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FI ELD OF THE woMuddBlidN [ O01] The present invention rel atreg/dseodtue263ynt hesi s of
novel charged cross |inkers and cross |inkers which can be processed by a
target cell to give charged noieties. The present invention also relates to
met hods of naking cel | -bi ndi ng agent -drug conj ugates conprising nodification
of cell-binding agents with these cross-linkers, followed by reaction with

drugs, or nodification of idgogh-UoNKIRS ANDTESEIRUSES| i nkers, fol | owed by
reaction with cell-binding agents. The inproved nmethod of making conjugates

provides the ability to Iink a higher nunber of drug nol ecul es per

cell -binding agent resulting in greater potency and providing greater aqueous
solubility to the corijisuppli@sion BAGKERHUND (GHted Biates RENPRON [ 02] The

bi functional nodification reagent N-succinimdyl 3-(2- pyridyldithio)

propi onat e ( SPDRpplasolée 6108201t Hlell Apkl 30ne008 rud oilnted ¥g6t her t hrough a

di sul fide bond. The reagent is reacted with the first protein to introduce an
active disul fi derssivnal Aypticatign daps1i 14706 fiteddiruaty2Bi 889st ep. A second protein,
whi ch contains a free thiol group, is then added to forma

FIELD OF THE INVENTION

[01] The present invention relates to the synthesis of novel charged
cross linkers and cross linkers which can be processed by a target cell to give
charged moieties. The present invention also relates to methods of making
cell-binding agent-drug conjugates comprising modification of cell-binding
agents with these cross-linkers, followed by reaction with drugs, or
modification of the drugs with these crosslinkers, followed by reaction with
cell-binding agents. The improved method of making conjugates provides the
ability to link a higher number of drug molecules per cell-binding agent
resulting in greater potency and providing greater aqueous solubility to the

conjugates.

BACKGROUND OF THE INVENTION

[02] The bifunctional modification reagent N-succinimidyl 3-(2-
pyridyldithio) propionate (SPDP) has been used to link two proteins together
through a disulfide bond. The reagent is reacted with the first protein to
introduce an active disulﬁde—cbntaining group in the modification step. A

second protein, which contains a free thiol group, is then added to form a



di sul fide bond between the two proteins in the conjugation step. Many
derivatives of SPDP and im de versions of SPDP have been described (U. S.

Pat ent 4,563,304; J. Carlsson et al. 173 Biochem .1 723-737 (1978); Coff D.
A., Carroll, v 2de9/13d978i oConj ugate Chem 381-386 (1990) ;pdi/usted/pieisio et al . 82
Pharm Sci. 506-512 (1993); S. Arpicco et al., 8 BioConjugate Chem 327-337
(1997)). [031Conjugates of cell-binding agents with highly cytotoxic drugs
have been described (U S. Patent Nos. 5,208, 020, 5,416, 064; 5,475, 092,

5, 585,499, 6,436,931, 6,372,738 and 6, 340,701; R V.J. Chari et al., 52 Cancer
Res. 127-131 (199 .1 n.these conj uga t 0 NP0 agents are first
nodified with a Eﬁﬁéﬂ%ngﬁﬁrmﬁﬁ%ﬁghguc gggmégﬁﬂgﬁé%%&%?ﬁg' to introduce an
active disulfide or .a i do i ef. [ | ibd\iUd.- cont ai ni ng
cyt ot oxi ¢ drug ?3@?%3gFgﬁ%g%ﬁﬁﬁg¥gg%%mV£$gﬁﬁ?ﬁgEggﬁﬁﬁﬁ?%dlng agent, such as a

nmonocl onal anti hody, Ir ' -\ i Byl7hi onskepor t hi oet her
bonds. [04] Het e 3%%&#?5%3’?9%%2{?“%{%5@%@ é"rwég’ég'n%?ﬂg‘i’ﬁ??’ ni tropyridyl dithio,

di nitropyridyldithio V, i 4 M i belblidd 021082
di-(NN-diaIkyIc5¥3%§ggﬁ%g?kg??%%g%%ﬁ@ﬁ?gﬁgggﬁgﬂgﬁghﬁ rgactive car boxylic ester
group such as a Cd NicAk . : rg®; wbdioersei ni m dyl ester
group have beenJgggﬁﬁi‘%36§€¥é3§%2$%ﬁ%£§%?t%f8%%%??@ . The presence of a

N- sul f osucci ni m.gy| was clainmed to provide higher aqueous solubility to
t hese cross-lingg?é?ﬁéggﬁber, once the cell-binding agent has been reacted
with these cr osaogi nkers,cdl at%&iégﬁ_%a;ﬁ%ﬁé&m“dﬁﬂhigﬂry@ﬁtdxﬁ:cﬁugsp| aced and the
solubility adva tgge is lost, both for the nodified cell-binding agent and its
drug conj ugat e. (Sige, G3EAAXT 8. BidiIN04S 208,020, 5,814,060 Iulisg2,agent - dr ug
conjugates are often only sparingly soluble in aqueous solutions, it is often
difficult to |inksg 156436080, 302 M¥Mmd 63467019 RIWD). €RaH @S.152 drerrcel | - bi ndi ng
agent and still raintain aqueous solubility. In addition, reactions have to be
conduct ed in dil g€ 239k UtI9ONS , In'tkEtbnRRes; thebell-biadivg dgonts aalfist up because of the
need to use | arge vol unes of sol ution.

modified with a bifunctional agent such as SPDP, SPP or SMCC to introduce

an active disulfide or a maleimido moiety. Reaction witha thiol—contajping
cytotoxic drug provides a conjugate in which the cell-binding agent, such as a
monoclonal antibody, and drug are linked via disulfide bonds or thioether
bonds.
[04] Heterobifunctional cross-linkers comprising a
nitropyridyldithio, dinitropyridyldithio, N.N-dialkylcarboxamidopyridyldithio
or di-(N. N-dialkylcarboxamido) pyridyldithio group and a reactive carboxylic
ester group such as a N-succinimidyl ester group or a N-sulfosuccinimidyl

. ester group have been described (U.S. Patent No. 6,913,748). The presence of
a N-sulfosuccinimidy! group was claimed to provide higher aqueous solubility

to these cross-linkers. However, once the cell-binding agent has been reacted



SUMVARY OF THE | NVENTI ON 1051The present invention provides charged |inkers,
wherein the charges are retained both after nodification of the cell-binding
agent and in the resulting drug conjugate. Mre specifically, the present

i nvention relwbesmoinaorhe use of charged |inkers to | i nkeaivusgmo/ta26a
cell-binding agent (e.g., an antibody). In one aspect of the invention, the
charged linkers are used to nodify cell-binding agents and |link themto drugs
I n anot her aspect of the invention, the charged |inkers are used to nodify
drugs and link themto cell-binding agents. In yet another aspect of the

vention, e charged LEDKELS (e RS Tl ATRBSku ok dr ugs and the

ceII-blndlng agen ances end result is a

drug-charged lin er-cel |nd|n Calibe represented by
ulPl le\éim losg bg\gg&ﬁ%qudyxﬁﬁg%glﬁbm é%@n it

the fornula, CBf &rern I hg agent, | is a charged

linker, Dis a dru g}w$$?tlmk|?DQXQ dhﬂkﬁ%ﬁﬁm%a&%léméo 20. The presence

of a charged gr e ce i hdi ng agent -drug conj ugate

provi des several adv nt ags S RbudBiuBbnsSiPlsRéd i ty of the final
product, ii) abﬁ??? ‘op 8?%@% g%?%lg éraéon%%ntrafloﬁ in agqueous

sol uti ons, abil i t camwgé%afaéaﬁlh YR Ol nBeguligsgpar ol ecul o of

ceII-blndlng age resu |ng I'n potency, iv) potential for the charged

conj ugate speci esdsal&g il easeomaﬁfr,dqnamﬁnakmmqawmbc;esul ting in higher
pot ency, and v) ed se sitivity of nultidrug resistant cells, which would

be unabl e to e"p%&uc cﬁﬁ?ersg ﬁolﬁwﬂclﬁal}@s&&%rsf)ﬁx@ms*cﬁl@uls:&lcbuseE&he i nvention al so
descri bes Ilnkers can e coupled to a drug and a cell binding agent to

give a CO“JUgatqhﬁﬁkgQ”ggﬂugﬁmﬁﬁkgggbhﬁ&d inacell to produce a drug

nmet abolite containing one or nore charged noieties. These linkers will be
referred to as pro-charged linkers. Mieties of the Iinker which will becone
charged after cefivmOcess TYEWNVENTBONef erred to as pro-charged noieties.

[05}) The present invention provides charged linkers, wherein the
charges are retained both after modification of the cell-binding agent and in
the resulting drug conjugate. More specifically, the present invention relates
to the use of charged linkers to link drugs to a cell-binding agent (e.g., an
antibody). In one aspect of the invention, the charged linkers are used to
modify cell-binding agents and link them to drugs. In another aspect of the
invention, the charged linkers are used to modify drugs and link them to cell-
binding agents. In yet another aspect of the invention, the charged linkers are
used to simultaneously link drugs and the cell-binding agents. In all instances,
the preferred end result is a drug-charged linker-cell-binding agent conjugate,
which can be represented by the formula, CB-(-L°-D)q, wherein CB is a cell-
binding agent, L is a charged linker, D is a drug molecule, and q is an integer

from 1 to 20. The presence of a charged group(s) in the linker in the cell-



1061l n one aspect of the present invention, the charged or pro- charged cross
linker is represented by formula (1) wherein Y' can react with a cell-binding
agent and Q can react with a cytotoxic drug: (1) wherein: Y represents a
functi onal gr@ggwmﬂay7enables reaction with a cell=bi ndéagusageni2)67 Q
represents a functional group that enables |inkage of a cytotoxic drug via a
di sul fide, thioether, thioester, peptide, hydrazone, ether, ester, carbamate
or am de bond; 121, R2, R3, R4, R55 Rs, R7, Rs, RO, and R o are the
sanme or different and are H, linear alkyl having from1l-6 carbon atons,

branched or cyclic. al kyl _having f t o o
oyl c sl kenyl  dniag pe iRy RgeRrgies  fe ot Pl AP P D PO PLANNEd B

C oh a ani ons, such as but
not limted to, SO, X-S03,.0 PO QSZ-, C0i, and cati ons,

such as but not Wefsh gy gf thgﬁ%%qb%%ﬁ%@ﬁﬁﬁ ?ﬁeﬁagezaﬁ%i&érﬁocyc le, N14-R R R
concentration in aqueous solutions, iii) ability to link a greater number of drug
molecules per molecule of cell-binding agent, resulting in higher potency, iv)
potential for the charged conjugate species to be retained inside the target cell,
resulting in higher potency, and v) improved sensitivity of multidrug resistant
cells, which would be unable to export the charged drug species from the cell.
The invention also describes linkers, which can be coupled to a drug and a cell
binding agent to give a conjugate which can be metabolized in a cell to
produce a drug metabolite containing one or more charged moieties. These
linkers will be referred to as pro-charged linkers. Moieties of the linker which
will become charged after cell processing will be referred to as pro-charged
moieties.

[06] In one aspect of the present invention, the charged or pro-

charged cross linker is represented by formula (I) wherein Y” can react witha

cell-binding agent and Q can react with a cytotoxic drug:

Ry Rg Ry Ry
Y Z Q
1 \Ag n
m
4y
wherein:



X-N+Ri i R 2Ri's, or a phenyl, wherein: R 2 and R13 are
the sanme or different and are H, linear alkyl having from1l to 6 carbon atons,
or branched or cyclic al kyl having from3 to 6 carbon atonms and X represents
phenyl or a lyjdoeessadkyl having from1l to 6 carbon at omer/uszeomodbrsanched or
cyclic alkyl having from3 to 6 carbon atons; 1, mand n are 0 or an integer
froml to 4; and Ais a phenyl or a substituted phenyl, wherein the
substituent is a linear alkyl having from1l to 6 carbon atonms, or a branched
or cyclic alkyl having from3 to 6 carbon atons, or a charged substituent
sel ected from ani ons, su as but not. | imted t aswiss . 0P032,

t g
X-0P032", P032-, 3K- Po%lg!e?reéfﬁg,a@%“51‘0%*‘5%“6%%?“2%%%%&5l‘g‘ut not limted to, a
ni t rogen containigﬁ_geteropycle, Nit'" IRI2E-13 or X-N+RII RI 2R13, wherein X has
the same defini CF oW 4% #¥ve, and wherein g is 0 or 1; Zis an
optional polyethyl eneoxy unit of f.orpul prmﬁﬁg%ﬁy npis 0 or an
integer from2 to about fﬁﬁ@?%g?a © ?%?égﬁggggﬁ#tlln which El and E2 are the
~same or different and are. C= Iy . iy Rlifhzbs, dtherd | 1 near al kyl
havi ng fron11-6°88?6%ﬂ“§?5ﬁ5&mg9%f§ﬁ% eéﬁgﬁﬂgﬁ%ﬁéc’g%ﬂyl having from3 to 6
carbon atons, a linear ran r cyclic alkenyl or alkynyl having from2 to
6 carbon atons;eﬁm?gﬁghmgﬁ mﬁgggﬁﬁf between 2 and 20 amino acids in |ength,

wherein El or E2 can be I%’rkg?’eﬂ%,ggﬁs}l}g&ﬁgﬁ{%’ilgganglgro%@dgegejgpeotrerm' nal nitrogen,
S charn'o

term nal carbon or throug one of the am no acids of the

peptide; and Fl d‘?’fPé%’%nF %}d%%eeﬂ,tlﬂﬁzgﬁ?t%jgfcnﬁ%o&fl% S onrdehs Mirknchdll Rpt i onal

pol yet hyl eneoxy uni ormu p, wherein pis 0 or an integer from

2 to about 1000, L oed; SR arbor SolOlindat bRncheFoE&cf2, at | east one of
R, 122, R3, R4fyﬁg%&§%%§mkg§&R8, R9,0an% ﬁfg i's a charged substituent or when

gis 1, at leaﬂﬂl@ﬂﬁo{’%ﬂﬁl@ﬁng%mﬁéﬁca%énataﬁs,aﬂﬁns,ﬁZhaﬂﬁtmR& and ftn) is a

charged substituent” n anot her aspect, the present invention provides a
cel I - bi ndi ng agqﬁ&&gkggogQ@E@gggpop{ngnguh&hﬁbbroftmowhkﬂhmkhe cel I - bi ndi ng
the d

agent, CB, and rug, D, have reacted at the two ends of the charged or
pro-charged crosgcy sBlEdot limited to, a nitrogen containing heterocycle, N'RyiRi;Ry3 or
X-N'R;RizR13, or a phenyl, wherein:

Ry1, Ry2 and Ry3 are the same or different and are H, linear
alkyl having from 1 to 6 carbon atoms, or branched or cyclic alkyl having
from 3 to 6 carbon atoms and X represents phenyl or a linear alkyl having
from 1 to 6 carbon atoms, or a branched or cyclic alkyl having from 3 to 6
carbon atoms;

1, m and n are O or an integer from 1 to 4; and

A is a phenyl or a substituted phenyl, Wherein the substituent is
a linear alkyl having from 1 to 6 carbon atoms, or a branched or cyc.lic. alkyl

having from 3 to 6 carbon atoms, or a charged substituent selected from

anions, such as but not limited to, SO5, X-S05’, OPOs™, X-OPOs”, PO;”, X-



wherein: CB represents a cell-binding agent; D represents the drug |inked
to the cell-binding agent by a disulfide, thioether, thioester, peptide,
hydrazone, ether, ester, carbamate, or am de bond; R, RRZ, R33 R4, R5,

R6, R7, RS, Iy@odidsR10 are the same or different and mmmskdoodszsear al kyl
having from 1-6 carbon atons, branched or cyclic alkyl having from3 to 6
carbon atons, l|inear, branched or cyclic al kenyl or alkynyl having from2 to 6
carbon atoms, anions, such as but not limted to, S03-. X- S03". 0P032-,
éégFQBZ- PﬁBE X—PO?Z- hﬁni, cations, such as but limted to, a nitrogen

I ni ng heterocycle R I R 2R13. o 3 henyl I n:
R12 and Ru are PQ% §§hemﬂﬁmﬁpfF@*éﬁ?mﬁﬁgﬂgrgt%lnﬁ“ﬁ%%?%g E?p hazlngm?sgﬁlg-to

6 carbon atons, branched, or [ havi n 6 b
represents phen}fteigFycls: Nk ,é?r@ﬁg% 2%@ r oe?nn%%?sq}l%sa%gr boﬁa;t gnmsat ggsaand X

branched or cycli alk I haV| fr.oom
ey frgm i§f’c‘ Q%hremngoq 6 carbon atons; 1, mand n are 0 or

Z is an optional polyethyleneoxy unit of formula (OCH,CHy);,
wherein p is 0 or an integer from 2 to about 1000, or F1-E1-P-E2-F2 unit in
which E1 and E2 are the same or different and are C=0, O, or NRy4, wherein
Rys is H, a linear alkyl having from 1-6 carbon atoms, a branched or cyclic
alkyl having from 3 to 6 carbon atoms, a linear, branched or cyclic alkenyl or
alkynyl having from 2 to 6 carbon atoms; P is a peptide unit between 2 and 20
amino acids in length, wherein E1 or E2 can be linked to the peptide through
the terminal nitrogen, terminal carbon or through a side chain of one of the
amino acids of the peptide; and'Fl and F2 are the same or diff.erent and are an
optional polyethyleneoxy unit of formula (OCH,CHz),, wherein p is 0 or an
integer from 2 to about 1000, provided that when Z is not F1-E1-P-E2-F2, at
least one of Ry, Ry, R3, Ry, Rs, Rg, Ry, Rg, Ry, and Ryo is a charged substituent
or when g is 1, at least one of A, Ry, Ra, R3, R4, Rs, Rg, Ry, Ra, Ro,and Rjpisa
charged substituent.

[07] In another aspect, the present invention provides a cell-binding
ageﬁt-drug conjugate of formula (I), in which the cell-binding agent, CB, and
the drug, D, have reacted at the two ends of the charged or pro-charged cross

linker:



A is a phenyl or substituted phenyl, wherein the substituent is a |linear alkyl
having from1l to 6 carbon atons, or a branched or cyclic alkyl having from3
to 6 carbon atons, or a charged substituent selected from anions, such as but
not limted tweo 0003497 S03-. 0P032-, X-0P032-, P032- , »d?aB87Zo09/04cd62-, cati ons,
such as but not Iimted to, a nitrogen containing heterocycle, WRI IR 2R13 or
X-N+Rt ' RI AD, wherein X has the sane definition as above, and wherein g is O
or 1; Z is an optional polyethyl eneoxy unit of formula :
(OCH2C112) 13, wherein p is O or an integer from2 to about 1000, or El-E
-P-E2-F2 unit in which El and E2 are the sane or different and are C=0, 0, or
NR14, wherein Rl4 is H a linear kx% having from 1-6 carbon atons, a '
branched or cyclic alkyl havirng f to 6 cgbqrRatong, a linear, branched
or cyclic alkenyl or alkynyl onl?%to arboEf tonms; P is a peptide
unit between 2 and 20 ami T~ 7=\ or E2 can be linked to

the peptide through the terminal t in arhon or through a side
chain of one of the am no aci|ds tide; Rgnd AR aﬂuFZ are the sane or
different and are an optional-p J%mh eoxy unlt of % rmul a (OCH2CH2) p,

wherein pis 0 or an integer from2 to about 1000, provided that when Z is not
F1-E -P-E2-F2, at least one of R, R2, R3, R4, Rs, 126, R7, Rs, R9, and Rip
is a charged substituent or when énls 1, at least one of A, R, R2, R3, R4,

Rs, R6, R7, Rs, 11.9, and Rip is a charged substituent; Y
represents a caﬁ@@ﬁ?f, t hi oether, am de, disulfide, or hydrazone group; and q
represents an integer from1l to 20. 108]In a further aspect, the present

i nvention provi des aCBwegprdsérech ceiibindiigngénng agent of forrmula (111), in which
the cell-binding agent, CB, has reacted with the cross linker, which still has

Q a group capable of %&&g&aﬂgwgmt 3 (F Ut ChCAS bl 2thaEeLN the

substituents are as Hhe n an eve her aspect, the present

i nvention provi e gqhgylg LD hﬁz%@i&$ the drug, D, has
reacted with thgﬁg?t%é’s ﬁés{éé)% n gﬁﬁon y el( Y ,mg g(r)ourl) capabl e of reacting
with the cell-bijpdi.ng agent:

Ry, Ry, R3, Ry, Rs, Rg, Ry, Rg, Ry, and Ryg are the same or different and
are H, linear alkyl having from 1-6 carbon atoms, branched or cyclic alkyl
having from 3 to 6 carbon atoms, linear, branched or cyclic alkenyl or alkynyl
having from 2 to 6 carbon atoms, anions, such as but not limited to, SO3". X-
SO5". OPO;%, X-OPOs”, POs™, X-PO5*, COy), cations, such as but limited to,
a nitrogen containing heterocycle, N'RyR12Ry3 or X-N'RyRizRu3, or a

phenyl, wherein:

Ri1, Ri2 and Ry; are the same or different and are H, linear
alkyl having from 1 to 6 carbon atoms, branched or cyclic alkyl having from 3
to 6 carbon atoms and X represents pheny! or a linear alkyl having from 1 to 6

carbon atoms, or a branched or cyclic alkyl having from 3 to 6 carbon atoms;



(I'V) wherein the substituents are as defined above. [10] The present
invention further relates to a nethod of making a cell-binding agent drug
conjugate of formula (11), wherein the drug is linked to a cell-binding agent
via a char gedwoneopizaseharged |inker. [11] The present rawesadob/enzel so rel ates
to a nethod of nmaking a nodified cell-binding agent of formula (I11), wherein
the cell-binding agent is reacted wth the charged or pro-charged |inker.

[ 12] The present invention also relates to a nmethod of naking a nodified drug
of formula (I1V), wherein the drug is reacted with the charged or pro-charged

l'i nker. [13] The present |nvent|o i nc ition (e.g., a
phar maceuti cal conp03|t|$ﬁ?m%o 8s€%ﬁm€%§§3§§§§gngg derivatives thereof

(and/ or sol vates. hydrat oo anih9f o Sk hDRLGE bherdfitiubBlbiesla (2

pharmaceutically accepta gent invention also includes a

conposi tion (e. 8@8?211‘*()‘ agllggr eut, tgg mﬁ&’%&%&ﬁa%gnc %rgpgg,cﬁbagylconj ugates or

derivatives the solvates ates and/or” salts thereof) and a

her apeut - agerenriian e d el e R Bt {7ng abmor mal
cel | growth or tah%%st, L a8oR 08 unin%a %, 5wg. €500 §f6:2 R-GPOrRPIF, X2 9., human).

PO;>, CO,-, cations, such as but not limited to, a nitrogen containing

heterocycle, N*RyRppRy3 or X-N"R;i1R12R13, wherein X has the same

definition as above, and wherein 'g isOorl;

Z is an optional polyethyleneoxy unit of formula (OCH>CHy)y,

wherein p is 0 or an integer from 2 to about 1000, or F1-E1-P-E2-F2 unit in

which E1 and E2 are the same or different and are C=0, O, or NR14, wherein

RysisH, a linear alkyl having from 1-6 caErbon atoms, a branched or cyclic

alkyl having from 3 to 6 carbon atoms, a linear, branched or cyclic alkenyl or

alkynyl having from 2 to 6 carbon atoms; P is a peptide unit between 2 and 20

amino acids in length, wherein E1 or E2 can be linked to the peptide through

the terminal nitrogen, terminal carbon or through a side chain of one of the

amino acids of the peptide; and F1 and F2 are the same or different and are an

optional polyethyleneoxy unit of formula (OCH,CHy),, wherein p is 0 or an

integer from 2 to about 1000, provided that when Z is not F1-E1-P-E2-F2, at

least one of Ry, Ry, R3, Ry, Rs, R, Ry, Rs, Ry, and Ryp is a charged substituent

or when g is 1, at least one of A, Ry, Ry, R3, Ry, Ry, R§, R7, Rs, Rg, and Rypisa

charged substituent;



1141The present invention includes a nethod of inhibiting abnormal cell growth
or treating a proliferative disorder in a manmal (e.g., human) conpri sing
adm nistering to said marmal a therapeutically effective anount of the
conj ugat es orwdesoonmbirves t hereof, (and/ or sol vates andecaiseondzesieof) or a
conposition thereof, alone or in conmbination with a second therapeutic agent.
1151The conpounds of this invention, derivatives thereof, or conjugates
t hereof , and conpositions conprising them are useful for treating or
| essening the severity of disorders, such as, characterized by abnornmal growth
of cells (e.g., cancer). prggeneam?@i'tm&M%&OMﬁmda or conj ugat es of

1"

this invention include, but®are not ted to, treating osteoporosis,

depr essi on, anXl %&mmgkrgf @pﬁ t @n@ﬁgkpﬁmgygpﬂprla psychi atric disorders,
I CS nti

and pain or as I epl acterlals diuretics and hypotensi ves,

hypo'ipide”ics’é d anti jHen{a%5a0ks:; mﬁ?&%&xQﬁéQBhpﬁkﬁmsgﬁmﬁHEdDRAmVNGS

1161Figure 1 sh t he syntheS|s of sul fonic acid-containing cross- |inking

reagents that c t bPRYMSYHS) i WridhdRe SHIOMRIANbeR, CBARAI Ve carboxylic
acid ester. ryd?%@?%@ﬁ%ﬁ%?te esterg gfe first conve?%g% into dibronoal kanoat e

esters as shown, c&ii'“@mﬁe B ssCImME Wl ARt had Q€a Brolip @4PALIS WbSdattingent into a
sul foni c aci d. f Figure 2 shows the synthesis of sulfonic acid-containing

cross-1inking rgﬂg§ﬂ5§K&Q§gm§ontaln a pyridyldisulfide group and a reactive
carboxylic acid estef. [18] Figures 3, 4 and 5 show various routes for the
synt hesi s of charged cross-linking agents bearing a reactive carboxylic acid
ester and mal ei m do substltuent enabling |inkage via thioether bonds.

ol ]

Ry Ryp RsRg Ry

()

wherein the substituents are as defined above.
[09] In an even further aspect, the present invention provides a
modified drug of formula (IV), in which the drug, D, has reacted with the
cross linker, which still has Y°, a group capable of reacting with the cell-

binding agent:



[19] Figures 6 and 7 show the synthesis of phosphate-containing cross-Iinking
reagents that contain a pyridyldisulfide group and a reactive carboxylic acid
ester. poi Figure 8 shows the synthesis of phosphate-containing cross- |inking
reagents t hatwoasbadspyza ni tropyri dyl di sul ftde group ande@r/v@ebszye car boxylic
acid ester 1211Figures 9 and 10 show different routes for the synthesis of
phosphat e- cont ai ni ng charged cross-1inking agents bearing a reactive
carboxylic acid ester and a mal ei m do substituent, enabling |inkage via thio
et her bonds. 1221Figure 11 shows the synthesis of sulfonic acid-containing
cross-linking reagents, where the sulfonate substituent is attached to a
branched al kyl group. These reagents al so,be a pyridyldisulfide group and a
reactive carboxylic acid esté&y 7 8WD 200911349 PCT/ 1JS2009/ 042267 [23] Figure
12 shows the synthesis @f sul | C acjd-c i ni ngy cross-1inking reagents,
where the sul fonate substi g%anched al kyl group. These
reagents al so bear a reacti ter and a nmal ei m do group that

allows for linkage via th#@ [24k.FL$yre 13 shows the synthesis of

guartenary am ne-cont ai ni ki ng readen ¢ that contain a
pyridyl disulfide group and a reactive carboxylic acid ester.

av)

wherein the substituents are as defined above.
[10] The present invention further relates to a method of making a
cell-binding agent drug conjugate of formula (I), wherein the drug is linked to
a cell-binding agent via a charged or pro-charged linker.
[11] The present invention also relates to a method of making a
modified cell-binding agent of formula (IIT), wherein the cell-binding agent is
reacted with the charéed or pro-charged linker.
[12] The present invention also relates to a method of making a
modified drug of formula (IV), wherein the drug is reacted with the charged or
pro-charged linker.
[13] The present invention includes a composition (e.g., 2
pharmaceutical composition) comprising conjugates or derivatives thereof
(and/or solvates, hydrates and/or salts thereof) and a carrier (a
pharmaceutically acceptable carrier). The present invention also includes a
composition (e.g., a pharmaceutical composition) comprising conjugates or
derivatives thereof, (and/or solvates, hydrates and/or salts thereof) and a

carrier (a pharmaceutically acceptable carrier), further comprising a second
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[25] Figure 14 shows the synthesis of quartenary am ne cross-Ilinking agents
bearing a reactive carboxylic acid ester and nmal ei m do substituent, enabling

| i nkage via thioether bonds. [26] Figure 15 shows the synthesis of sulfonic
aci d- cont ai niyvpg20s/@as71 | nki ng reagents that contain a pyarwgdodoees’fi de group
and a reactive carboxylic acid ester. In these conpounds, the sulfonate
substituent is on the carbon atomon the position [3 to the carboxyl ester.
[27] Figure 16 shows the synthesis of phosphate-containing cross-Ilinking
reagents that contain a pyridyldisulfide group and a reactive carboxylic acid
ester. In these_conpounds he phos . j fhihSin@N the [3-position
relative to the™E%P ?&mﬁéﬁgpf mf%%%% ?Sﬁggék%%yﬁgghgﬁﬁQ19 show t he synthesis
of various sul fonic acid-containi.n = 1 pki g hat contain a
polyethyleneglyégpnfgﬁﬁﬂggﬁéfﬁ,agpgﬁg%a% uu%mﬁ#??ggﬁ??§§?§?éhlfide group and a
reactive carboxylic.acid ester. WD 20091134977PCT1US20091042267 [29] Figures
20 and 21 show H@mgynthesis of various sulfonic acid-containing cross-1linking

e e A oqPhaLn 2 ARk YRl eRRH HOGkes (R chAbBiingligRgat [ 1 0 mal el m do

group and a reacttfve carboxylic acid ester. Figure 22 shows the

synthesi s of phogphat e- cont.ai ni ne e perd Bt fumatper e the phosphate
y : P ?Fggwgl d)? %‘e&tﬁh Q?Hﬁf CIiQS Sindri i NRhakmBAYE R iy p p

substituent is & to a romati ¢ group. These reagents al so bear a

reactive carboxyli c.aci gﬂ%kgnﬁﬁﬁgggﬁf'gﬁigifﬂkah@@munnthat all ows for
| i nkage vi a disﬁP?Fﬁ%ﬁkgﬁﬁgééﬁf 1] Figure 232§hoxs)$he synt hesi s of

phosphat e- cont ai r | For sWREECanti RAtsERADPAL e substit uent
is attached to éﬂgggﬁ@%%%§§+¥§Fh§?%%p. These reagents al so gear a reactive
car boxyl 1 ¢ aci d b Abidbe okt B Chibihshoh e o giconpiiesapuiadgeanss for 11 nkage
via disul fide bonds. [32 Fi'gures 24 - 31 show the synthesis of
sul fonat e- cont ai [?g]ng CT 0SBl chifiduEs JreRgRMinEiod, Mativaiila sherdag,of por at e a hydr azi de
noi ety allow ng Tor |inkage via acid-labile bonds. [33] Figures 32 - 36 show
the synthesis of  phosRhad&rGad tehidkifignscoNpssitd thith,ag uselabfentativhat al so
i ncorporate a hydrazide noiety allowng for |inkage via acid-Iabile bonds.

or lessening the severity of disorders, such as, characterized by abnormal

growth of cells (e.g., cancer). Other applications for compounds or conjugates
of this invention include, but are not limited to, treating osteoporosis,
depression, anxiety, stress, phobias, panic, dysphoria, psychiatric disorders,
and pain or as antiepileptics, antibacterials, diuretics and hypotensives,

hypolipidemics, and anti-depressants.

BRIEF DESCRIPTION OF THE DRAWINGS

[16] Figure 1 shows the synthesis of sulfonic acid-containing cross-
linking reagents that contain a nitropyridyldisulfide group and a reactive

carboxylic acid ester. HydroxYalkanoate esters are first converted into

11



[341Fi gures 37 - 38 show the synthesis of quartenary am ne- containing
cross-1inking reagents that also incorporate a hydrazide noiety allow ng for
l'inkage via acid-labile bonds. [35]Figures 39 - 42 show the synthesis of
charged crossyd dodisipg7 r eagents that al so incorporate a nuolygsmsigsbenegl ycol
(PEG noiety. [ 36] Figures 43-44 show t he synthesis of phosphate-contai ni ng
cross-linking reagents, where the phosphate substituent is attached to an
aromatic residue or to an alkyl group. These reagents al so bear a reactive
carboxylic acid ester and a nitropyridyldithio group that allows for |inkage

via disul fide bonds. [37] Figures - 49 show t he synt I.s of charged
cross- | i nking a@f@‘i‘?f’gaq%’.él'f‘t[e%ﬁer? gsasi??‘i"?/gal?gf%ﬁﬁkfﬂniv%m%?%&e%tg 1Z)#n%and a halgoacet yl
substituent, enabling |inkage.via thioether bonds. [38] Figure 50 shows the
synthesis of a P gl MY hat woul d generate a negatively charged

car boxyl ate nmetabolite. [ ' i

F;ggsgﬁg gf ngn?SI:bg?I C2lnFii[gtg"(g?%}ig‘g‘%ﬁ&%ﬁy\aﬁfﬁg&gﬁlﬁﬁ%&gﬁé&%ﬁ%ﬁé%%’54-Ippggtrasggg. |t g ?he
‘negatively char 5%‘%“%5%6’?& Wg“togtl.a}{‘ea SR iRk lalh b e U0 bear S
acid ester.

[18] Figures 3, 4 and 5 show various routes for the synthesis of

charged cross-linking agents bearing a reactive carboxylic acid ester and

maleimido substituent, enabling linkage via thioether bonds.

[19] Figures 6 and 7 show the synthesis of phosphate-containing

cross-linking reagents that contain a pyridyldisulfide group and a reactive

carboxylic acid ester.

[20] Figure 8 shows the synthesis of phosphate-containing cross-

linking reagents that contain a nitropyridyldisulfide group and a reactive

carboxylic acid ester

[21] Figures 9 and 10 show different routes for the synthesis of

phosphate-containing charged cross-linking agents bearing a reactive

carboxylic acid ester and a maleimido substituent, enabling linkage via

thioether bonds.

[22] | Figure 11 shows the synthesis of sulfonic acid-containing

cross-linking reagents, where the sulfonate substituent is attached to a |

branched alkyl group. These reagents also bear a pyridyldisulfide group and a

reactive carboxylic acid ester.
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[40] Figure 52 shows the synthesis of a procharged |inker that woul d generate
a positively charged am ne-containing netabolite. [41] Figure 53 shows a
conjugate of a procharged linker to a drug and a nonocl onal anti body and how

t he conj ugat ewwashgisbe processed in the |ysosone of a taF@ehokBlbet O 0i Ve a
nmetabolite of the drug bearing a positively charged am ne. [42] Figure 54
shows the synthesis of a procharged |inker that woul d generate a charged
carboxyl ate netabolite. [43] Figure 55 shows a conjugate of linker 172 to a
drug and a nol ocl onal anti body and how t he conjugate woul d be processed in the

[yspsome of o LEget ol lidg 0.6, 0, TELAR0l L ecenia g e Orug bearing 2
agent - dr g con) SR IRBBAFIER MR U IREHCe FASr O B s 57(m). (B) and
S e ot e a8 3P B AP PRSE B R, 5 U 1 R
rosshi nker - 1avmegt BRadn e P 8 Bt VORRBREERC: na g agent - ar g
conj ugat es beqr i[ﬂﬁ a Charng%(rje 5's gv%sl thg sky%{hésis of quartenary amine-containing

cross-linking reagents that contain a pyridyldisulfide group and a reactive

carboxylic acid ester.

[25] Figure 14 shows the synthesis of quartenary amine cross-
linking agents bearing a reactive carboxylic acid ester and maleimido
substituent, enabling linkage via thioether bonds.

[26] Figure 15 shows the synthesis of sulfonic acid-containing
cross-linking reagents that contain a pyridyldisulfide group and a reactive
carboxylic acid ester. In these compounds, the sulfonate substituent is on the
carbon atom on the position P to the carboxyl ester.

27) Figure 16 shows the synthesis of phosphate-containing cross-
linking reagents that contain a pyridyldisulfide group and a reactive carboxylic
acid ester. In these compounds, the phosphate substituent is on the B—position
relative to the carboxyl ester.

[28] Figures 17, 18 and 19 show the synthesis of various sulfonic
acid-containing cross-linking reagents that contain a polyethyleneglycol
(PEG) chain, along with a nitropyridyldisulfide group and a reactive

carboxylic acid ester.
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[48] Figure 60 shows the cytotwdcity of Anti-CanAg (huC242) - sulfonate
l'i nker - mayt ansi noi d conjugates with increasing maytansinoids |oad (E:A) toward
COLO0205 cells. [49] Figure 61 shows the cytotoxicity of Anti-CanAg (huC242) -

sul f onat e Ii@%ﬁ%mgBMgansinoid conjugates w th increasi pgrAmMhgnRsisnoi ds | oad
(E:A) toward nmulti-drug resistant COLO205-MDR cells. WO

20091134977PCT/ US2009/ 042267 150] Fi gure 62 conpares cytotoxicity of Anti-CanAg
(huC242) - maytansinoid conjugates with or wthout sulfonate group in the
i nker toward rnulti-drug resistant COL0205- MDR cells. 1511Fi gure 63 conpares

the cytokodcity of Anti-EpCAl - i noi ' '
oo sl onadl oy PRSP ot B RR ISR oo
oyt ans 1ot Confue R RG Hbl iT haf GRRTPY e v
Ant i - EpCAM ( B3 89@)“’ along with a maeleirmdo érou and gye%&ivg%aﬁ%@g&ées{epe cytotoxicity of

[30] Figure 22 shows the synthesis of phosphate-containing cross-

linking reagents, where the phosphate substituent is attached to an aromatic

group. These reagents also bear a reactive carboxylic acid ester and a

nitropyridyldithio group that allows for linkage via disulfide bonds.

[31] Figure 23 shows the synthesis of phosphate-containing cross-

linking reagents, where the phosphate substituent is attached to a branched

alkyl group. These reagents also bear a reactive carboxylic acid ester and a

nitropyridyldithio group that allows for linkage via disulfide bonds.

[32] Figures 24 - 31 show the synthesis of sulfonate-containing

cross-linking reagents that also incorporate a hydrazide moiety allowing for

linkage via acid-labile bonds.

[33] Figures 32 - 36 show the synthesis of phosphate-containing

cross-linking reagents that also incorporate a hydrazide moiety allowing for

linkage via acid-labile bonds.

[34] Figures 37 - 38 show the synthesis of quartenary amine-

contéining cross-linking reagents that also incorporate a hydrazide moiety

allowing for linkage via acid-labile bonds.

[35] Figures 39 - 42 show the synthesis of charged cross-linking

reagents that also incorporate a polyethyleneglycol (PEG) moiety.
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mayt ansi noi d conjugates with or w thout sulfonate group in linker toward

mul ti-drug resistant COLO205- MDR cells. [541Figure 66 shows the in vivo
anti-tunor activity of anti-EpCAM anti body-mayt ansi noi d conjugates on COL0205
ncl r xenogr afw_gz(_(gg/mbwl dual tunors). 155]Figure 67 showsctiseoobm2ui7vo
anti-tunmor activity of anti-EpCAM anti body-maytansi noi d conjugates on COL0205
xenografts (individual tunmors). 1561Figures 68 - 70 show the methods of
synthesis of sulfonic acid- containing cross-linking reagents. These reagents
bear a reactive carboxylic acid ester and a nmal eim do group that allows for

| i nkage vi a thiogether bongds.. 009( 134977P 0 67 [57] Figure 71
shows Ehe ?ﬁt hod®! of syn Wfé@?éy\% éﬁﬂi‘ﬁ?%ﬂ%ﬁv Oﬁlﬁ#@?@'gﬁ%ﬁni ng[crLss-Igi nki ng
reagents. These re nts al so bear. a,reactive. ' id ester and a
pyri dyl di t hio gF’E?&Sglgrﬁ‘H’&tre%W%\)@engFe Hh?sﬁ%gt%éeu\é\%tgée%?gﬁ%ﬁdgg onds. [58] Figures
72(A) and (B) show Pl asga qphar cokineti,cs of hu tiv

g\ntl 3ody- Sul f o- REMAEE RS S DR B UGat e S Wi %%04%%“5?\%/% or 6.4 DW4/Ab
osed at 12.9 nyg/ nd.7. k oMo el i i Ih: Jqnce. A Ab
cgn_ce_nt rations n?ﬁﬁ%@'ﬁ? %Cdg %Sgergﬁ@%r@ryr %%}2“3&1? %o%nt ét%ﬁé‘isrﬂgﬂé&%e]\ﬁqegnaf ter

:dm 2: :HZE: 82 dlﬁsmﬁlxgggnﬁgm noid (DW4)/ Anti body (Ab) ratio versus tine after

1371 Figures 45-49 show the synthesis of charged cross-linking
agents bearing reactive carboxylic acid ester and a haloacetyl substituent,
enabling linkage via thioether bonds.

[38] Figure 50 shows the synthesis of a procharged linker that would
generate a negatively charged carboxylate metabolite.

[39] Figure 51 shows a conjugate of linker 158 to a drugand a
‘monoclonal antibody and how the conjugate would be processed 1n the
lysosome of a target cell to give a metabolite containing the drug bearing a
negatively charged carboxylate.

[40] Figure 52 shows the synthesis of a procharged linker that would
generate a positively charged amine-containing metabolite.

[41] Figure 53 shows a conjugate of a procharged linker to a drug
and a monoclonal antibody and how the conjugate would be processed in the
lysoéome of a target cell to give a metabolite of the drug bearing a positively
charged amine.

[42] Figure 54 shows the synthesis of a procharged linker that would

generate a charged carboxylate metabolite.
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[59] In Figures 1-71, where applicable, n reperesents O or an integer from1l
to 10, and mrepresents 0 or an integer from1 to 2000. DETAI LED DESCRI PTI ON
OF THE I NVENTION [60] The novel conjugates disclosed herein use charged or
pro- charged Gy@swmo/lsudikers. Exanpl es of sone suitabl e criggssshdodiuesss and their
synthesis are shown in Figures 1 to 10. Preferably, the charged or pro-charged
cross-linkers are those containing sul fonate, phosphate, carboxyl or

guat ernary am ne substituents that significantly increase the solubility of
the nodified cell-binding agent and the cell-bindi ng agent-drug conjugates,
especially for nonocl onal antibody-drug conjugates with 2 to 20 drugs/anti body
| i nked. Conjugates prepared fromlinkers containing a pro-charged noiety would
produce one or nore char%ed noi eti es afterfégg g9.&ug@t%mas nmet abolized in a
cell. Cross-1inkBls 161TiEHE SoyMFATLRUEH L E % S3UeE "char ged crosslinkers
of the present invention _are shown in Figure §-49. angﬁgtic routes to

produce | i nkersmpiockngpptitody Wik copiuede WP BERGHS TR ¥ ' yur es 50, 52, and 54.
eac

Figures 51, 53 and 55 show a c¢onj.ugate of. h. of .the r tive pro-charged
linkers with a &eR§maRse Eirﬁ’?b“r‘?@é‘i' %‘H‘g"l‘ O T tkﬁaocgvugtk}%gvgg;dconj ugat es woul d
be netabolized in a iar @%ve charged netabolites. The crosslinkers

) t cell to,
possess three-eP@P@W‘%?%iTm§%¥WE§?$ ent that is either charged or will becone
charged when co '?gates .I(@Q tgese %Hpk% Sl & B?QQLE&@d in cells. The
charge will be 2%&her an?%gw%, %ﬁk% %gwﬁu?aﬁ%é W%nlte 0> carboxyl at e,
sul fonate or phgosphate, or. cati.onic,. such e | phtgd, to, a tertiary,
quaternary, or g’f"{a}?ﬁﬁﬁéné?ﬁdﬁ)égatg ‘“%aﬁ?lﬁ?‘%ﬁ%%g’gﬁ%%ﬁh%& et elfggacycl e, b) a group,

such as a N—hydrgx¥SQ%§kninide ester, mal eimdo group, hal oacetyl group, and
hydr azi de, capalSPE2Ef ™ F¥action with a cel | -bi nding agent, and c) a group, such

as but not Iim't[ig% to, a 1&§%I55%§$@g%®%0%8ﬁ%%%wofcapd hydr azi de,

capabl e of reactidn with'a ug ged or pro-charged substituent can be

i ntroduced by P&ﬁ@n%fag&?%ﬁfﬁggxgg%a%ﬁf%Bch? arged BRkifker R ikighARAt € charge can be

i ntroduced by eat | ommerci al 'y avai | abl e hal oester conpound with
thioacetate to B[E&iduce 2 HRLO3ESLYL a£AMRYPllenc] ohd iigadaibitivayblat i on of the
r ide, to a su

t hi oacetyl group, "usi ng hydrogen per oxi onat e
cell-binding agent-drug conjugates bearing a charged c;osslinker.
47} Figure 59 shows the mass spectrum of cell-binding agent-drug
conjugates bearing a charged crosslinker.
[48] Figure 60 shows the cytotoxicity of Anti-CanAg (huC242) -
sulfonate linker-maytansinoid conjugates with increasing maytansinoids load
(E:A) toward COLO205 cells.
[49] Figure 61 shows the cytotoxicity of Anti-CanAg (huC242) -

sulfonate linker-maytansinoid conjugates with increasing maytansinoids load

' (E:A) toward multi-drug resistant COL0O205-MDR cells.
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group. Phosphate contai ning crosslinkers can be synthesized by nethods

descri bed herein. First the desired reactive group, such as but not limted
to, thiol, maleimde, haloacetyl and hydrazide, is introduced by the reactions
shown in Fi guwe3aowsilry foll owed by hydrol ysis of the phesipisateoesizer to give

t he charged crosslinker bearing a phosphate. A positively charged quaternary
am ne substituent can be introduced in the crosslinker by reaction of an am ne
wi th an oc, P-unsaturated ketone (see, for exanple, Figures 13 and 37).
Alternatively a charged am ne substituent can be introduced by displacenent of

a hal ogen with t[%ﬁ am ne %rulrgn(%gtc%%gﬁgsm. iof*ﬂmﬁlgwg%&@i@)pf choi ce.

1621Preferably, € Cross- ers-are conpggnds of the fornmula (1) bel ow

wherein Y repr %&%ﬁ?m@d é&ﬁjh%&&ﬂ%ﬂl orp iR sﬁlhﬁgtegﬁp L8R fifkaChiaa W th a

cel | - bi ndi ng agén represents unctional group that enables

| i nkage of a drug.vi I | §8)sNiPRegisher , thioester, peptide, hydrazone,
ester, ether, céggggg'gmg%ﬁtﬁé%e bg%d; : R, R, R3, It4, R5, 12.6,

R7,128, R9, and ,gl0 are tﬂ?%: A RnRhredint EREGALIATAnBEBCHM (B3Bgr al kyl having

from 1-6 carbon ‘atons, branched or cyclic al kyl having from3 to 6 carbon

atoms, |inear, 1 Qdniedted ith & WHaRY sulinaidlkonp ¥l ridkaMbwadf rom 2 to 6 carbon
atoms. ani ons. gflj%%ﬁggg%utm‘%ot ihted to sr'l(")ls"g!@(l S03-. OP032: X- 0P032-,

P032, X-P032-, Qffn.qnfdlsAfcoBUsisMPRRML not linited to, a nitrogen
contai ning heterocycle, N+1t11R12, R13 or X-Nltl 11t12R13 or a phenyl, wherein:

R12 and Ri 3 are [she same ﬁ%urggéféo?d’pﬁféﬁth@-@ﬁot@ii@it}l'bfArkif@@mtﬂgﬁll)-haVi ng from1 to
6 carbon atons, or branched or cyclic alkyl having from3 to 6 carbon atons

and X repr esent s,AReANbid Oénjiibatel WERbr WikHoM! sulféiategovpiOiAke: to@ard car bon atoms, or
a branched or cyclic alkyl "having from3 to 6 carbon atons; 1, mand n are O
or an integer frgmild dsistant HCT15¢cells. A is a phenyl or substituted phenyl,
wherein the substituent is a linear allcyl having from1 to 6 carbon atons, or
a branched or cyghj ¢ al kyFightaes agnpares fe3ytb@xiite off ABFEEIAMIES38d) - a char ged
substituent selected from

maytansinoid conjugates with or without sulfonate group in linker toward

multi-drug resistant COL0O205-MDR cells.

[54] Figure 66 shows the in vivo anti-tumor activity of anti-EpCAM
antibody-maytansinoid conjugates on COLO205 mdr xenografts (individual
tumors).

[35] Figure 67 shows the in vivo anti-tumor activity of anti-EpCAM
antibody-maytansinoid conjugates on COLO205 xenografts (individual

tumors).

[56] Figures 68 - 70 show the methods of synthesis of sulfonic acid-
containing cross-linking reagents. These reagents bear a reactive carboxylic

acid ester and a maleimido group that allows for linkage via thioether bonds.
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ani ons, such as but not limted to, 803-. X-S03". 0P032, X-0P032-, P032- ,
X-P032-, C2-, and cations, such as but not limted to, a nitrogen containing
het erocycle, N+Rii Ri 2R13 or X-N+Ri 'RIAD, wherein X has the sane definition as
above, and whgoedyigeirs O or 1; Z is an optional polyetigiesamoasagreani t of
formula (OCH2CH2) p, wherein p is 0 or an integer from2 to about 1000, or

FI -E1-P-E2-F2 unit in which EIl and E2 are the sane or different and are C=0,
0, or NRI4, wherein R4 is H a linear alkyl having from 1-6 carbon atons, a
branched or cyclic al kyl having from3 to 6 carbon atons, a |inear, branched
or cyclic alken or al kynyl having,fr ALOBineP 1S a peptide
unit between 2 i%% 20 an%ﬁ%“é@f §m%%3 %ﬁ% ﬁ?gﬁﬁg§§%ﬁﬁ%F o? E?ecan be linked to
the peptide through the term nal nitr IRk, Galh@n or through a side
chain of one ofc?ﬂ@nﬁ%ﬁﬁ§§5%bﬁ§a%ﬁﬁ%H@g%g%?%le?k%n aF%{cand F2 are the sane or
different and are, an..optional pol vat:hyl. bivs RF fi@sdvid a ( OCH2CH2) p,
wherein pis O 3?’rb%xﬁmlc n?%aséerra?&r)%é#lghg%ﬁ“gg@%%%%o,Sprovi %ed that when Z is not
F ‘E|‘P‘EZ‘F2,B%&3LE§%& one of RI, R, R3, Itt, 1ts, RIS> R7, R3, RO, and
Rio is a charged subs I'ttent or when gis 1, at least one of AL R, R2, RS,

RA, RS, 116, R7ysf0. RO, iifRila] Snd (B AALIPAUES phirkalikinids &2 Exampl es of

the functional ér up, Y, at enables Teaction with a cell-bindi ng agent

ol ude at ne 1 qa6b 4G AYENLArSMONIABLA 1AL chijildeeita thiyb0xy succ i de

esters, p-nitrophenyl esters, dinitrophenyl estérs, pentafluorophenyl esters;

thiol reactive aggnissusiods abilo APy kid?9 gt .M cspdhely sutildes,

nitropyridyldis mal ei m des, hal oacetates and carboxylic acid

chlori des. [64]mi'§e€aﬁpl,@§c&lfcex&éa€onéleﬁsis&@m+ FOIDUBs byBH WhinGh vasabl es | i nkage of
a cytotoxic drug, 1 nclude groups that enable |inkage via a disulfide,

t hi oet her, thi 0gg}ebser PRREAISRLNY 5. 2205 nsiBSH EDMAAEBHIRE @b) @dtioani de bond.
Such functional groups include, but are not Iimted to, thiol, disulfide,

am no, carboxy, @ldemwsstr .dBhBidtiodo, hal oacetyl, hydrazines, and hydroxy.
[ 65] Examples of linear alkyls include nethyl, ethyl, propyl, butyl, pentyl

and hexyl . Exanqll5§a]s of branshed 1071, Gl hplisdbley h Sepa@snB@ o3 at integercar bon at ons
i ncl ude isopropyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl,

cycl opropyl, cych@Rutyio, as kppedityd or an iukgesyfedno b x3000.

DETAILED DESCRIPTION OF THE INVENTION

[60] The novel conjugates disclosed herein use charged or pro-
charged cross-linkers. Examples of some suitable cross-linkers and their
synthesis are shown in Figures 1 to 10. Preferably, the charged or pro-charged
cross-linkers are those containing sulfonate, phosphate, carboxyl or quaternary
amine substituents that significantly increase the solubility of the modified
cell-binding agent and the cell-binding agent-drug conjugates, especially for
monoclonal antibody-drug conjugates with 2 to 20 drugs/antibody linked.

Conjugates prepared from linkers containing a pro-charged moiety would
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[ 66] Exanpl es of linear alkenyls having 2 to 6 carbon atons include_ethenyl,
propenyl, butenyl, pentenyl, hexenyl. Exanples of branched or cyclic al kenyls
having 2 to 6 carbon atons include isobutenyl, isopentenyl, 2-nethyl-1
-pentenyl , 2ywieiobwiao7r pentenyl . [67] Exanpl es of |i neagpr@kieyimigy having 2 to
6 carbon atons include ethynyl, propynyl, butynyl, pentynyl, hexynyl. Exanples
of branched or cyclic alkynyls having up to 6 carbon atons include
3-nmet hyl - 1-butynyl, 3- nethyl-I-penynyl, 4-nethyl-2-hexynyl. [681In preferred
enbodi ments, one of RI, R2, R3, R45 RO, R o is a charged substituent selected
from sul fonate, phosphate or trialkyla ni.um .and the st.are H 1, g and m
are each 0, n =PreducgpngRy mere Stl?‘aégeéwt?g%gbgﬁ&&ﬂ‘(‘gaff,ls eﬁg"gﬁf’q‘ﬁn&e substituent, a
mal ei m do, a hal gacetyl group, or a N-hydroxy succinimde ester. |In another
nore preferred @Hbodi ment, one of RI, R2, R3, Ra, R9, Riois a sulfonate, and
the rest are H, 1, and in are each 0, n=1, Qis a disulfide, maleimdo or
hal oacet yl nnie€¥¥&%ﬂﬁﬂy' is a maleimdo noiety or a N-hydroxy succininide
ester. In a furfher nore_pref i me

"Riois a sulfontk, and T éwwgékﬁgpgﬁggg%Feéﬁgﬁﬁ%ﬂg%ggagégwpb?’nRz’lsAb Fi’a
01 &2 N nyar oot et SRLEITR S &b T ol r opyr i dyl
Shown, for exanfes TR BH-yieed SRS B BOR bR rl 2L Bah R T bondi ng

the formia (1) be! bty 8rbuleissl Beh pEBE ARG R B 052 Peers ©f
Group | s shown. "fibp du ARE PRSI AR RnttoB o uckleal BhfA AU R [ (T B sulTenate
phosphat e gr oup FacAReC Y EH ol B3R AR Bbintl b BB L) MLt hesi s of

quat er nary amm ng; CankAAlde, MR 0RM GEPRSI:L R Sulla LOTMALE!) 1S shown, for

exanple, in Fig and e synthesis of polyethylene glycol-containing

charged cross | E&g(g%g?vhg{]cofnﬂ{gw Qnﬂ&ylnﬁﬁé:s‘e BQWre hQiboRiXAMPEMs. | N Figures 17

-21. The synthesis arged cross l'inkers of fornmula (1) bearing a hydrazide

moi ety enabl i nghd BAG%ilY bei6l HionfDiubiSastRNES linfeSB M boxfIRE, exanple, in
Figures 24-36. Cell-bi nding agent drug -conjugates ' :

sulfonate or phosphate, or cationic, such as but not limited to, a tertiary,

quaternary, or primary amine or a nitrogen-containing heterocycle, b) a group,
such as a N-hydroxysuccimimide ester, maleimido group, haloacetyl group,
and hydrazide, capable of reaction with a cell-binding agent, and c) a group,
such as but not limited to, a disulfide, maleimide, haloacetyl, and hydrazide,
capable of reaction with a drug. The charged or pro-charged substituent can
be inﬁoduced by methods described herein. For example, a sulfonate charge
can be introduced by first treating a commercially available haloester |
compound with thioacetate to produce a thioacetyl compound, followed by

oxidation of the thioacetyl group, using hydrogen peroxide, to a sulfonate
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I 1 Usi ng the charged or pro-charged crosslinkers a high nunber (>6) of drug

nol ecul es can be introduced. In non |imting exanples, Figure 57 exenplifies
that cell-binding agent-drug conjugates prepared using a charged crosslinker
of the presengghiyentizon di splay high potency. |In additremysbergot ency is
target selective (see, for exanple, Figure 58), since, even after |inkage of a
hi gh nunber of drug nol ecul es, the conjugate is highly potent towards target
cells, but much | ess potent towards non-target cells. As exenplified in Figure
59, mass spectral analysis denonstrates that the drugs are |inked covalently

to th | 1 - bi ndi t th d Th j t f
the present i nvéft oﬁ%a&ﬁteagnm?s%a% 5 o R SO o e
CB (LoD a, whet el Beled R bR 05 hen hbul B ﬁ{nﬁﬁ%ged or

pro-charged |in is an 1nteger from1l to 20.
Lrstbrerer oty e O T Bk B o))« el
e, D hg A0SRl Et B ofSed B hOREDEL of ADhRSHLELRERA 0o,y azone,

the charged crosslinker bearing a phosphate. A positively charged quaternary

amine substituent can be introduced in the crosslinker by reaction of an amine

with an o, B-unsaturated ketone (see, for example, Figures 13 and 37).

Alternatively a charged amine substituent can be introduced by displacement

of a halogen with the amine or nitrogen containing heterocycle of choice.

[62] Preferably, the cross-linkers are compounds of the formula (I)
below:
R; Rs R; Ry
Y' Z Q
1 \Ag o)
m
R9 RIO R5R6 Rl R2
@

wherein Y’ represents a functional group that enables reaction
with a cell-binding agent;
| Q represents a functional group that enables linkage of a drug
via a disulfide, thioether , thioester, peptide, hydrazone, ester, ether, carbamate

or amide bond;
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R, R2, 123, Ret, R5, R6, R7, R3, 149, and R10 are the same or different and
are H, linear alkyl having from 1-6 carbon atons, branched or cyclic al kyl
having from3 to 6 carbon atons, |inear, branched or cyclic al kenyl or al kynyl
havi ng from 2xybaud1agrbon at ons, ani ons, such as but noeclusmeed:dro, S03".
X-S03". 0P032-, X-0P032-, P032- , X-P032-, CO2-, cations, such as but not
limted to, a nitrogen containing heterocycle, N+Rl iftnRo or X-Niti 'Rl AD, or
a phenyl, wherein: R[1, R12 and R13 are sane or different and are H,
|l i near al kyl having from1 to 6 carbon atons, branched or cyclic al kyl having
from3 to 6 carbon atons_and rese |ner al kyl having from
1 to 6 carbon atons, or é{liﬁza%(bhég{g@’ Igbgf‘q{g m tg?/lsaﬁlge rom3 to 6 carbon
atons; 1, mand n_ are Q or nin er. from.1 t A is a phenyl or
substituted phedjfferent#nd s i Hoprs %&aﬂ“?lffg’ﬁtlé Qt’(mIa‘lx)]‘rllﬂg’abrramﬁ"ekyIr having from1 to

6 carbon atons, or a. branch r ic.alk 3to6carbon at ons,
or a charged sufs¥glicelfs av’é‘é?’@@t%tag h?ﬂ%?ﬂl neargﬁaf:l dOlr not linmted to,

imted to, aoﬁf%ﬁs%wéaﬁa%%ﬁﬁww?%é%@gw by e oLt 2 but_not
opt1 onal pol yet HFTEREGRE vhe D R ar i (BB b CHe sl p 75 0 or an
Same or di 11 er ertmA qEIEY S i gy %{%ﬁaﬁle NHERRR, TThear alkyl
having from 1- 6)?%1;]2&?12 t?’gasn%l}? db&l?e?e%e‘j or cyclic alkyl having from3 to 6

car bon at ons, or cyclic al kenyl or al kynyl having from2 to

6 carbon atons; P is a p%ﬁkéﬁmﬁﬁrﬁ‘iﬁpﬁg ﬂgﬁglgagrﬁ MReCi ds in | ength,

wherein El or E2 can be I'i e peptl rough the termnal nitrogen,

terrinal car bon g LREQUAN, ProY el B0 pf,mgaa@dafcymean@mm acids of the

pepti de; and Fl e sane or fferent and are an opti onal

pol yet hyl eneoxy [ okR {ggl;% h @f@h&apdm h&ify an integer from
2 to about 1000, ﬁl&g"?%i‘?ﬁfa}ﬁ when I'S %otewlzl -P—y%Z F2, at |east one of

Rl, R2, R3, R, {3 1R% cathn aBle, R brBld B Gclisallyl ﬁ@@ﬂglﬁﬂn $tth§t i tuent

carbon atoms;

1, m and n are 0 or an integer from 1 to 4;

A is a phenyl or substituted phenyl, wherein the substituent is a
linear alkyl having from 1 to 6 carbon atoms, or a branched or cyclic alkyl
having from 3 to 6 carbon atoms, or a charged substituent selected from
anions, such as but not limited to, SO3". X-SO5". OPO5%, X-0P0Os*, POs*, X-
P0O;%, CO,-, and cations, such as but not limited to, a nitrogen containing
heterécycle, N'R;;R 2R3 or X-N'Rj1R12R 13, wherein X has the same
definition as above, and wherein g is 0 or 1;

Z is an optional polyethyleneoxy unit of formula (OCH,CHa)p,

wherein p is 0 or an integer from 2 to about 1000, or F1-E1-P-E2-F2 unit in
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or when g is 1, at least one of A, R, R2, R3, R4, R51 R6, R7, Rs, R9, and R o

is a charged substituent; Y represents a carbonyl, thioether, am de,

di sul fide, or hydrazo e group; and q is an integer from1l to 20. [73] As

descri bed i n wBh@odabai | bel ow, the drug can be any of pEmys68md2be7n0l ecul e

drugs, including, but not limted to, maytansinoids, CC- 1065 anal ogs,

nor phol i nos, doxorubi cins, taxanes, cryptophycins, epothilones,

calicheam cins, auristatins, and pyrrol obenzodi azepine dinmers. [74] In

preferred enbodi nents, one of R, R2, R3, R4, RO, RIO 15 a charged substituent

sel ected from sul f te, phosphat e rboxyl ate_or~tr nium and the

rest are H, 1, &hﬁ&?ﬁ%ﬁgmgigﬁmﬁe 6rnd?§er?‘?mé a‘reséa&r%f gghséli(w(})ll ., a CC-1065

anal og or a pyrrpol.obenzodi ine dinmer. |n anoth ferred enbodi nent,

one of R, R2, %ﬁ‘sgi?ﬁ%fﬁ%?gavi%gigomngglc%%na%%,g’gﬁ%n{ﬁg&egrrcgé are H 1, g and m

are each 0, n = Dis_a ansi noi -1 .

pyrr ol obenzodi afé%}kf‘?éméiﬁﬁg’r%%l%ﬁ g%né\??[gs’ggclag’%%%lc}%g,%l%%llmg%%e%lﬁr or thioether

bond. In a further re eferr e ' : Rnd 33 R4, RO, RO
i il 1] E AR RyredE it pheey Fan

is a sul fonate, est "are re eac =1, and Qis a
mayt ansi noid, a _CC-1 . 0 . d enbodi nent,

when Z is an Fl-aﬁlqoﬁgﬁglnag'?g]ﬁhh%?rgélﬁgkg%@%g}%ziéﬁ%&gger%gﬁga;hﬁ%l:é?ferent and are
C=0 or NR14, wh in. | i i carbon atons, a
branched or cycﬁﬁe?e%%ﬂﬂﬁge\#ﬁg&ﬁlSé}n&%{??{réyéggg E&ghﬁ%%ﬂg&%&?s a peptide unit

bet woen 2 and 8 galie @6} s pdflad SO nd PRGN oMt GATb | | nked Lot he

peptide through the termnal "nitrogen, term nal carbon or through a side chain

of one of the am ' / INeI-N r 190 8Cdnd resi dues are

gl ycine (gly), %ﬁ%}aﬁ%‘”(a@?""@ﬁf?‘ﬁ% (] eﬂ%@ﬁgﬁg‘f’g@ﬁe@ o (glu), or Iysine
(l'ys), which Cﬁ%@ger%ﬁ%bQbo%{%oﬁ,gimi&a&namh&rz@wtfqtmlef-mwm, gly-gly-gly or
ala-leu-ala-leu, etc.); and FI and F2 are the sane or different and are an
optional polyet i f R @ Ul R, ROHPIRIZ) dbharpbesuBdtifuel 1S 0 or an

i nteger from 2 pgdsg%ggi(uligg’&%%’m%%% l?r‘bre pr efoerred enbodi ment, when Z is an
F 1 -El-P-E2-F2 yRijnkn g 51, Ahstode 81 8, RR, S8, RS, RAIK,f B Ry)ndRgisar e C=0 or NR14,
wherein R14 is Hor a linear alkyl having from 1-6 carbon atons, P is a
peptide unit betyeen stbafen® am no acids in Iength, wherein El or E2 can be

i nked to the peptide through the term nal nitrogen, term nal carbon or

t hrough a side chain of one of the am no acids of the peptide; and FI and F2
are the sane or

[63] Examples of the functional group, Y, that enables reaction
with a cell-binding agent include amine reacting agents such as but not limited
to N-hydroxysuccinmide esters, p-nitrophenyl esters, dinitrophenyl esters,
pentafluorophenyl esters; thiol reactive agents such as but not limited to
pyridyldisulfides, nitropyridyldisulfides, maleimides, haloacetates and
carbéxylic acid chlorides.

[64] Examples of the functional group, Q, which enables linkage of
a cytotoxic drug, include groups that enable linkage via a disulfide, thioether,

thioester, peptide, hydrazone, ester, carbamate, or amide bond. Such
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different and are an optional polyethyl eneoxy unit of formula (OCH2CH2) p,
wherein p is 0 or an integer from2 to 24. [77] Preferably, q, the nunber of
drugs bound to each cell-binding agent is 1-20, nore preferably 2-18, and even
nor e pref erabiyidedfdg77and nost preferably 2-10. [78] Toecaysthesize t he
conjugate, the cell-binding agent can be nodified with the crosslinkers of the
present invention to introduce reactive disulfide groups, naleimdo,

hal oacetyl or hydrazi de groups. Synthesis of the cell-binding agent-drug
conjugates |linked via disulfide bonds is achieved by a disulfide exchange

bet ween the disulfide bond.in.t nodi, f: | Jr Bl nel ent and a drug
containing a fr c‘f%?‘&f“’“@? %ﬁfﬁ}fle’ Egtr?f%ngﬁl%ﬁo t&fthél’, g‘é@?a{)%ﬁﬁgng agent - dr ug
conjugates linked, via i pet her. | i A ) i f the nal ei m do or

hal oacet yl nDdiF?gﬁyég%gyﬁ?ﬁﬁﬁ%ﬁmgﬁgﬁg&gﬁggggégﬁgﬁg%’?gﬁﬁing a free thio

group. Syt hesi el conj ugaLgs, PAALI NG AACAR ok pRydr gane |ink can be

achi eved by rea a onyl group W th the hydrazide noiety in the

| i nker, by nethqd i r $yRfic SXATR, Havmnn et al .,
Bi oConj ugat e Chgﬁ%}ggg&QX%%%ggﬁfgg ?Sgggfééggéa et gﬁg?eﬁéwbd Chem , 32;

548-555, 1959; gtoml-ﬁxﬁiauld% i:sh%'@}&gé,’secc-‘aﬂﬁ,qgobﬁ@ﬁ -tert~l_§.1¥};l, pu;’tgh ﬂi@@l, 1997) .

[ 791Al ternati vely, n be nodifi'red with the crosslinkers of the

present i nventi Qi gy gi ¥kiduBRd dib@shyliity@bndhor mul a (1Y) bear i ng a

functionality ca reacting wih a cell binding agent. For exanple a

thi ol - cont ai ni ”Qaﬁr Ug CafkyhfnlkE@tih&d atbdyly hatifs 2 RPg @fdn @fompr 0- char ged
crosslinker of fornula (1) bearing a malei ndo substituent at neutral pHin

aqueous buffer ti&_lmave%xegylsiﬁryﬁnﬂs)mﬂ, 86hidngl, hdkenys NBxe@RAbs bf Brikeeked/i @ a t hket her
link. A thiol-contaihg drug can undergo disulfide exchange with a charged
linker bearing a;pyidlhidistliiifg PRI dabboh Qo URlude ¥Btdnyloohteaylat t ached via a
di sul fide bond to the charged crosslinker. A drug bearing a hydroxyl group can
be reacted w th Bn&handrae, Phehaltagaraylcrossliriker bearing a hal ogen, in
the presence of a mld base, to give a nodified drug bearing an ether link A

hydroxyl group qgntai ni ngExdinygls sfanedalknicianbed tos tdba achasrigddecr ossl i nker of
formula (1) bearing a carboxyl group, in the presence of a dehydrating agent,
such as clicycl ofagxyll sasnor bty pedtgnylibeeyngin Bxsmples dfibraachedar ami no group
contai ning drug can simlarly undergo condensati on with a carboxyl group on
the charged or pyeliccllgngetavineansd 6 pdceim apdmsfindwdg|3emdthy)-1tbotygilvE an ani de bond.
[ 80] The conjugate nay be purified by standard bi ochem cal neans, such as gel
filtration on a haphadenydgd3-nmthybeprgomylyl 5300 col umm, adsorption
chromat ogr aphy, and ion exchange or by dialysis as previously described. In
some cases (e.g.[68ol k acildprafeted mmbydimenss, omadf R RegRHBe. Mok SBGF etc) the

cel | -bi nding agent-drug conjugates can be purified by chromatography such as
by HPLC, nedi um ¢gressmbsiteot ssiented from melfanete.apphsphase of ok dammenige.

and the rest are H, I, g and m are each 0,n=1, Q and Y’ are each
independently, a disulfide substituent, a maleimido, a haloacetyl group, or a
N-hydroxy succinimide ester. In another more preferred embodiment, one of
'Ry, Ry, Rs, Ry, Ro, Ryg is a sulfonate, and the rest are H, 1, g and m are each 0,
n= 1, Qis a disulfide, maleimido or haloacetyl moiety, and Y’ is a maleimido

moiety or a N-hydroxy succinimide ester. In a further more preferred
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Modi fied cell-binding agents 1811The cell-binding agent nodified by reaction
with crosslinkers of the present invention are preferably represented by the
formula (111) (111) wherein the substituents are as descri bed
above for thewohasgasiior pro-charged |inker and the celtciisabmgzeagent drug
conjugate. [82]In preferred enbodiments, one of R, R2, R3, R4, R9, RIO is a
charged substituent selected fromsulfonate, phosphate, carboxyl or

trial kyl ammonium and the rest are H 1, g and mare each 0, n =1, Qis a

di sul fi d_edsubstl tuent, a mal ei m do, hal oacetyl group, or a N hydroxy
succinimde ester, and Y is_thjoether m,de, or di fide. .ln another
preferred enbodierbostimensae pfRiRR2, R, ﬁmPﬁa‘,S“k@,‘atW%i ¥ ggﬁl "Onat e andr?[]g
rest are H 1, g and mare each 0, n =],  Qis a disylfide, mal eim"do or

hal ?aceud/l gi eypnd Bger opch & e, Qg ﬁBW}dY}élHJi“B@me?py&f@g‘Iﬂfl? #3%:'n a further nore
preferred enbodi nent, one of R, R2, ,. R4, RO, Ripis.a | fonate, and the
rest are gl, 1, myleipido ps hetaaceby pihy: apf L li?N@yfhé’k%s‘B?}PﬁnH‘%ﬁeafé'hi o or
nitropyridyldithio i ' ' [ [

dinitropyridyl containing cross-linkers of formulae (I) is shown, for example,
in Figures 1,2 and the synthesis of the corresponding 4-dithionitropyridyl and
4-dithio-dinitropyridy] containing cross-linkers of the formula (I) is shown, for
‘ example, in Figure 6. The synthesis of maleimido-containing charged cross
linkers of the formula () with a sulfonate group is shown, for example, in
Figures 3, 4 and 5. The synthesis of maleimido-containing charged cross
linkers of the formula (I) with a phosphate group is shown, for example, in
Figures 9 and 10. The synthesis of quaternary amine-containing charged
crosslinkers of formula (I) is shown, for example, in Figures 13 and 14. The
synthesis of polyethylene glycol-containing charged cross linkers of formula
(1) are shown, for example, in Figures 17 -21. The synthesis of charged cross
linkers of formula (I) bearing a hydrazide moiety enabling linkage via acid-

labile bonds is shown, for example, in Figures 24-36.

Cell-binding agent drug -conjugates

[70] Using the charged or pro-charged crosslinkers a high number
(>6) of drug molecules can be introduced. In non limiting examples, Figure
57 exemplifies that cell-binding agent-drug conjugates prepared using a

charged crosslinker of the present invention display high potency. In addition,
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[83] In a preferred enbodinent, when Zis an F 1 -El-P-E2-F2 unit, El and E2
are the sane or different and are 0=0 or NR14, wherein R14 is H a |linear

al kyl having from 1-6 carbon atons, a branched or cyclic al kyl having from3
to 6 carbon at@meyisd7ts a peptide unit between 2 and 8 ramiussosmei®s i n | engt h,
wherein El or E2 can be |linked to the peptide through the term nal nitrogen,
term nal carbon or through a side chain of one of the am no acids of the
pepti de, preferred am no acid residues are glycine (gly), alanine (ala),

| eucine (leu), glutamc acid (glu), or lysine (lys), which can be used in any

conbi nati on or @gﬁggrg%&ﬁé?e%g.g%vgg%é g‘l’%;“gn%e’ggﬁ"%g%yf’ﬁ% Axkgy, etc. ); and Fl

and F2 are the nd - are pol yethyl eneoxy unit of

f | 0CH2 i i i . bout 1000. 84
o o (0020 S el et BBl b0t 1000, (04
oo e same or b ST RS STl Apirela | 20 15 Hor o L1 e

' f ( pti unit betmeen 2 and 5 am no
acids in Iengtr%xgmgﬁeugF <26 s%%@n@ Eflodsh EEQE@QG t hrough t he

' &4m¢
term nal nitrogé€n,“termn cafE%n or t%?hﬁgﬁ a S|ﬁe chain of one of the am no
acids of the pepti.de; 2 S nbedidfigikent and are an
opt i onal poIyet%ﬁﬁgﬁggggﬂﬁﬁ*Fﬂ%%mﬁéwﬁﬁﬁéh%%&HZCHZ)%? wﬁerein pis 0 or an

integer from2 F’fli] 24. [ 8§Rlco ﬁgatgg)cqitﬁeipﬁégergﬁlvkﬁtgh@mlﬁgeﬁ&@xﬂgd15=‘yan be prepared by

reacting the cell=binding agent wth the arged crosslinkers by nmethods known

inthe art for G | LS e, t NS bind 7Bl , 5, 846, 545,
5, 585, 499 5,47@‘%3‘85’%?3%@%?%%, Bgfh(%’g%,@aﬁg 7y 5133?%%%? RV.J Chari et al.

Cancer ResearCha%@mge&%?’r%%ﬂtargédq%ér,B-isvadl'u fbR&dle, 84d @ik an &&fonRResear ch 55,
4079- 4084, 1995; J. Carlsson et al.. 173!%|ochen1 J. (1978) 723-737(1978);
Goff, D. A, Canrodd., S. F. 1 BioConjugate Chem 381-386 (1990); L. Delprino
et al. 82J. Pharm Sci. 506-512 (1993); S. Arpicco etal., 8 BioConjugate Chem
327-337 (1997)) y72f\dvant ageausy the baGaHEEnvbie GlIosHg e mgr oups are sol ubl e
in water or require only a small percentage of organic solvent to maintain
solubility in aqueous solution, the reaction between the cell-binding agent
and the cross-1linker can be conducted in aqueous solution. The cross-1inking
reagent is dissolved in aqueous buffer, optionally containing a small anount
(typically <10% by vol une) of a polar organic solvent that is mscible with
wat er, for exanple different al cohols, such as nethanol, ethanol, and
propanol , di methyl fornmam de, dinggg acetam de, or dinethylsul foxide at a

hi gh concentration, for exangle 1- $riv| andRhhenRgn appropriate aliquot is
added to the buffered aqueou | ut - bi Rqi

appropriate aliquot is an
cross-1inking groups per I{- bi
vol une to be added shoul d not| e pref & nyR; e and nost preferably
0-3 % of the volune of the cell=-Bi ent solution. e aqueous sol utions
for the cell-binding agents are buffered between pH 6 and 9, preferably
between 6.5 and 7.5 and can contain any non-nucl eophilic buffer salts useful
for these pH ranges. Typical buffers iqgpl ude phosphate, triethanol am ne. HCl,
RUES, and MOPS buffers, which can contain additional conmponents, such as
sucrose and salts, for_exanple, a.. Aft§r the addition the reaction is

i ncubated at a t"irdt Eﬁpéeg‘%‘fsaf‘i’z‘ A8 40 C, preferably at anbi ent
tenperature. The progress.of the reactio n . moni tored by measuring the
increase in the absorpti regfeseéf‘gsfaadr%?ﬁclb”rkegtﬁgg °§§$’5’§}§‘FS§?’¥§¥% wavel ength. After
the reaction is gcomplete, . isolation o e modifie - bj ndi ng agent can be
performed in a r‘ﬁﬂ‘ﬁ%ﬁgh\ﬂgf}?“ tﬁls?fesrt]eé" BB eéé?’grnaﬁ?nee’ %Sgelr’ %"%ﬁ%ﬁ’%ﬁ%m omat ogr aphy,
or adsorptive cq;ogatography 1861The extent of nodification can be assessed by
neasuring the °°%% - |

ly [L-5 groups, and the
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absor bance of the nitropyridine thione, dinitropyridine dithione,

car boxam dopyri di ne dithione or dicarboxam dopyridi ne dithione group rel eased.
In a non limting exanple, Figure 56 shows the results fromthe nodification
of the cell - kigthngsagent, the C242 anti body, w th a swcrasabeeersoss| i nker of
the present invention. The tinme course of |inker/antibody (L/A) incorporation
is shown, for exanple, along with the drugs/antibody (DA |inked. The charged
or pro-charged crosslinkers described herein have diverse functional groups
that can react with any cell-binding agent that possesses a suitable

substituent. For exanple_cell_-hinging ngs _bearin n j no or hydroxyl
substituent can react w th ﬁ%gé%ﬁﬁ%éﬁgggbg%i‘gﬁﬁﬁﬁ%ﬁhgaggiysuccininide ester
cel | -bi ndi ng agents beari .a thi substituent c i.f h crosslinkers
bearing a na|eiWﬁ@amﬁpgﬁaEgQE@{Qkﬂb?%ﬁﬁi“%ﬁﬁfﬁ%%h§9P§?gﬁéeﬁ@ i ndi ng agents
bearing a carbonyl, s ti.tuent .can react with ' S bearing a

hydr azi de. One @%Lfﬂggi?ﬁn% %naﬁfggﬁ(mfégﬁﬂﬁ§mﬁ§%§%%4%g§§%ich crosslinker to

~use based on the _known reacti.vi f th vali e f [ group on the
cel | - bi ndi ng agé%?pf?g*?ngﬁﬁggg%%RQF%Eg@%ﬁfngkgg%ggﬁﬁgﬁébgﬁgége (for exanpl e,

conpound 214, Fi.gure 71). b j 7 r gaCt gdppizt bi ndi ng agent in
aqﬂgous buf f er Q&ﬂﬁﬁﬁﬁﬁ%bgﬁg%H%ggéﬁggé?égp??6ﬁé?f?gé%ﬂ?ﬁ%ﬁ%ﬁb an organ?c
cosol vent (such a to 20% di ceat.m rovi de a

modi fied cell bis?fgia?]%utgﬁéﬁl e@?ﬁ??‘%é&%°§§%’?“P?§%‘%ﬁ§?%§¢§k%%9?ﬁi ol group. The

thi ol group of é@ﬁgﬁ§$thgpgﬁgﬁwggﬁggmpan be reacted with a cytotoxic drug

bearing either oacetam do or an active disulfide (exanple

pyridyl di dno, nitropyridyl dithi LU e bOi RGO LAlEaraHCRRU@at €. The conj ugate
can be purified by the ne‘ﬁgﬂ£h§§§€%%3e8 above, | 88] Alternatively,

crosslinkers begri. b L r g akyi naGine &bAN th for exanpl e,
conpound 216, F%ﬁﬁ@%ﬁﬁﬁ?gi%%&‘@aﬁﬁgégﬁﬁgggﬁgﬁ{ed &Ath g cel |l bindi ng agent
(for exanple, t%%fﬁ?ihghéa%d')&’x%' 16 RTFhERN Qa0 afk9! Haing @6MAR0 8 pOSi tive charge
and an active disultide. Reaction with a thiol containing cytotoxic drug as
described above Gap, REAY FSbanhONbigalRIGBRNINR ot POSickdumeatohgr ge.  Modi fi ed
Cyt ot oxi ¢ Drugs F%Q? The cytotoxic drugs nodified by reaction with
crosslinkers of the presan shdwy£&8bioPih iafeger Blogf I6pabl y represented by the
formula (1V): (W ’

A is a phenyl or substituted phenyl, wherein the substituent isa
linear alkyl having from 1 to 6 carbon atoms, or a branched or cyclic alkyl
having from 3 to 6 carbon atoms, or a charged substituent selected from
anions, such as but not limited to, SO5”. X-SO5". OPO;”, X-OP05*, PO;”, X-
PO5%, CO,, cations, such as but not limited to, a nitrogen containing
heterocycle, N'R;jR12R 3 or X-N'RjRy2R3, wherein X has the séme
deﬁﬁjtion as above, and wherein g is 0 or 1;

Z is an optional polyethylencoxy unit of formula (OCH}_CH;),,,
wherein p is 0 or an integer from 2 to about 1000, or F1-E1-P-E2-F2 unit in

which E1 and E2 are the same or different and are C=0, O, or NR14, wherein
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wherein the substituents are as described above for the charged or pro-charged
| i nker and the cell-binding agent drug conjugate. [90] In preferred

enbodi ments, one of RI, R2, R3, IR 4, RO, RIOis a charged substituent

sel ect ed fronwsubdasnatre, phosphate, carboxyl or triall cytensrendiosnd’ and t he
rest are H 1, g and mare each O, n =1, and Y is a disulfide substituent, a
mal ei m do, hal oacetyl group, or a N hydroxy succinimde ester. In another nore
preferred enbodi nent, one of Itl, R2, R3, R4, RO, Riois a sulfonate, and the
rest are H 1, g and mare each O, n =1, and Y is a maleimdo noiety or a

N- hydr oxy succinjm ster, -bn. | L ekGiH-89: &aodi ment, one of
R, R, R31 R4, %,Sg%‘%elarsangléﬂ 11%)%%?3!3%%%5@%%3% est are &H’ 1, g and mare

each 0, n =1, apd, Y .is a ic alRM61

2009/ 134977PCT/ @gfgb%%i@yg%%ﬁg@?ﬁ?{%ﬁ%g%?%’?{%ghﬁgﬂﬁﬁ’ﬁ??ren “when Z is an F |
-El -P-E2-F2 unit, El . an e X ] il 2ah@20C=0 or NR14,
wherein R14 is I—al,lkygyllhlg‘ﬁgei%}r;:&ré?%/?L%%&?ﬁoggffg%qﬁ,%ﬁgg%%n atons, a branched or

cyclic alkyl having f QR ERLAIG linked t5 11 pBRidk iredughini t bet ween 2
and 8 am no acids |nac{dgﬁnglg s ’V\w%gr%%i n El or E21 cean beplaiﬁnked to the peptide

through the term Al Ny er 5110 GRHRAN e chdih s@bofthsi de chain of one
{B&é@%?:ﬂtl h]éu%g%btenﬁlﬁél ThB& or ec 0

of the am no ac tide, preferred amno acid residues are glycine

(gly), alanine ( 'Rc)acids%i"ﬁxkg%ﬁﬁé;%ﬁm Hao AR (Be ARk O digibret an®ire by si ne (1ys),

whi ch can be used I n any conbination or any order (e.g., gly-gly-gly or

al a-1eu-al a-1eu, ,8h64 Jol é'i!ﬁ}‘i’e Elxyaif of Brrdli £ 018 o BrIRteind) it Der #nt and are an
opti onal polyet h‘i}’l ene%&}f/ unint ng f8r mul a %OCHZCl 2)p, wherein pis 0 or an

integer from 2 tg,.abeuh 210%but 10082 rovifledahdihen DIsebeF IFEIPE2iRAditTENt , When Z is
an F 1 -El-P-E2-F2 unit, El and E2 are the same or different and are C=0 or

NR14, wherein Rigad sneldf Y, 18, Ry RERE, ) Hoy R, RG\Gh@Bofig Debarpedsubsiitizan atoms, P is a
peptide unit between 2 and 5 amno acids in |length, wherein El or E2 can be

linked to the peptjidegtr, auelht dnaor e RIRA, Ri, Rs,FGERY, Ri, 8s,mdBlo icar bon or

t hrough a side chain of one of the am no acids of the peptide; and FI and F2
are the sane or diftespmiand are an optional polyethyl eneoxy unit of fornula
(OCH2CH2) p, wherein p is 0 or an integer from2 to 24. [93] The nodified
drugs can be prepared by wveggéskmga tdieongl thipethiet, amidhalisuifigssiri nkers of the
present invention to givé a nodified drug of fornula (1V) bearing a
functional ity capaidzencdroupeacitd iven infepdr fimmcetol20bi ndi ng agent. For exanple a

t hi ol -contai ning drug can be reacted with the charged or pro-charged
crosslinker of fgspula (| Asdearbedin mowakbieil hdow.disbdres capdbpnyaf nYt ral pH in
aqueous buffer to give a drug connected to the charged or pro-charged |inker
via a thioet her. sthilhkoledul¢ ings, incbwdingi vy noly lingited e, roayehasipRidsl CScl0P de exchange
with a charged or pro-charged |linker bearing a pyrdiyldithio noiety to give a
nodi fi ed drug at taeddesd meipholinodi dordkibifinsh drrdngse rIPEOPEFFAISgSBOBIONEY o- char ged
crosslinker. A drug bearing a hydroxyl group can be reacted with a charged
crossl i nker bear calighamiratsogeintatinspandperrelpeseqdiasenige dmsf| d base, to give a
modi fied drug bearing an ether |ink. A hydroxyl group containing drug can be
condensed with alZ#har ged émms@ﬂ?%ﬂdmenﬁs(ﬁnﬁﬂ%[%h%P’)R%b%ﬂa?*?’ﬁg’l%lacar boxyl group,
in the presence of a dehydrating agent, such as dicycl ohexyl carbodi m de, to
give an ester |i ehargedmubstiuens seecddtosbimianats, ﬁ@’sﬂbaEFgcaéba‘}’fy]éfer?%/l arly under go
condensation with a carboxyl group on the charged %r Er_q-@har ged crosslinker
of formula (1) t driadiasmgnivemaekthp gadre Hrles tRddn freserbdr g 'cdf e purified by

st andard net hods such as col um chromat ography over .silica _gel or alum na,
crystal | i zati on, npyEpsroid. 8/GF-108P Angloges @ PERRlORFRWFEnAM o I exchange

chromat ography or HPLC. Cel |l -bi ndi ng Agents [QA&TR‘Ie ce] | - bi ndi ng agent that
conpri ses the competbrmese ppfgredobodiment, one of Ry, Ry, R3, Ra, Ro, Rigis 2
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nodi fied cell-binding agents of the present invention may be of any kind
presently known, or that beconme known, and includes peptides and non-pepti des.
The cel | -bi ndi ng agent nmay be any conmpound that can bind a cell, either in a
specific or nep.&PeRéFi c manner. Generally, these can becanbichedies

(especi ally nonocl onal anti bodi es and anti body fragnents), adnectins (US

Publ i cati on No.: 20070082365), interferons, |ynphokines, hornones, growth
factors, vitamns, nutrient-transport nol ecules (such as transferrin), or any
ot her cell-binding nolecule or substance. [95]Were the cell-binding agent is
an anti body (for exanple, a murine, human humani_ﬁeg,, resurf.acgd or a chineric
or any ot her antulfsods arhbasestase Bnle 81 B Rieepel 1 Fe 3 F ¥ Y nds to an
antigen that is a polypeptide and nmay. be a fransmenbrane l ecule (e.qg.
receptor) or a KCg 8a@%wfa§yr§’1‘§%°%9ﬁze@%pﬁ?9r%§%§ﬁ%a§?ﬂf{§ﬁ)ti gens i ncl ude

mol ecul es such as renin; a growh hqgrnone, ineﬁl uegi n? human ‘grfowth hor none and
bovi ne growt h hérersiee or iosthenbopd r A Ethe s ST § mg’gﬁ? hyroi d hor none;

thyroid stinmulating hornone; |ipoproteins; alpha-|-an i tr in; insulin
A-chain; insul i Rl:égc%Rﬂ;Rﬁ’ﬁ?‘l@}Sﬁ%lEqnﬁtF’ *\"gﬁeir%sf 5@3’;1’&31‘ ’f’iaﬁygegﬁlodrjrmne;

v, factor |, s S iACrRIntR Cnd0R) YR T ST HRds {actor anti- ol ot ting
factors such as Protein C, atrial natriuretic factq,q,d factant; a

pl asmi nogen actil{®tor, sdRA péeger{?flSiZ‘iﬁﬁég‘gmefmr‘n‘uimlasnanE{lTEr%eﬁjgg'F?iwélgue-type

pl asm nogen acti vat t - PA) . bonbesin: .thronbi N e Leti rowt h factor;
tunor necrosis f%@gﬁz%eﬁﬁ%g%ar %ﬁeﬁt;@gr%fe%g?ﬁ%gé% 'ﬁé‘&(}?’egul ated on

ot 1 amat ory. pr GUEHH JERk g ARG o Honl SR or QUTHRERER IO

al bumi n; Miel lerjanzinhibiting sybs - ' . o akigd &xi N B-chai n;
prorel axin; mus@nb%%?aéc]ﬁa?‘?%‘palt%éssgésc% %&g‘% ‘b‘gtg‘%el ggzgr&n‘l@gllrn%giaall protein, such as

beta-| actamse: hAsci, I.aF1 B £Y LAY ATl MINRARKUGoARSACIALAR ant | gen

t
(CTLA), such as in; activin; vascular endothelial growth factor

(VEGF); receptors for h an]]ggagtfon% ﬂﬁ&%\é&%&i&%ﬁéﬁ@&@dneB?%%moaci% ofD; rheunat oi d

factors; a neur tfcgp ic suc e-derived neurotrophic factor

(BDNF), neur ot rqg{:ipggstﬁﬁ dﬁ__réfige_’:dsgfxﬁfy achl fediies ’aré\gﬁeiné\la—%'l]y@; aleind\(: or a nerve

ald))
growth factor suc atel et-derived growh factor (EI%DGF);
fi brobl ast grovvtﬂgucgr?ecdegg,og@e%grl%éidggggoamm%@_@gf wARh @8 BRbscdrowkh factor (EGR);

transformng gromh fac as T pha and TOP-beta, i ncluding
TG--131, TG--13 i ) ere.e. -gl oradRleulalSlel, fd)] inl €1 gidowt h fact or - |
and -11 (1GF-I ?ﬁﬁ‘gﬁgd&ﬁ)a?grgg?%-gég?lggf (brain IGF-I))J, i nsulin-like growh
factor binding PEOLRINS sarkd GAMFeRB andkl3n dPBMA pOSEAyledIG! unibC16, STEM  CEA,
TENB2, EphA receptors, EphB receptors, folate receptor, nesothelin, cripto,

al phaybet a6, intﬁ%&l@@g%@%}p,»ﬁ%iﬁo@s:sm@éﬂﬁmmammoom RTA1, |RTA2,

| RTA3, | RTA4, | RTA5; proteins such as CD2, CD3, CD4, CD5, CD6, CD8, CD11,
CD14 ’ CDl 9 ’ 032 0[76FD2 1 ’ mmo%ﬂMOdlﬁaaﬁw}lmg ,al &ED%ID-,P-EIBB y CD3 6 y CD3 7 y
CD38, CD40, CD44, CD52, CD55, CDb6, CD59, CDro, CD79, CD80, CD81, CD103,
CD105, CD134, CDl3/E1 GhilBBare @GR1be of difftresrahd Bedy~OnriNil 4bwhalen tRys one or nore
tunor-associ ated antigens or cell- surface receptors disclosed in US

Publ i cati on No. 20080 k71R40aRyl RdSing Ritah ileatdrom adoms, FOBSHJEHd4 4uiand ar e
incorporated in their entirety by reference; erythropoietin; osteoinductive
factors; i mMmunot petivesd;2 sad BeRtnoaRide hogegietvtersdr Bl ei B2 @BMP)inkedto that er f er on, such
as interferon-al pha, -beta, and -gamma; colony stinmulating factors (CSFs),
e.g., MCSF, G\ gShide arshgbtieHrmitahnieoden teinisal C4rber) or troggh, a sidechaino | L- 10;
super oxi de di snutase; 1l-cell receptors; surface nenbrane proteins; decay
accel erating facbpboe ¥ thalaminet dcsrof shie heptid; dndrFlesndridl e the poetdron of the HD/
envel ope; transport proteins; hom ng receptors; addressins; regulatory
proteins; integrins, such as CD 11 a, CDl1lb, CDl11lc, CD18, an | CAM VLA-4,
EpCAM and VCAM a tunor associ ated antigen such as HER2, HER3 or HER4
receptor; and fragnents of any of the above-listed pol ypepti des.
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196] Preferred antigens for antibodi es enconpassed by the present invention
al so include CD proteins, such as CD3, CM, CD8, CD19, CD20, CD34, and CD46;
menbers of the ErbB receptor famly, such as the EGF receptor, HER2, HER3 or
HER4 recept ofyo SR 1se@sihesi on nol ecul es, such as LFA-1, ddamiszoofds248795, VLA-4,
| CAM 1, VCAM EpCAM al phail beta7 integrin, and al pha v/beta3 integrin

i ncluding either al pha or beta subunits thereof (e.g. anti-CDlla, anti-CD 18
or anti-CDll b antibodies); growth factors, such as VEG-, tissue factor (IF);
TOF-j3.; alpha interferon (al phal FN); an interleukin, such as I1L-8; IgE;, blood
group antigens Apo2, death receptor; flk2/flt3 receptor, nty (0B)
receptor; npl rdideispiormd acerpmoptions) Rofysthylepeogy unit ﬁfg(fng’}ﬂra égcg[ﬁ bdi es that can
be used are antibodies to CD2, éic;%d CD5, CDhe, CD1lI, CD19, CD20, CD22,
CD26, CD30, CD3Whereipg?s O exsadnieaspiiem 2¢bafh. CDS6, CD79, CD105, CD138, EphA

receptors (e.g., EphA2 receptor), EphB re tors,. . E EER 11, HER2, HERS,
trastuzunab, peﬁ7ll|zumab‘Rffg%ﬁi%lqith?g‘ﬁ‘%eb?fgfg%%ﬁlﬁig\} é%ég%e,nl_:?%%gri ns, VEGF,

VEGFR, folate receptor (for exanpl FOLRL tra i tor, GD3, EpCAM
or an anti body W&® ﬁlt?lOn‘B%reP@¥%%%}8’ﬁB e iﬁlr?{)er@%%é@g?ét@’e%ggﬁ?i gens or

cell-surface receptors %scl osed in US Publication No. 20080171040 or US
Publ i cati on No. PERBH5H44 and are incorporated in their entirety by

reference. [97] Additional . ex | es of .cellsbindi. at can be used

i nclude: -resurfiied ant i%&?ﬁ‘?%lzfaeé?m%%teétr}ﬂ@ k%g&ﬂ(gn%%g&%%ﬁé‘l o
huNyo- 6. huBs,  TRREHES MR ROD T Res ol el i OB B T st Lzummb
pertuzumab, bivatuzutnab, Sibrotu ’ : i L], R b : U.S. Patent
Ros. 5. 039, 641, siEdsBRa. Ryl BRI ARIrEsIHOTR SBRRs 0T L Lol i cat on

No. 60/424,332, |npternati : LiG aldl Bhdfevd@idya U. S. Pat ent
Publ i cati on Nuﬁgﬁ'L?%66§§E%%?%S@?%%1% Q{I:S’B%F?%égtdip%ﬁ NUNDEr 20060127407,

U S Patent Publigild e SOL A8 3nd RAREHSRecbbinding 1994) J. Mot
Bi ol . 235, 959- 97‘13511%1’!5388%% e?tkg%&? @1994) E’rgceedi nés of the National Acadeny

of Sciences, Vol ; i Boe 0] REB SOhhés of tHeREICBAdihVest ., 19: 49-56
(2001), Hei der eﬁgg’%f?“f%ﬁg@%‘ﬁ ncer, B S, (1995), VeIt et al., J.

(Qligg-?))o"co' A 12,06k 40 b2 AButds 1AR4)via BIOEMAY RBRYedHy rédetion dBigRod, 90: 2188- 2195
, and- - - '

maleimido or haloacetyl modified cell-binding agent and a drug containing a
free thiol group. Synthesis of conjugates bearing an acid labile hydrazone link
can be achieved by reaction of a carbonyl group with the hydrazide moiety in
the linker, by methods known in the art (see, for example, P. Hamann et al.,
BioConjugate Chem., 13; 40-46, 2002; B. Laguzza et al., J.Med. Chem., 32;
548-555, 1959; P. Trail et al., Cancer Res., 57; 100-105, 1997).

[79] | Alternatively, the drug can be modified with the crosslinkers of
the present invention to give a modified drug of formula (IV) bearing a
functionality capable of reacting with a cell binding agent. For example a

thiol-containing drug can be reacted with the charged or pro-charged
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-epi tope-binding fragnents of antibodies such as sFv,

Fab, Fab',

and F(ab')2

(Parham J. Immunol. 131:2895-2902 (1983); Spring eta!, Inrnunol. 113:470-478
(1974); N sonoff et al, Arch. Biochern. Biophys. 89:230-244 (1960)).
Addltlonal celwb-fwasibiag agents i nclude ot her cell-bindi pgrpsobeine and

pol ypeptides exenplified by, but not limted to: - Ankyrin repeat proteins
(DARPi ns; Zahnd et al., J. Biol. Chem, 281, 46,35167-35175, (2006); Binz,

H K., Anstutz,

P. & Plucicthun, A (2005) Nature Biotechnol ogy,

23, 1257-1268)

or ankyrin-like repeats proteins or synthetic peptides described, for exanple,

in US. Patent Publication Nu r .20070238667: .U. S., Pat .No. 7 X
VWO 2007/ 147213: CWlM?fWQB@? gea“P%?%‘?lF‘81%8ﬁ‘éBSE“é‘.e‘§?t%6}%‘%%{ “y?; i;%hgzﬁhegnd

such as | L-2,

IL-3, 1L-4,

| |-6; h . i i
(t hyr _o'([j r (r)]pi n relPesSTRYTRGP s adue cﬂgﬁc%‘}r@Iﬂ%?ncg%r%%‘{eﬁ?rg%svr%%%eﬁgr Ih(r;?lrjrl)lng) , T
Z_ts e][ g: ic g_(r: rg?eslmk.sx%gol?c%nt%g r&gag\%grﬁu:ggrg? g@&lﬁgege%@%%lge with a}s %hlarr%ﬁ(? ati

such as POP, T

S an

ony-

vitam ns such
ng factors

disulfide bond to the charged crosslinker. A drug bearing a hydroxyl group
can be reacted with a charged or pro-charged crosslinker beaﬁng a halogen, in
the presence of a mild base, to give a modified drug bearing an ether link. A
hydroxyl group containing drug can be condensed with a charged crosslinker
of formula (I) bearing a carboxyl group, in the presence of a dehydrating
agent, such as dicyclohexylcarbodimide, to give an ester link. An amino
group containing drug can similarly undergo condensation with a carboxyl
group on the charged or pro-charged crosslinker of formula (I) to give an
amide bond.

[80] The conjugate may be purified by standard biochemical means,
such as gel filtration on a Sephadex G25 or Sephacryl S300 column,
adsorption chromatography, and ion exchange or by dialysis as previously
described. In some cases (e.g. folic acid, melanocyte stimulating hormone,
EGF etc) the cell-binding agent-drug conjugates can be purified by

chromatography such as by HPLC, medjum pressure column chromatography

- or ion exchange.
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-transferrin (O Keefe et al, J. Biol. Chem 260:932-937 (1985)).

[ 98] Mbnocl onal anti body techniques allow for the production of specific

cell -binding agents in the form of nonoclonal antibodies. Particularly well
known i n the vags boosf3go7v echni ques for creating nonocl onalp@aniskdogeiress produced by
i mruni zing mce, rats, hansters or any other mammal with the antigen of
interest such as the intact target cell, antigens isolated fromthe target
cell, whole virus, attenuated whole virus, and viral proteins such as viral
coat proteins. Sensitized human cells can al so be used. Another method of
creating nonocl | ntk odies is the use of phage |ibraries of sFy (single
chain variabl e 1 |y human sFy (see, e.g., Giffiths et al,

U S. Patent No. [$] 885, 793heW%ﬂd@ﬁgyﬂtmwdﬂedbm@@ﬁmtbm%sshalmb Limng et al, WO
99/ 06587.) 199] Sel ection of the appropriate cell-binding agent is a matter of
choi ce that depefitis pragonintdntopae preGublyrrepredehtepoppihe fornvia ({hat is to be

targeted, but in general nonoclonal antibodies and epitope binding fragnents
thereof are preferred, if an appropriate one is available. [1001For exanpl e,

t he nonocl onal antlbody W9 is a ﬁﬁﬁ IngaRgntiR%Ey hat is specific for

A
nts. Simlarly, the

ells (Roy et al. Blood
nonocl onal anti body anti - binds to the CD19 antigen
on B cells (Nadler et al, J. : In 244- (1983)|) and can be used if
the target cells are B cells lorRdiRgaRyRgel |'s ébs this antigen such
as i n non-Hodgkin's | ynphoma or chronic | ynphoblastic | eukema. Simlarly, the
anti body N901 is a nurine nonoclonal 1gG antibody that binds to CD56 found on
small cell lung 11

wherein the substituents are as described above for the charged
or pro-charged linker and the cell-binding égent drug conjugate.
[82] In preferred embodiments, one of Ry, Ry, R3, R4, Rg, Ry is a
charged substituent selected from sulfonate, phosphate, carboxyl or
trialkylammonium, and the rest are H, ], gand m are each0,n=1,Qis a
disulfide substituent, a maleimido, haloacetyl group, or a N-hydroxy
succinimide ester, and Y is thioether, amide, or disulfide. In another more
preferred embodiment, one of Ry, Rz, Rs, Ry, Rg, Ry is a sulfonate, and the
rest are H, 1, g and m are each 0, n =1, Q is a disulfide, maleimido or
haloacetyl moiety, and Y is thioether, amide, or disulfide. In a further more
preferred embodiment, one of Ry, Rz, Ra, R4, Rg, Ryg is a sulfonate, and the
rest are H, 1, g and m are each 0, n =1, Q is a pyridyldithio or

nitropyridyldithio group, and Y is thioether, amide, or disulfide.
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carcinoma cells and on cells of other tunors of the neuroendocrine origin (Roy
et al. J Nat. Cancer Inst. 88:1136-1145(1996)), C242 anti body that binds to

t he CanAg antigen, perttiztunab, trastuzumab that binds to HER2/ neu, and

anti - EGF r eceqs #oo/apby body. [101] Additionally, GW CSkcrwliosdnsmisnds t o
nyeloid cells, can be used as a cell-binding agent to diseased cells from
acute nyel ogenous | eukema. IL-2, which binds to activated T-cells, can be
used for prevention of transplant graft rejection, for therapy and prevention
of graft-versus-host disease, and for treatnment of acute T-cell |eukem a. NMSH,
whi ch binds to anocytes, can be used for tbhe {reatmi, of pelanoma. Fol k
acid, which targgis t he d1@?§”?£@5%§3?méxhp%sé%%lgﬂhggg%ﬂgh ahd ot her cancers
is also a suitaple | - bi ndi n ent . 102 r h reast and testes
can be successf iﬁVﬁﬁg?ﬁg?éﬂn tﬁﬁ%%tﬁ%b%%Q(%nggggéégﬁLhﬁgl%ghes) or androgen
(or androgen anal.oqu respectivel a | ] -.bindi Dr ugs

11031Dr ugs thatahgﬁrﬁghﬁggﬁg %ntﬁ%m%r%%%%%%ﬁﬁ%%%??ghﬁ?%%?ﬁ'ga% enot her apeuti c
agents. "Chenot herapeutic agent", i ] oauEidssldly, in the

treat ment of ca ggggoéfg%ﬁ egm%ﬁ)%%éﬁgﬁﬁgggggﬁ?%b agentstnc ude al kyl ati ng

) h | ' %A terdidey | | f
agents, such as;t Pﬁ%ﬁggn?@qngﬁq%gg?gﬁgﬁﬁ?gﬁsp SXT5§@§£§¥‘IQL§Y sul fonates

such as busul f an, rosulfan an Ziri such as benzodopa,

car boguone, et i egab R oM PINRR L] ol Gl BRSALholR! B! an nes

including altre enenefam ne, trietyl enephosphoram de,

triet hyl enet hi . ' ad L Ed | e t i
riethylenethio a?% @%9;%@%%@3&&5&& RRIhY 8&%%&@3%1)?@1@&@_(99}?”' ns

(especially bul ci none); a canpt ecin (including the

Synthet | ¢ anal oghicnd ARG BEARI: ackl X! GLiviHe (R) WAl (QE 0G5 (1 ncl uding its
|

adozel esin, carzelesin"afRd bi zel eSin synthetic anal ogues); cryptophycins

(particularly cryniRRey 6 aely%r&p(i.ggrg}spl(%}gg%ogalta_@ala-@a,le@@.)t; aid M;an@uocar nyci n

(i ncluding the synthetic anal ogues, and CBI-TM); el eutherobin

pancratistatin; ra A Odingtofi difer&R QAGiafd @l bptionill folRAGRneBAF hualt b such as
chl oranmbuci |, chl ornaphazi ne, chol ophospham de, estranustine, ifosfam de,

mechl or et ham ne g, ARGIOEOHSEIGNvAGEiR $lis®or ¥ Ghitepeé D @eaboraophal an, novenbi chin,
phenesterine, predninustine, trofosfam de, uracil nustard; nitrosureas such as
carnustine, chl gggzot oCi Ny a bktEFBiréd@ubotipitls WhateZ isdnRIsEI-PHE2-F2ani nust i ne;
antibiotics, such as the enediyne antibiotics (e.g. calicheamcin, especially
cal i cheam ci n . ga# Hinal Fane tGatdanehe diffednnardhet @0 osER14, evhgrein Rpgew Chem I ntl .
Ed. Engl. 33:183-186 (1994); dynem cin, including dynemcin A, an esperam cin;
as is H or a linear alkyl having from 1-6 carbon atoms, P is a peptide unit

between 2 and 5 amino acids in length, wherein E1 or E2 can be linked to the
peptide through the terminal nitrogen, terminal carbon or through a side chain
of one of the amino acids of the peptide; and F1 and F2 are the same or
different and are an optional polyethyleneoxy unit of formula (OCH,CHy)p,
whefein p is O or an integer from 2 to 24.

[85] The modified cell-binding agent can be prepared by reacting
the cell-binding agent with the charged crosslinkers by methods known in the

art for other crosslinkers (U.S. Patent Nos. 6,340,701 B1, 5,846,545,
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wel | as neocarzinostatin chronophore and rel ated chronoprotein enedi yne
anti obi oti ¢ chrononophores), acl aei nonysins, actinonycin, authramycin,
azaserine, bl eonyeins, cactinonycin, carabicin, carmnomycin, carzinophilin,;
chr ononyei ns,wda@biza@nyei n, daunor ubi ei n, det orubi ci n, PCT/US2009/042267

6- di azo- 5- oxo-Lnor | euci ne, doxorubicin (including norpholino-doxorubi cin,
cyanonor phol i no- doxor ubi ci n, 2-pyrrolino-doxorubicin and deoxydoxor ubi cin),
epi rubi cin, esorubicin, idarubicin, nmarcellonycin, nitomycins, nycophenolic
aci d, nogal amycin, olivonycins, peplonycin, potfironycin, puronycin,

i mostati 11 sondbiPro L Fur e gt eiEh Sk r PR T, e T
o uorour acl e bS50, 0 9B Sy AR SRR et hotrexate
one abrne - s adviaDAdoBE s s af el Y O PPN S aSbmyur i e,
~doxi fluridine, 6£%§bd§ab 11%%94§@¥?'nem£éhmn38?9 Aﬁ&%&%'D% ch, as calusterone,

dr onpst anol one it mepi tios ‘test ol act one;

Fepl en sher - suchiAe TP Fngs S BAS, AEgtAles ddchyapenc foli acid
am nol evul i ni ¢ Ngcg&m gﬁg&s@g@fadva&ag%&gwgcg%s%aa SARLER ofdaLr axat e

def of am ne; I quone brnithine; I ptinium acetate; an

epot hi | one; et 0 818 emw ﬁﬁ’x‘r@dnrl}f?%&u Q%g{tt%g%@gm doBREdean; | oni dam ne;

rrayt ansi noi ds, as rray Sl ne "an tocins; m t oguazone;

m t oxantrone; o atgalg%l?lhn:y% GLdud§ lutf%%%Ql%L&Bh Betw&}ﬁmibmdﬁlgr ar ubi ci n;

podophyl I'i ni ¢ aci a2| e; procarba2|ne PSI C, razoxane; rhIZOXIn

si zofiran; spir agl etg%ﬂ}]éj%ssllﬁﬂ&%é?ﬂé Gon@fcted in ddhbdRE sEMRAE Thesross-

2', 2" -trlehlorot am ne; trichothecenes (espeC|aIIy T-2 toxin, verracurin

A roridin A and, nilg?éag%rﬁ%)dnss&i%%td?Qamoﬁélbﬁfié‘r%ﬂa@naugla&ﬁ&aaga gedll MANNONUS i ne;

m t obroni tol; mto . pI pobroman; gacytosi ne; arabinoside 'Ara-C");

cycl OphOSpham demduf BHR! <1t0@9(l‘3"\@§1m £h poR@ 6ighiti¥den AN histidle Bri stol - Mers
Squi bb Oncol ogy, Pr?%@%t%%ﬁ ang?aoggtaxel (TAXOTERE(r), Rhone- Poul enc

Rorer, Antony, Frale&d; fof Q)laﬁfp&fﬂi)ﬂf&édt alcSRRTiutid Mdtan6); éthinoly baini ne;
nercaptopurlne met hotrexate; platinum anal ogs such as cisplatin and’

carbopl atin; Vi nhb@sbl Bfsethpl Binafiidy, ditle@pDabta@ide,\dPdint)lylsuffoddean de; m tonycin
G nltoxantrone vincristine; vinorel bine; navel bi ne; novantrone; teniposide;
daunonyei n; am ngpt &htdhiratidd| ReaamplkanioiM; 24 thekdn dpbtoptiap aliguotier ase i nhi bi t or
RFS 2000; difluoronethylonithine (DMFO); retinoic acid; capecitabine; and

phar maceut i cal | yaqasecepieatuliferes aduicsus sltiicisof e caibbindiap hgees Aof any of the above.
Also included in this definition are anti-hornonal agents that act to regul ate
or inhibit hor moggroaghte aliquotis kuimsuat ofSolatiorebat dmtofduces t-1 @ gessdinking| udi ng f or
exanpl e tanoxifen, ral oxi fene, aromatase inhibiting 4(5)-im dazol es,

4- hydr oxyt ammdf egrougsipeooelifviding akenpirdfenidy 145 ¢iohBe 28] thovadpné otbene, and

torem fene (Fareston); and anti-androgens, such as flutam de, nilutam de,

bi cal ut ami de, Ieun&@ﬂmdanm&mdwgdeem@kﬁmﬁb&?ﬂNﬂdandﬂpﬁ@ﬁHn@éﬂ%PﬁalIy accept abl e

salts, acids or derivatives of any of the above.
the volume of the cell-binding agent solution. The aqueous solutions for the

cell-binding agents are buffered between pH 6 and 9, preferably between 6.5
and 7.5 and can contain any non-nucleophilic buffer salts useful for these pH

ranges. Typical buffers include phosphate, triethanolamine.HCI, HEPES, and

33



O her chenot herapeutic agents that can be used with the present invention are
di sclosed in US Publication No. 20080171040 or US Publication No. 20080305044
and are incorporated in theft entirety by reference. [104] In a preferred
enbodi nent, okhesmb/iwsapeuti c drugs are essentially smalpcvmb@guks7drugs. A
"smal | nol ecule drug"” is broadly used herein to refer to an organic,

i norgani c, or organonetallic conpound that nay have a nol ecul ar wei ght of for
exanple 100 to 1500, nore suitably from 120 to 1200, favorably from 200 to
1000, and typically having a nol ecul ar wei ght of |ess than about 1000. Snal

nol ecul e drugs of the invention enconpass .oligopeptides and other bionol ecul es
havi ng a nol ecuMAPSuffgiwiieh qap stai, lt’ﬁﬂ?iﬁ?mgﬁgﬁgs g’ﬁffucrr(r)tsﬁaélgul e drugs are
ropean Patent

well characterized in the art, such as,i.n 05058367
Appl i cation Nos sﬂ%éma@@eml-ségﬁgﬁﬁdlaﬂ‘a&?Ff"afj%°§.ls 'Pa %tﬁcfé{ﬁo. 4, 956, 303, anong

others and are incorporated jn,thept entirety by referen [ 105] Preferable
smal | nol ecul e éﬁ*&?@@%%@%"s@?ﬁﬁté’m@whﬁ %ramllgféﬂ t%rﬁ%er%gg'ﬁ]kg cel | - bi ndi ng
agent. The invention includes known dru as well .a hat nmay becone
known. Especi al PyPEsretfdie et IeﬁBP%%%ﬁ?Tﬁ?ﬂﬁgg?ﬁ%F&%%ﬁgg%otoxic agent s.

[ 106] The cytotndc agent be any conpound th r n.the death of a
cell, or induceggﬁgwgnﬁéﬁgﬁ¥‘5?mﬁﬁ ?@ﬁ?lﬁﬁﬁﬁgémlebpggggigggﬁ?kviability,

wherei n each cytotoxic agent . econptises.a.thi gl ' O
2009/134977PCT/Bgﬁﬂﬁﬁfﬁ%%Qg?fﬁﬁgBTb?e?%??gg&gﬁ?gg%§%§mgbent?aare mayt ansi noi d
conpounds, taxane_ conpounds. CC-106 kfhtyecOMpounds and
doxor ubi ci n conﬁﬂﬁﬂagg’S?P$8¥8€%E%H§E@§%?ﬁ§ ?ﬁg sgﬂggﬁgéﬁgaﬁicins.
Auristatins and anal o ues and derivatives thereof, sone of which are described
bel ow. [10810t héPBYBEBXT ¢ agents, which are not necessarily small nol ecul es,
such as s\ FNA gfg al S0 SRGRRAYF£0uNADh Dbl EsSGAPE Mlasldig dlenst ant T nvent | on.
For exanpl e, si can be I'inked to the crosslinkers of the present invention
by nmet hods commp ed o k. I 084iiP8iohs GiHikRridhe Bhicd@nucl eoti des (see, for
exanpl e, US Pat eaﬁ%%‘ﬁﬁgﬁé}cé’t%” §n2u0561d7325®grr11d 20070213292). Thus the si RNA
inits 3' or Slp %Jgiﬂrﬁ&&%ﬁh%ﬁtﬁ&émm&ﬂ&%ﬁ@@rm@m@&@gecnﬁ of the crosslinker

beari ng a hydroxyl ftunctronality to give an ester bond between the si RNA and

the crosslinker. Sigi | @l (SR0k e, Fofe 58 5RMA tResnhsmaticdi te with a
crosslinker bearing a termnal am no group results in |inkage of the

crosslinker to txﬁ@diﬁéaﬁbrN?ftﬁJUeﬁlﬁﬁﬁin%@ AHIRAC243 LRNAd G ith desionatbed i n detail in
U S. Patent Publication Nunbers: 2 0%0275465,

crosslinker of the present invention. The time course of linker/antibody (L/A)

incorporation is shown, for example, along with the drugs/antibody (D/A)
linked. The charged or pro-charged crosslinkers described herein have
diverse functional groups that can react with any cell-binding agent that
possesses a suitable substituent. For example cell-binding agents bearing an
amiﬁo or hydroxyl substituent can react with crosslin_kers bearing an
N-hydroxysuccinimide ester, cell-binding agents bearing a thiol substituent
can react with crosslinkers bearing a maleimido or haloacetyl group.

Additionally, cell-binding agents bearing a carbonyl substituent can react with
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20070213292, 20070185050, 20070161595, 20070054279, 20060287260, 20060035254
20060008822, 20050288244, 20050176667, which are incorporated herein I n their
entirety by reference.

WO 2009/134977 PCT/US2009/042267

crosslinkers bearing a hydrazide. One skilled in the art can readily determine
which crosslinker to use based on the known reactivity of the available
functional group on the cell-binding agent.

[87] Crosslinkers bearing a positive charge (for example, compound
214, Figure 71) can be directly reacted with a cell binding agent in aqueous
buffer at a pH between 5 and 9, optionally containing an organic cosolvent
(such as 1 to 20% dimethylaceatmide or ethanol) to provide a modified cell
binding agent bearing a positive charge and a thiol group. The thiol group of
the cell binding agent can be reacted with a cytotoxic drug bearing gither a
maleimido, haloacetamido or an active disulfide (example pyridyldithio,
nitropyridyldithio group) to provide a conjugate. The conjugate can be
purified by the methods described above.

[88] Alternatively, crosslinkers bearing a positive charge and a
reactive ester (for example, compound 216, Figure 71) can be directly reacted
with a cell binding agent (for example, through its lysine amino group) to
introduce a positive charge and an active disulfide. Reaction with a thiol-
containing cytotoxic drug as described above can provide a conjugate bearing

_a positive charge.
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Mayt ansi noi ds [ 109] Mayt ansi noi ds that can be used in the present invention are
well known in the art and can be isolated fromnatural sources according to
known met hods or prepared synthetically according to known nethods. WO

2009/ 134977 Rgbhids2298/ 042267 11101Exanpl es of suitabl epemayemsdzedi ds i ncl ude
mayt ansi nol and mayt ansi nol anal ogues. Exanpl es of suitable maytansi nol

anal ogues include those having a nodified aromatic ring and those having

nodi fications at other positions. [1111Specific exanples of suitable anal ogues
of maytansi nol having a nodified aromatic ring include: (1)

cnsar tout n 2oyl ARk Mg ¢ 285, 110 (01 EBR &0 L Loer o1 o
S o deeh oL 3, Bk ElbioN0SimghnBiifedintelch fhufQdifiei of T ePar o by

denet hyl ati on usi’'ng Strep ces o ct1nomyces or dechlorination using LAB);
and the present invention are preferably represented by the formula (IV):

R, R Ry Ry
Y’ Z D
1 \Ekg n
m
Ry R;y RsRg R; Ry
Iv)

wherein the substituents are as described above for the charged
or pro-charged linker and the cell-binding agent drug conjugate.
[90] In preferred embodiments, one of Ry, Ra, R3, R, Ro, Rigis a
charged substituent selected from sulfonate, phosphate, carboxyl or
trialkylammonium, and the rest are H, |, gand m are each O, n =1, and Y’ isa
disulfide substituent, a maleimido, haloacetyl group, or a N-hydroxy
succinimide ester. In another more preferred embodiment, one of Ry, Ry, R,
R4, Ro, Ry is a sulfonate, and the rest are H, 1, g and m are each 0,n =1, and
Y’ isA a maleimido moiety or a N-hydroxy succinimide ester. In a further more
preferred embodiment, one of Ry, Ry, R3, Rq, Ry, Rypis a sulfonate, and the
restare H,1,gand mareeachO,n=1,and Y’ isa N—hydroxy succinimide

ester.
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(3) C 20-denet hoxy, C- 20-acyloxy (-000R), +/-dechloro (U. S. Patent No.
4,294,757) (prepared by acylation using acyl chlorides). 11121Specific
exanpl es of suitabl e anal ogues of maytansinol having nodifications of other
posi ti ons i ncWodeny/134977 (1) G9-SH (U. S Patent MI/US40048420219)
(prepared by the reaction of maytansinol with H2S or P285); (2)
C- 14- al koxynet hyl (denmet hoxy/ CH2OR) (U. S. Patent No. 4,331, 598);

(3) C 14- hydroxyraethyl or acyl oxynethyl (CH2OH or 0-120Ac) (U.S. Patent No.
4,450, 254) (prepared from Nocardi a); (4) C 15- hydroxy/ acyl oxy

(U.S. Patent No.o.d4,364,8 : t Qb 0 ansinol b
St reptonyces) ; [9f} %%‘g&&g&%?gﬁjﬁ&lﬁ%niy G?Q\ég?Zr??@Ngist%ﬁgw 946 ané

4, 315, 929) (isolat T e aaudif =0 or NR14. whereit ®,, £118- N- denet hyl
(U. S. Patent Nos?.q aﬁgg%%%g%%;ag%ﬁp%ﬁg%}? El?f%‘)%)o( poroerpar é’dwb3§mt hemider’ret hyl ati on of

mayt ansi nol by §t S frofNG carb bridehedor 27 AR QMM Halhne. Pat ent  No.
4,371,533) (pr egé{rngag%%%ﬁ%ét iot ag? ﬁa%oflraitoénﬁ%rri de7 L,&Hyr eggagt I on§of

maytansinol ). [gh13]  ThErRAldaRSh & Lfeplidt @ teORbA BdWaliBY balshnoi ds useful in
the present invention is fully disclosed in U S. Patent Nos. 5,208, 020,

5,416, 064, and %n@ﬁf%&@ﬁ PR 1L &l RNk t@tﬂ@ﬁ%ﬁ@%&gh the terminal
nitrogen, terminal carbon or through a side chain of one of the amino acids of
the peptide, preferred amino acid residues are glycine (gly), alanine (ala),
leucine (leu), glutamic acid (glu), or lysine (lys), which can be used in any
combination or any order (e.g., gly-gly-gly or ala-leu-ala-leu, etc.); and F1 and
F2 are the same or different and are an optional polyethyleneoxy unit of
formula (OCH,CHy),, wherein p is 0 or an integer from 2 to about 1000.

[92] In a more preferred embodime_nt, when Z is an FI-EI-P-E2-}?2
unit, E1 and E2 are the same or different and are C=0 or NR14, wherein R4
is H or a linear alkyl having from 1-6 carbon atoms, P is a peptide unit
between 2 and 5 amino acids in length, wherein E1 or E2 can be linked to the
peptide through the terminal nitrogen, terminal carbon or through a side chain
of one of the amino acids of the peptide; and F1 and F2 are the same or
different and are an optional polyethyleneoxy unit of formula (OCH,CHy),,
wherein p is 0 or an integer from 2 to 24.

- [93] The modified drugs can be prepared by reacting the drug with

the crosslinkers of the present invention to give a modified drug of formula

(IV) bearing a functionality capable of reacting with a cell binding agent. For
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[114] Maytansinoids with a thiol noiety at the C-3 position, the C14
position, the G 15 position or the C-20 position are al
useful. The C-3 position is preferred and the C 3 position of nmaytansinol

expected to be

is

especi al | y prebdesoweds77Al so preferred are an N net hyl - al mriusesogentsdi ni ng C 3

thiol noiety maytansinoid, and an N-nethyl-cysteine-containing C3 thiol
noi ety maytansinoid, and anal ogues of each. [115] Specific exanples of
N- net hyl - al ani ne-contai ning C 3 thiol

in the present

noi ety maytansi noid derivatives usefu

_ i nvention are represented by the formulae M, M2, M3, Mo
M/. CH3ci O (CH2)ISH H O0CH3 Yo and

eXample a thlol-contalizﬂingrgrugl\gan be reacted with the charged or pro-
charged crosslinker of formula (I) bearing a maleimdo substituent at neutral
pH in aqueous buffer to give a drug connected to the charged or pro-charged
linker via a thioether link. A thiol-containg drug can undergo disulfide
exchange with a charged or pro-charged linker bearing a pyrdiyldithio moiety
to give a modified drug attached via a disulfide bond to the charged or pro-
charged crosslinker. A drug bearing a hydroxyl group can be reacted with a
charged crosslinker bearing a halogen, in the presence of a mild base, to give a
modified drug bearing an ether link. A hydroxyl group containing drug can be
condensed with a charged crosslinker of formula (I) bearing a carboxyl group,
in the presence of a dehydrating agent, such as dicyclohexylcarbodimide, to
give an ester link. An amino group containing drug can similarly }mdergo
condensation with a carboxyl group on the charged or pro-charged crosslinker
of formula (I) to give an amide bond. The modified drug can be purified by
standard methods such as column chromatography over silica gel or alumina,
crystallization, preparatory thin layer chromatography, ion exchange

chromatography or HPLC.

Cell-binding Agents

[54] The cell-binding agént that comprises the conjugates and the
modified cell-binding agents of the present invention may be of any kind

presently known, or that become known, and includes peptides and non-peptides.
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wherein: is an integer of from1 to 10; and may is a maytansinoid. CH30 Iii
R2 Ol NCHCH (CH2)nSH H 0OCH3 i Ma; M2

WO 2009/134977 ' PCT/US2009/042267

The cell-binding agent may be any compound that can bind a cell, either in a
specific or non-specific manner. Generally, these can be antibodies (especially
monoclonal antibodies and antibody fragments), adnectins (US Publication No.:
20070082365), interferons, lymphokines, hormones, growth factors, vitamins,
nutrient-transport molecules (such as transferrin), or any other cell-binding
molecule or substance.

[95] Where the cell-binding agent is an antibody (for example, a
murine, human humanized, resurfaced or a chimeric or any other antibody
known to one of skill in the art), it binds to an antigen that is a polypeptide and
may be a transmembrane molecule (e.g. receptor) or a ligand such as a growth
factor. Exemplary antigens include molecules such as renin; a growth
hormone, including human growth hormone and boYine growth hormone;
growth hormone releasing factor; parathyroid hormone; thyroid stimulating
hormone; lipoproteins; alpha-1-antitrypsin; insulin A-chain; insulin B-chain;
proinsulin; follicle stimulating hormone; calcitonin; luteinizing hormone;
glucagon; clotting factors such as factor vme, factor IX, tissue factor (TF), and
von Willebrands factor; anti-clotting factors such as Protein C; atrial
natriuretic factor; lung surfactant; a plasminogen activator, such as urokinase
or hﬁman urine or tissue-type plasminogen 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
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wherein: R and R2 are H CH3 or CH2CH3, and may be the sane or different; in
is 0, 1, 2 or 3; and may is a maytansinoid. wherein: n is an integer of from
3to 8 and may is a maytansinoid, M wherein: 1is 1,2 or 3; Yois O or H
and X3 is 14 b 200biB4977 PCT/US2009/042267

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-§;
platelet-derived growth factor (PDGF); fibroblast growth factor such as aFGF
and bFGF; epidermal growth factor (EGF); transforming growth factor (TGF)
such as TGF-alpha and TGF-beta, including TGF-B1, TGF-p2, TGF- §3,
TGF-B4, or TGF- B5; insulin-like growth fagtor-I and -II (IGF-I and IGF-II);
des(1-3)-IGF-1 (brain IGF-I), insulin-like growth factor binding proteins,
EpCAM, GD3, FLT3, PSMA, PSCA, MUC1, MUC16, STEAP, CEA,
TENB2, EphA receptors, EphB receptors, folate receptor, mesothelin, cripto,
alpha,betas, integrins, VEGF, VEGFR, tarnsferrin receptor, IRTA1, IRTA2,
IRTA3, IRTA4, IRTA5; CD proteins such as CD2, CD3, CD4, CDS, CD6,
CD8, CD11, CD14, CD19, CD20, CD21, CD22, CD23, CD25, CD26, CD28,
CD30, CD33, CD36, CD37, CD38, CD40, CD44, CDS2, CD55, CD56, CD59,
CD70, CD79, CD80, CD81, CD103, CD105, CD134, CD137, CD138, CD152
or an antibody which binds to one or more tumor-associated antigens or cell-

surface receptors disclosed in US Publication No. 20080171040 or US
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CH3 0 Rl R2 11

NCH- CH (CR3R4),,"SH H CH3 M7 wherein: Rh R2, R3, Rl

or CH2CH3, and may be the sanme or different;

WO 2009/134977

Publication No. 20080305044 and are incorporated in their entirety by
reference; erythropoietin; osteoinductive factors; immunotoxins;, a bone
morphogenetic protein (BMP); an interferon, such as interferon-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 CDl11a,
CD11b, CDll¢, CD18, an ICAM, VLA-4, EpCAM and VCAM,; a tumor
associated antigen such as HER2, HER3 or HER4 receptor; and fragments of
any of the above-listed polypeptides.

[96] o Preferred antigens fpr antibodies encompassed by the present
invention also include CD proteins, such as CD3, CD4, CD8, CD19, CD20,
CD34, and CD46; members of the ErbB receptor family, such as fhe EGF
receptor, HER2, HER3 or HER4 receptor; cell adhesion molecules, such as
LFA-1, Macl, p150.95, VLA-4, ICAM-1, VCAM, EpCAM, alphas/beta;
integrin, and alpha v/beta3 integrin including either alpha or beta subunits
thereof (e.g. anti-CD1la, anti-CD18 or anti-CD1lb antibodies); growth
factﬁrs, such as VEGF; tissue factor (TF); TGF-B.; alpha interferon (alpha-
IFN); an interleukin, such as IL-8; IgE; blood group antigens Apo2, death
receptor; flk2/flt3 receptor; obesity (OB) receptor; mpl receptor; CTLA-4;

protein C etc. Preferred antibodies that can be used are antibodies to CD2,
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mis 0, 1,2 or 3; and nay is a maytansinoid. 11161Specific exanples of
N- et hyl - cyst ei ne-containing G 3 thiol noiety maytansinoid derivatives useful
in the present invention are represented by the fornulae M4 and Ms. SH (cH3)0

0 (CH2) pCH3 Rmy0b8lsyherein: ois 1,2 or 3; Is an int ;
s o ot o et P I nt egevsmby/@2460 10; and may

CD3, CD4, CD5, CD6, CD11, CD19, CD20, CD22, CD26, CD30, CD33,
CD37, CD38, CD40, CD44, CD56, CD79, CD105, CD138, EphA receptors
(e.g., EphA2 receptor), EphB receptors, EGFr, EGFRvIll, HER2, HER3,
trastuzumab, pertuzumab mesothelin, cripto, alpha,betag, integrins, VEGF,
VEGFR, folate receptor (for example, FOLR1), transferrin receptor, GD3,
EpCAM 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.
971 Additional examples of cell-binding agents that can be used
include:

-resurfaced antibodies (U.S. patent no. 5,639,641);

-humanized or fully human antibodies, selected from but not
limited to, huMy9-6, huB4, huC242, huN901, DS6, CD38, IGF-IR, CNTO 95,
B-B4, trastuzumab, pertuzumab, bivatuzumab, sibrotuzumab, and rituximab
(see, e.g., U.S. Patent Nos. 5,639,641, 5,665,357; and 7,342,110, U.s.
Provisional Patent Application No. 60/424,332, International Patent
Application WO 02/16,401, U.S. Patent Publication Number 20060045877,
U.S.'Patent Publication Number 20060127407, U.S. Patent Publication
Number 20050118183, Pedersen et al., (1994) J. Mol. Biol. 235, 959-973,
Roguska et al., (1994) Proceedings of the National Academy of Sciences, Vol

91, 969-973, supra, Colomer et al., Cancer Invest., 19: 49-56 (2001), Heider
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SH (CH2)0 0 (CH2)gCH3 O Ol Mb wherein: ois 1,2 or 3; g is an integer of from

0 to 10; Yois d or H and X3 is H or 043. Pref erred mayt ansi noi ds are
t hose described in U S. Patent Nos. 5,208, 020; 5,416,064; 6, 333.410;
6, 441, 163; 6,WdGuo8i97712E39, 151 and 7, 276, 497. PCT/US2009/042267

et al., Eur. J. Cancer, 31A4: 2385-2391 (1995), Welt et al., J. Clin. Oncol., 12:
1193-1203 (1994), and Maloney et al., Blood, 90: 2188-2195 (1997)); and

-epitope-binding fragments of antibodies such as sFv, Fab,
Fab’, and F(ab’), (Parham, J. Immunol. 131:2895-2902 (1983); Spring et al, J.
Immunol. 113:470-478 (1974); Nisonoff et al, Arch. Biochem. Biophys.
89:230-244 (1960)).
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 Number 20070238667; U.S. Patent No. 7,101,675; and
W0/2007/147213; WO/2007/062466);

-interferons {(e.g. o, B, v);

-lymphokines such as IL-2, IL-3, IL-4, IL-6;

-hormones such as insulin, TRH (thyrotropin releasing
hormones), MSH (melanocyte-stimulating hormone), steroid hormones, such
as androgens and estrogens;

-vitamins such as folic acid;
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Taxanes 1117] The cytotoxic agent according to the present invention may al so
be a taxane. 11181Taxanes that can be used in the present invention have been
nodified to contain a thiol noiety. Sone taxanes useful in the present

i nvention hawggohhpdesmul a Ti shown bel ow.  1119] Four epdook2oend2ss7of t hese
novel taxanes are described below. [120] In enbodinents (1), (2), (3), and
(4), R1,121', and RI" are the same or different and are H an electron

wi t hdrawi ng group, such as F, N&, CN, d, CHF2, or CF3 or an electron
donating group, such as -OCH3, -OCH2CH3, -NR7R5, -0R9, wherein R7 and R8 are

the sane or different and are |inear, pranch Qr_cyclic | groups havin
1tto 10Pca][ bonbiatomrsl or SERPt acé‘?“%‘lﬁitfgt‘))f’}f'fﬂné“ggg’?%d %S\lllfhnagSE?F?g 18 calrobon °
atons. Prefera t he nunber_of carbog tons for d 1 is Ito 4. Also
preferably R7 ar%?FF{B %P@Fat“ﬁ‘éjsgé%gwg‘: %SSO}’”W%@??%@’ -;KE@RQ groups i ncl ude
di met hyl amino, diethyl amno, dipropyl am no, and dibutyl am no, where the
butyl noiety is 1ah{l99):8p¢ mary, secondary, tertiary or isobutyl. 129 is

roferably 15 OO, F NOBHRBFRIPALr 951 Holschefr AEPRB IO S 0 the meta
posttion andalj]d [9R8I S are l_ll\/lgrl‘oclgxg.lﬂaﬁtibody techniques allow for the production of
specific cell-binding agents in the form of monoclonal antibodies. Particularly
well known in the art are techniques for creating monoclonal antibodies
produced by immunizing mice, rats, hamsters or any other mammal with the
antigen of interest such as the intact target cell, antigens isolated from the
target cell, whole virus, attenuated whole virus, and viral proteins such as viral
coat proteins. Sensitized human cells can also be used. Another 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; and Liming et al,
WO 99/06587.)
[99] 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.
' [100] For example, the monoclonal antibody My9 is a murine IgGaa

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
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WO 2009/ 134977PCT1US2009/ 042267 [123] Ry in enmbodinents (1), (2) and (4), is H
heterocyclic, a linear, branched, or cyclic ester having from1l to 10 carbon
atons or heterocyclic, a linear, branched, or cyclic ether having from1l to 10
carbon at ons yaj 20de/Grbamate of the fornula - CONRIORir, pofresmognsiieo and RI, are
the sane or different and are H, linear alkyl having from 1-6 carbon atons,
branched, or cyclic alkyl having 3 to 10 atons or sinple or substituted aryl
having 6 to 10 carbon atons. For esters, preferred exanples include - COCH2CH3
and - COCH2CH2CH3. For ethers, preferred exanpl es include -CH2CH3 and

-CH2CH2CH3. For carb t f
@ncn;é ?ﬁi?ﬁpeﬁ%ogm ip?ft?rng o qbéﬁed’zn%)“ﬁg“ml %(E:ﬂblé? aé‘P dit no CHBi
o ey R nee nbiith Rl eSSy R B %?Qﬂadlefae?w o T e

b hed I I h
[126] R3 in embier 'Cm%‘lnesyl<2ﬁff“2%b9%8é¢e%elo C"”*’?E‘f o sl e ot s,

is -0C(CH3)3 or -
t hi ol - contalnlnﬁmﬁﬁﬁéF t&ﬂ&mﬁﬁsﬁﬁngﬁ@S?’ HHKPI %%IOH aégégove for Ry for

enbodi nents (1
( ‘ ) chrgmg lympgobq;é%é leukemia. Similarly, the antibody N901 is a murine

monoclonal IgG antibody that binds to CD56 found on small cell lung
carcinoma cells and on cells of other tumors of the neuroendocrine origin (Roy
etal. J. Nat. Cancer Inst. 88:1136-1145 (1996)), C242 antibody that binds to
the CanAg antigen, pertuzumab, trastuzumab that binds to HER2/neu, and
anti-EGF receptor antibody.

[101] Additionally, GM-CSF, which binds to myeloid cells, can be
used as a cell-binding agent to diseased cells from acute myelogenous
leukemia. IL-2, which binds to activated T-cells, can be used for prevention of
transplant graft rejection, for therapy and prevention of graft-versus-host
disease, and for treatment of acute T-cell leukemia. MSH, which binds to
melanocytes, can be used for the treatment of melanoma. Folic acid, which
targets the folate receptor expressed on ovarian and other cancers is also a
suitable cell-binding agent.

[102] Cancers of the breast and testes can be successfully targeted
with estrogen (or estrogen analogués) or androgen (or androgen analogues),

respectively, as cell-binding agents.
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[129] R5 and R6 in enbodinment (3), are the same or different, and have the
same definition as above for Ry for embodinents (1), (2) and (4). [130] RS
in enbodi nent (4), has the sane definition as above for R2 for enbodi nents

(1), (2) and W@leosrd7326 is a thiol moiety. [131] The grmafsedosedzeposi tions for
i ntroduction of the thiol-containing noiety are R2 and R5, with R2 being the
nost preferred. [132] The side chain carrying the thiol noiety can be |inear
or branched, aromatic or heterocyclic. One of ordinary skill in the art can
readily identify suitable side chains. Specific exanples of thiol noieties
include (CH2)nSH, -CQ(CH2)"SH, -(CH2),,CH(C113)SH, -CQl CH2) 0CH(CH3) SH,
- (CH2),, ¢(CHB) 28mE18s. 0O( CH2) nC( CH3) 2SH, - CONR12( CH2) " SH,
CONI 2. 12( CH_2) CHo$H3) SH, Dédgs ﬂ@ﬂ_‘dﬂtB&ﬁs{eﬂ?ﬁZt}xé EeEr3n@sthn ind®keor phol i no- XSH,
- CO pi per azi no- XSH, - CO- pi peridi no-XSH, and - CO- Nnet hyl pi per azi no- XSH wherei n
X is a linear akleotefaphitiaaginad "eldnptheiapuitinggent' 102 dumiselrcomponrd.
R12 is a linear alkyl, branched alkyl or cyclic alkyl having 1 to 10 carbon
atonms, or sinpl asedil isittiBéathent eftandey | Exasplengf dherootherapenticla@emar bon at ons or
heterocyclic, and can be H and n is an integer of 0 to 10. [133] Exanples of
| i near al kyl s i agluddskyeingybentsetuel bs thipteppyrid cytophpkphapidat yl and hexyl .

(CYTOXANT™); alkyl sulfonates such as busulfan, improsulfan and

piposulfan; aziridines, such as benzodopa, carboquone, meturedopa, and

uredopa; ethylenimines and methylamelamines including altretamine,

triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide

and trimethylolomelamine; acetogenins (especially bullatacin and

bullatacinone); a camptothecin (including the synthetic analogue topotecan);

bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and

bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1 and

cryptophycin 8); dolastatin; duocarmycin (including the synthetic analogues,

KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a sarcodictyin;

spongistatin; nitrogen mustards such as chlorambueil, chlornaphazine,

cholophosphamide, estramustine, ifosfamide, mechlorethamine,

mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine,

prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,

chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; aﬁtibiotics,

such as the enediyne antibiotics (e.g. calicheamicin, especially calicheamicin

.gammaland calicheamicin theta ], see, e.g., Angew Chem Intl. Ed. Engl.

33:183-186 (1994); dynemicin, including dynemicin A; an esperamicin; as
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[ 134] Exanpl es of branched al kyls include isopropyl, isobutyl, sec.-butyl,
tert.-butyl, isopentyl and 1-ethyl-propyl. WD 2009/134977PCPUS2009/ 042267
11351Exanpl es of cyclic al kyls include cycl opropyl, cyclobutyl, cyclopentyl
and cycl ohexwye 200b/338F Exanpl es of sinple aryls incl uderqanenyboard napht hyl .
[137] Exanples of substituted aryls include aryls such as those described
above substituted with alkyl groups, wth halogens, such as C, Br, F, nitro
groups, am no groups, sulfonic acid groups, carboxylic acid groups, hydroxy
groups or al koxy groups. [138] Exanples of heterocyclics are conpounds
wherein the heteroatons are sel ected from?

_ in : 1 ] . N, and S, and include norpholino,
pi peri di no, p|p@@82$W@FWNWW@PHQFﬂPﬂgPﬁfpﬁ8?“%Vﬁ¥8FP§T?n%?&Wﬁyl, furyl gnd
t hi ophene. [139] The taxanes having a thi.ol nDieRX c be .synt hesi zed

b afeR

according to kABNGRIoHEFHEBemOPPRES) RRCORgS Pra e EY “Lynthesis is the

comercially avail abl e 10-deacetyl baccatin .I11. .The chem.stry. to introduce

va(rj i ous subst i t FEEEe; deqRyEH:CAROMECIL KA. GITBRIRET e Ma et al 1
Med. Chem T
chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-0x0-L-

norleucine, doxorubicin (including morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
nitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin,
streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites,
such as methotrexate and 5-fluorouracil (5-FU); folic acid analogues, such as
denopterin, methotrexate, pteropterin, trimetrexate; purine analogs, such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimnidine analogs
such as, ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens, such
as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals, such as aminoglutethimide, mitotane, trilostane;
folic acid replenisher, such as frolinic acid; aceglatone; aldophosphamide
glycéside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfomithine; elliptinium acetate; an
epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidamine;

maytansinoids, such as maytansine and ansamitocins; mitoguazone;
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39:3889-3896 (1996); Qima et al., J. Med. Chem 40:267-278 (1997); Qim et
al., Proc. Natl. Acad. Sci., 96:4256-4261 (1999); U S. Patent No. 5,475,011
and U. S. Patent No. 5,811,452). [140] The substituent Rl on the phenyl ring
and t he posi ti®modHzed7hhe substituent RL can be vari ed urdcriusaoe@epound of the
desired toxicity is obtained. Furthernore, the degree of substitution on the
phenyl ring can be varied to achieve a desired toxicity. That is, the phenyl
ring can have one or nore substituents (e.g., nmono-, di-, or tri-substitution
of the phenyl ring) which provide another means for achieving a desired
toxicity. One of  ordinar

ry skill in the art can d (e the appropriate
cheni cal i et yRfigrRnEee @1%<Wk’£ﬁﬁf%lﬁrPeggoétap%gﬁn%‘%’ %a?&ﬁiﬁusi ng only routine

experimentati on. 1411 For. e e..electron W AN 1.Qups at the neta
posi tion incr ea%‘éio{’W@“l‘ﬁ“@E %‘iff‘gﬂg%%ié‘hec@{°°%a?ﬂ8ﬂ§3fg{. tution at JOt he para
position is not expected to i.ncrease the. po: as conpared to the parent

t axane. Typi cal f¥° %{"fpéwwglgetﬁ?ugﬁné/cea%da%tgﬁg@ga’%sh substituents at the

different positigps.(orth nmet a : | be LR ol Y APr epar ed and
eval uat ed for ih&vﬂaﬁ’g’m&% laé?fl%iu?c 39&%%5.%]@59%&511% ﬁ?%ﬁklgb‘%e}er?éyhcgg be i ntroduced

At one of the postilns HSKe. DN XUt UGl SAMofiialS.  The chem sty

to protect the I “groups, e reacting the desired one, has

been described previ ousl v Sinel Pidshierantes; cited supra). The
substituent is tPlr’rSIélt‘l)i’e toé)%%g’ip#{?ﬁ{?mgﬁo(’ vertIng the fr(ee hygr oxyl group to a

di sul fi de-contai nin : IS Ukdiide s GRALANTAK RS Bfistol Myess

di sul fi de-cont af%ﬁloﬁgosigﬁg%k?ggé%ﬁ%‘é t’rgrc{gf or r?gﬁi on is zﬁ:hi e3</ed as follows.
The desired hyds ' RO QRAL S (tAROTPEER RWbdeh t he

comerci al | y- avasgﬁﬁg%?g&?%g’gperﬁtcg It hi)um h_exarrp_t( hyl di si |l azane (1.2 equival ents)
in tetrahydrof uﬁ’%ﬂeﬂtlio'rép&lt@r@, PRR&Y; I cRBAnblciDuthdiabihe; Blthioguk88) , supra. The

resulting al koxide anton is then reacted with an excess of a dihal o conpound,

such as di brono . O 31288k Relogs Rick B agpemeaid of the hal ogen with
a thiol (by rea?%e?‘%ﬁﬁe\nur{nﬁ’ &%c?rggzi’%m t hi oacoegt ate and treatnment with mld base
or hydroxyl am n%ﬁrb)%l!ttin; RhMdde pldigurasipoadt (VP-16); ipsfai e hingaycaxane. [ 143]

Al ternatively, the desired hydroxyl group can be esterified directly by
reaction with ar.agikantshd; dRcrishibs RindfelbinebiiavBibiak ajplainyhe; Ghiposidee, to give a
brono ester. Displacenent of the brorno group by treatnment with potassium

t hi oacet at e and daiMdhlyeh; PHiB6RGHE RfodasibaesmnteERT- bl wpeisevndrése pr ovi de t he

t hi ol -contai ning taxane ester. Preferred taxoids are those described in U S
Pat ent Nos. 6, 34kiiebt RFS 26002 difid&omEthyl3kitBd (DME@IBLiTBT acids, 706, 708; 7, 008, 942;
7,217,819 and 7, 276, 499. CC-1065 anal ogues [144] The cytotoxic agent

accordi ng to theapicRs@it andphentataricaiifycaptside frdts,aci@riiegBitizgsal ogue.

any of the above. Also included in this definition are anti-hormonal agents
that act to regulate or inhibit hormone action on tumors, such as anti-estrogens
including for example tamoxifen, raloxifene, aromatase inhibiting
4(5)—imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY1 17018,
onapristone, and toremifene (Fareston); and anti-androgens, such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin; siRNA and

pharmaceutically acceptable salts, acids or derivatives of any of the above.
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[ 145] According to the present invention, the CC 1065 anal ogues contain an A
subunit and a B or a B-C subunit. The A subunits are CPI

(cycl opropapyrrol oindole unit) inits natural closed cyclopropyl formor in
its open chl ook form or the closely rel ated CBI pamius2009/042267

(cycl opropyl benzindole unit) in the closed cycl opropyl formor the open

chl oronmethyl form The B and C subunits of CC- 1065 anal ogues are very simlar
and are 2-carboxy-indole and 2-carboxy-benwfuran derivatives. For activity,

t he anal ogues of CC- 1065 need at | east one such 2-carboxy-indole subunit or

2- car boxy-benwf uran subunit, alt hougth two subj ntilht s (i.e., .B- C%l render the
anal ogue nore d@b@ﬁh@mﬁ@fﬁ%‘l@&gﬁﬁj@afci’“bl?ﬁ"tsﬁ]ewﬁh BPETCR R BEE and  from t he

anal ogues published (e.qg., Warpehoski et al, d.. Chem 31:590-603 (1988),
D. Boger etal . ,digloggdgn L%t?é‘hﬁlcat%‘, N‘B@Q%—%@@ié orzlg??ﬁ“%%@“og%at ent Nos 5, 739, 350;
6, 060, 608; 6.310. 209 the B and C Subﬁni ts ccahr;, also carry different
substituents at208930et483nd g incrrperaed Srbeh @Ry & 5P benzof ur an ri ngs.

11461CC- 1065 anal ogues cont ai_hi hiol noiety can, be any of the follow ng A
subunits of thelfHr nul aelnﬂl’ief?rfﬂgl%mg’lﬁfg)@?’&pﬁhgﬁffﬁer%p&’%c}“,lgs,&fez {CPI (Chl oronet hyl
form}, A3 {CBI (Cyclopropyl form}, . .and A4 [, I thyl form}

coval ently Iink@EFn?}%E(sﬁﬁﬁaﬁ%ﬂ‘éleg@g% A5 ﬂ?éec'%\é%ﬁd%g&a%w%g group of the
pyrrol e noiety of .the subunit. to the G2 car ,ther a B subunit
of the formula ’Fﬂ‘?lnfﬁ’rreért%-a&o%%ﬁﬁ??gaﬁc’ TReY %Hrlé%rr%ﬁ%%og{??%{aé?&&? . A subunits

have a molecular weight of for example 100 to 1500, more suitably from 120

to 1200, favorably from 200 to 1000, and typically having a molecular weight
of less than about 1000. Small molecule drugs of the invention encompass
oligopeptides and other biomolecules having a molecular weight of less than
about 1000. Small molecule drugs are well characterized in the art, such as in
WO005058367A2, European Patent Application Nos. 85901495 and 8590319,
and in U.S. Patent No. 4,956,303, among others and are incorporated in their
entirety by reference.

[105] Preferable small molecule drugs are those that allow for linkage
to the cell-binding agent. The invention includes known drugs as well as those
that may become known. Especially preferred small molecule drugs include
cytotoxic agents.

[1061 The cytotoxic agent may be any compound that resulis in the
death of a cell, or induces cell death, or in some manner decreases cell

viability, wherein each cytotoxic agent comprises a thiol moiety.
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B and coval ently bound B and C subunits 0 HODC F-7 wherein each W and W2 may
be the same or different and nay be 0 or NH, and wherein, in Fornula F-1 R4 is
~a thiol noiety, in Fortnula F-3 one of Rot R4 is a thiol noiety, in Formula

F-7 one of Rw@beodiisdor7 S a thi ol containing noiety, when fgragkdiohsra thiol
noi ety, then RL to R6, which may

[107] Preferred cytotoxic agents are maytansinoid compounds, taxane
compounds, CC-1065 compounds, daunorubicin compounds and doxorubicin
compounds, pyrrolobenzodiazepine dimers, calicheamicins. Auristatins and
analogues and derivatives thereof, some of which are described below.

[108] Other cytotoxic agents, which are not necessarily small
molecules, such as siRNA, are also encompassed within the scope of the
instant invention. For example, 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.
siRNA are described in detail in U.S. Patent Publication Numbers:
20070275465, 20070213292, 20070185050, 20070161595, 20070054279,
20060287260, 20060035254, 20060008822, 20050288244, 20050176667,

which are incorporated herein in their entirety by reference.

Maytansinoids

- [109] Maytansinoids that can be used in the present invention are
well known in the art and can be isolated from natural sources according to

known methods or prepared synthetically according to known methods.
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be the same or different, are hydrogen, Cl -C3 linear alkyl, nethoxy,
hydroxyl, primry amno, secondary amno, tertiary amno, or am do; and when
R4 is a thiol moiety, R R, R2, R3, 114, R3 and 126, which may be the same or
different, arwohydingen, C -C3 linear alkyl, methoxy, wdrseoyba22epri mary

am no, secondary amno, tertiary amno, or amdo, and It' is NE12, alkyl,
O-alkyl, prinmary amno, secondary amno, tertiary amno, or amdo. In
addition, the chlorine atomin A-2 and A-4 subunits can be replaced with

anot her suitable hal ogen. 11471In a preferred enbodiment, R and R are thiol
noi eti es and RI[Fn R2 aiggﬁaggfQ¥%£@§%Q?mhgk§ﬁgh@gﬁmﬁggﬂgf%qd enmbodi nrent, R

and R ?[e thi?I getie : e eac rogen. 48] In an
especially preferred, enbodi ne or R4 b S NHEO( CL L . NHCOC6H4( CH2) | SH
or -0(CH2)1SH, &apsino & -°@%Sﬁ’%“f%ﬁ?fs-“1\ﬁéedﬁ§?'\£/"gﬁ§lor ‘-?%‘%%%CE‘SH wherein / is
an integer of 1 to 10, 1 Exanpl es of [Wpe:Ts d=nes . | e nmet hyl am ne,
ethyl ami ne andﬂF§%$W8§§Icéﬁ#ﬂgpmgﬁfgﬁfnggg%ﬂﬁgggggggggﬁﬁﬁgg%ggnines ?nclude

di et hyl anlne,pggg§gylanine and et hyl propyl am ne.

[111] Specific examples of suitable analogues of maytansinol having
a modified aromatic ring include:

(1) C-19-dechloro (U.S. Patent No. 4,256,746) (prepared by
LAH reduction of ansamitocin P2);

(2) C-20-hydroxy (or C-20-demethyl) +/-C-19-dechloro (U.S.
Patent Nos. 4,361,650 and 4,307,016) (prepared by demethylation using
Streptomyces or Actinomyces or dechlorination using LAH); and

(3) C-20-demethoxy, C-20-acyloxy (-OCOR), +/—dethoro
(U.S. Patent No. 4,294,757) (prepared by acylation using acyl chlorides).
[112] Specific examples of suitable analogues of maytansinol having
modifications of other positions include:

(1) C-9-SH (U.S. Patent No. 4,424,219) (prepared by the
reaction of maytansinol with H2S or P285);

(2) C-14-alkoxymethy! (demethoxy/CH20R) (U.S. Patent No.
4,33 1 ,598);

(3) C-14-hydroxymethyl or acyloxymethyl (CH20H or

CH20Ac) (U.S. Patent No. 4,450,254) (prepared from Nocardia);
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[ 151] Exanples of tertiary am nes include trimethyl amne, triethyl am ne, and
et hyl -i sopropyl -net hyl amine. [152] Exanpl es of am do groups include

N- net hyl acet am do, N-rmet hyl - propi onam do, N-acetam do, and N-propi onam do.

[ 153] Exanpl ggoefoo/pdsdsy! represented by R, when R is natra@:2dop/mdezeng group,

i nclude C1-05 linear or branched al kyl. [154] Exanples of O0-al kyl represented
by R when R is not a |inking group, include conpounds where the al kyl noiety
is a Cl-Cs linear or branched al kyl. WD 20091134977PCT/ US2009/ 042267 [ 155]
The above-descri bed CC- 1065 anal ogues may be isolated from natural sources and

- methods for their preparation, involvin equent I.fJ cation, synthetic
preparation, or a conbi néﬁ)i%}ﬁ'@ﬁr%ﬂ?wlo’&ﬁgﬁgﬁt&ﬁgs%{gigggé) (see, e.g., US.
patent nos. 5,475,092, 5,585,499 and 5,841616'545}). Pr e)f_erred CC- 1065 anal ogs are

those descri bed @epargd 8y thogomicrsiqagl magatgms! bygBtebomies): 199- 5 846, 545:

Analogues’ 11561 The. cyi 608xT Enaik U EoriiRy Tl DRAHAGTne | nvent i on may

al so be a daunoruhic anal ogue_or _.a doxorubi ci n anal ogue.
(isolateA E‘lom Q”rew?agnu%lf%ra); 9

(6) C-18-N-demethyl (U.S. Patent Nos. 4,362,663 and
4,322,348) (prepared by the demethylation of maytansinol by Strepromyces);
and

(7) 4,5-deoxy (U.S. Patent No. 4,371,533) (prepared by the
titanium trichloride/LAH reduction of maytansinol).
[113] The synthesis of thiol-containing maytansinoids useful in the
present invention is fully disclosed in U.S. Patent Nos. 5,208,020, 5,416,064,
and U. S. Patent Application No. 20040235840.
[114] Maytansiﬂoids with a thiol moiety at the C-3 position, the C-14
position, the C-15 position or the C-20 position are all expected to be useful.
The C-3 position is preferred and the C-3 position of maytansinol is especially
preferred. Also preferred are an N-methyl-alanine-containing C-3 thiol moiety
maytansinoid, and an N-methyl-cysteine-containing C-3 thiol moiety
maytansinoid, and analogues of each.
1 151 Specific examples of N-methyl-alanine-containing C-3 thiol
moiety maytansinoid derivatives useful in the present invention are

represented by the formulac M1, M2, M3, M6 and M7.

CH, O
0 P
N (CHp)SH
o
CH,
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[ 157] The daunonbi ci n and doxor ubi ci n anal ogues of the present invention can
be nodified to conprise a thiol noiety. [158] The nodified
doxor ubi ci n/ daunor ubi ci n anal ogues usef ul
formul a D1 shegmoolyesserw R D1 wherein,
R2 is linear or branched al kyl having I
noi ety, H or liner or branched al kyl

in the present invention have the
Xis Hor OH Ydras@opps2MR2, wherein
to 5 carbon atons; Ris a thiol
having 1 to 5 carbon atons; and

Mi

wherein:
! is an integer of from 1 to 10; and

may is a maytansinoid.

CHy O
R1 Rz
o |
N CH—CH—(CHp)mSH
Ho
o) CH,
May
M2
wherein:

R; and R, are H, CHj or CH,CHj, and may be the same or different;
mis0, 1,2 o0r3;and

may is a maytansinoid.

gnmno

M3
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R is athiol nmoiety, H or -OR, wherein R is linear or branched al kyl
having 1 to 5 carbon atons; provided that Rand R are not thiol noieties at
the sane tinme. [159] In a preferred enbodinent, NR2 is NCH3. In another
preferred enashosdnliors R is -O  [160] In an especi al | ycpusioerwued? enbodi ment
the thiol nmoiety is -(CH2),,SH, -0(CH2)nSH, -(CH2)CH(CH3) SH, '
-0(CH2),,CH(CH3) SH, -(CH2)C(CH3)2SH, or -0(CH2)C(Cl113)2SH, wherein n is an
integer of 0 to 10. [161] Exanples of the linear or branched al kyl having 1
to 5 carbon atons, represented by R R, and R2, include nethyl, ethyl,

n- propyl, isopropyl, n-butyl, isobutyl, sec.-butyl, tert.-butyl, and pentyl,
in any of its eight isonmeric arrangenents.

wherein:

n is an integer of from 3 to 8; and

may is a maytansinoid.

M6
wherein:
lis1,20or3;
Yo is Clor H; and
X3 isH or CH3.
CHy O
o /l\l1|2
) r|\1 CH-CH-(CR3R )ySH
O . CHy
Maysr
M7
wherein:

Ry, Ry, R3, Ry are H, CH; or CH,CHs, and may be the same or

different;
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[162] RI and R2 preferably are nmethyl. [163] Exanples of linear alkyls include
nmet hyl, ethyl, propyl, butyl, pentyl and hexyl. [164] Exanples of branched

al kyl s include isopropyl, isobutyl, sec.-butyl, tert.-butyl, isopentyl and
1- et hyl - pr opwye 2d0d/f2k¥hen either R or R is not a |inkimgruyeomsrmp22erhe
substituent in that position can be varied until a compound of the desired
toxicity is obtained. H gh toxicity is defined as having an 1050 towards
cultured cancer cells in the range of 1 x 102 to 1 x 10-9 M wupon a 72 hour
exposure time. Representative exanples of substituents are H, alkyl, and
0-al kyl, as described above. One of ordinary skill in the art can determ ne
the appropriate chenicalmﬁﬁpé%9°¥%@mh and R using only routine
experinmentation. [166] For exanpl e, nethyl and nmethoxy substituents are
expected to increase then@V#ﬁﬂﬁ%W@ﬂﬁﬁﬁency, whil e a hydrogen is not expected

to increase : o .
[116] Specific examples of N-methyl-cysteine-containing C-3 thiol
moiety maytansinoid derivatives useful in the present invention are

represented by the formulae M4 and MS.

?H
(CHa)o O

Oﬁ/‘\"“/ll\(CHz)pCHa

wherein:

e}
()
<

M4

oisl,2or3;
p is an integer of 0 to 10; and

may is a maytansinoid.
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t he potency as conpared to the parent daunorubicin anal ogues with substituents
at the different positions will be initially prepared and evaluated for in
vitro cytotoxicity. [167] The nodified doxorubi ci n/daunorubi ci n anal ogues of
the present wpvyePkisen, Which have a thiol noiety, are gescodes2én WO

01/ 38318. The nodi fi ed doxorubi ci n/ daunor ubi ci n anal ogues can be synt hesi zed
according to known nethods (see, e.g., US. Patent No. 5,146,064). [168]
Auristatin include auristatin E, auristatin EB (AEB), auristafin EFP (AEFP),
nmononet hyl auristatin E (MLV1IAE) and are described in U S. Patent No.
5,635,483, bit J Oncol. 15:367-72 (1999); Mol ecular Cancer Therapeutics, vol.
3, No. 8, pp. 921-932 (2004); U.S. Applicatign Nunber 11/134826. U.S. Patent
Publ i cati on Nos. 20060074008, 2006022925. [ﬁBQ] The cytotcodc agents
according to the present invention include pykr§ obenzodi azepi ne diners that
are known in the art (US Patent Nos 7, 04%; T8 opll; 6,951, 853;

7,189, 710; 6, 884,799; 6, 660, 856. Aqgloguesoan&lderldhtlves [170] One skilled
inthe art of cytotoxic agents_will|{°rgadi!|y anderstand that each of the
cytotoxi c agents descri bed her&nyCa OO

resul ting conpound still retains ificity and/or activity of the

i nder stand that nany of these
conpounds can be used in place of t JeYige: s Qts descri bed herein. Thus,
the cytotoxic agents of the present inventio GACI ude anal ogues and
derivatives of the conpounds descri bed hereiH@’Therﬁ@eutic Use

wherein:
oisl1,2o0r3;
g is an integer of from 0 to 10;
Yo is Cl or H; and
X3 is H or CHa.
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.

Taxanes

[117] The cytotoxic agent according to the present invention may
also be a taxane.

[118] Taxanes that can be used in the present invention have been
modified to contain a thiol moiety. Some taxanes useful in the present

invention have the formula T1 shown below:
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[171] The cell-binding agent drug conjugates (e.g., inmmunoconjugates) of this
i nvention can al so be used in conbination with other chenotherapeutic agents.
Such chenot herapeutic agents are |isted above or are described in U S. Patent
No. 7,303, 74Syohokd/Bhe7the cel | -bi ndi ng agent drug conj ugalTas2q0e043267

i mmunoconj ugates) of the present invention can be admnistered in vitro, in
vivo and/or ex vivo to treat patients and/or to nodul ate the grow h of

sel ected cell populations including, for exanple, cancer of the lung, bl ood,
pl asma, breast, colon, prostate, kidney, pancreas, brain, bones, ovary,
testes, and |ynphatic organs; a .oirnnune di seases, such as system c | upus,
rheumatoi d arthritis, and nult RpRe scber@sis; graft rejections, such as renal

transpl ant rejectign, liver transp ej ection, lung transplant rejection,
cardi ac transpl ant*gej ection

ow transpl ant rejection; graft
versus host disdase; Wira in h as CW infection, HV infection,

and Al DS; and parasitie inf ect i3pH . &Sl ardi asi s, anoebi asi s,

schi stosomi asis, apd the | Tdw” ' E e i munoconj ugat es and

chenot herapeutic agent< of the |Hv;:t onnare adm nistered in vitro, in vivo
and/ or ex vivo to treatORgancer in a patient and/or to nodul ate the growt h of
cancer cells, -including, for exanpl a rRof the blood, plasma, |ung,

br east, colon prostate, kidney, péhcre S, ”graln bones, ovary, testes, and
Iynphatlc organs; nore preferably |ung, co n prostrate, plasma, blood or
col on cancer. [173]"Mdul ating the gromfh ok'sel ected cqfjl popul ations"
includes inhibiting the proliferation of selected cell populations (e.g.,

Tul tiple nyel oy g | PODLALL QRSB e ool ihRuls aellrbdibucel |5, HO29

cells, and the ) from ng to produce nore cells; reducing the rate of

increase in cel I[ ggw Si 0N, aS LEARRAL 9§’éZ)f @h, BX @M, R, bl RMafeatd ed cel | s;
[ Il

killing selected popul at1 ons; /'or “preventing sel ected cell populatlons

(such as cancer gellos et Ayt 38 kadkiHoRgidngpas, budlu seegt od cel |

popul ations can dulated in vitro, in vivo or ex vivo. 11741l athe methods
of the present ipyeatEAR, of OF of &l diedabMddnatngBPQR] such as -OCH;,

-OCH,CH3, -NR7Rg, -ORg, wherein 37 and Ry are the same or different and
are linear, branched, or cyclic alkyl groups having 1 to 10 carbon atoms or
simple or substituted aryl having 1 to 10 carbon atoms. Preferably the number
of carbon atoms for Ry and Rg is 1 to 4. Also, preferably Ry and Rg are the
same. Examples of preferred -NR7Rg groups include dimethyl amino, diethyl
amino, dipropyl amino, and dibutyl amino, where the butyl moiety is any of
primary, secondary, tertiary or isobutyl. R is linear, branched or cyclic alkyl

having 1 to 10 carbon atoms.

[121] R, preferably is OCHs, F, NO,, or CFs.
[122] Also preferably, R, is in the meta position and Ry’ and R;”’ are
H or OCHs.
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drug conjugates (e.g., imunoconjugates) can be admnistered in vitro, in
vivo, or ex vivo. The cell-binding agent drug conjugates (e.g.,

i mrunoconj ugat es) can be used with suitable pharmaceutically acceptable
carriers, dily§Mosis4@nd/ or excipients, which are wel| kravus2oomoud26can be
determ ned, by one of skill in the art as the clinical situation warrants.
Exanpl es of suitable carriers, diluents and/ or excipients include: (1)

Dul becco' s phosphate buffered saline, pH about 6.5, which would contain about
1 nmg/m to 25 ng/mM human serum al bumn, (2) 0.9% saline (0.9% w v NaC ), and
(3) 5% (wv) dextrose. [175] The conpounds and .c Si ti.0ns,. cribed herein
may be admi ni st 828d i n aPpincpbpdivgnts gyt aﬁgédgéf ggﬁ%“ﬁ%?hech%leu} §¢I y, nore
preferably intravenously. For parenteral admnistration conmpounds or
conposi tions cabrapichquexslicessy g‘i‘Yb‘ﬁafEﬂ‘?ébE?sl?@%f’? ?t%’[fl%(_glhﬁ efOS%cE&?’ “Sus pensi ons or
enul sions. Propyl ene gl ycol, vegetable_oils Z(Ed i nja%%{%i%%e organi c esters,

such as ethyl oliesasbranehsf, g5 evelis gferdavipgfion 4ig s e e. The conpositions

can al so contain adjuvants, enul sifiers or dispersant 76] The
conposi tions caﬁaqul@é?‘tféhqfﬂmi‘ﬂl?e'cpm f’wgfrg’r“ilﬁs‘ganggﬁaéé%%%%s%@ti ons that can be
di ssol ved or dispersed in steril ter or ot her il ahle sterile

nmedi um [177] #ﬁ@renméraé?éédwea‘ﬁ‘ﬁ%éw38‘?‘9\‘8/6;‘}/"‘5"8&n.*$’bgdf“@%%i’e cel | - bi ndi ng
agent drug conjugate (e.d., .i noconj ugat es ri -henei® refers to the
dosage regi nen FaHicaEIARREASP PR BRI ?eo?rsébéﬁt@%?ggp%gﬁg popul at i ons and/ or
treating a patient's disease, and_is.sel L0 pdange with a variety of
factors, includiFgot#¥m% é’,re%?’@ﬁﬁm%%(afn%%lggﬁ%fgﬁé medi g[gl condi tion of the
Phar macol ogi cal -COREGICEb: EnEtRgiRRrk! GbAl e S 21 Ton, and

phar macoki neti c apd i col ogy prof j ﬁ@g&g_éwc}ggﬁpbund used. The
"t herapeuti cal | y'%gfq}i’g:ﬁw Orﬁ%ﬁ%%tqs’%rlgﬁﬁgfés%& gs determ ned by reference to

st andard nedi cal , A8, st 6l,HRsbs sSkoRgl.ananGe- 2004. The
patient is pref e(;@ﬁlf—féﬁ%g %ﬁgngﬁrmr%@'rogp%r e‘?g&gblly a rr??ﬁml, nost preferably a
human. The pati e -r%e’lhtiﬁ él@:r?o or fermale, and can be an infant, child or
adult. [178] Exanples BrPSH Tabl e prot ocol s of cell-binding agent drug

conj ugat es (€. g.m4jNUNuUN I font BTS Rnidieadthifing AbRtyas fol | ows. The
conj ugat es can b%z‘gi ven glgzﬁpbfﬂ?%ﬁ a{lbﬁt 5 da;?s eit%er as an i.v., bolus each

day for about 5 H%s Or RSinAmbEFhiAMIAY$3)land Usjioayl eris Adrayt S5 days.

C

branched or cyclic alkyl having 1 to 10 carbon atoms, preferably

-CH,CH(CHs),.

[126] R; in embodiment (2), is -CH=C(CHa)>.

[127} Ry in all four embodiments, is -OC(CHz)s or -CgHs.

[128] Rs in embodiments (1) and (2), is a thiol-containing moiety and

R has the same definition as above for R, for embodiments (1), (2) and (4).
' [129] Rs and R in embodiment (3), are the same or different, and

have the same definition as above for R, for embodiments (1), (2) and (4).

58



[179] Alternatively, the conjugates can be adm nistered once a week for six
weeks or longer. As another alternative, the conjugates can be adm nistered
once every two or three weeks. Bol us doses are given in about 50 to about 400
m of normal wghigesbe Which about 5 to about 10 nml of buwmesoesesnwn al buni n can
be added. Continuous infusions are given in about 250 to about 500 m of
normal saline, to which about 25 to about 50 m of hunman serum al bum n can be
added, per 24 hour period. Dosages will be about 10 pg to about 1000 ny/ kg per
person, i.v. (range of about 100 ng to about 100 ngy/kg). [180] About one to
about four weeks after treatnent, the Eat'ent gn.receitye %rﬁecond cour se of
treat ment. Specilt30t cl i nifsa eopogisaldfts b ‘?15&?’53 FHRES FBIE €7 0F admi ni strati on,
exci pients, diluents, dosages, and tipnes, can lbe. eterm ned by the skilled:
artisan as the dpreaibedimenis Qra(?)aﬁﬁ(ﬂé?c{gﬁfg. 18199 The present invention al so
provi des pharmaceutical kits conprisjng.one or. .nor ntainers filled with one
or more of the ik edi ent@‘eéﬁgeflﬁ POSHIP EE‘HP?"@SHO %giﬁ%‘ﬁga%ﬁn/or conposi tions
of the present invention, |ncludj ng, OtEe or nFredi nmunoconj ugat es and one or
mor e chenot her aFRAiety are R ant Bs: Wip ByOqiethe 0y P58 ncl ude, for exanple, ot her
conmpounds and/ or_conposi tjons, a.device(s), .f.or .adm ni .Ng the conpounds
and/ or conpositil&#d, and Wis’tdf’ét?m%gf”%g\ei)%ﬂsmqleﬁy(éan;%giﬁh%%%lr)gscri bed by a

gover nment al agency, regul ati ng t he f act ur Liwphar maceuti cal s
or bi ol ogi cal prbﬁﬂ’ﬁhetds?gromat[cfé%erﬁ?@ﬁ%%é’%ﬂr gt nsgﬁ @8?\{6383%%5&?1%. g.,

I mrunoconj ugat es CO.g" dt%léésseoqucgglus {Pgex%gﬁlegmggﬂﬁ&&geg fud@ medi canment usef ul
(S

for treating or IferlTaMH & PP 13} 0 I'sorders, such as, characterized by

abnornmal growth -ars C ies and their
dosages, routes 7 ni Iona rec nded uSage are known in the art
Pout es Sraat i T RN TR RC AR
and have been de i i i h i cian's Desk Reference
(PDR) . VThe PDR d]i(glgﬁl)'%ggls{bg%g éL%aé(sdH&#‘é{(ﬁ—féH%lg’égt% gﬁ{f%%ﬁbﬁ\’/el been used in
treat ment of var%@@ﬁ?‘%ﬁqﬂ%—ﬁ% goghig JeahRongnh, dosages of these
er apeut

af orenmenti oned che agents and conjugates that are therapeutically

effective wll degﬁg(gin?_&st}pgc@_?g,tﬁi;agim,_%mmﬁbemongsﬁ,rag@@mv.t he extent of

the di sease and 0 actors ltar to the physician of skill in the art

and can be deterginad: ddheshsies an. For exanple, the 2006 edition of the
Physi cian's Deskmﬁggglpgrﬁzcle gISSC| osees that Taxotere (see p. 2947) is an

i nhi bitor of tubulin depokyopfiiezaliy®Bs briRK&T Bl Bdving(ISER:afbod &Ops. Doxil (see p
3302) and oxaliplatin (see p 2908) are DNA interacting agents, Irinotecal (see
p. 2602) is a Topoi sonerase .| jnhibitor, FErbjtux ee 93.7 d Tarceva (see
p 2470) interact with theRegdsyl kyér&’&%*?fdfag‘gr%rcg?ﬁlé’@lel%{}gyl.n%‘]'ﬁée] contents of
the PDR are expressly incorporated herein in theitr enti.r y reference. One
of Skill 1n the & sarbos sy iupey S&tﬁﬁf“‘%éfyﬁaavé%é"é‘% Mlofoghapoby T et or 0o ng
paraneters, to determ.ne doai n%‘grgg{'én%ns and dosages of the chenot herapeutic
agents and conj ugameEr hetespeyelie Idgae Bhddd i 1y accordance with the teachings of
this invention. These paraneters include: 1. Conprehensive index

n is an integer of 0 to 10.

[133] Examples of linear alkyls include methyl, ethyl, propyl, butyl,
pentyl and hexyl.
[134] Examples of branched alkyls include isopropyl, isobutyl,

sec.-butyl, tert.-butyl, isopentyl and 1-ethyl-propyl.
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a) by Manufacturer b) Products (by conpany's or tradenarked drug name) c)
Category index (for exanple, "antihistam nes", "DNA allcylating agents”
taxanes etc.) d) Ceneric/chem cal index (non-trademark common drug nanes)

2. Col or i magepp afve/ BRIy cati ons 3. Product information, caeaystenisasth FDA
| abeling a) Chem cal information b) Function/action c) Indications &
Contraindications d) Trial research, side effects, warnings 11841Al |
references cited herein and in the exanples that follow are

[135] Examples of cyclic alkyls include cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl.

[136] Examples of simple aryls include phenyl and naphthyl.

[137] Examples of substituted aryls include aryls such as those
described above substituted with alkyl groups, with halogens, such as Cl, Br,
F, nitro groups, amino groups, sulfonic acid groups, carboxylic acid groups,
hydroxy groups or alkoxy groups.

[138] Examples of heterocyclics are compounds wherein the
heteroatoms are selected from O, N, and S, and include morpholino,
piperidino, piperazino, N-methylpiperazino, pyrrollyl, pyridyl, furyl and
thiophene.

[139] ) The taxanes having a thiol moiety can be synthesized according
to known methods. The starting material for the synthesis is the commercially
available 10-deacetylbaccatin III. The chemistry to introduce various
substituents is described in several publications (Ojima et al, J. Med. Chem.
39:3889-3896 (1996); Ojima et al., J. Med. Chem. 40:267-278 (1997); Ojima
et al., Proc. Natl. Acad. Sci., 96:4256-4261 (1999); U.S. Patent No. 5,475,011
and U.S. Patent No. 5,811,452).

[140]‘ The substituent R; on the phenyl ring and the position of the
substituent R; can be varied until a compound of the desired toxicity is
obtained. Furthermore, the degree of substitution on the phenyl ring can be

varied to achieve a desired toxicity. That is, the phenyl ring can have one or
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expressly
i nvention
ot herw se
Mat eri al s
0

i ncorporated by reference in their entireties.

wi |

andwiksovads7 Vet hyl

EXAMPLES

[ 185] The

~now be described by reference to non- limting exanples. Unless
specified, all percents and ratios are by volunme. Exanple 1

more substituents (e.g., mono-, di-, or tri-substitution of the phenyl ring)
which provide another means for achieving a desired toxicity. One of
ordinary skill in the art can determine the appropriate chemical moiety fof R,
and the appropriate position for R; using only routine experimentation.

[141]} For example, electron withdrawing groups at the meta position
increase the cytotoxic potency, while substitution at the para position is not
expected to increase the potency as compared to the parent taxane. Typically,
a few representative taxanes with substituents at the different positions (ortho,
meta and para) will be initially prepared and evaluated for in vitro
cytotoxicity.

[142] The thiol moiety can be introduced at one of the positions
where a hydroxyl group already exists. The chemistry to protect the various
hydroxyl groups, while reacting the desired one, has been described previously
(see, for example, the references cited supra). The substituent is introduced
by simply converting the free hydroxyl group to a disulfide-containing ether, a
disulfide-containing ester, or a disulfide-containing carbamate. This
transformation is achieved as follows. The desired hydroxyl group is
deprotonated by treatment with the commercially-available reagent lithium
hexmemyldisilﬂme (1.2 equivalents) in tetrahydrofuran at -40°C as
described in Ojima et al. (1999), supra. The resulting alkoxide anion is then
reacted with an excess of a dihalo compound, such as dibromoethane, to give a

halo ether. Displacement of the halogen with a thiol (by reaction with
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THF, -20C-0C >95% [186]10.0 g (38.4 mml) of nethyl 2,4-dibronobutanoate in
100 M of dry THF at 20C was added drop wi se the mxture of 2.75 m (38.5
mol ) of thiolacetic acid in 85 n (48.9 mnol) of DIPEA and 50 ml of dry THF
in 1.5 hour. wAf 4089138k rri ng overnight at -20C then 0C fearuR2o0boues7 under Ar,
the m xture was concentrated, diluted with Et Ac/ Hexane, washed with 1.0 M
NaH2PO4, dried over MgSO4, filtered, evaporated, and Si 02 chromat ographic
purification (1:12 to 1:10 Et Ac/Hexane) to afford 9.5 g (96% of the title
conmpound. HI NMR (CDC13) 4.38 (1H, t, J = 7.1Hz), 3.74 (s, 3H), 3.40 (m 2H),

257 - 2.47 1H. 2 37 (s, 236 -.2 21 1H.: . 13C.NVR 193. 24,

(171. 36, | 53, 1(5m ng %d%f%‘,"%’%&@%t%ﬁse a%‘g@i‘g?e“ﬁﬁ‘%h%‘?ﬁ Rs® r‘?é }g‘)-dfi’x%%‘.“ﬁﬁ‘%#%Na) 278.9

Mr2+Na) 4- Br onp- 1- et hoxy: 1: tane.2-sul fonic acid [187]9.2 g (36.3 mol
O ot hyl 2o acRPYiE Tt S B SREAREEPE T B0 w1 of acet!t mai d e added 40

m of hydrogen Rgroxi e (RS, AL Bhikea YA b WASethda" T ed Overni ght,

t hen evapor at ed il uted™W

directly by reaction with an acyl halide, such as 3-bromopropionyl chloride, to
give a bromo ester. Displacement of the bromo group by treatment with
potassium thioacetate and further processing as described above will provide
the thiol-containing taxane ester. 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.

CC-1065 analogues

[144] The cytotoxic agent according to the present invention may
also be a CC-1065 analogue.

[145] According to the present invention, the CC-1065 analogues
contain an A subunit and a B or a B-C subunit. The A subunits are CPI
(cyclopropapyrroloindole unit) in its natural closed cyclopropyl form or in its
open chloromethyl form, or the closely related CBI unit
(cyclopropylbenzindole unit) in the closed cyclopropyl form or the open
chloromethyl form. The B and C subunits of CC-1065 analogues are very
similar and are 2-carboxy-indole and 2-carboxy-benzofuran derivatives. For
activity, the analogues of CC-1065 need at least one such 2-carboxy-indole
subunit or 2-carboxy-benzofuran subunit, although two subunits (i.e., B-C)

render the analogue more potent. As is obvious from the natural CC-1065 and
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neutralized with NaHCO3, washed with 1:1 Hexane/ Et Ac. The aqueous sol ution was
evapor at ed, dissolved in nethanol, concentrated, and crystallized with

met hanol /tol uene to afford 8.6 g (90%vyield) of the title conpound. mp. =
288- 293 (deg@ympd/izddh NVR (D20) 4.12 (dd, 1H, J = 4.8, PEIZSHEY0428783 (s, 3H),
3.64 (m 1H), 3.53 (m IH), 2.54 (in, 2H); 13C NWR 172.16, 66.73, 55.66,

33.39, 32.70; M5 rn/z- 260.8 (M1).

4- (Acet ylt hi 0) - 1- net hoxy- 1- oxobut ane- 2-sul f0111c acid [188]5.0 g (19.2
mrol ) of 4-brono-I - et hoxy- 1 oxobut ane-2- sulfonic acid in 100 mM of THF was

added 3.0 m of thi oa tlc lgﬁiﬂe %y?rﬂéﬂo fetalp)/P}éA?Id}}e,AOO m of THF. The

m xt ure was stlﬁ?féé}le or 1 hr, evaporated and

co-evaporated with 3 i t lgegjto PH 7 with
Nal | COB. The ni &¥ ﬁﬁﬂééoé\éég%g)e? g%‘%’F ved’f &%ek%%a%f g&#l%igge??c} t hrough celite,

trated d f t { h
Graon Grocio) ke b: 55,80 ool SRS BERIREBARME L o1 ) of the
title Coeround 1H %&?2\%) t1t3en?s Qggreftiﬂjgml}ns on4h elindolor Berd#éfuran3. 83 (s, 3H),

3.74 (m 2H), "2.39 (s, 3H); 13C NWR 203. 88,
172.91, 67.32, 56 17, 29.04, 20.61; M5 nfz- 2548(MH)

445-nitropyri di PSS Adi sul fany1) - 2- sul f obut anoi ¢ aci d
{146} CC-1065 analogues containing a thiol moiety can be any of the

following A subunits of the formulae A-1 {CPI (Cyclopropyl form)}, A-2
{CPI (Chloromethyl form)}, A-3 {CBI (Cyclopropyl form)}, and A-4 {CBI
(Chloromethyl form)} covalently linked via an amide bond from the
secondary amino group of the pyrrole moiety of the A subunit to the C-2
carboxy group of either a B subunit of the formula F-1 or a B-C subunit of the
formulae ¥-3 or F-7.

A subunits

A-2

B and covalently bound B and C subunits
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118913.0 g (11.7 mmol ) of 4-(Acetylthio)-1-methOxy-I|-0xobutane-2- sulfonic
acid in 100 mM of water was added 50 ml of 3 M NaOH After being stirred under
Ar for 3 h, the mxture was neutralized with 1 M HPOX to pH 7.2 under Ar. The
m xture was adslsdy/dnopwi se to the solution of 10.0 g ( IZTTUSPAGYI4}265(

1, 2-bis(5-nitropyridin-2-yl)disulfane in 200 m of DMA. After being stirred
for 4 h under Ar, the m xture was concentrated, diluted with water, filtered,
evaporated and purified with CG18 4.0 x 20 cmcolum eluted with

wat er / met hanol (95:5) to afford 3.1 g (75%yield) of the title conmpound. m p.
= 288 - 291C (deconp.) 1H NWR (DMF-d7) 9.29 (d, 1H & =x2.2 Hz), 8.63 (dd, 1H
J =27, 89 Hz), 8.17 (d, 1H, J = 8.9 Hz), 3.73 (t, J =7.2 H), 3.22 -
3.17 (m 1H), 3.15 - 3.10(m 1H),2.41 2.33 (m 2H;
146. 04, 143.67, 133.65, 0.72, 64.22, 37.182, 29.p6;

1- (2, 5-di oxopyrroli d'/ OXY) - 445- ni diNg y1) di sul [ anyl ) - 1-
oxobat anc- 2- suf @6 ac ) OHHO,, DI ‘ 00 2,,,7"-Nyk?S
W; Ry Ra
Ry F-1 Ry F-3
o}
A
/ R
W,
Hooc—y/ o Rs
W1 Rz
Ry F-7
wherein each Wy and W may be the same or different and may
be O or NH; and

wherein, in Formula F-1 Ry is a thiol moiety, in Formula F-3
one of R or Ry is a thiol moiety, in Formula F-7 one of R’ or Ry is a thiol-
containing moiety; when R or R’ is a thiol moiety, then R, to Rg, which may
be the same or different, are hydrogen, C; -C; linear alkyl, methoxy, hydroxyl,
primary amino, secondary amino, tertiary amino, or amido; and when Ry isa
thiol moiety, R, Ry, Ry, Rs, Ry, Rs and R, which may be the same or different,
are hydrogen, C, -C; linear alkyl, methoxy, hydroxyl, primary amino,
secondary amino, tertiary amino, or amido, and R’ is NH,, alkyl, O-alkyl,

primary amino, secondary amino, tertiary amino, or amido. In addition, the
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SABHO [1901220 ng (0.62 mmol) of 445-nitropyridin-2-yDdisul fanyl)-2-

sul fobutanoic acid in 15 DVA was added 130 ng (1.13 mmol) of NHS and 480 ng
(2.50 mmol) of EDC. The mixture was stirred under Ar overnight, evaporated and
purified on §,8206Meaat ography eluted with CH2CH2/ CH3Qr¥THSeNOb4360000: 1000: 1
to 10000: 1500: 1) to afford 227 ng (82%yield) of the title conpound. 1H NWMR
(DVBO-d6) 9.25 (d, 1H, J = 5.2 Hz), 8.57 (dd, IH J = 2.5, 8.9 Hz), 8.04 (t
1H J =8.0 + 8.9 Hz), 3.86 (dd, 1H, J =4.9, 9.7 Hz), 3.13 - 3.12 (m 2H ’
2.76 (s, 4H), 2.36 -2.30 (m 1H), 2.25 - 2.21 (m 1H); 13C NWR 166. 96, 165i01,

144.93, 142.26, 132.63, 119.61, 61.00, 35,603 .29. 3 : tn/z- 449.8
g /|\<+C H)B.r (I\)/Et hyl 2¢hlerneaipm iRidey 24l A5t 6?&5‘8\3%%8%’&‘38‘“% f?‘/ab%%éi‘% ~ -20C-0C >95%
halogen.
[147] In a preferred embodiment, R and R’ are thiol moieties and R,

and R, are each hydrogen. In another preferred embodiment, Rand R’ are
thiol moieties and R; to R¢ are each hydrogen.

[148] In an especially preferred embodiment, R or R4 is
“NHCO(CH,),SH, -NHCOCsH4(CH,);SH, or -O(CH,);SH, and R’ is
-(CHy);SH, -NH(CHy);SH or -O(CH,);SH wherein / is an integer of 1 to 10.

[149] Examples of primary amines include methyl amine, ethyl
amine and isopropyl amine.

[150] Examples of secondary amines include dimethyl amine,
diethylamine and ethylpropy!l amine.

[151] Examples of tertiary amines include trimethyl amine, triethyl

amine, and ethyl-isopropyl-methyl amine.

[152] Examples of amido groups include N-methylacetamido,
N-methyl-propionamido, N-acetamido, and N-propionamido.

[153] Examples of alkyl represented by R’, when R’ isnot a linking

group, include C;-Cs linear or branched alkyl.

[154i Examples of O-alkyl represented by R” when R’ is not a linking
- group, include compounds where the alkyl moiety is a C;-Cs linear or

branched alkyl.
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[191]10.0 g (38.4 mml) of nethyl 2,4-di bronmobutanoate in 100 m of dry THE at
-20C was added dropwi se the mxture of 2.75 m (38.5 nmmol) of thiolacefic acid
in 85 mnm (48.9 nmol) of D PEA and 50 ml of dry THF in 1.5 hour. After

stirring overghggbAabr;- 20C then O0C for 2 hours under Arpciisoonsstdar e was
concentrated, diluted with EtAc/Hexane, washed with 1.0 M NaH2PO4, dried over
I\/gSO4, filtered, evaporated, and Si 02 chronmatographic purification (1:12 to
1: 10 Et Ac/ Hexane) to afford 9.5 g (96% of the title conpound. 11-1 NWR
(CDC13) 4.38 (1H, t, .1 = 7.1Hz), 3.74 (s, 3H), 3.40 (m 2H), 2.57 - 2.47 (m
111), 2.37 (s, 31123, 2.36 - 2.21 (m ll%' %SC NVR 193. 24 1.36, 53.15,
214. 45, 34.67, 301586 29. Abe ahge-Asirbed 5461065 prglqauss mayFg ISgalRAS N,
- Brono- | - met hoxy- | - oxobut ane- 2- sul [ j

nZtural sources and methods t%r tfhgi? i)r%pa?r'a%og, ir%'zac\)?vir(l)g subsequent

modification, synthetic preparation, or a combination of both, are well-

described (see, e.g., U.S. patent nos. 5,475,092, 5,585,499 and 5,846,545).

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 7,049,31 6

Daunorubicin/Doxorubicin Analogues

[156] The cytotoxic agent according to the present invention may
also be a daunorubicin analogue or a doxorubicin analogue.

[157] The daunorubicin and doxorubicin analogues of the present
invention can be modified to comprise a thiol moiety.

[158] The modified doxorubicin/daunorubicin analogues useful in the

present invention have the formula D1 shown below:
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[192]19.2 g (36.3 mmol ) of methyl 2-(acetylthio)-4-bronobutanOate in 80 m of
acetic acid was added 40 ml of hydrogen peroxide (35%in water). The m xture
was stirred overnight, then evaporated, diluted with water, neutralized with
NaHCO3, washeglo wioé/sssby 1 Hexane/ Et Ac. The aqueous sol ut iran/usam/eempor at ed,

di ssolved in nethanol, concentrated, and crystallized with nethanol/toluene to
afford 8.6 g (90% vyield) of the title conpound. mp. = 288- 293 (deconp), 11-1
NVR (D20) 4.12 (dd, 1H, J = 4.8, 9.3 Hz), 3.83 (s, 3H), 3.64 (m 1H), 3.53 (m
1H, 2.54 (m 21-1); 13C NWR 172.16, 66.73, 55.66, 33.39, 32.70; M5 in/z-
260.8 (M1). 4-(Acetylthio)gl-nmeghOxy-1-oxg@butalle-2-sul fOnlc acid WO

2009/ 134977PCT/ US2009/ 04226} $03L1SC3H HS /DI PEA Br DMA, 70C 00 >90%

OMe 0 OH o}
CHa o)
N
G
R Y R D1
wherein,
X isHor OH;

Y is O or NR,, wherein R; is linear or branched alkyl having 1
to 5 carbon atoms;

R is a thiol moiety, H, or liner or branched alkyl having 1to5
carbon atoms; and

R’ is a thiol moiety, H, or —OR;, wherein R, is linear or
branched alkyl having 1 to 5 carbon atoms;

provided that R and R’ are not thiol moieties at the same time.
[159] In a preferred embodiment, NR; is NCHj. In another preferred
embodiment, R’ is —O.
[160] In an especially preferred embodiment, the thiol mbiety is
-(CH,)uSH, -O(CH3)nSH, -(CHy);CH(CH;3)SH, -O(CH,).CH(CH3)SH,
-(CH,),C(CH3),SH, or -O(CH;),C(CH3),SH, wherein n is an integer of 0 to

10.
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[193]15.0 g (19.2 mmol ) of 4-brono-1 -nethoxy-I|-oxobutane-2- sulfonic acid in
100 M of THF was added 3.0 ml of thioacetic acid and 9.0 ml of DI PEA in 100
m of THE The m xture was stirred overnight then refluxed at 70C for 1 hr,
evapor at ed angp swe/gyaporated with 3 x 100 m of water aicras2mgutsal i zed to pH
7 with NaHCO3. The m xture was redi ssolved in nmethanol, filtered through
celite, concentrated and purified with Si02 chromatography eluted with

CH3OH CH2C12/ HCOOH 37.5:250:1 to 50:250:1) to afford 4.4 g (90% yield) of the
title conpound. 1H NVR(D20) 3.95 (dd, 1H, J = 4.1, 10.3 Hz), 3.83 (s, 3H),
3.74 (m 2H), 3.22 (dd, 2H, .1 = 7.4, 14.9 Hz) . 39 At 13C NWVR 203. 88,
172.91, 67.32, HE17, 29.E>€?£!§P102Gf‘éi!ln%@‘??fai‘9h%§ﬁ‘?’é‘a(‘l9ﬁ(h)%5
4-((5-nitropyridin-2-yl)disul fanyl)-2-sul fobutanpi,c aci [194]3.0 g (11.7
mmol ) of 4-(Ace@tym%>Fﬁ%ﬁf@l&@%ﬁa%@b%ﬁ‘ﬂ?%ﬁt VoML acid in 100 m of
water was added 50 ml of 3 M NaCOH After sStilkri cqxfor 3 h, the

m xture was neuiSPRPRY:EPUHLLPLYYNFIGo %ﬂte’it'(’s)bub’ﬁ a:?agen%,ﬂxg%n)%} The m xture was
~added dropwise to the solution of 10.0 g (32 2 mmol) of

1, 2- bi s(5- ni t r opyHIYPRUSTASHIH f ane in 200 M of DVA. After stirring for 4 h

under Ar, the m xture was concent.r at.ed Lluted with water, filtered,
evapor at ed and }HL?P] fied WK _piegergl?lbarbkﬂgg’bfém colum eluted with

wat er / met hanol (95:5) to_afford.3.1 75% .| i1l d. .

N as | 2010 (bR, ) | MR o Sk RAY b aflh, s, by B SOMRORRT 4a P

1H, J = 2.7, 8.9 %) a8 d7 (d, 1H J =8.9 Hz), 3.73 (t, 1H J =7.2 Hz), 3.22
- 3.17 (m 1H), P& %‘L‘ 20 (m 141), 2.41 - 2.33 (m 2H); 130 NWR 170. 92,

(1 f,?i_,)lo’ 146.04, 143 67, 133, O3 orbhfered i irkfade Repr8ifn, isdBuif; VB in/z- 352.8
sec.-butyl, tert.-butyl, isopentyl and 1-ethyl-propyl.
{165} When either R or R’ is not a linking group, the substituent in
that position can be varied until a compound of the desired toxicity is
obtained. High toxicity is defined as having an ICso towards cultured cancer
cells in the range of 1 x 102 t0 1 x 10° M, upon a 72 hour exposure time.
Representative examples of substituents are H, alkyl, and O-alkyl, as
described above. One of ordinary skill in the art can determine the appropriate
chemical moiety for R and R’ using only routine experimentation.
[166] For example, methyl and methoxy substituents are expected to
increase the cytotoxic potency, while a hydrogen is not expected to increase
the éotency as compared to the parent daunorubicin analogues with

substituents at the different positions will be initially prepared and evaluated

for in vitro cytotoxicity.
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1- (2, 5-di oxopyrrolidin-l-ylory)-4-((5-nitropyridin-2-yl)disul fanyl)-1-

oxobut ane- 2- sul fonic acid [195] 220 ng (0.62 nmol ) of

445-ni tropyri di n-2-yDdi sulfanyl)-2- sul fobutanoic acid in 15 DVA was added 130
g (1. 13 rnnoygp eb WS and 480 ny (2 50 nunol) of EDC. pdwuspooxbdaasee was stirred
under Al - overnight, evaporated and purified on Si 02 chromatography el uted

wi th CH2CH2/ CH3OH HOOOH (10000: 1000: 1 to 10000:1500: 1) to afford 227 ng (82%
yield) of the title conmpound. 1H NWR (DI\/BOdG) 9.25 (d, 114, J = 5.2 Hz), 8.57
(dd, 1H, J = 2.5, 8.9 Hz), 8 04 (t, 1H J = 8.0 + 8.9 Hz), 3.86 (dd, 1H J =
4.9, 9.7 Hz), 3.13 - 3.12 ( 2.76 ,4H) 2. 36 ZEOml 2.25 -
2.21 (m 1H; 1307NWR 166“h9@0d1ﬁ lqyqrubigi &a@@mbﬂlzané‘eg“ei%fé %3, 119.61, 61.00,
35.03, 29.30, 25.39; M5 m z- 449.

8
4- (pyridin-2-yl @remmawlﬂzl}:-vﬁu@mwg%%iﬁ% Fedggerdedin YO 01/38318.

The modified doxorubicin/daunorubicin analogues can be synthesized
according to known methods (see, e.g., U.S. Patent No. 5,146,064).

[168] 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.

[169] The cytotoxic agents according to the present invention include
pyrrolobenzodiazepine dimers that are known in the art (U S Patent Nos

7,049,311; 7.067.511; 6,951,853; 7,189,710; 6,884,799; 6,660,856.

Analogues and derivatives

[170] One skilled in the art of cytotoxic agents will readily
understand that each of the cytotoxic agents described herein can be modified
in such a manner that the resulting compound still retains the specificity and/or
activity of the starting compound. The skilled artisan will also understand that
many of these compounds can be used in place of the cytotoxic agents
described herein. Thus, the cytotoxic agents of the present invention include
analogues and derivatives of the compounds described herein.

Therapeutic Use
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) NaOH PySSPy, OpH 7.0 O SOH $GBH 1196]1.5 g (5.85 mol) of

4- (Acet ylt hi o) - 1- met hoxy- 1- oxObut alle-2- sulfonic acid was added to 100 m of
0.5 M NaOH solution. After stirring under Ar for 3 h, the m xture was

concentr at ed Ww@2000/do7m1 and neutralized with 1 M H2PO4 rax/yskéodos226ander Ar. The
n1xFure was added dropwise to the solution of 4.0 g (18.1 mml) of
2,2"-dithiodipyridine in 60 m of DVA. After stirring for 4 h under Ar, the

m xture was concentrated, diluted with water, filtered, evaporated and
purified with CG18 4.0 x 20 cmcolum eluted with water/methanol (99:1 to

90:10) to afford 1 32 g 3% ld f .the t d -
8.39 (dd, 1H, J ‘191(9) Tgéﬁg%ﬁﬁ“gg?ﬂjdg%&f??ﬁqougm lél5g|N(RngNEHd73 -

5.2, 9.4 Hz), 2,90
138. 09, 150 03, “&%@("%j“%{)‘?éwgfbﬁ%&%" %ﬂé‘%‘gﬁqm%ﬁ' g‘éan%%%“%tﬁ?lvf El) H8-
1- (2, 5-di oxopyr o er c emot}}erXpeutléla?ger;ts %42 %e&g%kgb&tlgaééhg hRUikanyl ) but ane- 2-

sulfonlc acid
above or are described in U.S. Patent No. 7,303,749.

[172] The cell-binding agent drug conjugates (e.g.,
immunoconjugates) of the present invention can be administered in vitro, in
vivo and/or ex vivo to treat patients and/or to modulate the growth of selected
cell populations including, for example, cancer of the lung, blood, plasma,
breast, colon, prostate, kidney, pancreas, brain, bones, ovary, testes, and
lymphatic organs; autoimmune diseases, such as systemic lupus, theumatoid
arthritis, and multiple sclerosis; graft rejections, such as renal transplant
rejection, liver transplant rejection, lu_ng transplant rejection, cardiac_ transplant
rejection, and bone marrow transplant rejection; graft versus host disease; viral
infections, such as CMV infection, HIV infection, and AIDS; and parasite
infections, such as giardiasis, amoebiasis, schistosomiasis, and the like.
Preferably, the immunoconjugates and chemotherapeutic agents of the
invention are administered in vitro, in vivo and/or ex vivo to treat cancer in a
‘patient and/or to modulate the growth of cancer cells, including, for example,
cancér of the blood, plasma, lung, breast, colon, prostate, kidney, pancreas,
brain, bones, ovary, testes, and lymphatic organs; more preferably lung, colon

prostrate, plasma, blood or colon cancer.
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11971680 ng (2.20 mmol ) of 4-(pyridin-2-yldisulfanyl)-2- sulfobutanoic acid in
50 DVA was added 300 ng (2.60 mmml) of NHS and 800yrrz; (4.16 mmol ) of EDC. The
m xture was stirred under Ar overnight, evaporated and purified on Si02

chr omat ogr apRyo sbdtiseey Wi t h CH2CH2/ CH301- 1/ HC001- 1 ( 100@@TASH00k22%D

10000: 1500: 1) to afford 720 nmg (80% yield) of the title conmpound. 1H NWMR
(DVBO-d6) 8.40 (dd, 111, J = 3.5, 4.7 Hz), 7.85 (m 211), 7.24 (m 111), 3.58
(dd, 111, J =5.1, 9.4 Hz), 2.94 - 2.90 (m 211), 2.74 (s, 4H), 2.31 -2.27 (m
211); 13C NWR 168.16, 161.11, 147. 91 139. 22, 121 63 119. 31, 66.80, 36. 30,

28.36, 25.42; M5 niz- 404.9 i

- ;(09?05@ i rlﬂlgsggéh ei i F;%W(@faén%ghe gpvih %%IB]F%% ﬂ%’ 1eq%gl%ﬁ§%8almhl) d\(/avagoadded
an nmo

bomb at 100C f ofthiitiRg ﬁ‘?lﬁ’é’l‘ﬁeﬁ%n%&ﬁ e&%‘%f’e CPOB'Q%OII?g 5 & %(%)Jrlﬁﬁ%el%er%t 8]; eau;(r)]gl ?Xg

acet at of hexane. £ paPR GG 8% o VC0gng e R Pt FEBLs SRl R0 1M o
from dividing to produce more cells; reducing the rate of increase in cell
division as compared, for example, to 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.

[174]} In the methods of the present invention, the cell-binding agent
drug conjugates (e.g., immunoconjugates) can be administered in vitro, in
vivo, or ex vivo. The cell-binding agent drug conjugates (e.g.,
immunoconjugates) can be used with suitaBle pharmaceut'ically acceptable
carriers, diluents, and/or excipients, which are well known, and can be
determined, by one of skill in the art as the clinical situation warrants.
Examples of suitable carriers, diluents and/or excipients include: (1)
Dulbecco's phosphate buffered saline, pH about 6.5, which would contain
about 1 mg/ml to 25 mg/ml human serum albumin, (2) 0.9% saline (0.9% wiv
NaCl), and (3) 5% (w/v) dextrose.
[1751 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.
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(DVF-d7): 11.08 (s, 1H (NH), 6.60 (m 2H), 5.16 (m 2H), 2.95 (m 2H). 13C
NVR 178.84, 137.69, 82.00, 49.92. M5 mz+ 188.4 (MN+ Na). Methyl 4-N-(3,

6- endoxo- a-t et rahydr opht hal 1do) - 2- sul fo-butyrate 0 K2CO3/ K1/ DMF NHO
50311 119913yo6gbdenio- A-t et r ahydr opht hal hi de (0. 80 g, pc/&o0obaagd7) i n DVA (20
nm) was added K2C38 (1.4 g, 10.13 mmol) and KI (0.19 g, 1.14 nmol). After
stirring under Ar for 1 hr, methyl 4-brono-2-sulfo-butyrate (0.98 g, 3.77
nunol) in DVA (10 mM) was added. The m xture was stirred under Ar overnight,
evaporated, re-dissolved in 1% HAe in nethanol, filtered, evaporated and

purified by SiO h t d el.ut 1th. 1:5:0 :4: 0.
?83'\/943 %42 szg :;A “ﬁ’éﬂ‘r;’gefn%q%‘i%g r"gé.%g"‘élg(%g%%% “§G°§%le¥\4€%a“%‘ﬁ]etsﬁ§fé’ S@%}naﬁgeg‘ﬁé 41& RI%/R
- : . 5.16 2H .= . , - 3.
ay (e offerh veed Bshiyeflbeghidie dnooilbiplom iscfn: 5,83 () -
81.98, 52.39, 490(') %lih a(ﬁg\?ag%,’em%%ﬁ%rl‘s or%ilspgzants!vs tn/z- 343.9 (MV- H).

[176] 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.

[177] The "therapeutically effective amount" of the cell-binding agent
drug conjugate (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 toxicology
profiles of the particular compound used. The "therapeutically effective
amount” can also be determined by reference to standard medical texts, such
as the Physicians Desk Reference 2004. The patient is preferably an animal,
more preferably a mammal, most preferably a human. The patient can be male
or female, and can be an infant, child or adult.

[1781 Examples of suitable protocols of cell-binding agent drug
-conjugates (e.g., immunoconjugate) administration are as follows. The
conjugates can be given daily for about 5 days either as an i.v., bolus each day

for about 5 days, or as a continuous infusion for about 5 days.
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WO 2009/ 134977PCT/ US2009/ 042267 [200] I n an opened round bottom fl ask, nethyl
4-N- (3, 6-endoxo-A- tetrahydrophthalido)-2-sul fo-butyrate (0.30 g, 0.87 mmol)
in 20 M of 1:1 DMN 100 tnM NaH2PO4, pH 7.0 was heated at 120 - 140C for 4 h.
Buring the reasihibdnbt e, 5 x 10 nl of water was gradualchspogachst 0 keep the
reaction volume around 15 m. The m xture was concentrated to dryness and
purified by Si 02 chromatography eluted with 1:5:0.01 to 1:4:0.01

CH3OH CH2C12/ HAc to afford 0.230 g (95% of the title conmpound. | HNWR
(DVF-d7): 6.60 (s, 2H), 4.06 (d, 1H), 3.60 (m 3H), 3.47 (m 2H), 2.43 (m
2H); 13C NMR 171.59, 164.96, 136.10, 66.20, 51.71, 34,82, 22.10. M5 mz276.6
(MNV - H). Methyll79- azi doAleresgivelp-tha aopivgates con headoNEs'Besane RS 0004

1201] Met hyl 4-Dbrono-2-sul fo-butyrate (1.07 g, 4.11 mol) and sodi um azi de

(0. 70 gt(éo. 7dnf¢n$1}:vsqk;mt\))pngeso‘\8rﬂ19th CTBFVE, OWW??P@W%C_ The mi xture was
evaporated and purifie y Si 02 chromat ography . and el.uted w 1:5:0.01
CH3OH CH2C12/ Hardmipistered groe §Yqry %}@cpfmrﬁweegﬁéglﬁl %Fiﬁé%%lﬁ%é%‘??é‘% o afford 1.00 g

(95% of the title conpound. = 267 .-272 ) - :
12.06 (br, 1H),tozbgs4gkml @H)){fn%?%igefe ich ,““g ‘é&%ﬁﬁlgpf@.°§%‘£")“!\"v§ ggmv(F md7)2i—l),

2.24 2H). 13C NMR 171.1 . .
(m2H) . serum albumin can l?e’ ad e%. éc?ritim?ozus %ﬂfﬁsioSn(s) hrg%iveg 1:|f1 a%t?ﬁt 25? tlo

about 500 ml of normal saline, to which about 25 to about 50 ml of human
serum albumin can be added, per 24 hour period. Dosages will be about 10 pg
to about 1000 mg/kg per person, i.v. (range of about 100 ng to about 100
mg/kg).

[180] 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.

[181] The present invention also provides pharmaceutical kits
comprising one or more containers filled with one or more of the ingredients
of the pharmaceutical compounds and/or compositions of the present
invention, including, one or more immunoconjugates and one or more
chemotherapeutic agents. Such kits can also include, for example, other
compounds and/or compositions, a device(s) for administering the compounds
and/or compositions, and written iﬁsﬁucﬁons in a form prescribed by a
governmental agency regulating the manufacture, use or sale of

pharmaceuticals or biological products.
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M5 i nk+ 267.9 (M+ 2Na-H), rniz- 222.0 (MH). EIRMS rniz- (C5HIN305S - H)
cal cd 222.0185, found 222.0179. 4-azido-2-sulfo-butyric acid [ 202] Met hyl
4-azi do-2-sul fo-butyrate (1.00 g, 4.08 nmol) in the m xture of HC (50 m, 1.0
M and HAC ( Sveorbgoo/was7 heated at 100C for 8 hrs. The m xtcdng008628yapor ated and
co-evaporated 3x 50 ml of water, and crystallized with water/acetone to afford
1.0 g (99% of the title conpound. 11-1 NWMR (DVMF-di): 3.60 (m 2H), 3.52 (m
1H), 2.24 (m 21:1).13C NWR 170.96, 63.04, 50.66, 29.12. ESI M5 mlz- 207.7 (MW
-H); HRMS tniz- (C4H7N305S - H) cal cd 208. 0028, found 208.0021.
4- Am no- 2-sul fo-butyric acid . . .

[182] The compounds and conjugates (e.g., immunoconjugates could

also be used for the manufacture of a medicament useful for treating or
lessening the severity of disorders, such as, characterized by abnormal growth
of cells (e.g., cancer).

[183] Cancer therapies and their dosages, routes of administration
and recommended usage are known in the art and have been described in such
literature as the Physician's Desk Reference (PDR). The PDR discloses
dosages of the agents that have been used in treatment of various cancers. The
dosing regimen and dosages of these aforementioned chemotherapeutic agents
and conjugates that are therapeutically effective will depend on the particular
cancer being treated, the extent of the disease and other factors familiar to the
physician of skill 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 [
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 of the following parameters, to determine

dosing regimens and dosages of the chemotherapeutic agents and conjugates,
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[ 203] 4- Azi do- 2-sul fo-butyric acid (500 ng, 2.40 nmol), water (20 m) and Pd/C
(110 ng, 10% Pd, 50% water based) were placed into a 250 m hydrogenati on
shaking bottle. After the air in the bottle was sucked out by a vacuum 20 psi
of hydrogen vwe 200eti34d11t 0 t he bottle. The m xture was shekeuvs2000042867h, t hen
filtered through celite, washed with DMF, evaporated and co-evaporated with
dry DVF to afford 476 ng (91% HCl salt) of the title product. ESI M5S m z-
181.8 (MW -H). This product was used directly without further purification.
(Z) - 4- (3- carboxy- 3-sul f opropyl ani no) - 4- oxobut - 2-enoi ¢ acid 12041The above

4-Am no- 2-sul T oYL G B8l @ﬁgcg%me%g{hé%ﬂa%h{ags otfid B DigBE! Thebdt dry DVE (20 )

was added mal ei e anhydrl e mxture was stirred under
Ar over ni ght, e\{)%%netgrts?&lu%g_d purified

1. Comprehensive index

a) by Manufacturer

b) Products (by company's or trademarked drug name)

<) Category index (for example, "antihistamines", “DNA

alkylating agents” taxanes etc.)

d) Generic/chemical index (non-trademark common drug names)
2. Color images of medications

3. Product information, consistent with FDA labeling

a) Chemical information

b) Function/action

c) Indications & Contraindications
d) Trial research, side effects, warnings
[184] All references cited herein and in the examples that follow are

expressly incorporated by reference in their entireties.

EXAMPLES

[185] The invention will now be described by reference to non-
linliting examples. Unless otherwise specified, all percents and ratios are by

volume.

Example 1: Materials and Methods

Methyl 2-(acetylthio)-4-bromobutaneate
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on self packed c-18, 4)1.0 x 25 cmcolum, eluted with water. The fractions
cont ai ned product were pool ed, evaporated and crystallized with H20/acetone to
afford 552 ng (91% of the title product. 1H NMR (DMF-d7): 9.70 (br, 1H), 6.73
(d, 1H J = 3o Modriader7 6.32 (d, 1H, J = 12.8 Hz), 3.69 (raurvstdpyesBed7 (m 21-1),
2.27 (m 2H). 13C NWR 171.47, 167.32, 165.87, 135.44, 133.07, 63.82, 39.13,
1‘2(7)ug(21 zggl Og/glna/Ale-\j_ %?8 ((I\j/WZH) ; I ::'ANE mz- (Ca] 'NOBS - 1-1) cal cd 280.0127,
: . 4- ei m do- 2- sul f o- but anoi c [ :
8011300 Ceat) S Bav acid 1). HVDS/ Zna/ DVAI  2).

12051( 2) - 4- (3- car boxyg 3- sul f opr opyl am no) - 4- oggbut -2-enoic acid
C

. o  HsammEA_ o
o THEF, -20°C-0°C r
>95% o
[186] 10.0 g (38.4 mmol) of methyl 2,4-dibromobutanoate in 100 ml

of dry THF at 20°C was added drop wise the mixture of 2.75 ml (38.5 mmol)
of thiolacetic acid in 8.5 ml (48.9 mmol) of DIPEA and 50 ml of dry THF in
1.5 hour. After stirring overnight at -20°C then 0°C for 2 hours under Ar, the
mixture was concentrated, diluted with EtAc/Hexane, washed with 1.0 M
NaH,PO,, dried over MgSOQy, filtered, evaporated, and SiO; chromatographic
purification (1:12 to 1:10 EtAc/Hexane) to afford 9.5 g (96%) of the title
compound. 1H NMR (CDCI3) 4.38 (1H, t, J = 7.1Hz), 3.74 (s, 3H), 3.40 (m,
2H), 2.57 ~ 2.47 (m, 1H), 2.37 (s, 3H), 2.36 ~ 2.21 (m, 1H); 13C NMR
193.24, 171.36, 53.15, 44.45, 34.67, 30.46, 29.46; MS m/z+ 276.9 (M+Na),

278.9 (M+2+Na)

4-Bromo-1-methoxy-1-oxobutane-2-sulfonic acid

SAc SO;H
H,0,/HOA
o >90% o
[1871 9.2 g (36.3 mmol) of methyl 2-(acetylthio)-4-bromobutanoate

in 80 ml of acetic acid was added 40 ml of hydrogen peroxide (35% in water).

The mixture was stirred overnight, then evaporated, diluted with water,
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(310 ng, 1.10 mmol) in mxture dry DVA (5 m) and dry toluene (20 m) was
heated. After the tenperature reached at 80C, HMDS (hexanet hyl di sil azane)
(.40 mM, 6.71 mol) and zZnCl2 (1.85 m, 1.0 Min diethyl ether, 1.85 mmuol)
was added. TRe&, fHfskne Was continued heated to 115 - 13G@uendeisolsuene was

col |l ected through Dean-Stark trap. The reaction mxture was fluxed at 120 C
for 6 h. During this period, 2 x 20 M of dry toluene was added to keep the
m xture volune around 8 - 10 m . Then the m xture was cooled, 1 m of 1:10 HCl
(conc)/ CH3OH was added, evapor at ed, puri fi ed on Si 02 chr omat ogr aphy el uted
wth CI-BO—VCI—|2C12/HAO(15 01l to 1:4 T%gOng (492% of the
title product. neqtrpliRd (DRFNaFEYOs, WSB@(WE 1| e"%“ ®¥ 111, | = 12.8

Hz), 3.65 (m 1H), 3.54 (m 2H) 173 172. 04, 135.47,
64.18, 37.1, 27sc8@10n|§s§e‘fagorﬁ§e%dl%ﬁf’f&“é’%"%“’“ﬁf%% (%fé"g%‘f%zs -H) cal cd
262. 0021, found 262.0027. Succi nj nj - 2-sul foo- hutyrate
PO6] 4- N- ralei ni #ih methanglinlprae aiford ggigc@(t}\F ég%hmﬁg oCORRRIE I VA (10 M) was
added to NHS (220 ng, 1.91 5 6 Jhe mxture was
sltl {rgd u?ﬂe&é\&%ﬁﬁgﬁmkfg%ﬁ;@ @E 1?%1% %8 93@85)8clgfﬁrrat ogr aphy
eluted wi en

2 .
crystallized w?ﬁ)[ﬁ\%ﬁwi—éﬁ cﬁnd g E§§1 y|e of the title
compound. 11-1 NMR 6,99 3.83 (m 111), 3. 64 (m 21-1), 2.75
(s, 411), 2.34 éﬁﬁﬁgﬁf?#ié%ﬁxﬁ"ﬁ%%&%l.82, 166. 64, 135.58, 62.00, 36.66,
26.62; ESI M5 rn/z- 358.9 (MH); HRMS rn/z- (Cl2H 2N2095 -H) cal cd 359. 0185,

found 359.0178 (E)-Methyl 4-azidobut-2-enoate 00 N3 12071To the sol ution of

NaN3 (2. 80 g, 43 QL 109 1-}ngth]d%(f)-l-ryxoquftane-Z-sulfonic acid

4-(Acetylt
SO;H SOzH
/\/Kﬂ/ HSAGDIPEA o /\)\“/o
S ~
DMA, 70°C
>90% o
[188] 50 g (19.2 mmol) of 4-bromo-1-methoxy-1-oxobutane-2-

sulfonic acid in 100 ml of THF was added 3.0 ml of thioacetic acid and 9.0 ml
of DIPEA in 100 ml of THF. The mixture was stirred overnight then refluxed
at 70°C for 1 hr, evaporated and co-evaporated with 3 x 100 ml of water after
being neutralized to pH 7 with NaHCO;. The mixture was redissolved in
methanol, filtered through celite, concentrated and purified with SiO,
chromatography eluted with CH;OH/CH,ClyHCOOH 37.5:250:1 to 50:250:1)
to afford 4.4 g (90% yield) of the title compound. 1H NMR(D20) 3.95 (dd,
1H, J = 4.1, 10.3 Hz), 3.83 (s, 3H), 3.74 (m, 2H), 3.22 (dd, 2H, ] = 7.4, 14.9
Hz), 2.39 (s, 3H); 13C NMR 203.88, 172.91, 67.32, 56.17, 29.04, 20.61; MS

m/z- 254.8 (M-H)
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DMF at -20C was added net hyl 4-bronocrotonate (5.00 m, 85% 36.10 nunol).
After stirred at -20C for 30 nm the m xture was stirred at OC for 4 h,
evapor at ed, suspended wi th EtAcal exane (1:1), filtered, evaporated and

chr omat ogr ap%&zo cati on on Si 02 colum el uted w thclEghsbdmaxane (1:25 to

1: 10 ) to af for 4.08 g (80% of the title product. NWVR (CDCl 3) 6.88
(m 111), 6.06 (ddd, 111, J -=1.7, 3.4, 15.6 Hz), 3.97 (dd, 2H, J = 1.2, 4.96
Hz), 3.73 (s, 3H1; 13C NWR 166.23, 140.86, 123.49, 51.95, 51.36; ESI Ms rn/z+
182.5 (M+ Na + 1120); HRMS nmfz+ (C5H7N302 + 1120 + Na) cal cd 182.0542, found

182. 0548. Methyl 3-(acetylthio)-4-azidobutanoate 0SAcO N3 [2081To the solution
of (E)-Methyl 4-azidobut-2-enoate (4.00g, 28.37 mmol) in 60 mM of THF at 0C

was added the mixture of thiolacetic acid (3.0 m, 42.09 nmol) and DI PEA (8.0
m, 45.92 nunolz)((smtﬁ&bynidin-bil)diHEfanﬂ)-Z@ukﬁohmtanAMaéld stirred at OC for 1 hr, the
m xture was sti rred at RT overni ght evaporat ed redi ssol ved in CH2C 2, washed

with NaHCO3 (satg) and$th M Na at . PH 4 ogrespectively, dri ed over
MSH, filtered, g vapejr\ekt chwnat r ph c ri i cation on Si 02 col um
eluted with Et Ac/ Hexane (1:8 P Pygf°2>24) to af HEDIVS PHr 4.98 g (81% of the

title product. Il1-1 NWVR (CDC13) 3.66 (m 1H), 362§°§* 3H), 340(dd 1H J =
7.5, 12.7 Hz), 3.31 (m 111), 2.78 | 3C

(m 1H), ,
NVR (DVF-d7) 19pi89p, 172348 (158188 &3- (eeetylgao)éimeﬂs%%}@m@ﬁa“sé ESI I\/B rn/ z+
240.0 (M+ Na), 255.9 (Mr K); HRVB nf z+ ‘gC?l 111N303S+ Ng% ch 240. 0419,
found 240.0415. sikfonigacid imedthokgt wates s addsh 80 ml of p M NaQH ¢ ftgy bein

stirred under Ar for 3 h, the mixture was neutralized with 1 M H,PO4 to pH
72 under Ar. The mixture was added dropwise to the solution of 10.0 g (32.2
mmol) of 1,2-bis(5-nitropyridin-2-yl)disulfane in 200 ml of DMA. After
being stirred for 4 h under Ar, the mixture was concentrated, diluted with
water, filtered, evaporated and purified with C-18 4.0 x 20 cm column eluted
with water/methanol (95:5) to afford 3.1 g (75% yield) of the title compound.
m.p. = 288 ~ 291°C (decomp.) 1H NMR (DMF-d7) 9.29 (d, 1H, J = 2.2 Hz),
8.63 (dd, 1H, J =2.7, 8.9 Hz), 8.17 (d, 1H, J = 8.9 Hz), 3.73 (&, iH,1=172
Hz), 3.22 ~3.17 (m, 1H), 3.15 ~ 3.10 (m, 1H), 2.41 ~ 2.33 (m, 2H); 13C NMR
170.92, 169.10, 146.04, 143.67, 133.65, 120.72, 64.22, 37.82, 29.26; MS m/z-

352.8 (M-H).

1-(2,5-dioxopyrrolidin—l-yloxy)-4-((5-nitropyridin-2-yl)disulfanyl)—l-

oxobutane-2-sulfonic acid
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SAc 08031i 0 N3 2' ?2C ON3 [209] Met hyl 3-(acetylthio)-4-azi dobutanoate (4.00 g
18.43 mmol) in 75 m of acetic acid was added 25 ml of H202 (30%. The nnxturé
was stirred overnight, evaporated and co-evaporated with EtOH tol uene and
purified on {i@®zes3iRmat ography el uted wi th CH3OH CH2Ck2riAmogqck@7 800: 1 to
100: 500: 1) to afford 3.85 (93% g the title conpound. ill NWVR (CD30D) 3.78
(dd, 1H, J = 5.0, 12.7 Hz), 3.62 (s, 3H), 3.44 (dd, 1H, J = 7.5, 12.7 Hz)

3.33 (m 1H), 2.84 (dd, 111, J = 5.6, 16.5 Hz), 2.57 (dd, 1H, J = 7.5, 16. 5
Hz); 13C NWR (DMF-d7) 173.37, 57.31, 52.54, 52.49, 34.51; ESI M5 mz- 221.7
(Mt H), 4-Azido-3- sulfobutan0|c aci d 803H 0SCG3H Ng, Ng OCH

EﬂZlO]Aﬂ do- 4- mef’ﬁ' 4- oxobut ame- 2- su®f Onas. aci d (3. 80 17604 rrunol) in 150
of 1.0 M HG wa ﬂ\(}/ﬂj/um ________ . The@&tw\/y\qﬁkefl ed at 120C

over ni ght, evaporated and congapor atefiawith water,  EtD}1 H t ol uene
respectively and purified on Si 02 chromatography el ute Wi t 1P

[190] 220 mg (0.62 mmol) of 4~((5-nitropyridin-2-yl)disulfanyl)-2-

sulfobutanoic acid in 15 DMA was added 130 mg (1.13 mmol) of NHS and

480 mg (2.50 mmol) of EDC. The mixture was stirred under Ar overnight,

evaporated and purified on SiO; chromatography eluted  with

CH,CH,/CH;OH/HCOOH (10000:1000:1 to 10000:1500:1) to afford 227 mg

(82% vyield) of the title compound. 1H NMR MOMSO0-d6) 9.25 (d, 1H,J=35.2

Hz), 8.57 (dd, 15, T = 2.5, 8.9 Hz), 8.04 (i, 1H, J = 8.0 + 8.9 Hz), 3.86 (dd,

1H, T = 4.9, 9.7 Hz), 3.13 ~ 3.12 (m, 2H), 2.76 (s, 4H), 2.36 ~2.30 (m, 1H),

225 ~ 221 (m, 1H); 13C NMR 166.96, 165.01, 144.93, 142.26, 132.63,

119.61, 61.00, 35.03, 29.30, 25.39; MS m/z- 449.8 (M-H).

Methyl 2-(acetylthio)-4-bromobutanoate

Br

SAc
By /\)\n/o\ HSAc/DIPEA o
Br ~
THF, -20°C-0°C

° >95% o
[191] 10.0 g (38.4 mmol) of methyl 2,4-dibromobutanoate in 100 mt
of dry THF at -20°C was added dropwise the mixture of 2.75 ml (38.5 mmol)
‘ of thiolacetic acid in 8.5 ml (48.9 mmol) of DIPEA and 50 m! of dry THF in
1.5 hour. After stirring overnight at -20°C then 0°C for 2 hours under Ar, the

mixture was concentrated, diluted with EtAc/Hexane, washed with 1.0 M
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CH3OH/ CH2C12/ HAe (100:500:1 to 100:400:1) to afford 3.02 i
: : 400: . 859 the titl
conpound. |H NMR (CD30D) 3.77 (dd, 1H, J = 5.1, 12.8 Hz),(3.é{()5 ?dd, 1HI, Je—

7.0, 12.8 Hz), 3.31 (m 1H), 2.86 (dd, 1H, J = 4.7, 16.7 Hz), 2.51 (dd
: : : , .7, : , 2. , IH =
8M4, 16. 7 Hz_)w()z'logg%m (DVF-d7) 173.98, 67.50, 59.78, 2¢rRRieedadhaeMB i nk- 207.7
(M-H). 4-amno-3-sulfobutanoic acid 803H 0SO3H 0 12111ln a 500 m of
hydr ogenati on bottl e was added 4-azi do-3- sul fobutanoic acid (3.00 g, 14.35
nunol ), 150 m of nethanol and 0.32 g of Pd/C (10% Pd, 50% wet). After sucked
out air, 30 psi of H2 was conducted, and the m xture was shaken overni ght
filtered through celite, evaporated, and coevaporated wth dr}/ EtOH to af{‘ord
zia;)ut 32.30( g (slallsibﬂazl)ng, ddechorienblg80s, Silierdisyarndcand §ig? gf‘i@%"w “(cD30D) 3.24 (m
. 3. m . 2.90 (dd, 1H, J = 2.6, 16.5 Hz), 3 .(dd,
10.1, 16.5 Hz),pEBbais (2 - 01810 Behc(Hexang) fo qﬂffgdﬁé)s%:ﬁfﬁb of d%“beﬁg’ W‘;s unst abl e
and was used directly w thout further Purifica ion
(2) - 4- ( 3- car boxyongosnd | IEHNYBYCRENJ)IS4 BrtobTt 1 B2kAdf & 3 44 @212 To the
sol ution of 4-atnino-3-sul fobutanoic acid (-- % ?0 g
2H), 2.57 ~ 247 (m, 1H), 2.37 (s, 3H), 236 ~ 221 (o0 "1H); 13C NMR

193.24, 171.36, 53.15, 44.45, 34.67, 30.46, 29.46; MS m/z+ 276.9 (M+Na),

278.9 (M+2+Na)

4-Bromo-1-methoxy-1-oxobutane-2-sulfonic acid

SAc SO3H
H,0,/HOA
Br oL, = g o~
o >90% o
A[192] 9.2 g (36.3 mmol) of methyl 2-(acetylthio)-4-bromobutanoate

in 80 ml of acetic acid was added 40 ml of hydrogen peroxide (3 5% in water).
The mixture was stirred overnight, then evaporated, diluted with water,
neutralized with NaHCOs, washed with 1:1 Hexane/EtAc. The aqueous
solution was evaporated, dissolved in methanol, concentrated, and crystallized
with methanol/toluene to afford 8.6 g (90% yield) of the title compound. m.p.
=288~ 293 (decomp); 1H NMR (D20) 4.12 (dd, 1H, J = 4.8,9.3 Hz), 3.83 (s,
3H), 3.64 (m, 1H), 3.53 (m, 1H), 2.54 (m, 2H); 13C NMR 172.16, 66.73,

55.66, 33.39, 32.70; MS m/z- 260.8 (M-1).

4-(Acetylthio)—l-methoxy-l—oxobutane—Z-sulfonic acid
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13.66 mmol ) in 100 mM of DVA was added mal ei c anhydride (1.48 g, 15.10 mmol)
and the m xture was stirred over night, evaporated, purified on C18 colum (2
x 30 cn) eluted with 1% HAc in water and crystallized with
MeOH Acet one/y@bddsigosb 0 afford 3.34 g (83% of (2)-4-(Pcaashoyyaits
sul f opr opyl am no) - 4- oxobut - 2-enoi ¢ acid. NVR (CD30D) 6.33 (d, 1H J 12.6 Hz),
6.10 (d, 1H, J .= 12.6 Hz), 3.64 (dd, 1H, J = 5.8, 14.0 Hz), 3.54 (m 1H),
3.30 (m 1H), 2.78 (dd, 1H, J = 4.9, 16.8 Hz), 2.39 (m 1H); 1.3C NWR 173.52,
168. 68, 167.98, 135.59, 127.79, 57.31, 40.56, 34.52; PSI M5 tn/z279.7 (M-H).
4- (2, 5-di oxo- 2, 5-di hy(;‘_l.& : 1H-pyrrol -1-y1)-3-sul folput anoic acid e CH OH 0000
3 SO
n

HOBSOHHOBSOH [ 2131( 2) - %caﬁgg)ﬁmg-smfopro yFam no) - 4- oxobut - 2- enoi ¢ aci d
(450 ny, 1.60 i i Xture—of 16 rd/"\@/\dyg\gﬁﬂ\and 50 m of dry toluene
was heated. After the tgnperati¥e™icached at 80§, HVDS (hexanet hyl di sil azane,

1.80 m, 8.63 nmmol, ) and zZnCt¥% 3.2 mi, 1.0 Min diethyl ether) were added.
The m xture was continued heated to 115 - 125 C atpd t ol uene %s col | ected
t hr ough Dean- St &%t rap. 5Phé& (Oxcrmes) Al xt-BrEouaBhPYado8H P70 C for 6 h.
During this period, 2 x 20 m_ of cfry toluene S added to ep the m xture
vol une around 8 sufoniy agid in 19l FEE YR added Skl ‘%@B‘P"éﬁfc aFIdr?H‘dé'gng: 10 HC1
(conc)/ CH3OH was added, evaporated, purified on Si02. omatography el uted
with 1:5:0.01 CPiBHREAIEs s gALHF (Therpiziuge apestingd ((V?%%%p%?n I‘te‘ﬁ'é fitle product.

11- INVR (DVF-d7) 6.96 (s, 2H), 4,04 (dd, 1H. 1 .= 4 8 Hz). 3.47 111)
3.23 (dd,( 1H, J)a£79?.0zf9r(1ilza & ?fedz?‘éég’(eaﬂi“aiﬁ%mﬁ‘ Ax 35(.’?03'“‘,1‘%1“8‘% ai)ii’zr) 2, 35(3m( dd, )

130 1 e, el 13G MR TR, e b KB i, 20 20,9243

i (())2( ’Og[f' éﬂé?’z_z ’S%l%%ﬁ%ﬁrgg%ﬁlgigyggn%rﬁr%fex 1hd Fadeba ! Q¥ORMELAbLGHY- ! - Y1 oxy) -
eluted with CH;0H/CH,ClL,/HCOOH 37.5:250:1 to 50:250:1) to afford 4.4 g
(90% yield) of the title compound. 1H NMR(D20) 3.95 (dd, 1H, J = 41,103
Hz), 3.83 (s, 3H), 3.74 (m, 2H), 3.22 (dd, 2H, J = 7.4, 14.9 Hz), 2.39 (s, 3H);

13C NMR 203.88, 172.91, 67.32, 56.17, 29.04, 20.61; MS m/z- 254.8 (M-H)

4-((5-nitropyridin-2-yl)disulfanyl)-2-sulfobutanoic acid

SO4H
9 : o 1) NaOH ON\ - N o
/ks N cemcaecaenn- > N S
2) (SPyNO,),, s oH
pH 7.0
SOH
[194] 3.0 g (11.7 mmol) of 4-(Acetylthio)-1-methoxy-1-oxobutane-2-

sulfonic acid in 100 ml of water was added 50 ml of 3 M NaOH. After stirring
under Ar for 3 h, the mixture was neutrélized with 1 M HyPO4 to pH 7.2 under
Ar. The mixture was added dropwise to the solution of 10.0 g (32.2 mmol) of

1,2-bis(5-nitropyridin-2-yl)disulfane in 200 ml of DMA. After stirring for 4 h
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?000 HOB SOHHO38 ONHS

214] 4- (2, 5- Di oxo- 2, 5-di hydro-1H pyrrol - 1-y1) - 3-sul fobut anoi c acid (110
0.418 mml ), EDC (240 ng, 1.25 mmol) and N-hydroxysuccinimnmde (58 mg 0. 284
ol ) was st ifg febds740 nil of DVA for overnight, evapecaissosatepurified on
Si 02 chromat ography eluted with CH3011/ CH2C12./HAc (100:900:1 to 100: 600:1)
to afford 112 ng (75% of the title product. 1H NVR (DVMF-d7) 6.93 (s 2H)-
4.06 (dd, 1H, J = 4.8, 13.1 Hz), 3.80 (dd, 1H, J = 10.7, 13.9 Hz), 3.35 (ad
1HJ = 3.3, 17.8 Hz), 3.25 (m 1H), 3.10 (dd, 1H, 2.2, 16.4 Hz), 2.87 (m’
414); 13C NWR 172.27, 170.88, 169.29, 135.55, 55.28, 40.22, 3 .69: 26. 66; ESI

N M z- 261.70 fuder Hyr, tht hyiktug: wae exopsentigtes) - diluisia wipr 88 diEdon ooN 0

HSAc/ Et 3N 1% 71L0-e. --N THF, 0*C, 65% [215] (Z)- et )
g, 40.00 nmol) evap@@tedr andf purified with oo LA 0 2 e, Sheyapgacrylate (5.01

water/methanol (95:5) to afford 3.1 g (75% yield) of the title compound. m.p.
=288 ~ 291°C (decomp.) 1H NMR (DMF-d7) 9.29 (4, 1H, J = 2.2 Hz), 8.63
(dd, 1H, J = 2.7, 8.9 Hz), 8.17 (d, 1H, ] = 8.9 Hz), 3.73 (t, 1H, ] = 7.2 Hz),
322 ~3.17 (m, 1H), 3.15 ~ 3.10 (m, 1H), 2.41 ~ 2.33 (m, 2H); 13C NMR

170.92, 169.10, 146.04, 143.67, 133.65, 120.72, 64.22, 37.82,29.26; MS m/z-

352.8 (M-H).

1-(2,5-di0xopyrrolidin-1-yloxy)-4—((S-nitropyridin—Z-yl)disulfanyl)-l—

oxobutane-2-sulfonic acid

OZN = o (o} O,N
N /N /s \/\(‘k HO'g; = lN s (o] o
) L s MR e
’ SOzH d
[195] 220 mg (0.62 mmol) of 4-((5-nitropyridin-2-yl)disulfanyl)-2-

sulfobutanoic acid in 15 DMA was added 130 mg (1.13 mmol) of NHS and
480 mg (2.50 mmol) of EDC. The mixture was stirred under Ar overnight,
evaporated and purified on SiO; chromatography eluted  with
CH,CH,/CH;OH/HCOOH (10000:1000:1 to 10000:1500:1) to afford 227 mg
(82% yield) of the title compouﬁd. IHNMR (DMSO-dG) 925, 1H,J=352
Hz), 8.57 (dd, 1H, J = 2.5, 8.9 Hz), 8.04 @, 1H, J = 8.0 + 8.9 Hz), 3.86 (dd,

1H, T = 4.9, 9.7 Hz), 3.13 ~ 3.12 (m, 2H), 2.76 (s, 4H), 2.36 ~2.30 (m, 1H),
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THF at -20C was added the solution of thiol acetic acid (5.0 m, 70.15 nmol)
and DIPEA (16.0 m, 92.03 mol) in 20 M of THF in 30 mn. The reaction was
kept at -20C for 4 hr then roomtenperature overnight. The m xture was
concent r at edydHobdzpehy W th CH2C12, washed w t h sat ur at edTsdo@@382261r i ed over
MySO4, filtered, evaporated and purified by Si02 chromatography (1:4

Et AC/ Hexane) to afford 5.22 g (65% of the title conpound. Rf =0.25 (1:4

Et AC/ Hexane) ; NVR (CDC13), 4.44 (m 1H), 4.11 (dd, 2H, J = 7.1, 14.3 Hz), 3.38
(m 1H), 3.15 (m 114), 2.17 (s, 3H), 1.19 (t, 3H, J = 7.2 Hz); 13C NW\R
194.12, 173.21, 119.82, 61.35, 33.52, 30.0 4.62: ]’ 5.9 (MW + Na),
mz- 201.7 (MM ~GRin6o.3l1% Hé?ﬁ@o%égﬁ’ogdéﬁéz i%?ﬁ?@%?@ 1§<2:i%§ CN OCN 0 :
AcS) N' Ae- NHOBSA" Ac) " [216] Ethyl 3-(acetylthio):3:cyanopropanoate (2.00g, 9.95
nrnol) in acetitl? i@-QM@A%P%%%S%%MH%fM%M, 30% . The m xture was
stirred overnight, evaporated and purified on silica gel chromatography
eluted with nethanol | di chl oronet hane/ acetic acid (1:8:0.01 to 1:5:0.01) to

afford 1.72 g (84% of the title c ound. LEINVR (DVBO), 4.63 (m 1H), 4.12
(dd, 21-1, J = *ﬁ(ﬂ,“dl‘ﬁgﬁlq‘ﬁ‘if?“@'zzsfﬁ%ﬁ?t“'i‘?ﬁ‘f‘“ .05 (m 111), 1.28 (t, 311, J =
7.2 Hz); 13C NMR 173.15, 113.85, 61.38, 48.32, 26.33, 14.15; M5 ral/z- 205.7

(MVH) . 1-(tert-Butoxycarbonyl agidag) - 4- et hpxy:- 4- oxobut an@- 2- sul foni ¢ acid CH
HOLI0C K0 e AN e @‘Ls/s\/\qﬁou
o pH 7.0 Lo

[196] 1.5 g (5.85 mmol) of 4-(Acetylthio)-1-methoxy-1-oxobutane-2-
sulfonic acid was added to 100 ml of 0.5 M NaOH solution. After stirring
under Ar for 3 h, the mixture was concentrated to ~ 50 ml and neutralized with
1 M H;PO, to pH 7.2 under Ar. The mixture was added dropwise to the
solution of 4.0 g (18.1 mmol) of 2,2’-dithiodipyridine in 60 ml of DMA. After
stirring for 4 h under Ar, the mixture was concentrated, diluted With water,
filtered, evaporated and purified with C-18 4.0 x 20 cm column eluted with
water/methanol (99:1 to 90:10) to afford 1.32 g (73% vyield) of the title
compound. 1H NMR (DMF-d7) 8.39 (dd, 1H, J = 3.5, 4.8 Hz), 7.86 (m, 2H),
7.25 (m, 1H), 3.59 (dd, 1H, J = 5.2, 9.4 Hz), 2.90 (m, 2H), 2.28 (m, 2H); 13C
NMR 172.60, 159.16, 148.93, 138.09, 121.03, 119.38, 67.49, 36.39, 28.666;

MS m/z- 307.8 (M-H).

1-(2,5-dioxopyrrolidin—1-yloxy)-1-0x0-4—(pyridin-2-yldisulfanyl)butane-Z-

sulfonic acid

83



HO381. % --21/4"0"..... "HOBSOC2H5 [217]In a hydrogenation bottle was added
Cyano- 3- et hoxy- 3- oxopropane-|l-sulfonic acid (2.50 g, 12.06 mvol ), ethanol (80
in), fresh filtered Raney N ckel (0.40 g) and BOC anhydride (3.30 g, 15.12
mrol ). After ¢ §sodisliesh NSi de the bottle was sucked out hycTuReudsIm2620 psi of
hydr ogen was conducted to the bottle. The bottle was shaken over night,
filtered through celite, evaporated, and purified on silica gel chromatography
el uted with methanol / di chl or omet hane/ aceti ¢ acid (1:6:0.01) to afford 3.18 g
(85% of the title conmpound. 1HNWVR (HMSO), 6.82 (s, 1H), 4.26 (m 111), 4.11
(dd, 2H, J = 7.1, 14.3 Hz) 3.53 (dd, 1H J =4.2, 13.4 Hz), 3.36 (m 111),
12.86 (m 2.51 (mWLi[l), (SHO_% I@Z (t, 31D Jag 7.2 Hz); 13C NWR
173. 35, 155.72, ng ~oip2. 5o . g o 34.52; M5 rn/ z-
309.8 (MMH). 4-(tert- but garbcmydmm no) 3" sulfob gnm acid BOG HN

0BOC- HNO HO380C2HS5HO3SOH [ 218]

1- (tert-Butoxycarbonyl am no) - 4- et hoxy- 4O?x uta ﬁhaCi d (402 nyg,

1.29 Imo in thelWkture 680 Topy HZEO( 1mmol m“yégmﬁn‘ééf i um hydr oxi de
Concent at ed, ~ pavfbvigesiorOriy RN 140908 4 é%?gay St om 200% v er
e L1 5 B, A g, 1
e (0 0,50 00 iy e ol Wi 1 555
(2)-4- (3- car boxy }ﬁcﬁ%ﬁocﬁ’é&%oqﬂﬁ%o 08X W Yo06:1550h) %o A¢:d 720 mg

(80% yield) of the title compound. 1H NMR (DMSO-d6) 8.40 (dd, 1H, J =

3.5, 47 Hz), 7.85 (m, 2H), 7.24 (m, 1H), 3.58 (dd, 1H, T =5.1, 9.4 Hz), 2.94 ~

2.90 (m, 2H), 2.74 (s, 4H), 2.31 ~2.27 (m, 2H); 13C NMR 168.16, 161.11,

147.91, 139.22, 121.63, 119.31, 66.80, 36.30, 28.36, 25.42; MS m/z- 404.9

(M-H).

3, 6-endoxo-A-tetrahydrophthalhide
o .
\, 9% o
[198] Maleimide (5.0 g, 51.5 mmol) in ethylether (200 ml) was added
furan (5.5 ml, 75.6 mmol). The mixture was heated inside a 1 L of autoclave
bomb at 100°C for 8 h. The bomb was cooled down to room temperature, and
the inside solid was rinsed with methanol, concentrated and crystallized in

ethyl acetate/hexane to afford 8.4 g (99%) of the title compound. 1H NMR
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0SCBH 0 O COHN O [219] 4-(Tert-butoxycarbonyl am no) - 3-sul f obutanoic acid (321
ng, 1.13 nmml) was stirred in the mxture of HC (conc)/Dioxane (1:4, 15 m)
for 30 m n, evaporated and coevaporated with EtOH Toluene (1:1, 4 x 20 m) to
dryness. To &g %aess material was added nal ei ¢ anhydiiraig2o¢skddzeny, 1. 23
nunol) and DVA (20 ml) and the m xture was stirred overnight, evaporated and
run through C 18 columm eluted with water and crystallized wth EtOH Hexane to
afford 263 ng (83% of the title conmpound. PSI M5 279.8 (M 11). The NWR data
are the sane through the route with 4- azido 3- sul fobut anoi ¢ aci d.

N, N, N—trlnethyl 2- oxot et rahydr ot hi ophen- 3
(DMF-d7): 11.08 (s; 1H) (NH), 6.60 (m, 2H) 5. 16(m,mﬂ) 2.95 (m, 2H). 13C

NMR 178.84, 137.69, 82.00, 49.92. MS m/z+ 188.4 (MW + Na).

Methyl 4-N-(3, 6-endoxo-A-tetrahydrophthalido)-2-sulfo-butyrate

M SO M

S03H

SO3H

[199] 3, 6-Endoxo-A-tetrahydrophthalhide (0.80 g, 4.85 mmol) in
DMA (20 ml) was added K,COs (1.4 g, 10.13 mmol) and KI (0.19 g, 1.14
mmol). After stirring under Ar for 1 hr, methyl 4-bromo-2-sulfo-butyrate (0.98
g, 3.77 mmol) in DMA (10 ml) was added. The mixture was stirred under Ar
overnight, evaporated, re-dissolved in 1% HAc in methanol, filtered,
evaporated and purified by SiO, chromatography and eluted with 1:5:0.01 tc;
1:4:0.01 CH;0H/CH,Cly/HAc to afford 0.98 (75%) g of the title compound.
1H NMR (DMF-d7): 6.59 (m, 2H), 5.16 (dd, 2H, J = 0.8, 7.8 Hz), 3.65-3.63
(m, 3H), 3.47 (m, 2H), 3.01 (s, 3H), 2.83 (m, 2H). 13C NMR 172.94, 162.86,

137.68, 81.98, 52.39, 49.91, 48.58, 36.01, 21.97. MS m/z- 343.9 (MW - H).

Methyl 4-N-maleimido-2-sulfo-butyrate

Arfnfom e

SO,H SO3H
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[ 22013- am nodi hydr ot hi ophen- 2( 3H) - one hydrochl ori de (6.00

( _ . g, 39.1 nunol),

sodi um bi carbonate (3.28 g, 39.1 mmpl) and iodonethane (13 nm, 209 n’m)lg wer e
stirred in dry nmethanol (100 m) overnight, filtered through celite,

evapor at ed, Rusiohd/Bsh7on Si 02 colum el uted with MeOH Chiz@iR70ds/dizs7 (1: 5: 0. 0

_ f :5:0.01
and crystallized with EtOH Hexane to afford 5.25 g (84% of the tigle produz:i.
np 228- 231C. 111NWVR (CD30D) 4.27 (m 1H), 3.25 (s, 9H), 2.56 - 2.47 (m 2H),

2.34 (m 111), 2.26 (m IH); 13C NVR 168.97, 75.06, 53 .
VS m z+ 160.0 (M), , 75.06, 53.25, 30.85, 16.46; ES

ﬁég?{\lb??(gy\li;\l i N[ﬂtae;ﬂqn?t Q)yﬁaféyé%'r&g&b%u% Haisul fLanyl) B! £Batztaam ni um Fi sco
tetrahydrophthalido)-2-sulfo-butyrate (0.30 g, 0.87 mmol) in 20 ml of 1:1
DMA/ 100 mM NaH,POy, pH 7.0 was heated at 120 ~ 140°C for 4 h. Dﬁring
the reaction time, 5 x 10 ml of water was gradually added to keep the reaction
volume around 15 ml. The mixture was concentrated to dryness and purified
by SiO, chromatography  eluted with 1:5:0.01 to 1:4:0.01
CH;0H/CH,Cly/HAc to afford 0.230 g (95%) of the title compound. 'H NMR
(DMF-d7): 6.60 (s, 2H), 4.06 (d, 1H), 3.60 (m, 3H), 3.47 (m, 2H), 2.43 (m,
2H); *C NMR 171.59, 164.96, 136.10, 66.20, 51.71, 34.82, 22.10. MS m/z-

276.6 (MW - H).

Methyl 4-azido-2-sulfo-butyrate

(o] o

Br\/\/“\o/ NaN;y Na\/\(lko/
DMA, >90%

SO;H SO;H

[201] Methyl 4-bromo-2-sulfo-butyrate (1.07 g, 4.11 mmol) and
sodium azide (0.70 g (10.7 mmol) in DMF (50 ml) was stirred overnight. fhe
mixture was evaporated and purified by SiO; chromatography and eluted with
1:5:0.01 CH;0H/CH,ClyHAc and crystallized with CH3OH/Toluene/Hexane
vto afford 1.00 g (95%) of the title compound. m.p = 267 -272 °C (decomp). 1H
NMR (DMF-d7): 12.06 (br, 1H), 3.65 (s, 3H), 3.59 (dd, 1H, J = 5.4, 8.9 Hz),

3.47 (m, 2H), 2.24 (m, 2H). C NMR 171.10, 64.29, 52.24, 50.64, 21.35. ESI
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113 ,CH, H3CGtis S"*". CCOOH

[ 221IN, N, N-tri met hyl- 2- oxot et r ahydr ot hi ophen- 3- anilni um acetate (2 g, 9.13
rrunol) was stirred in 75 mM of 1 MNaOH (3 g NaOH in 75 ml1l-120) for 45 mn.
neutralized wWg fodhsM 3P4 to pH 7.4, concentrated, addedusmodgs2267

di (pyridin-2-yQdisulfane (11 g, 49.9 mol) in 200 m of MeOH. The m xture was
stirred over night, extracted with Et Ac. The aqueous sol ution was evapor at ed,
suspended with MeOH, filtered salt, evaporated and purified on C 18 colum (2
cmx 30 crr) eluted with water/nmethanol (100 water to 20% net hanol /water) to

afford 2.6 g (75% of the title product z+ 3 +Na- H) 1.
Modi fi cation of Mamv/ebeehd (Mt’fh'n@ ¥z P%ﬁ%@%ﬁﬁ&% é%lgl odi f| ed with
sulfo linker at 8 ng/nlL anti 2/

H) caled 222.0185, found 22.0179.

4-azido-2-sulfo-butyric acid

O 0]

1M HCI
N / e N3\/\’)L
3\/\/\% HAc, 100C OH

SO3H >05% SO3H

[202] Methyl 4-azido-2-sulfo-butyrate (1.00 g, 4.08 mmol) in the
mixture of HCI (50 ml, 1.0 M) and HAC (5 ml) was heated at 100°C for 8 hrs.
The mixture was evaporated and co-evaporated 3x 50 ml of water, and
crystallized with water/acetone to afford 1.0 g (99%) of the title compound. 'H
NMR (DMF-d7): 3.60 (m, 2H), 3.52 (m, 1H), 2.24 (m, 2H). 1*C NMR 170.96,
63.04, 50.66, 29.12. ESI MS m/z- 207.7 (MW -H); HRMS m/z- (C4HsN3058 —

H) calcd 208.0028, found 208.0021.
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a 15 fold nolar excess of sulfo linker (--30mMstock solution in DVA). The
reaction is carried out in 100 mM NaPi, pH8.0 buffer with DMA (5% v/v) for
15, 30, 120, and 200 minutes at 25 C. The nodified huC242 was purified by &5
colum with 5@ sk, 50 nM NaCl, and 2 nM EDTA, pH6.PETUS200M@E%E t he excess
sulfo linker. 2. Measurenent of rel easable Spy-NO2 and anti body concentration
of nodified huC242 12231The assay and spectral neasurenent were carried in 100
mMv NaPi, pH7.5 at roomtenperature. The nolar ratio of Spy-NOQ2 rel eased per
nol e of huC242 anti body was cal cul ated by neasuring the A280 of the sanple and
then the increase in the A394 of the sanple after adding DIT (50 It of 1 M
DTT/ nmL of sanpl &Amimhgselfmbuyrie 28id on of DTT-rel eased 2- nercaptopyridine is
cal cul ated using a 394 nmof 14,205 MIcm 1. The concentration of antibody
can then be cal culated using a C280 tun of 217,560 NT |lem| after subtracting
the contribution of Spy:- absnw’bancl%NWD urn (A394 um post DIT x
3344/ 14205) from the t0t: %E?S(;;zgugi,o nmeasur &d Before DTT addition. The nol ar
rati o of Spy-N2: Ab can t3f€n be cal cul at ed5%fhe ng/ mL (g/L) concentration of
huC242 is cal cul ated using a nol ecul ar wei ght of 147,000 g/ nole. 3.
Conj ugati on reanIoDk/ﬁn [ 224]AThR-r@eb bite BuC2D mg 2. 40eandipdvarrt® a 1. 7-fol d
nol ar excess of (based on DWW stock SH concentration) over Spy-NO2. The
reaction i s car kiRsdQuiC @10 g5l 0MPdYIS0BNHtd baked) werbplaceilitaR250 B0 t nM NaCl, 2 nM
EDTA, pH6.5 and DVA (5% v/v). After addition of DW4, the reaction was
i ncubat ed 25C f @ydrog2fatidn Uhdking Hoelef Afial theginjnuabetlevass pokddfauebly y 025 col umm
with 10 tnMHi stidine, 130 nM d ycine, 5% sucrose, pH5.5 to renove the excess
DMA drug. 4. Calygsub@t200psi of hyludged aafed inkivhe bottle.cTHemaikiverwds2B8kThe huC242 and
DV4 both absorb at the two wavel engt hs used

for 8 h, then filtered through celite, washed with DMF, evaporated and co-

evaporated with dry DMF to afford 476 mg (91% HCI salt) of the title
product. ESI MS ny/z- 181.8 (MW -H). This product was used directly without

further purification.

(Z)-4-(3-carboxy-3-sulfopropylamino)-4-oxobut-2-enoic acid

0 O 0 0
N M Le | HN\/\KU\
H, OH OH

SO;H  DMF,>90% 0 SO,H

[204] The above 4-Amino-2-sulfo-butyric acid, HCl salt (476 mg,
2.16 mmol) in dry DMF (20 ml) was added maleic anhydride (232 mg, 2.36
mmol). The mixture was stirred under Ar overnight, evaporated and purified

on self packed c-18, $1.0 x 25 cm column, eluted with water. The fractions
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to measure each conponent separately, i.e., 280 and 252 nm The extinction
coefficient at 280 nmfor huC42 is 217,560 and for DM is 5180 M. The 252
nml280 am absorbance ratios of huC242 and DV4A are 0.368 and 5. 05 respectively.

The concentr ayd sysive@re cal cul ated with fol |l owi ng equaticors20098322670. 368A2
CAb= A280 - 5180CD 24692.4 217,560 Results J <4 - >°

contained product were pooled, evaporated and crystallized with HyO/acetone
to afford 552 mg (91%) of the title product. 'H NMR (DMF-d7): 9.70 (br,
1H), 6.73 (d, 1H, T = 12.8 Hz), 6.32 (d, 1H, J = 12.8 Hz), 3.69 (m, 1H), 3.47
(m, 2H), 2.27 (m, 2H). >C NMR 171.47, 167.32, 165.87, 135.44, 133.07,
63.82, 39.13, 27.62. ESI MS m/z- 279.8 (MW -H); HRMS m/z- (CsHNOsS ~

H) caled 280.0127, found 280.0121.

4-N-Maleimido-2-sulfo-butanoic acid

0 o 0 0
1). HMDS/ZnCUDMA
@NMOH ) > QN\/\\/“\OH
TOH  Som 2). CH;OR/HCI (cat)

[205] | (Z)-4-(3-carboxy-3-suifopropylamino)-4-oxobut-2-en0ic acid
(310 mg, 1.10 mmol) in mixture dry DMA (5 ml) and dry toluene (20 ml) was
heated. After the temperature reached at 80°C, HMDS (hexamethyldisilazane)
(1.40 ml, 6.71 mmol) and ZnCl, (1.85 ml, 1.0 M in diethyl ether, 1.85 mmol)
was added. The mixture was continued heated to 115 ~ 125°C and toluene was
collected through Dean-Stark trap. The reaction mixture was fluxed at 120 °C
for 6 h. During this period, 2 x 20 ml of dry toluene was added to keep the
mixtare volume around 8 ~ 10 rfxl. Then the mixture was cooled, 1 ml-of 1:10
HCI (conc)/CH;0H was added, evaporated, purified on SiO; chromatography
eluted with CH;OH/CH,Ch/HAc (1:5:0.01 to 1:4:0.01) to afford 260mg

(92%) of the title product. '"H NMR (DMF-dy): 10.83(br, 1H), 6.95 (s, 2H),
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g/gdification time L/A DA Mononer ratio Free drug %15 mn 5.0 4.1 96. 7% N D
mn

WO 2009/134977 PCT/US2009/042267

1H, I = 12.8 Hz), 3.65 (m, 1H), 3.54 (m, 2H), 2.27 (m, 2H). *C NMR 173.61,
172.04, 135.47, 64.18, 37.1, 27.89. ESI MS m/z- 261.8 (MW -H). HRMS m/z-

(CgHsNO;S —H) caled 262.0021, found 262.0027.

Succinimidyl 4-N-maleimido-2-sulfo-butyrate

0
0 HO- Nb
| N\/\')ko
Y SO,H SO3H

EDC/DMA

[206] 4-N-maleimido-2-sulfo-butanoic acid (260 mg, 0.99 mmol) in
DMA (10 ml) was added to NHS (220 mg, 1.91 mmol) and EDC (500 mg,
2.60 mmol). The mixture was stirred under Ar overnight, evaporated and
purified on SiO; chromatography eluted with CH,CH,/CH;OH/HAc
(10000:1000:1 to 10000:2000:1), then crystallized with DMA/EtAc/Hexane to
afford 285 mg (81% yield) of the title compound. '"H NMR (DMF-d7) 6.99 (s,
1H), 3.83 (m, 1H), 3.64 (m, 2H), 2.75 (s, 4H), 2.34 (m, 2H); BC NMR 171.97,
171.82, 166.64, 135.58, 62.00, 36.66, 26.62; ESI MS m/z- 358.9 (M-H),

HRMS m/z- (C12H12N200S —H) caled 359.0185, found 359.0178

(E)-Methyl 4-azidobut-2-enoate

9]

0O
BN N — N N
[207] To the solution of NaNj (2.80 g, 43.01 mmol) in 100 ml of

DMF at -20°C was added methyl 4-bromocrotonate (5.00 ml, 85%, 36.10
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mmol). After stirred at -20°C for 30 min, the mixture was stirred at 0°C for 4
h, evaporated, suspended with EtAc/Hexane (1:1), filtered, evaporated and
chromatographic purification on SiO; column eluted with EtAc/Hexane (1:25
to 1: 10 ) to afford HRMS for 4.08 g (80%) of the title product. 'H NMR
(CDCl;) 6.88 (m, 1H), 6.06 (ddd, 1H,J =17, 3.4, 15.6 Hz), 3.97 (dd, 2H, J =
12, 4.96 Hz), 3.73 (s, 3H); °C NMR 166.23, 140.86, 123.49, 51.95, 51.36;
ESI MS m/z+ 182.5 (M+ Na + Hy0); HRMS m/z+ (CsH/N30, + HaO + Na)

calcd 182.0542, found 182.0548.

Methyl 3-(acetylthio)-4-azidobutanoate

SAc O

N3 \/\)0’\0/ — > Na\/'\/u\o/
[208] To the solution of (E)-Methyl 4-azidobut-2-enoate (4.00g,
28.37 mmol) in 60 ml of THF at 0°C was added the mixture of thiolacetic acid
(3.0 ml, 42.09 mmol) and DIPEA (8.0 ml, 45.92 mmol) in 60 ml of THF in 20
min. After stirred at 0°C for 1 hr, the mixture was stirred at RT overnight,
evaporated, redissolved in CHyCla, washed with NaHCO; (sat.) and 1 M
NaH,PO4/NaCl (sat.), pH 4 respectively, dried over MgS04, filtered,
evaporated and chromatographic purification on SiO; column eluted with
EtAc/Hexane (1:8 to 1: 4) to afford HRMS for 4.98 g (81%) of the title
product. "H NMR (CDCl3) 3.66 (m, 1H), 3.62 (s, 3H), 3.40 (dd, 1H, 1 = 7.5,
12.7 Hz), 3.31 (m, 1H), 2.78 (ﬁl, 1H), 2.60 (m, 1H), 2.32 (s, 3H); °C NMR

(DME-d7) 192.20, 172.48, 56.56, 53.60, 51.31, 34.58, 30.56; ESI MS m/z+
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240.0 (M+ Na), 255.9 (M+ K); HRMS m/z+ (C/HyuN3OsS+ Na) caled

240.0419, found 240.0415.

Azido-4-methoxy-4-oxobutane-2-sulfonic acid

SAc O SOsH O
N3 o —_— Ns\/\/‘\o/

[209] Methyl 3-(acetylthio)-4-azidobutanoate (4.00 g, 18.43 mmol) in
75 ml of acetic acid was added 25 ml of HyO; (30%). The mixture was stirred
overnight, evaporated and co-evaporated with EtOH/toluene and purified on
Si0, chromatography eluted with CH;0H/CH,Cly/HAc (100:800:1 to
100:500:1) to afford 3.85 (93%) g the title compound. 'H NMR (CD;0D) 3.78
(dd, 1H, J = 5.0, 12.7 Hz), 3.62 (s, 3H), 3.44 (dd, 1H, 1 =17.5, 12.7 Hz), 3.33
(m, IH-), 2.84 (dd, 1H, ] = 5.6, 16.5 Hz), 2.57 (dd, 1H, J = 7.5, 16.5 Hz); B¢
NMR (DMF-d7) 173.37, 57.31, 52.54, 52.49, 34.51; ESI MS m/z- 221.7 (M+

H)’

4-Azido-3-sulfobutanoeic acid

SO3H 0 SOsH o
Na o~ Na OH

[210] Azido-4-methoxy-4-oxobutane-2-sulfonic acid (3.80 g, 17.04
mmol) in 150 ml of 1.0 M HCl was added 8.0 ml of HAc. The mixture was
refluxed at 120°C overnight, e\)aporated and co-evaporated with water, EtOH,

EtOH/toluene respectively and purified on SiO; chromatography eluted with
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CH,OH/CH;Cly/HAc (100:500:1 to 100:400:1) to afford 3.02 (85%) g the title
compound. "H NMR (CD;0D) 3.77 (dd, 1H, J = 5.1, 12.8 Hz), 3.45 (dd, 1H,J
=7.0, 12.8 Hz), 331 (m, 1H), 2.86 (dd, 1H, J = 4.7, 16.7 Hz), 2.51 (dd, 1H,J
- 8.4, 16.7 Hz); °C NMR (DMF-d7) 173.98, 67.50, 59.78, 27.82; ESI MS

m/z- 207.7 (M —H).

4-amino-3-sulfobutanoic acid

SOgH o $O3H o
Ns OH N OH

[211] In a 500 ml of hydrogenation bottle was added 4-azido-3-
sulfobutanoic acid (3.00 g, 14.35 mmol), 150 ml of methanol and 0.32 g of
Pd/C (10% Pd, 50% wet). After sucked out air, 30 psi of H2 was conducted,
and the mixture was shaken oyemight, filtered through celite, evaporated, and
coevaporated with dry EtOH to afford about 2.50 g (95%) of 4-amino-3-
sulfobutanoic acid. "H NMR (CD;0D) 3.24 (m, 1H), 3.17 (m, 1H), 2.90 (dd,
1H, ] = 2.6, 16.5 Hz), 2.33 (dd, 1H, J = 10.1, 16.5 Hz), ESI MS m/z- 181.60
(M-H). The resulted compound was unstable and was used directly without

ﬁlrther purification.

(Z)—4—(3-carboxy-2-sulfopropylamino)-4—oxobut-2—enoic acid
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0

SOsH o 4 OH
HzN\)\)k — H
> o I
HO,S OH

[212] To the solution of 4-amino-3-sulfobutanoic acid (~ 2.50 g,
13.66 mmol) in 100 ml of DMA was added maleic anhydride (1.48 g, 15.10
mmol) and the mixture was stirred over night, evaporated, purified on C-18
column (2 x 30 cm) eluted with 1% HAc in water and crystallized with
MeOH/Acetone/toluene to afford 3.34 g (83%) of (Z)-4-(3-carboxy-2-
sulfopropylamino)-4-oxobut-2-enoic acid. 'H NMR (CD;0D) 6.33 (4, 1H, J =
12.6 Hz), 6.10 (d, 1H, J = 12.6 Hz), 3.64 (dd, 1H, J = 5.8, 14.0 Hz), 3.54 (m,
1H), 3.30 (m, 1H), 2.78 (dd, 1H, J = 4.9, 16.8 Hz), 2.39 (m, 1H); BC NMR
173.52, 168.68, 167.98, 135.59, 127.79, 57.31, 40.56, 34.52; ESI MS m/z-

279.7 (M —H).

4-(2,S-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-3-sulfobutanoic acid

HO3S OH HO3S OH

[213] (Z)-4-(3-carboxy-2-sulfopropylamino)-4-oxobut-2-enoic  acid
(450 mg, 1.60 mmol) in mixture of 10 ml of dry DMA and 50 ml of dry
toluene was heated. After the temperature reached at 80°C, HMDS
(hexamethyldisilazane, 1.80 ml, 8.63 mmol, ) and ZnCl, (3.2 ml, 1.0 M in

diethyl ether) were added. The mixture was continued heated to 115 ~ 125 °C
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and toluene was collected through Dean-Stark trap. The reaction mixture was
fluxed at 120 °C for 6 h. During this period, 2 x 20 ml of dry toluene was
added to keep the mixture volume around 8 ~ 10 ml. Then the mixture was
cooled, 1 ml of 1:10 HCI (conc)/CH3;0H was added, evaporated, purified on
SiO, chromatography eluted with 1:5:0.01 CH;OH/CH,CL/HAc to afford 315
mg (75%) of the title product. 'H NMR (DMF-d7) 6.96 (s, 2H), 4.04 (dd, 1H,
J=43,13.8 Hz), 3.47 (m, 1H), 3.23 (dd, 1H, J =7.4, 14.THz), 2.99 (dd, 1H,J
=33, 16.8 Hz), 2.35 (dd, 1H, J = 8.1, 16.9 Hz); ’C NMR 173.58, 172.18,

135.54, 54.61, 40.24, 32.43, ESI MS m/z- 261.70 (M —H).

1-(2,5-Dioxo-2,5-dihydro-1H-pyrrol—l-yl)-4—(2,5—dioxopyrrolidin-1-yloxy)—

4-oxobutane-2-sulfonic acid

HO5S OH HO5S ONHS

[214] 4-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yl)-3-sulfobutanoic acid
(110 mg, 0.418 mmol), EDC (240 mg, 1.25 mmol) and N-hydroxysuccinimide
(58 mg, 0.504 mmol) was stirred in 10 ml of DMA for overnight, evaporated
and purified on SiO, chromatography eluted with CH;OH/CH2Cly/HAc
(100:900:1 to 100: 600:1) to afford 112 mg (75%) of the title product. 'H
NMR (DMF-d7) 6.93 (s, 2H), 4.06 (dd, 1H, J = 4.8, 13.1 Hz), 3.80 (dd, 1H,J

=10.7, 13.9 Hz), 3.35 (dd, 1H J = 3.3, 17.8 Hz), 3.25 (m, 1H), 3.10 (dd, 1H, J
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=22, 16.4 Hz), 2.87 (m, 4H); *C NMR 172.27, 170.88, 169.29, 135.55,

55.28, 40.22, 32.69, 26.66; ESI MS m/z- 261.70 (M —H).

Ethyl 3-(acetylthio)-3-cyanopropanoate

CN O cN O
HSAC/Et3N
—_———
\)1\0/\ THF, 0%C, 65% Acs)\/u\o/\
[215] (Z)-ethyl 3-cyanoacrylate (5.01 g, 40.00 mmol) in 80 ml of

THF at -20°C was added the solution of thiol acetic acid (5.0 ml, 70.15 mmol)
and DIPEA (16.0 ml, 92.03 mmol) in 20 ml of THF in 30 min. The reaction
was kept at -20°C for 4 hr then room temperature overnight. The mixture was
concentrated, diluted with CH,Cl,, washed with saturated NaHCO3, dried over
MgSQ,, filtered, evaporated and purified by SiO; chromatography (1:4
EtAC/Hexane) to afford 5.22 g (65%) of the title compound. Rf =0.25 (1:4
EtAC/Hexane); 'H NMR (CDCl), 4.44 (m, 1H), 4.11 (dd, 2H, J = 7.1, 14.3
Hz), 3.38 (m, 1H), 3.15 (m, 1H), 2.17 (s, 3H), 1.19 (t, 3H, J = 7.2 Hz); °C
NMR 194.12, 173.21, 119.82, 61.35, 33.52, 30.08, 14.62; MS m/z+ 225.9

(MW + Na), m/z- 201.7 (MW-H).

Cyano-3-ethoxy-3-oxopropane-1-sulfonic acid

CN O CN O
e
AcS)\)j\o/\ HO3S)\)J\0/\
[216] Ethyl 3-(acetylthio)-3-cyanopropanoate (2.00g, 9.95 mmol) in

acetic acid (40 ml) was added HyO; (12 ml, 30%). The mixture was stirred
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overnight, evaporated and purified on silica gel chromatography eluted with
methanol/dichloromethane/acetic acid (1:8:0.01 to 1:5:0.01) to afford 1.72 g
(84%) of the title compound. 'H NMR (DMSO), 4.63 (m, 1H), 4.12 (dd, 2H, J
=7.1,14.3 Hz), 3.27 (m, 1H), 3.05 (m, 1H), 1.28 (t, 3H, J = 7.2 Hz); *C NMR

173.15, 113.85, 61.38, 48.32, 26.33, 14.15; MS m/z- 205.7 (MW-H).

1-(tert-Butoxycarbonylamino)-4-ethoxy-4-oxobutane-2-sulfonic acid

cN O BOC-HN o
—_—
PCNG PN HOaS)\/u\ocsz
[217] In ‘a hydrogenation bottle was added Cyano-3-ethoxy-3-

oxopropane-1-sulfonic acid (2.50 g, 12.06 mmol), ethanol (80 ml), fresh
filtered Raney Nickél (0.40 g) and BOC anhydride (3.30 g, 15.12 mmol).
After the air inside the bottle was sucked out by vacuum, 20 psi of hydrogen
was conducted to the bottle. The bottle was shaken over night, filtered through
celite, evaporated, and purified on silica gel chromatography eluted with
methanol/dichloromethane/acetic acid (1:6:0.01) to afford 3.18 g (85%) of the
title compound. "H NMR (DMSO), 6.82 (s, 1H), 4.26 (m, 1H), 4.11 (dd, 2H, J
= 7.1, 14.3 Hz), 3.53 (dd, 1H, J = 4.2, 13.4 Hz), 3.36 (m, 1H), 2.86 (m, 1H),
2.51 (m, 1H), 1.38 (s, 9H), 1.22 (t, 3H, J = 7.2 Hz); 1°C NMR 173.35, 155.72,

80.44, 62.05, 52.55, 41.61, 34.50, 28.85, 14.52; MS m/z- 309.8 (MW-H).

4-(tert-butoxycarbonylamino)-3-sulfobutanoic acid
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8.2 0.67 26.7 95 1.6 Conjugation protocol: [226] Modification was done at pH
8.0, buffer A and 5% DVA for 90 min at roomtenperature, the antibody
concentration is 7 r’r%/ m . The nodificed anti body was purified by NAP col um
usi ng Buf fer YORIIH¥Y 7 The conjugati on was down at Buff eRCTAS29RMB2B7\i t h 5- 10%
DVA at roomtenperature overnight. The drug to linker ratio ranged from1l.3 to
1.7 deepening on the total drug added. Exanple 2: Conjugate Synthesis.

BOC-HN BOC-HN
——
HO;3S OC,Hs HO3S OH
[218] 1-(tert-Butoxycarbonylamino)-4-ethoxy-4-oxobutane-2-

sulfonic acid (402 mg, 1.29 mmol) in the mixture of THF/H0 (1:2, 60 ml)
was added lithium hydroxide monohydrate (2.0 g, 47.6 mmol). The mixture
was stirred under Ar overnight, concentrated, purified on C-18 column (2 x 30
cm) eluted with from 100% water to 10% methanol in water to afford 328 mg
(90%) of the title compound. 'H NMR (DMSO), 6.78 (s, 1H), 4.03 (m, 1H),
3.57 (dd, 1H, J = 4.2, 13.4 Hz), 3.41 (m, 1H), 2.89 (m, 1H), 2.61 (m, 1H), 1.39
(s, 9H); *C NMR 174.21, 155.82, 79.85, 59.95, 42.06, 32.52, 28.88, 14.55;

ESIMS 281.8 (M-H);

(Z)-4-(3-carboxy-2-sulfopropylamino)-4-oxobut-2-enoic acid

BOG-HN Q y SOHO
- N
HO38 OH
28 ©
[219] 4-(Tert-butoxycarbonylamino)-3-sulfobutanoic acid (321 mg,

1.13 mmol) was stirred in the mixture of HCI (conc)/Dioxane (1:4, 15 ml) for
30 min, evaporated and coevaporated with EtOH/Toluene (1:1, 4 x 20 ml) to
dryness. To the dryness material was added maleic anhydride (121 mg, 1.23
mmol) and DMA (20 ml) and the mixture was stirred overnight, evaporated
and run through C-18 column eluted with water and crystallized with

FtOH/Hexane to afford 263 mg (83%) of the title compound. ESI MS 279.8
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[227] SPP or SSNPP |inker was dissolved in ethanol at a concentration of
approximately 10 nM Anti body was di alyzed into buffer A (50 tnMKPi, 50 niM
NaCl, 2 mM EDTA, pH 6.5). For the linker reaction, the antibody was at 8

ng/ M, and 7 vegwiovskent s of |inker were added whil e stiROTIUSYO#H2I6Me presence
of 5% (v/v) ethanol. The reaction was allowed to proceed at anbi ent
tenperature for 90 mnutes. Unreacted |inker was renoved fromthe anti body by
Sephadex 025 gel filtration using a Sephadex 025 colunm equilibrated with
Buffer A at pH 6.5 or 150 nM pot assi um phosphat e buffer containing 100 mM

NaCl, pH 7.4 as indjicate r the, SPP |i h t_2fioADdi fi cation was
assessed by rel Q\é'sgl)'o?hepgng%ﬁ%-aﬁe-tt §i She tﬂurlélg%igﬂ%ol%ﬁﬁ/l %i I ang0 nmeasuring the
absor bance at Sg@ pm as descri bed bel ow (043 = 8080 M1 cml for free

pyri di ne- 2-t hi ofPOURIC 28ENPP, 1odi fi cation was assessed directly by measuring
t he absorbance at 325 mm (6325 = 10,964 M|l cm 1 for the
4-nitropyridyl-2-dithio group linked to antibody). For the conjugation
reaction, thiol- tal ning,dru ' L, QLiidig}) was dissolved in DVA (N,
N-di r net hyl acet 5@1{?’ étf'ngfhyg'zé’éﬁtgtéﬂ%ﬁdg{}lﬁ%ﬁ%s g’%br oximately 10 mM The drug (0.8
- 1.7-fold nolar excess rel@tive to the nunber of |inker nolecules per

anti body as indicated) was sl oWy added wi®h@stirring to the antibody which
was at a concentrati8@el<2. 5 ng/SHs in buf A (pH 6.5 or pH 7.4) in a final
concentration of 3% (v/v) . The reactibn s allowed to proceed at anbient
tenperature for the indicated tines. Drug-conjugated anti body was purified

usi ng a Sephade 5 col utnn ui.l l,brat e | SMiorBe (S $£H 6.5). For
DML, the extent >i%?S‘?drug a%?}lﬁ%g'?’f‘ré’ﬁ“ gén:%?%%%y%%éa% aosrsgsged bg;: measuri ng A252
and A230 of the _gonjugate as descr] |y | ! igdonRRRELa8h was used for
DC4 (see bel ow) 381(3/9@3% ’esﬁ%‘HP %?Swg%tgggzazgg’eﬁgy?@g?)ne- 21 tohi one gnd

Concentration Ofﬂﬁ%%ﬁi {)lbﬁ%réd‘girred[iﬁgﬁ mﬁamyl(%o ﬁlﬂt&vfém?éhtﬁmreiedi ne- 2-t hi one

rel eased per nol y I'S ca ated by neasuring the A230 of the

sanpl e and then i he,i ncf.easg. i e %3 o tdi62 Sashe aluleer vaddi ng DIT (50
p.L of 1 MDTT/ rﬁfo‘éﬁh scgflrrt% e')g’.ab#ﬁ%&cgncént ration of DIT-rel eased

pyridine-2-thi ong.d At ed.0wei, R aYsifiBAa valh 1B08A%Rark 1o BifBrdconcent rat i on
of anti body canr}\??lde%c & lczzna‘chu(Fat ed} usi %gs an 8280 of 194,712 Mlcm | after

un post DT x 50 @bty FF s B 4 BLE MRVEETROMEY B ”Orr s 11 on.
Th I [ j dines2-thi : I Th [
e oA e a0 bRy 26 LANRTR A0, £ R0 1ED AR R RRde The UL
g/ nol e. Measur e@@%ﬁg&oggﬁ_??g@/dgskwg&%Smgllrﬁlg_pfgb(dM_— 2-dithio Goups and Ab

Concentrati on of

1-carboxy-N,N,N-trimethyl-S-(pyridin-z-yldisulfanyl)propan—l-aminium

' 1). NaOH B
H;C—-N . Na
o s e AN S‘s/\/'\coon
3 2).PyssPy,pH7 |\
- [221] N,N,N-trimethyl-2-oxotetrahydrothiophen-3-aminium  acetate

(2 g, 9.13 mmol) was stirred in 75 ml of 1 M NaOH (3 g NaOH in 75 ml H0)

for 45 min. neutralized with 4 M HsPO, to pH 7.4, concentrated, added to 1,2-
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WO 2009/ 134977PCT/ US2009/ 042267 [229] The nolar ratio of the
4-nitropyridyl-2-dithio groups |inked per nole of antibody is calculated by
nmeasuring the A250 and A325 of the sanple without DIT treatnment. The nunber of
ant i body- bourwlo Zeomise7opyri dyl-2- dithio groups is cal curGTEsd084226§5 an 6325 nm
of 10,964 Klem 1. The concentration of antibody can then be cal cul ated using
an 6280 nmof 194,712 Mcm | after subtracting the contribution of the

S-nitropyridyl-2-dithio group absorbance at 280 run (A325 nm X 3344/10964)
fromthe total A250 mi| neasured. The nolar ratio of 4-nitropyridyl-2-dithio

-groups :Ab can then.b l cul ated, e ion of Ab is

cal cul at ed usinéggnWBﬁﬁgﬁP mﬁé?b%ﬁggfm%ﬁggggg%gk%%%ggpgg%%gﬁg?ing Ab ahd DMV
conponent concentrations of .Ab- 23 T absorb at th

t wo mave|engths“ﬁ%éﬂﬂ%o°ﬁ%é%e$e5%%§ﬁi6%§pg%€hp%§éﬁﬁ?ggéﬁy&“?gé?, 280 and 252e
urn. The compongnts t%é,%usfﬁé?cgéh{ihleﬁe ,'ﬁ'lgare%lr@ﬂtf Qlap MMEhdBh GBS 84 C expr essi ons

mhifﬂ achunt f BYPTRESSS Ion of each conponent at ‘each wavel ength (CAb

is the nolar copcgnt [ o ion of DM):

D Tot gl) A280 284 [}%&‘2@25‘0’53@9’3%%6@%@%‘8? iR 13??‘%%?%12% 0.37) CAb+)(4. 7

X 5, ac o : T MSH ) 194, 712

2009/ 134977PCT/ %@%@WB&@&%@%?K%&J g e pblndd BT MiSlz G0 o
(M +Na-H).

1. Modification of antibody with sulfo linker

[222] The huC242 is modified with sulfo linker at 8 mg/mL antibody,
a 15 fold molar excess of sulfo linker (~30mM stock solution in DMA). The
reaction is carried out in 100 mM NaPi, pH8.0 buffer with DMA (5% v/v) for
15, 30, 120, and 200 minutes at 25 °C. The modified huC242 was purified by
G25 column with 50 mM NaPi, 50 mM NaCl, and 2 mM EDTA, pH6.5 to

remove the excess sulfo linker.

2. Measurement of releasable Spy-NO; and antibody concentration of

modified huC242

[223] The assay and spectral measurement were carried in 100 mM
NaPi, pH7.5 at room temperature. The molar ratio of Spy-NO, released per
mole of huC242 antibody was calculated by measuring the Aagg of the sample
‘aﬁd then the increase in the Asgs of the sample after adding DTT (50 pL of 1
M DTT/mL of sample). = The concentration of DTT-released 2-

mercaptopyridine is calculated using a €394 nm Of 14,205 M'em™. The
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72,043 and an equality is set up (equation |la = equation 2a) and sol ved for
CD. CD= Is/sa 24,681 [23110nce the CDis calculated, the value is used to
solve for Cn) in equation la (or 2a) above. The ratio of DML: Ab can then be
cal cul at ed. Twe2emgh3ab77(g/ L) concentration of antibody imcwst@abateed usi ng a
nol ecul ar wei ght of 147,000 g/nole and the concentration of DM is cal culated
using a nol ecul ar weight of 736.5 g/nole (linked DML) Efficiency of disulfide
exchange is increased with SSNPP. [232] As shown in Table 1, the efficiency of
conjugation is enhanced in reactions where SSNPP is used as the cross-1linker

conpared to reacti using.SPP. T .
di vi di ng the vggﬂisgr?%}ly N %@Fygaﬁ$%o%?5%§l&%%§£4% %Zg,ﬂ,‘?é(fz"i%s& culated by

100. Conjugationps pf_.the N901 %ntiq§ﬁ .usi@g P réﬁﬁfgeggihng?gs;?fzﬁk}LgEs
ﬁégaC;fPﬁigEPO{ @?zi%?sB@Fﬁn%#f%f%n ‘%m9f§. *ﬁgué$?FC|enéy gf conj ugati on of
i ncreased efficiéﬁbvpaﬁﬁﬁﬁggﬁggaggﬁxﬁé %%ﬁ%%f%ﬁg%ggg?ggggﬁ&: tgF;Zi?bogce
| Tker ol ecul oS 18 ot A b RANGRRb el cbiled R e M eved

(e nal oo WP Eetailh 8F nACIH R VhcREER AL | RoRANk Wkidh ot

147,000 g/mole.

3. Conjugation reaction

[224] The modified huC242 was reacted with a 1.7-fold molar excess
of DM4 (based on DM4 stock SH concenfration) over Spy-NO,. The reaction
is carried out at 2.5 mg/mL antibody in 50 mM NaPi, 50 mM NaCl, 2 mM
EDTA, pH6.5 and DMA (5% v/v). After addition of DM4, the reaction was
incubated 25°C for ~20 hours. The final conjugate was purified by G25
column with 10 mM Histidine, 130 mM Glycine, 5% sucrose, pH5.5 to

remove the excess DM4 drug.

4, Calculation of huC242 and DM4 concentration

[225] The huC242 and DM4 both absorb at the two wavelengths used
to méasure each component separately, i.e., 280 and 252 nm. The extinction
coefficient at 280 nm for huC242 ié 217,560 and for DM4 is 5180 M?. The
252 nm/280 nm absorbance ratios of huC242 and DM4 are 0.368 and 5.05

respectively. The concentrations were calculated with following equation
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di t hi o)-groups per antibody introduced with SSNPP conpared to an anti body
having 5.6 pyridyl-2-dithio groups introduced with SPP (Table 2). The anount
of drug required to obtain conparabl e conjugation results was therefore 25%

| ower for thevdSBddARsmpdi fi ed anti body than the SPP-nodipEraskoewmizbody under

t hese conditions. An additional potential benefit of the increased efficiency
with SSNPP is that a reduced nol ar excess of DML may be used in the
conjugation reaction. A conparison of the DML per antibody ratios foll ow ng
conjugation with a range of drug equivalents in the reaction (0.8 - 1.7 fold

excess) shows that a 1.1-fold nplarn excess iscsuff]cigpicto achieve 100%
conj ugation efficiency us{ nﬁhé@%mﬁl i'nker (Figure 7). A conparison

of the tine course of the re?gédzqn of DML with antijedyothat had been nodified
with SSNPP or SPP is shown, for exanple, in Figure 8. In each case the

nodi fied anti body was treated with a 1.1-fold nolar excess of DML per nole of
| i nker incor porﬁtsgﬁis. The reaction with the SSNPP-nodified antibody is

consi der abl y faster than with the SPP-nodified anti body (Figure 8). Even, a
mol ar excess ofsdzEfal a5 0t —gH L Ci N 8VFeee ogi Tar| ef ficiency

usi ng SPP. The flfattf;éhto E@e 1) abb/ owa%ﬁ%ﬂgrrﬁgxcess ?FQDM and 2) fewer

| i nkers per an lsJu“'y attoygga reduc{ 1o 96.4?%[ e anoyiype’ drug needed to

achi eve a tar getbVi—to—an 'ul'uuu'y TG 10 Gy 245 muCiT a4 150 % When usic ng SSNPP as
the cross-1i nk',a'i‘—dl—ﬁsfcad bt —SPP— 2331 ncreased gif i ciency jof conjugation
using the SSNP-lz%af:%ﬁer S g'gwnpi reed gg'*;/;:uut TO rﬁA Se i the nononeric
character of the—confugate—and—n the anount—of unconjugated (free) drug
associated with the anti body conjugate. SEC analysis is used to determ ne the
anount of nononer, diner, trimer, or higher nolecular weight aggregates.
Typical results of greater than 90% nononer were obtained with either |inker
as shown in Tab L F ‘ -of. ynconj ugat ed drug was neasured by reverse
phase |1 PLC anakgaézllssul%;mhg}ﬁg%ﬁj&%ggte sanpl e. The percent free drug for either
reacti on was | ess—than 2% 7 tmagdition, Shofter cpnj ugati da,reagtion tines are
possi bl e with $sNPE. gonpar qg%w tth SPH n(\yﬂ@. fghent No. 6, 9134ee48) , whi ch may
decrease |l oss 0 xQOTE L@qti bQdi eg ]j:)gfat 25 e sppsut | VeMAonédimaged exposure to

organi ¢ sol ventzrequi hed T4 e [G@N) Uggdai on| §gactioq. Shorliger reaction tines
shoul d al so de¢rgasegruy PFs dul 1O L d[Ef 1 Zagjon, Whiech 1$ a conpeting
si de reaction 'iSi MY (G UGE4 TOT4 6T e g.&SUT TG} 1 163 €ases Jigh yie¢ld and reduced
side reactions rshoutg It Er CUglg T O, 10| 5£4UCeg DM Tequi rements. [ 234] The
enhanced rate ggg—effigCrencyzof TG UGgpdg O ¥ign U5 Ng SSNJE Was al so obser ved
when conj ugati rrgoa ch |1f09-‘| enf 30T UG O tgigg ant 4 Ppdy [ggnonstriali ng |t he broad
applicability aofzthis—gewakerrdEgageiii A anrgson of g ugati on

ef ficiencies usﬁ%g—sf ":2‘"2 & .icj'gSP" %éﬁcll anj U g.'?ﬁg tb?]e N9OT f;ﬂti ody with the
DNA- al kyl ati ng drug, DC4, a CC-1065 anal ogue, is shown, for exanple, in Table

3. By 2 hours t rzfa(mjugz:ltion protocol:

[226] Modification was done at pH 8.0, buffer A and 5% DMA for 90

_.,r
4
“H

]

min at room temperature, the antibody concentration is 7 mg/ml. The
modificed antibody was purified by NAP column using Buffer A.pH6.5. The
conjugation was down at Buffer A, pH6.5 with 5-10% DMA at room
temperature overnight. The drug to linker ratio ranged from 1.3 to 1.7

deepening on the total drug added.
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reaction using the SSNPP cross-I|inking reagent was conpl ete whereas the
reaction using the SPP reagent showed only 73% conpl eteness by 2 hours and
significant incorporation of drug beyond 2 hours (91% after 18 hours). Only
much pr ol ongegor@aciison tinmes may | ead to 100% conpl et erass200bm@mpl e 3. I n
vitro Cytotoxieity Evaluation of Mvtansinoid Coniugates of Antibodies with
Thi oet her (Non-C eavabl e) and Di sul fide Linkers Containing sulfonate group:
[ 2351The cytotoxic effects of the anti body-maytansi noid conjugates with

t hi oether and disulfide |inkers containing a sul fonate group_were typically
eval uated using a WT-8 cell-viability assay after a 4-5 day conti nuous

i ncubation of the cancer cells with the conjugates. The anti gen-expressing

cancer cells (-1000-5000 cells q& well) were incubated in 96-well plates in
regul ar growth @éﬂ?ﬂﬁ?tgﬁf‘&gﬂfﬁgn &%l bovine serumwi th various

concentrations of the antjbody- ansi noi d cpnj,ugat.es r oyt 5 days. The
égg do%l.ég&%h e?’%feét ‘éIaS (ﬁss!)lvgia 11? et{)a%ol aal? é’l

WET- 8 reagent w27t hen a absorbance was neasured at 450 nm
To determne t neasgiepaerrRonBao R Prfhif buBatpapRliedt © FONCCT oat e,
(huzaz) -yt AR 0GRoEe SRR R ol Rt M budibnel Ant ! - Candg
maytans! noi a1 Ab SKURBAPE D H R GR Uit 3T e Re e ) ¢ owar d

CanAg- positive Oﬁ?eg%n%?ggﬁl(?ﬁgeﬁ%%@g @%Iréagﬁ%%}p% MONENSHprREea & he conj ugat es

wi th high maytand at t ecoration of the anti body

T L o BR PRbdeiR G 8 SRu L abicALIRE bl REcGQNIIAEE ! Nl N9 10

the target COLO gure ows the cytotoxic activities of

anti - CanAg mm%%?%@?gﬁ?g%%%%e%&ﬁnﬁs%l 25 fRYda0S4 RElufin| 0ad agai nst

CanAg anti gen- posi s. The presence of sulfonate group in

di sulfide |inker, si@mid L L3050 680y 456l BétessRAL RidGhatt GUderd t hese
mul tiple drug ré@ﬁggg%ébégl s}TTheagnhaﬁced po?gngy &?lﬁﬁe sul fonat e-1i nked

conjugate is a n@¥shink 6 HRANAAIROUER tlaRbkied. ¥&tNe SHEOHHLSH, DG ki@t ¢ her apeuti ¢

applications.
of modification was assessed by release of pyridine-2-thione using 50 mM
DTT and measuring the absorbance at 343 nm as described below (€343 =
8080 M cm™ for free pyridine-2-thione). For SSNPP, modification was
assessed directly by measuring the absorbance at 325 nm (g325 = 10,964 m!
cm” for the 4-nitropyridyl-2-dithio group linked to antibody). For the
conjugation reaction, thiol-containing drug (either DM1 or DC4) was
dissolved in DMA (N, N-dimethylacetamide) at a concentration of
approximately 10 mM. The drug (0.8 _ 1.7-fold molar excess relative to the
number of linker molecules per antibody as indicated) was slowly added with

stirring to the antibody which was at a concentration of 2.5 mg/ml in buffer A

(pH 6.5 or pH 7.4) in a final concentration of 3% (v/v) DMA. The reaction
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[238] Figure 63 shows the cytotoxic activities of anti-EpCAM Abmayt ansi noi d
conjugates with simlar maytansi noid | oad agai nst EpCAM anti gen-positive
COL0O205-MDR cell's. The presence of a sulfonate group in disulfide Iinker
significant| wembenseed conj ugate potency toward these REIUBPPM4BEUG resi st ant
cells. The enhanced potency of the sulfonate-|inked conjugate is a novel
finding and potentially very prom sing for therapeutic applications. [239]
Figure 64 shows the cytotoxic activities of anti-EpCAM Abnayt ansi noi d
conjugates with simlar maytansi noid | oad agai nst EpCAM anti gen-positive HCT
cells. The presence of.a sulf I ' ' e | 1 r significantly
enhanced conj ug‘g Sea?lﬁ‘g?detﬁ §°cf%daag%&f%éés?ﬂgﬁ%‘?% fogﬁlgq%cgﬁgeﬁh?gssilg?gﬁt cells. The
enhanced potency of ¢t i i ! ed 1 Ndi ng and

don ulg%.tlﬁ%g? %}t%é&}{ \g%a}{uﬁﬁlad Egﬁ%da SQRIAIPGRDE cbBmA \FiHRAL

potentially very erapeuti c “applications. [240] Figure 65 shows

the cytotoxic agtivyi t 4 s\ EDEAMMP - hBUEANRE IdAR] @njafiby @At s Wi th
simlar mayt ans?“r%i\%#%rg% asgzlﬁnés'%)' %M anti gen- pogﬁgi vgj %EOZOS- MDR cel | s.

The presence of .b§%Jompq§/sgssgc{ %?QnéanB@eAis?iaﬁcﬁW}Woﬁ hekBhjusdtagad fi cantly

enhanced conj ugate tency toward these nultiple drug resistant cells. The
enhanced pot ency.ofy i Baos Uk AR Bipkdadk @k SQNHDBE Beé Selwynovel finding and
potentially very promsing for therapeutic applications. Exanple 4. Conparison
of in vivo anti-tunor activity of the anti EpCAM mayt ansi noi d conj ugat es,

B38. 1- SPDl 3-0M4 and B38. 1-sul f oSPDB- 11M4, on col on cancer, COL0205 and
COL0205- MDR,  xeRpgtadfedi ofl Redehdablepyaiaink 2l thibRY ardf 12ConcoitraB@BofISPBPDB- DMA and

B38. 1-sul f o- SPDB-DWA conjugates was evaluated in a xenograft nodel of human
col on carci nomay(afd248> and COLO205- MDR, whi ch was engi neered to overexpress
P- gl ycoprotein. "The cells were injected subcutaneously in the area under the
right shoul der gf,g5CI D nithemoMbRA. bR ritliueR1thienewelbasspet a@kEd appr oxi mat el y 200
mns in size, the mce were random zed by tunor volunme and divided into three
groups. Each gr Quhowas chit@@atdsh mbakiliing tis g of tHeSamfilobndshenftheei t her

B38. 1- SPDB- DM4 (10 ng conjugate protein/kg), B38.1- sulfo-SPDB-DVA (10 ny
conj ugat e pr ot eiifkdash in He AN QS 1B adr@ybattet aidet ISER (S0QL cF M DTBHmEwfit r ol ) Tunor
growm h was nonitored by neasuring tunor size tw ce per week. Tunor size was

cal cul ated wi th shhfe)f TheMRentb@RAPBIIDTT-rélesbedpytidieighionais céculated

using an &343 of 8080 Mecm™. The concentration of antibody can then be
calculated using an €50 of 194,712 M lem™ after subtracting the contribution
of pyridine-2-thione absorbance at 280 nm (A343 nm post DTT x 5100/8080)
from the total Asgoam measured before DTT addition. The molar ratio of
pyridine-2-thione:Ab can then be calculated. The mg/mL (g/L) concentration

of Ab is calculated using a molecular weight of 147,000 g/mole.

Measurement of antibody-linked 5-Nitropyridyl-2-dithio Groups and Ab

_ Concentration of SSNPP-Modified Ab.

104



[ 242] The changes in vol unmes of individual COLO205-MDR tunors are shown in
Figure 66. Treatnment with either conjugate resulted in significant tunor
growt h del ay. B38. 1-sul f o- SPDB- DM was nore efficacious than

B38. 1- sul f o- SRbBeddsMo77 N t hi s human col on cancer xenogr 2CA/USAEN42267[ 243] The
changes in volunes of individual COLO205 tunors are shown in Figure 67.
Treatnent with either conjugated resulted in significant tunor growh del ay.
Two of six animals treated with B38. 1-sul f o- SPDB- DM had conpl et e tunor
regressions. Thus, B38.1-sul fo-SPDB-DW was significantly nore efficacious

t han B38. 1-sul f PDB Jrodel. apledifio gaviph el gerof prochar ged
linkers (CX1-1) fﬂ? Dﬁérﬂ‘ﬂmﬁ Al a- &%@?244} 1.3 (4.0 ﬁﬁol) of

Z-dy-dy-Qy- £&1&1d€€aiq}y)megi heht Abiybid A3 Fwen@ppiopi onate 0. 651 g
(4.25 mol) of oﬁggéﬁggnfotrl azol é anc?lmog81 M(4 235 mol ) of

N-(3-di methyl a Rt BRY hlatent® rhyhmdePaAhivdusleoudandiephi®inde were wei ghed

into a 50 nL flas then dissolved in 20 nL of dinethylfornmam de with nagnetic

stirring Under ;rsﬁ}ﬂ%‘c gcﬁ,maraaﬁgﬁms T&nodehories't g reaction nixture was
purified in 5 ti'ons by reverse phase HPLC usi ng a 5.0 cmx 25 cm C18

form o aci d Eﬁ}l 4 S I e b fopiofs conta i 2 5

owed by a 15 mn |inear gradient

from 5% ac, et oni L liet . 809 AGEE A0kl tBSORGiE ARkLRARGT et enti on i e

of 19 mn) were toO |ne ven was renoved Dy Trotary evaporation under

i th DVS0) 8.16 (t,
UL 0 il Ui B R0 50

5H), 5.04 ook o 4 Hz, 411), 3.25
ES‘, JE) 6.1 Hz, (iﬁﬁg‘t%‘ r§§° %‘fz‘ &g%pygs?%l%ﬁfh%‘wf%%n% %ﬁ%ﬁm@c NMVR ( d6- )DIVSO)

170. 45, 169. 61, é[‘ix@% gkggoxﬁgnuaaéﬁoﬁ@o is éﬁ&l%usﬁaéan{%@culwe@ﬁ 127.69, 79.89,
65.51, 43.56, 4 , 34.89, 34.78, 27.70. HRMS ( M +Na+) Cale. 473.2012
found 473. 1995. o}mégﬁm@e(z 89 nmmol) of Z-Ay-Ay-dy-13-A a-Q Bu was
disolved in 80 niL of 5 net hanol : dei oni zed water in a 250 nL parr shaker
flask to which was added 0.12 g of 10% pal | adi um on carbon. The fl ask was
shaken under a hydrogen at nosphere (42 PSI) for 7 hours. The m xture was
vacuum fil ter ed dauRighac&ldin1 EdddoRént shdertatorisbeAbiOMY.at e was concentrated by
rotary evaporation under vacuumto give 0.88 g (96% of the title conmpound.
11-1 NWR (d6- 18 12 (fthe Abrand TME bidabsof0R tifd twodavEledgzhs wkddlp, 3. 75 (s, 2H),
3.64 (d, J-5 3.28 (bs, 2H), 3.24 (g, J = 6.0 Hz, 2H), 3.13 (s, 2H),
2.35 (t, J = 6. 8ndaiane &Ehl:bmpoheﬁ%e}ﬂeﬁatelﬂl-ﬂ)e., 24B Ehd\MR ringl STERMBSMpodens. 38, 170. 46,
169. 18, 168.70, 79.89, 44.65, 41.95, 34.88, 34.78, 27.71. HRVE (M + 1-1+)

Cal c. 317. 1825, aoauantifidd Gsidgtht fdlwireigbiEicyexfiessioth yhioh agkbwnt Qr B

contribution of each component at each wavelength (Cap is the molar
concentration of Ab and Cp is the molar concentration of DM1):

1) Total Aggo =194,712C4y + 5,700Cp
2) Total Ay5;=(194,712 x 0.37)Capt+ (4.7 x 5,700) Cp
Each equation is solved for Cap:

la) CAb=A2 0. 5,700C
194,712
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12461513 ng (2.8 mol) of 4-(2, 5-dioxo-2, 5-di hydro-1H pyrrol -1- [
acid, 800 ng (0.2.8 ntnol) t((art-butyl 3424242-y pyrrol- - ylybutanore
ani noacet ani do) acet at ni do) acet am do) propanoate and 583 ng (3.0 mol) N(3

- di met hyl ani vepgoonpyst) - N ' - et hyl carbodi i mi de hydr ochl oricdaisees/&247 sol ved in 12
mL of dinmethyl formam de and stirred for 3 hours. The reaction m xture was

purified in four equal portions by reverse phase HPLC using a 5.0 cmx 25 cm
C18 colum. The colum was eluted at 100 nmi/mn with deionized water

containing 0.3 %formc acid and 5% acetonitrile for 10 mn followed by a 13

mn |inear gradient fro O/ ac top ’H he to 33 % acetonitrile. Product
];:’)?Ctl ons (ret;antl on Ejl 5 e conbi ned and sol vent was renoved by
ary evaporation under vacuumt g| ve 832 ng (62 %9 of the title conpound.
NVR (d6-DMS0) 8.10-8.16 (m 2H), 8.07 (t, J= 4.8 Hz, 111), 7.0- 715(%{)1'_')
3.747 (t, J= 6.0 Hz m&h@equanﬁzss@tdlp(@cpia@naaﬁpqu@mﬂa)anwl‘(eéforﬁﬁ 6.8, 211),
3.1-3.33 (m 11-1), 3.19-3.26 (m 2H), 2.348 (t, J= 6.8, 211), 2.132 J=17.2

Hz, 2H), 1.67 - 1.76 (m ~2H) 39 914). 13C NWR -
+ 0 A .1 (d5-DMVS0) 171.80, 170. 98,
170. 39, 169.48, 168. 96, (fBB ’é? 79.83, 42.05, 41.83, g’:?. 38, 34.82,

34.71, 32.26, 27.83, 23.95. HAI\/B (M+ Nat+) Calc. 504.2070 found 504. 204
I\/aI-Gaba Ay-Ady-dy-p -Al a-H : . °
[231] Once the Cp is calculated, the value is used to solve for Cap in

equation 1a (or 2a) above. The ratio of DM1:Ab can then be calculated. The
mg/mL (g/L) concentration of antibody is calculated using a molecular weight
of 147,000 g/mole and the concentration of DM1 is calculated using a

molecular weight of 736.5 g/mole (linked DM1)

Efficiency of disulfide exchange is increased with SSNPP.

[232] As shown in :I‘able 1, the efficiency of conjugation is enhanced
in reactions where SSNPP is used as the cross-linker compared to reactions
using SPP. The percent efficiency was calculated by dividing the value for
DM1 per antibody by the linker per antibody ratio times 100. Conjugations of
the N901 antibody using SSNPP resulted in cross-linking efficiencies 0of 93%
at both pH 6.5 and 7.4. The efficiency of conjugation of N901 with SPP in
tﬁese’ experiments was 70% at pH 6.5 and 77% at pH 7.4. The increased
efficiency with SSNPP demonstrates that a target DM to antibody ratio can
be achieved using antibody thatv is modified with a reduced number of linker
molecules. In fact, a similar drug to antibody ratio (4.'3) was achieved in the

final conjugate with an antibody preparation having 4.2 (5-nitropyridyl-2-
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[247]820 ng (1.7 mol) of Mal-Gaba-Ay-Ay-Ay-p-Ala-QBu was disolved in 9.0
mL of 95:5 trifluoroacetic acid: deionized water and magnetically stirred for
3 hours. Solvent was renoved by rotary evaporation under vacuumto give 730 ng
(100% of thavatod/sagonpound. 11-1 NVR (d6- DMS0) 12. 1 pCiaIS2004442268. 05- 8. 20 (m
3H, 7.82 (t, J =6.0 Hz, 1H), 7.00 (s, 2H), 3.71 (t, J = 6.0 Hz, 4H), 3.65
(d, J= 6.0 Hz, 2H), 3.41 (t, J=7.2 Hz, 2H), 3.26 (q, J = 5.6 Hz, 2H), 2.38
(t, J =7.2 Hz, 2H), 2.14 (q, J= 8.0 Hz, 2H), 1.67-1,77 (in, 2H). 13C NWMR
(d6-DVS0) 172.70, 171.83, 171.01, 169.50, 168.99, 168.51, 134.38, 42.07,

ad5. 1465 v 20081109 B CRt e En oA R R e 1 A o s

(CX1-1) Nehl BN EDRG NiRdyl-2-dithio groups introduced with SPP (Table 2). The
amount of drug required to obtain comparable conjugation results was
therefore 25% lower for the SSNPP-modified antibody than the SPP-modified
antibody under these conditions. An additional potential benefit of the
increased efficiency with SSNPP is that a reduced molar excess of DM1 may
be used in the conjugation reaction. A comparison of the DM1 per antibody
ratios following conjugation with a range of drug equivalents in the reaction
(0.8 — 1.7 fold excess) shows that a 1.1-fold molar excess is sufficient to
achieve 100% conjugation efficiency using the SSNPP cross-linker (Figure 7).
A comparison of the time course of the reaction of DM1 with antibody that
had been modiﬁeq with SSNPP or SPP is shown, for example, in Figure 8. In
each case the modified antibody was treated with a 1.1-fold molar excess of
DM1 per mole of linker incorporated. The reaction with the SSNPP-modified
antibody is considerably faster than with the SPP-modified antibody (Figure
8). Even, a molar excess of 1.7-fold is not sufficient to achieve a similar
efficiency using SPP. The ability to use 1) a lower molar excess of DM1 and
2) fewer linkers per antibody allows a reduction in the amount of drug needed
to achieve a target DM 1 to antibody ratio by as much as 50% when using
-SSNPP as the cross-linker instead of SPP.
[233] The increased efficiency of conjugation using the SSNPP linker

is accomplished without compromise in the monomeric character of the

107



nr" " 0 HO OHYlncg"” [248]76 ng (0.18 mol ) of

Mal - Gaba-dy-dy-dy-P-Ala-OH, 72 ng, (0.376 nmol) of

N- ( 3- di net hyl am nopropyl) - N -et hyl carbodi i m de hydrochl oride and 66 ng (0.575
mol ) of N hywio exysuwoei ni m de were disolved in 1.0 nlL afcrdispmé/dwgist or mai ni de
with magnetic stirring. After 2 hours the reaction mxture was purified in two
equal portions by reverse phase HPLC using a 1.9 cmx 10 cm C8 col unmm. The
colum was elated at 18 nL/mn with deionized water containing 0.3 % fonnic
acid. and 5% 1, 4- dioxane for 3 mn followed by a 15 mn |inear gradient from

5% 1, 4-di oxane to. 30 %.1, 4- di oxane. Pr.od fraction ] ion tine 6.5 mn
were col : e)ét ed THUEF %ﬁﬁﬁﬁﬁoﬁrﬁﬁgﬁ}cﬁjga&%&fﬁé Bk hgocsiaté‘{r‘gltthetml I :

al ( 0zen“in a y 1ce acetone bath.
L A S
gallcc), (g ,45-3120{73.’?‘Zéﬁzefé‘?‘%etﬁﬁ’%%ﬁ??ﬁ“&g&e?“ %%’bg- &Qg?%g%ﬁq% HAMG (M + Na+)
Dot hyl for ot B8 e p e Eh Rt i ks MR e Oh, 1.3 g

8.49 mnol) of jhydr ' . .G y- GlyNH2, and
1052 g (7. ba iR o R SR B on et b R R ol T mi e

hydrochl ori de. %ha?elg‘}ié Jnﬂélsﬁilsgﬁfﬂlel%rﬁlgaféis&ﬁﬁﬁrﬂﬁ%m%%dﬁﬁ?d?e was added and the

reaction was stfrred over € reaction mxture was purified in three

equal portions | Ly 1,08, iRheRBHE by BzaBof fhoior> ¢m C18 HPLC
col um. The col %#%ﬁ%@%%%%ﬁ%oa q?ﬁ‘l@dﬁ VI\IA th deilxgﬁglazgd vvatoer containing 0.3 %

formc acid with 2% a68L0RhISSRPD QmpbfeaWih Spol@VRLeddy @ 15 mm | near
gradient from ng%e?%nlglt rileto 90‘%1%2%& oni tridlje. Product fractions

(retention timend§ g13 24%) i e ReeRIRIsOEToRE thibodiveRit avdensitRgOvVed by rotary
evaporation under vacuumto give 2.9 g (83% of the title conmpound. 1HNVR (400
Mz, CDCL3) 37. {Sro14nde8 exgbburd {dorgafic@Bivént reqlifdd, in the ddnjligationlreachio®, 5H), 6.90 (s,
111), 6.42 (s, 11, € 35(d J= 5.8, 1H . '5.08 (d, J=12.0, lii), 4. 98 (d, J=
12. 2, 1H), 4. 20 &€y redetion igeDshodld Giso dédteasetirdiioss.dAbto(mmi 2H), 3. 83 (d, J= 5.0,
OH), 2.42 - 2.19 (m 2H), 2.07 (d, J= 6.9, 1H), 1.96- 1.83 (m 1H), 1.39 (s,
9H). 13C NMR ( 1Q@indMition HWED)is 8 cdufpktidDsideldaktiGibdurihg Gorfiatik68h87, 163. 04, 156. 08,
136. 86, 128.31,7 127.74, 79.64, 65.58, 53.96, 42.17, 41.81, 31.25, 27.73,
27.01. resulting increases in yield and reduced side reactions should further

contribute to reduced DM1 requirements.

[234] The enhanced rate and efficiency of conjugation when using
SSNPP was also observed when conjugating a different drug to the antibody
demonstrating the broad applicability of this new linker reagent. A
comparison of conjugation efficiencies using SSNPP and SPP when
conjﬁgating the N901 antibody with the DNA-alkylating drug, DC4, a
CC-1065 analogue, is shown, for eXample, in Table 3. By 2 hours the
reaction using the SSNPP cross-linking reagent was complete whereas the

reaction using the SPP reagent showed only 73% completeness by 2 hours

108



12501940 ng (2.09 mmol) of Z-Au(QBu)-3y-GlyNH2 was di ssolved in 40 nL of
95:5 net hanol : de-ioni zed water in a 250 nL gl ass PARR hydrogenati on shaker
flak. 222 ng of 10% pal | adi um on carbon was added to the flask and the
contents wer ewbyap/ogenat ed wi t h shaki ng under hydrogen ¥ciue®pp42car 4 hours.
The m xture was vacuum filtered though celite filter aid and sol vent was
renmoved fromthe filtrate by rotary evaporation to give 640 ng (94% of the
title conpound. 11-1 NWR (400 MHz, DWSO) 4.03 (s, 1H), 3.75 (d, J= 3.3, 2H,
3.63 (s, 211) 3.30 - 3.22 (m J= 3.6, 111), 3.14 - 3.10 (m 111), 2.27 (t, J=

(5 o D 13 avidsipittamoiconiorfipt o dhlgPeyoptt Alibyblibron d 1ufles) 7 5, 1) 299

55.21, 43.64, 4 0 Rt 1 T) Cale. 317.1825
found 317. 1800. %“éd’b‘fgégﬁ%“ffa?ééb Séﬁ (lﬁi%gﬂ?@oéf éyﬂ-i% N 12511603 my (1.9
mol) of HAu(OBu)-Ay-dy-NH2, 372 ng (2.03 mMmmol) of Mal - Gaba- OH and 430 ng
(2.24 mmol ) of N-(3- dinmethylam nopropyl) N - et hyl carbodii m de hydrochloride

were di ssol ved i, Pésg‘gm!;m@m "uxfaeﬂvﬁvgmaa Sivaish B Ebnifdatdli Chl or omet hane.

The reacti on was s ot ours €rature. The reaction

mxture was purigbigg PQbd-CRESHY afld DRGHdL RisfiGhsi ON ON 2
preparative 5 c eco unm was run at 100 ni/mn

with deionized fafknif® Al hite . %formc acid 5% acetonitrile for 10 mn
foll onwed by a 1%@m@%‘§1ﬁént from5% acetonitrile to 90% acetonitrile.
Product fractiofigss rete”ti'hg@yt&bﬁ@eé%w%fthelaﬁm%dm}mwoﬁldaﬁjﬁxgmaed and sol vent

was renoved by rotary evaporation under vacuumto give 2.9 g (83% of the
title conpound. Vglﬂ14h1%rw&sm lm%o%im&g& shffor(ate grelipwee t?plcélllyb 8.06 (d, J =
7.4, 111), 7.99 (t, .8, 111), 7.19 (s, 1H), 7.06 (s, 2H), 4.18 (dd, 3=13.4,

7.9, 1H), 3.70 (e%lualed‘usfﬁ Z:WS?I]-QLGH aa@ﬂtyﬁﬂ;ay fer R43, dapbntimdud?2 - 3.37 (m 2H),
2.23 (t, J= 8.0, e NET) 1, 6.4, 214), 1.87 (dt, 3= 14.2, 7.9,

111), 1.70 (dt, 1§cubélt%n Zf thé c&cer%@ﬂs)mth]thé&nﬁ@ateﬁ IThp antibdCetghdssiig 01 MHz, DVSO) 8
173.12, 171.77, 171.65, 171.03, 170.79, 168.89, 134.43, 79.62, 52.02, 42.14,
41. 81, 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 ICsg value (50% cell killing concentration) of

the conjugate.

[236] Figures 60 and 61 show the enhancement in cytotoxicities of

Anti;CanAg (huC242) - maytansinoid conjugates with the sulfonate-

containing disulfide-bonded linker (huC242-Sulfo-SPDB-DM4) bearing 6.0 to

7.6 maytansinoid/Ab compared to the conjugate with 3.3 maytansinoid/Ab

toward CanAg-positive COL0O205 and COL0O205-MDR cells. The potency of
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36.80, 32.29, 31.22, 27.73, 26.95, 24.02. FIRMS5 (M + Nat) Calc. 504.2070 found
504. 2053. Mal -Gaba-@u(OH)-Ay-Ay-NH2 O yTEA AN 07-1-0 zHNNH2 H 0 O?LCH O

WO 2009/134977 PCT/US2009/042267

the conjugates with high maytansinoids loads indicate that the decoration of
the antibody with up to 8 maytansinoid molecules did not affect the conjugate
binding to the target COLO205 cells.

[237] Figure 64 shows the cytotoxic activities of anti-CanAg Ab-
maytansinoid conjugates with similar maytansinoid load against CanAg
antigen-positive COLO205-MDR cells. The presence of sulfonate group in
disulfide linker significantly enhanced conjugate potency toward these
multiple drug resistant cells. The enhanced potency of the sulfonate-linked
conjugate is a novel finding and potentially very promising for therapeutic
applications.

[238] Figure 63 shows the cytotoxic activities of anti-EpCAM Ab-
maytansinoid conjugates with similar maytansinoid load against EpCAM
antigen-positive COLO205-MDR cells. The presence of a sulfonate group in
disﬁlﬁde linker significantly enhanced conjugate potency toward these
multiple drug resistant cells. The enhanced potency of the sulfonate-linked
conjugate is a novel finding and potentially very promising for therapeutic
applications.

[239] Figure 64 shows the cytotoxic activities of anti-EpCAM Ab-
mayfansinoid conjugates with similar maytansinoid load against EpCAM
antigen-positive HCT cells. The presence of a sulfonate group in the disulfide

linker significantly enhanced conjugate potency toward these multiple drug
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INITANH2 H OHO  [252] 105 ng (0.218 mmol ) of Mal-Gaba-Q3 u(Q Bu)-dy-Ay-NH2 was
dissolved in 5 mL of 95:5 trifluoroacetic acid:de-ionized water and
magnetically stirred for 2 hours. Solvent was renpved by rotary evaporation
and resi due wes2dogleenn7up in 6 L acetonitrile + 1.5 nl rajusensoesrgi ve a
suspensi on. Solvent was -evaporated fromthe suspension by rotary evaporation
under vacuumto give 92 ng (100% of the title conpound. 11-1 NMR (400 MHz,
DMSO 5 6.99 (s, 2H), 4.18 (dd, J= 8.2, 5.7, 111), 3.70 (s, 2H), 3.61 (s, 2H),
3.40 (t, .1 =6.8, 2H), 2.26 (t, J=7.8, 2H, 2.19 - 2.05 (m 2H), 1.90 (dt,

170,76, 171,72, gt ottt ot aidis) N o 7o
Vel - Cabas @ ol Ot L adang R PSR R ASRR0RR4RRET

[240] Figure 65 shows the cytotoxic activities of anti-EpCAM Ab-

maytansinoid conjugates with similar maytansinoid load against EpCAM

antigen-positive COLO205-MDR cells. The presence of a sulfonate group in

the thioether linker significantly enhanced conjugate potency toward these

multiple drug resistant cells. The enhanced potency of the sulfonate-linked

conjugate is a novel finding and potentially very promising for therapeutic

applications.

Example 4. Comparison of in vivo anti-tumor activity of the anti-
EpCAM-maytansinoid conjugates, B38.1-SPDB-DM4 and B38.1-sulfo-
SPDB-DM4, on colon cancer, COL0205 and COLO205-MDR,
xenografts:

[241] The anti-tumor effect of B38.1-SPDB-DM4 and B38.1-sulfo-
SPDB-DM4 conjugates was evaluated in a xenograft model of human colon
carcinoma, COL0205 and COLO205-MDR, which was engineered to
overexpress P-glycoprotein. The cells were injected subcutaneously in the
area ‘under the right shoulder of SCID mice. When the tumor’s volume
reached approximately 200 mm° in size, the mice were randomized by tumor
volume and divided into three groups. Each group was treated with a single

i.v. bolus of either B38.1-SPDB-DM4 (10 mg conjugate protein/kg), B38.1-
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[253]194 mg (0.22 mmol ) of Mal-Gaba-@u(OH)-Ady-dy-N112, 75 ng (0.65 mmol)

N- hydr oxysuccinirnide and 110 ng (0.57 mmol) of N-(3-

di met hyl am nopropy1) - N - et hyl carbodi i m de hydrochl oride were magnetically
stirred in 1 wbaebagdorret hyl formam de for 3 hours. The prmeomeasedi on m xture
was purified in three equal portions by direct injection on a 1.9 cmx 10 cm
C8 columm. The colum was run at 18 nL/mn with deionized water containing
0.3% formc acid and 5% 1, 4-di oxane for 3 mmfollowed by an 18 nm i near
gradient from 5% 1, 4-di oxane to 30% 1, 4-di oxane. Product fractions (retention

lime 7.3 ni in a.flask i i en i

ii:g? acet onmenﬁarﬁglgoﬁgjﬂég%ﬁg%’égf ?nggggﬁsprr%%@?@g’ végﬂlte)g/g%fﬁ{e? %12&5 ![(r)] Si S(raySO ny

6 25 1a gn7. ekl SOREL ot b VS oty B sl L 97 D4 15T)
. 211), 4.29 (dd, J= 13.7. 6, ’ A - (in 22K 0 3. 63 j= 5.

(2i1), 3? 57 (s, &‘ﬁfé,p%.‘”ﬁ?]ﬂ" EEZITI"’J“:Z%%@%?Ql?ia%d%fﬂ%%"?‘z’,mgﬁf‘,ﬁ?} %&- g?agd’(mj 2?1)7 :

2.15 (dd, J= 9.1,.8.2, 1H, 2.10 - 1.95 (m 1H), 1.88 (dl, J=- 17.0, 7.5, 1H),
1.73 (dd, J= 14%‘6@6‘.’6 211). HRVB (M + Ni') Cale. 545.1608 found 545.1627.

Exanple 6. Synthesis of RYShiahysly stk 9efatvidliRiondos NEdk i HCHO NaB( CN) H3
are shown in Figure 66. Treatment with either conjugate resulted in
significant tumor growth delay. B38.1-sulfo-SPDB-DM4 was more
efficacious than B38.1-sulfo-SPDB-DM4 in this human colon cancer
xenograft model.
[243] The changes in volumes of individual COLO205 tumors are
shown in Figure 67. Treatment with either conjugated resulted in significant
tumor growth delay. Two of six animals treated with B38.1-sulfo-SPDB-DM4
had complete tumor regressions. Thus, B38.1-sulfo-SPDB-DM4 was

significantly more efficacious than B38.1-sulfo-SPDB-DM4 in this model.

Example 5. Synthesis of procharged linkers (CX1-1):

Z-Gly-Gly-Gly-p -Ala-OtBu
J?\ H\/?j\ EDC )?\ H\i N o)
‘ N OH HN 0

[244] 1.3 g (4.0 mmol) of Z-Gly-Gly-Gly-OH, 0.583 g (4.0 mmol) of
tert-butyl-3-aminopropionate 0.651 ‘g (4.25 mmol) of hydroxybenzotriazole

and 0.81 g (4.23 mmol) of N-(3-dimethylaminopropyl)-N -ethylcarbodiimide
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1). NaOH  2). PySSPy, pH 7 217 213 H3C. , CH3 NHS/DCCs S

WO 2009/134977 PCT/US2009/042267

hydrochloride were weighed into a 50 mL flask then dissolved in 20 mL of
dimethylformamide with magnetic stirring under a nitrogen atmosphere. After
3 hours the reaction mixture was purified in 5 mL portions by reverse phase
HPLC using a 5.0 cm x 25 cm C18 column. The column was run at 100
m]/min with deionized water containing 0.3 % formic acid 5% acetonitrile for
10 min followed by a 15 min linear gradient from 5% acetonitrile to 90%
acetonitrile. Product fractions (retention time of 19 min) were combined and
solvent was removed by rotary evaporation under vacuum to give 1.35 g
(75%) of the title compound. 'H NMR (de-DMSO) 8.16 (t, J = 5.2 Hz,1H),
8.10 (t, J = 5.2 Hz, 1H), 7.82 (t, J = 5.2 Hz, 1H), 7.25 - 7.4 (m, 5H), 5.04 (s,
2H), 3.74 (d, J = 5.6 Hz, 2H), 3.67 (t, J = 6.4 Hz, 4H), 3.25 (g, J = 6.1 Hz,
2H), 2.35 (t, J = 6.8 Hz, 2H), 1.39 (s, 9H). C NMR (ds-DMSO) 170.45,
169.61, 169.00, 168.63, 156.49, 136.94, 128.30, 127.76, 127.69, 79.89, 65.51,
43.56, 42.10, 41.90, 34.89, 34.78, 27.70. HRMS ( M +Na") Calc. 473.2012

found 473.1995.

H-Gly-Gly-Gly-p-Ala-OtBu
L AT A &
N N 0 10% Pd-C _ H,N N
A AL S e S Sl AR IR S

[245] 1.3 g (2.89 mmol) of Z-Gly-Gly-Gly-B-Ala-OtBu was disolved

in 80 mL of 95:5 methanol:deionized water in a 250 mL parr shaker flask to

113



S'"'"'""ACO011C N,,CH3 DMAO ,00 C S CIH;218N219 0 43

3- ( Di net hyl am no) di hydr ot hi ophen-2(3H) - one (217).

1254] 3- am nodi hydr ot hi ophen- 2( 3H) - one hydrochl oride (213) (1.0 g, 6.51 nmol)
and f or mal dehyde@oob3z4y, 40.3 mmol) in nethanol was addeetaadionm2267
cynoboronhydride (0.409 g, 6.51 nmmol) in five portions in 1 h. After being
stirred for 2 h, the m xture was evaporated, redissolved in EtAc, washed with
| M NaH2PO4, dried over MpSO4, fdtered, concentrated and purified by Si02
colum eluted with MeOH/ DCM (1:30) to afford 0.812 g (86% of the title

d. 1H NMR 3 o 6.3, 12.1 2H), 2.42
(s 6H . 238 Eﬂ hg“?\'[l‘)‘fc aéd‘%lﬁ?rﬁ( ‘gdlﬂf) pallédé“ﬁﬂ&°§8%lég‘ d;%?% ingin grzn o 47,
25.51; ESI Ms
2- (di met hyl am n&% % ?‘5%? Y tml_%p {iz(%sba'\#%ry Gt érrlllgiméxuérgiwc?sﬁcflgy
stirrod in 15 e ghabe el %ﬁ%ﬁ%@déﬁ?ﬁ%ﬁ o cobfeuth B sflary . 9 M) S
tral d th j f 5.76 g,
Do 5 oy 1 6 ot Bt vdenfin fg‘@gﬁ“fdﬂéa%%ﬁ%r%%?ﬁ‘%gwé%&éf.“*ﬁr ot over ni ght
concentr at ed, cé I@IE P aﬂ_d1 ( Jspg ded on C-18
col um, el ut ed from %‘95 ?Eéano Bﬂ%%@}? c ac?% ﬁg 3000 ’hanol in 0.01%
f i dt 1 8 0 I 111 NWR
(%BTB,SD?%.gl"(?d&‘@f 5‘32**582&“% R R e e e TR
0.8, 5.8 Hz), 3.2% (13 3105, 385 B, °C NMR (dDMSO) 17338, 170.46,
169.18, 168.70, 79.89, 44.65, 41.95, 34.88, 34.78, 27.71. HRMS (M + H+)

Calc. 317.1825, found 317.1801

Mal-Gaba-Gly-Gly-Gly-§ -Ala-OtBu
7 P 0 H\)CJ’\ H o EDC qo\/\)?\ H O H
+ N A g
%{‘\/\AOH HZN/\[c])/ ET \/ﬁg K Y E/\g’N\)\”/ﬁ(N\/\go}(

[246] 513 mg (2.8 mmol) of 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)butanoic acid, 800 mg (0.2.8 mmol) tert-butyl 3-2-(2-(2-
aminoacetamido)acetamido)acetamido)propanoate and 583 mg (3.0 mmol) N-
(3-dimethylaminopropyl)-N "-ethylcarbodiimide hydrochloride were disolved
| in 12 mL of dimethyl formamide and stirred for 3 hours. The reaction mixture
was purified in four equal portions by reverse phase HPLC using a 5.0 cm x

25 ¢cm C18 column. The column was eluted at 100 mL/min with deionized
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211), 2.51 (s, 611), 2.05 (m 211); 13C NWR 175.00, 161.28, 150.46, 139. 40,
122.60, 121.49, 71.20, 42.46, 36.29, 29.88; ESI M5 rn/z+ 272.9 (M+ H), 295.0
(MtNa) . 2, 5-di oxopyrrolidin-1-y12-(di nmethyl am no)-44, pyri di n- 2-

yl di sul f anyl Zvovtanoase (219) PCT/US2009/042267

[ 256] 2- (di met hyl am no) - 4- (pyri di n- 2-y1di sul f anyebut anoi cacid (218) (92 ny,

0. 338 nunol ), 1-hydroxypyrrolidine-2,5-dione (65 ng, 0.565 mmol) and EDC (185
ng, 0.965 rnnol) was stirred in 3 mM of DVA at 50C overnight. The m xture was
evaporated and purified on a 5102 colum eluted with fronml:10 to 1:4 of

a0 (m 111), 7@t 07 bl s B4 sy Rebunf RO a0 eE, N (5
(5, 47012, By e i oM 5 el B3 17, 290,00,
(1 1 X g SBRERLRE0: o BN Bt e EO R RoggRg |1k

conjugates: [2 oW ng s sol utions were use nM DML in

DVA, (2) 17.8 m%%%.&t év%raion%aérjva!chm% Igwg Mng g?ﬂn %%Oo(‘} tﬁé\/ltiﬁyCCi nate buffer

pH 5.0 with 2 e reaction m xture conta g ‘between 8, 12 or 16
equi val ents of |j ! Ig@%i Q aqd o9 @l Pt h@ROif he anti body at
4 mg/m in 90% E%rgégﬁ%tg u f@?ﬂﬁﬂ%%g?? ?8@6 ggig’ al 'owed t)}) react for 2h
at 25C. pH 5.0, 7T0<1H.B\(‘ﬁ,?rla}m’3.‘7@1?(ﬁt‘l'% i 13 D4 (d, 3_5%16-&*1‘?,2&2 3¢QRY, ugat e was

separated from excess s nol ecul e reactants using a &5 columm equili brated

n PBS pH 7. 4. Tusspur Bliedsanigahomimainones (0ol dif anagd at 25°C to

allow any | abile drug T'i nkages to hydrolyze and then the conjugate was further

purified from feg=drug, by di@l-yehsdhRHBS oMM gt avand,-bhgo) 10 nM
hi sti di ne/ 130 rrK/fgI yCi nZeQEIt)Jffer pH % SP?I X 98(}4”)}9 The di a g/zed ():onj ugat e was

filtered using a70s® 196104, 1178.99, 18948, 388 65/d8 by, 19%BY 70189, £adscui.gd e nunber of
mayt ansi noi ds per Ab using known extinction coefficients for maytansi noid and

anti body at 2523angl 3280, pM1The26,098Ye19sWasrvE Qivh BN rEae) 804. 7070
mayt ansi noi ds/ anti body neasured for each conjugate ranged from3.7 to 6.8

dependi ng on t heounll BéET046XCESS USed.

Mal-Gaba-Gly-Gly-Gly-§ -Ala-OH
[o] o}
4 i WO H _TFA q( it Hoo H
%{JMEWN\/‘L{:YNWOK X N\/\)J\N/\H,N\)J\N/\H/N\/\H/OH
O Q o] H o H g fo)

[247] 820 mg (1.7 mmol) of Mal-Gaba-Gly-Gly-Gly--Ala-OtBu was
disolved in 9.0 mL of 95:5 trifluoroacetic acid: deionized water and
magnetically stirred for 3 hours. Solvent was removed by rotary evaporation
under vacuum to give 730 mg ‘(100%) of the title compound. "H NMR (dg-

DMSO) 12.1 (bs, 1H), 8.05-8.20 (m, 3H), 7.82 (t, J = 6.0 Hz, 1H), 7.00 (s,
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Exanpl e 8. In vivo Pharmaeoki neties: 12591The pl asnma phannacoki netics of
charged Sul fo-Mal 1inker conjugates of a humani zed anti body C242 with

3H | abel ed-DWV4 (3.5 and 6.4 DM4/ Ab) in CD-1 mice were anal yzed by anti body
ELI SA and by wék@ewnading (Figure 72). The Ab- Sul f o- Mal - §&tustdos/DMe7CcONj ugat es
bearing 3.5 and 6.4 D)A were dosed i.v. at 12.9 and 7.9 ng/kg (anti body dose)
respectively. The antibody val ues of plasma sanples were neasured by ELI SA
(based on capture using goat-anti-hulgG anti body and detecti on using
donkey-anti - hul gG anti body- hor seradi sh peroxi dase conjugate) and by

3tk counting (Schpfhih gr;f(%.o‘i%uﬂﬁj% 393 (4 F%Eb?%éﬁéﬁ@ oy 7blit appese t vo

nmeasur enent s of nj u e conéentratrons by 311-counti ng showed

sim |l ar val ues ]| ] t wi
Ant i body- Sul f o- %F-(W%gﬁ%ug‘gﬁgggéﬁgm&' gg’o%’ﬁﬁ?gg(r%@st %l%pfkll%i %ISI/) over 4 weeks
with half-111e gl aphl@xbmpt S itk %{@(;@ﬂ‘ﬁﬂ& fid8y @S Resid vel y, which are

simlar to the half-1li appr oxi 11.8 days for the unconjugated

antibody. The DWE{AD 1854019034 N9.05191 #0-53u)sf 3Bl s 0B 2ony ygapes (initially

3.5 and 6.4 DJA) Wwere also stable over 4 weeks in plasma circul ation,
inportantly eve | @ d ol A load (Figure 72 B). The half
life of Sulfo- I\/%‘ﬂ{{sl %gé\faﬁu%dﬁ@%f%aﬁ%@%ﬁgw conjugate with 3.5 D A | oad
dosed at 12.9 ngy/ kg was 14.9 days (AUC = 38449 hr.p.g/nl.), conpared to a half
life of 12.6 days (AUC = 25910 Inug/nm) for SMCO i nked huC242 Ab- SMCC- DML
conjugate with a simlar 4.2 DA load dosed at 12 ng/kg, and thus was nuch

i nproved over that of the SMCC conjugate (Figure 38 B). Table 1. Conpari son of
SSNPP and SPP |inker in the conjugation of N901 anti body with DML. Conjugati on
was conducted for 2 hours at the usingindicated oFTa 1.7-fold nolar excess of
DML per linker. Linker . pH _
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Linker/At) DML/ Ab % Efficiency % free drug SEC Anal ysi s

WO 2009/134977 PCT/US2009/042267

Mal-Gaba-Gly-Gly-Gly-p -Ala-ONHS (CX1-1)
o]
4 ’ 1 0 gﬁl\/\)i H\)ol\ N o f
H H N A
%ﬁ\/\)j\u/\rN\/u\g/\n/N\/\o(OH EDC, NHS I g’ﬁor n/\gK \/\érb
(o] [¢] Q

[248] 76 mg (0.18 mmol) of Mal-Gaba-Gly-Gly-Gly-p-Ala-OH, 72
mg, (0376 mmol) of N-(3-dimethylaminopropyl)-N -ethylcarbodiimide
hydrochloride and 66 mg (0.575 mmol) of N-hydroxysuccinimide were
disolved in 1.0 mL of dimethylformamide with magnetic stirring. After 2
hours the reaction mixture was purified in two equal portions by reverse phase
HPLC using a 1.9 cm x 10 cm C8 column. The column was eluted at 18
mL/min with deionized water containing 0.3 % formic acid and 5% 1,4-
dioxane for 3 min followed by a 15 min linear gradient from 5% 1,4-dioxane
té 30 % 1,4-dioxane. Product fractions (fetention time 6.5 min) were c;)llected
in a flask and immediately frozen in a dry ice acetone bath. Solvent was
removed by lyophilization at ambient temperature to give 40 mg (42%) of the
title compound. 'H NMR  (d¢-DMSO) 8.08-8.11 (m, 3H), 7.99 (t, J = 6.4
Hz,1H), 7.00 (s, 2H), 3.6-3.75 (m, 6H), 3.0-3.2 (m, 4H), 2.84 (s, 4H), 2.13 (1,
J =176 Hz), 1.83-1.93 (m, 2H), 1.69-1.72 (m, 2H). HRMS (M + Na") calc.

545.1608 found 545.1638
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Mononmer Diner Triner HWVSSNPP 7.4 4.1 3.8 93 0.8

WO 2009/134977 PCT/US2009/042267

Z-Glu(OtBu)-Gly.Gly-NH,
HCl Vo o
\N LN N= C=N /\ >‘N >L

o >Z.
0 ° \j I
+ H2N NH,
Sy B g

[249] 40 mL of Dimethyl formamide was added to 2.52 g (7.47
mmol) of Z-Glu(OtBu)-OH, 1.3 g (8.49 mmol) of hydroxybenzotriazole, 1.3 g
(7.76 mmol) of H-Gly-GlyNH2, and 1.52 g ( 7.93 mmol) of N-3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride. 2.5 mL (14.3
mmol) of diisopropyl ethyl amine was added and the reaction was stirred over
night. The reaction mixture was purified in three equal portions by direct
injection on a preparative 5 cm x 25 cm C18 HPLC column. The column was
run at 100 mL/min with deioﬁized water containing 0.3 %’formic acid with
5% acetonitrile for 10 min followed by a 15 min linear gradient from 5%
acetonitrile to 90% acetonitrile. Product fractions (retention time 18 — 20 min)
were combined and solvent was removed by rotary evaporation under vacuum
to give 2.9 g (83%) of the title compound. "H NMR (400 MHz, CDCl3) § 7.79
—7.68 (m, 1H), 7.64 (s, 1H), 7.27 (g, J = 4.9, 5H), 6.90 (s, 1H), 6.42 (s, 1H),
6.35 (d, J = 6.8, 1H), 5.08 (d, J = 12.0, 1H), 4.98 (d, J = 12.2, 1H), 4.20 (dd, J
=129, 7.6, 1H), 3.84-3.95 (m, 2H), 3.83 (d, J= 5.0, 2H), 2.42 — 2.19 (m, 2H),
2.07 (d, J = 6.9, 1H), 1.96 — 1.83 (m, 1H), 1.39 (s, OH). BC NMR (101 MHz,
DMSO0) § 171.79, 171.65, 170.82, 168.87, 163.04, 156.08, 136.86, 128.31,

127.74, 79.64, 65.58, 53.96,42.17, 41.81, 31.25, 27.73, 27.01.
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WO 2009/134977 PCT/US2009/042267

H-Glu(OtBu)-Gly-Gly-NH,

o o 10% Pd-C d
X HN\)L NH 9
o N N 2 HN NH,
d H o0 H/\Of na ! H/Y
[250] 940 mg (209 mmol) of Z-Glu(OtBu)-Gly-GlyNH2 was

dissolved in 40 mL of 95:5 methanol:de-ionized water in a 250 mL glass
PARR hydrogenation shaker flak. 222 mg of 10% palladium on carbon was
added to the flask and the contents were hydrogenated with shaking under
hydrogen (40 PSI) for 4 hours. The mixture was vacuum filtered though celite
filter aid and solvent was removed from the filtrate by rotary evaporation to
give 640 mg (94%) of the title compound. '"H NMR (400 MHz, DMSO) 3
4.03 (s, 1H), 3.75 (d, J = 3.3, 2H), 3.63 (s, 2H), 3.30 - 3.22 (m, J = 3.6, 1H),
3.14 -3.10 (m, 1H), 2.27 (t, J = 7.9, 2H), 1.84 (td, J=13.6, 7.4, 1H), 1.63 (1d,
J=15.0, 7.5, 1H), 1.39 (s, 9H). *C NMR (101 MHz, MeOD) & 176.53,
174.24, 172.00, 170.32, 81.82, 55.21, 43.64, 43.16, 40.44, 32.31, 30.45, 28.41.

HRMS (M + H) Calc. 317.1825 found 317.1800.
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£001008-28 Mal-Gaba-Glu(OtBu)-Gly-Gly-NH;

o>L o W

o °s 10% Pd-C o
X HN\){ NH 9
N 2 HN
do Y g/\g HaN X Jﬂ/\rNHz
0
[251] 603 mg (1.9 mmol) of H-Glu(OtBu)-Gly-Gly-NH2, 372 mg

(2.03 mmol) of Mal-Gaba-OH and 430 mg (224 mmol) of N-3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride were dissolved in
4.5 mL of dimethyl formamide and 800 pL of dichloromethane. The reaction
was stirred for 3 hours at ambient temperature. The reaction mixture was
purified in two equal portions by direct injection on a preparative 5 cm X 25
cm C18 HPLC column. The column was run at 100 mL/min with deionized
water containing 0.3 % formic acid 5% acetonitrile for 10 min followed by a
15 min linear gradient from 5% acetonitrile to 90% acetonitrile. Product
fractions (retention time 17.4 — 19.2 min) were combined and solvent was
removed by rotary evaporation under vacuum to give 2.9 g (83%) of the title
compound. 'H NMR (400 MHz, CDCly) § 8.16 (t, J = 5.7, 1H), 8.06 (d, J =
7.4, 1H), 7.99 (t, J = 5.8, 1H), 7.19 (s, 1H), 7.06 (s, 2H), 4.18 (dd, J = 13.4,
7.9, 1H), 3.70 (d, J= 5.7, 2H), 3.62 (d, J= 5.8, 2H), 3.42 - 3.37 (m, 2H), 2.23
¢, J=28.0,2H), 2.12 (ad, J = 8.1, 6.4, 2H), 1.87 (dt, J = 14.2, 7.9, 1H), 1.70
(@, J= 137, 6.8, 2H), 1.38 (s, 9H). *C NMR (101 MHz, DMSO) 5 173.12,

171.77, 171.65, 171.03, 170.79, 168.89, 134.43, 79.62, 52.02, 42.14, 41.81,
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36.80, 32.29, 31.22, 27.73, 26.95, 24.02. HRMS (M + Na") Calc. 504.2070°
found 504.2053.

Mal-Gaba-Glu(OH)-Gly-Gly-NH,

S y_ TFA { o OHo
o] o OO QN\/\)J\N HN\)kN/YNHz
[ N\/\/U\N HN\){ NH, o) A5 H o
S S

0

[252] 105 mg (0.218 mmol) of Mal-Gaba-Glu(OtBu)-Gly-Gly-NH2
was dissolved in 5 mL of 95:5 trifluoroacetic acid:de-ionized water and
magnetically stirred for 2 hours. Solvent was removed by rotary evaporation
and residue was taken up in 6 mL acetonitrile + 1.5 mL toluene to give a
suspension.  Solvent was .evaporated from the suspension by rotary
evaporation under vacuum to give 92 mg (100%) of the title compound. 'H
NMR (400 MHz, DMSO) & 6:99 (s, 2H), 4.18 (dd, J = 8.2, 5.7, 1H), 3.70 (s,
2H), 3.61 (s, 2H), 3.40 (t, J = 6.8, 2H), 2.26 (t, J = 7.8, 2H), 2.19 — 2.05 (m,
2H), 1.90 (dt, J = 13.7, 7.4, 1H), 1.73 (dt, J = 14.2, 7.5, 3H). *C NMR (101
MHz, DMSO) & 173.76, 171.72, 170.99, 170.70, 168.81, 134.37, 52.00, 41.97,

41.63,36.75, 32.19, 29.95, 26.79, 23.93.
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anti body ratio with SSNPP as |i nker.

pH 7.4 using a 1.1-fold nolar excess of DML per linker. Linker

DM / Ab SSNPPwb Rosh3R75PP

Mal-Gaba-Glu(ONHS)-Gly-Gly-NH;

o)

g QN—OH HCl o
N
o

0
)
QN\/\)J\N HN\){ NH,
S Y

[o] OH
o} o] e} NS
: N N=C=N"">
QN\/\/U\N HN\){N/\(NHZ !
[0} H ] H o

[253] 94 mg (0.22 mmol) of Mal-Gaba-Glu(OH)-Gly-Gly-NH,, 75
mg (0.65 mmol) N-hydroxysuccinimide and 110 mg (0.57 mmol) of N-(3-
dimethylaminopropy!)-N’-ethylcarbodiimide hydrochloride were magnetically
stirred in 1 mL of dimethyl formamide for 3 hours. The crude reaction
mixture was purified in three equal portions by direct injection on a 1.9 cm x
10 cm C8 column. The column was run at 18 mL/min with deionized water
containing 0.3% formic acid and 5% 1,4-dioxane for 3 min followed by an 18
min linear gradient from 5% 1,4-dioxane to 30% 1,4-dioxane. Product
fractions (retention time 7.3 min) were collected in a flask and immediately
frozen in a dry ice/acetone bath. The combined frozen material was
lyophilized to give 80 mg (70 %) of the title compound. 'H NMR (400 MHz,
DMSO) & 8.20 (t, J= 5.4, 1H), 8.13 (d, J="7.3, 1H), 8.03 (t, J= 5.6, 1H), 7.21
(s, 1H), 7.06 (s, 1H), 7.01 (s, 2H), 4.29 (dd, J = 13.7, 6.5, 1H), 3.84 — 3.69 (m,
2H), 3.63 (d, J = 5.7, 2H), 3.57 (s, 2H), 3.41 (t, J = 6.8, 2H), 2.81 (s, 3H), 2.78
—~2.69 (m, 2H), 2.15 (dd, J = 9.1, 6.2, 1H), 2.10 — 1.95 (m, 1H), 1.88 (dt, J =
17.0,7.5, 1H), 1.73 (dd, J = 14.0, 6.9, 2H). HRMS (M + Na") Calc. 545.1608

found 545.1627.
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5.6 4.3 Table 3. Conparison of SSNPP and SPP |inker in the conjugation of N9O1
antibody with DCA. Conjugation was conducted for the indicated time at pH 7.4
using a 1.4-fold nolar excess of DC4 per linker. Linker Tine, h Linker/Ab

DC4/ Ab % ef f i woemney3183NPP PCT/US2009/042267

Example 6. Synthesis of positively charged linker

0
H;C
HCIFH,N 37% HCHO N 1). NaOH
§ o= ¢ 5 >
NaB(CN)H, 3 2). PySSPy, pH 7
213 217

H,C. .CH; H,C. ,CH;
N NHS/DCC, LN Q

@S\S/\/\COOH DMA. C(S\S/\)\I(O_I{;‘
2N 218 2N a9 0 O
3-(Dimethylamino)dihydrothiophen-2(3H)-one (217).

[254] 3-aminodihydrothiophen-2(3H)-one hydrochloride (213) (1.0 g,
6.51 mmol) and formaldehyde (3 ml, 40.3 mmol) in methanol was added
sodium Cj;rnoboronhydride (0.409 g, 6.51 mmol) in five portions in 1 h. After
being stirred for 2 h, the mixture was evaporated, redissolved in EtAc, washed
with 1 M NaH,PO,, dried over MgSQy, filtered, concentrated and purified by
Si0, column eluted with MeOH/DCM (1:30) to afford 0.812 g (86%) of the
title compound. 1H NMR (CDCl3) 3.49 (dd, 1H, J = 6.3, 12.1 Hz), 3.24 (m,
2H), 2.42 (s, 6H), 2.38 (m, 1H), 2.21 (m, 1H); 13C NMR 206.58, 73.24,

41.62,27.47,25.51; ESI MS m/z+146.0 (M +H), 168.0 (M +Na).
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2-(dimethylamino)-4-(pyridin-2-yldisulfanyl)butanoic acid (218).

[255] 3-(dimethylamino)dihydrothiophen-2(3H)-one (217) (0.95 g,
6.54 mmol) was stirred in 15 ml of 0.5 M NaOH and 10 ml of methanol
solution for 30 min, nutralized with HsPOy4 to pH 7.2, and 1,2-di(pyridin-2-
yl)disulfane (5.76 g, 26.2 mmol) in 50 ml of methanol was added. The
mixture was stirred overnight, concentrated, washed with EtAc and the
aquoues solution was loaded on C-18 column, eluted from 5% methanol in
0.01% formic acid to 30% methanol in 0.01% formic acid to afford the title
product (368 mg, 20.65 % yield). '"H NMR (CD1:0D) 8.31 (dd, 1H, J = 0.7,
4.7 Hz), 7.77 (m, 2H), 7.15 (dd, 1H, J = 0.8, 5.8 Hz), 3.22 (m, 1H), 2.85 (m,
2H), 2.51 (s, 6H), 2.05 (m, 2H); *C NMR 175.00, 161.28, 150.46, 139.40,
122.60, 121.49, 71.20, 42.46, 36.29, 29.88; ESI MS m/z+ 272.9 M + H),

295.0 (M+Na).

2,5-dioxopyrrolidin-1-yl 2-(dimethylamino)-4-(pyridin-2-
yldisulfanyl)butanoate (219)

[256] 2~(dimethylamino)-4-(pyridin-2-yldisulfanyl)butanoic acid
(218) (92 mg, 0.338 mmol), 1-hydroxypyrrolidine-2,5-dione (65 mg, 0.565
mmc;l) and EDC (185 mg, 0.965 mmol) was stirred in 3 ml of DMA at 50°C
overnight. The mixture was evaporated and purified on a SiO; column eluted
with from1:10 to 1:4 of methanol/CH,C, to afford 43 mg (35%) of the title

product. 'H NMR (CDLOD) 8.40 (m, 1H), 7.83 (m, 2H), 7.22 (m, 1H), 3.34
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(m, 1H), 2.82 (m, 2H), 2.75 (s, 4H), 2.66 (s, 6H), 1.98 (m, 2H); °C NMR
17721, 16178, 161.12, 150.68, 139.37, 122.70, 121.66, 70.80, 44.16, 43.15,

36.06,27.38; ESI MS m/z+ 369.2 (M + H).

Example 7. Preparation of huMy9-6-CX1-1-DM1 procharged linker

conjugates:

[257] The following stock solutions were used: 39.6 mM DML1 in
DMA; (2) 17.8 mM solution of CX1-1 linker in DMA; (3) 200 mM succinate
buffer pH 5.0 with 2 mM EDTA. The reaction mixture containing between 8,
12 or 16 equivalents of linker to antibody were added to a solution of the
antibody at 4 mg/ml in 90% phosphate buffer pH 6.5)/ 10% DMA and allowed
to react for 2h at 25°C. pH 5.0, followed by reaction with DM1.

[258] The Ab conjugate was separated from excess small molecule
reactants using a G25 column equilibrated in PBS pH 7.4. The purified
conjugate was allowed to hold for 2d at 25°C to allow any labile drug linkages
to hydrolyze and then the conjugate was further purified from free drug by
dialysis in PBS overnight, and then 10 mM histidine/130 mM glycine buffer
pH 5.5 (1x o/n). The dialyzed conjugate was filtered using a 0.2 um filter and
assayed by UV/Vis to calculate number of maytansinoids per Ab using known
extinction coefficients for maytansinoid and antibody at 252 and 280 nm. The
recovery was ~70% and number of maytansinoids/antibody measured for each

conjugate ranged from 3.7 to 6.8 depending on the linker excess used.
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wher ei n: _ Y' represents an amine or thiol reactive functional group that
can react with a cell-binding agent; Q represents a functional group
that can react with a cytotoxic drug via a disulfide, thioether, thioester,
pepti de, hydrwaomeissester, ether, carbamate or am de bomriyus200004226R , R2, R3,
R4, R5, R6, R7, Rg, R6, and R10 are the sanme or different and are H |inear

al kyl having from1-6 carbon atoms, branched or cyclic alkyl having from3 to
6 carbon atons, |inear, branched or cyclic al kenyl or al kynyl having from2 to
6 carbon atons, a charged substituent selected from anions selected from S03',
X-803', 0P032-, Q1 -ng.cations sel ected froma nitrogen
%ggtahghgg hgte e b,hn ' S—at -1\rii 11R12R13, or a phenyl, wherein:

, an are t same or . different a i.ne | having from1l
todGXcarbon atsbgﬂ or briﬁ%ﬁgF %#m@V%??émﬁﬁkﬁf%ﬁgéﬁnéﬁgﬁgﬁn@h%% 6 carbon at ons
an represents phenyl.or a |ine | hawi f rbon atons, or
_branchedfor cycfq ugat‘e{g}qa%%n%&] ?{8?11%35%% vg%cghg%erl]‘!d%ﬂg%rg??% %ﬁd nare 0 or an
integer froml S A s a ph i d v, wherein the
substlfyentlLs|§R?¢ﬂ@aW gPﬁyFmﬁaV?ﬁé%@¥%ﬁl ?%R%&%gggg%ag?gﬁsh or a branched
or cyclic alkyl having.from3 i QQ%_ %ﬁﬁ@ : ubsti t uent
ielected fron1aﬁ‘%%§§§%$%%?%h ?@6%?%@%, -@% ,4d%gg%%%2%b0 2%? PO32-,

-P032', C2-, a aty e i 5O o i het er ocycl e
ARG 3R A5 9. B 9T 2addl b00RBRe CARIRLN A ycle,

I\NrRITRI2R1 3 or : erein X ha e sane definition as
above, and wher ?ésﬂecgvélf. thgrangi‘bod?nglues of plasma samples were measured by

ELISA (based on capture using goat-anti-hulgG antibody and detection using

donkey-anti-hulgG antibody-horseradish peroxidase conjugate) and by *H-
counting (scintillation counting). Figure 72 A shows that these two
measurements of conjugate concentrations by ELISA and by 3H-counting
showed similar values for each conjugate. Both the 3.5 and 6.4» D/A
Antibody-Sulfo-Mal-DM4 conjugates showed good plasma stability over 4
weeks with half-life of approximately 14.9 days and 9.7 days respectively,
which are similar to the half-life of approximately 11.8 days for the
unconjugated antibody. The DM4/Ab ratio of the two Ab-Sulfo-Mal-DM4
conjugates (initially 3.5 and 6.4 D/A) were also stable over 4 weeks in plasma
circulation, importantly even at the relatively high 6.4 D/A load (Figure 72 B).
The ilalf life of Sulfo-Mal-linked huC242 Ab-Suifo-Mal-DM4 conjugate with
3.5 D/A load dosed at 12.9 mg/kg was 14.9 days (AUC = 38449 hr.pg/mL),
compared to a half life of 12.6 days (AUC = 25910 hr.ug/mL) for SMCC-

linked huC242 Ab-SMCC-DM! conjugate with a similar 4.2 D/A load dosed

126



Z is an optional polyethyleneoxy unit of fornula (OCH2CH2) 1, ,
or an integer from2 to about 1000, or FI-El -P-E2-F2 unit in which El and E2
are the same or MC SLLP different and are C=0, 0, or N R14, wherein R14 is H,
a |inear al kwwobayizagsfrom 1-6 carbon atons, a branchedec@rusapogbdzssral kyl havi ng
from3 to 6 carbon atons, a linear, branched or cyclic al kenyl or al kynyl
having from2 to 6 carbon atons; P is a peptide unit between 2 and 20 am no
acids in length, wherein El or E2 can be linked to the peptide through the
term nal nitrogen, term nal carbon or through a side chain of one of the am no
aci ds of the pept.ide; and and F are e nd are an
opti onal polyet 2 uf Ol Ovedzﬁﬁs—&g&tﬁé gMEErC:glgjgéat@l s 0 or an
i nteger from 2 EFO 1000 prOV| ded that when Z is not FI- E1 P- E2- F2,

| east one of RI\'HF , R4, R5, R43, R7, R8, R9, and R10 is a charged
substituent or when gis |, at least one of AL Rl, R2, R3, R4, R8, R6, R7, RS,

. and RO TS e 9°cs SHpsi tmmlgf 983 LWk loflai m |, wherei n ¥

i ﬁ an ani ne reag ?veugo({él o WG PRS2 hd glihe claim 2, vvherfel n
the amne react | ity 9 .%19 émgoﬁsm ﬁn‘?c@?t e group consisting o
an N hydr oxysumci it c | p="T l rophenyqs, € gEgAnalyg,gl nmtrophenyl—ester, and

pent af | uor opheny. yt ri. .4. MiR9%s, |1 nk of—elat-m-I—wherern—¥| is a thiol
reactive functi %“r’lkgl ﬁﬁouLbn.ker/étf %e crass |ipker t he t hi ol

of claim4, whegrein
reactive functional el ect eGTFPYm Fife| Y1 Oivp | BB 6T nd™Bf | a
pyri dyl di sul fi {esNeni dissul fPde, nptei Mde, héal oddét atidland car boxylic
ester. 6. The (¢E®SS cizai m "E3 N 04 R2/,02R3| R4, RO,

pEe of 4R |
and Rio is a chagget .glj St |3L7 set 6§,t ed 13N S03—, XS00; 0?1303? X-0P032-,
NR1L i R12R13 anri Y1\f" ||:>r')|:>1 an

'l’ht:\ rpct r i | And @ each 01 n
is 1; and Qani]@ ard Ech 1mLDen

T .lfg AT e IT, I_, g . -LI -a\ll
d anmaleimdo, a
hal oacetyl or a N hydroxysucci ni m de ester. 7. The cross |inker of claim 6,
wherein one of R, R2,

sul fide,
R3; R4, R9, and R10 is S03- or X-S03-, the rest are H
I, g and mare %EHZO nHe&uckdln@efﬁaaﬁh%ﬂ?kh'hfﬂré&@ued&of&&ﬂbx@btdm\/mr a hal oacetyl
group; and Y I%ﬁuﬁ&iy%tmmlm&sﬁﬁkea dbdpeiicey s ueinaiedioslz est er .
hours at pH 7.4 using a 1.1-fold molar excess of DMI1 per linker.

wherein p is O

at
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n

group is s
v opiri dyl
W K& Of

(@]

na
ATTU T

Linker Linker/Ab DMI/Ab
SSNPP 4.2 43
SPP 5.6 43

Table 3.

Comparison of SSNPP and SPP linker in the conjugation of

N901 antibody with DC4. Conjugation was conducted for the indicated time
at pH 7.4 using a 1.4-fold molar excess of DC4 per linker.

)
" | Linker Time, h Linker/Ab | DC4/Ab g;ﬁciency
SSNPP |2 42 4.3 102
SSNPP 18 42 4.1 98
SPP 2 5.6 4.1 73
SPP 18 5.6 5.1 91
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8. The cross linker of claim?7, wherein Qis a pyridyldithio,
nitropyridyldithio, maleimdo or hal oacetyl group; and Y is a

N- hydr oxysucci ni m de ester. 9. The cross linker of claiml, wherein Z is an
FI -El -P-E2-F2 unit, wherein El and E2 are the same or different and are C=0
or N R4, wherein Rl4 is H, a linear alkyl having 1-6 MCSLLHECS4EBon atons
or a br :ned or cyclic alkyl having from3 to 6 carbon atons; and Pis a
peptide unit between 2 and 8 amino acids. 10. The cross linker of claim9,
wherein R14 is Hor a linear alkyl having 1-6 carbon atons; and Pis a
pepti de luni t AbsespdiskerZzepipgn®d Avifnauladi)dds; and FI and F2 are the same or
different and are optional polyethyl eneoxy,units of fornmula (OCH2CH2) I s
where p is 0 or an integer fro b 24. 1%3 %ﬁe cross linker of claim 10,
wherein p isO 12. The crosg.]i fz{gi 1, wherein Pis gly-gly-gly.
13. A cross linker represente of owi ng formul as: 02N

Ry Ryg RsRg Ry Ry

wherein:

Y’ represents an amine or thiol reactive functional group that can react with a cell-
binding agent;

(J represents a functional group that can react with a cytotoxic drug via a disulfide,
thioether, thioester, peptide, hydrazone, ester, ether, carbamate or amide bond;

Ry, Ry, Ry, Ry, Rs, Re, Ry, Ry, Ry, and Ry are the same or different and are H,
linear alkyl having from 1-6 carbon atoms, branched or cyclic alkyl having from 3 to 6
carbon atoms, linear, branched or cyclic alkenyl or alkynyl having from 2 to 6 carbon
atoms, a charged substituent selected from anions selected from SO5’, X-805, OPO;%, X-
OPOL%, PO,Y, X-PO5”, and cations selected from a nitrogen containing heterocycle,
N'R;1R2R 5 and X-N"R;;1R 2R 13, or a phenyi, wherein:

Rii, Riz2 and Ry are the same or different and are linear alkyl having from 1 to 6
carbon atoms, or branched or cyclic alkyl having from 3 to 6 carbon atoms and X
represents phenyl or a linear alkyl having from 1 to 6 carbon atoms, or branched or cyclic
alikyl having from 3 to 6 carbon atoms;

{, mand n are 0 or an integer from 1 to 4;

A is a phenyl or substituted phenyl, wherein the substituent is a linear alkyl having
from ! to 6 carbon atoms, or a branched or cyclic alky! having from 3 to 6 carbon atoms,
or a charged substituent selected from anions selected from SO, X-SO5, OPO;*, X-
OPO+>, PO5™, X-PO5™, CO;, and cations selected from a nitrogen containing heterocycle,
N*R1R2R 3 or X-N'R;1R 3R 3, wherein X has the same definition as above, and wherein
gisOor1;and

7 is an optional polyethyleneoxy unit of formula (OCH;CH,),, wherein p is 0 or an
integer from 2 to about 1000, or F1-E1-P-E2-F2 unit in which E1 and E2 are the same or
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different and are C=0, O, or NR 4, wherein Ry is H, a linear alkyl having from -6 carbon
atoms, a branched or cyclic alkyl having from 3 to 6 carbon atoms, a linear, branched or
cyclic alkeny! or alkynyl having from 2 to 6 carbon atoms; P is a peptide unit between 2
and 20 amino acids in length, wherein E1 or E2 can be linked to the peptide through the
terminal nitrogen, terminal carbon or through a side chain of one of the amino acids of the
peptide; and F1 and F2 are the same or different and are an optional polyethyleneoxy unit
of formula (OCH,CHz)p,, wherein p is 0 or an integer from 2 to about 1000, provided that
when Z is not FI-E1-P-E2-F2, at least one of Ry, Ry, R, Ru, Rs, Re, Ry, R, Ro, and Rijpis a
charged substituent or when g is 1, at least one of A. R,, Ry, R3, Ry, Rs, R, Ry, Rg, Ro, and

Rio is a charged substituent.
2. The cross linker of claim |, wherein Y* is an amine reactive functional group.

3. The cross linker of claim 2, wherein the amine reactive functional group is selected from
the group consisting of an N-hydroxysuccinimide ester, p-nitrophenyl ester, dinitrophenyi
ester, and pentafluorophenyl ester.

4. The cross linker of claim 1, wherein Y is a thiol reactive functional group.

5. The cross linker of claim 4. wherein the thio reactive functional group is selected from the
group consisting of a pyridyldisulfide, nitropyridyldisulfide, maleimide, haloacetate and
carboxylic ester,

6. The cross linker of claim |, wherein one of Ry, Rs, R, Ry, Ro, and Ryy is a charged
substituent selected from SO5. X-8057, OPO5™, X-OPO;", N'Rj 1R 2R 5 and X-
N'R, R 2R3, and the rest are H; |, g and m are each O; n is 1;and Q and Y’ are each
independently, a disulfide, a maleimido, a haloacetyl or a N-hydroxysuccinimide ester.

7. The cross linker of claim 6, wherein one of Ry, Ry, Rs, Ry, Re, and Ry is SO5” or X-S05,
the rest are H; |, g and m are each 0; n is |; Q is a disulfide, a maleimido ora haloacetyl
group; and Y’ is a maleimido group or a N-hydroxysuccinimide ester.

8. The cross linker of claim 7, wherein Q is a pyridyldithio, nitropyridyldithio, maleimido or
haloacetyl group; and Y~ is a N-hydroxysuccinimide ester.

g The cross linker of claim 1, wherein Z is an Fi-E1-P-E2-F2 unit, wherein EI and EZ are

the same or different and are C=0 or NR4, wherein Ry is H, a linear alkyl having 1-6
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HBS 0 MC SUP 14. The cross linker of claim®6, wherein Z is absent when Z
is the optional polyethylene unit and p=0. 15. The cross |inkgrcefnclaim
13, wherein the cross linker is represent ed by the follow ng @orrm a. 16.

]-‘r2|e| SCMO?IQS:] :c io(igﬁm%éﬂmchm a branchecy\’q cy e allE;hﬁmﬁrﬁg?ﬁL&nlB' BKRLHoR afBRE &RENERd by the

neptide unit between 2 and 8 amino acids.

10. The cross linker of claim 9, wherein R4 is H or a linear alkyl having 1-6 carbon atoms;
and P is a peptide unit between 2 and 5 amino acids; and F1 and F2 are the same or

different and are optional polyethyleneoxy units of formula (OCH,CH,),, where pis 0 or
an integer from 2 to 24,
11, The cross linker of ¢claim 10, wherein p is 0.

12. The cross linker of claim 11, wherein P is giy-gly-gly.

3. A cross linker represented by one of the following formulas:
O;N = !N . o
N
s” OH
SO,H
O,N
XN S
s HQ
SO3H
o
= !N 3 &)
N
s” OH
SO;H
2
s~ o-m¢
S50;H
3 o -
0 o Q
O gOg O
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The cross linker of claim 6, wherein Z is absent when Z is the optional polyethylene unit

and p=0.

The cross linker of claim 13, wherein the cross linker is represented by the following

formula:

The cross linker of claim 1, wherein the cross linker is represented by the following

formula:
J(o

/ Q H
g/ N/\irN\/L\ﬁ/\( W //ffj
Q 0] 8]
0 .

0 H





