lh%a[&to‘?s hia8 VRRIF; 'f\i"isﬁ?acifﬂrt Tf £418, which

i's incor porate here S en yre er ence ativel Y,

as disclo S, Pat 441, e d eflrst

o T 5 ed TOT it HEbBie A dleh s &fer@ﬂkltnamc ot U B B o

cel |l -binding agent. Reaction of these drugs containing an acti vat ed |inker
moi ety wi BHiZENTApPY2, Wrattiresgpiay dike/ T3 eprries oherdy KEP) msepiod mil 1gsepidlici ng a
cel | -bi ndi ng agent drug conjugate. For |inkage of siRNA's, siRNAs can be

| i nked t oCiThé-¢mustsini Gl $he mostmaclforred argets hevan ticdoFEIR, ffenzhgxc%%&;nmnl y
used for the nodification of oligonucleotides (see, for exanple, US Patent
Publ i cat i BGF-RANSEAMAZ28UaNdMR2IN 60YEGFIRF, COMY<RA0eCORRNADR T G133,3' or 5' -
phosphoronm dite formis reacted with one end of the crosslinker bearing a
hydroxyl oot CDB&IED40, CD48| €B5ITERAL, €D I38NJAbgiMeaBe IATPTORMArasd t he
crosslinker. Simlarly reaction of the si RNA phosphoramdite wth a

crossl i nkgfoda&ardt BRvated RVEL P maBiRPo AR th&SUlahericBIld)] R RcRf;, the
crosslinker to the si RNA through an am ne.

integrin, alpha ,/betas integrin, TGF- 3, CD11a, CD18, Apo2, EpCAM and C242.

[129] Monoclonal antibody techniques allow for the production of specific cell-binding

agents in the form of monoclonal antibodies. Particularly well known in the art are
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B. CELL- BI NDI NG AGENTS [122] The cell-binding agents used in this invention
are proteins (e.g., immunoglobulin and non-immunogl obulin proteins) that

bi nd specwbizesli2yssio target antigens on cancer cells. TireTase@blosdseandi ng
agents include the follow ng: -antibodies including: -resurfaced anti bodi es
(U.S. Patent No. 5,639, 641); - humani zed or fully human anti bodi es
(Humani zed or fully human anti bodies are selected from but not limted to,
huMy9-6, huB4, huC242, huN901, DS6, CD38, |1G~IR, CNTO 95, B-B4,
trastuzumab, bivatuzunmab, sibrotuzumab, pertuzumab and rituxi mab (see,

e.g., US Patent Nos. 5,639, 641, 5,665,357, and 7,342,110; U.S.

Provi si ontgFhriaues fier cagsing swnpelanallentiggies 2rodgee by imreymizing oveel raat ent
Application WO 02/16, 401, U.S. Patent Publication Nunber 20060045877, U.S.
Pat ent Pulbdmstes boanyNdindy exant 04 60 H2ARd 8 get)oSintdPedt sunth ARl intaat thgat dddl,
20050118183, Pedersen et al., (1994) ML Biol. 235, 959-973, Roguska et

al ., (1 9%%cehyissiaediragsthetargddeclNatHotndtusAnadedayd aholSeiras)agd viralol 91,
969- 973, Colomer et al., Cancer Invest., 19: 49-56 (2001), Heider et al.,

Eur. J. Caifks sudd A virB8Sut pRdind 198 izedMintan@bell@ban aldo Heluséd. ARGmdy, 12:
1193-1203 (1994), and Mal oney et al., Blood, 90: 2188-2195 (1997).); and

method of creating monoclonal antibodies is the use of phage libraries of sFv (single
chain variable region), specifically human sFv (see, e.g., Griffiths et al, U.S. Patent No.
5,885,793; McCafferty et al, WO 92/01047; Liming et al, WO 99/06587.)

[130] Selection of the appropriate cell-binding agent is a matter of choice that depends
upon the particular cell population that is to be targeted, but in general monoclonal
antibodies and epitope binding fragments thereof are preferred, if an appropriate one is
available.

[131]" For example, the monoclonal antibody My?9 is a murine [gGy, antibody that is
specific for the CD33 antigen found on Acute Myeloid Leukemia (AML) cells (Roy et
al. Blood 77:2404-2412 (1991)) and can be used to treat AML patients. Similarly, the
monoclonal antibody anti-B4 is a murine IgG; that binds to the CD19 antigen on B cells
(Nadler et al, J. Immunol. 131:244-250 (1983)) and can be used if the target cells are B
cells or diseased cells that express this antigen such as in non-Hodgkin’s lymphoma or
chronic lymphoblastic leukemia. The antibody N901 is a murine monoclonal 1gG,
antibody that binds to CD56 found on small cell lung carcinoma cells and on cells of
other tumors of neuroendocrine origin (Roy et al. J. Nat. Cancer Inst. 83:1136-1145
(1996)); huC242 is an antibody that binds to the CanAg antigen; Trastuzumab is an
antibody that binds to HER2/neu; and anti-EGF receptor antibody binds to EGF

receptor.
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-epitope binding fragnents of antibodies such as sFv, Fab, Fab', and
F(ab')2 (Parham J. InmunoL 131:2895-2902 (1983); Spring et al, |I. |Imunol.
113: 470- 4W0 201224351 N sonoff et al, Arch. Bi ochem Bi oplrg3/US8@vd362044
(1960)). [123] Additional cell-binding agents include other cell-binding
proteins and pol ypeptides exenplified by, but not limted to: Ankyrin
repeat proteins (DARPins; Zahnd et al., J. Biol. Chem, 281, 46,
35167-35175, (2006); Binz, H K, Anstutz, P. 8z Pluckthun, A (2005) Nature
Bi ot echnol ogy, 23, 1257-1268) or ankyrin-like repeats proteins or synthetic
pepti des described, for exanple, in U S. Patent Publication No.
20070238667; U.S. Patent No. 7,101, 675; WO 2007/147213; and
WO 2007/ 062466); -interferons (e.g. a, 13, y); |ynphokines such as IL-2,
IL-3, IL-4 1 Ln6i6 hor nrones such as insulin, TRH (thyrotropin rel easing
hornDnes),'NBFP neéénocyte- stinmul ati ng hornone), steroid hornones, such
as androgens and estrogens; and -growh factors and col ony-stinul ati ng
fact ors su6h] abhekdthgs ub&Finathislifventiofar€Sktotdyli Chhigacupalii/b OaFing Buitedes s,
| munol ogy Today 5: 155-158 (1984)).

cell-binding agent. Examples of suitable drugs include maytansinoids, DNA-binding

drugs such as CC-1065 and its analogs, calicheamicins, doxorubicin and its analogs,

vinca alkaloids, cryptophycins, dolastatin, auristatin and analogs thereof, tubulysin,

epothilones, taxoids and siRNA.

[133] Preferred maytansinoids are those described in U.S. Patent Nos. 5,208,020;

5,416,064; 6,333.410; 6,441,163; 6,716,821; RE39,151 and 7,276,497. Preferred CC-

1065 analogs are those described in U.S. Patent Nos. 5,475,092; 5,595,499; 5,846,545;

6,534,660; 6,586,618; 6,756,397 and 7,049,316. Preferred doxorubicins and it analogs

are those described in U.S. Patent No. 6,630,579. Preferred taxoids are those described

in U.S. Patent Nos. 6,340,701; 6,372,738; 6.436,931; 6,596,757, 6,706,708, 7,008,942;

7,217,819 and 7,276,499. Calicheamaicins are described in U.S. Patent Nos. 5,714,586

and 5739,116.

[134] Vinca alkaloid compounds, dolastatin compounds, and cryptophycin compounds
are describe in detail in WO01/24763. Auristatin include auristatin E, auristatin EB
(AEB), auristatin EFP (AEFP), monomethyl auristatin E (MMAE) and are described in
U.S. Patent No. 5,635,483, Int. J. Oncol. 15:367-72 (1999); Molecular Cancer
Therapeutics, vol. 3, No. 8, pp. 921-932 (2004); U.S. Application Number 11/134826.
U.S. Patent Publication Nos. 20060074008, 2006022925. Tubulysin compounds are

described in U.S. Patent Publication Nos. 20050249740. Cryptophycin compounds are
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[ 124] Where the cell-binding agent is an antibody, it binds to an antigen
that is a polypeptide and nay be a transnenbrane nol ecule (e.g. receptor)
or a |ligawmd2eucinesds a grow h factor. Exenpl ary anti genspcmalsoae/osmwkecul es
such as renin; a growth hornone, including human growt h hornone and bovi ne
growt h hornone; growth hornone rel easing factor; parathyroid hornone;
thyroid stinulating hornone; |ipoproteins; alphal-antitrypsin; insulin
A-chain; insulin B-chain; proinsulin; follicle stinulating hornone;
calcitonin; |uteinizing hornone; glucagon; clotting factors such as factor

vnc, factor [.X . .ti e facto TE)., I\l l.ebrands,factar:

anti - of ot eREpr Lot Lol ot harR B YRR o RIS b PRI . 1 ung
surfactant; a.plasm en iyator, such as urokinase or human urine or
tissue-ty @@ﬁﬁ§§ﬁiﬁ%ﬁgga %?ﬁ%%%ﬂ} (t-PA); bonbesin; thronbin; henopoietic
grow h factor; tunor necrosis factor-al pha and -beta; enkephalinase; RANTES
(regul at etl36h sRNA/sdpssHbebinggtailyin 1.8 diateng kbl icatieNambers 0P E9%a 165 human
macr ophage i nflammatory protein (M P-1-al pha); a serum al bum n, such as
human ser 00742 B39 2000 ESSI080,i28A7 0 Ioh 5 B3, LOGP0S 45t 2009828260axi n A- chai n;

rel axin B-chain; prorel axin; nouse gonadotropi n-associ ated peptide; a

m cr obi al 2060023254, H0EH0ES2he0abGud824 26050DNEE; | gE; a cytot oxic

T-1 ynphocyt e associ ated anti gen (CTLA), such as CTLA-4; inhibin; activin;
vascul ar endothelial growh factor (VEGF); receptors for hornones or growth
factors; protein A or D, rheumatoid factors; a neurotrophic factor such as
bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5 or -6
(NT- 3, Nr4ralrgues anddenpprisss or a nerve growth factor such as NGF-13;
platelet-derived growth factor (PDGF); fibroblast growth factor such as
aFGF and bRGE; OspbldBedvalthearoek ¢yidtexe egentse@t) readiyamdersiend gt eacbwf thef act or
(TGF) such as TGF-al pha and TG beta, including TG-- 31, TG-- 132, TG~ (33,
TGF- 34, ocytdekic agbnts desstibédrheréik eagbecombdifitdot uch h mander-thdt thid r@fultingand

|G~ 11); des(1-3)-1G~-1 (brain IG~-1), insulin-like gromh factor binding
pr ot ei ns, cappAMd stdDBstaikd Thd spdeBidity aRGCAactMUCDS theldEing Shipabnd. CEA, TENB2,
EphA receptors, EphB receptors, folate receptor, FOLRL, nesothelin, cripto,

al phavbet g@iled stig@NwiNsiso\EErstaVEHaRnah 6 MEERCOMPoiRIs @Bt B usel Rl pdce | RTA2,
| RTA3, | RTA4, |1 RTA5; CD proteins such as CD2, CD3, CD4, CD5, CD6, CD8,

CD11, CDldsy tox%%@nts Geledibed i din. %the%ﬁ@xi s %re@?‘l CD33,

CD36, CD37, 8, 0, CD44, CD52, CDb5, 6, CD79, CD80,
CD81, CD1 : . X : et:in;
osteoindugﬁFgég%ggFggg%ﬁéﬁﬁhno?%?yéé%ggf%%E%ﬁﬁgggﬁgégﬁggﬂgﬁ%ﬁotein (BMP) ;

an interferon, such as interferon-al pha, -beta, and -gamma; col ony

sti mul at i pPP7 athocdl-$i@SRg pgent can be ddn(DgRted BMhESHotamudragd8Fnethndser | euki ns
(ILs), e.g., IL-1 to IL-10; superoxide disnutase; T-cell receptors; surface
menbr ane predic@klgsiesdaibedylU SCRatmMNadsi 61013, 248; 614411 631ahnd6)Ti68N ; B&h as, for
exanple, a portion of the HV envel ope; transport proteins; hom ng

r ecept or s paRACFBHSAtIHH NJ. 008869935, REOMEN96/0BM88 NS, such as CD11 a, CD1
1 b, CD11 c, CD18, an ICAM VLA-4 and VCAM a tunor associated antigen such
as HER2, HER3 or HER4 receptor; and fragnents of any of the above-Ilisted
pol ypepti des, antibody m m cs Adnectins (US appl 20070082365), or an

ant i body %pichT%%ﬁ%§ T r nore tunor-associ ated antigens or
cell-surface receptors disclosed in US Publication No. 20080171040 or US

Publ i ti 20 305044 d i .ated in.thei ti t b

Torer cace B8 ThEs AT aRat 0 Nefi el e Bl ordu s oS 4oLl Y can
b d || - bi i t to.di d | | f. |

eutton o Tpentngnatome ned fGORbT S B PR TR RIS R oy by ovont ) on

of transplant graft rejection, for therapy and prevention of
graft-ver§b@n¢tg@r@p®i1§éae§@%araﬁ@50flb@dmrléﬁt ot No¥ 7437 T-cel | | eukemi a. MBH,
whi ch binds to nel anocytes, can be used for the treatnent of nel anoma.
Folic acid can be used to target the folate receptor expressed on ovarian
and ot her tunors. Epidermal growh factor can be used to target squanous
cancers such as lung and head and neck. Somatostatin can be used to target
neur obl ast omas and ot her tunor types. [126] Cancers of the breast and
testes can be successfully targeteg,wth estrogen (or estrogen anal ogues)
or androgen (or androgen anal ogues)” respectively as cell-binding agents.
[127] Preferred antigens for antibodi es enconpassed by the present

i nvention include CD proteins such as CD2, CD3, CD4, CD5, CDe6, CD8, CD11,
CD 14, CD18, CD19, CD20, CD 21, CD22, CD 25, CD26, CD27, CD28, CD30, CD33,
CD36, CD37, CD38, CD40, CD44, CDb52, CD55, CD56, CDr0, CDr9, CD80, CD81,
CD103, CD105, CD134, CD137, CD138, and CD152; menbers of the ErbB receptor
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MJUC1, MJC16, VEGF, TF, CD19, CD20, CD22, CD27, CD33, CD37, CD38, CD40,

CD44, CD56, CD138, CA6, Her2/neu, EpCAM CRIPTO (a protein produced at

el evat ed wewelos126551a maj ority of human breast cancer celpcs)us2aanpicns, al pha
v/ beta3 integrin, alpha v/beta5 integrin, alpha v/beta6 integrin, TG p,
CDlla, CD18, Apo2 and C242 or an anti body which binds to one or nore

t unor - associ ated antigens or cell-surface receptors disclosed in US
Publ i cati on No. 20080171040 or US Publication No. 20080305044 and are
incorporated in their entirety by reference. [128] Preferred antigens for
ant i bodi es enconpassed by the present invention also include CD proteins
such as dB3?] Che celbibandimngsnt dipg oonjwpses (c-epinnuaeRuseeR®f thepresenicpss, CD70
and CD138; nenbers of the ErbB receptor famly such as the EG- receptor,
HER2, HERBvertionERAbe adreipistared ipeitho, atlhies rotoned deafoeseas patientsgnd/pptol,  Macl
p150. 95, VLA-4, ICAM 1, VCAM EpCAM al pha4/beta7 integrin, and al pha

v/ bet a3 | mbégate mhd growthdifngleeted bt paplurihanvincloéing, foritanifies cadver efthe (e. g.
anti-CDl1 a, anti-CD 18 or anti-CDll b antibodies); growh factors such as
VEGF; ti swpig Hiesd plasthd breasil &hlod,Prostab, KMidnel NiadE sy, O, abpdsgovari)sstadn

i nterleukin, such as |L-8; | gE; bl ood group antigens Apo2, death receptor;

flk2rflt 3arqugl%BBaﬁfc or @R8It mb RS dIs8L8RLXN as@%;eﬁlf%Q%EUsolrhem%Bﬁ' 4; protein C
etc. The nost preferfed targets herein are | G 1R CanAg, EG--R EGF-Rvl |

o, cout "L el ety SEE R R B B e onet

el evated ] evel s in a ority.of hupan breast cancer. cells | pha v/ bet a3
i ntegrin, t%ﬂsBlﬁ%t r\%/eﬁ ngglnlgrﬁan rl‘cimrtlr Jel@ ‘fﬁaqacdﬁa_’flsalam r@B‘itéon gd léoneEpCAM and
C242. [1294 anoclonal anti bo gx hn| ues allow.for the p rggbgtlon of
speci fic DBIPYHERH %r%:@ﬂ?sgrﬁ T T SRR Vs OA TGRS seb b

Partlcularly well known in the art are  techniques for creating nonocl onal
ant i bodi e¥fssHofEYIntRptiomRNG AIPRgENRingERsity fections seahes giasdiasihy ot her nmammal
with the antigen of interest such as the intact target cell, antigens

i sol at ed #meshiasisesahistegemiasis] and thihbke Pudferably, the iremynecenivarios andvirus, and
viral proteins such as viral coat proteins. Sensitized human cells can al so
be used. drotdteraprethagnefof dreantdntign awradolimstaled anviirboidivew angd/darlee use of
phage libraries of sh, (single chain variable region), specifically human
sh, (see, vigo o tredBcarictt infaspadiéntahd/okkoSmodRadte tHe gNowthmf 88 ker &3ls, iMEIGdiherty et
al, WD 92/01047; Limng et al, WD 99/06587.) [130] Selection of the

appropri afg eﬁﬁh;&le Rja et Bﬂthé%ﬂf&i plgsrda, Mot Breaddf cofdhOpstatehRiinéle pemedasupon t he
particular cell popul ation that is to be targeted, but in general

monocl onapaNhhRRANGS,, @é@{és%utlﬁﬁ@la% @égfﬂg &6@9{5@&5@_\,‘1&@ &9bn BlosuRE.ef erred,
if an appropriate oné’is avallab For exanpl e, the nnnoclona

ant i body he CD3

anti gen f%ﬁgﬂé Sok% cut %1'8 Leu{)(ste%@fer%ég%%éc ?ﬁo&ﬁ%gﬁégmgg{pgﬁt BI ood
77:2404-2412 1991)) and can be used to treat AML patients. Simlarly, the
nDnocIonaVIQQ body anti-B4 is a murine Ig@ that binds to the CD19 antigen

on B cell | et al, ..l. nqgl .. 131:244- 25 19 d can be used
' the t afléﬁi\'aﬁkém@atg%géiﬂ@egrew o S cn g G e wapbiaed hro ot i gon
such as in non-kbd ki n' nphoma or chronic | ynphobl astic | eukem a. The
ant i body Roffergtionp ﬁﬂﬁqt%cqyklm?@elaaﬁlaﬁ (ei2g apultiple mhysioma g§H popylaténst YickeDs 6 f ound
on small cell lung carcinoma cells and on cells of other tunors of
neur oendogy MAY-Po¥ £adisnOPMaycells, BA29 cglls, had the Gialcieem dhgding Bgprod@s morg 5
(1996)); huC242 is an antibody that binds to the CanAg antigen; Trastuzunab
i s an ant cdisdsedudiag thbiratd sf inoreblieRA /colé diviskmchsantpale@or ecepigro ant i body bi nds
to EG- receptor

untreated cells; killing selected cell populations; and/or preventing selected cell

populations (such as cancer cells) from metastasizing. The growth of selected cell

populations can be modulated in vitro, in vivo or ex vivo.
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C. DRUGS [132] The drugs used in this invention are cytotoxic drugs
capabl e of being linked to a cell-binding agent. Exanples of suitable drugs
i ncl ude mmptarsizessiids, DNA- bi ndi ng drugs such as CC 106Fcan$2085%2@l ogs,
cal i cheam ci ns, doxorubicin and its anal ogs, vinca al kal oi ds,
cryptophycins, dolastatin, auristatin and anal ogs thereof, tubulysin,
epot hi |l ones, taxoids and si RNA. [133] Preferred naytansinoids are those
described in U S. Patent Nos. 5,208, 020; 5,416, 064; 6, 333.410; 6,441, 163;
6, 716, 821; RE39, 151 and 7,276,497. Preferred CC- 1065 anal ogs are those
described in U S. Patent Nos. 5,475,092; 5,595,499; 5, 846, 545; 6,534, 660;
6, 586, 618[146] 7HBh88EthaddolthOr@s@it Bivemiaf therceld-biiulirgragonteirng capietates anal ogs
are those described in U S. Patent No. 6,630,579. Preferred taxoids are

t hose desg@d biatnindcdhjTEatdSptatirtic datnistbred40yifidlin VHy@ 62ex 8i8p. Bhet@8l-931,

6, 596, 757; 6,706, 708; 7,008,942; 7,217,819 and 7,276,499. Calicheanui cins
are descr bﬁ%@ﬁg'a@er{ﬂd (Bﬂ}u%@ﬂés has; mﬁn%@orﬁ&@te’%ﬁéﬁ%&edﬁ/ﬁh suitabf4] Vi nca

al kal oi d conmpounds, dol astatin conpounds and cryptophycin conpounds are

descri be hﬁbéﬁ?{%é%'tl lly@c%@ayl@é?@gts Cﬁldélllt§ taﬂ&/op eXdBGEME SR dr8 Wl kAo,

auristati istatin EFP FP), nononmethyl auristatin E (MVAE)

and are dese bo%%e 45 P%a%pgmwmh@aﬁ 35 oGnigigandy Q0ggh 15: 36772

(1999), ecular ncer’ hera eu 932 (2004);

u. S cation 11/134826. U Patent. P

200600740 éam%‘%%fg?ggg%carﬁ*ﬁfﬁuﬁ‘ 6‘&?5% aB‘E{ﬁb‘?ﬁiﬂPd%m%‘P«%“ %s(?fﬁ%@%“u 8 U S Patent
Publ i cati on Nos. 2005024974Q. top Cl n conmpoun des rlbed uU. S
Pat ent Noghosghggbuitered %ﬁli‘ﬂe’@}#ﬁb?) y%f"ﬁ’iu dd‘trﬁr’gga“h? IP]st in U ISn

Patent Nos. 6,956,036 and 6, 989, 450 [135 i RNA is descrlbed in detail in
U.S. Pat emg/mUbimanserionaliumbe 2 0-50 072 164 /Vé‘éﬁﬁb'z&@@?% 08870185050,
20070161595, 20070054279, 20060287260, 20060035254 20060008822,
2005028824a¢m26050176667. Anal ogues and derivatives

[142] The compounds and compositions described herein may be administered in
appropriate form, preferably parenterally, more preferably intravenously. For parenteral
administration, the compounds or compositions can be aqueous or nonaqueous sterile
solutions, suspensions or emulsions. Propylene glycol, vegetable oils and injectable
organic esters, such as ethyl oleate, can be used as the solvent or vehicle. The
compositions can also contain adjuvants, emulsifiers or dispersants.

[143] The compositions can also be in the form of sterile solid compositions that can be
dissolved or dispersed in sterile water or any other injectable sterile medium.

[144] The "therapeutically effective amount” of the cell-binding agent drug conjugates
(e.g., immunoconjugates) described herein refers to the dosage regimen for modulating
the growth of selected cell populations and/or treating a patient's disease, and is selected
in accordance with a variety of factors, including the age, weight, sex, diet and medical
condition of the patient, the severity of the disease, the route of administration, and

pharmacological considerations, such as the activity, efficacy, pharmacokinetic and
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[136] One skilled in the art of cytotoxic agents will readily understand
that each of the cytotoxic agents described herein can be nodified in such
a manner wbaviohessnesul ti ng conpound still retains the gpeaistooviosys2@nd/ or
activity of the starting conpound. The skilled artisan will also understand
that many of these conpounds can be used in place of the cytotoxic agents
descri bed herein. Thus, the cytotoxic agents of the present invention

i ncl ude anal ogues and derivatives of the conpounds described herein. [137]
The cel | -bi nding agent can be conjugated to the cytotoxic drugs by nethods
previously described (U S. Patent Nos. 6,013, 748; 6,441, 1631, and

6, 716, 821foxigoRgy pefdestof thpparieular samReundazes Fhe JoumpeuisalloPeuse 034488 A2) .
D. THERAPEUTI C USE [138] The cell-binding agent drug conjugates (e.g.,

i Munoconjmgatt'esah also beliiewriimee hy rdferenarto atasdarb enedeldtekts, suoni that i on wi t h
chenot her apeuti c agents. Such chenot herapeutic agents are described in U S.
Pat ent  NOPhy&icihs DEJOReferdndS 04T Nithe patidnt b prefferid ] yogpemimalr mgreqoefetsbtes (e. g.,
i mrunoconj ugat es) of the present invention can be admnistered in vitro, in
vivo and/ ghmgial, \WhosPpleferibl R ahuRad. IR ipatid darbe hfle TP timhads, @nd B trawt h of

sel ected cell populations including, for exanple, cancer of the |ung,

bl ood, p'ﬂﬁﬂﬁwmhﬂgﬁﬁhh.C°|on1 prostate, kidney, pancreas, brain, bones,
ovary, testes, an ynphati c organs; autoi mmune di seases, such as systemc
| upus, rh t @ t ot L1pl.e scl IS, ej ections, such
as renal ﬁ rﬂgﬁs%fagnr{? ésrogjSléltéétb?eo?{%{z)lgf)l\g}e&rk E%lﬁélﬁg%lg gg{n??}el]‘ﬁ”ecgg {ungllt],és {e(fih’g transpl ant
rejection, cardiac transpl.ant.rejectipon d bone marrqw transpl ant

o] ect i onimgrFP g eR S e doliGhs ofbe arierin begive Bllv &y
infection, HV infection, and AIDS; and parasite infections, such as

gi ar di asi $20UANIRYS HEFIAS 28 iy b@&%ﬁ%@ﬁ? %ﬁﬂtﬁﬂs?és’l qrige 2 CPREEESbl y, t he

i mmunoconj ugat es and chenot her apeutic agents of the invention are

adni ni st edighiomfoyplquds dpys. vi vo and/ or ex vivo to treat cancer in a patient
and/or to nodul ate the gromh of cancer cells, including, for exanple,
cancer of [l4hg blteoekjvely, demanjugatagcandresalstinistesd once pwoek fat six videkinary
pancreas, brain, bones, ovary, testes, and | ynphatic organs; nore

pr ef er abl onpemgs acmhanltpmattd, dteeonjpiassiean Heladmihistered oharevegneerar | N a nost
preferred aspect, the cancer is nmultiple nyeloma. [140] "Mbdul ating the
growt h of (s&) wedke Balad dospfr bpeh @Ngbout TEIoUBES 400 mhkifthbigal kiltheps ol i f er ati on
of selected cell populations (e.g., nmultiple nyeloma cell popul ations, such

as MOLP- 8sehla8outGRNRbGR!10$n1 Ji82Rak SrhisialRdn bAebd ddged. ddnamudtisvi ding to

produce nore cells; reducing the rate of increase in cell division as

compar ed, i o A& inlBotiish 23hshe S8 ki or Kihd Afin 6 ﬁ&ék?%g@ﬁ'z‘s o

popul ati ons; an preventing se ted ce popu as cancer

cell $) 11 QUL p8h ASLARLALN T 0B BE O b OlaSE LSS AhF Blitodd B AL 1R CaN b

nodul ated™in Vitro, in vivo or

about 10 pg to about 1000 mg/kg per person, i.v. (range of about 100 ng to about 100
mg/kg).

[147] About one to about four weeks after treatment, the patient can receive a second
course of treatment. Specific clinical protocols with regard to route of administration,
excipients, diluents, dosages, and times can be determined by the skilled artisan as the

clinical situation warrants.
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[ 141] In the nmethods of the present invention, the cell-binding agent drug
conjugates (e.g., imunoconjugates) can be adm nistered in vitro, in vivo,
or ex vi w0 20tee2ewst | - bi ndi ng agent drug conj ugat es (e. gPCTIUSDMOOWR) ugat es)
can be used with suitable pharmaceutically acceptable carriers, diluents,
and/ or excipients, which are well known, and can be determ ned, by one of
skill in the art as the clinical situation warrants. Exanples of suitable
carriers, diluents and/or excipients include: (1) Dul becco's phosphate
buffered saline, pH about 6.5, which would contain about 1 ng/m to 25
mg/ M human serum al bumn, (2) 0.9%saline (0.9% wyv NaCl), and (3) 5%

(W v) defo@keTheqmﬂmmﬂﬁﬁﬂ@d@gmpguﬁd§ganmnnmﬁvﬁmngﬁﬂﬁﬂ§n@ééépNBEthere|n may
be admi nistered in appropriate form preferably parenterally, nore

pr ef er abl theinnufacenoos wedibaonenp asefuitfor adatiag or kisshingtheoseyerithef conpounds or
conpositions can be aqueous or nonaqueous sterile solutions, suspensions or
enmul si onsdisblideRyduehas, ghyteatrized@gabadihal golsh el (Y. ecdaabdre or gani c esters,
such as ethyl oleate, can be used as the solvent or vehicle. The

conposi ti pn®) CRRe kAt E]Q@Atﬁ)h RIBHr N @tpharn@ibhihf LB dnPisiHl SRE6SARs. [ 143]
The conpositions can also be in the formof sterile solid conpositions that

can be di &aﬁé}r{n@rgfﬁ 4?&ltﬁrB% ox‘e%f%ﬁe%% ﬁie%%f?xe%ha&%elﬂfcgﬁéon{@%t abl e

sterile nme er apeut | t1ve anount t he

cel | -bi ndi ncg erf)to's]l dsgof(ﬁ%)e e}% Haat mveét*oormblu mfg,a? Co?%qggﬁﬁrgﬁ%&cﬁg %ge{t bed

herein ref&f$ osage’ regr men Sel ect ed
cell populations and/or treatin a t's dlseas i S ted in
accor danc&4IePr Qre Phegqheggpept ‘g?%fpg éﬁ“ﬁ‘g? S GPMYSe W@ﬁg&?&r di et
and nedical condition of the patient, the severity of the dlsease the
route of SQIAPHHINGS almréﬁmpaﬁaowaﬁ%%%@ﬁ dRNnisisHEg thecampands a8d/eh as t he
activity, efficacy, pharmacokinetic and toxicology profiles of the

parti cul aporopewRdNd getten Thséructions imp Eum rrescrihedshyf eeeverEncnimd 82ecy can al so
be determ ned by reference to standard nedi cal texts, such as the
PhysiciansgDEﬁhgR@h&m@ﬁm&ne®@ﬂm%ﬁhaﬁﬂammﬁnmnwﬁspréh@mﬂblwodmﬁaninal, mor e
preferably a mammal , nost preferably a human. The patient can be male or
femal e, apb0}aQalxer eidrapiek and theitlliobateqroweld ftadmirnidtébipn Endrgpbamendedsui t abl e
protocol s of cell-binding agent drug conjugates (e.g., inmunoconjugate)
adni ni st r gtdg@Arelm@waSn tHelarQiva havdieeh ABicHiBal RSsuElaiteRfurg by @l Paditivn'é or about
5 days either as an i.v., bolus each day for about 5 days, or as a

cont i NUOUpLINRESHAR (FUIR)2AALPDR éﬁ@é{éses désiaéél ofthd %’eﬂ@tﬂ‘la‘t’ 8406 bebh BsclGR] Ugat es
can be adm nistered once a week for six weeks or 1onger anot her

al ter ”at ' r@at %Hteof%ﬂbﬁkgc%@e?s 930 dBﬁo%lPégggérg%n‘a égga&‘éé‘ ﬁggs\é%“f&?ﬁ%‘&o%ilt hr ee

weeks. oses are gl ven n a nor nma sal i ne
to which a t.5 t b ded.
ot 'nﬁouggé’m”?theg?%eﬁ*gc SR8 g0 g IR0 o3 &%‘Vré‘v%toul?e"@&ﬁ?ﬁ PHEHEST,

saline, to which about ﬁg t .50 n g n. can be
added, ' pefu3a ity et oapEoighe et anfotpiton araﬁlaf b B0y kg
per person, | (range of about 100 ng to about 100 n?

of sklll in the art and can be determined by the physician. For example, the 2006 edition

of the Physician's Desk Reference discloses that Taxotere (see p. 2947) is an inhibitor of

tubulin depolymerization; Doxorubicin (see p 786), Doxil (see p 3302) and oxaliplatin

(see p 2908) are DNA interacting agents, Irinotecal (see p. 2602) is a Topoisomerase 1

inhibitor, Erbitux (see p 937) and Tarceva (see p 2470) interact with the epidermal

growth factor receptor. The contents of the PDR are expressly incorporated herein in

their entirety by reference. One of skill in the art can review the PDR, using one or more
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[ 147] About one to about four weeks after treatnent, the patient can
recei ve a second course of treatnment. Specific clinical protocols with
regard towoautoer2edsiadm ni stration, excipients, diluentspciasagessssand ti nes
can be determined by the skilled artisan as the clinical situation
warrants. [ 148] The conpounds and conjugates (e.g., imunoconjugates) can
al so be used for the manufacture of a nedi canent useful for treating or

| essening the severity of disorders, such as, characterized by abnor nal
growh of cells (e.g., cancer). [149] The present invention also provides
phar maceutd cal . kits conprising one or, nore containers filled with one or
nore of t etﬁ? toél%vmgerﬁf%y%?m’ttﬂgetﬁmpﬁg%sérfﬁ Iieglg?encagfjrgfﬁ?ﬁ%ssmlath%/ or conpositions
of the present invention, including, one or re i noconj ugat es and one
or nore cﬁ@%ﬁ%@pﬁﬁ&ﬁ%eﬁtséﬁfgﬁ‘f@?g@géwt k3% e ‘(‘,Sga ’%@%%Wl‘ﬂﬂ{e&gf or exanpl e,

ot her conpounds and/or conpositions, a device(s) for adm nistering the
conpoundsteaiiingsof Bbnpuaitionod sese paemetsrs thelidgnst ructions in a form

prescri bed by a governnental agency regul ating the nmanufacture, use or sale
of phar mateut i Cahgrebansbe oddegi cal products. [150] Cancer therapies and

t heir dosages, routes of admi nistration and reconmended usage are known in
the art amd haweMbeehctaescri bed in such literature as the Physician's Desk
Ref erence (PDR). The PDR di scl oses dosages of the agents that have been
used in tpeat nBBHu@ (by@bmpas/ Caneaétarkdhérugdaaineg regi men and dosages of

t hese af orementi oned chenot herapeutic drugs that are therapeutically
effectivew | | cAeRRNThdRR (bh&RPIL, MEindtansiabe SN NG ding ak&fs,” t he extent of
t he di sease and other factors famliar to the physician of skill in the art
and can b@xgg%g&gLned by the physician. For exanple, the 2006 edition of

t he Physician's sk Reference discloses that Taxotere (see p. 2947) is an
i nhi bi tor of tudbul.in, depol. rization; xorubi.cin (see p 786), Doxil (see
p 3302) aﬁh ox§?¥%ﬁ§@?ﬁ£%§§%§6“?§%§‘”%?gEBNROP%PEHQ%thg agents, Irinogeca
(see p. 2202) &s a.ToFoiPogﬁrase | inhibitor, Erbitux (see p 937) and
Tarceva (See p-2876)2eFhe!ldPEtaRMt h t he epidermal growth factor receptor.
The contents of the PDR are expressly incorporated herein in their entirety
by referefce. URdugdinferpation; gonpigtentavich ERA lpkalingw t he PDR, using one or nore
of the follow ng paraneters, to determ ne dosing regimen and dosages of the
chenot her @peut Feenaigdinformaidnconj ugat es that can be used in accordance wth

the teachings of this invention. These paraneters include: 1.Conprehensive
i ndex b) Function/action

c) Indications & Contraindications

d) Trial research, side effects, warnings

[151] The entire contents of each of the foregoing references, patent applications, and
patents are expressly incorporated by reference in their entirety including, without
limitation, the specification, claims, and abstract, as well as any figures, tables, or

drawings thereof.
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a) by Manufacturer b) Products (by conpany's or trademarked drug nane)
Category index (for exanple, "antihistam nes", "DNA al kylating agents,"

t axanes ewo0.210/1dpsseeneri c/ chem cal i ndex (non-trademar k PCOMISR009M52690 NAMES)

2. Col or

c)

i mages of medications 3. Product information, consistent with FDA
| abeling a) Chem cal information b) Function/action

E. SYNTHESIS OF MAYTANSINOIDS HAVING A THIOETHER MOIETY THAT

BEARS A REACTIVE GROUP

[152] Novel maytansinoids having a non-cleavable thioether moiety that bears a
reactive group are compounds of formula (5), D’-Y*-V-Q-W-Z’. Chemical groups Z’
for reaction with the cell-binding agent include but are not limited to N-succinimidyl
esters, N-sulfosuccinimidyl esters, pentafluoropheny! ester, tetrafluorosulfophenyl, and
nitrophenyl ester. The method of preparation of these compounds are described herein.
Sulfhydryl-bearing maytansinoids are covalently linked via a non-cleavable thioether
bond to a heterobifuntional crosslinker that bears a reactive group and isolated prior to
conjugation with a cell binding agent.

[153] A non-cleavable linker is any chemical moiety that is capable of linking a
cytotoxic drug to a cell-binding agent in a stable, covalent manner. Non-cleavable
linkers are substantially resistant to acid-induced cleavage, light-induced cleavage,
peptidase-induced cleavage, esterase-induced cleavage, and disulfide bond cleavage.
Examples of non-cleavable linkers include linkers having an N-succinimidyl ester, or an
N-sulfosuccinimidyl ester moiety and maleimido- or haloacetyl-based moiety for
reaction with the maytansinoid. Crosslinking reagents comprising a maleimido-based
moiety include N-succinimidyl 4-(maleimidomethyl)cyclohexanecarboxylate (SMCC),
N-succinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-carboxy-(6-amidocaproate),
which is a “long chain” analog of SMCC (LC-SMCC), k-maleimidoundecanoic acid N-

succinimidyl ester (KMUA), y-maleimidobutyric acid N-succinimidyl ester (GMBS), e-
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c) Indications & Contraindications d) Trial research, side effects,

war ni ngs [151] The entire contents of each of the foregoing references,

pat ent appbi20ani2635s, and patents are expressly incorpor @ceasbyonsdees ence in
their entirety including, without Iimtation, the specification, clains,
and abstract, as well as any figures, tables, or drawings thereof. E.
SYNTHESI S OF_AdAYTANSI NO DS HAVI NG A THI OETHER MO ETY THAT BEARS A REACTI VE
GROUP [152] Novel maytansi noids having a non-cl eavabl e thi oether noiety
that bears a reactive group are conpounds of fornmula (5), D-Y -V-QWZ.
Chem cal groups Z' for reaction with the cell-binding agent include but are
not |im tegletrpidrrapiie red M-leiydroxyseesimideesigr (G L immacgpidobezaylsV-

pent af | uor ophenyl ester, tetrafluorosul fophenyl, and nitrophenyl ester. The
met hod of hphrepanainimidecktet dB8), AGpouakisidan@tagscudchadideester (AMAS),

Sul f hydryl - beari ng mayt ansi noids are covalently linked via a non-cl eavabl e

thi oet her s Retnid9l-&(fLeRIARIbHM dnaRRlo)kdxaishd RKEPHY Naduchfiigyla-peact | ve
h I'T binding agent. [153] A
o

group and 1solated prior to conjugation with a cell
non-cl eavabl e 1. nker..i ' [ . 1. I Sy e i nking a
cyt ot oxi cmairehmgldf) @egylgé)ﬁfy?%ig S%?ﬁ@’%%%nf i'rﬁé%r&s@g}bthle@ﬁgo%\?a (ltaen(tpﬁrrlg iner .
Non- cl eavabl e | jnkers are substantiall esi,stant.to acid-i.nduced, cl eavage,
1 ght - | ndbEserBRBE Fegent GuppTapEand e shoet iy el Perasiviidike
cl eavage, and disul fide bond c|eavage.. Exanpl es of gn-c&eavabl e, linkers
i ncl ude | (ipdesetyaminppensoaiq Slie) N‘?ﬁcﬂlwmla}élﬂ% Qacefﬁteg I Qe dumd ni ni dy!l
ester noiety and nal ei m do- or hal oacetyl -based noiety for reaction with
t he mayt ahsimeepadate (FRA) ppdRsaeciniangd it Graveasetpidegprapipgdte (YRAR- based noi ety
i ncl ude N-succini mdyl 4-(mal ei m domet hyl ) cycl ohexanecar boxyl ate (SMCC),
N- succi ni biisdy 1Mayiahsinaitiethai corpe tubsd in-teypresshenaerdion-te arodoseth¢ Bagtiiedocapr oat e
), which is a "long chain" analog of SMCC (LC-SMCC), K-nal ei m doundecanoi c
aci d Nsucgiagiandisyil debiagivey Bty a thieatiadr enaittg dia tar beccoaalentyNirtued ¢o @i mi dyl
ester (GWBS), s-

cell binding agent are well known in the art and can be isolated from natural sources

according to known methods or prepared synthetically according to known methods.

[155] The synthesis of maytansinoids having a thioether moiety that bears a reactive
group can be described by reference to FIGS. 1-4, where thioether-bearing

maytansinoids bearing a reactive group are prepared.

[156] Representative compounds of the invention were prepared from the thiol-
containing maytansinoids: DM1, termed N -deacetyl-N* -(3-mercapto- 1-oxopropyl)-
maytansine, represented by structural formula (1):and DM4, termed N -deacetyl-N* -(4-
mercapto-4-methyl-1-oxopentyl)maytansine represented by structural formula (2) are

shown below.:
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mal ei m docaproi c acid N hydroxysuccini m de ester (EMS),

m mal ei m dobenzoyl - Nhydr oxysucci ni m de ester (MS),

N (a- mal ewoizdmaieedsoxy) - succi ni m de ester (AMAS), PCT/US2009/059620

succi ni m dyl-6-(13-mlei m dopr opi onan do) hexanoate (SMPH), N-succini m dyl
4- (pmal ei m dophenyl) -butyrate (SWMPB), and N-(p-mal ei m dophenyl )i socyanate
(PMPI). Cross-linking reagents conprising a hal oacetyl -based noiety include
N-succi ni m dyl-4- (iodoacetyl)-am nobenzoate (STAB), N succini m dyl

i odoacetate (SIA), N-succinimdyl bronpacetate (SBA), and N succini m dyl

3- (bronpacet am do) propi onate (SBAP). [154] Maytansi noids that can be used
in the present invention to produce the reactive nmaytansinoid derivatives
bearing a thioether noiety that can be covalently linked to a cell binding
agent are well known in the art and can be isolated fromnatural sources

according to known rret(glogg ﬁr prepared synthetically according to known

nmet hods. [ 155] The sy ty mayt ansi noi ds havi a i hi oet her noiety
oUp can be described by refdregn #f s, 1-4,
e gr

that bears a reagtivg
gAYyt ansi noi ds bearlnla\r tl\;' p are

wher e t hi oet kg \
pr epar ed. [156epr eseht &'i ve conpoundsM® ¥\ gn wer e prepared

fromthe thiol coy )t arn$) noi ds: DIVIl,
N2' - deacet yl - N2 o%- oxopropyl) -
6 ) ternmed N2' - deagety

structural fornula (1g4 AR
mer capt o- 4- net hyl - | -oxopent]§ll ) mayt ansi ne representyed
(2) are shown bel ow.

),

P

r%ent ed by

t Puctural fornul a
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O07a: =1, n=5 R, R =Ht 7b: g =2, n=5 R, R = CH3

WO 2010/126551 PCT/US2009/059620

[157] Novel maytansinoids having a thioether moiety that bears a reactive group are
prepared by the following newly described methods.

[158] Synthesis of novel maytansinoids having a thiol moiety that bears a reactive
group, of the formula (5): D’-Y’-V-Q-W-Z’ (5)

are described comprising of the following steps:

a.) Covalently linking a heterobifunctional linker of the formula Y”-V-Q-W-Z’ to a
thiol bearing maytansinoid, D’; wherein Y™ is a thiol-reactive group such as a maleimide
or haloacetamide; V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl
group preferably having from 1 to 10 carbon atoms; more preferably having 1-5 carbon
atoms. W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group
preferably having from 1 to 10 carbon atoms; more preferably containing 1-5 atoms. Q

represents an optional aromatic or a heterocyclic moiety; and Z’ is an amine-reactive
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NO MeO HO H [157] Novel maytansinoids having a thioether noiety that
bears a reactive group are prepared by the follow ng newly descri bed

met hods. wp2BB}12&8smt hesi s of novel naytansi noi ds havi ngpaTtusec@v/opmet y t hat
bears a reactive group, of the formula (5): D-Y -V-QWZ (5) are

descri bed conprising of the follow ng steps: a.) Covalently linking a

het erobi functional |inker of the fornula Y'-V-QWZ to a thiol bearing
maytansinoid, D ; wherein Y' is a thiol-reactive group such as a mal ei m de
or hal oacetam de; V is an optional linear, branched or cyclic alkyl,

al kenyl or al kynyl groug preferably having from1l to 10 carbon atons; nore
pr ef er abl §FoRRMIChES PuiF0g Hpeth o sHeC iy egersofshigepaecinimdd estelsr anched or
cyclic alkyl, alkenyl or alkynyl group preferably having from1l to 10
car bon atpmaflupmpbenyt efter tebifuarosuifapgnyl ot nroghenybesta® lépreaseot s an
optional aromatic or a heterocyclic noiety; and Z° is an am ne-reactive
group suctéomasisbudf thotequemet®d t o N-succi ni m dyl esters, N sulfosuccini m dyl
esters, pentafluorophenyl ester, tetrafl uorosul fophenyl, or nitrophenyl
ester. The reacti omcoyprn.gew-2f 4 he-sequengez ( 6)k)

b.) Stoichiometric or excess equivalents of the heterobifunctional crosslinker, Y”-V-Q-

W-Z, over the thiol-bearing maytansinoid, D’, such as DM1 and DM4, may be used.

The reaction proceeds to completion and can be monitored by analytical methods such as

HPLC and TLC. The reaction may also be performed with an excess of the thiol-bearing

maytansinoid, D’, over the heterobifunctional linker, Y”-V-Q-W-Z’.

c.) The reaction may be performed in a suitable organic solvent or a mixture of aqueous

buffer and organic solvent such that the thiol-bearing maytansinoid, D’, and the

heterobifunctional linker, Y”-V-Q-W-Z’, are fully soluble. Examples of suitable organic

solvents include tetrahydrofuran (THF), 1,2-dimethoxyethane, N,N-dimethylformamide

(DMF), N,N-dimethylacetamide (DMA), methanol and ethanol. When performing the

reaction in a mixture of organic solvent and aqueous buffer the pH must be controlled to

promote reaction of the sulfhydryl-bearing maytansinoid with the maleimide or

haloacetamide, Y”, while minimizing the potential of hydrolysis of the amine reactive

group, Z. Suitable pH range for this reaction is pH 3 — 10 a preferred pH is 5-9 and a

most preferred pH is pH 6-8.

d.) Thioether formation between the thiol-bearing maytansinoid, D’, and the thiol-

reactive group, Y”, may also be prepared using a suitable organic base and neat organic

solvent, such as those described above. Organic bases such as NV,N-

diisopropylethylamine (DIPEA), 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU),
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D +Y-V-QWZ ->D-Y-V-QWZ (6) b.) Stoichiometric or excess

equi val ents of the heterobifunctional crosslinker, Y'-V-QWZ', over the

t hi ol - beavongiomayisansi noid, D, such as DML and DV4, maycChaseasadsicihe
reacti on proceeds to conpletion and can be nonitored by anal ytical nethods
such as HPLC and TLC. The reaction may al so be perfornmed with an excess of

the thiol-bearing mytansinoid, D, over the heterobifunctional I|inker,
Y'-V-QWZ . <cc.) The reaction may be performed in a suitable organic
solvent or a m xture of aqueous buffer and organic solvent such that the
t hi ol -bearing maytansinoid, D, and the heterobifunctional |inker,

Y" - V- Q Wiziethy lymane ayid| 4ymeidly lndraholimg anayl begisest todpine disldesisdghipidersol vent s

i ncl ude tetrahydrofuran (THF), 1,2-di nmethoxyethane, N, N-di nethylformam de
(DVF),  NNecohtainshfyyriagieedisoiiidecatibi/i)ysactiet gramodf the tbremhgbpD. - YWeR-PeZt. or mi ng
the reaction in a mxture of organic solvent and aqueous buffer the pH nust
be contr ot} ededngpoahdBbihe foraadd (59D’ -of - Ve Wadl fay de yotdaelabllogingayt ansi noi d
with the nmal ei m de or hal oacetam de, Y", while mnimzing the potential of

hydr ol ysi sonflettddrad regetioRashitatfe ©ERlRues for tRUprARhGoPT 4 Bdansidid thi s
reaction is pH 3 - 10 a preferred pHis 5- 9 and a nost preferred pHis pH

6-8. d. )lﬂ]al:cgf}goaeﬁqﬁ%fhe; 2% ﬂh%e?%ta‘ﬁ%‘ﬁﬁnef %gctyeiﬁéugg@%.gmsd@wrﬂmﬂ noid, D,

and the t reactive group, Y', may a e prepared using a Suitable
organic b nd .0 [ i t e ' above.
Organi c b%zeggﬁgﬂgﬁggéa %}1 gﬁ%f@%%?%%gﬁ%ﬁ”ﬁ%ﬁ%%‘%zse(%%%Erﬂg?ﬁ&we%&

1, 8-Di azabi cycl o[.5. 4 undec-7-e triethyl am ne and

4. et hyl nBi BROR B e B et GO e ety RS ReREReBNC ai ni ng
mayt ansi noi ds bearing a. reactive group of the formula (5) D-Y -V-QWZ .
e.) A conﬁ%&%&néﬁ%ﬁgl%%ul a (5 D-Y-V-QWZ nay be isolated fol | owi ng
conpl etion of the reaction. Suitable techniques for the purification of a
mayt ansi nGl dheavitygnd identityed Heerisoteied pipduetof %Sefaff%‘llaﬁﬁ)d?f'r'}%évr(é%ﬁ ve group
Z' (e.g.Nsuccinimdyl ester) include silica gel chromatography, normal or
rever se- pinay be pstapiahealt iynemalytigh npetindde imehesing HHLC dmedsrspenttooeppai iy ).( HPLC)
preparative thin |ayer chromatography (TLC) and crystallization. f.) The
purity andCiMenH NyRodndt'h@NMRI at ed product of the formula (5)
D-Y-V-QWZ nmay be established by anal ytical methods including HPLC
mass spectroscopy (M5), LC Ms, 1H NVR and 13C NMR

F. PRODUCTION OF MAYTANSINOID DERIVATIVES HAVING A THIOETHER
MOIETY
[159] Novel maytansinoid derivatives containing a thioether moiety that are useful in
the preparation of maytansinoids containing a non-cleavable, thioether moiety that bears
a reactive group are described herein. The preparation of these derivatives from DM1
(1) and DM4 (2) are disclosed and are represented by the formula (10):
D’-Y’-V-Q-W-COOH(10)

wherein,

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group

preferably having from 1 to 10 carbon atoms; more preferably having 1-5 carbon atoms.
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E PRODUCTI ON OF MAYTANSI NO D DERI VATI VES HAVI NG A THI CETHER MO ETY [ 159]
Novel maytansinoid derivatives containing a thioether noiety that are
useful i nvohelpnesar ati on of naytansi noi ds cont ai ni ng aPowIGSedeAsTE €,

thi oether noiety that bears a reactive group are described herein. The
preparation of these derivatives fromDML (1) and DM (2) are disclosed and
are represented by the fornula (10): D -Y -V-Q WCOOH(10) wherein, Vis an

optional linear, branched or cyclic alkyl, alkenyl or al kynyl group
preferably having from1l to 10 carbon atons; nore preferably having 1-5
carbon atons. Wis an optional |inear, branched or cyclic alkyl,

al kenyl or al k\¥niykn gptinne! Iieeai. hepntheshar cyeles akyl cakdsohoraaliomy! givup baingef er abl y
having 1-5 carbon atons.

from 1 to 10 carbon atoms; more preferably having 1-5 carbon atoms.

D’ represents a sulfhydryl-bearing maytansinoid, DM1 or DM4;

Y’ represents a thioether bond; and

Q represents an optional aromatic or a heterocyclic moiety.
[160] Synthesis of novel maytansinoids derivatives having a thioether moiety that bears
a carboxylic acid, of the formula (10) are described comprising of the following steps:
a.) Covalently linking a carboxylic acid linker of the formula Y”-V-Q-W-COOH to a
thiol bearing maytansinoid, D’; wherein Y” is a thiol-reactive group such as a maleimide
or haloacetamide; Q represents an optional an aromatic or a heterocyclic moiety. The
reaction sequence is represented by the formula (11):

D’ + Y”?-V-Q-W-COOH — D’-Y’-V-Q-W-COOH (11)

Wherein :

V and W are as defined above

D’ is as defined above ;

Y is as defined above;

Y” is a thioether bond between the sulfhydryl bearing maytansinoid and the
carboxylic acid, COOH; and

Q represents an optional aromatic or a heterocyclic moiety.
b.) Stoichiometric or excess equivalents of the carboxylic acid linker of the formula Y-
V-Q-W-COOH, over the thiol-bearing maytansinoid, D’, such as DM1 and DM4, may
be used. The reaction proceeds to completion and can be monitored by analytical

methods such as HPL.C and TLC. The reaction may also be performed with an excess of
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D represents a sul fhydryl-bearing nmaytansinoid, DML or DW4; Y' represents
a thioether bond; and Q represents an optional aromatic or a heterocyclic

noi ety.
t hi oet her

[WO6Qp108estshesi s of novel maytansi noi ds derivati Pe3/USan0089620

noi ety that bears a carboxylic acid, of the fornmula (10) are

descri bed conprising of the followng steps: a.) Covalently linking a
carboxylic acid linker of the formula Y'-V-QWCOOH to a thiol bearing
maytansinoid, D ; wherein Y' is a thiol-reactive group such as a mal ei m de
or hal oacetam de; Q represents an optional an aromatic or a heterocyclic
nnlety The reaction sequence is represented by the faormula (

SV-Q W

above

Ibeagingymaytansjoqida e@m-q(ﬂier)armh%ﬁﬂd linker of the\iprapiga é’)s “Ytef | ned
Q-W-COOH.

c.) The reaction may be performed in a suitable organic solvent or a mixture of aqueous
buffer and organic solvent such that the thiol-bearing maytansinoid, D’, and the
carboxylic acid linker of the formula Y”-V-Q-W-COOH, are fully soluble. Examples of
suitable organic solvents include tetrahydrofuran (THF), 1,2-dimethoxyethane, N,N-
dimethylformamide (DMF), N,N-dimethylacetamide (DMA), methanol or ethanol.
When performing the reaction in a mixture of organic solvent and aqueous buffer the pH
must be controlled to promote reaction of the sulthydryl with the maleimide or
haloacetamide, Y”. A suitable pH range for this reaction is pH 3 — 10 a preferred pH is
5- 9 and a most preferred pH is pH 6-8.

d.) Thioether formation between the thiol-bearing maytansinoid, D’, and the thiol-
reactive group, Y, will also occur when using a suitable organic base and neat organic
solvent, such as those described above. Organic bases such as N, V-
diisopropylethylamine (DIPEA), 1,8-Diazabicyclo[5.4.0jundec-7-ene (DBU),
triethylamine and 4-methylmorpholine may be used to form the desired thioether-
containing maytansinoids bearing a carboxylic acid.

e.) A compound of the formula (10) D’-Y’-V-Q-W-COOH may be isolated following
completion of the reaction. Suitable techniques for the purification of a maytansinoid
having a thioether moiety that bears a carboxylic acid include silica gel chromatography,
normal or reverse-phase preparative high performance liquid chromatography (HPLC),

preparative thin layer chromatography (TLC) or crystallization.
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D is as defined above ; Y" is as defined above; Y' is a thioether
bond between the sul fhydryl bearing maytansi noid and the carboxylic acid,
COOH;, andwQ2nspnresent s an optional aromatic or a heteroegtiusecommsmsby. b.)
Stoi chionmetric or excess equivalents of the carboxylic acid |inker of the
formula Y'- V-Q WCOCH, over the thiol-bearing maytansinoid, D, such as
DML and DM4, may be used. The reaction proceeds to conpletion and can be
nonitored by anal ytical nethods such as HPLC and TLC. The reaction may al so
be perfornmed with an excess of the thiol-bearing maytansinoid, D, over
the carboxylic acid |linker of the formula Y"-VQ W COCH. Cé) The reaction
may be peff dherperity and idsniity sihthe isrlgjath Prode@iof Eretfomnula (1) K uf'&-@fWaqueous
buf fer and organi c sol vent such that the thiol-bearing naytansinoid, D
and the c@Obdkyhy be extabdishddrifyemalyfical meetlicgls indhaling' HREQ MdsSO@bdtrosgopy f ul | y
sol ubl e. Exanples of suitable organic solvents include tetrahydrofuran
(THF), 1, avs), meymsxreNhanand 'RC NWRmet hyl f or mani de ( DVF) ,

N, N- di met hyl acet am de (DMA), nethanol or ethanol. Wen performng the

reaction jig1p TheddeEmBftaRidaNiGivad4RBhtai AHkRMeS MBI Riarihpie pH nust be
controlled to pronote reaction of the sulfhydryl with the nal ei m de or

el et o oM AU R R0 17 VI RN R B3 10 o
preparation of compounds of formula (§) D’-Y’-V-Q-W-Z’. Maytansinoid derivatives
of the formula (11) D’-Y’-V-Q-W-COOH may be further derivatized to give an an
amine reactive group, Z. The preferred amine reactive group, Z’, is an active ester such
as as but not limited to N-succinimidyl esters, N-sulfosuccinimidyl esters,
pentafluorophenyl ester, tetrafluorosulfophenyl, or nitrophenyl ester. The process for the
preparation of compounds of formula (5) from compounds of the formula (11) follows
the reaction sequence:

D’-Y’-V-Q-W-COOH + X — D-Y’-V-Q-W-Z’
where X is N-hydroxysuccinimide to give an activated ester, Z’, that is amine reactive.
[162] A maytansinoid of the formula (5) D’-Y’-V-Q-W-Z’ may be prepared from the

novel maytansinoid derivative of formula (11) D’-Y’-V-Q-W-COOH by known methods

described herein.

a.) Maytansinoids of formula (11) D’-Y’-V-Q-W-COOH may be reacted with a slight
excess of N-hydroxysuccinimide (X) in a dry organic solvent (such as methylene
chloride, dimethylformamide, tetrahydrofuran, dioxane, diethylether) in the presence of
1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDC.HCI).

Condensing agents other than EDC.HCI can be employed for the reaction.
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d.) Thioether formation between the thiol-bearing maytansinoid, D, and the
thiolreactive group, Y', wll also occur when using a suitable organic base
and neat wogam/e®ol vent, such as those descri bed abovercOusanmwosdsases such
as N, Ndi i sopropyl et hyl ami ne (DI PEA), 1, 8-Di azabicycl o[ 5. 4. 0] undec-7-ene
(DBU), triethylam ne and 4-nethyl nor pholine may be used to formthe desired
t hi oet her cont ai ni ng nmayt ansi noi ds bearing a carboxylic acid. e.) A
conmpound of the formula (10) D -Y -V-QWCOOH may be isol ated foll ow ng
conpletion of the reaction. Suitable techniques for the purification of a
mayt ansi noi d having a thioether noiety that bears a carboxylic acid include
si | i ca geb.) Eampletipngf wpttion mar beaororedousiiiestand s bemicabigehatquee sughg h
performance |iquid chromatography (HPLC), preparative thin |ayer

chr omat ogadplh® of HROY. or crystallization. f.) The purity and identity of
the isolated product of the fornmula (10) D -Y' V-Q WCOCH nmay be established

by anal yti met hads i ngl udi HPL SS_spectr.qgscopy. LO M5, 1H NWMR
o 13C Nk IR SR o g e Tion B VR DS SR GRS NEAPSAT

t hi oether noiety bearing_.a term nal carboxylic gci d of the formula (11)
D-Y -V- qewtc:@e%hmrexwgwwmwhﬂ eptaempY BpRyrHiSddy syica &aliysAwesdphYs 8F mul a' (5)
D-Y-V-QWZ' . Muytansinoid derivatives of the formula (11)

D -Y - V- pyHEEG o cripdaltiationer derivatized to give an an amine reactive

group, Z. The preferred am ne reactive group, Z', is an active ester such
as as but ot ed. . LAl dyl frosucgi Hivoi-dyl esters,
pent af | uo?’ggh%hgﬁygggéée&%%?%ﬁ Fﬁ%‘)trg%g%ﬁ)ldp %%E%?P?Ngéwgi[?rgpﬁe ylm ngter. The

process for the preparation of c unds..of mula (5) from ounds of
Phe”for mray 01 sy 0 SRR PR SAPRE R Ry B HBEL A b oo BRI 2 X2
DY -V-QWZ r I S5 yﬁroxysucci nimde to give an activated ester,
Z', that FQ%\Q%Y\{E@Nm%Q@vgﬁM 162] A maytansinoid of the formula (5)
D-Y-V-QWZ nmay be prepared fromthe novel naytansinoid derivative of
formula (11) D -Y -V-Q WCOOH by known net hods descri bed herein.

G. PREPARATION OF ANTIBODY CONJUGATES WITH MAYTANSINOIDS
HAVING A THIOETHER MOIETY THAT BEARS A REACTIVE GROUP

[163] A process for the preparation of a non-cleavable, thioether linked maytansinoid
conjugate with a cell binding agent using an isolated, reactive maytansinoid derivative
having a thioether moiety that bears a reactive group of the formula (8) CB—H(Z”-W-Q-V-
Y’-D*) (Figures 39 and 40) is described and comprises of the following steps:

a.) Covalently linking the purified amine-reactive maytansinoid bearing a thioether
moiety of the formula (5) D’-Y’-W-Q-V-Z’ of this invention, to a cell binding agent, CB
(antibody), via covalent amide bond formation between lysine residues of the cell
binding agent and the amine-reactive group linked to the maytansinoid having a
thioether bond.

b.) The conjugation reaction may be performed at a concentration of 0.5-10 mg/mL

antibody depending on the nature of the antibody.
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a.) Maytansinoids of formula (11) D-Y -V-QWCOCH nmay be reacted with a
slight excess of N hydroxysuccinimde (X) in a dry organic solvent (such as
met hyl enewohbowizessg di met hyl f or mami de, tetrahydrof uran, POTMS2008/059620

di ethylether) in the presence of

1- (3-di net hyl am nopr opyl) - 3- et hyl - car bodi i m de hydrochl ori de (EDC. HC1) .
Condensi ng agents ot her than EDC HCl1 can be enployed for the reaction.

b.) Conpletion of reaction nay be nonitored using standard chem cal

t echni ques such as TLC or HPLC. <c¢.) Follow ng the conpletion of the
reaction, the maytansinoid derivative that bears a reactive

N- hydr oxyBdck Barksadytioned ther aming reseti yurdnt¢lesyally meiytangigoig drargigrionat ogr aphy,

or by HPLC, or by crystallization. d.) The purity and identity of the

i sol at ed thigther moddty triag be prepaited ir{ BJat B gavc sMlvept\Wigt tommyjugetiaswiibtheshed by
anal ytical methods including HPLC, mass spectroscopy (Ms), LC M5, 1HNWR and
13C NVR.  4atibBER-PARABI O ddc ANInBADYste&RNOUGAR pbiepWYalibh MANTANBEREOLIDS HAVI NG A
THI OETHER MO ETY THAT BEARS A REACTI VE GROUP [ 163] A process for the

prepar at i giaRfl, RANAReMy ReMaR|®R (DIMU P &t amdihnkefampst @nshnal dirk@milugat e
with a cell binding agént using an isolated,” reactive maytansi noid
derivativ i i oether noiety that bears a reactive group of the
formul a (%lﬁ%@e?%mvc\?% VW -D )m (Figures 39 and 40) is described and

conprises_of f al | .owi n , l i ki i fied
amrrﬁe- real i]"\)/‘}eeh&rgngtrilegJh a?’rcllg(}%r}llgigia%%tg'ge??fr%%’égntsﬁ?}égfﬁg& %D%e:g%érgg © H@’ %Eﬂﬁu: S (5)
D-Y-WQV-Z .of this invention, | 1. bi ndi ng. t,. CB ti body),
Vi 2 coval BHUSEHBE BUREY rtarioh b Bt eb Py GE e e SRS BroreHE b |
bi ndi ng ag}znt and the am ne-reactive group | nk%d to_the mayt ar%si noi d
havi ng a irwttquélrno@dﬁ@gms in solution during conjugation. The preferred amount o

organic solvent in the aqueous buffer ranges from 0-30% (v/v) depending on the
solubility of the reagent and the behavior of the antibody under these conditions. The
conjugation may be carried out at pH 3 — 10 a preferred pH is 5- 9 and a most preferred
pH is pH 6-8. The buffers used for the conjugation reaction are buffers with pK, values
around this pH range, such as phosphate and HEPES buffer.

c.) A 5-50 fold excess of the amine-reactive maytansinoid bearing a thioether moiety
over antibody may be used in the conjugation reaction to yield a conjugate with the
desired number of maytansinoid molecules linked per molecule of antibody. Preferably
a range of 2-8 maytansinoids linked per antibody is desired for the final conjugate.
Conditions such as antibody concentration, solubility of the reagent and pH may effect
the fold excess of the maytansinoid reagent required as well as the number of
maytansinoid molecules linked per mole of antibody in the final conjugate.

d.) Purification of the non-cleavable conjugate of the formula (8) CB—(Z”-V-Q-W-Y’—

D’)m by tangential flow filtration, dialysis, or chromatography (gel filtration, in-
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b.) The conjugation reaction may be perfornmed at a concentration of 0.5-10
ng/ mL anti body dependi ng on the nature of the anti body. b.) A stock

sol ut i on wb 20te126s51 ne-r eacti ve non-cl eavabl e mayt ansi noipdThrsasmng9620

t hi oether noiety nmay be prepared in neat organic solvent prior to
conjugation wth the anti body. Suitable organic solvents for stock sol ution
preparation include nethanol, ethanol, N, N-dinethylacetam de (DWVA),

N, N- di met hyl f ormam de (DMF) and di met hyl sul foxide (DVMBO) c¢.) Due to the
hydrophobi c nature of naytansinoids it may be necessary to carry out the
conjugation to antibody in a m xture of aqueous buffer and organic sol vent
to ensur eexchagetchemmineraphyi nolrephobivaitagciion devmatbeapldlor agombinptigrat i on.  The
preferred amount of organic solvent in the aqueous buffer ranges from 0-30%
(v/v) depgegbfig on the solubility of the reagent and the behavior of the
anti body under these conditions. The conjugation nmay be carried out at pH 3
- 10 a preferred pHis 5- 9 and a nost preferred pHis pH 6-8. The buffers
used for the conjugation reaction are buffers with pKa val ues around this
pPH range, ggUGippisphosphate and HEPES buffer. c.) A 5-50 fold excess of the
am ne- reactl ve maytansinoid bearing a thioether noiety over anti body may be

used in t 5%&{9@& ﬁﬁifeﬂ?@é imag gpe@t% 0 Ale 884§ %th@es' red

number t ansi nol ecu ant |
Prefer abI e .of § k a F deS| red for
the final X&ﬁ?‘?ﬁ Bl it g‘%‘ﬂ?@d@ e F%f’rag Vé%}h‘g‘tef%r? e |%t?¥e sol ubi lity
of the reagent and . t thefold cess of. the s'noid
r eagent %W?@HC%E%P‘P X"étg ‘E ARSI Tﬁ%f%gg%@ﬁ&iql}g}%é ‘5}§al i nked per
nol e of antlbodylntheflnal 6}|ﬂugate Purification of the
non- cl eave %elb‘éﬂﬁljlltg@mréoﬁﬁmlbw W W@&S%Cé)as e@ykazsmwd@ Wegvia g yn, py
tangential flow filtration, dial éSI s, or chromatography (gel fi Itratl on,
in-  exchaeiyethyhneoghied (ICERRYLOhy inkss s bsastiomatdy-hrdrpeysuedinisnde O§FRphy) or a
conbi nati on thereof.

reactive group.

[165] Also, described are methods of synthesizing disulfide-group containing

polyethylene glycol ((CH,CH,0),)-linked drugs with different reactive linkers for

conjugation with antibody. These conjugation methods include a one-step conjugation

of antibody with drugs such as maytansinoid linked with disulfide-group having

polyethylene glycol ((CH,CH,0),) linker via reaction at a N-hydroxysuccinimide (NHS)

reactive group.

[166] The following examples, which are illustrative only, are not intended to limit the

present invention.

EXAMPLE |

Conjugation of Antibody with Several Maytansinoid Molecules Linked Per Antibody

Molecule by Disulfide Linkers Containing Traditional Aliphatic Carbon Spacers:
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EXAMPLES [164] Wthout being bound by any particul ar aspect, nethods are
descri bed for the synthesis of polyethylene glycol ((CH2CH20)1)-Ii nked
drugs w twoadnfoiessnt reactive |inkers for conjugati on wpCh/usediobicaai ng
agents. These conjugation nethods include a one-step conjugation of

anti body with drugs such as maytansinoids |inked via polyethylene glycol
((CH2CH20) n) linker by reaction at N hydroxysuccinimde (NHS) reactive
group. [165] Also, described are nethods of synthesizing disulfide-group
cont ai ni ng pol yet hyl ene glycol ((CH2CH20)n)-1inked drugs with different
reactive linkers for conjugation with antibody. These conjugation methods
i ncl ude allé6Ak-lotadpocstan) niegsss erronjugainan baithpdyivith sdyaiggneectesad theayt ansi noi d
|l i nked wi th disulfide-group having pol yet hyl ene glycol ((CH2CH20)n) I|i nker
vi a r eact meytassincad NMiyatrody sulbwhamizaddcatipddsdSyasrfestohodrigedgwolup. [ 166] The
foll owi ng exanples, which are illustrative only, are not intended to limt
t he presegmmaany banlableXéidRidiuhcticnanjinkga{SPOB)ebntindadly amarhine Sever al

Mayt ansi noi d Mol ecul es Linked Per Antibody Ml ecule by Disulfide Linkers
Cont ai ni NgadhRAN-hi@8R}suddiniRfidt dréuf NI Broap PRl aSthiol-rdadve 2-pitidy I dits step
process to conjugate ‘an anti body wth several nolecules of the maytansi noid
D\v4 or DM&@ i i | i i 1 : &gnercially
avai | abl e“he g?ggfgﬁﬁ tPgﬂ%hgﬁgﬁE%&E?%E%BhkggﬁP%ﬂﬁgﬁghEg?ﬁmgn

am ne-reagctjyv hydr oxys Hiym [.oup [ ou L&d\-reactive
> pyr 1y el Uy Y BERC VIS R R A SR BT e075r e
i nker in_the .anti body nol ecyl.e (as. described in. W, C Wgddison et, al., J.
Ve Chent SIS aBE e 5 Topsaisnioh 08y SRt TOGh G Chani g sl REr Bt Brothe
reactive linkers in the antibody nolecule, in a second reaction step the
mayt ansi nSREHODVEPGRe DAt RiRGd Ql\%/‘barc@w Vit srethiedlip! siqup ¥adatlet & t he

| i nker-nodi fied antibody to conjugate the maytansinoid to antibody by

di sul fi dethsdinkier-modified aypibedy foccopjugnigitee maythrpmeid tocatibedy yoHsulde a
concentration of 5-10 ng/mM was nodified using 10-15 fold nolar excess of
t he commebaidal Irya gpesiific @bdreplhet lmmadvided notibasiyat a bonvketratightofi 5S-10@kZIM - , 1 al kyl
groups (such as SPDB, SPP, SPDP) in aqueous buffer at pH 6.5-8 for 0.25-3 h
at anbi entvad eppidieausing 1 @4 folb emlgrexcdss efithb yomealerdidllytavaildbdn (usi ng, for
exanpl e, Sephadex &5 chromatography) to obtain antibody nodified with an
aver age 8hérobifitcabnag liakgsviner Cani-, Blgy oiotpLEudhersiSPDB, SRPYSEDR)SH (t ypi cal |y
80-90% vyields). The linked groups were estinmated by neasuring the rel ease

of 2-thi opyfeb@ORRPASRH6 SIB fot 8.28BSIPEDAE Bmpdtedurk lafdl (Hed arific BOGY M 1

cm 1) upon addition of excess 1,4-dithiothreitol (DIT) reagent to a snal

L
modified with an average 8-12 linker groups per antibody molecule in high yields
(typically 80-90% yields). The linked groups were estimated by measuring the release
of 2-thiopyridone based on its absorbance at 343 nm (€343 nm = 8080 m! cm'l) upon
addition of excess 1,4-dithiothreitol (DTT) reagent to a small aliquot of the linker-
modified antibody sample. After measuring the linked reactive groups on the antibody,
the linker-modified antibody at a concentration of 2.5 mg/ml was conjugated with excess
maytansinoid DM4 (1.7 fold-molar excess DM4 thiol over reactive linker) at pH 6.5.

However, precipitation was observed during the antibody-maytansinoid conjugation

reaction and poor yields of the antibody-maytansinoid conjugates (~38-60% yields) were
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the linker-nodified anti body at a concentration of 2.5 ng/m was conjugated
W th excess maytansinoid DMA (1.7 fold-nolar excess DV thiol over reactive
| i nker) awopblobL26s51However, precipitati on was observed @amiusgoiwss620
ant i body- mayt ansi noi d conjugati on reaction and poor yields of the
ant i body- mayt ansi noi d conjugates (-38-60%yields) were obtained upon
purification of the antibody-maytansi noid conjugates by gel filtration. The
nunber of |inked maytansi noids per antibody nol ecul e was determ ned from
absor bance neasurenents at 252 nm and 280 nm and using the extinction
coefficients for maytansi noid and antibody at 252 nmand 280 nm In
addi ti on e@ampdupsariification of shesaig bpbomaytpedinpsd epn)egaees Ay ebbldptiermyt ansi noi d
conjugates at -1 -1.5 ng/m, the nunbers of incorporated maytansi noid per
ant i body ¢ mouobee ofilenied maytankiovels pér-@itiBedy. Holavde age detaytivgisiroroi d nol ecul es
per anti body nol ecul e) than expected based on the nmuch greater average
nunber of absoithh@ meéRaetiens at 23tkeh agd DR(sm iand asippthatettdngoien caafficibmsly nol ecul e
(-8-12 reactive |linker groups per antibody nol ecul e) suggesting
preci pi t afdr %lyﬁafnsih&ﬁ aldl ahodi By 2NHh BRd ZBANGAT IMAldathi th efprédfiaugat es. I n
anot her exanple, a humani zed anti body was first nodified wth the SPDB
het er obi f j | : L i diyh dithi AHRSPer
ant i body mdggpg!dsﬁ%%hﬂ%%a Ig&}gér%g%gé%enﬁg[a%%{ Wlly!t1 ?1 nti@?@’ft%lgd m)lrflr excess
of DVA mayt.ansi.ngi hi.Ql- signj fi L ' [ eaction
i xture T EsTr P s S Mol ol B BRLEICAL a5 el 07
conj ugate. Using.co rcially. .avail abl t erobi functional |inkers such as
SPOB. or SRS BhEs P 20p B nSPeo dReEspeurd e F7 ey o
incorporate greater than 4 or. 5 maytansi noi d nol ecul es per antibody at high
conj ugat i 8i& 1“%we&s%eflam%srrﬂﬁI%avmkvsﬂgk(%rwwﬂow&%f RGARERIY at i ons of |
nmg/ M or higher concentrations. This observed precipitation and |ow yield
of anti botplesalpahd? roridvedaneugatesPeh avihagy Spisule) sUSSPEHMIPERGRIEHOD | nker s
was not seen upon the initial SPDB- or SPDP-|inker nodification of
ant i bodi esf thp bighermmadmsingéad-bemingiantibadsgomngiteroi ldshotberggempieny t hat t he
aggregation and precipitation of the antibody-naytansinoid conjugates was
pr esunmabl jumaiiseichnbiodyheasdirstandditat wah tHeySPp hatriobifurekienal llieker to EXAMPLE | |
Conj ugation of Antibody with Several Maytansinoid Ml ecul es Linked Per
Ant i body in¥bipeeid Bl pyidldthld groepsijen ktitdd Cailarur] Waichygsopkdicbhe Pol yet hyl ene
Oxi de Spacers (PEG or

reaction with 1.7 fold molar excess of DM4 maytansinoid thiol showed significant

precipitation in the reaction mixture resulting in a very poor recovery of <30% antibody-
maytansinoid conjugate. Using commercially available heterobifunctional linkers such
as SPDB or SPDP with aliphatic spacers it is typically difficult to incorporate greater
than 4 or 5 maytansinoid molecules per antibody at high conjugation yields for antibody-
maytansinoid conjugate concentrations of 1 mg/ml or higher concentrations. This
observed precipitation and low yield of antibody-maytansinoid conjugates having
SPDB- or SPDP-derived linkers was not seen upon the initial SPDB- or SPDP-linker
modification of antibodies (before conjugation with maytansinoids) suggesting that the
aggregation and precipitation of the antibody-maytansinoid conjugates was presumably

caused by the attachment of hydrophobic molecules.
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[168] To explore if hydrophilic spacers such as pol yethyl ene oxi de (PEG,

or (-CH2- CH2-0),=1 _14) could perhaps prevent the aggregation and

preci pi t avoanmooReésnt i bodymayt ansi noi d conj ugates w t h aPphirgis2evambmsreo of

mayt ansi noi d nol ecul es (>4 average per anti body nol ecule), several new

het er obi functi onal and nonofuncti onal maytansinoid derivatives were
prepared which could be conjugated to anti body by direct nodification or a
two-step reaction involving the initial derivatization of antibody at

| ysine resi dues foll owed by the reaction of nmaytansinoids (see, for
exanples, Figures 3, 6, 11, and 12). Synthesis of 15-(2-pyridyldithio)-4,

7, 10, 13-tetraoxapentadecanoic acid [169] A solution of aldrithiol-2 (1.17
g, 5.31 mmol) was prepared in 5.0 nL of 1,2- dinethoxyethane in a 10 nL
round bot EEAMRIZSK. To the reaction flask was added a sol ution of
3-(2-thiotetraet hyl enegl ycol) propionic acid (QuantaBi odesign, 490 ng, 1.73
mol ) di ssehjMediohdf Anfibédy with Sevirall MIBtanSyidtNValBeulesTikiakddeae tAindbodyr oceeded
for 3.5 hours with stirring and the product was purified by silica

chr omat ogxRRRYIeSyYbibilHdeM fRerd CoRBtRRNAY driophillE PEY E@PRNE Ok Rk iS@ecersThe sol vent
was renoved in vacuo to yield 432 ng (64%yield) of the desired product.

Synt hesi s "G NHS .
[]5-(2-pygg%%ﬁ%?gggggﬁ%?$§F5¥f3-tetraoxapentadecanoic

aci d- N- hydr.gxysucci ni. m er 1 our t om fhask was

char ged tégi( 1@9 %@l%rf/?ii‘ h%? fog)ﬁlﬁi %?C-GEIS, 5;‘9111 6%611%?&@916?1%6103{1:%62 %E}é’d%] éé%%? c acid
(431 ny, Q. Jymol), 5.0 nL of hyl ene chl ori de. and a sti. ar. N-hydroxy
Succ ni i G (- o PG YoTE e O g I oy YT

3-et hyl carbodii.m_de hydrochlorjde (6,8 nu, O.QBG,EEﬁI%JMBr$ added to the
reacti on Pe¥aiincidgonpeatssenth 3 bigh prgbasd dpyigrinoldueriedlesi>t a6 dsher at ur e
with stirring. The product was purified by silica chromatography eluting
with 7% lagibgiyairsiigbsevesd ney heterohjfuasiionehandrmenefunthena glay@asingids r enoved
in vacuo to give 206 ng (38%yield) of the desired product. Ms: nfz: found:
511.1 (M derNaiyesomdre pteptred whixhicopld t8yennjugated togdntibody by direct modification

15- (DV4-dithio)-4, 7,10, 13-t etraoxapent adecanoi ¢ acid [171] A solution of
N2' - deacebiyd siistef deadtizimdaypil oing theahiniyl derivatkapem bfyantibndy dtdpsnaresiivd, 18. 6
ng, 0.0239 mmol) and 15-(2-pyridyldithio)-4,7,10,13- tetraoxapentadecanoic
acid (14. &1rbied By OF08adiion of nh@PAGES forexBmples, Migés 3,,6211, and 12).

di net hoxyet hane. 4-net hyl norpholine (6.0 ng, 0.0597 mmol) was added to the
reaction vessel and the reaction proceeded for 24 hours at roomtenperature
with stirring. Upon reaction conpletion the crude reaction m xture was

dried in vaeng; a9 s sed-Milinnbts b9y Bes RMbpdnk &R LR dFd gure 6).

[169] A solution of aldrithiol-2 (1.17 g, 5.31 mmol) was prepared in 5.0 mL of 1,2-
dimethoxyethane in a 10 mL round bottom flask. To the reaction flask was added a
solution of 3-(2-thiotetraethyleneglycol) propionic acid (QuantaBiodesign, 490 mg, 1.73
mmol) dissolved in 1.0 mL of 1,2-dimethoxyethane. The reaction proceeded for 3.5
hours with stirring and the product was purified by silica chromatography eluting with
5% methanol in methylene chloride. The solvent was removed in vacuo to yield 432 mg

(64% yield) of the desired product.
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Synt hesis of 15-(DWA-dithio)-4, 7, 10, 13-tetraoxapentadecanoic

aci d- N- hydr oxy succinimde ester (DW-SPEGI-NHS) [172] The crude

15- ( DVA- dwohnm)y12d557, 10, 13-t et r aoxapent adecanoi ¢ aci d wagcairss@owss20 n 2. 0
mL of met hyl ene chloride and conbi ned with N hydroxy succinimde (3.6 ng,
0.31 mmol ) and 1-[3- (D net hyl am no) propyl] - 3- et hyl car bodi i m de

hydrochl oride (6.8 ng, 0.036 mmpl). The solution was stirred for 2.5 hours
and the product was purified by silica chromatography eluting with 4%

met hanol in nethylene chloride. The solvent was renpved under vacuumto
give 15.0 ng (54%yield) of the desired product. MS: mfz: found; 1179.3 (M
+ Na) +, cSinthebiartBrSSIAFG-NHSH (t-Byréyidithigd=4st, & ! CEijcayaergreqstoiint i body to
Link a Hi gh Nunber of Maytansinoid Ml ecul es Per Antibody Ml ecul e Using

Di sul fi deadid-Msrisox@ortiaimidagstéddr ophi | i ¢ Pol yet hyl ene Oxi de Spacers (PEG
or (-CH2-CH2-0)n=1-14): [173] A novel observation was made when new

het er obi fumet i Anaimir ®age bdtsonilhdk \schhafehd MWith 1Spa@sridylditah)-43,10dByet hyl ene
oxi de (PEG or (-CH2-CH2-0)n=1-14) were used to nodify anti body foll owed by

conj ugat i RRaMapéhtddarolti R2id (43 Nengt OND WaRIH. B0 MU Wicds,lde chitide and a
ant i body- mayt ansi noi d conjugates wth hydrophilic PEG', spacers did not

show any i pid i | om_eomi ] (>70%
with ver ygﬁ%}h%rr%g%xﬁéfagfg@??g?'?E{Sgo?/;g%Olgﬁmeg?np@g%e%nﬁ%%%@g ant i body

at a_concetl Rbindfiflaedy RCAbIES £ %(%g%);/imcgi Nwéré‘gdd%}i%ﬂl%’?%al}lg‘sbreage”t

at severa ar excess ove centration I n uffer for

1 h at 30C and then rified b . filtration. The |inked.dithiopyridyl
groups peYSSEhér 8‘8?%1’%@&“3&%?03%&“5%{0@&1 %Blpﬁr ture mt%égf)ri/ngZﬁ?lﬁi opyri done
rel ease assay of aliquots using excess dithiothereitol, hased upan which a
1. 4-f ol d PROAUS e pwidiieddty sise chigppalors? ieél“ttqgi"é‘p“ aﬁé’%ﬁl&? SgetBaien

di t hi opyri dyl - PEGh-11i nker nodified anti body solution for the conjugation
step at pwethyBne gileridg. ghhe satventowas ramavadia yagueeo gbisj248 a3 ey igdt % i ed by
gel filtration (Figure 12). The final incorporated nmaytansinoid per

ant i body thaldegsdporductheMBi hfze femd: Tdnj M atNon calickleigdes vd-t h di f f er ent
initial linker incorporations ranged from3 to 9 average maytansi noid per
anti body nol ecule, with no observed precipitation, >70%yields and very

hi gh mononer (>90% nononer based on si ze-exclusion TSK-GEL G3000 HPLC usi ng
20% i sopr gpanels 6P 5-QDAAMISRSI LA @ e3-edrl ok @letlndectingicuitbn] ugat ed drug in the
final conjugates was determned to be | ess than 0.6% by H Sep M xed- Mdde
chromat 09[18/@11yA(sb!u%}@]poﬁm’iéi%ety&uﬁ’ed4cr9érca;ﬂ@4qaéthflg1 -bhHentyBhBREIe dS wer e
covalently Iinked to anti body.” I n anot her exanple, a humani zed anti body at
a concent ;L0 8 Jim Iz i = (A- NHS reagent at

sever al fg)[?lgmhtf)ﬁ'gfrngég(ggjss o\\e@rsdngg?i(%gggd%%ﬁrt]@gﬁ{’?g?ﬁgn in pH 6.5 buffer for
1.5 h at C and then puri.fi f [

di thi opyr T APE e bl AR GRS bl ek Bsattn 0 s L ofh2ey o ot e
as 6-18 per anti body npl ecul e, whic re react ed w . 3-1.7-fold
nol ar excgg%et yﬁ%ﬂ}/ena@rpgtﬁ%é”ﬁ)&’whpﬁ?%&% Oélg—?gmg}o%\gasédg%%{%ﬁﬁ% ht, and then
purified by gel filtration. No preci 't%t'on was observed and the final

ant i body- FRa§HANESTsO Y B8 Faghe @Ogefﬁfff@é éh‘ourﬁgﬁmﬁﬁ‘/tﬁ’i“p%rﬁ%ﬁ‘thi gh nonomer
fraction (>90%, indicating | ack of aggregation, and high nunbers of-3.1 to
7.1 coval etiring. Hpemtdaetipnaptriaiion e gu e@él@ﬂé@xbléﬁfwéﬁﬁrif%dayawotaﬁdvery | ow
unconj ugat ed mayt ansi noid (<1.7% unconj ugat ed mayt ansi noid esti mated by

Hi Sep chr osmtvagroapfuyther ptinidicetoom (fggere®)- wi t h hi gh drug | oad
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per anti body were stable upon storage at 4C even up to the |ongest tine
anal yzed (1.5 nonths). One-Step Conjugation of Antibody to Link a High
Nunmber ofwbkytoarzeismoi d Mol ecul es Per Anti body Ml ecul e Bsrrus2ivesdcke de

Li nkers Cont ai ni ng Hydrophilic Pol yet hyl ene Oxi de Spacers (PEG', or
(-CH2-CH2-0)n=1-14): [174] In a one-step conjugation approach,

ant i body- mayt ansi noid conjugates with disulfide |inkers containing

hydr ophi | i ¢ pol yet hyl eneoxi de spacers (PEG " or (-CH2- CH2-0)n=1-14 ) were
generated by the conjugation of a humani zed anti body at a concentration of
4 mg/m with 10-20 fold nolar excess of DMi- SPEa4- NHS reagent in pH 8
buffer for 2 h at 30C followed by purification by gel filtration to obtain
an anti body- nayt ansi noid conjugate at a concentration of 1.4 ng/nl with 6.6
conj ugat egy myisf$5-DMI-diio)anT, i () O3\ ye ke ulade doBaRonlgimdrpxy Fi gure 11).
Therefore, both 2- step and 1-step approaches were used to obtain high

nunber Ofmkbﬁbﬁgégﬁyi@ﬂﬁlngQ%Apﬁp anti body nolecule with disulfide Iinkers
contalnlng hydr ophi | i ¢ pol yet hyl eneoxi de spacers (PEG or (-CH2-CH2-0

)n=1-14) il/Ph% %h(!le kﬁﬁmggﬁhb%rﬁm ﬂ‘fetrg&%e%&&a&%@ﬁ@{wam}@o@%@ noi d

Mol ecul es L| ecul e by Thi oether Linkers Containing

Hydr ophi | | C% rr:fée{h ec%drgi% ? g(%l%%lﬁed mtﬁw @(;c%?/ sjacmLﬂT?ld‘:’J (g)T ' rectly

nodi fy t he ysmgt uccinimd ers of

eyt ansi nﬁag.lngfyﬁ emdt lr ?Bd [Slmet arr?ilné))%po%g/l]% tH/"ll((:a%‘ Sdifht U’%e h}gcff‘roalllggc\e (%.8“ker S

derived f

mg, 0.036 mmol). The solution was stirred for 2.5 hours and the product was purified by
silica chromatography eluting with 4% methanol in methylene chloride. The solvent
was removed under vacuum to give 15.0 mg (54% yield) of the desired product. MS:

m/z: found: 1179.3 (M + Na)", calculated: 1179.4 (Figure 6).

Two-Step Conjugation of Antibody to Link a High Number of Maytansinoid Molecules
Per Antibody Molecule Using Disulfide Linkers Containing Hydrophilic Polyethylene
Oxide Spacers (PEG,, or (-CH,-CHy-O)p=1.14):

[173] A novel observation was made when new heterobifunctional reagents with
hydrophilic spacers such as polyethylene oxide (PEGy, or (-CHp-CHz-O)n=1.14) were
used to modify antibody followed by conjugation with DM4 thiol. The conjugation
mixtures of the antibody-maytansinoid conjugates with hydrophilic PEG, spacers did not
show any precipitate and consistently gave a high conjugate yield (>70%) with very high
monomer fraction (>90%). As an example, a humanized antibody at a concentration of
8 mg/ml was modified with the PySS-PEG4-NHS reagent at several fold molar excess
over antibody concentration in pH 8 buffer for 1 h at 30°C and then purified by gel

filtration. The linked dithiopyridyl groups per antibody molecule were estimated to be
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(described in WC. Wddison et al., | Med. Chem, 2006, 49, 4392-4408) were
used initially to conjugate antibodies in a 1-step nethod. Attenpts to
conj ugat ewe 2nuvessszed anti body with a 8-fol d nol ar excegsTafS200DsBRP- NHS
reagent as a test reagent at 5 ng/m in pH 8 buffer at 30C for 2 h
(followed by gel filtration and dialysis) resulted in significant

preci pitation and aggregation, such that the final conjugate was only 61%
nononer with about 3.3 |inked maytansi noids per antibody. In contrast, the
use of DML- Mal - PEA- NHS reagent under simlar conditions resulted in a
conjugate with 5.4 |inked nmaytansi noid nol ecul es per antibody at 1.1 ng/m
Wi th no préeté py 2dbiopyridone tdhensé pssay ofcahiguoig asieg cRiegudithiqtheeit@) basg] ni | ar | y
DML- Mal - PE&R2- NHS reagent was used to obtain high nunbers of conjugated
mayt ansi nagpotisviicnk ed-fplermalai éxoedyf Ddlema)ensinad tHioloetshddedrorash | n anot her
exanple, a murine 1g@ antibody was conjugated at 4 ng/m with 10- and
20- f ol d n@itiaspyerSEBEG PfinkdVimolE ed RE@ModyHShutioa g nhe ¢onjudktich heyf &gt 6.6y 2 h at
30C followed by gel filtration to obtain anti body-mytansi noid conjugates

at -1 no/ e SORGEsCabhLReNiHeRofu t@Wle Eu@ﬁ%ﬁﬂhﬁaﬁoﬁm%&gaﬁ}ﬁdrhe

mayt ansi noi d nol ecul es per anti body nol ecul e % nononer) wt

undet ect . I: t I ﬁﬁlﬂg 2S5 A¥%htiod N anot her
exanpl e, alg]lwﬁﬁArgg)ﬁ?%%aggpa%ﬁ%swﬁyagsﬁg%ﬁyﬁg{eggé \?\AH% | excess 1 Mal - PEGA- NHS
reagent to.aqbtai verage .10..7. | i.nked tansi noi d |l ecul per anti body
(5656 monoferired viln YRR e P SRy R R TR B her
conjugates were al so prepared from.antihodi es using.a twa-st cqQnj ugati on
pr ojc eg ur eMBYEnSIRRLg P?rﬁ%ri})‘%@r@g'%% av! r{ftﬁq’éerf 6(? PFPHE F‘%foﬂi’r &/ay begcgr"f‘ﬂﬁbjer ° of
mayt ansi noi d nol ecul es can be introduced per antibody nol ecule by the use
of  hydr op¥ary highimeneaies Cl9dhmasopgdagedgn S(lze@—#?l@qz-T(‘ﬁ)‘%GﬁéeCéOOP&”& anpl e,
Figures 1, 2, 4, 5, 7, 8, 9, 10, 13, 14, 15, 16, 17, 18, 19, 20, and 21).
Synt hesi susifig 25N igohfopprt2r AV spdine]perchisital i Bie ugromipeated drug in the

- Deacetyl - N2' - (3-nmercapt o- | - oxopropyl ) - mayt ansi ne (DML, 13.4 ng, 0.0182
mol )  wasfipal epajngaes wasGle#@miried od b ldbs thad0.6% by HiSep Mixed-Mode

succi ni m dyl - [ ( Nmal ei m dopr opi onam do) - di et hyl enegl ycol ] ester

( NHS- PEG2cHybingiogiagRy (ISamt@uidhosigsicgnindititify thgt m&tAR#Sidyvarg covakndglded in
1.5 m of 2:1 (v/v) mxture of aqueous potassi um phosphate buffer (50 nV

pH 6) and}ifida 1o dfooi®akt ddthePEgRE athuhRhizdd B@ibodat hechtértfatiogofd room
tenperature and TLC anal ysis indicated that the reaction was conplete. The

crude reaﬁg?rﬂﬂu&? rﬁ(;)/c%'fﬁ@d WRR Pps'ﬁ-bﬁkﬁmre%'géﬂt%@s&&%% A0RABRYsRIVE | Ng Wi th

8% et hanol I n net ene chl oride; the sofvent was renoved under vacuumto

015, T ot 54 0t ol 80, 1125 01
i N2' - Deacetyl - N2- {3~ 07 1- - i DML, 28.1
.o Saefiily) TRESHbAATL ORPGF R o TR Ae o

( NHS- PECASH %?%ché%fgﬁﬁﬁaﬁ'?@d&%‘g%@f‘gﬁ?m .%ﬁﬁﬁ%ﬁ%@%ﬁ 1]1)7‘?@5@ added in

1.5 mb of 2:1 (v/v) mxture of agueous potassium phosphate buffer (50 nmV
pH 6) andMPHE excEseol NG matansingkeBigbat tHP-S12h Gupvernight- adithen pryifie Y oom
tenperature and TLC analysis indicated that the reaction was conplete. The
crude r eagtlifdmatidn N presipiéativanyasiobsbrind asid [thecfinad Antihedy owytapbipoidl uting with
6% et hanol in nethylene chloride; the solvent was renoved under vacuumto
give 9. 6comjudaldémpilesiat)-1-Gfmg/mé sitesidriegh poocuatiractil: (190%), ihdigatchg 1273.5 (M
+ Na)+, calculated: 1273.5 (Figure 4).

lack of aggregation, and high numbers of ~3.1 to 7.1 covalently attached maytansinoid

molecules per antibody with very low unconjugated maytansinoid (<1.7% unconjugated

maytansinoid estimated by HiSep chromatography). The conjugates with high drug load
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EXAMPLE |V Mass Spectronetric Analysis of H gh Maytansinoid Bearing
Anti body Species: [178] To analyze the high maytansi noid bearing anti body
speci es wohotoneessydr ophi lic PEG |inkers, a very hi gh negtramsseimosg2odeari ng
Ab- PEA- Mal - DML conjugate with average 10.7 DML per antibody was sel ect ed.
The conjugate was degl ycosyl ated and then anal yzed by ESI-TOF M5 (Figure
22). The mass spectrum shows various species of antibody |abeled with
di fferent nunbers of |inked maytansi noid ranging from 4-15 drugs per
anti body with the maxi ma at around 8-9 drugs per antibody. This
distribution is normal suggesting that no sel ective di sappearance was seen
for the hpgtendbedy Wwerasiablg uppestoese aidiCenen 8p todhe losgeshtimgapdlyzdd1 A gh
solubility of the final conjugate. The size exclusion chronmatography HPLC
of the hi glonthayt ansi noi d beari ng Ab- PEG4- Mal - DML conj ugate wi th average
10.7 DML per antibody showed a surprisingly high >99% anount of nononer
(Figure 23). EXAMPLE V FACS Binding of H gh Maytansi noid Bearing Anti body
Species is Simlar to that of Unnodified Antibody: [179] The bindi ng of
the high Wl;s@é;ﬁ@crwggﬁbﬁ 8F UMYboGpPRi ML @8NS BN May b inbRdSIsNBT €
conpared with unnodified antibodi es against different targets such as
EpCAM Ca i 7§ ; . I ; J sitive
cells merzégﬁgﬁ%g gﬁﬁﬁ?gﬂuﬁéﬁPﬁg tegﬁﬁ%%ﬁﬁﬁ%gﬁ%%g%dgﬂfygg%%g§ﬂ§?94C, t hen
with a secqn nthhody- F opj ugat.e at 4C, fixed with formal dehyde
za%?g&ce% f’]bbt@ o7 E—C}%b(\;vﬁgé?%né n/é}

(1%in PB anal'yze€t b try. No significant difference was

observed n the binding.of the conj. te versus,that of the unnodified
ant i body E ]?r4\j\§ﬁ] 2 PHESIT) ‘P%réapé)\r/%ﬁcﬁ’aﬁnjgH&%'Alﬁa%tﬁlésﬂﬁﬂl%“?néu@ﬁ%m&i n Figure
24, where a 10.7 maytansi noid bearin - PE4- Mal - DML nj ugat.e bound to
ant i gen- pgsPiiidgdinged pentgining hydueplyic aglﬂ?fﬁvkpeog@% Pagery @%a‘i&o#ﬁ?‘he
unnodi fied anti body. o _ _

CH;-0),=1.14 ) were generated by the conjugation of a humanized antibody at a

concentration of 4 mg/ml with 10-20 fold molar excess of DM4-SPEG4-NHS reagent in
pH 8 buffer for 2 h at 30°C followed by purification by gel filtration to obtain an
antibody-maytansinoid conjugate at a concentration of 1.4 mg/ml with 6.6 conjugated
maytansinoid per antibody molecule (82% monomer) (Figure 11). Therefore, both 2-
step and 1-step approaches were used to obtain high number of linked maytansinoids per
antibody molecule with disulfide linkers containing hydrophilic polyethyleneoxide

spacers (PEGy, or (~CH,-CH2-O)n=1-14).

EXAMPLE II1

Conjugation of Antibody with Several Maytansinoid Molecules Linked Per Antibody

Molecule by Thioether Linkers Containing Hydrophilic Polyethylene Oxide Spacers

(PEG,, or (~CH,-CH,-0),):

[175] To directly modify the lysine residues of antibody, N-hydroxysuccinimide esters

of maytansinoids with traditional aliphatic linkers such as alkyl linkers derived from SPP
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EXAMPLE VI In vitro Cytotoxicity Evaluation of Maytansinoid Conjugates of
Anti bodies with Thioether and Di sul fi de Linkers Containing

Pol yet hylwoeowidessspacers (PEG or [180] The cyt ot oxi c pefTfusets/osde2d he
ant i body- mayt ansi noi d conjugates with thioether and disulfide |inkers
contai ning PEG spacers were typically evaluated using a W5T-8
cell-viability assay after a 4-5 day continuous incubation of the cancer
cells with the conjugates. The anti gen-expressi ng cancer cells (-1000-5000
cells per well) were incubated in 96-well plates in regular growth nedium
containing fetal bovine serumwth various concentrations of the

ant i body - (deseribedsinnWi@ Wioldjsagat as Jfded. ot 280@ &) s139THd08iBTer8 upaslagent  was

t hen added and the plate absorbance was neasured at 450 nmafter -2-5 h.
The sur vi mitlallf taednijgatevsat bgpdiet inad -stgr method. 0Ajtergpik ¢o coeateta lamanizet o

determ ne the /C50 value (50%cell killing concentration) of the conjugate.
[181] Fi ganti®odpwiha8sfoldngolenh@BsmBM 1 -SRPINH® rayerfhs atdst relpRatd 5

Ab- mayt ansi noid conjugates with increased drug load for the PE&A |inked

thi oet herm%mjiﬁ ﬁt@olﬁt%pat%%foﬂ%ﬁvﬁﬂ}@\%d Wi R hiS R asd@uE sy RALIRE iPOt ency
than the thioether-|inked SMCC- and di'sul fide-linked SPDB-DV4A conj ugat es

at siml aglérﬁﬁ%t b%@gitg%_ﬁn@%géreéat%ﬁu%ﬂﬁ{a?ﬁjeqinapﬁné&?{&i)\ﬁ%%y Gugrd EpCAM

anti gen- po Ive rug’ resi stant ce -MDR cel l's).
The potency of the thi er-1inked. anti-E MASIPE - | - conj ugat e
at oyt anGr RO T xS G s Hhe R s PSS 1 er y
prom si ng r p I C _applicat.ions. 182] Figure 26. shows, th
cyt ot oxi cD&@tM?r?E@gﬁ@% r&?ﬁ@fﬁﬁﬁkﬁ%f ?‘P&’Gkéﬂ% }fﬁBlit%i B3P uyEt Ry ltaéazfnst CanAg
anti gen-positive COL0O205- VDR cells, Again, the thioether|inked
Ab- PEGA- Minkeppmayianainaid nsgesplaget aibodna L meds! with i pregipialiadn st ency
conpared to the thioether-Iinked Ab- SMCC- DML conj ugate with simlar
mayt ansi nbia cowjagaie (Figug3jor ?)-g%mlaQY%ﬁbi)@l-&’ﬁé\lzdéﬂ reagend vae tsadite i es of the
anti - CD56 anti body-maytansi noid conjugates w th PEG containing thioether
and di sul ébtaie highnloertersorf cObibgatek prgessimgdVibiked Semankibogyl moleydt wiam cel |'s. The
t hi oet her-1inked PE&4 conjugates with 7.7 drugs per antibody
( Ab- PEGA MaiocBidt porsR o Wve shodtier exasle el rackinkdQGh attboldn evae asigugatedey tohgmil c
potency (/C50 value of 0.019 nM conpared to the conjugate bearing 3.8
drugs (. [&88 18- drd200d molar excess of DM1-Mal-PEG,-NHS reagent in pH 8 buffer for 2

h at 30°C followed by gel filtration to obtain antibody-maytansinoid conjugates at ~1

mg/ml concentration with 4.1 and 7.8 covalently conjugated maytansinoid molecules per

antibody molecule (98% monomer) with undetectable levels of unconjugated drug

(HiSep HPLC assay). In another example, a humanized antibody was conjugated with

excess DM1-Mal-PEG,-NHS reagent to obtain average 10.7 linked maytansinoid

molecules per antibody (99% monomer; 1.1 mg/ml concentration). The PEGy-linked

thioether conjugates were also prepared from antibodies using a two-step conjugation

procedure outlined in Figure 8 and Figure 10. Therefore large number of maytansinoid

molecules can be introduced per antibody molecule by the use of hydrophilic linkers

such as PEG,, or (CH,-CH,-O), (see, for example, Figures 1,2,4, 5,7, 8, 9, 10, 13, 14,

15,16, 17,18, 19, 20, and 21).

68



[ 184] Figure 28 shows the enhancenent in potency of anti-EpCAM

Ab- mayt ansi noi d conjugates bearing a PEG4 |inked thioether conjugate

( Ab- PEA-Whl2e0Mby5510ver the conventional thioether-| i nkedTSsE09DRG2@t
simlar drug |oads of about 4 maytansinoid per antibody toward

EpCAM positive nmulti drug resistant HCT15 cells. The high potency of the
t hi oet her-1inked anti - EpCAM Ab- PEG4- Mal - DML conj ugate is a novel finding
and potentially very prom sing for therapeutic applications. Figure 29
shows the enhancenent in potency of anti-EpCAM Ab-mayt ansi noi d conj ugat es
bearing a PEX |inked thioether conjugate (Ab-PE4-Mal -DML), over the
conventional thioether-linked SMCC-DML at simlar drug | oads of about 4
mayt ansi noi d per anti body toward EpCAM positive multi drug resistant COLO
205 cel | sSyrfhisefibaficd/-poCemMdyS of t he thi oether-Ilinked anti-EpCAM

Ab- PEG4- Mal - DML conj ugate is a novel finding and potentially very prom sing
for therapedlia sappbh 688 -Dracetfl FH B mdicagloomsxdpiepybeaneythnsari@®MEnent in
cytotoxicity of anti-EGR Ab- Maytansi noid conjugate with the hydrophilic

t hi oet her 1 handed oPEnldI WA prée PRE@0VAL oPVIF @ RRRAshidy®-[(he
non- hydrophi lic SMCC-DML conjugate with 3.7 maytansinoi d/Ab toward

EGFRposi t | ve.: LO- i i S t he
PEGA. Vol - DR TS B g et P g DR R A "Con ugat e

The pl asri GRAFhad ka2 mof Ve mciri S il P KR SRERALFRadRRYe ey
Mal - DML ' Lnd he h (N EA |.ink b ' 6.7
D/ A (mayt BRSHEY BISRRH E DY GaE e abRBH I o Eraeis? PR Src i

conjugate containing a traditional_aliphatic carhon chain |inker and
bearing 4WBhArmEgHFeoMsgmMRsratieedndy,{ ke ajplyds indjcatet &gt e Facians@s y, by a
single bolus, of 5 ng/kg conjugates (antibody-based dose; 3 m ce per
group) . PremplatesBrpirade ireqtioncpikiuse watpuiificd by siligh chiomatqssanky slUipet o 4 weeks.
The plasma sanpl es were anal yzed for anti body concentration and for

conj ugat ewithr¢eetharat iromethgieng clbbli &AtheRolveanwasyeoay ved unge; vachempd gigpa sanpl es
were added to mcrotiter plates containing coated, immbilized

goat - ant i 6loung 8Ly Gelditot dheantirddpayducadBen/z fant: dé8 28 (d- N8Y'ng hor ser adi sh
per oxi dase- conj ugat ed goatanti-human 1gG (Fe) anti body. For conjugate

concent r athleatelinie sPUasiFarespl es were added to microtiter plates
contai ning coated, inmmobilized goat-anti-human IgG (H+L) anti body, washed,

and detected using biotinylated anti-maytansi ne anti body and al kal i ne
phosphat ase- conj ugat ed streptavidin. Both antibody concentration and

con) ugat oG TR AL TEBRER T ier bearing the high 6.7 DVLIAb load
was wel | r[ﬁt’ﬁ“ Res%ldt%n %lf %/s’[ﬁea%g@f-]\’t’t@-nf'er%?&l -%&%Xpﬁﬁmﬁﬂnsine (DM,
28.1 mg, 0.0381 mmol) was prepared in 0.50 mL of THF and succinimidyl-[(V-
maleimidopropionamido)-tetraethyleneglycol] ester (NHS-PEGs-Maleimide, Quanta
Biodesign, 39.1 mg, 0.0762 mmol) was added in 1.5 mL of 2:1 (v/v) mixture of aqueous
potassium phosphate buffer (50 mM, pH 6) and THF. The reaction proceeded for 1 hour
with stirring at room temperature and TLC analysis indicated that the reaction was

complete. The crude reaction mixture was purified by silica chromatography eluting

with 6% ethanol in methylene chloride; the solvent was removed under vacuum to give
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[ 186] Figure 38 A shows the in vivo pharmacokinetics of an

Ant i body- Mayt ansi noi d conjugate using the PEG |inker with a high

mayt ansi rwoadolooaessi6. 7 DML/ Ab) conpared to the standardPplirnisesososyspaugat e
bearing 4 DML/ Ab. Even with the high maytansinoid | oad, the PE&X |inked

t hi oet her conjugate (Ab-PEG-Mal -DML) with 6.7 maytansi noi d/ Ab has a | onger
half |ife than the standard conjugate. In another exanple, the plasm

phar macoki neti cs of a humani zed C242 Ab- PE&4- Mal - 3H- DML conj ugate with

3H | abel ed DML (at 3.3 naytansinoi d/ Ab) was conpared w th unconjugated

anti body and with Ab- SMCC- 3H-DML conj t;\%at e containing a traditional

al i phat i c96and@A”cYislidnof thekesired prbduetaNipign/a: fiupd:11373.4 (31 DNa)'l oad, in CD-1
mce at 10-12 ng/kg i.v. dose (Figure 38 B). The Ab- PE&4- Mal - 3H DML

conj ugat ecatdated! 1BVYREFigpea.ma concentrati ons over 4 weeks conpared to the
traditional SMCC-|linker conjugate with a simlar maytansinoid |oad, as
measur ed BXAMPIE ewit i body concentrations (ELISA; Figure 38 B) and conjugate
concentrations (3H1abel counts). The half |life of the PE&X-Mal |inked

conj ugat enpRSSIR oAy sic ARRAT M High WéyEnda)8 BeMind AgibaWSpédigtked conj ugat e
and thus much i nproved over the SMCC conjugate (Figure 38 B). Inportantly,

Lhe a1 ea HIET 1L B SATHE (AVEL Bl MBS, ORLHOBL YL 5
e unconbUgal S0 NN Tl 409905 PSR L, (AC =
e A M 0500 (G, 25010, 1 Ol L B g (Figure

ant i - EpCAM mayt ansi noi d _conj ugat es,  nuB38. 1- MCC- DML and . i

nmuB38. 1- Pten 2l ey S Qfy 19UREY) d d NE BRPSIPEFTUTR ST VAHRCRECIFHCT15)
xenografts [187] The anti-tunor effect of nmuB38.1-MCC-DM | and

muB38. 1- PeEGntibady Bhled vith diffred nwmbers ph linkadanayitansinoidapegipgfromfolfel of human
col on carcinoma, HCT15, which is shown to overexpress P-glycoprotein and be
resi st ant dtugs parant bedydwitlgthe ntRiribatcedund SaR deigs pgrentibalys Ulbcadistnbadiml y i n t he
area under the right shoulder of SCID mce (1 x 107 cells per aninmal). Wen
t he tunor isvoisesggataahtd: apeicriadicalpyaridd wasBeénfosihedighdrdapearinpgst t unor
cell inoculation), the mce were random zed by tunor volune and divided

i nto thregpdleguptick f camdist@ltSvitehe BighWPlbiliBAcHthgfindlRoM@gatt.r Tad @gk Wi th a
single i.v. bolus of either, nuB38.1-MCC-DML (20 ng conjugate protein/kg),

muB38. 1- PE#usidPdrrdtogd WHPEQYNfHﬁé}ﬁ% RERLRIYiKBariQl ABISSGPRGLeDINS f er ed

saline (vehicle control). "Tumor growh was nonitored by neasuring tunor

size twc Iy Bt I .1 N Lpeggd,a: length x
w dth x hg?rgﬁ%até),ﬁﬁ g?\/e—[i%sé)]ﬁ?ﬁ@ }yﬁ%gﬁ&%ﬁg%@@%%r{%ﬁ%%ﬁe?ﬂos shown for
exanple in Figure 30. In.the,RBS control group, tunors reached a tunor
vol une of @ ﬁ%%&mara@‘%‘?z;ﬁw cell inoculation. Treatnent with

nmuB38. 1- MCC- DML, resulted in tunor growh delay of 15 days. Treatnment with
nmuB38. 1- PEG4- mal - DML showed nore anti-tunor effect with

EXAMPLE V

FACS Binding of High Maytansinoid Bearing Antibody Species is Similar to that of

Unmodified Antibody:

[179] The binding of the high maytansinoid bearing conjugates of several antibodies
were compared with unmodified antibodies against different targets such as EpCAM,
CanAg, and CD56 by flow cytometry. Briefly, the antigen-positive cells were incubated

with conjugates or unmodified antibodies at 4°C, then with a secondary antibody-FITC
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two of five animals having conplete tunor regressions, lasting 44 days and
three animals with a tunor growth delay of 32 days. [189] Thus, the

conj ugat ewofotonesyn esent i nventi on, nuB38. 1- PEGA- nal - DMCiraisseognsdseeant | y
nore efficacious than nuB38.1-MCC-DML in this human col on cancer xenograft
nodel . Exanple I X Conparison of the in vivo anti-tunor activity of the
anti - EpCAM mayt ansi noi d conj ugates (nuB38. 1- MCC- DML and
nmuB38. 1- PE4- nal - DML) towards xenografts of resistant col on cancer
(C0LO0205- MDR) [ 190] The anti-tunor effect of nuB38.1- MCC-DML and
muB38. 1- PE4- mal - DML conj ugates was eval uated in a xenograft nodel of human
col on car@injugate, at ¢¥L. GixedwitMbrmaldehypde (Wsindti)) ned prady 266 by Ve meoy ety .

P-gl ycoprotein. COLO205- VDR cells were injected subcutaneously in the area
under t heNo sighificattalififeteniceofas SGsdDv e leewvdeh the Hi0ding ef ths cpgngaaverals)thatWhen t he
tunor vol unes reached approximately 170 mmB in size (8 days post cel

i nocul at i §fithe ufirhedifleCativBaefor an derioaRPate it @l tdiide Argeatpte i§ 6hawni imal s per
group), each group was treated with a single i.v. bolus of either

muB38. 1- MGy, My Gngre'EgO%Hﬁﬂ%hf%i%é&%iﬁ%%@@-ﬂﬁﬁ@ﬁdllcoﬁji@tefmhnm
(anti body dose 20 ng/kg) or phosphate-buffered saline (vehicle control).

Tunor gro Vas..: i r i I i : ek. Tunor
s L R R e B S 1)
The mean change in tunor volune is shown for exanple in Figure 31. In the
PBS control group, tunors grew to about 1000 mMmB in 38 days. Treatnent with
nuB38. LMHM in tumor growh delay of 14 days. Treatnment with
nuB38. 1- had a remarkable anti-tunor effect resulting in
conpl ete tunor re%r essions in all six aninmals (Figure 31).

In vitro Cytotoxicity Evaluation of Maytansinoid Conjugates 6t Antibodies with

Thioether and Disulfide Linkers Containing Polyethyleneoxide Spacers (PEGy, or (=

CHz—CHz——O)n):

[180] The cytotoxic effects of the antibody-maytansinoid conjugates with thioether and
disulfide linkers containing PEG, spacers were typically evaluated using a WST-8 cell-
viability assay after a 4-5 day continuous incubation of the cancer cells with the
conjugates. The antigen-expressing cancer cells (~1000-5000 cells per well) were
incubated in 96-well plates in regular growth medium containing fetal bovine serum
with various concentrations of the antibody-maytansinoid conjugates for about 5 days.
The WST-8 reagent was then added and the plate absorbance was measured at 450 nm
after ~2-5 h. The survival fraction was plotted versus conjugate concentration to
determine the ICsq value (50% cell killing concentration) of the conjugate.

[181] Figure 25 shows the enhancement in potency of anti-EpCAM Ab-maytansinoid
conjugates with increased drug load for the PEGy linked thioether conjugate (Ab-PEGy-
Mal-DM1), which also shows greater potency than the thioether-linked SMCC-DMI1 and

disulfide-linked SPDB-DM4 conjugates at similar drug loads of about 4 maytansinoid

71



[192] A simlar experinment was al so conducted agai nst COLO 205 xenografts.
Again treatnent wth B38. 1-PEGA-nal -DML is nore efficacious resulting in
conpl et e wormoro/megnessi on, while the standard SMCC conj egatus2@aloyosshonws a
nodest tunor growth delay (Figure 32). [193] Simlar results were obtained
w th conjugates of a humani zed anti-CanAg anti body (Figure 33). [194]
Thus, the conjugate of the present invention, nuB38. 1- PEG4-nal -DML is
significantly nore efficacious than the conjugate nmuB38. 1- MCC- DML, prepar ed
with the previously described linker, in this human col on cancer xenograft
model . EXAMPLE X Eval uation of PEG |entl: ! 195] Several Ab- PEGn- Mal - DK
conj ugat eseraetiodyrteyard &g CAM EntEREposIPEEE O aulpdapgesistareeds and with
vari ous nunbers of DMk incorporated per antibody. Figure 34 denonstrates

t hat an AGCEEGE-MIR &E). chrj pogate ofdhe thisetharlinkhd giti-EFCAMDAKPESRd shows a
simlar binding to antigen-expressing cancer cells as the unnodified

anti body ¥ai-Diil ngbrRacUR athyiafsineit aéddy ef aeand 7I8uonest ercptdiballynéys by flow
cytonmetry). Also, Ab-PEG3-Ml-DML and Ab- PEG12- Mal - DML conj ugates bearing 4

to 8 DA shawsikl reiRepeitid dficdtnsinmodi fied antibody by cell-binding flow
cytonetry. The Ab- PEGhMal - conjugates prepared with PE4, PEG, PEGL2,

Figur e 350 2o Bl 2R S e e . W i
conj ugat e, w gégeé%%%ir?st %Zlngfg é‘ntlj(_gl_eblpg)glﬁlkl h %O%%g-l\%gg c%ﬁg_ﬁP%?ﬂ, g{.e\éggcl)%)lglgrz 05 cells

w th pot e?ﬂn_ﬁf ~abou _ I\/Fupon i ncu ion _ he
24, peesenayoe- S LR bRV E comveiie T BGelhofiner w th
| G50 of about 0.05 to 0.5 nM (Figure %E)ZM The PEQ24- Nal - DML conj ugat e wth
hi gh, 17. ©omyaedigdhaiastsbtiakrd ARrSedficPOd] emiyeainuith tiRdlapEesaird pv
conj ugat elo\;mdst. h 4 DDA (Figures 34, 36). Exanple XI.

[183] Figure 27 shows the cytotoxic activities of the anti-CD56 antibody-maytansinoid

conjugates with PEG-containing thioether and disulfide linkers on CD56-expressing

Molp-8 multiple myeloma cells. The thioether-linked PEG4 conjugates with 7.7 drugs

per antibody (Ab-PEG4Mal-DM1) showed an unexpected 100-fold increase in cytotoxic

potency (ICsp value of 0.019 nM) compared to the conjugate bearing 3.8 drugs (/Cso =

1.9 nM).

[184] Figure 28 shows the enhancement in potency of anti-EpCAM Ab-maytansinoid

conjugates bearing a PEGy linked thioether conjugate (Ab-PEG4-Mal-DM1), over the

conventional thioether-linked SMCC-DM1 at similar drug loads of about 4

maytansinoid per antibody toward EpCAM-positive multi drug resistant HCT15 cells.

The high potency of the thioether-linked anti-EpCAM Ab-PEG;-Mal-DM1 conjugate is

a novel finding and potentially very promising for therapeutic applications.

Figure 29 shows the enhancement in potency of anti-EpCAM Ab-maytansinoid

conjugates bearing a PEG4 linked thioether conjugate (Ab-PEG4-Mal-DM1), over the
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Conj ugati on of maytansi noi ds bearing a non-cl eavabl e t hi osucci ni m dyl

noi ety that contains an am ne reactive group to an anti body [196] The

N- hydr oxywoceimizedsde ester of a maytansinoid bearing a romAISk@2wsdshe

t hi osucci ni m dyl group was used to conjugate anti body using a one-step

met hod (Figure 41). The sul fhydryl - beari ng maytansi noid was nodified with a
het er obi functional, nal ei m de-bearing crosslinker and isolated (Figure 43),
prior to conjugation with antibody to give a non-cleavabl e

t hi osucci ni m dyl -1i nked anti body mayt ansi noi ds conjugate (Figure 39). The
reaction was done with the SMCC reagent, which contains a hydrocarbon ring
bet ween tdvaverslosilrthidethamiinked SMEGIBE1 et simiarsdrng laads efeabhuiot meyikesinged used to
react a sul fhydryl-bearing maytansinoid to a heterobifunctional |inker that
cont ai ns gerahtitsidg idwab &pa AM-godtes tohi dreg vestant 6OLAEI0Siceildeltend t he NHS
ester (Figure 44). Synthesis of DML-SMCC [197] A round bottom fl ask was
char ged WidhBnd¥d'poleRacetiié thNgthe-3mRET £@PESC AOXQBPPESY-Mal Tyl 20Suge (DML, 67.9
ng, 0.092 mmol ), Succini m dyl-4-(Nmal ei m domet hyl ) cycl ohexane-1

- car boxyl at & ef ﬁ%i\‘?%arﬁgpo]teﬂ?ﬁlly Qex@%@om%for]{h%p&{ﬂi@'a}ﬁﬂ_ﬁdﬁﬂ&%) BiBgkeBHAF (4 nl).

The solution s d as the reagents were dissolved in the solvent to yield
a clear, rle j Of G .

Pot asel urt BRSdar Syl i SR0RHR. M Fhar R Maldniold A

equi pped w eptum and stir b nd .the, 1 i Uesesde room

t enper at uYVEB 5\1]e?ﬁ’a(ﬂ%égﬂcéﬁgetg?ﬁ'?%dﬁcgﬁﬁhgm?eégAc}i’ ?gﬁt é\g%ear egcoglgpr?gﬁdgt%e within
30 mnutes as indicated b ver se- phase HPLC. Followng re LQn

conpl et i offe nepdYSeRkitis gM%ﬁ%C%@%\dﬁ%S& WW%‘@B@%B%&Q\@EQF%l te
solid/residue. The product was isolated by silica gel chromatography,

el uting wpasitivg -3t immap rengbganginpramentlsi hhdratengy ehBcdhiCorYieleDMbriuct
containing fractions were conbi ned and concentrated to dryness in vacuo to
gi ve 63 ngpou6B0-G8 gicetedihaditiat SfMBESHMCG DM penjugsits with Megmddisaellinker. anal ysi s
of the isolated product gave the expected m+ Na+ (nmz 1094.4) and m+ G
(mz 1106.2) major nolecular ions (Figure 43). One-Step Conjugation

of Anti body with DM -SMCC [198] A 10 nM stock (w v) of DML- SMCC reagent was
prepared ERADNMA K YQL 7 ng/ nL). The stock solution was diluted in EtOH and

t he absorbance was neasured at 280 nm agai nst a reagent bl ank of EtOH and

DVA. The gPN6EPhArRlabNInRiks:St ock DML- SMCC reagent was cal cul ated by using
an extinction coefficient of 5700 M1 at 280 nmwhich is the extinction

coef fi ci epigspf TidMhadha pttRadRHRl&NH I hunanHe8 atth e D583ty (AS)-PRG,-

Mal-DM1 conjugate containing the hydrophilic PEG4 linker and bearing 6.7 D/A
(maytansinoid/antibody) was compared with that of an Ab-SMCC-DMI conjugate
containing a traditional aliphatic carbon chain linker and bearing 4 D/A (Figure 38 A).
CD1 mice were injected intravenously, by a single bolus, of 5 mg/kg conjugates
(antibody-based dose; 3 mice per group). Plasma samples were collected at several time
points up to 4 weeks. The plasma samples were analyzed for antibody concentration and
for conjugate concentration using ELISA. For antibody ELISA, the plasma samples
were added to microtiter plates containing coated, immobilized goat-anti-human IgG
(H+L) antibody, washed, and detected using horseradish peroxidase-conjugated goat-

anti-human IgG (F¢') antibody. For conjugate concentration, the plasma samples were
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coefficient of DML- SMCC has not been determned this is only an estinmate of
concentration. [199] The anti body was conjugated with DML- SMCC at 5 ng/ nL
usi ng a Wwoaboy/rmedsar excess of the reagent. A titrationprafi/tspamobossgo Wit h
several excesses of DML- SMCC was perforned initially to determ ne the
desired DML: Ab ratio, typically this range is 6-10- fold nolar excess for
human anti bodi es. The reaction was carried out in pH 7.5 buffer with DVA
(5% v/v) for 90 m nutes at roomtenperature. The reaction m xture was then
kept at 4 C for 12-36 hours. The conjugate was then purified over a NAP-5
(Sephadex G25) colum equilibrated in pH 5.5 citrate buffer, filtered and
di al yzed adlail tesmicrotiseriphtes ®ngsinipg eeatash frpapbitized gogbyi-Bryanusddtdied free
drug. Follow ng dialysis, the conjugate had 3.1 DML nol ecul es |inked per
mol e of amttibbdyyvaalmd, el dbedesct wbigdidtinybatalrantj-payssive anbddyend oliplingat e
(Figure 39, m= 3.1). The nunber of DML nol ecul es per Ab anti body nol ecul e
(aver age) phddplidiselcbmjagatedifepgaiden. WBsh artisidy edndeyitrateinemticonjngatabs or bance  of
the conjugate at 252 and 280 nm and usi ng known extinction coefficients for

DML and agdd-B9a¥ioR ELINL fBulky\RnyidiedieN@hithe AbLIBAOIMIEOMIRIdRjusae vagi f or med on
the conjugate to show that it was 96. 8% nononeric foll ow ng conjugation.

[ 201] Theh}% ili&%ﬂg%??%g@g é}ﬁ%@g@w%b%aﬂvzsewaxf&mdqﬁ pli&hlYB.  The

conj ugat e e viat me esc ed in this invention shows the desired

M5 spectrum af degl ycos| d conjugate containing only the expected
distri but?‘éerrl%c?fépvﬁgea Sgudilﬁ%égé&e 45. Synthesis of DM4A-SMCC [202] A round
bottom f |l

s charged with . o . -
N2' - deacef@?l Kﬁg‘-‘r(eg-%régkoé{ﬁttée- iR Vit PRATPRkBIsERR SN i Pads Mz apERid 22 0 o,
0.0282 mmol ) and Succi nim dyl-4-(Nmal ei m donet hyl ) e- 1-carboxyl ate
(SMCC, 24°yggte yingthaP Ry |inkep .vsé? agtigh waytanygid ﬁ%ﬁ%?ﬁ\g%%gfwaé THE (1
m.). The solution stirred as the reagents were dissolved in the solvent to
yield a ctodhe standsrdlinkss sonjegaia basring mgm\éym v iththepigl maytapginoid 0o v
Pot assi um Phosphate, 2 mM EDTA) was then added. The reaction flask was
equi pped liat thaPEGptivieedahidetben qonjygate 4Ab-PHie-YlaladMlowithiboteeded at room
tenperature with vigorous stirring. The reaction appeared conplete after 7
hour s, asmapdhdadi@dbthas b e sk plifa sleantit Gandaal ¢copigag. e acitharxaopip) et i on
the product was extracted into ethyl acetate (3 x 25 nL), washed with brine

(5 ) anghe@dse@ phrm¥REkiAeticEREa BunEgsd OB APES] 8tk BY-BMIiajuget
chromat ography, eluting with a m xture of 3% ethanol in nethylene chloride.

Product  cqmhainhsged HRA LHONS miShRsifQTRNY) Sds e paeneRAUh&nfthated Vacuo to
give 19.74 ng (62.8%yield) of DW-SMCC. Mass spectral analysis of the

i sol at ed + : i+ CF (nd
1148, 4 ngljr‘tgogu%?‘g%ﬁﬁbh]ﬁ\gﬁgﬁgoﬁbgﬁs@éq ugp? nﬁog{é‘artﬁ?%%égﬁlﬁ%?a?%gbﬁ e th Elvn-z SMcC

carbon chain linker and bearing a similar 4.2 D/A load, in CD-1 mice at 10-12 mg/kg i.v.
dose (Figure 38 B). The Ab-PEG4-Mal-*H-DM1 conjugate showed higher plasma
concentrations over 4 weeks compared to the traditional SMCC-linker conjugate with a
similar maytansinoid load, as measured by both antibody concentrations (ELISA; Figure
38 B) and conjugate concentrations ("H-label counts). The half life of the PEG4-Mal
linked conjugate was 16 days compared to 12.6 days for the SMCC-linked conjugate and
thus much improved over the SMCC conjugate (Figure 38 B). Importantly, the area
under the curve (AUC) of the Ab-PEG4-Mal-DM1 conjugate with 3.3 D/A at 10 mg/kg

i.v. dosage (AUC = 38790 h.ug/mL) was similar to that of the unconjugated antibody at
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[ 203] A solution of humani zed anti body (2.5 ng/nL) in aqueous buffer (100
nmM sodi um phosphate), pH 8.0, was incubated with a 10-fold nol ar excess of
DVA- SMCC wo 2diomet3sy| sul foxi de (DVBSO) to give a final DeBOusewmwossice@t i on of
20% The conjugation proceeded for one hour at anbient tenperature. The
conjugate was purified by passage over a Sephadex (25 gel filtration col umm
equilibrated in pH 5.5 buffer (10 nM histidine, 130 nMglycine, 5% (wW V)
sucrose, pH 5.5). The nunber of DV4 nol ecul es |inked per antibody nol ecul e
(average) in the final conjugate was neasured by determ ni ng absorbance of
the conjugate at 252 and 280 nm and usi ng known extinction coefficients for
DVA and amsiinblacyosage dfi@seg/kgvov. WAkl eAgT8sh.ng/f204ihd Foth betienthap drat p1 cat i on,
the conjugate had 3.7 DW nol ecul es |inked per nolecule of antibody. SEC

anal ysi s waanpeviternrd @hjubie withned DEAB] LDabRete. &diawe (hat =59was >95%
nononeri ¢ however >5%free drug species was present on the final conjugate.

D al ysi s i reduced the presence of undesired free
drug spec?é%&néxgﬁg%EQQ%%F&ﬁ%%nJugatlon of maytansinoids bearing a

non- cl eavabl e t hi oacetam dyl noiety that contains an am ne reactive group
to an anti body [ 205] The sul f hydryl bearing maytansiniod DML was reacted
wi th bronmpacetic acid to give the thioacetam dyl-1inked carboxylic acid
deri vat i vExane ¥liltj cation with Nhy dr oxy succinim de gave the am ne
reactive non- cleavable thloacetanldyl -Ilnked ma tanS|n0|d (Flgure 48) .
One- st ep COMPULA b aetaly Qlgae SUkTel Py ) &

y _‘ 206

het er obi functi onal , haloacetanlde bearlng crossllnker-to glve an am ne
reactive gy dbgiTNG) genbearftsng a t hi oacet ami dyl noiety (Figure 49). One-step

conjugation of the isolated conpound with anti body (Figure 42) gave a
non-cl eavplshe tid Qac@maprEMd: bi MBS ANMCODIYI 1 maY halsBNREG4an)-Dyét e (Figure

40
) conjugates was evaluated in a xenograft model of human colon carcinoma, HCT15,

which is shown to overexpress P-glycoprotein and be resistant to various drugs. HCT15
cells were injected subcutaneously in the area under the right shoulder of SCID mice (1
x 107 cells per animal). When the tumor volumes reached approximately 140 mm’ in
size (9 days post tumor cell inoculation), the mice were randomized by tumor volume
and divided into three groups (5 animals per group), each group was treated with a single
i.v. bolus of either, muB38.1-MCC-DM1 (20 mg conjugate protein/kg), muB38.1-PEG4-
mal-DM1 (20 mg conjugate protein/kg) or phosphate-buffered saline (vehicle control).
Tumor growth was monitored by measuring tumor size twice per week. Tumor size was
calculated with the formula: length x width x height x 72.
[188] The mean change in tumor volumes is shown for example in Figure 30. In the
PBS control group, tumors reached a tumor volume of 600 mm’ by day 20, post cell

inoculation. Treatment with muB38.1-MCC-DMI, resulted in tumor growth delay of 15

days. Treatment with muB38.1-PEG4-mal-DM1 showed more anti-tumor effect with
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Synt hesis of DML-SBA [207] A round bottom flask was charged with

N2' - Deacet yl - N2' - ( 3- mer capt o- loxopropyl)-maytansine (DM 1 , 183.4 ny, O0.248
mrol ) andwenthydizesss N, Ndi et hyl f or mam de (DMF, 3 nl). ThreTrusa@viosss260! uti on
was stirred as bronoacetic acid (37.9 ng, 0.273 mmol, 1.1 equivalents) and
1, 8- Di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU, 75.6 ng, 0.497 mvol) were
sequentially added. The flask was equi pped with a septumand a stir bar and
the reaction proceeded at roomtenperature with vigorous stirring for 1
hour. Follow ng reaction conpletion the reaction volunme was reduced to a
crude oil in vacuo. The crude product was dissolved in a mniml volunme of
met hyl enetvahdfdivedainsaishdvireg qmpdic tumvaisegressioas.dabting 44 idhyscad dlakee

chromat ography, eluting with a m xture of 5% ethanol, 0.5% acetic acid and
94. 5% net yimareviethd irod groweh deltg bf 30ddyai ni ng fracti ons were conbi ned and

t he vol une was reduced in vacuo to give 158.8 ng (80.4%yield) of the

t hi oacet agms@yl Thdsnt?@@o@h@at@éﬁlﬂ@ﬁbélsérﬁ i@htior] @fuBBaat1L MEGM{ah DAL 8% purity by
HPLC. [208] A round bottom flask was charged with the product of the
previous @attlﬁﬁ ré&é%ffﬁatteus@a&%%gmlmc@romtwt BRBartdM @ dafléer(15 1) .

N- hydr oxys CI n| e .2 : mmol, 1.1 equival ents) and

1- Et hyl- 3: 5§> Iam nopropyl) carbodiimde (EDC, 57.2 ng, 0.298 nmmol)
were then 4 € reaction proceeded with stirring at roomtenperature
until conpleti on. Fol |l owi ng reaction conpletion (-45 nm), the reaction

m xture was diluted with ethyl acetate (20 nL), transferred to a separatory
funnel, washed wi th phosphate buffer pH 6 (15 nL, 100 nM potassi um
phosphat e——@%—éDTA) and brine (7 mL), dried over anhydrous Na2SO4 and
concentrat ed |n vacuo to gi ve a cr ude off Whl to soI I d The product was

1, 2-di et hoxyet hane |n et hyI acet ate Pr oduct cont ai ni ng fractl ons were
gatas (B 81l &Y YH cand muB3§i l BEGA-nmal M D1towasds wieedaigfisoff DML- SBA

w th 96. 0% purlty by reverse phase HPLC. Mass spectral analysis of the

i sol at ed pasiinctolgavamct(€OHOROStMBRN + Na+ (nfz 915.2) and m+ ClL (mz

927.0) maj or nol ecular ions. One-Step Conjugation of Antibody wi th DML- SBA

[209] A 10198 nvhstartun{onkifict of mil¥E8 $BACCSRNE Nind WaB38I1ePBG4ehal -IDNDVA.  The

anti body was conjugated with DML-SBA at 2.5 ng/nL using a 10.2-fold nol ar

excess of ;4 g AiQAGRMaludiBid £2GHEAN MARI S UMBEoRiatcatdhddid, COL.ARebf er (100
nV pot assi um phosphat e) with DVA (10% v/v) for 90 m nutes at room

tenper at uﬁ\ggo,(ﬁbﬁcﬁ%é e%rem§ 0%} r@slérp' lg&%r& G COITPEMBR ik tration

( Sephadex col um ut| ng w t er (10 mM pot assi um
Pad 5. 7 DMEBI e ti‘ A B e L’fn"cfet %t‘r%%ﬁ%“d%‘ ERMIAT S
(Fi gure 40,

ells per ar%ma?) When the tumor volumes reached approximately 170 mm?® in size (8
days post cell inoculation), the mice were randomized into three groups (6 animals per
group), each group was treated with a single i.v. bolus of either muB38.1-MCC-DM1

(20 mg conjugate protein/kg), muB38.1-PEG4-mal-DM]1 (antibody dose 20 mg/kg) or
phosphate-buffered saline (vehicle control). Tumor growth was monitored by measuring
tumor size twice per week. Tumor size was calculated with the formula: length x width x
height x V2.

[191] The mean change in tumor volume is shown for example in Figure 31. In the

PBS control group, tumors grew to about 1000 mm° in 38 days. Treatment with
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[ 210] SEC HPLC was perfornmed on the conjugate to show that it was 99. 6%
nmononeric follow ng conjugation. Synthesis of N Succinimdyl bronpacetate
(al so cormweneicai2bssiavai | abl e) [211] A 100 nL round bot tomush@siswas
charged with 2-bronpacetic acid (2.79 g, 20.08 nmol), N hydroxysuccini m de
(2.54 g, 22.12 mol ) and nethyl ene chloride (30 nL). The solution stirred
in an ice bath as N-N-di cycl ohexyl carbodiimde (DCC, 4.46 g, 22.14 mmol)
was added. The reaction stirred in the ice bath for one hour and an

addi tional hour at roomtenperature. [212] The reaction mxture was
filtered through a sintered glass funnel and concentrated in vacuo to give
a crude whiBE8.50MCd-DMhecsylied il twasr gpwodelaycdfild dags. resimengMéthe chl ori de (30
m.) and recrystallized with hexanes (25 nlL). The solid was coll ected by
filtrati onuBy¥ashEdGivnaliDREadescrantatde bgdtunmoreffectoedutiingiiv eo8plo@ g (84%
yield) of N-succinimdyl bronpacetate as a white sholid. 1HNMR (CDC1l3) 6

2.864 (s, tu&}d}rgﬁgfgggémha@u(ssganzlhmspmgmreSynt hesis of DW-SBA [213] A round
bottom fl ask was charged with

N2' - deac elltlyt]' NR sindifhr BRSeFidRhPwds 1R dhnbidet@x QRaRt @blm%%ﬁ Sg? in 71.9 ny,

0.092 mml ) ‘and anhydrous N , Ndi rret hyl f or mam de ( he reaction

\é\g‘s 9p| ac etgea%%ﬁ w1ﬁ'1|rB368r ﬁ?ﬁg}gﬂnﬁ%—a sesn gi%aﬁfﬂ)ﬁg h@hlﬁhgm co%;ﬂ’éf@ ﬁﬁl%rat e (SBA

18D|azab|c cIo 05
equi val en’iegﬁ Sélheg%n% S7M8§cfeé] angﬁ @ISKO ”Q%ngdgs?a%m%%&xth a septum
and a Stl%ﬁl' a{F he reacti on proceeded at roomtenperature wth vigorous
stirring Y T! Jetion. The product was isolated by preparative cyano
HPLC in a single . injection, eluting with a gradi ent of 15-65% ethyl acetate
in hexanel 98l etimiler repwlisruae P@Pl“@@\é’&hwm&&a@%ﬁf@é&@@nb@ 81-6894@8t hyi acetate
over 10 m nutes. Under these conditions DWA- SBA el uted between 22-24
m nut es. aigogy dugiee 3Was col | ected and concentrated in vacuo to give 50.1
ng (55.2%yield) of the desired DWA-SBA (95% purity) product. Mass spectral
anal ysi s [@p4]t hEhussthk atrguggie ofttie pregran ervehieone RB38 dePitvd-meBMInsz 957. 4) and
m+ d- (nmz 969.2) major nolecular ions.

significantly more efficacious than the conjugate muB38.1-MCC-DM1, prepared with

the previously described linker, in this human colon cancer xenograft model.

EXAMPLE X

Evaluation of PEG length:

[195] Several Ab-PEG,-Mal-DMx conjugates were prepared with PEGy4, PEGs, PEG;,,
PEGg4 linkers and with various numbers of DMXx incorporated per antibody. Figure 34
demonstrates that an Ab-PEGy4-Mal-DM1 conjugate with a very high 17.1 D/A load
shows a similar binding to antigen-expressing cancer cells as the unmodified antibody
(binding measured in relative mean fluorescence RMF units by flow cytometry). Also,
Ab-PEGg-Mal-DM1 and Ab-PEG;;-Mal-DM1 conjugates bearing 4 to 8 D/A show
binding similar to unmodified antibody by cell-binding flow cytometry. The Ab-PEG-

Mal-DMx conjugates prepared with PEG4, PEGs, PEG,, PEGy4 linkers were potent in
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Exanple XI1I. Preparation of non-cl eavabl e thiosucci ni ndyl -1i nked

mayt ansi noi d derivatives bearing a carboxyl noiety. [ 214]

Sul f hydr yWwehkesvizegs1 mayt ansi noi ds, such as DM | and DW4, pomyusb@omewidé i ed t o
gi ve non-cl eavabl e thi osucci ni m dyl - beari ng carboxylic acid derivatives
(Figures 45, 46 and 48). These derivatives would be useful in the
preparation of am ne-reactive non-cl eavabl e thiosuccinimdyl-Iinked

mayt ansi noi ds descri bed herein. Figures 45,46 and 48 show the formati on of
N- hydr oxysucci ni m de activated esters however it is obvious to one skilled
in the art that several other activated esters could be formed, these

i ncl ude bettotaxigitntowakd anitigentpeoting eslisf bigursciSrlemcagtratesshatrike anti-CanAg

pent af | uor ophenol ester, tetrafluorosul fophenol, and nitrophenol ester.

Sul f hydr yintibedy (Hug2aR)yREGsMabDls], caijigatea svitbMiltoddd/BNdlledcthe CoeAgrodi fi ed with
honobi functi onal mal ei m de reagents to gi ve maytansi noi ds bearing a

mal ei M deaiesPodtveOOMD205 cdtisgultepdaéht ICY, @paticat 0.0r0. HhMDbn MicGbftRh5] A 10 nl
round bottom flask was charged with DML (44.6 ng, 0.0571 nmmol),

1, 2- di met hpxygihang }:(g%*&pfé@in%aﬂqltﬁ&mk BREGNCOLCR0SIMDRRRINSs wéek@ladt | on of
N-[4- (Carboxycycl ohexyl nethyl)] mal eim de (Toronto Research Chem cal s,

Inc., MOG, 2Q. 0 y - dj ! ; dded
o the roRetAnCr R Ty s e T oY B T 8" S v 50
MM pot assj DT s, sat ur at ed
Sodl um bt KG¥ BORAE LG FUP SN Ul &8s a0 s LR P ol R S "t i
th ti H Th ti. ded at t t d

compl et e 41 SFAPHGHIE POTHE CuRirToN B BivBE e MPERNE G B RAT 4 1 vacuo,

acidified to pH 3 and the product was extracted into ethyl acetate (3 x 10
nL). The B¥%A fEigwss dbr38)-conbi ned, washed with brine (5 nL) and concentrat ed
in vacuo to yield the crude product. The product was isolated by silica gel
chromat ography eluting with a 93:7 m xture of nethylene chloride and

et hanol . Product containing fractions were conbi ned and concentrated to

gi ve 46. SErgmpl8X15% yi el d) of DML- MCC (99.3% purity) as a white solid. Mass
spectral analysis of the isolated product gave the expected m + Na+ nmj or
nmol ecul ar Cofgftionzof 9B tadinoids BERingtai non-cbdav AN thSIEEinimidyl moiety that

contains an amine reactive group to an antibody

[196] The N-hydroxysuccinimide ester of a maytansinoid bearing a non-cleavable
thiosuccinimidyl group was used to conjugate antibody using a one-step method (Figure
41). The sulfhydryl-bearing maytansinoid was modified with a heterobifunctional,
maleimide-bearing crosslinker and isolated (Figure 43), prior to conjugation with
antibody to give a non-cleavable thiosuccinimidyl-linked antibody maytansinoids
conjugate (Figure 39). The reaction was done with the SMCC reagent, which contains a
hydrocarbon ring between the maleimide and the NHS ester, a similar method could be
used to react a sulthydryl-bearing maytansinoid to a heterobifunctional linker that
contains a straight chain hydrocarbon between the maleimide and the NHS ester (Figure

44).
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[216] A 3 nmL glass vial was charged with DV (24.3 ng, 0.0311 mmol), N-[4-
(Car boxycycl ohexyl methyl)] mal ei m de (MCC, Toronto Research Chem cal s,

I nc,. 8. Iwoup100126342 mmol ) and 1, 2-di met hoxyet hane (1 nieLT/USh@9ssdedd i on
stirred as buffer pH 7.5 (1 nm., 50 nmM pot assi um phosphate, 2 mM EDTA) was
added to the reaction. The reaction proceeded at room tenperature and was
conplete within two hours. The reaction volune was reduced by half in
vacuo, acidified to pH 3 and the product was extracted into ethyl acetate
(3 x 10 nL). The extracts were conbi ned, washed with brine (5 nL) and
concentrated in vacuo to yield the crude product. The product was isol ated
by silicaSgwhesisloy OV aphy eluting with a 9:1 mxture of methyl ene
chloride and ethanol. Product containing fractions were conbi ned and
concent r af1ed] t A r@indeboltdmanky wad Chad9édywied A - Dakic NIV MEEmERBPt6%-puri ty) as a
white solid. Mass spectral analysis of the isolated product gave the

expect ed_ gRoprdy-MRAHERDRSLGAD thOM 0Tk WhebhimBaale XI V.

Preparati on of "non-cl eavabl e t hi osucci ni ndyl -1i nked mayt ansi noi d

derivativgg Hﬁ%h@ﬁhﬁ#&ﬂh@hr{eﬁa&&rﬁa\@a@ésﬁkac, 34 ] 0. 00 miR &gy de bearing

: ] .
naytan5|n0|§ cont al g a non-cl eavabl e thiosuccinimdyl group was

conj ugat eg § \Qaleantsﬁ Qulu? ITH%E,? E&?LIRP 'r'][gg g&ﬂ& &Pﬁ%yed (aE E}%géfgﬁg& )wereT ﬁlgsomg§+ {Hed €

. 1
bear i ng I’TBSHZ ansinoird co non-cCl eava I osuccinim group was

prepared by c l.i t hi pl . contai ni t ansi noj 0_a,,pis-mal e mde
e obal 1 nicalvErEir et SofhuieroRlfion, PRohle BRRmEN & (B Bl h' he
Mal - (CH2) 6- Mal reagent, however it is appare to one_skilled .in the art
that a sulPHESHEPYPhewastEfgivalPa Vﬁ%ﬂﬁnég dpd he geastin flaskerasicawPPehgent s

that contain different spacer units between the nal ei m de npieties.

Pr epar at i vith@fsemvp-apg sty arred the reaction proceeded at room temperature with vigorous

stirring. The reaction appeared complete within 30 minutes as indicated by reverse-
phase HPLC. Following reaction completion, the reaction volume was reduced in vacuo
to give a white solid/residue. The product was isolated by silica gel chromatography,
eluting with a mixture of 3% methanol in methylene chloride. Product containing
fractions were combined and concentrated to dryness in vacuo to give 63 mg (63.9%
yield) DM1-SMCC as a white solid. Mass spectral analysis of the isolated product gave
the expected m + Na' (m/z 1094.4) and m + CI" (m/z 1106.2) major molecular ions

(Figure 43).

One-Step Conjugation of Antibody with DMI1-SMCC

[198] A 10 mM stock (w/v) of DM1-SMCC reagent was prepared in DMA (10.7
mg/mL). The stock solution was diluted in EtOH and the absorbance was measured at
280 nm against a reagent blank of EtOH and DMA. The concentration of stock DM1-
SMCC reagent was calculated by using an extinction coefficient of 5700 M at 280 nm

which is the extinction coefficient of DM1 at this wavelength. Since the real extinction
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[218] A solution of bis(maleimde)hexanoate (17.9 ng, 0.0648 nmol, 3

equi valents) in THF (0.75 nL) was prepared in a reaction vial. The solution
was stirrwoas/mD6861(15.9 ng, 0.0216 mmol) was added in PHF/USB0H5w6L) .

N, N-di i sopropyl et hyl am ne (3.3 ng, 0.0259 mmol, 1,2 equival ents) was then
added and the reaction proceeded with stirring at roomtenperature.

Fol | om ng reaction conpletion, the reaction volune was reduced in vacuo to
give a crude oil. The crude product was redissolved in a mniml volune of
CH2C12 and purified by preparative thin-layer chromatography on a 20 cm x
20 ¢cm 1000 mcron glass plate, eluting wth 7% net hanol in CH2Cl12. The

pr oduct cmﬁmlmtnﬁDbﬂnaMﬁ&hﬁmoab@d deteomned thipis anky, anestimaietoéd wit h 20% MeOH
in CH2C1l2, filtered through a sintered glass funnel and concentrated in
vacuo to gjdda]tﬁeﬁonr.g (45.9% yield) of DML-Mal-(CH2)3-Mal (95.8% purity).

Mass spectral analysis of the isolated product gave the expected m + Na+

(' z 103652)){61111% dRtiboLwhddonjubRe8 with D[l SMOCIa€6 wgahLiueing a Potpacat i on of
DvA- Mal - ( | [219] A round bottom flask was charged with

bi s(mal ei %@%)mg e A(gt?atQ)n'mant@oog9Qﬂm{/eral‘?ex@ékgésvcﬁllﬁsm%M@@WaIHF (1

m.). Once |y dissolved, a solution”of .1\12- deacety -

THE (1 ﬁf?ér?orme a‘*‘%*yttgf SRR R PR &@dmgad d e%eq%ﬁqg 2o, "
100 M
Flask, ThEd R PRI EB ke Bhtieho L0 R SRR ltn"d”;g"se im and the

reaction pr s oceeded at roomtenperature With sti r| n owi ng feaction
conpl et i o1t DMALpYo ‘f/T‘Pefo’f g&iﬁ‘ﬂ‘?%‘ﬁ 3 OIS MRER Y B g gﬁt‘@nd‘??%esg’gﬁth Y acuo.

The crude product was redissolved in a m ninal voI ume of acetonitrile and
t he produkeptwes °C so1 13t chavss. sdwicopivgaaivas fhee palBedpieca NAbd (kaphedsiit ai ni ng
fractions were conbi ned and concentrated in yam to give 10.6 ng (33.3 %

yi el d) of GCDWledarhg EnRlilGatvd in H199. Détrate birffyr) filtdvad sndsielyredadgamnathy pHs of t he
i sol ated product gave the expected m+ Na+ (mz 1078.4) and m +(nz 1090. 3)

maj or ol eGWitadte beis to RheRahAY iMBaddd eGR4 - MillowikdHialveis- thbonjig2d] huC242
(8 mg/ ML) in 150 mM HEPES buffer, pH 8.0 containing 5% di net hyl acetam de

was nodi f hgds wirNg %o?éwley ghiedit ger Qicole%:f[aﬁt bRy ahd b defectdBe Erek 'ﬂﬂ% fRbsghed
t hrough a NAPS si zing colum using 50 mM phosphate, 50 mM NaCl, pH 7.5

buffer. %ﬁq@%mg gag%@régﬂ Ap@%ﬂseﬂ ait hiedY: Aasviaddeduis ga&@:a&ldxhy

di t hi ot hreitol mn t ereactlon was purified on a NAPLO
I | ut th 5

DML mal -e(u %gle Yer?gfg)‘i“r% ‘882%{}%%%5? o8 el Qeestn du%ett?%l’_ﬁ ‘QP%?%% e ofis added

to the f t { t to obt 10% hy

For mmim deNBLPTBESSAL 2 28 T Daa B e e 8" SETBET P b NAP 25

colum eluting with 10 nMcjtrate, 135 mM NaCl pH 5.5 buffer.
antibody at these two wavelengths.

[200] SEC HPLC was performed on the conjugate to show that it was 96.8%

monomeric following conjugation.

[201] The final conjugate was also analyzed by size exclusion LC/MS. The conjugate
made via the method described in this invention shows the desired MS spectrum of

deglycoslyated conjugate containing only the expected distribution of peaks, Figure 45.

Synthesis of DM4-SMCC
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Usi ng the previously described binding assay, huC242- Ml - (CH2) 6- Mal - DML was
shown to bind to antigen-positive COL0O205 cells to the sane extent as the
naked huGRa20emi2sssody (Fi gure 53). The huC242- Mal - ( CH2) @chvais2@bbswen] ugat e
was shown to be nuch nore cytotoxic to antigen positive COL0O205 cells than
antigen negative Namalwa cells (Figure 54). CLAI M5 1. A conpound of fornula
(1) or (1'): Z-X1-(-CH2-CH2-0-)n-Yp-D(1) D Yp-(-CH2-CH2-0-)n-X1-2Z")
wherein: Z represents a reactive functionality that can forman am de or a
t hi oether bond with a cell-binding agent;

[202] A round bottom flask was charged with N?-deacetyl-N* -(4-mercapto-4-methyl-
1-oxopentyl)maytansine (DM4, 22.0 mg, 0.0282 mmol) and Succinimidyl-4-(N-
maleimidomethyl)cyclohexane-1-carboxylate (SMCC, 24.2 mg, 0.0723 mmol, 2.50
equivalents) and glass distilled THF (1 mL). The solution stirred as the reagents were
dissolved in the solvent to yield a clear, colorless solution. Phosphate buffer pH 6 (1
mL, 100 mM Potassium Phosphate, 2 mM EDTA) was then added. The reaction flask
was equipped with a septum and stir bar and the reaction proceeded at room temperature
with vigorous stirring. The reaction appeared complete after 7 hours, as indicated by
reverse-phase HPLC. Following reaction completion the product was extracted into
ethyl acetate (3 x 25 mL), washed with brine (5 mL) and dried in vacuo. The product
was isolated by silica gel chromatography, eluting with a mixture of 3% ethanol in
methylene chloride. Product containing fractions were combined and concentrated in
vacuo to give 19.74 mg (62.8% yield) of DM4-SMCC. Mass spectral analysis of the
isolated product gave the expected m + Na' (m/z 1136.4) and m + CI" (m/z 1148.4)

major molecular ions.

One-Step Conjugation of Antibody with DM4-SMCC

[203] A solution of humanized antibody (2.5 mg/mL) in aqueous buffer (100 mM
sodium phosphate), pH 8.0, was incubated with a 10-fold molar excess of DM4-SMCC
in dimethyl sulfoxide (DMSO) to give a final DMSO concentration of 20%. The
conjugation proceeded for one hour at ambient temperature. The conjugate was purified
by passage over a Sephadex G25 gel filtration column equilibrated in pH 5.5 buffer (10

mM histidine, 130 mM glycine, 5% (w/v) sucrose, pH 5.5). The number of DM4
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D represents a drug; X represents an aliphatic, an aromatic or a
heterocyclic group attached to the cell-binding agent via a thioether bond,
an am de wondio/a¢ssar bamat e bond, or an ether bond; Y repreasnm/089620
al i phatic, an aromatic or a heterocyclic group attached to the drug via a
coval ent bond selected fromthe group consisting of a thioether bond, an
am de bond, a carbamate bond, an ether bond, an am ne bond, a carbon-carbon
bond and a hydrazone bond; 1 is Oor | ; pis Oor 1; and nis an integer
from1l to 2000. 2. A cell-binding agent cytotoxic drug conjugate of formula
(2) or (2'): CB-[XLl--(-CH2-CH2-0-)n-Yp-DIm (2) [D-Yp-(-CH2-CH2-0-)n-XI]m CB
(2') wherwmplecules linked per antibody molecule (average) in the final conjugate was measured

by determining absorbance of the conjugate at 252 and 280 nm and using known

extinction coefficients for DM4 and antibody at these two wavelengths.

[204] Following purification, the conjugate had 3.7 DM4 molecules linked per

molecule of antibody. SEC analysis was performed on the final conjugate to show that it

was >95% monomeric however >5% free drug species was present on the final

conjugate. Dialysis of the conjugate may have reduced the presence of undesired free

drug species.

Example XII.

Conjugation of maytansinoids bearing a non-cleavable thioacetamidyl moiety that

contains an amine reactive group to an antibody

[205] The sulthydryl bearing maytansiniod DM1 was reacted with bromoacetic acid to
give the thioacetamidyl-linked carboxylic acid derivative. Esterification with N-
hydroxysuccinimide gave the amine reactive non-cleavable, thioacetamidyl-linked
maytansinoid (Figure 48). One-step conjugation of the isolated compound with antibody
(Figure 42) gave a non-cleavable antibody maytansinoid conjugate (Figure 40).

[206] Alternatively, the sulfhydryl-bearing maytansinoid DM4 was modified with a
heterobifunctional, haloacetamide-bearing crosslinker to give an amine reactive
maytansinoid bearing a thioacetamidyl moiety (Figure 49). One-step conjugation of the
isolated compound with antibody (Figure 42) gave a non-cleavable thioacetamidyl-

linked antibody maytansinoid conjugate (Figure 40).
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CB represents a cell-binding agent; D represents a drug; X represents an
aliphatic, an aromatic or a heterocyclic group attached to the cell-binding
agent vi avetweisher bond, an am de bond, a carbamate lpomaiS2@w/os982€t her
bond; Y represents an aliphatic, an aromatic, or a heterocyclic group
attached to the drug via a coval ent bond selected fromthe group consisting
of a thioether bond, an am de bond, a carbanmate bond, an ether bond, an

am ne bond, a carbon-carbon bond and a hydrazone bond; 1 is Oor 1; pis O
or 1; and mis an integer from2 to 15; and

Synthesis of DMI-SBA

[207] A round bottom flask was charged with N -Deacetyl-N* -(3-mercapto-1-
oxopropyl)-maytansine (DM1, 183.4 mg, 0.248 mmol) and anhydrous N,N-
dimethylformamide (DMF, 3 mL). The reaction solution was stirred as bromoacetic
acid (37.9 mg, 0.273 mmol, 1.1 equivalents) and 1,8-Diazabicyclo[5.4.0Jundec-7-ene
(DBU, 75.6 mg, 0.497 mmol) were sequentially added. The flask was equipped with a
septum and a stir bar and the reaction proceeded at room temperature with vigorous
stirring for 1 hour. Following reaction completion the reaction volume was reduced to a
crude oil in vacuo. The crude product was dissolved in a minimal volume of methylene
chloride and the product was isolated by silica gel chromatography, eluting with a
mixture of 5% ethanol, 0.5% acetic acid and 94.5% methylene chloride. Product
containing fractions were combined and the volume was reduced in vacuo to give 158.8
mg (80.4% yield) of the thioacetamidyl-linked DM1 carboxylic acid derivative with
94.6% purity by HPLC.

[208] A round bottom flask was charged with the product of the previous reaction
(158.8 mg, 0.199 mmol) and methylene chloride (15 mL). N-hydroxysuccinimide (NHS,
25.2 mg, 0.219 mmol, 1.1 equivalents) and 1-Ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC, 57.2 mg, 0.298 mmol) were then added. The reaction proceeded
with stirring at room temperature until completion. Following reaction completion (~45
min.), the reaction mixture was diluted with ethyl acetate (20 mL), transferred to a
separatory funnel, washed with phosphate buffer pH 6 (15 mL, 100 mM potassium
phosphate, 2 mM EDTA) and brine (7 mL), dried over anhydrous Na,SO, and

concentrated in vacuo to give a crude off-white solid. The product was isolated by silica
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nis an integer froml to 2000. 3. A conpound of formula (3) or (3'):

Z- X1- (- CH2-CH20-)n-Y-D (3) D Y-(-CH2-CH20-)n-X1-Z (3') wherein: Z

repr esentwoaoreeeisive functionality that can form an anpd®/useoo/osfse@et her
bond with a cell-binding agent; D represents a drug; X represents an

al i phatic, an aromatic or a heterocyclic group attached to the cell-binding
agent via a thioether bond, an am de bond, a carbamate bond, or an ether
bond;

gel chromatography eluting with a mixture of 10% 1,2-dimethoxyethane in ethyl acetate.
Product containing fractions were combined and concentrated in vacuo to give 34.5 mg
(19.4% yield) of DM1-SBA with 96.0% purity by reverse phase HPLC. Mass spectral
analysis of the isolated product gave the expected m + Na' (m/z 915.2) and m + Cl” (m/z

927.0) major molecular ions.

One-Step Conjugation of Antibody with DM1-SBA

[209] A 10.8 mM stock (w/v) of DM1-SBA reagent was prepared in DMA. The
antibody was conjugated with DM1-SBA at 2.5 mg/mL using a 10.2-fold molar excess
of the reagent. The reaction was carried out in pH 7.5 buffer (100 mM potassium
phosphate) with DMA (10% v/v) for 90 minutes at room temperature. The conjugate
was then purified over a S300 gel filtration (Sephadex S300) column eluting with pH 6.5
buffer (10 mM potassium phosphate, 140 mM sodium chloride). Following purification,
the conjugate had 3.7 DM1 molecules linked per mole of antibody and ~0.18% free drug
(Figure 40, m = 3.7).

[210] SEC HPLC was performed on the conjugate to show that it was 99.6%

monomeric following conjugation.

Synthesis of N-Succinimidyl bromoacetate (also commercially available)
[211] A 100 mL round bottom flask was charged with 2-bromoacetic acid (2.79 g, 20.08
mmol), N-hydroxysuccinimide (2.54 g, 22.12 mmol) and methylene chloride (30 mL). The

solution stirred in an ice bath as N-N-dicyclohexylcarbodiimide (DCC, 4.46 g, 22.14 mmol)
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Y represents an aliphatic, non-aromatic heterocyclic or aromatic

het erocyclic group attached to the drug via a disulfide bond; 1 is 0 or 1;
and n iswo2megst froml1l to 14. 4. A cell-bindi ng ageot/usydobsscee drug
conjugate of formula (4) or (4'): CB-(X1-(-CH2-CH20-)n-Y-D", (4)

[ D- Y- (- CH2- CH20- ) n- Xdm CB(4' ) wherei n:

was added. The reaction stirred in the ice bath for one hour and an additional hour at room
temperature.

[212] The reaction mixture was filtered through a sintered glass funnel and concentrated in
vacuo to give a crude white solid. The solid was dissolved in warm methylene chloride (30
mL) and recrystallized with hexanes (25 mL). The solid was collected by filtration, washed
with hexanes and dried in vacuo to give 3.99 g (84% yield) of N-succinimidyl bromoacetate

as a white sholid. 'H NMR (CDCls) § 2.864 (s, 4H) and 4.100 (s, 2H) ppm.

Synthesis of DM4-SBA

[213] A round bottom flask was charged with N -deacetyl-N* -(4-mercapto-4-methyl-
1-oxopentyl)maytansine (DM4, 71.9 mg, 0.092 mmol) and anhydrous N,N-
dimethylformamide (DMF, 2.5 mL). The reaction was placed under an argon
atmosphere and N-succinimidyl bromoacetate (SBA, 23.9 mg, 0.101 mmol, 1.1
equivalents) and 1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU, 14.7 mg, 0.097 mmol, 1.05
equivalents) were sequentially added. The flask was equipped with a septum and a stir
bar and the reaction proceeded at room temperature with vigorous stirring until
completion. The product was isolated by preparative cyano HPLC in a single injection,
eluting with a gradient of 15-65% ethyl acetate in hexanes over 30 minutes followed by
an increase of 65-95% ethy!l acetate over 10 minutes. Under these conditions DM4-SBA
eluted between 22-24 minutes. The product was collected and concentrated in vacuo to
give 50.1 mg (55.2% yield) of the desired DM4-SBA (95% purity) product. Mass
spectral analysis of the isolated product gave the expected m + Na* (m/z 957.4) and m +

CI" (m/z 969.2) major molecular ions.
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CB represents a cell-binding agent; D represents a drug; X represents an
aliphatic, an aromatic or a heterocyclic group attached to the cell-binding
agent vi avetweisher bond, an am de bond, a carbamate lpomaiS2@w/os982€t her
bond; Y represents an aliphatic, an aromatic or a heterocyclic group
attached to the drug via a disulfide bond; 1is O or 1; and mis an integer
from3 to 8 and nis an integer fromlto 14. 5. The conjugate of claim2 or
4, wherein said cell-binding agent is an anti body, a

Example XIII.

Preparation of non-cleavable thiosuccinimdyl-linked maytansinoid derivatives bearing a

carboxyl moiety.

[214] Sulthydryl-bearing maytansinoids, such as DM1 and DM4, may be modified to
give non-cleavable thiosuccinimidyl-bearing carboxylic acid derivatives (Figures 45, 46
and 48). These derivatives would be useful in the preparation of amine-reactive non-
cleavable thiosuccinimidyl-linked maytansinoids described herein. Figures 45,46 and 48
show the formation of N-hydroxysuccinimide activated esters however it is obvious to
one skilled in the art that several other activated esters could be formed, these include
but are not limited to N-sulfosuccinimidyl esters, pentafluorophenol ester,
tetrafluorosulfophenol, and nitrophenol ester. Sulfhydryl-bearing maytansinoids, such as
DM1 and DM4, can be modified with homobifunctional maleimide reagents to give

maytansinoids bearing a maleimide group as shown in Figure 50.

Preparation of DMI1-MCC

[215] A 10 mL round bottom flask was charged with DM1 (44.6 mg, 0.0571 mmol),
1,2-dimethoxyethane (2.5 mL) and equipped with a stir bar. A solution of N-[4-
(Carboxycyclohexylmethyl)] maleimide (Toronto Research Chemicals, Inc., MCC, 20.3
mg, 0.08430 mmol) in 1,2-dimethoxyethane (0.5 mL) was added to the reaction flask
followed by the addition of pH 7.5 buffer (2.5 mL, 50 mM potassium phosphate, 2 mM
EDTA). Several drops of an aqueous saturated sodium bicarbonate solution was added

to the reaction solution to maintain the reaction pH. The reaction proceeded at room
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singl e chain anti body,

binds to
cyt oki ne,
nol ecul e.
is aresu
ant i body,
binds to

ant i body,

f ragnent

MY9, anti
CD30, CD3
receptors,,
al phavbet

an anti body fragnment that preferentially binds to a
target cell, a nonoclonal antibody, a single chain nonoclonal anti body,
nonocl onavoantof2esty, a bi specific anti body, fragment thacTase@ohswad |y

a

a target cell, antibody m mcs adnectins, DARPins, a |ynphokine,

a hornone, a growh factor, an enzyne, or a nutrient-transport
6. The conjugate of claim2 or 4, wherein said cell-binding agent

rfaced nonocl onal antibody, a resurfaced single chain nonocl onal

or a resurfaced nonocl onal antibody fragnent that preferentially
a target cell. WD 2010/ 126551PCT/ US2009/ 059620 7. The conjugate
of cl ai m @mperatire aivbwas qompditel aftes|2l hovisn dihegeastjemyolime avan rrdpiddschalfonoc| onal
a humani zed singl e chai n nonocl onal antibody, or a humani zed
nonocl onain aiata, Aoidifiefl t@plifBrind tieagroghuce fvas exttacet linto bihytacetate @ ¢ Hrge). cel | .

8. The conjugate of claim5, wherein said antibody is a chineric anti body,

a chi mer i ThaaltiabQayerd EongiiRl washed Q¥Ith BRind s Y dyd cotice@rataimivacianbi body
thereof. 9. The conjugate of claimb5, wherein said antibody is

?/31@1%1 v th roftd, ThBrod(Pvas %te@%slh 1 chroma®) glé? Butifd22, CD26,

8, CD40, CD44, CD-56 79, 105, EphA

T e T

were combined and concentrated to give 46.5 mg (83.5% yield) of DM1-MCC (99.3%
purity) as a white solid. Mass spectral analysis of the isolated product gave the expected
m + Na" major molecular ion (m/z 997.3).

Preparation of DM4-SMCC

[216] A 3 mL glass vial was charged with DM4 (24.3 mg, 0.0311 mmol), N-[4-
(Carboxycyclohexylmethyl)] maleimide (MCC, Toronto Research Chemicals, Inc,. 8.1
mg, 0.0342 mmol) and 1,2-dimethoxyethane (1 mL). The solution stirred as buffer pH
7.5 (1 mL, 50 mM potassium phosphate, 2 mM EDTA) was added to the reaction. The
reaction proceeded at room temperature and was complete within two hours. The
reaction volume was reduced by half in vacuo, acidified to pH 3 and the product was
extracted into ethyl acetate (3 x 10 mL). The extracts were combined, washed with brine
(5 mL) and concentrated in vacuo to yield the crude product. The product was isolated
by silica gel chromatography eluting with a 9:1 mixture of methylene chloride and
ethanol. Product containing fractions were combined and concentrated to give 14.8 mg
(46.9% yield) of DM4-MCC (96.7% purity) as a white solid. Mass spectral analysis of

the isolated product gave the expected m + Na' major molecular ion (m/z 1039.5).
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10. The conjugate of claim5, wherein said antibody is a humani zed, a human
or a resurfaced antibody selected from My9-6, B4, C242, N901l, DS6, EphA2
recept or , wGDRBBy12655F- | R, CNTO 95, B-B4, trastuzumab, per PozTSR©I/059620

bi vat uzumab, sibrotuzumab, or rituximb. 11. The conjugate of claim2 or 4,
wherein said cell-binding agent binds to target cells selected fromtunor
cells; virus infected cells, mcroorganisminfected cells, parasite
infected cells, autoimmune cells, activated cells, nyeloid cells, activated
T-cells, B cells, or nelanocytes; cells expressing one or nore of IG--IR,
CanAg, EGFR, MJCl1l, MJUCl6, VEGF, TF, MY9, anti-B4, EpCAM CD2, CD3, CD4,
CD5, CDhe, CD11, CD 11a, CD18, CD19, CD20, CD22, CD26, CD30, CD33, CD37,
CD38, CD40, CD44, CDs56, CDr0, CD79, CD105, CD138, EphA receptors, EphB
recept or sgExaa(@dHNIM.I, HER2/ neu, HER3, nesothelin, cripto,
alphavbet a3i ntegrin, alphavbeta5bintegrin, alphavbeta6 integrin, Apo2, and
C242 ant i pepFatiodlof BEH-EisavaMp iHESsHEdMmdisiHkedmayenirtdid @eilvalves Bedpg ar ,

epi dermal grow h factor receptor, and folate receptor. 12. The conjugate
of Clain1&&ﬂﬁﬁﬂﬁk%kqx§he tunor cells are selected from breast cancer cells,
prostate cancer cells, ovarian cancer cells, colorectal cancer cells,

gastric ngq ?grﬂ?eanélaml&é]fﬁ%mg ﬁ%gfaﬂ%ﬁ&ﬁ %811\t£1§11n Sa.rm)ln a&ehble! ung cancer cells,

and testi cancer ar I’TB.CG tical COI’TpOSI tion COI’TpI’I Si ng

ff e d 2
& pharinieugTEp o ehifatEled I B8 e”ta*e% PLEPELE o) Fhet m 2 o

pharmaceutical |y acceptable c i er d|Iu i ent met hod
for treat MAGHIdg P e S RSO BB LRTAR iR ‘J;F‘&”’Pr‘g%’]h%aul’ %% d net hod
conprising parenteral Iy administering to a patient in need thereof an
ef fect i vePigpayed bY cqUpting a Hjielganingte RRYamInPiGo 4 bis-maeimpcrigliRE of cl ai m
14, wherein said disease is selected fromtunor, autoi mune di seases, graft
rej ecti ondiguye 82 Rhereagiomewtdueled bersia, wasidoat withftlecMipbidh)aMig! jsagesi t e
i nfections.

however it is apparent to one skilled in the art that a sulfhydryl-bearing maytansinoid

can be to bis-maleimide reagents that contain different spacer units between the

maleimide moieties.

Preparation of DM1-Mal-(CH,) -Mal

[218] A solution of bis(maleimide)hexanoate (17.9 mg, 0.0648 mmol, 3 equivalents) in
THF (0.75 mL) was prepated in a reaction vial. The solution was stirred as DM1 (15.9 mg,
0.0216 mmol) was added in THF (0.75 mL). IN,N-diisopropylethylamine (3.3 mg, 0.0259
mmol, 1,2 equivalents) was then added and the reaction proceeded with stirring at room
temperature. Following reaction completion, the reaction volume was reduced 7z vacuo to
give a crude oil. The crude product was redissolved in a minimal volume of CH,Cl, and
purified by preparative thin-layer chromatography on a 20 cm x 20 cm 1000 micron glass
plate, eluting with 7% methanol in CH,Cl,. The product containing band was scraped from

the plate, extracted with 20% MeOH in CH,Cl,, filtered through a sintered glass funnel and
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16. The nmethod of claim 15, wherein said tunor is selected fromone or nore
of cancers of the lung, blood, plasma, breast, colon, prostate, kidney,
pancr eas,wbraimi263sones, ovary, testes, and |ynphatic or @amas20059620

2010/ 126551PCT/ US2009/ 059620 17. The net hod of cl aim 15, wherein said tunor
expresses one or nore of IG~1R FOLRl1, CanAg, EGFR, EphA2, MJCI , MJUC16,
VEGF, TF, MY9, anti-B4, EpCAM CD2, CD3, CD4, CD5, CD6, CD11, CD 1 | a,
CD18, CD19, CD20, CD22, CD26, CD30, CD33, CD37, CD38, CD40, CD44, CD56,
CDr0, CDr9, CD105, CD138, EphA, EphB, EGFRvIlIIl, HER2/ neu, HER3, nesothelin,
cripto, alphavbeta3integrin, al phavbeta5 integrin, alphavbeta6 integrin,
Apo2, ancdco@RARramAdti gens gi&kSlOAngéﬂy’it%(nsifﬂd)cﬂdeMégﬁair@CIéz)i-&hldgi~$|°érpuﬁﬁri)-et y that
bears a reactive group represented by the formula (5): D-Y -V-QWZ (5)
wher ei n: Mass spectral analysis of the isolated product gave the expected m + Na" (m/z 1036.4) and

m + Cl (m/z 1048.3) major molecular ions.

Preparation of DM4-Mal-(CH,) -Mal

[219] A round bottom flask was charged with bis(maleimide)hexanoate (25.0 mg, 0.090
mmol, 3 equivalents) and THF (1 mL). Once fully dissolved, a solution of N*-deacetyl-N”-
(4-mercapto-4-methyl-1-oxopentyl)maytansine (DM4, 23.5 mg, 0.030 mmol) in THF (1 mL)
was added to the reaction flask. Phosphate buffer pH 6 (2 mL, 100 mM potassium
phosphate, 2 mM EDTA) was then added to the reaction flask. The reaction flask was
equipped with a stir bar and a septum and the reaction proceeded at room temperature with
stirring. Following reaction completion (~ 8 hr) the reaction volume was reduced to
dryness 7 vacwo. The crude product was redissolved in a minimal volume of acetonitrile and
the product was isolated by semi-preparative C18 HPLC. Product containing fractions
were combined and concentrated 7z vacno to give 10.6 mg (33.3 % yield) of DM4-Mal-
(CH,)¢-Mal (99.9% purity). Mass spectral analysis of the isolated product gave the expected

m + Na’ (m/z 1078.4) and m + CI' (m/z 1090.3) major molecular ions.

Preparation of huC242-Mal-(CH,),-Mal-DM1
[220] huC242 (8 mg/mL) in 150 mM HEPES buffer, pH 8.0 containing 5% dimethyl

acetamide was modified with 9 equivalents of SPDB for 1 hr at 30°C then eluted
through a NAPS sizing column using 50 mM phosphate, 50 mM NaCl, pH 7.5 buffer.
To the recovered modified antibody was added 2 pLL of 1 M dithiothreitol at 30°C. After

10 min the reaction was purified on a NAP10 column eluting with 50 mM phosphate, 50
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D represents a sul fhydryl-bearing maytansi noi d; V is an optional
|l i near, branched or cyclic alkyl, alkenyl or alkynyl group having from1l to
10 car borwet20108126551 Wis an optional |inear, branches#corusegmolosw2@l kyl ,
al kenyl or al kynyl group having from1 to 10 carbon atons; Y represents a
t hi oet her bond; Q represents an optional aromatic or a heterocyclic noiety;
and Z' represents an am ne or sul fhydryl reactive group. 19. The
mayt ansi noi d of claim 18, wherein the sul fhydryl-bearing nmaytansinoid is
N2' - deacet yl - N2' - ( 3- ner capt o- 1- oxopr opyl) - mayt ansi ne (DML) or
N2' - deacetyl - N2' - (4- nercapt o-4-net hyl -1 - oxopentyl ) mayt ansi ne ( DVH4).

mM NaCl, pH 6.5 buffer. DM1-mal-(CH;)¢-mal (1.7 mole equivalents) in dimethyl

formamide was added to the fraction containing desired product to obtain 10% v/v
dimethyl formamide/buffer. After 1 Hr the crude conjugate was purified on a NAP 25
column eluting with 10 mM citrate, 135 mM NaCl pH 5.5 buffer.

Using the previously described binding assay, huC242-Mal-(CH,),-Mal-DMI1 was
shown to bind to antigen-positive COLO205 cells to the same extent as the naked
huC242 antibody (Figure 53). The huC242-Mal-(CH,)s-Mal-DM1 conjugate was shown
to be much more cytotoxic to antigen positive COLO205 cells than antigen negative

Namalwa cells (Figure 54).
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WO 2010/ 126551PCT/ US2009/ 059620 20. The maytansinoid of claim 18,
represented by the followng structural formula: 21. The maytansi noid of
cl ai m 18,woepreresstied by the foll owi ng structural fornulPaT/Us288/05%be

mayt ansi noid of claim 18, represented by the follow ng structural fornulae,
7a or 7b: 23. A process for the preparation of the maytansinoid of O aim
18 conprising reacting the thiol-containing maytansinoid with a

het erobi functional crosslinker represented by the follow ng cheni cal
equat i on:

CLAIMS

1. A compound of formula (1) or (1°):
Z-X«(—CHy—CH,-O-)—Yp-D (D
D-Y,~(—CHy-CH,—O-)—X-Z (1)

wherein:

Z represents a reactive functionality that can form an amide or a thioether bond with a

cell-binding agent;

D represents a drug;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-

binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond,

Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a

covalent bond selected from the group consisting of a thioether bond, an amide bond, a

carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone

bond;

lisOorl;

pisOorl;and

n is an integer from 1 to 2000.

2. A cell-binding agent cytotoxic drug conjugate of formula (2) or (2°):
CB—[Xj~(—CH>—CH2-O0-)x—YpD]Jn (2)
[D-Y,~(—-CH,~CH-0-)—X|]n-CB  (27)

wherein;

CB represents a cell-binding agent;

D represents a drug;
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D +Y'-V-QWZ ->D-Y-V-QWZ (6) wherein: D represents a

sul f hydryl -beari ng maytansinoid; Vis an optional |inear, branched or
cyclic alwelptoai2ksnyl or al kynyl group having from 1 toPrt@/usasdomeas ons; Q
represents an optional aromatic or a heterocyclic noiety; Wis an optional

| i near, branched or cyclic al kyl, alkenyl or alkynyl group having from1l to
10 carbon atons; Z' is an am ne or sul fhydryl reactive group;

X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, an aromatic, or a heterocyclic group attached to the drug via a
covalent bond selected from the group consisting of a thioether bond, an amide bond, a
carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone
bond;
lisOor 1;
pisOor1; and
m is an integer from 2 to 15; and
n is an integer from 1 to 2000.
3. A compound of formula (3) or (3°):

Z-X~«(—CHy>—CH;0-)—Y-D (3)

D-Y-(-CH,-CH,0-)—X-Z (37)
wherein:
Z represents a reactive functionality that can form an amide or a thioether bond with a
cell-binding agent;
D represents a drug;
X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, non-aromatic heterocyclic or aromatic hetérocyclic group
attached to the drug via a disulfide bond;
lisOor1;and

n is an integer from 1 to 14.
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Y' represents a sulfhydryl-reactive noiety; and Y' represents a thioether

bond between the sul fhydryl -bearing mayt ansi noid and the crosslinker.

24.

The procewe 20fo/bsmim 23, wherein the sul fhydryl - beari ngproaytsasmiosmwa i s
N2' - deacetyl - N2:-(3-nmercapto-|-oxopropyl)-nmaytansi ne (DML) or

N2' - deacetyl - N2' - (4- mercapt o-4-net hyl- 1- oxopentyl ) mayt ansi ne ( DVH4).
The process of claim 23, wherein Y' is a naleimdo or hal oacetam de.

25.
26. A

process for the preparation of cytotoxic conjugates of nmaytansinoids and
cell binding agents |inked via a non-cl eavabl e bond said process conpri sing

reacting a cel

bi ndi ng agent with a conpound of formula Z2'-WQV-Y' -D to

provi de &.cdl dellgiimtingageayenotosiodiugranigate of drrmula(40B- @2 -WQ V-Y' -D ), "

wher ei n,

CB~Xi«(—CH,~CH,0-)-Y-D)m (4
[D-Y-(—-CH;—CH,0-)—X]m-CB 4"
wherein:
CB represents a cell-binding agent;
D represents a drug;
X represents an aliphatic, an aromatic or a heterocyclic group attached to the cell-
binding agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;
Y represents an aliphatic, an aromatic or a heterocyclic group attached to the drug via a
disulfide bond;
lisOor 1; and
m is an integer from 3 to §; and
n is an integer from 1 to 14.
5. The conjugate of claim 2 or 4, wherein said cell-binding agent is an antibody, a
single chain antibody, an antibody fragment that preferentially binds to a target cell, a
monoclonal antibody, a single chain monoclonal antibody, a monoclonal antibody, a
bispecific antibody, fragment that specifically binds to a target cell, antibody mimics
adnectins, DARPins, a lymphokine, a cytokine, a hormone, a growth factor, an enzyme,
or a nutrient-transport molecule.
6. The conjugate of claim 2 or 4, wherein said cell-binding agent is a resurfaced
monoclonal antibody, a resurfaced single chain monoclonal antibody, or a resurfaced

monoclonal antibody fragment that preferentially binds to a target cell.
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Z' represents an am ne or sul fhydryl reactive group; Wis an optional

|l i near, branched or cyclic alkyl, alkenyl or alkynyl group having from1l to
10 car borwetorer26331r epresents an optional aromatic or aPpogtusc@opsicee
noiety; Vis an optional linear, branched or cyclic alkyl, alkenyl or

al kynyl group having from1 to 10 carbon atons; Y' represents a thioether
bond; D represents a sulfhydryl bearing maytansinoid; CB represents a

cell -binding agent; Z" represents a thioether bond or an am de bond; and

7. The conjugate of claim 2 or 4, wherein said cell-binding agent is a humanized
monoclonal antibody, a humanized single chain monoclonal antibody, or a humanized

monoclonal antibody fragment that preferentially binds to a target cell.

8. The conjugate of claim 5, wherein said antibody is a chimeric antibody, a

chimeric antibody fragment, a domain antibody, or a domain antibody fragment thereof.

0. The conjugate of claim 5, wherein said antibody is MY9, anti-B4, EpCAM, CD2,
CD3, CD4, CD5, CD6, CD11, CD19, CD20, CD22, CD26, CD30, CD33, CD37, CD38,
CD40, CD44, CD56, CD79, CD105, CD138, EphA receptors, EphB receptors, EGFR,
EGFRvVIII, HER2, HER3, mesothelin, cripto, alpha,betas alpha,betas alphaybetag

integrin or C242.

10.  The conjugate of claim 5, wherein said antibody is a humanized, a human or a
resurfaced antibody selected from My9-6, B4, C242, N901, DS6, EphAZ2 receptor,
CD38, IGF-IR, CNTO 95, B-B4, trastuzumab, pertuzumab, bivatuzumab, sibrotuzumab,

or rituximab.

11.  The conjugate of claim 2 or 4, wherein said cell-binding agent binds to target
cells selected from tumor cells; virus infected cells, microorganism infected cells,
parasite infected cells, autoimmune cells, activated cells, myeloid cells, activated T-cells,
B cells, or melanocytes; cells expressing one or more of IGF-IR, CanAg, EGFR, MUCI,
MUCI16, VEGF, TF, MY9, anti-B4, EpCAM, CD2, CD3, CD4, CD5, CD6, CD11, CD
11a, CD18, CD19, CD20, CD22, CD26, CD30, CD33, CD37, CD38, CD40, CD44,

CD56, CD70, CD79, CD105, CD138, EphA receptors, EphB receptors, EGFRVII,
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mis an integer from2 to 8 27. The process of claim26, wherein the
sul f hydryl -bearing maytansinoid is N2'-

deacet yl -W0-20Br11835¢ apt 0- | - oxopr opyl) - mayt ansi ne (DML) orCRAIS2aemasmby | - N2
-(4- mercapto-4-nethyl-1-oxopentyl)mytansi ne (DV4). 28. The process of
claim 26, wherein CB is an anti body, a single chain antibody or an

anti gen-bi nding fragnent of an anti body. 29. the process of any one of
claims 26 to 28, wherein the cell binding agent conjugate of formula
CB-(Z2'-WQV-Y-D),,, is purified. 30. The process of any of of clains 26

to 29, wherein the cell-binding agent and the conpound of fornula

Z' - W Q V- MERD/neas HER Bantsethelyy, cnipto, alphabetad integiom atphatbies gédgrinbi ndi ng agent

i n agueous buffer, optionally containing up to 20% organic solvent, with a
sol ution gibhd,b&aciarponnthbodf afdoC Ml atigénsyérQeNs ¥pr&sing insotig groiveh fotorent or a
m xture of organic solvent and aqueous buffer or water, and allow ng the

reaction fRefbOesi@en{aPEroneh PRAM repibNdhEfolitd retéptbour s  31. The process of
any one of clainms 26 to 29, wherein the conjugate is purified by

chromat ogr aphy, dialysis, tangential flow filtration or a conbination of
sai d methegls. TRZeonfuoaRMPRKIM 11 SRAESAMEHMRY cdiRrd RldcRYifRgh Bleksict ur al

forml a:
cancer cells, prostate cancer cells, ovarian cancer cells, colorectal cancer cells, gastric

cancer cells, squamous cancer cells, small-cell lung cancer cells, and testicular cancer

cells.

13. A pharmaceutical composition comprising an effective amount of the drug-cell-
binding agent conjugate of claim 2 or 4, a pharmaceutically acceptable salt or solvate

thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

14. A method for treating a disease sensitive to treatment with said method, said
method comprising parenterally administering to a patient in need thereof an effective

dose of the conjugate of claim 2 or 4.

15. The method of claim 14, wherein said disease is selected from tumor,
autoimmune diseases, graft rejections, graft versus host disease, viral infections, and

parasite infections.

16. The method of claim 15, wherein said tumor is selected from one or more of
cancers of the lung, blood, plasma, breast, colon, prostate, kidney, pancreas, brain,

bones, ovary, testes, and lymphatic organs.
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MeOCH 33. A compound represented by the follow ng structural fornmula:

WO 2010/126551 PCT/US2009/059620

17. The method of claim 15, wherein said tumor expresses one or more of IGF-IR,
FOLRI1, CanAg, EGFR, EphA2, MUC1, MUCI16, VEGF, TF, MY9, anti-B4, EpCAM,
CD2, CD3, CD4, CD5, CD6, CDI11, CD 11a, CD18, CD19, CD20, CD22, CD26, CD30,
CD33, CD37, CD38, CD40, CD44, CD56, CD70, CD79, CD10S, CD138, EphA, EphB,
EGFRvIlI, HER2/neu, HER3, mesothelin, cripto, alpha,betas integrin, alpha,betas

integrin, alpha,betag integrin, Apo2, and C242 antigens.

18. A maytansinoid having a thioether moiety that bears a reactive group represented
by the formula (5):
D’-Y’-V-Q-W-Z’ %)

wherein:
D’ represents a sulthydryl-bearing maytansinoid;

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having
from 1 to 10 carbon atoms;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group
having from 1 to 10 carbon atoms;
Y’ represents a thioether bond;
Q represents an optional aromatic or a heterocyclic moiety; and

7’ represents an amine or sulthydryl reactive group.
19.  The maytansinoid of claim 18, wherein the sulfhydryl-bearing maytansinoid is

N*-deacetyl-N* -(3-mercapto-1-oxopropyl)-maytansine (DM1) or NZ’-deacetyl-N2’~(4-

mercapto-4-methyl-1-oxopentyl)maytansine (DM4).
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20.  The maytansinoid of claim 18, represented by the following structural formula:

21.  The maytansinoid of claim 18, represented by the following structural formula:

22.  The maytansinoid of claim 18, represented by the following structural formulae,
7a or 7b:
R, R,
Y 1
| q "IQ\](«);N
Me o
(0]
7a:q=1,n=5;R,R,=H
i Th: q= 2, n :5, R], Rz = CH3
MeO HO g ©

23. A process for the preparation of the maytansinoid of Claim 18 comprising

reacting the thiol-containing maytansinoid with a heterobifunctional crosslinker

represented by the following chemical equation:
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D’ +Y”-V-Q-W-Z — D’-Y’-V-Q-W-Z* (6)

wherein:

D’ represents a sulfhydryl-bearing maytansinoid;

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Q represents an optional aromatic or a heterocyclic moiety;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Z’ is an amine or sulfhydryl reactive group;

Y?” represents a sulfthydryl-reactive moiety;

and

Y’ represents a thioether bond between the sulfhydryl-bearing maytansinoid and the

crosslinker.

24.  The process of claim 23, wherein the sulthydryl-bearing maytansinoid is NE-
deacetyl-N* -(3-mercapto-1-oxopropyl)-maytansine (DM1) or N -deacetyl-N*-(4-
mercapto-4-methyl-1-oxopentyl)maytansine (DM4).

25.  The process of claim 23, wherein Y” is a maleimido or haloacetamide.

26. A process for the preparation of cytotoxic conjugates of maytansinoids and cell

binding agents linked via a non-cleavable bond said process comprising reacting a cell
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binding agent with a compound of formula Z’-W-Q-V-Y’-D’ to provide a cell binding
agent conjugate of formula CB—(Z”-W-Q-V-Y’-D’)n,

wherein,

Z’ represents an amine or sulfhydryl reactive group;

W is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Q represents an optional aromatic or a heterocyclic moiety;

V is an optional linear, branched or cyclic alkyl, alkenyl or alkynyl group having from 1
to 10 carbon atoms;

Y’ represents a thioether bond;

D’ represents a sulfhydryl bearing maytansinoid;

CB represents a cell-binding agent;

Z” represents a thioether bond or an amide bond; and

m is an integer from 2 to 8.
27.  The process of claim 26, wherein the sulfhydryl-bearing maytansinoid is N-
deacetyl-N* -(3-mercapto- 1 -oxopropyl)-maytansine (DM1) or N -deacety]l-N* -(4-

mercapto-4-methyl-1-oxopentyl)maytansine (DM4).

28.  The process of claim 26, wherein CB is an antibody, a single chain antibody or

an antigen-binding fragment of an antibody.
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29.  the process of any one of claims 26 to 28, wherein the cell binding agent

conjugate of formula CB—Z”-W-Q-V-Y’-D"), is purified.

30.  The process of any of of claims 26 to 29, wherein the cell-binding agent and the
compound of formula Z’-W-Q-V-Y’-D’ are reacted by mixing a solution of the cell-
binding agent in aqueous buffer, optionally containing up to 20% organic solvent, with a
solution of the compound of formula Z’-W-Q-V-Y’-D’ in organic solvent or a mixture
of organic solvent and aqueous buffer or water, and allowing the reaction to proceed for

between 5 minutes to 72 hours

31.  The process of any one of claims 26 to 29, wherein the conjugate is purified by

chromatography, dialysis, tangential flow filtration or a combination of said methods.

32. A compound represented by the following structural formula:

33. A compound represented by the following structural formula:
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