CROSS- LI NKERS AND THEI R USES This application clains

priority to United States Provisional Application No.
W®10004919201, filed April 30, 2008 and to Unit eRCBUS108%042267

Provi sional Application No. 61/147,966, filed January

28, 2009. FIELD QF THE I NVENTI ON [01] The present

invention relates to the synthesis of novel charged

gross Il i nkers and cross |inkers which can be processed

y a target c i s« aTIOS) The present

i nvention al sil.ig,kg%g@i?‘?,ﬁ&g{lﬁ@i"s Kﬁjﬁ%%ng P

cel | - bi ndi ng agent-drug conjugates conpri si ng

nodi fi Icat ikon of cell-binding agents with these

cross-linkers, followed by reaction wth drugs, or

nodi f i dhisiappligstion glaiygs H’@%YB{W"? Nnﬂtﬁg §@tec§rpg%‘§‘f*‘|°ﬂaer s

foll owed by reaction with cell-binding agents. The

i Appbivaionit. 6b04029 hefided dpeibAP.RYAB esd Br Yuitefeliaiche

ability to link a higher nunber of drug nol ecul es per

cetdvihomd iapgliegontNd. 63047j966, filad armatye?8, 366%ncy and

provi di ng greater aqueous solubility to the

conj ugat es. BACKGROUND OF THE | NVENTION [02] The

bipline OFIETRVENTRINON reagent i V-succini m dyl

3<(2Z- pyrrdylrdithio) propionate (SPDP) has been used

t eo1yi Nkt WO TRE BERbMSnvcABEh Raited fof thelGntigesthl cfmotéldbharged
bond. The reagent is reacted with the first protein to

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-containing group in the modification step. A

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



i ntroduce an active disulfide-containing group in the
nodi fication step. A second protein, which contains a

WO e@e/18497Dl group, is then added to form adi subPdT/us2009/042267
bond between the two proteins in the conjugation step.
Many derivatives of SPDP and im de versions of SPDP
have been described (U S. Patent 4,563,304; J .
Carlsson et al. 173 Biochem J. 723-737 (1978); Coff
D. A, Carroll, S F. 1 BioConjugate Chem 381-386
( #B8Hde bond betwoei the teb padteing 2 the cPhaERHONSED: Mawy 512
(1993); S. Arpicco et al., 8 BioConjugate Chem 327-337

( 48Akives HOSIDICaRY wngide earsivhs 25 PDBihavk Ingn agamibsd (W 1Sh
hi ghl y cytotoxic drugs have been described (U. S.

P@é%ﬂtu 5@?3045 J2081 L8Pt 3, HBBi0Em. T, #B57DPE978); Goff D.
5 4’.99 436 931, 6 372,738 and 6, 340, 701:" R. V. J.

Cgmr 1 %l . 3%%-73'8353%%40291? I%%QSIPHAJ‘%}I Anepe

e ce I ng agent Tied

Wit h a blfu nt such as SPP_or,, SMCC to
e Pt 8cin ﬁ%éff&gﬁﬁm B o TS oy
Reaction with a thiol-containing cytotoxic drug
pBaV3dé§19%97Donj ugate i n which the cell-binding agent,
such as a nonocl onal antibody, and drug are |inked via
died]l fi de b&lodmgates phcaebindinglagents withdughly cytotoxic drugs
Het er obi functi onal cross-linkers conprising a

Nihhvepiehiddydribed (S, Palieni X6 BY208@2005,4 16,@64; 5,475,092,
N. i V-di al kyl carboxani dopyri dyl dithio or

dis-o(gis ob V6 45 bkl |6Q937'2b7‘3)8 A 4oUDY0I A Vj. I0Nafl DR @ifter

réactive carbBoxylic
Res. 127-131 (1992)). In these conjugates, the cell-binding agents are first
modified with a bifunctional agent such as SPDP, SPP or SMCC to introduce
an active disulfide or a maleimido moiety. Reaction with a thiol-containing
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-sulfosuccinimidyl group was claimed to provide higher aqueous solubility

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



ester group such as a iV-succinimdyl ester group or a
i V-sul fosucci ni m dyl ester group have been descri bed
W@ ho%130at ent No. 6,913, 748). The presence of BCT/US2009/042267
i V-sul fosuccinimdyl group was clained to provide
hi gher aqueous solubility to these cross-1linkers.
However, once the cell-binding agent has been
reactedwi th these cross-linkers, the
7V-sul fosucci ni mdyl group is displaced and the
s vlithishdsk tyosadinkers e Mrilfosecininistyh grayp 13 diaplagsd;and dhe
cell -binding agent and its drug conjugate. Since
cydlobilini aivantagsisuseobdtin farehd mbilifdi mgll-dhyeimg apengend its
conjugates are often only sparingly soluble in aqueous
sghigtdoBRBatel Sincd c§idi@Ac Biuigh Lsddlih cbld-biridilg fyestidlfupci ent
nunber ‘of drug nolecules to the cell-binding agent and

SE&%} Pgé{{@sj aﬁl% Ghh ?@9 ggéfglgﬁgédﬁ’élé ird Yquebtls @8eidhnk Abis often

r ea ons have ucted in dilute solutions,

ich .cunmbersome tq scale of .itihes:
N R e e S T
I NVENTI ON [ Q5] The present .invention provjdes charged
| Bk AL AR BHPORH LG 3 A4FBORJEATHGANBERA P81 ¢ or
modi fication of the cell-binding agent and in the
r esuduciedgn dilutg selotipusy ahech 4vp p@mggé@m fcserleyp begguse of
present invention relates to the use of charged
| ikkpke@®es td asel largk vdhumgs of solatiael | - bi ndi ng agent (e.g.
an anti body). In one aspect of the invention, the
charged linkers are used to nodify cell-binding agents

aRUNMIMAR VTGRTIIE GNVENTION anot her aspect of the
i Aventron, the charged Tinkers are used to nodify

dijexys and | TRk ptd3ewihren€ieh bRividbsRBarged 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),, 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-



agents. In yet another aspect of the invention, the
charged linkers are used to simnultaneously |ink drugs
wa@eaotibw7rel | - bi ndi ng agents. I n all instancesPCT/i82009/042267
preferred end result is a drug-charged
I'i nker-cel | -binding agent conjugate, which can be
represented by the fornula, CB-(-Lc-D)gq, wherein CBis
a cellbinding agent, Lc is a charged linker, Dis a
drug nolecule, and q is an integer froml to 20. The
pbizsmgeeentdrag corgngase pravislep seeral advansages.rskelr a3 1) greader
cel | bi ndi ng agent-drag conjugate provides severa
agwrnbagsisity sfrad final prodgr,dhtabilityvat @reraehibhighéry of t he
final product, ii) ability to operate at a higher

&‘E:%Httra(tﬁ)tn' iR Aqhddud SHIBRE, ﬁg lablitPRSlink 4 greatePinkrhbet off drug
a greater nunber of rug nol ecul es per nol ecul e

{/150 ecg{es %{eﬂ%%)fé?u@%?ﬁéll-b{l g gk@g%e!sglgg g’hﬁlr }égfﬂeog&lt%%'lv)
E%@%@c}m&ﬁ% fper b ol e o b Epsh ﬂ%ﬁlﬁ fig Hrgh e,
resi stant cells, mhlch woul d be unabl.e to
e o PRI ST O PO ST PHUBOR G55 S o

descri bes linkers, which can be coupled to a drug and
acelts, Whizhrvdiuld begeattle tocexgpt éheacherseidlgeg sepieh Samcthn colb
net abolized in a cell to produce a drag netabolite

C Rt aivehtiéh Asedacribaylmkelawiet cambetowgded tbhedreg hidik eels
will be referred to as pro-charged |inkers. Mbieties

Obird dgeRS, nvahal &J?gugf atd wiiGE OAELEMdfa86zeaflih @loclt & |

proceSS|ng MA be referred to as pro-charged _

¢ Rreo tulﬁ Z% Sn%qg%tal%dr’hotg E(gr}tgr;i%‘é%he Of ot &36RbietiEl el N,
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 with a

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

R, Rg R; Ry
Y' Z Q
) \Afél?(
Ry Rjy RsRg R Ry
D
wherein:



cross linker is represented by fornula (1) wherein Y

can react with a cell-binding agent and Q can react
WOWak/1349¢yt ot oxi ¢ drug: (1) wherein: Y represePtBUS2009/042267

functional group that enables reaction with a

cell -binding agent; Qrepresents a functional group

t hat enabl es |inkage of a cytotoxic drug via a

di sul fide, thioether, thioester, peptide, hydrazone,

et her, ester, carbamate or am de bond; Rl, R2, R3, R4,

R5, R6, R7, YREspréwntsarfun®ippabgreup fhet enslies seactipr éthent

and are H, linear alkyl having from 1-6 carbon atons,

beéelnbimdthgaigentycl i ¢ al kyl having from 3 to 6 carbon

atons, linear, branched or cyclic al kenyl or alkynyl

having fro eb&s&@@ﬁﬂ@ﬂoﬂ@l’% tRdiicAftiles I9nkahe 8fa but
not limted to, SO3 , X-SO3 , 3 2, X-0PQ3 2, PO

sl Tt v ST Mo\, Bl e
1§S?Egr?%§rbg&1at§_oy+ar§}delb%%%ﬁi 3, or a phenyl, wherein:

R;, Ry, R3, R4, Rs, R, Ry, Rg, 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, anions, such as but not
limited to, SO5, X-SO5’, OP0O;%, X-OPO5*, PO;”, X-PO;”, COy’, and cations,
such as but not limited to, a nitrogen containing heterocycle, N'R;iRi2R ;3 or
X-N"R;1Ri2R 13, or a phenyl, wherein:

Ri1, Ri2 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 0 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 cyclic alkyl

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

anions, such as but not limited to, SOs3", X-SO3, OPO32', X-OPO32', P032', X-



Rn, R2 and R 3 are the sane or different and are H

i near al kyl having from1l to 6 carbon atons, or
whe@nakwd or cyclic alkyl having from3 to 6 ceCDUR2009/042267

atons and X represents phenyl or a linear alkyl having

from1l to 6 carbon atons, or a branched or cyclic

al kyl having from3 to 6 carbon atons; 1, mand n are

Cor an integer from1 to 4; and Ais a phenyl or a

substituted phenyl, wherein the substituent is a

| PAGArC@ Jank chtansngichras hutinat dingted 49 FOH ragesraoNtagHng,

branched or cyclic al kyl having from3 to 6 carbon

ah@efcyde, MR (RpREhr SUDSR | Ry, veeren Kelthsfthosanani ons,

such as but not limted to, SO3 , X-SG3 , OPG3 2 ,

XafafBor as atidPB, a%dawl?épém’ 3s9off2 , and cations, such as

Eﬂhlnit 'imted a nltrogen contalnlng heterocycle
Ri 2Ri IR FRs GaJE
defl nition Z@a%( yﬁa%%gﬁéeg?o\gg%ﬁsﬁf or 1(6@29% an

oD i T G e e aP tqg&B RO U0

Fl El-P-E2-F2 unit in whjch El 2 are t

dwhicly Bhandpjarg the samg ordiffggen &’re &ﬁ@r (A els If\]fﬁm, Fherem
Ry4 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 F1 and F2 are the same or different and are an
optional polyethyleneoxy unit of formula (OCH,CH,),, 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, R4, Rs, Rg, Ry, Rg, Ry, and Ry is a charged substituent
or when g is 1, at least one of A, Ry, R, R, R4, Rs, R, R7, Rg, Ry, and Rjpis a
charged substituent.
[07] In another aspect, the present invention provides a cell-binding
agent-drug conjugate of formula (II), 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:



R14 is H a linear alkyl having from 1-6 carbon atons,
a branched or cyclic al kyl having from3 to 6 carbon

w@r@os34927 | i near, branched or cyclic al kenyl oPCEHUE300%/042267

having from2 to 6 carbon atons; P is a peptide unit
between 2 and 20 ami no acids in |length, wherein El or
E2 can be linked to the peptide through the term na
nitrogen, termnal carbon or through a side chain of
one of the am no acids of the peptide; and FI and F2
are the sanme or different_and are an optiona

pol yet hyl eneoxy unit d{7f mul a ( P, erein p
is O or an inte t o about S}E{brovided t hat
when Z is not F Y.l easpXone oD R, R2,
R3, R4, R5, [
substi t uent en [ ea }g ﬂ&?’ Rl, Rz,
R3, R4, R5, RTR' R nd RO ilsya c
substituent. [O F%’gikﬂ spect, the pres ﬁf

i nvention provides a cell-binding agent-drug conjugate
of formula (11), in which the cell-binding agent, CB,
and the drug, D, have(Ibeacted at the two ends of the
charged or pro-charged cross |inker:(H wherein: CB
repeReenNts a cell -binding agent; D represents the drug
l'inked to the cell-binding agent by a disulfide,

t hi oether, thioester,. peptide, hydrazone, ether,

est er , CBaiepmaentea cgll-biadingagent;

D represents the drug linked to the cell-binding agent by a disulfide,
thioether, thioester, peptide, hydrazone, ether, ester, carbamate, or amide

bond;

R, Ry, R3, Ry, Rs, Rg, Ry, Rg, 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, anions, such as but not limited to, SO3". X-
SO5". OPO5Z, X-OP0s>, POs>", X-P0O5>, COy, cations, such as but limited to,
a nitrogen containing heterocycle, N*'R;1RpR;5 or X-N'R;R;oR3, or a

phenyl, wherein:

Rii, Ri2 and Ry3 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 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;



bond; R1, R2, R3, R4, R5, R6, R7, R8, R, and Rl10 are

the sane or different and are H, l|inear alkyl having
WO c@ni134967 car bon at oms, branched or cyclic al kpdT/msao0eeu2267
from3 to 6 carbon atons, |inear, branched or cyclic

al kenyl or al kynyl having from2 to 6 carbon atons,

ani ons, such as but not limted to, SC3 .XSO3 . OPO3 2
, X-O0PB 2, PB 2, X-PAB 2, CXR , cations, such as
but limted to, a nitrogen containing heterocycle,
N+R1 1R12R1Lan and NeR10 arRavieger, frgn 140 Ahaty| | wher ei n:
Rl 1, R12 and R 3 are the sane or different and are H,
| i near al kylA isa\phegylfor substitutel gheagpl; bdareat hesubdtitwentised
or cyclic alkyl having from3 to 6 carbon atons and X

I GREL SRR BaRRERYI Plo AcdrbREAbmA el brivaeder Eyclidalkyt 0 6
carbon atons, or a branched or cyclic al kyl having

TR, LT, AR DA, R

enyl or substituted

phenyl , erein the, spbstjt. L i al- 2-
ha@llpﬁ%g Spelis bt gt lén%ﬁj@oﬁbégg%@ 3??%3 b éﬁgﬁéd o X
cycljc alkyl having from3 to 6 carbon atons,.or a
cﬁ@aig&osuﬁ’éllomaéé?h asshyt 8et lmited @nft nitrogen containing

heterocycle, N'R;;R;5R 3 or X-N'R;1R12R 13, wherein X has the same
definition as above, and Whereing isOorl;

Z is an optional polyethyleneoxy unit of formula (OCH,CHa)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
Ry4 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 F1 and F2 are the same or different and are an
optional polyethyleneoxy unit of formula (OCH>CH,),, 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, Rs, R4, Rs, R, Ry, Rg, Ro, and Ry is a charged substituent
or when g is 1, at least one of A, Ry, Ry, R3, R4, Rs, Rs, Ry, Rg, R, and Ryg isa

charged substituent;



ani ons, such as but not limted to, S8 . X-SC3 . OPC3
2, XX-OoPB 2, PB 2, XPO3 2, CXR2-, cations, such
w@sgoobus49mot limted to, a nitrogen containi ng PCT/US2009/042267

het erocycl e, N+R1 1R 2R13 or X-N+RnRi 2R13 , wherein X
has the same definition as above, and wherein g is Qor
1; Z is an optional polyethyleneoxy unit of formula
(OCH2CH2) P, wherein p is OCor an integer from2 to
about 1000, or F1-E1-P-E2-F2 unit in which El and E2
are the san¥ represgnis eeashenyhribiogther, emdie, disulfjdenpti4,
wherein R14 is H, a linear alkyl having from1-6
c hydraronateponp, aad bremedend aorintegerlfiom alkkY0. havi ng from 3
to 6 carbon atons, a linear, branched or cyclic

ajgsgny! or &l kyitherh@ybagthe Resedt fnvehichApioohlenbanBdifiR
|s a peptide unit between 2 and 20 am no acids in

" Eérlghiﬁﬁmy%eﬁﬂ bt Fdr @fa ﬁ-ﬁ? Ganviaen ltﬁen‘l;‘e@ﬁb&@mél'h%eﬂ P18, ¥8s

term n nitrogen, termnal carbon or

t hrou de ch n_of a

ot aith s e PR S o Qo o PP o vkl

are_an optio aI poI yet hyl eneoxy unit of fornula
‘P’“C\aﬁ@rein pis Oor an integer from2 to

about 1000, provided that when Z is not F1-El-P-E2-F2,

at
BJ( Ry Ryg R5R6 Ry
(I11)
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:



| east one of R, R2, R3, R4, R5, R6, R7, R8, R, and

R10 is a charged substituent or when g is 1, at |east
wor®9ns492] Rl, R2, R3, R4, R5, R6, R7, R8, RO,P@ntsiono42267

is a charged substituent;Y represents a carbonyl,

t hi oether, am de, disulfide, or hydrazone group; and q

represents an integer froml1l to 20. [08] In a further

aspect, the present invention provides a nodified

cel |l -binding agent of fornmula (l111), in which the

cel |l -bi nding agent, CB, has reacted with the cross

i nker, which sq(}ﬂigas Q a E@puﬁﬁgapable of reacting

with a cytotoxic ,drfug: (I11) nein the substituents

are as defy QH . Un

the present |

formula (I1V),

ven _flort her aspect,
rfied drug of

whi as reacted wth
the cross Iﬁgﬁe m@ic "Still ha ,Ra group capabl e
of reacting Wt Kiphe sl bi ndi ng "agent 2(1V) wherein
the substituents are as defined above. [10] The
present invention further relates to a nethod of
maki ng a cel | -bi ndi ng(@&gent drug conjugate of fornula
(I'l), wherein the drug is Iinked to a cell-binding

agent via aygBainoed sebstifictschendedinel akeve. [ 11] The
present invention also relates to a nethod of making a

[10] The present invention further relates to a method of making a

cell-binding agent drug conjugate of formula (II), 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 (III), wherein the cell-binding agent is
reacted with the charged 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., a
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

10



nodi fied cell-binding agent of fornmula (111), wherein
the cell-binding agent is reacted with the charged or
wee@vakh@arged |inker. [12] The present inventi oOPCEHUSI09/042267
relates to a nethod of making a nodified drug of
formula (1V), wherein the drug is reacted with the
charged or pro-charged |linker. [13] The present
i nvention includes a conposition (e.g., a
phar maceut i cal conposition).ponprisin? conj.ugat es or
dtheiapattio/azsnt. HErequéseahemnpnsitions euetusetul faydrtipB8g and/ or
salts thereof) and a carrier (a pharmaceutically
aglsepialdetl geawihi @rteatidhe pruliésetite disordertin emarhsal (8.,
i ncludes a conposition (e.g., a pharmaceutica
cgﬁgggition) conpri sing conjugates or derivatives
thereof, (and/or solvates, hydrates and/or salts

f: E‘?‘ﬂ eof ) an%hgﬁx%ééxﬁ Slenfidn RRRIIERE Bt AR inhiBE6E RbRIEl

ier), further conprising a secondtherapeutic
agent. The present co Sitio are
R et SOE RarORar e oe By PG ot Shoman)
proliferative disorder . in a | (e.qg., human). [14]
TRemp/i s pminiaHE 18 said m%@'gg%éwgnw&%ﬁ ¥ BF&OP‘Wg
abnormal cell growth or treatiggma proliferative
dbfthe denjugatenomdemivaliveséhereof, (andn polvaiapandssalg thereof) or a
adm ni stering to said mammal a therapeutically
etbapbditien thereuf)taloak o hrecanbipatipateish asecded theaapeviesagent.
t hereof, (and/or solvates and salts thereof) or a
Cp{§)osi ti onThBesRPbundd s M ehtions Bérbiatings therevd,bh a

second t herapeutic agent.
conjugates thereof, and compositions comprising them, are useful for treating
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
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[15] The conpounds of this invention, derivatives

t hereof, or conjugates thereof, and conpositions
w@owpn3®rng them are useful for treating or |BPCHEMINY042267

the severity of disorders, such as, characterized by

abnormal growth of cells (e.g., cancer). O her

applications for conpounds or conjugates of this

i nvention include, but are not |limted to, treating

ost eoporosi s, depression, anxiety, stress, phobi as,

pdibranoallmphte estars gsshelndblowedibs comyersion ofit pdiremor

as antiepileptics, antibacterials, diuretics and

hyRRteRS M8 sulibRR! dcfl. demi ¢s, and anti - depressants.
BRI EF DESCRI PTI ON OF THE DRAW NGS [16] Figure 1 shows

t Eﬁésynt heSt: uf2 ﬁwvafsqm %Irr@i‘fésg o‘f‘%ﬁ‘ltféﬂl@ h&g-c%ﬁﬁﬂg abiog

ents th contain tropyridyl disulfide group

e S AR B R e

as shown, followed by conversion of the a-brono
setdesteluent into a sul fonic acid. [17] Figure 2 shows
the synthesis of sulfonic acid-containin crossllnklng
r Ek8jent s t hBiguomsidt diand 4 shywivesioe routes &u the mthesls@fa
reactive carboxylic acid ester. [18] Figures 3, 4 and
Sclsdrgatl oregsHinking auehedebudng 4 teactyerdahtasdylic a¢id ebtar geld
cross-linking agents bearing a reactive carboxylic

aﬁiaﬂelﬁﬁio%b@ngmﬁvénabmgilmg@ siaithidefhbs b&abl i ng | i nkage
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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[19] Figures 6 and 7 show the synthesis of
phosphat e- cont ai ni ng cross-I|inking reagents that
w@emwbas47a pyridyl di sul fide group and a react i RET/US2009/042267
carboxylic acid ester. [20] Figure 8 shows the
synt hesi s of phosphat e-contai ni ng crossli nking
reagents that contain a nitropyridyldisulfide group
and a reactive carboxylic acid ester [21] Figures 9
and 10 show different routes for the synthesis of
pI?8$phat e- cBigue 12 shgwes e tyathesis o6 sulfanikacdroerfaining
bearing a reactive carboxylic acid ester and a
medogd-linidag sdabadts, twiehé the sndbatergnbstitokatgeatdched to @et her
bonds. [22] Figure 11 shows the synthesis of sulfonic
agiaf el @hﬁ?, THeSSrehdid 416 bRRE eRictive ¥IBs:G it lacid
sul fonate "'substituent is attached to a branched al kyl
g : | Fe . j ide
g%sg&gang-ﬁrlg'ﬁa%nﬁg@gfo@é%haq aEg\;’%” ﬁﬁ hnﬁa%\ﬁh %J)éihfrlﬂoﬁﬂg.

u a reac car IC ac ester.[23] Figure
1 hows the. s ng; sis of sulfoni.c acid-containing.
c ﬁé‘i s- i nki ﬁ’&‘%e gg’r%’@ tﬁ)?/\ﬁ'é]ﬂg S 194 48 eflgrrYaa{I%l%g'C(’ntagllng
substituent is attached to a branﬁhed al kyl. grou
Trestlinngesgents thebcomiaip apypdyldise @eéé?%gzv‘l 3 rﬁa‘ﬁg’ied
ester and a naleimdo group that allows for |inkage
vceuboxylpelcideﬁstebonds. [24] Figure 13 shows the
synt hesi s of quartenary am ne-containing cross-Iinking
r ggent s t hBigueoit diofvsahyymtlpisdif gudrfdndey amiaaproasd a
reactive
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 [} 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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carboxylic acid ester. [25] Figure 14 shows the
synthesis of quartenary am ne crosslinking agents
wheapilyy7a reacti ve carboxylic acid ester and Pel/852009®12267
substituent, enabling |linkage via thioether bonds.
[26] Figure 15 shows the synthesis of sulfonic
aci d-contai ning cross-linking reagents that contain a
pyridyl di sul fide group and a reactive carboxylic acid
ester. In these conpounds, the sulfonate substituent
i 29%n the chigbess 28refh2dshewehepyathesis At pariqys splfonic acid-
carboxyl ester. [27] Figure 16 shows the synthesis of
p basgihmperessiinking raageatsdba |containregpal petyd ategldeb(PEG)
contain a pyridyldisulfide group and a reactive

C gd®%YdnigGwiBta chalsilo grbtp diesRacbrRatbosglic Adié ester.
phosphat e substituent 1s on the b-position relative to

: E%] car boxyi:isgﬁfetﬁ sholwé8he f}jn%'éﬁ_%f blosphite 2BHtakdnSHOW-

synthesi s of various sulfonic acid-containing

cr.oss- | inki.ng ,r n that i £ .
T S
ni tropyridyl disul fide group.and a react.ive carboxylic
G o b STl eats SHCaTRF bty R B T SR hesi <
of various sul fonic acidcontaining cross-Iinking
r sirgpmtidyldithie sramtthatrrllawp dorylinkpgs wa difulfids) bopdg)
chain, along with a naleimdo group and a reactive
ci1poxyl i ¢ Biguck 2thews thagintiesiywf ph@Phsthaenstairtieg cross-
synt hesi s of phosphat e-contai ni ng crosslinking
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-
containing 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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reagents, where the phosphate substituent is attached
to an aromatic group. These reagents al so bear a

WO e@et1349e7 car boxylic acid ester and a PCT/US2009/042267
nitropyridyldithio group that allows for |inkage via
di sul fide bonds. [31] Figure 23 shows the synthesis of
phosphat e- cont ai ni ng crosslinking reagents, where the
phosphat e substituent is attached to a branched al kyl
group. These reagents al so bear a reactive carboxylic
afd6jl est er Bigdrea 43i44rshpyrthelsyngiasisiod phesphptetdeataining ows
for linkage via disulfide bonds. [32] Figures 24 - 31
SE&@‘%-ﬁﬁlﬁni ywaphas ivehedd the phbsphateasubsimbeni is atigched to an
cross-linking reagents that also incorporate a

h it f&i iR kPVirBah. f Plhesk kdakats alé BeG radinbi | €
b%‘%ﬁ%ﬁb?%‘sﬁﬂaﬁ’%‘yu?’gg gl‘%r_ﬁ%(a ser?ow t%he gynt ﬁesi sal of

REBPORR ARl O EEORT O el BRARDS () Fkall ¥8

Vi.a ﬁpi%—l bil e bonds. [34] Figures 37 - 38 show the
sQﬁP 1dg ban guartenary am necontai ning cross-|Iinking
reagents that also incorporate a, hyd{lazi e noj.et,
aldwi ng f oFignresany shrw the pynthesisi af chpygrdsrosy-4alfing
Figures 39 - 42 show the synthesis of charged

C ngesits: bearikg regcti eagebuxylit beitl cates and nbadeasetyhsebsttuent,

pol yet hyl enegl ycol (PEG nvoiety.[36] Figures 43-44
SBMlthlﬁnﬁag&t\hzeﬂﬁdcﬂﬁa‘r bphds phat e- cont ai ni ng
cross-linking reagents, where the phosphate

Spyjt i t uent plogrd4d @oRRAhd §mesis of a procharged linker that would
generate a negatively charged carboxylate metabolite.
[39] Figure 51 shows a conjugate of linker 158 to a drug and a
monoclonal antibody and how the conjugate would be processed in 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
lysosome 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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aromatic residue or to an al kyl group. These reagents

al so bear a reactive carboxylic acid ester and a
woeaopopyri dyl dithi o group that allows for | i nkegBUS1089/042267

di sul fide bonds. [37] Figures 45-49 show the synthesis

of charged cross-1inking agents bearing reactive

carboxylic acid ester and a hal oacetyl substituent,

enabl i ng Iinkage via thioether bonds. [38] Figure 50

shows the synthesis of a procharged |inker that would

generate a negatively charged carboxyl ate netabolite.

[39] Figure 5 1 shows a conjugate of linker 158 to a

d[4.3? and a Ripoacsoshalvsardonjugdl odtidkérdi2tibe dogyndgat e
woul d be processed in the |ysosone of a target cell to

IinbfoctoriPhARBLY hed RN R dinfiiatehRould be Ei_f&egsé@ th fhe
negatively charged carboxylate. [40] Figure 52 shows
t he synt hesi £ QC ipker that 4 i
gg’l’?%Srof'f{tlee&‘gla %IS (%S?%?@‘e’ I \%041121%%2 ltlg%gne-ncl: nt ai irgi%nuag ring
met abol.j te, 1], Figure, 53 shows a conjugate of a
pF%gﬂﬁﬁﬁéG“Vhﬁ@QVmPg“ﬁ“@?ug and a nonocl onal anti body
and how t he conjugate woul d be proiFssed in %QF
| fdsone of Figuredgetowsdhs usept ghyged ik anmodtiuinge cefle
drug bearing a positively charged anmine. [42] Figure
5#indhnpegentrad pyordusaw sscelifbiadipg agéndrdgesicanjyeite beariag a
woul d

charged linker.

[45] Figures 57(A), (B) and (C) show the in vitro potency of cell-

binding agent-drug conjugates in which a charged crosslinker is incorporated.

[46] Figure 58 shows the in vitro potency and target selectivity of

cell-binding agent-drug conjugates bearing a charged crosslinker.

[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 COLO205-MDR cells.
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generate a charged carboxylate netabolite.[43] Figure
55 shows a conjugate of linker 172 to a drug and a
woredooas4mal anti body and how t he conj ugat e wouPdI/D82009/042267
processed in the |lysosone of a target cell to give a
met abolite containing the drug bearing a carboxylic
acid and a lysine residue. [44] Figure 56 shows the
use of charged linker in nodifying a cell binding agent
and producing a cell-binding agent-drug conjugate
b&i ng a cHegugreel ¢imipases cytasticky giinnt- Yhu@€ZE2) and
(C) showthe in vitro potency of cell binding
ageaftansinoid coajuigagatvith or withbicdulfanath gragpdn Gredadker tokard
is incorporated. [46] Figure 58 shows the in vitro
PahBeYces sthad ©OL0264-84R \¢klly, of cel | - bi ndi ng
agent -drug conjugates bearing a charged crosslinker.

3,7 b i MBS AL b

-drug cdhj uga earing a rged crosslinker.

[48]  Fi.gure 60 shows.the.cytotoxicity of. i - CanAg
(POl SeeBREramer VLD att b n HherigRaR
wi th i ncreasing_ nmaytansinoi d? | oad (E:A) toward
coydipdsigaesiptant @Qbézﬁ'&ﬁpg cgllst shows the cytotoxicity
of Anti-CanAg (huC242) - sulfonate |inker-nmaytansi noid
ciFugat es Wigure Gheomepasenibe ppbptaxiciiyrd iﬁdgl-EP}%éM B38)1)-
toward rmulti-drug resistant COLO205- MDR cel | s. [ 50]
Figtagsifaidaonjugates withtod ixdthioai dujfoadte Ardup-iChinke t¢warG242)

multi-drug resistant HCT15 cells.

[53] Figure 65 compares the cytotoxicity of Anti-EpCAM (B38.1) -

maytansinoid conjugates with or without sulfonate group in linker toward

multi-drug resistant COLO205-MDR cells.

[54] Figure 66 shows the in vivo anti-tumor activity of anti-EpCAM

antibody-maytansinoid conjugates on COLO205 mdr xenografts (individual

tumors).

[55] 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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mayt ansi noi d conjugates with or w thout sulfonate
group in the linker toward nulti-drug resistant
w@EoadBINVOR cel | s. [51] Figure 63 conpares thBCT/US2009/042267
cytotoxicity of Anti-EpCAM (B38.1) - maytansinoid
conjugates with or without sulfonate group in |inker
toward nmul ti-drug resistant COLQ205-MDR cells. [52]
Fi gure 64 conpares the cytotoxicity of Anti-EpCAM
(B38.1)- maytansinoid conjugates with or w thout
s{ifonat e gFmupe 7hshowsitley metdads off synthepis of aepricaaiy HIHpe -
HCTl 5 cells. [53] Figure 65 conpares the cytotoxicity
ot o ingpEsAMnkBiRGedgents. Mhytconesgants alscclogaj bgeceee Wi t h
or without sulfonate group in linker toward nulti-drug
I esbstARtacldAstR QRd VpfrigRkiiso ohdplthit Qeie (Airkagysiat he
in vivo anti-tunor activity of anti-EpCAM
aﬁfshﬁfﬁigfyobﬁﬁ’s)/.t ansi noi d conjugates on COLQ205 ndr
xenografts (individual tunors). [55] Figure 67 shows

t in vivo,anti - r_acthvi of pantj - I

?Eﬁ] body- mad 1SS 2%% %Ib(ﬁ}(%bﬁbévsv O%I%%ﬁ &@‘A’é’lﬁ%ﬁtﬁ% of
i ndi vi dual tupors). [56] Fi 68 .- 70 show the

v Ao EeMa-BR tetriedh BT sl at o g DN4/Ab

cross-1linki ng reagents. These reagents bear a reactive

car bHDMHAAD dosed at 12.9 mg/kg and 7.9 mg/kg (1.v.) respectively in CD-1
mice. A. Ab concentrations (measured by ELISA or by 3H counts) versus
time after administration. B. Maytansinoid (DM4)/Antibody (Ab) ratio
versus time after administration.

[59] In Figures 1-71, where applicable, n reperesents 0 or an integer

from 1 to 10, and m represents 0 or an integer from 1 to 2000.

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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acid ester and a nmaleimdo group that allows for
I i nkage via thioether bonds.[57] Figure 7 1 shows the
woreaobosi®7pf synthesis of quartenary am ne - cOPCHUSI00g042267
cross-linking reagents. These reagents al so bear a
reactive carboxylic acid ester and a pyridyldithio
group that allows for |inkage via disulfide bonds.
[58] Figures 72(A) and (B) show Pl asma
phar macoki neti cs of huC242 Anti body- Sul f o- Mal - [
3ptodabiebmddr e dargedgnsietiesvifteh thg. coniiigatesls nostat®lized in a
DVA/ Ab dosed at 12.9 ng/kg and 7.9 ng/kg (i.v.)
regpectively in CD-I mce. A Ab concentrations
(measured by ELISA or by 3H counts) versus time after
a L ion. B. Maytansinoid (Dw4)/Anti bod Ab
LMS ti,\hrre after admnistration. [59] ?/n( )
res 1-7 . appl.i I I an
ifk@iger fr one SR Bt oG draRpELERIMER e 00,
rom1l to 2000. TAI L DE PTI OF THE | NVENTI ON
[ BISpent ARV eRBOR AL e(.sgﬁE]VH &F}ggma Sgg - O9BPHE %‘i’tﬁs%%och’?g rged
or procharged cross-linkers, Exanples of sone suitable
c Hiokers Withipee-shargier! miaisties arpshones instiggres 3hSdnandy 4 [HEyes
1 to 10. Preferably, the charged or pro-charged
C 50533 dridrideshewar @njupaeieactt afi the ragpeative prathsrged linkers
phosphate, carboxyl or quaternary am ne substituents
t Bath Sdr@ghhd £ BdhbYlohdl Gh8B6E dnléosothedei donjugatel wolkl be
nodi fi ed cel | -bi ndi ng agent and the cell -bindi ng

ageloHLHBn G HOM BS iR UAG ged hlefatiofifes. The crosslinkers
possess three elements: a) a substituent that is either charged or will become
charged when conjugates employing these linkers are metabolized in cells.
The charge will be either anionic, such as but not limited to, carboxylate,
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 ¢) 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 introduced 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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nonocl onal anti body-drug conjugates with 2 to 20
drugs/ anti body |inked. Conjugates prepared from

WO powRas®7TONt ai Ni ng a pro-charged noi ety woul dpeDUSINE9/042267
one or nore charged noieties after the conjugate is
nmetabolized in a cell. Cross-linkers [61] The
synthetic routes to produce charged crosslinkers of
the present invention are shown in Figures 1-49.
Synthetic routes to produce |inkers with pro-charged
neiospi Ebosphateshotamingcrbssdinkers cgpbe synthesizad by methodr es
51, 53 and 55 show a conjugate of each of the
I d&doebéd Meeipr Girsththe dedreliredetivs groiupsuah ds ngf ren timated to,
nonocl onal anti body and how t hese conjugates woul d be
MBh@bRhicfARic] KhldackB 881 hidhdidd, & @irv@ucel ®F gedreactions
met abol i tes.” The crosslinkers possess three el ements:
a : e
hEt kY ED, KBhel By BbioR TR safer OFER

tabolized in.cells. The charge wl.J. be .either

EieRieed SipsHmkET biing S fbeieads Piitd¥ pfibugtemary
sul fonat e or phosphate, ar. cationj.c, $UCh as th not
| prnecybstisuens carnbg mpgh;weda&ﬂ@r%%sblﬁk% Y BFACHER 9T ahirie
or a nitrogen-containing heterocycle, b) a group, such
awvith anlyphunxatsiatedikeione deeecfr example) Isgwries b3 gnd3ip;
hal oacetyl group, and hydrazi de, capable of reaction

VialRrrati $&Y lacRhiped REiRORBLtituah darche Mt@HGLHd, bydigilacamehit
not limted to, a disulfide, naleimde, haloacetyl,

2?9&1 Héflg ééhz\kiﬂﬁ theca%gﬁg benith %érie&ﬁﬁd.iﬁﬂg WelefbcFeld ¥ Bhoiddre

arged~or pro-charged suBstituent can
[62] Preferably, the cross-linkers are compounds of the formula (I)
below:
R; Rs Ry Ry
Y' V4 Q
1 \ﬁAg i)
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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be i ntroduced by nethods descri bed herein. For
exanpl e, a sulfonate charge can be introduced by first

WO e@ati349g7 a conmerci al |y avail abl e hal oester cpepUs2Vd9/042267
with thioacetate to produce a thioacetyl conpound,
foll owed by oxidation of the thioacetyl group, using
hydr ogen peroxi de, to a sul fonategroup. Phosphate
cont ai ni ng crosslinkers can be synthesized by net hods
descri bed herein. First the desired reactive group,

such as but RadR,, Ri, M4 Bel ReoRy,tRyi B, andd;eansitlckesame or
hal oacetyl and hydrazide, is introduced by the

r 8dfekdr@Asd 8RENinksr k@ Waesg Grokd1-6f atddavesngbranched or
hydrol ysis of the phosphate ester to give the charged

c Efc?ﬁl al ﬁ{wiﬁ? %ng% PROSPRBES; lifdaP BdnchdEddeyeh@r ged
q ry a

ate{n y ne su §t|tuent can.be |ntroduce in the
A BRRHR ARy e R 218 BN, Wil 3k as but ngty

d 37). At tively,. ' bst.i
Bt 1 ob e d-B0r (b BON 2oL oP OB AT SharCOrt FtE

am ne or nitrogen containing heterocycle of, choice.

[ 6 aobuf eetdistijed torenigpgerscaniginiag betgrasyeleni SunisResfor
the formula (1) below (1) wherein Y' represents a

f KANTR GRaR goralyhehylatvherrabl es reaction with a

cell -binding agent; Qrepresents a functional group

that enabl eR, |, RpKBMER QhreAthél Edtfle Wi dffaredli &id dré 8k lincar

thi oether , thioester, peptide, hydrazone, ester,

egﬁ@f havir HGTBE 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 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-SOj5". OPng', X-OPO32', PO> , X-
P032', CO,-, and cations, such as but not limited to, a nitrogen containing
heterocycle, N*R;R2R 5 or X-N'R;R2R 3, wherein X has the same
definition as above, and wherein g is 0 or 1;

Z 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
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or amde bond;Rl, R, R, R4, R5, R6, R7, RR >and R10
are the sane or different and are H, |inear alkyl
whawongpofT om 1- 6 carbon atons, branched or cycPCTUSI0kY/D42267

having from3 to 6 carbon atons, |inear, branched or
cyclic al kenyl or alkynyl having from2 to 6 carbon
atons, anions, such as but not limted to, SC3 X-SO3 ,
oPB 2, XXOPB 2, PB 2, X-P&B 2, CXR2-, cations,
such as but not limted to, a nitrogen cont ai ni n .
hehishdglyanidd:2 ave e sereXRIB Gentanfam CTR1 OrpprNB 4, gvherein
phenyl, wherein: Rn, R12 and R13 are the sane or

dRf fie ik atlinamdhllayl daving lfione &6 catbonl atdvay iarbgarfchedwricycbe 6
carbon atonms, or branched or cyclic alkyl having from

3alkol lfavﬁ?%(@&ﬁ 3ab @arkdRtitond, ANINESE biasiciddes tlcly alkenyl or
linear alkyl having from1l to 6 carbon atons, or a

g %%@%%Yﬁ%fﬁ%&b k& 6 RhibBh atdas PYs & Bg{ﬂdfé uhf bBtviRh Q%dA 20

and n are QGor an Inte rom1l to 4;
IS USSP BB G g o
C'?}{ek%grrr]nigetll%rirt?égeg,r te?mlkr)lgla g]a(r:l?oendor(% O%Bg/,l? Ia isi%e %Lgl}ilof 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,CH,),, 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, R4, Rs, Rg, R7, Rg, R, and Ry is a charged substituent
or when g is 1, at least one of A, Rj, Ry, R3, R4, Rs, Rs, R7, Rs, Ry, and Rygis a

charged substituent.

[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
carboxylic 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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having from3 to 6 carbon atons, or a charged
substituent selected from anions, such as but not
wo povotiad7t 0, SO3 . X-SAB3 . OPAB 2 , X-0OPCB3 2 , PEMBSD09/042267
XPO 3 , C2-, and cations, such as but not limted to,
a nitrogen containing heterocycle, N+RNRi R or X-N
+RHRI 2R 13, wherein X has the sane definition as
above, and wherein g is Qor 1; Z is an optional
pol yet hyl eneoxy unit of fornula (OCH2CH2)P, wherein p
| funGoonahgroups Egbides busarenat dinkitsd e, thigbalisugfide, amino,
F1-E1-P-E2-F2 unit inwhich El and E2 are the same or

didrbetyg aldelpids ansleiai, HaloaoetyNRY drizined)enéhydrBkyl i s H,
a linear alkyl having from1l-6 carbon atons, a

b[@i ched orpeypple€odlidedt alRAN iMdude@eh, E@yD pLpyRdatyl,
0 i near, branched or cyclic al kenyl or al kynyl

a , al

havi h 2 ; ' [ '

o B SR Eoler B B 1 Ay niaRRE 3 40 bl
E2 can he, l.inked to the peptide through e_term nal
roRBgaitid o e RBons g et P e "o
one of the am no acids of the peptide; and FI and F2
o Pxolanany cHs G PSRy L AR CYEGhe opt i onal

pol yet hyl eneoxy unit of formula (OCH2CH2) P, wherein p
| 6D or an Erareples of lingar akenylabwing 2 Go@carpengtodsd t hat
when Z is not Fl1-El-P-E2-F2, at |least one ORl, R2,
Réchidd, etifnyl, fBopeyl, biReRY, perderfil,hekenyd. ERamplesiof branched

substi t uent
or cyclic alkenyls having 2 to 6 carbon atoms include isobutenyl, isopentenyl,
2-methyl-1-pentenyl, 2-methyl-2-pentenyl.
[67] Examples of linear alkynyls having 2 to 6 carbon atoms include
ethynyl, propynyl, butynyl, pentynyl, hexynyl. Examples of branched or
cyclic alkynyls having up to 6 carbon atoms include 3-methyl-1-butynyl, 3-
methyl-1-penynyl, 4-methyl-2-hexynyl.
[68] In preferred embodiments, one of Ry, Ry, R3, R4, Rg, Ryp is a
charged substituent selected from sulfonate, phosphate or trialkylammonium,
and the rest are H, 1, 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, Ry, 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 a maleimido

moiety or a N-hydroxy succinimide ester. In a further more preferred
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or when g is 1, at least one of A, R, R2, R3, R4, R5,

R, R7, R8, R9, and RO is a charged substituent. [63]
waEx@opbe37 of the functional group, Y, that enedil/852009/042267

reaction with a cell-binding agent include am ne

reacting agents such as but not limted to

- hydr oxysucci nm de esters, p-nitrophenyl esters,

di ni trophenyl esters, pentafluorophenyl esters; thio

reacti ve agents such as but not limted to

Pybe@hs vhd bRS Ry /R4, ROPBY, Reyisdisalfbiidteland theatestiand Hel,

hal oacet at es and carboxylic acid chlorides. [64]

IE? @.Eaglneﬁe fcntd)g £ ungtd @gﬁfidyﬂﬁ@ﬁ’@or Rropfiddignaploas,

ge o a cytotoxic drug, include groups that

enat)erlragfo %l;lgfr%g% O%la}n&e& s {(::g(r:abN 21_2&1%%/ Q&Jcmlﬁlgdeo%%gr ’
tS u[ﬁcglf onct | ol SSRGS Buksy gy Dbl m ted to.

mal ei m do, hal oacetyl, hydrazines, and hydroxy 659
Estiaifpinysidpl confaining cesklinkers atfogaulageh iy o, Fﬂﬂex ple
propyl, butyl, pentyl and hexyl. Exanples of branched
oin igoies ¢, 2lakit it dyattiesig o8thesoBesponbing 4aditvienitropyrisyband
i sopropyl, sec-butyl, isobutyl, tert-butyl, pentyl,

hegythio- @Mﬁfd@ i }dontaﬁ)iﬁé absﬁ—uﬂ]kers:yﬁ:the ﬁ&nimyd M 'mrsﬂown, for
cycl ohexyl. [66] Exanples of linear alkenyls having 2

U @fin @HQ PRl @”?hé gxlth’éiﬁs Frhaalido-B5ARAME chalped BRYS ,

pent hexeny anpl es of branched or cyclic

ng.lgcﬁ%(g ?Vrln{sl%ap QI?] %VZ%I}% s?lﬁ&?aqg gﬁﬁlB@sﬂow, ﬂg%xample, 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
(I) 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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2-methyl -1 -pentenyl, 2-nethyl-2-pentenyl. [67]
Exanpl es of |inear al kynyls having 2 to 6 carbon atons
w0 p@basid7et hynyl , propynyl, butynyl, pentynyl , PEEX§I999/042267
Exanpl es of branched or cyclic al kynyls having up to 6

carbon atons include 3-nethyl-1-butynyl, 3-

nmet hyl - 1- penynyl, 4-nethyl -2-hexynyl. [68] In
preferred enbodi nents, one OFRl, R2, R3, R4, Rg, RO
is a charged substltuent sel ected from sul fonate,
phhegpteateisarget sekickiyé et enampde Figuie 58 sinoe exen-pfter

g and mare each 0, n =1, Qand Y are each

| haleige bde highyhunibet bBdduf inttdecildssthie tcurjupate & highlgipotedd, a
hal oacetyl group, or a N hydroxy succininde ester. In

afb%!?@srm%r &IR! 6tk %ﬁfcﬁ%s@ ?taeat foRakds roRaaett Rlls. R, R3,

O is a sulfona and the rest are H 1, ¢

lfﬁ’eﬁel? 9féﬁrng?9é?11ass %peaﬁ@, &a@sg 4R flétfia.@ (;tﬂ?tltﬁé &E‘u@é’

oac e| m noi ety or

crn er further
p?@ﬂ%’??‘gﬁ‘g ﬁ%&‘ c%a%g E\"fa thexchargpd CIE@SF%F is a
sul fonate, and the rest are H, 1, q and nrare eacg 0]
n[Al1, Qi sThe pvamas@fihs pyessnt mventinmsa |r%nr?5r?rlt9
group, mal eimdo or haloacetyl noi ety, and Y is
JtheHyldowing femuda, (iBH-d&-[Bg tvdrereif 61 lsmlléwmm@@gﬁ@t df 1s
2-dithionitropyridyl and 2-dithiodinitropyridyl
coBhabeti figproichsged linker B 94 dfugrmaleade, (ah)l qiis as mvvger fibor
exanple, in Figures 1, 2 and the synthesis of the
corg egpondi ng 4- d|th|on|tropyr|dyl and
4-dithio-dinitropyridyl containing cross-|inkers of

tpgyfor mul aplbd 15 DM hgateS have the following formula (IT):

- R R8 R3 R4 -
L YS Z D
CB” 1 \Ag n
m
Ry Ryy RsRs R RKq
(D)

wherein CB represents a cell-binding agent,
D represents a drug linked to the cell-binding agent by a |

disulfide, thioether, thioester, peptide, hydrazone, ester, carbamate or amide

bond;
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exanple, in Figure 6. The synthesis of

mal ei m do- cont ai ni ng charged cross |linkers of the
wo eoooab#711) with a sulfonate group is shown, PCF/US2009/042267

exanple, in Figures 3, 4 and 5. The synthesis of

mal ei m do- cont ai ni ng charged cross |inkers of the

formula (I) with a phosphate group is shown, for

exanple, in Figures 9 and 10. The synthesis of

guat ernary am ne-contai ni ng charged crosslinkers of

fornul a (1)Ri,RsRavh, Rf,Rs, BxRypRe and R Farg theemedrand

14. The synthesis of polyethyl ene glycol -containing

C B89 afd A8 3, llinBiedlisy] Bhvihg fivwl &-6(dajboaratorsd) branchédor

exanpl e, in Flgures 17 -21. The synthesis of charged

mlt%?i% gﬁlﬁ% b 9{&%@»&1 atoR8 q;ﬂeelg b?anm{&f Fydie

I'1 nkage via acidlabile bonds is shown,

n Fl rug
@%ﬁ?ﬂgg?gghﬂ 3oed, r?gatt(ﬁ grI(E)ar eé‘J’ Q&H]?%QC Z%%g}j néf
crosslinkers g fol.ecul es_can
DRt 1 0o ST BN ARG WSSF%E) %@m%& 89S
exenplifies that ceII-blndln agent dru conj ugat es
peushaas byt nefilingjted tefapifjegerceananing ﬂa@tﬁrcw l%dﬁ]g@%ﬁtor
i nvention display high potency. In addltlon t he
POEERYRI,B 1 ar gpherytlvaerdive (see, for exanple, Fi gure
58), since, even after |inkage of a high nunber of

drug nol ecuRgsR, 4 41 QB Rlcr idsfTdiegahY afedd divteat alkwplr ds
target cells, but nmuch | ess potent towards non-target

Rl 7% OBk it SR gl o
g?%rglgli? gt:qbé rfmg % repre%eerllts pl?enyij SRS Qﬁyf’ha@uﬁé@orﬁh@%%ed
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;

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-SO3". OPO32', X-OPO32', P032' , X-
PO32', CO;’, cations, such as but not limited to, a nitrogen containing
heterocycle, N'R11R 2R 3 or X-N'R1R 2R3, wherein X has the same
definition as above, and wherein g is 0 or 1;

Z is an optional polyethyleneoxy unit of formula (OCH;CH,)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
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[ 71] The conjugates of the present invention can be
represented by the followng fornmula, CB-(-Lc-D)aq,
wob@pas47CB is a cell-binding agent, Lc is a cPEr/ysmowe42267
pro-charged linker, Dis a drug nolecule, and q is an
integer from1 to 20. [72] Preferably, the conjugates
have the followng formula (I1): (H) wherein CB
represents a cell-binding agent, D represents a drug
linked to the cell-binding agent by a disulfide,
t Ri«dethedinearrallyd baeng ﬁperp%ﬁ@erbonmm ereanched errcyclic
carbamate or amde bond;R, R2, R3, R4, R, R6, R,
RelkyRewirgnforRB0o éroartohatmasye lmeard bfaheredrt cpeld dkanyHpr
| i near al kyl having from 1-6 carbon atons, branched or

CYIRYAA hal ik frdAaY k@ chrbOfBnisOP 6s £ pEHas uait BeBveeh RRAANO
branched or cyclic al kenyl or alkynyl having from2 to

T e
S%?tt%rpﬁﬁzﬁ &?ﬁ@egftgﬁgiﬁégaWQ%h?% %1%% chéln offofld §f R9C"
amino acids of the peptide; and F1 and F2 are the same or different and are an
optional polyethyleneoxy unit of formula (OCH,CH>),, 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, Rs, R4, Rs, R, Ry, Rg, Rg, and Ry is a charged substituent
or when g is 1, at least one of A, Ry, Ry, R, R4, Rs, Rg, R7, Rg, Rg, and Rypis a
charged substituent;
Y represents a carbonyl, thioether, amide, disulfide, or
hydrazone group; and q is an integer from 1 to 20.
[73] As described in more detail below, the drug can be any of many
small molecule drugs, including, but not limited to, maytansinoids, CC-1065
analogs, morpholinos, doxorubicins, taxanes, cryptophycins, epothilones,
calicheamicins, auristatins, and pyrrolobenzodiazepine dimers.
[74] In preferred embodiments, one of Ry, Ry, R3, R4, Rg, Rygis a
charged substituent selected from sulfonate, phosphate, carboxylate or
trialkylammonium, and the rest are H, 1, gand m are each O, n=1,D is a
maytansinoid, a CC-1065 analog or a pyrrolobenzodiazepine dimer. In

another more preferred embodiment, one of R, Ry, R3, R4, Ro, Rygis a
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X-N+R HR 2R 13, or a phenyl, wherein: Rn, R 2 and

Ri 3 are sane or different and are H, linear alkyl
whawongofrom 1 to 6 carbon atoms, branched or BPYDUS09/042267

al kyl having from3 to 6 carbon atons and X represents

phenyl or a linear alkyl having from1l to 6 carbon

atons, or a branched or cyclic alkyl having from3 to

6 carbon atons; 1, mand n are Qor an integer froml

to 4; Ais a phenyl or substituted phenyl, wherein the

ssiinbfel@nl the SestareiH@ag aral ydre EerhiOng =f I, dhish thaytsinoid,

carbon atons, or a branched or cyclic al kyl having

f C@”i 085t al@% Q25 BIRoRbLEIR dia@épife Ginddr taRed iR S disuliaie]
sel ecte n1an|ons such as but not limted to, SO3

Cg'[l?eg}(wgg’ or thlo fﬁ( I%Eﬁ'f&r mO?%e?ened%ﬁfBoﬁm?em R f

suc a ni trogen

f§?=t£@LgP g%np‘etlﬁ %/ ?‘ﬁtl]ﬁg?;\t }#“? F?S%?%h? gfsg éomv & aera b2

wherein %O‘ps Cor 1; Z |s an (%2 naI oI yet hyI eneoxy

unrtl, end fois gmaytanemaidops) aé‘aféﬁor
integer from2 to about 1000 or Fl El P- E2- F2 unit in
[75] In a preferred embodlment when Z is an F1-E1-P-E2-F2 unit,

E1 and E2 are the same or different and are C=0O or NR14, wherein Rj4 is H,
a linear alkyl having from 1-6 carbon atoms, a branched or cyclic alkyl having
from 3 to 6 carbon atoms, P is a peptide unit between 2 and 8 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, 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,CHa),, wherein p is 0 or an integer from 2 to about 1000.

[76] In a more preferred embodiment, when Z is an F1-E1-P-E2-F2
unit, E1 and E2 are the same or different and are C=O or NR14, wherein Ri4
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
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which El and E2 are the sane or different and are C=Q
O or NR 4, whereinRl14 is H, a linear al kyl having
WO e@a134967 car bon atonms, a branched or cyclic aP&yUS2009/042267

having from3 to 6 carbon atons, a |inear, branched or
cyclic al kenyl or alkynyl 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 termnal nitrogen, term nal carbon
odiffehamougth ase an detiohmipolysthybensony unieofsfrmela {CIECER),,

the peptide; and FI and F2 are the sanme or different

aﬁzﬁeﬁ[ R &ni iaRALr fAeh Rab byl eneoxy unit of formula
)P, wherein pis O or an integer from2 to

Fﬁ?‘t 1000, Pfé?éﬁﬂ')l? e@éﬁ@mmw i dlzkléis ot to'%ltclEéelelﬁarnEZ

east one 7, R8, R, and

Sigent s 1526 pﬁ‘&g ﬁgeérgg@t%t 3Rl e&?@ mfe%;b gfﬁgam% 18{and S5

'S a C ng substituent; Y represents a carbonyl

t Aebae 8? Uani de, dlsulflde or hydrazone group; and q
is an integer from1 to 20. [73] As described |n nor e
dEt8hi | bel oo symthesizebe eaniugnie, kg cellbipgding agenicpn be

nol ecul e drugs, including, but not limted to,
maydiTediwidi s crosSetinke@ssofaapresmt inveniidrolo ingeduce reactive
doxor ubi ci ns, taxanes, cryptophycins, epothilones,

calshiglae %Pﬁljixb rkﬁaleﬁqlﬁﬂb sﬁaadabagl oiydrgryde @boie Syathesiz epihee
dlners In preferred enbodi nents, one of Rl, R2,

Su?l %dmgga ﬁé(g'ugﬁo u é’sfli}ﬁc‘éd%}bbcﬁédlﬁaéﬁén@@é £HH&Ad byam

onat ate, car boxy ate or
disulfide exchange between the disulfide bond in the modified cell-binding

agent and a drug containing a free thiol group. Synthesis of the cell-binding
agent-drug conjugates linked via thioether is achieved by reaction of the
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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trial kyl ammonium and the rest are H 1, g and mare
each 0, n =1, Dis a maytansinoid, a CC 1065 anal og
W@e008/1p#rT ol obenzodi azepi ne di mer. | n anot her POI/ES2009/042267
preferred enbodi nent, one of Rl, R2, R3, R4, R9, R10
is asulfonate, and the rest are H 1, g and mare each
O, n =1 Dis a mytansinoid, CC 1065 analog or a
pyrrol obenzodi azepi ne dinmer |inked via a disulfide,
t hi oester, or thioether bond. In a further nore
perefstinkexcbfeoimnda (B btaringremaleinRio suRgtitulRE, at ReytraRpH iR o
is a sulfonate, and the rest are H 1, g and mare
eagileols buffer td givaAdirey édhnactsdyd theshargédllinier €@-dlfifbther
anal og, or a taxane. [75] In a preferred enbodi nent,

WHER £ thi 1-?(%]1@91% BhigRak b Hgisglrﬁdﬁexé‘}ﬁbﬁ‘lggfé’viﬁraﬁzh d

sane or different and are C= R 4, wherein 4 is
.a Linear al kyl . havi 0 -

ol e e Bdatly e KOt ogRicg Parhlthed Ba.
atons, P is a peptide unit between. .2 and m no_aci ds
S dgoRnd ik ehaed BT AMTBE bRt oA ol
peptide through the term nal nitrogen, termnal carbon
ofant berisagied withiaghargd onpiefcherasd srosthikes Rearmgadiadegensin
the peptide, preferred am no acid residues are glycine
( teypresendecofianaild bhs) to dieiz inodifiedeln)g begring anietheabill A
(glu), or lysine (lys), which can be used in any

CRYRbRALr QD @ntAfMg Ahvdedan (R condensdd/with ¥clhrgedcrosslinker
ala-leu-ala-leu, etc.); and FIl and F2 are the sanme or

e L

ﬁﬁéeglt,%la? ugsa(#ggzﬁqlg%_;g]_a%ba@d&qg %iv%raﬁfeg{& ﬁgk.eKH %Hiﬂga nt,
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, medium pressure column chromatography

or ion exchange.
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unit, El and E2 are the sane or different and are C=0
or NRI 4, wherein R4 is Hor a linear al kyl having
WO e@a134967 car bon atons, P is a peptide unit beP@EE2089/042267

and 5 amno 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 acids of the peptide; and FI and F2 are the sane
ordifferent and are an optional polyethyl eneoxy unit
oMddified: bell-biDAHROMRINEY wherein p is 0 or an integer

Liﬂg“dzt ;23 iel? ivmgﬁl% kR hdaing pg&%g’%?{@ﬁggg&sm:&s
1 a
L L 208 2, SRS Bl A0 Lo

conj ugate, the cell-binding agent can be nodified with
the crosslinkers of the esent invention to introduce
reactive disul fide grddpst 8mal ei m o, hgoacetyl or
hydr azi de groups|. Synt 's of the e ndi ng

agent -drug conj u j nds is
achi eved by &€Rflsul fi he dji sul fide
bond in the nodiffied/gell - i ng a a dr ug

containing a free . Synthé§ s ofRgh
cel | - bi ndi ng agentqgiggubgggﬁéates I|nLed VI% q
thi oether is achieved by reaction of the naleimdo or
hal oacetyl nodified cell-binding agent and a drug
containing a free thiol grtlp. Synthesis of conjugates
bearing an acid | abile hydrazone |ink can be achieved
by reacti onwhtrein tharsbiostiyientraveips ddsttibddreboly fralzé carged
noi ety in

or pro-charged linker and the cell-binding agent drug conjugate.

[82] In preferred embodiments, one of Ry, Ry, R3, R4, Ry, Rigis a
charged substituent selected from sulfonate, phosphate, carboxyl or
trialkylammonium, and the rest are H, 1, gand m are each0,n=1,Qisa
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 R;, Ry, R3, R4, Ry, 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, Ry, R3, R4, Ry, Ry 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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the linker, by nethods known in the art (see, for

exanpl e, P. Hamann et al., Bi oConjugate Chem, 13;
wWae0463492002; B. Laguzza et al., J. Med. Chem , PGRUS2009/042267

548- 555, 1959; P. Trail et al., Cancer Res., 57,

100- 105, 1997). [79] Alternatively, the drug can be

nodi fied with the crosslinkers of the present

invention to give a nodified drug of formula (1V)

bearing a functionality capable of reacting with a

CE8] bi ndi nip agesferred-ombediawpl, avhen Zhiscin KloFil B2 unit

drug can be reacted with the charged or

PE0-a08 32gee deaasie okigfferefit dndraneiCaO(dr)NREAWhRgeia R4 is H,

mal ei ndo substituent at neutral pH in aqueous buffer

t 9 11 gkaeley] Havidg EORN ESt@fbdnQutdhE athaicied of tythiealkyl Baving

t hi oether 1ink. A thiol-containg drug can undergo

di , . \ . i > o

oDl I8 EPSRANAR W1 3 RpHAPLAE R o B0 sics

via a di,sul.fide bond to th arged crosslin LA

<ot 1 oy B a0 PegitBs G A B taanieudt i iginal

charged or pro-charged cross|jnker beari a hal ogen,

i pitkogen, Jermdiad carhon of thiopgh g syl chaig qjope Og%}wlﬂ’é s of

drug bearing an ether link. A hydroxyl group

c thet péntidagpefaredcaminoeacid medduss deroiglyrine (4lak gdanine (ala),

crosslinker of fornmula (1) bearing a carboxyl group,

i feutine (g sgurmiobcid (@Rhyadr Bisineglyayewhich sactbeased in any

di cycl ohexyl carbodi m de, to give an ester link. An

agbABindfi e aﬁ@ﬂirﬁérr(é.@g ol by -1 98r SlaTéd-abl M, $RIERE@F] and

condensation with a carboxyl group on the charged or

g?ng ;Iagg gfé% ggmg SR e and ard %r@rﬂti%n&ll PJOIEI&thieK&)x@nunit of
formula (OCH,CHy,),, wherein p is 0 or an integer from 2 to about 1000.
[84] In a more preferred embodiment, when Z is an F1-E1-P-E2-F2
unit, E1 and E2 are the same or different and are C=O or NR14, wherein Ry
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,CH,),,
wherein p is 0 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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[80] The conjugate may be purified by standard

bi ochem cal neans, such as gel filtration on a
w®ephasiwx? 25 or Sephacryl S300 col umm, adsor pPCDES2009/042267

chromat ogr aphy, and ion exchange or by dialysis as

previously described. In sone cases (e.g. folic acid,

nmel anocyte stinulating hornone, EGF etc) the

cel | -bi ndi ng agent-drug conjugates can be purified by

chr omat ogr aphy such as by HPLC, nedi um pressure col um

chS8HA D ALNP205,41 A6 HBHIE, MiH,$6%6304c &Y JoChati eigl.

agents [81] The cell-binding agent nodified by

I €akédr RaseblrEN5Z; 1103931 NI S ROV J t Clearipst @b €ltncérmiesedrich 55,

are preferably represented by the formula (I111) (I11)

\A@(gfsﬁmd &9 5s yhsiriksteatas. 1aﬁ3qazé&e9iﬁ§qr19’wz9d72§bm@19f7@y

char ged or pro-charged |'inker and the cell-binding

th
a dru t.e

%‘8 P ﬁl %a%'ﬁ] .Sgl@ lﬂlok‘éﬁ}ugéﬁg C@{eglf gg %; §§|6 glr%@? L”mip?mo
subst f onat e, . ph
canavea ] B récaliz@ds&%@éﬁ% Aot au08oRuggre,
and m are each O, is a disulfide substituent,
aChem 82%338 (19932)e awtawag@%lyp beggpsesthe graggriipksrygroups are
succinimde ester, and Y is thioether, am de, or
dicluble irdeatet or laqmilrhemly rsmellpeafeatage df eghuid isplwent to one
of R, R, R3, R4, RO, Riois a sulfonate, and the
I gsintah Solbilily inthqasshsrsonien ehe Fealtiombetwien Qe icsll-dinding

di sul fide, naleimdo or
agent and the cross-linker can be conducted in aqueous solution. The cross-
linking reagent is dissolved in aqueous buffer, optionally containing a small
amount (typically <10% by volume) of a polar organic solvent that is miscible
with water, for example different alcohols, such as methanol, ethanol, and
propanol, dimethyl formamide, dimethyl acetamide, or dimethylsulfoxide at a
high concentration, for example 1-100 mM, and then an appropriate aliquot is
added to the buffered aqueous solution of the cell-binding agent. An
appropriate aliquot is an amount of solution that introduces 1-10 cross-linking
groups per cell-binding agent, preferably 1-5 groups, and the volume to be
added should not exceed 10 %, preferably 5 %, and most preferably 0-3 % of
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
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hal oacetyl noiety, and Y is thioether, am de, or
disulfide. In a further nore preferred enbodi nent, one

wo@RoR1349R2, R3, R4, RO, R o is a sulfonate, anelCT/ig2009/042267
rest are H 1, g and mare each O, n =1, Qis a
pyridyldithio or nitropyridyldithio group, and Y is
thi oether, amde, or disulfide.[83] In a preferred
enbodi nent, when Z is an F1-E1-P-E2-F2 unit, El and E2
are the sanme or different and are C=0O or NR14, wherein
RVIOP S bitifere whicteeh @hiayl additioratcdmpmettsSsuchabsucrescoud,
a branched or cyclic alkyl having from3 to 6 carbon
At MIBsor BxdnSpld NeRA! iAdRr Wil dddRRINBE feadiiciid irkuBaedier ACi ds
in l'ength, wherein El or E2 can be linked to the

gfeﬁﬁgga?ur% Rk gy i %ﬁ%ﬁ@g?&tramyta;t QeBnt leflptlAat. TR fb on

rough a side one’of the amno acids o

t he pept|de, .eferred anm no.acid residue re .glycine
§ 51%%,5? o tillﬁ rorBlich Fi) SRR BY Pl P e Rl il

u),. or sine (lys), which can be used.in any . .
cameimiioniabf %mnaﬁ%n%/}h%rearppmr@te, W@‘Fgﬁﬁ@ﬂ’y iy tag rettion is
al a-leu-ala-leu, etc.);, and FI and F2 are the sane or
didrhpleentsolatidn af de arodafind eshisbinging peart paebrapstiormad in df
formula (OCH2CH2) P, wherein p is O or an integer from
2rdudina by uskiPORr exBdle kel ftratorectpombiegraptly emadstirpevet |
when Z is an F1-El1-P-E2-F2 unit, El and E2 are the
SgBnAfogtiphferent and are C=O or NR14, wherein R4 is
H or a ITnear al kyl having from1-6 carbon atons, P is

CHRIZ 0, Bt IR S e S it

g pe trtgalrr}g% gfa tlhe git}orl)(})lggﬂl’e tltligrrlerpd?nq%roﬁ:yarl{d?gendi rionteb rough a
carboxamidopyridine dithione or dicarboxamidopyridine dithione group
released. In a non limiting example, Figure 56 shows the results from the
modification of the cell-binding agent, the C242 antibody, with a sulfonate
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
amino or hydroxyl substituent can react with crosslinkers 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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of one of the am no acids of the peptide; and FlI and
F2 are the sane or different and are an optiona
w@oiogas4eyt eneoxy unit of fornula (OCH2CH2) P, WhET/852009042267
is O or an integer from2 to 24. [85] The nodified
cel |l -bi ndi ng agent can be prepared by reacting the
cell -binding agent with the charged crosslinkers by
nmet hods known in the art for other crosslinkers (U S.
Patent Nos. 6, 340,701 Bl, 5, 846, 545, 5, 585, 499,
5créFHinRaR be&ingladhBbazids , Q@sskilkal ingdartcpgadiyadetarming
Chari et al. Cancer Research 52, 127-131, 1992; R V.J.
Civafch cedssidker feisedasddaseihie Rhowh readvib dfGBdavalldbls; J .
Carlsson et al. 173 Biochem J. (1978) 723-737(1978);

Gafnttiodd ofd ogéfﬁé @lﬂ-bm@ing Rgenk. Bi 0Conj ugate Chem
381- 386 F . | prino et al. 82 J. Pharm Sci

il 3%3 ﬁgg%fh&ww?ﬁ%%gﬁ% i chardt B W@*@Q“ﬁpmm
PP Higei D calip Re B Bl UBGE aptn T AR

solublllt i n agueous solution, the reaction betmeen
t hefferer p Pél bethvery auiit , onfienallyesoptelLag a1 erigapic casplyrat
conducted in aqueous solution. The crosslinkin

r sagemt 1 1203 dsndtirddcdatmidgue othend)fofprpyide ptm@nhgbcﬂ gell
containing a small amount (typically <10% by vol une)
Of)inaidet#gaﬂt HREGEN: fostdievdtgetdndta thiolgraup. Bite thdot froup of
wat er or exanple different al cohols, such as

”ﬁlte Q@E %}ndlr?gt 4RACLan RIELRIIORRING kytoﬂix'f@e&{lg %eérﬁfgr@ﬂﬁblde@

di met acetam de, or dinethylsul foxide at a

C 2 nfe?m droaflalgélietamqag Sf(zﬁmjcltl@e ghsi!lﬂ%e@%lﬁﬂg p§/1lﬂ£ndlﬁﬁ0

Breopr

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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added to the buffered aqueous sol ution of the
cell -bi nding agent. An appropriate aliquot is an
w@rmans49of sol ution that introduces 1-10 crossPECT/nRIONY042267
groups per cell-binding agent, preferably 1-5 groups,
and the volunme to be added shoul d not exceed 10 %
preferably 5 % and nost preferably 0-3 % of the
vol une of the cell-binding agent sol ution. The aqueous
solutlons for t he cell-binding agents are buffered
Moadified € anBrwes preferably between 6.5 and 7.5 and
can contai n any non-nucl eophilic buffer salts useful
f {89]t hese phhe¢ aytgresic drygs madifibd by ecastiomofith@eosslinkers of
phosphate, triethanol am ne. HC, HEPES, andMOPS
biHefRésent 1Wérﬁfa>n%?é‘ &&B&tﬁy fbp@éi@ht%di Byale fopwANENE S, such
as sucrose and sal for exanple, NaCd . After the
addition the reactlon is incubated at a tenperature of
from4 0OCto 40 OC, preferably at anbient tenperature.
The progress of the reaction can be nonitored by
nmeasuring the increase in the absorption at 495 nm or
anot her appropriate ma¥§length. terpthe reaction is
conpl ete, isolation the nodi fi et - bi ndi ng agent
can be perforged in utin may, ﬁg exanpl e
gel filtratio
chr omat ogr aphy.
assessed by neas
ni tropyridine t jR% pyrldlniiﬁlﬂﬁzone
carboxan1dopyr|d|ne &?thlon or di carboxam dopyri di ne
di t hi one group released. In a non |inmting exanple,
Fi gure 56 shows the r8§%lts fromthe

tentfbg noBi |cat|on can be

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, Ry, R3, R4, Rg, Ripisa
charged substituent selected from sulfonate, phosphate, carboxyl or
trialkylammonium, and the rest are H, 1, gand m areeach O,n=1,and Y’ is a
disulfide substituent, a maleimido, haloacetyl group, or a N-hydroxy
succinimide ester. In another more preferred embodiment, one of R;, Ry, R3,
R4, R, Ry is a sulfonate, and the rest are H, 1, g and m are each 0, n=1, and
Y’ is a maleimido moiety or a N-hydroxy succinimide ester. In a further more
preferred embodiment, one of Ry, Ry, R3, R4, Ry, Ry is a sulfonate, and the
rest are H, 1, g and m are each 0, n =1, and Y’ is a N-hydroxy succinimide

ester.
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nodi fication of the cell-binding agent, the C242
anti body, with a sulfonate crosslinker of the present

w0 pwens49on. The time course of |inker/anti bodyPCIz89009/042267
i ncorporation is shown, for exanple, along with the
drugs/anti body (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

efdipl e cel In pipredeneyl ergeortimenteavhend. wrandnli-Rb-PokE2-F2 unit,

hydroxyl substituent can react with crosslinkers
bBaRha §2aie thehythe @t sikaentindiageCeOt@NR b whebdimdR 3 gs H,
agents bearing a thiol substituent can react with

Ch asd:NKS havikge %hﬂ 062 afFoh @kt @ inched 82&R1IY hlkgt Bifng
Additionall'y, €ell-binding agents bearing a carbonyl

Sﬁ‘gl%ti fe %1‘8%3 o rn%a?,t 1a\ﬁﬁpepﬁﬁeoﬁl§ilc F&bv%&? 2 gﬁg .r8: e{}]ﬁ’in@ acids in

Fazi de e art can rea

determ cLosslinke se based, on the known
gty e eﬁgm PR ed i prbRe grtigh '3% g
cel |l -binding agent. [87] Crosslinkers bearing

pBiogery deratagl garbonar targhhk side chap i nae of the aniuga aeidy of
can be directly reacted wth a cell binding a in
atheepapsidbupfeénredt arpinp Hdd tresedues Srargycne (gly), lmey (ala),
cont ai ni ng an organi c cosolvent (such as 1 to 20%
dieeinb y(lcay, egtvainike acid (giu)amolysink qlysy,ovhidle can ivodiséd é&d any
cell binding agent bearing a positive charge and a

t DA AbinSE G- and beddr it gl gg{ o;}%l?f)r ﬁlﬁﬂedl@ﬂalletb lettd; B BOGRd

can be reacted wth a cy oxi ¢ drug bearing either a

ng%(a n‘%}tﬁe B?’IBQ acgﬁ%%m qu Qe 3R (ﬁ)‘ﬁtohéﬂep&i&étﬂiflfeh&?(y unit of
formula (OCH,CH,),, wherein p is 0 or an integer from 2 to about 1000.
[92] In a more preferred embodiment, when Z is an F1-E1-P-E2-F2
unit, E1 and E2 are the same or different and are C=0O 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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nitropyridyldithio group) to provide a conjugate. The
conjugate can be purified by the nethods descri bed
wW@bwva349fB88] Alternatively, crosslinkers beari PQI/ES2009/042267

positive charge and a reactive ester (for exanple,
compound 216, Figure 71) can be directly reacted with

a cell binding agent (for exanple, through its lysine

am no group) to introduce a positive charge and an

active disulfide. Reaction with a thiol containing
Cysta@ipdxa thiclraoptadsing dagrdahéd redomdevitathe shagedier pro-
conjugate bearing a positive charge. Modified Cytotoxic

Dertigsed SS1idiRg of YorafulX(IFbédkiug & nimeiidoadbiitusne aiduanl

wi th crosslinkers of the present invention are

P l—elfil?lﬁ ltoﬁs Blﬁ?egecé gﬂie%ddr{?é’ SRt i RhirbM or frbMharged

ere e Ssubstituents  are as descri bed above for

ol Ve ety Do & BTl iy B ahPEe el TS "

one OFR1, R2, R3, R4, Rg, is charged s tituent
sexchangegvith  gharged %rriz.{%garﬁ% EBIFF:;’{?’S?“% BHQ&Y?J‘B@W moiety
trial kyl ammoni um and the rest are H, 1, and m are

etcdivOa modified, dragattaghed viaa disudiide hand te thesehatagd Of Proa
mal ei m do, hal oacetyl group, or a iV-hydroxy

sueedl dtbsinlest er drup beaigt dieydrom @rqupatae be echcted with a
enbodi mrent, one ORl, R2, R3, R4, R, Riois a

Sl‘:ﬂ_ %éﬁr@ssliﬁl&ﬁl behend £Bdlo@nCirtthe preséhc@dd ahidt Baseao i a
n =71, and
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. 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

[94] The cell-binding agent 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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Y is a maleimdo noiety or a -hydroxy succinimde

ester. In a further nore preferred enbodi nent, one
woRk@Y 13427 R3, R, RO, RIO is a sul fonate, andP€TES106%042267

are H 1, g and mare each 0, n =1, and Y is a

- hydroxy succinimde ester.[91] In a preferred

enbodi nent, when Zis an FI-El-P -E2-F2 unit, El and

E2 are the same or different and are C=O or NR 4,

wherein R14 is H, a linear alkyl having from 1-6

c dhosll-hinding, agentonanleshany compoyad thet edoklyind hgell,eghériom 3

to 6 carbon atons, P is a peptide unit between 2 and 8

aspecificainda-specifie aghher. \Weaemlly thdse osin 2amtidodibe(ebpeniativl

to the peptide through the term nal nitrogen, term nal

C #HoB8dloH ahtiHolies Bndaritibd8y Fhhdhtef adaB&ine{US PAbBEALOA No.:
acids of the peptide, preferred am no acid residues

L e R R S LS G e A S
used in _any conbination or any .order o e 1

R ighrRRprROar e it e RlrRL P! St eeibbinging.
are the sane or different and are an opti onal
pBIolestlswr 84SBRSE- uni t of fornula (OCH2CH2) P, wherein p
is O or an integer from2 to about 1000. [92] In a
mifSk pr ef er Magre tisockliveindingwigent B érs anibady- Edr pxaEmplE2a
unit, El and E2 are the sanme or different and are C=0

omulNRE, HumahBiuamz&l deswefabbdior a ¢himeds oalaky | othavanigody
from1-6 carbon atons, P is a peptide unit between 2

aRghvbh RIBRQ KIS thebrt)eR Bids (VREERIgen Bhat N 2 FAySRdBEnd

linked to the peptide through the term nal nitrogen,

t fﬁ%%@ 8l tr5@H0RBra06 n{otféc%kg(% ga rébiegt%r)c&aai lrlhand such as a growth

factor. Exemplary antigens include molecules such as renin; a growth
hormone, including human growth hormone and bovine 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 human 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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of one of the am no acids of the peptide; and FlI and

F2 are the sane or different and are an optiona
w@oiogas4eyt eneoxy unit of fornula (OCH2CH2) P, WhET/852009042267

is O or an integer from2 to 24. [93] The nodified

drugs can be prepared by reacting the drug with the

crosslinkers of the present invention to give a

nodi fied drug of fornula (1V) bearing a functionality

capabl e of reacting with a cell binding agent.

Fesrenanuenia, thtl! aC omingnni segindlr alguean Déuellerat-adthibifing

the charged or procharged crosslinker of formula (1)

b&Astalle; FeldBinCA HHSNS RS H BUGRn; PrordRKIn:; %iod@é'ﬁbﬂihdotropin-

aqueous buffer to give a drug connected to the charged

or _pr.o-gh d_Lj. [ i ol . . .

¢ oD isB APEREG Bl Kk e sk bRt Dilase, JoF: 2

with a charged or pro-charged || bear i L.

pwtaﬁOgﬂCdf-?smqﬁwmsﬁe@ﬁP%ageﬂg?l@‘@e% (GEERE e 2 oL Ard deibin

via a disulfide bond to the charged or prochatged

g RN ShPad B PGEtsr K JrecBioAy Edaes o

reacted with a charged crosslinker bearing a hal ogen,

i provhike fpt@s;gmoteimA a Drirherhatsid, factorsyp neurgirapli facses such

drug bearing an ether link. A hydroxyl group

C e bahd ierivedr a@ireBiphixe fRmrd@GBNE), wettotmphinal,gdd -5, or -6

crosslinker of fornmula (1) bearing a carboxyl group,

| pvThe wresgroe §f N@f_@?wdd ehROgRGRN acts GliclASs NGF-B;
dircycf ohexyl carbodi mi de, to give an ester link. An

T 2, TS B, ARLBAIL A kit sror
R A R i gt B gP o
such as TGF-alpha and TGF-beta, including TGF-B1, TGF-B2, TGF- 33,
TGF-B4, or TGF- BS5; insulin-like growth factor-I and -II (IGF-I and IGF-II);
des(1-3)-IGF-I (brain IGF-I), insulin-like growth factor binding proteins,
EpCAM, GD3, FLT3, PSMA, PSCA, MUCI1, MUCI16, STEAP, CEA,
TENB2, EphA receptors, EphB receptors, folate receptor, mesothelin, cripto,
alphaybetag, integrins, VEGF, VEGFR, tarnsferrin receptor, IRTAI, IRTA2,
IRTA3, IRTA4, IRTAS; CD proteins such as CD2, CD3, CD4, CD3, CD6,
CDS8, CD11, CD14, CD19, CD20, CD21, CD22, CD23, CD25, CD26, CD28,
CD30, CD33, CD36, CD37, CD38, CD40, CD44, CD52, CDS55, 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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standard net hods such as col um chromat ogr aphy over
silica gel or alumna, crystallization, preparatory
wao kioo/1B@ayer chr omat ogr aphy, ion exchange chronetDysBpPNG42267

or HPLC. Cell-binding Agents [94] The cell-binding
agent that conprises the conjugates and the nodified
cell -bi nding agents of the present invention nmay be of
any kind presently known, or that becone known, and

i ncl udes peptides and non-pepti des. The cel | - bi ndi ng
aBeblicatiay Ne 2098036hfHuradd t 4rat incerpotatesd im their | entiggty hiey
in a specific or non-specific manner. Cenerally, these
C afferfced Nérybeshodin espesindddiye nticted; o mmuastbkinsdiae dbone
and anti body fragnments), adnectins (US Publication

Nerorpt# e 843R R (BNRY;einf RERRSon, |suem RO kité1eston-ARhADHRE,
growth factors, vitamns, nutrient-transport nolecul es

( h r erLl. f) le £€M-rREN
B St B S Muine e BRY (CUIF ML RFDBARESE, and
agent.i s.a nt i hody (f exapple, a murin hunma
G B on B e todl 4 Tl et SapHigre T-oel
anti body known to one of skill in the art), it, binds
t EFCEPTORS STIERSA TRITARTANG PRtGIRY; ylsedyt acgelerting depjorp ¥iral antigen
transmenbrane nol ecule (e.g. receptor) or a ligand
seach as far grample, faapertion &ExthepHAY yenyplopgetanspad| prateins;
nol ecul es such as renin; a growh hornone, including
hhsmihgOreosptbrshaddressms aregulaory peotgineydnieghins,nauck ;as grdLitah
hornone rel easing factor; parathyroid hornone; thyroid
stipbaddgce, 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] Preferred antigens for 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 the 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-CDI1la, anti-CD18 or anti-CD11b antibodies); growth
factors, 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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hor mone; | i poproteins; al pha-1-antitrypsin; insulin
A-chain; insulin B-chain; proinsulin; follicle
W@ ooaa4ari ng hornone; cal citonin; |uteinizing POI/IBI909/042267

gl ucagon; clotting factors such as factor vnt, factor

I X, tissue factor (TF), and von WI | ebrands factor;
anti-clotting factors such as Protein C, atri al
natriuretic factor; lung surfactant; a pl asm nogen
activator, such as urokinase or human urine or

t CEBYED4,pEDP) 8D, aydn (Ea19, G20, CD2BAFD2boeP88i D33,
t hronbi n; henopoietic gromh factor; tunor necrosis

f agjser C@ﬂgh epwnd couat @D l@fmalomz@se CDRABITEPhA receptors
(regul ated’ on activati on nor mal | y T- cel | expressed and

Sﬁﬁcgtﬁ,ﬂ)\g ﬂé&%ﬁ@g@% ofsnfém@ffﬂvlﬂr GiERA HER3,

L | pha, such as hufan serum

al bum n; e er|n|nh |t|n ;

ARty QeSS EHAPHELr ST AP BF S e, "VEGE,
gonadot r opi nassoci at ed peptid m cropi al protei
JVERRS Dlae rereos s oIS o OL B Shghral ks’ B,
T-1ynphocyte associ ated antigen (CTLA), such as
CEpBAM or ahpitibody ardti¢ch/binds toagneufiranore ﬁ@@@%ﬁ@%ﬂe@ PRSIGCHS
factor (VEGF); receptors for hornones or growth

f aEtdl-sirf4ee @écporsdisclodad in il Fattlmation dot 20680141040 or US
neurotrophi c factor such as bone-derived neurotrophic

f@ﬁf)l@crat16§%) QO@W’O@M@ R Nard, imchrpordded Qh théir (Mbirdy by
NT- 5, NT-6), or a nerve growth factor such as

feII% Iatel et-derived growth factor (PDGF);
%?ast grovvth factor such as aFG- and bFGF;

?E%ﬂii”?#ep lpa S A RS o B, g

TGF-bl , TGF-Db2, TGF b3
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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TGF-b4, or TGF- Db5; insulin-like growh factor-I and
-1 (1GF-1 and 1G-11); des(l-3)-1G--1 (brain IG-1),
w0 p®ah34971 i ke growt h factor binding proteins, BEpIZB84009/042267

GD3, FLT3, PSMA, PSCA, MJC, MJCl6, STEAP, CEA, TENB2,
EphA receptors, EphB receptors, folate receptor,

nmesot helin, cripto, alpha beta , integrins, VEG,

VEGFR, tarnsferrin receptor, |IRTA, |RTA2, |RTA3,

| RTA4, | RTA5; CD proteins such as CD2, CD3, CD4, CD5,
Ceal., €Ul .J. Cohcdr, 31ADR385-281Q 9961t ERP L] G2 DncdlDA3;
CD25, CD26, CD28, CD30, CD33, CD36, CD37, CD38, CD40,

Cipidh. 9943DR1 Meldn BloddDIO, 21680995 THG)); 481,
CDlOBI@CglOS CD134, 61:%)5 COD138 CD152 or an))

ant i body V"h'-eg;ﬂPP -Bingin Cfra%g?en%rof%ﬁﬁoél ?WF% ed

antigens or ceptors dis I n"US

P C 200 104

BepoSoH0Rn >2§’a'r Shil i %Phifégﬁﬁpﬂné ciohy
ref erence; t hropoi etin; Qsteoin

i fvHeR okﬁﬁg $7%§%4)ngﬂﬁ9ﬁ6€@ﬁ@t 14Ec Eﬁc ?’H I? BRE)S an
interferon, such as interferon-al pha, -beta, and

- @%ﬁﬁ&-‘%ﬂ:él%@)). stinmulating factors (CSFs), e.g.,

M CSF, G\t CSF, and G CSF; interleukins (ILs), e.g.,

| AdHitiofall detl Idndifg peenexincladelbihetidcdisieinding pedtéing ek pt or s;
surface nenbrane proteins; decay accel erating factor;

Hlo&%e;ﬁﬂteg Sl b@smtfn@f lidKedw).e, a portion of the
V' envel ope; transport prot ei ns, hom ng recept ors,

agire=s! s - NRELIEN OGSO SBT3 Ot

a%e% M. & 5518 35175, (2006); Binz, HK., 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, 7);

-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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associ ated anti gen such as HER2, HER3 or HER4

receptor; and fragnents of any of the above-listed
w@oiogpepri des. [96] Preferred antigens for antP@DURE9/042267

enconpassed by the present invention also include CD

proteins, such as CD3, CD4, CD8, CD19, CD20, CD34, and

CD46; nenbers of the ErbB receptor famly, such as the

EGF receptor, HER2, HER3 or HER4 receptor; cell

adhesi on nol ecul es, such as LFA-1, Macl, pl50.95,

VLA-4, | CAI\A-grQWWGANDrsEp@AMOnaBphmlHtmgtf@p‘zons mucégqs.EGF,and

al pha v/ beta3 integrin including either alpha or beta

Smrmck t@dshre MeORSF(dad GMaTRE (Beldedsd AlmnaidologgToligy S155-
anti - b anti bodi es); gr owth factors, such as

Vggﬁggh)ﬁpﬁe{ factor (TF); TG-b.; al pha |nterfer on

an i nterl eukin, such as IL 8; IgE;, blood

group anti ns e

receptor; g 11'{@3%%? eeﬁﬁg gzoﬁ,ﬁhe éé)?%ir §37C£|1L9/§5)21
rotein C etc Preferred antl odi e at can be. used
g[9§] ant i bodMegoglgnadpntibesy teghni bque OWgEiG‘he pdpctioargg
CD20, CD22, CD26, CD30, CD33, CD37, CD38, CD40, CD44
CoReificcrliginding agntintsformpst maneclepelangbediesy Partimyonty
receptor), EphB receptors, EGr, EGFRvIII, HER2, HER3,
t val kugwiabthe perdrel fghmiueres ot rhatingnmomacliabantibotiegr i ns,
VEG-, VEGFR, folate receptor (for exanple, FOLR),

t fn%ﬁﬁéé%lrﬂy' ithrh @R SRE Hice, F68 hafRfeAN\brQiny dthed Raniesl Wvivdihe h
bl nds to one or nbre tuerr associ ated anti gens or

2%%&5? %Bﬁ%@%trsﬁ%gﬁ’st R el $HLAREH, dnfigHR iE01Rll ok @8 No.
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 My?9 is a murine IgGa,
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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Publ i cati on No. 20080305044 and are incorporated in

their entirety by reference. [97] Additional exanples
w@B00eaB497bi ndi ng agents that can be used i ncl URPET/US2009/042267

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

-humani zed or fully human anti bodi es, selected from

but not limted to, huMy9-6, huB4, huC242, huN90l,

DS6, CD38, |G- 1R, CNTO 95, B-B4, trastuzunmab,

pertuzumab, bivatuzumab, sibrotuzumab, and rituxi mab

( 82d,to aegt. AMU. (faticiat Sivhilddys theSn@®0]oddllantibpdbamtBB% s and

7,342,1 10, U. S. Provisional Patent Application No.

6QMufinéd 2;1%2 whidhtbhdyab i@ 1 Padtieh oAPtdlBANader MAL, J.

02/ 16,401, U.S. Patent Publication Nunber 20060045877,

U t ent j ' I,
By ALl AR o e ORLRAAO ot o

al,.. 994),J Mol . Biol. 235 -973

(S Pl avhiges B e 3R B ARt S lor or
Sci ences, Vol 91 69-973, .supra, I t al.,.
oo plastic lopkemin, smiBUD ¢ arehodernTas & ke
. Cancer, 31A: 2385-2391 (1995), welt et al., J Ain.
Omoopclonad IgGaagibedothat igdstp, CRAaifovad e spallcely fung

Bl ood, 90: 2188-2195 (1997)); and -epitope-binding

f caginemh seldd aralndn detidiof sthsuimmoasofshe peFatndoFane originRoy
F(ab') 2 (Parham J Imunol. 131:2895-2902 (1983);
SerdiNg Mok, @dncerdInkirgBNobe-11453(1996)) ATB4 A abBiBédy thh Biadoiof

et al, Arch. Biochem Biophys.
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 analogues) or androgen (or androgen analogues),

respectively, as cell-binding agents.
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89: 230-244 (1960)). Additional cell-binding agents

i ncl ude ot her cell-binding proteins and pol ypepti des
we@x@aps4971 ed by, but not limted to: - Ankyri nPCEPSRNYI/042267

proteins (DARPi ns; Zahnd et al., J. Biol. Chem, 281,

46, 35167-35175, (2006); Binz, H K, Amstutz, P. &

Pl uckt hun, A. (2005) Nature Biotechnol ogy, 23,

1257-1268) or ankyrin-like repeats proteins or

syntheti c peptides described, for exanple, in US.

PBregse Publication Nunmber 20070238667; U.S. Patent No.

7 , 675; : ;
(I o onle 4 Sp MG e IR LRI
IL-2, IL-3, IL-4, IL-6; -h ; [ [

( I@W?%}Eqrwuﬂc AGINLS, o 6@3@%@? g’ge‘i’%ﬁ:s] a%lslerlnf’cl:%luc!olﬂpoug H
(el anocyt e-stinul ati ng hornone), steroid hornones,
sussifuldr therfrpatipant of sanger diraadesof chemethggapeutic agrnty s
folic acid;-growth factors and col ony-stinul ati ng

f actude alkylating agerEGRpciT@thimtepd-a@$Eyclipiosphamide GV CSF
(Burgess, |mmunol ogy Today 5:155- 158 (1984)); and

i S@‘ﬁ’[‘@ﬁ(@\mﬂ“}; {51KaEbat&tsuah as BusBifad, imphsuifar?4{d 932- 937

985)). [98] Monocl onal anti body techni ques allow for
t BpoRiRdUSti@ReQbuch 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 chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics,
such as the enediyne antibiotics (e.g. calicheamicin, especially calicheamicin
.gammaland calicheamicin theta [, see, ¢.g., Angew Chem Intl. Ed. Engl.

33:183-186 (1994); dynemicin, including dynemicin A; an esperamicin; as
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specific cell-binding agents in the form of nonocl ona
anti bodies. Particularly well known in the art are

wao ewbns4ques for creating nonocl onal anti bodi esPET/Os00®eH2267

by i mmuni zing mce, rats, hansters or any other manmma
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
akell abaetgednostitiatchermopmioroahdotlacdehtomaeproemomicdiyat
anti bodies is the use of phage |ibraries of sFv

( %ﬁ&ii&ic@ﬂ%rﬁofﬁ@}?h@@) EaclRBoaisins SREiabihy€ia) duthdamyein, sFv
{see, e.g., Giffiths et al, U S Patent No.

5 . 7921 f I
%ﬁ%@e&%@& %E@?%ﬁ*@gga‘e@%? Sh ROy R b
ce] | - bi ndi ng ent i.s e d
fm LR AL R B L e e
tar et ed, but ra t.i bodi es and
eBP&%@ebii?fﬂﬁ C‘P% ﬁ’éll‘ﬂgsmt’lﬁ’gdé‘éﬂ‘g‘é’foéu%?@f erred, if an
appropriate one is available. [100] For exanple, the
moyeeionetioliantdokepicisy 3-mgrolinpdexpribiczad ant i body
that is specific for the CD33 antigen found on Acute

Miedsgidoxdrabiki); epiriBivin), eserhbisin( Magubétin,aharcdlongain,
77:2404-2412 (1991)) and can beused to treat AML

Palth@ptia heoli aciigo ARG el BEV BN @Rtin; B4
is a Sr)rdr?r??cggq, 1Wﬁ(lnch binds to th?a %651995%1& geln on B

aﬁéﬁfﬁo&l}%ﬂ' rﬁ%oﬂéwe C{Uﬁ E‘&igrutﬂ;f;ﬁé %fegt&g)é}nﬁ 1983))

can e e target ce cell s or

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
glycoside; 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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di seased cells that express this antigen such as in
non- Hodgki n' s | ynphoma or chronic | ynphobl astic
wo ewwkasdozr Similarly, the antibody N901 is a nRET/IE2009/042267
nonocl onal 1gG antibody that binds to CD56 found on
smal | cell lung carcinoma cells and on cells of other
tunors of the neuroendocrine origin (Roy et al. J Nat.
Cancer Inst. 88:1 136-1 145 (1996)), C242 anti body
that binds to the CanAg anti gen, pertuzumab,
t mitexantomedmorpidemel; nidsicrive; HERRAtAG, PhapametnpirarwigFin,
receptor antibody. [101] Additionally, GwWCSF, which
bpsibphiltinitieldyRebtisghy diazidan privarhasing, BSK Y ramixandirhidoxig;
agent to diseased cells from acute nyel ogenous
ﬁﬂ&ﬁ%-asfpirbger%anm;%ulat&%a&@; wigkifyeeed, T-cell's, can
r

I
be used for prevention of transplant graft rejection,

f ?’rZ"-ttna{l&%Yri arﬁ{n%vﬁﬁhj)tﬂgce‘ﬁ%s g%@%cga1l¥[ef-e :{?X_IF QRYracyrin A,

dr§easée, an or tréeatment o -C ‘eukem a.
MBH, .. whi ch binds to | anogyt.es,, can be used for.the
A aad grefidnsh SranEs PR e g SRR HRRPorbRlin e
folate receptor expressed on ovarian and,other ncers
i mitgpbrogital; §l!ﬂi0ia&mléplﬁ%‘?rmePWﬁ@S%@;&Wmesl%!]] X&ﬁ(@er s
of the breast and testes can be successful |y targeted
wiydhorhesphagede; (ldotepssttaxsids, e gnpacdignxek(T Ak OhndBagielnMyets
andr ogen anal ogues), respectively, as cell-binding
agQuiibs Obcelogy, [PHRdtoRyNJY ahidoxatae] (RANOFERHT, Rhene-

present invention include
Poulenc Rorer, Antony, France); chlorambucil; gemcitabine; 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin
C; mitoxantrone; vincristine; vinorelbine; navelbine; novantrone; teniposide;
daunomycin; aminopterin; xeloda; ibandronate; CPT-11; topoisomerase
inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoic acid;
capecitabine; and pharmaceutically acceptable salts, acids or derivatives of
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, LY117018,
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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chenot herapeuti ¢ agents. "Chenotherapeutic agent” is a

chem cal conpound useful in the treatnent of cancer.
waEx@opbe37 of chenot herapeuti c agents incl ude aP&yUS10091042267

agents, such as thiotepa and cycl ophospham de

(CYTOXAN(tm)); al kyl sul fonates such as busul fan,

i nprosul fan and pi posul fan; aziridines, such as

benzodopa, carboquone, meturedopa, and uredopa;

et hyl eni m nes and net hyl anel am nes i ncl udi ng

aDtiee tidthdiBerapdutietabyrte han®Indsd used with the present invention are

trietyl enephosphoram de, triethyl enethi ophosphaoramnm de

a&"ﬁg?l&édqﬁt[fyﬂhﬁhi‘é%m NRI0SELANIEN URPULESARGING.| ¥
bul 'ataci n and bul | ataci none); a canptotheC|n

E?WOFS%&@ 3515% 1%9(%12?&'&% %@iéiroegxgﬁ?t% ‘88 Iféglgél ts

b gues): Inia?éxéf R P PP By ci n 1
and cr ptophyC|n 8); dolastatln duocar nyci n

(@Sﬁ@m@ﬁy sanadl meoleqpig draes- cAa smplbgipkecul qd}vl@ Tigyropdly used

CBI-TM); el eutherobin; pancratistatin, a
shereindod mfgm to;anspgeamig, staaganic, on ptgaugmntaﬂwsmamgn@ thehmay
chl oranbuci |, chl ornaphazi ne, chol ophospham de,

ehdvearmislebule: weibsdfant ekampietid orisddandreanitably from 120
mechl or et ham ne oxi de hydrochl oride, nelphal an,

nRVetal £bRAbyARSA 9@@ & 1 019, aR! §PRLINALVIREa molecular weight
trofosfan1de uraci | nmustard; nitrosureas such as

Caf IS }151{] Souf lP(!)(SU 0%8519& le%rl? ttl’lJH?lve tf?)rﬁlé‘ﬁ{:?]rﬂﬁass

t Ine, ranl nmus ics SUC

e edl ygtgqﬁ% 21}1%1' g‘éh%} i)lomoqecu%s haxz/ailné %Qr?o ecular Welghsf %? fess l(ha}é

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.

[106] The cytotoxic agent may be any compound that results 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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.ganmal and calicheamicin theta |, see, e.g., Angew
ChemiIntl. Ed. Engl. 33:183-186 (1994); dynem cin,

WO pwbasiony dynemi cin A, an esperani ci n; aswel | PEBUS2009/042267
neocar zi nostatin chronophore and rel ated chronoprotein
enedi yne anti obi oti c chrononophores), acl aci nonysi ns,
acti nonycin, authranycin, azaserine, bleonycins,
cacti nonmycin, carabicin, carm nonycin, carzinophilin;
chronmonyci ns, dactinonyci n, daunorubicin, detorubicin,
6H@7hz0- 5- oRefdrred cywteiin agentiore malytansinoidi cogipadidsgtaxane
nmor phol i no- doxor ubi ci n, cyanonor phol i no- doxor ubi ci n,
2cdiipdualls, TE-d0sDEdb cinds, dadndteixntoxpouldstind)doxorubicin
epi rubi cin, esorubicin, idarubicin, marcell omycin,
n+5 44l %grrg%%&%ﬁﬁ%ﬂiﬁe Bihcds, cARIRAANY . Ruristatins and
ol I vormyci'ns, peplonycin, potfironycin, puromnycin,
quel anyci n, . rodor ubj ci L QL r oci n,
AT R TR o3 SRR I s BRI
anti-met abolites, such as nethotrexate and.
5U08Li0r our aPher pyoteyic agepis; %’ﬁlﬁg PEE TR BPSSSRAELY SRk h as
denopterin, nethotrexate, pteropterin, trinmetrexate,
pupolegules suetoepssiRNde Arezasof gngermpagseh withiL the seoRs 06 B i ne,
t hi am prine, thioguanine; pyrimidine anal ogs such as,
ainsfahiinvergiona Fac exangileysjRI§As zaubd liiled to thaeraresslinkers of
cyt arabi ne, di deoxyuridine, doxifluridine,
efhe Prdsami iftfentibh ©X Widtkbdi€omndnll uddoofe Adifioatdbn ab
cal ust erone, dronostanol one propionate, epitiostanol,

THSABE koL BTG o a0t

;?@J‘ég L?;%‘é; ’mT esctﬁe giil\fli ﬂl %’ or%c—lpﬂbsp%‘c‘sﬁ)gllliaftg Rftm 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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gl ycosi de; am nol evul i nic acid; ansacri ne;
bestrabucil; bisantrene; edatraxate; defofam ne;
waletweadioct ne; di azi quone; el fom thine; elliptiPCTES2009/042267

acetate; an epothilone; etoglucid; galliumnitrate;

hydr oxyurea; |entinan; |onidam ne; maytansinoids, such

as mayt ansi ne and ansanm toci ns; mtoguazone;

m t oxant rone; nopidanol; nitracrine; pentostatin;

phenanet; pirarubicin; podophylllnlc aci d;

2paohy| hydr Bxzamigles pf oidtable axzayta@st@Kémc)luderra@émml and

rhi zoxi n; sizofiran; spirogermani um tenuazonic acid;

t ﬁia?ﬁhﬁﬁ&%alogueszEx&ﬁ les bLduitableidyeinbinbharialgues include

tri chot hecenes (espeC|aIIy T-2 toxin, verracurin A

r Qlokdl a[bufgn&‘%dﬁﬁa%&hﬁﬁ) nng‘%ﬁttﬁé’s@ haVin@‘iiﬁoﬂlﬂ&tlons at other

dacar mannonusti ne;” mtobronitol; mtolacto

plgopronan gacyt osi ne; arabi nosi de ("Ara C;
36ﬁ05phan1de t hi ot epa; taxoids, e.g. paclitaxe

T et S G oo Bt

Rorer, Antony, France); chloranbucil; gentitabine;
6amﬂdﬁ@ﬂ¢aﬁ®m§icmt§1&bﬁépurl ne; methotrexate; platinum
anal ogs such as cisplatin and carbopl atin;

vi nbl ast i ne(1)il-a9-dechiprodtdh detetie NeVR256,8346) (pfepatd by de;
m tomycin C, mitoxantrone; vincristine; vinorelbine;

Naxe! Ridi&iontTvastnieRRei Pgni posi de; daunonyci n;
am nopterin; xeloda; ibandronate; CPT-I

t opoi somer a d Bh. 'h?!hto%/ é%F(,Sz@QﬁPheth y1) +/-C- 19-dechloro (U.S.

difluoronet | omt hi ne O; ret|n0|c aci d;

BRGE Ao o %ecz%%gf%z@;@ae%@%eﬁzwzc@%%@ﬁﬂ s
! .rslt(;le;lajtgi%gcels rc]>r tArc]zl‘zgongyecfer QII' éeicﬁﬂ)rﬂalgt?ona&]stullg ngﬂpar}l%l agents
(3) C-20-demethoxy, C-20-acyloxy (-OCOR), +/-dechloro
(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 P2S5);
(2) C-14-alkoxymethyl (demethoxy/CH20R) (U.S. Patent No.
4,331,598);
(3) C-14-hydroxymethyl or acyloxymethyl (CH20H or

CH20Ac) (U.S. Patent No. 4,450,254) (prepared from Nocardia);
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that act to regulate or inhibit hornone action on
tunors, such as anti-estrogens including for exanple

wao 20003492, ral oxi fene, aromatase inhibiting PCT/US2009/042267
4(5)-1im dazol es, 4-hydroxytanoxifen, trioxifene,
keoxi fene, LYl 17018, onapristone, and torem fene
(Fareston); and anti-androgens, such as flutam de,
ni | ut am de, bical utam de, |euprolide, and goserelin;
si RNA and pharnmaceutically acceptable salts, acids or
deri vati ves(dfC-afrhyddoxy/aeylakiodé SCPatent NchdrBd 866 ppeut i ¢
agents that can be used wth the present invention are

diprehR&EBY ih8 cbivdrsibh bEbitansihél by XARBEALEHO or US
ngﬁécation No. 20080305044 andyare i ncorporated in

their entir @gt-Py-nLeztﬁg&pﬁ@?ﬁPaE %Ls.'@l%,%%a%ﬁlﬁy9z9>

enbodi nent, " chenot eutic drugs are essentia

spal.| | ecul e.drugs. A "small nolecule drug" is
blggﬁFg%ﬁgbﬁﬁﬁ%?%Wﬁﬁgg’refer to an organic, inorganic,
or organonetal | i ound t may have a | ecul ar
wei ght of f C‘éigﬁfﬁ%}?‘ﬂtﬁg‘ qjog%@é@t r‘}e?@uﬁ};’éﬁy from
120 to 1200, favorably from 200 to 1000, and typically
h&2Rg4%) (prspersd|barthevdérasthylation elsmaytausindg by trenioomees);
Smal | nol ecul e drugs of the invention enconpass

ohndyopept i des and ot her bi onol ecul es having a
nol ecul ar wei ght of |ess than about 1000. Snal

nol ecul e dr gzga,&aa&) Uls. chamaRbes BZEE33)Aplepareaby thesuch
as in WO05058367A2, European Patent Application Nos.

e

ePltli35 ety bnylee ];yenrt}?eg?sedf 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] Maytansinoids 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.
[115] Specific examples of N-methyl-alanine-containing C-3 thiol
moiety maytansinoid derivatives useful in the present invention are
represented by the formulae M1, M2, M3, M6 and M7.

CH,

0
PPN
rl\l (CHz)SH

H
CH,

nmng

May
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[105] Preferable small nolecule drugs are those that
allow for linkage to the cell-binding agent. The

WO pwens49on i ncl udes known drugs as wel |l as t hoRET/UBBINI/ 042267
may become known. Especially preferred snmall nol ecul e
drugs include cytotoxic agents. [106] The cytotoxic
agent may be any conpound that results in the death of
a cell, or induces cell death, or in sone manner
decreases cell viability, wherein each cytotoxic agent
conprises a thiol noiety.[107] Preferred cytotoxic
agents are maytansi noid conpounds, taxane conpounds,
CC- 1065 conmpounds, daunorubi cin conmpounds and
doxor ubi ci n conpounds, pyrrol obenzodi azepi ne di ners,
cal i cheam cins. Auristatins and anal ogues and
derivatives thereof, me of which are descri bed
bel ow. [108] Other cytotoxic agents, which are not
necessarily small nol ecul es, such as si RNA, are al so
enconpassed within the scope of the instant invention.
For ex¥RPEEL si RNAs can be |inked to the crosslinkers
of the present invention by methods conmonly used for
t he nobhsfandetegaof fonol igbhasd eot i des (see, for
exanpl e, US Patent Publications 20050107325 and
200702h3¥ %29 maytausindiie siRNA in its 3' or
5' -phosphorom dite formis reacted with one end of the
crosslinker bearing a hydroxyl functionality to give
an ester bond between the si RNA and the crosslinker.

Simlarly reacfion ®f the si RNA phosphoram dite with a
crosslinkgr bearing aTte%ninal ani no

N CH—CH—(CHy),SH
Ho |
CHs

H

o

May
M2

wherein:
R; and R, are H, CH3 or CH,CHj3, and may be the same or different;
mis0,1,2or3;and

may is a maytansinoid.

3”""'0

M3
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group results in linkage of the crosslinker to the
si RNA t hrough an am ne. siRNA are described in detai
WO pooJ18197Pat ent Publ i cati on Numbers: 200702754B61/US2009/042267
20070213292, 20070185050, 20070161595, 20070054279,
20060287260, 20060035254, 20060008822, 20050288244,
20050176667, which are incorporated herein in their
entirety by reference. Maytansinoids [109]
Mayt ansi noi ds that can be used in the present
invention are well known in the art and can be
i solated fromnatural sources according to known
nmet hodgh&kinpr epared synthetically according to known
met hods. [ 110] Exanpl es of suitabl e maytansinoids
i ncl udg: - i gBayiqansi nol anal ogues.
Exanplzé olhgggvggkgﬁgggthnsinol anal ogues i ncl ude
t hose having a nodif.i.ed aromatic ring and those having
modi f i BAY ISHRARANNdr positions. [111] Specific
exanpl es of suitabl e anal ogues of maytansi nol having a
nodi fied aromatic ring include: (1) C 19-dechloro
(U . S. Patent No. 4,256, 746) (prepared by LAH reduction
of ansamtocin P2); (2) C 20-hydro (or
C- 20-denet hyl ) +/-C-19-dechporo (ULS. Patent Nos.
4,361,650 and 4, 307,016) ( byClettet hyl at i on
usi ng Streptonyces orYoAgt i or dechlorination
usi ng LAH); and x,o N

MeO
M6
wherein:
lis 1,2 or 3;
Yo is Cl or H; and
X3 1s H or CHs.
CHy O
0 P
) l{\l CH-CH-(CR3R,),SH
O  CHs
Maf/
M7
wherein:

Ri, Ry, Rs, Ry are H, CH; or CH,CHj3, and may be the same or

different;
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(3) C 20-denet hoxy, C-20-acyloxy (-OCOR), +/-dechloro

(U.S. Patent No. 4,294,757) (prepared by acyl ation
waigiong3acyl chlorides). [112] Specific exanpl eBCD1S2009/042267

sui t abl e anal ogues of maytansi nol having nodifications

of other positions include: (1) CG9-SH (U. S. Patent

No. 4,424,219) (prepared by the reaction of

mayt ansi nol with H2S or P2S5); (2) C 14-al koxynet hyl

(denet hoxy/ CH2OR) (U. S. Patent No. 4,331,598); (3)

C- 14- hydr oxpriedhy,l2 @r3; asy| oxynmet hyl (CH20H or CH2OAC)

(U.S. Patent No. 4,450,254) (prepared from Nocardi a);

(4) C—l5-hygﬁ?§yd§ﬁykﬁ§Mﬁﬁu.S. Pat ent No. 4, 364, 866)
(prepared by the conversion of maytansinol by

AR S Sk LAY e S5 o

nudiflora); .(6), C.18: N-denet.hyl (U. S . Patent Nos.
AiiSicsy BeansioH O35 s KT8 o BEey v ToH ard
denet hyl ati on of mayt ansi nol. by Streptonyces); and (7)
4repregerieq by thedorrplaa M4 3gd M2, 371, 533) (prepared by the
titaniumtrichl oride/ LAH reduction of maytansinol).
[113] The synthesis of thiol-containing maytansinoids
useful in the

3""'"0

M4
wherein:
ois1,2or3;
p is an integer of 0 to 10; and

may is a maytansinoid.
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present invention is fully disclosed in U S. Patent
Nos. 5,208,020, 5,416,064, and U. S. Patent
wao\ppbitzari on No. 20040235840. [114] Mayt ansi noPABUSE0D$1042267
a thiol noiety at the C3 position, the C 14 position,
the G 15 position or the C 20 position are al
expected to be useful. The C3 position is preferred
and the C-3 position of maytansinol is especially
preferred. Also preferred are an
i V-nmet hyl -al ani ne-containing C-3 thiol noiety
mayt ansi noi d, and an i V-net hyl - cysSHel ne-containing G 3
thiol noiety maytansinoid, and an Hgg@es of each.

[ 115] Specific exanples of

i V- et hyl - al ani ne- cont ai ni ng %I/\ihmcﬂﬂ\mngtt%

mayt ansi noi d deri vati veg, sefql tlhe present
invention are repr?sentd o\ he d:)rrrul ae M, M2, M3,
M6 and M7. M wher el intdgdrof from1 to 10;
and may is a maytansi [ Rl and R2 are

H CH3 or CH2CH3, and ne & oo different: m
is 0, 1, 2 or 3; and may\i s g t ansi nqi d.
= NAH O
MeO
M5
wherein;
ois1,2or3;

q is an integer of from 0 to 10;
Y, is Cl or H; and
X3 is H or CH;.
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

7,276,4917.

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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MBwherein: n is an integer of from3 to 8 and may is

a maytansinoid. M6 wherein: / is 1, 2 or 3; YO is O
woeoobt134amtd X3 is H or CH3. M/ wherein: Rl, R2,PERBUSIRA9/042267

are H CH3 or CH2CH3, and may be the sane or

different;mis O 1, 2 or 3; and may is a

mayt ansi noi d. [116] Specific exanpl es of

N- net hyl - cystei ne-containing CG3 thiol noiety

mayt ansi noi d derivatives useful in the present

i nvention are reprie§ent ed byokhe fornulae M4 and M.

M4 wWerein: o is 1, 3;

R4

T1
[119] Four embodiments of these novel taxanes are described below.
[120] In embodiments (1), (2), (3), and (4), R; R;’, and R;” are the

same or different and are H, an electron withdrawing group, such as F, NO,,
CN, Cl, CHF,, or CF; or an electron donating group, such as -OCH3,
-OCH,CHjs, -NR7Rg, -ORg, wherein R; and Rg 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 R7 and Rg is 1 to 4. Also, preferably R; 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. Ry is linear, branched or cyclic alkyl

having 1 to 10 carbon atoms.

[121] R; preferably is OCH3, F, NO,, or CFs.
[122] Also preferably, R; is in the meta position and R;” and R;”’ are
H or OCH3j.
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pis an integer of o 10; and may is a
mayt ansi noi d. M6 wherein: ois 1, 2 or 3; g is an

wo paoege7pf fromO to 10; YO is O or H and XBCT/BSH09642267
CH3. Preferred maytansi noids 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 al so be a taxane. [118] Taxanes that can
bp28ped i n Rhi giteslenénts (Ve) (4 as &1, helerocydil, hiliedart o
contain a thiol noiety. Sone taxanes useful in the

PHERERY, b} m Lo& Hhane £dae 1 @1 0vhBod htoiR@Meterocyclic, a
beI ow. | 1197 Four enbodi ments of these novel taxanes

( ea§j %%%{ quf %r ?g&l&%he{r %ggxbg E%,p? . e %r?at()ﬂi)s or£2) .

e sane or

LS R R S &%ﬂ%‘rfwﬁ&% o
donati ng grou such as -.0CH3,

different and are H, linear alkyl havmg from 1-6 carbon atoms, branched, or
cyclic alkyl having 3 to 10 atoms or simple or substituted aryl having 6 to 10
carbon atoms. For esters, preferred examples include -COCH,CHj; and
-COCH,CH,CHj. For ethers, preferred examples include -CH,CH3 and
-CH,CH,CHj3. For carbamates, preferred examples include -CONHCH,CHj, -
CONHCH,CH,CH3;, -CO-morpholino, -CO-piperazino, -CO-piperidino, or -
CO-N-methylpiperazino.

[124] R, in embodiment (3), is a thiol-containing moiety.

[125] R; in embodiments (1), (3) and (4), is aryl, or is linear,

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

-CH,CH(CHz),.

[126] R3 in embodiment (2), is -CH=C(CHj3),.

[127] Ry in all four embodiments, is -OC(CH3); or -C¢Hs.

[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).
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-OCH2CH3, -NR7R , -OR9, wherein R7 and R8 are the sane

or different and are |linear, branched, or cyclic alkyl
w@e@apsohaving 1 to 10 carbon atons or sinpl e BCT/US2009/042267

substituted aryl having 1 to 10 carbon atons.

Preferably the nunber of carbon atons for R7 and R8 is

1to 4. Also, preferably R7 and R8 are the sane.

Exanpl es of preferred - NR7R8 groups include dinethyl

am no, diethyl am no, dipropyl am no, and di butyl

a[i3op, wher R; irhemimdimentr(s), dbythe samedefoditipn anaboye for R,

secondary, tertiary or isobutyl. Ris |inear, branched

0 ' Peumidng) dnd R i5Q tBRI Betetat ons. [ 121] Rl
ofor GHfbol a0}, PPHIATE) Sad R B R B o oo

D bl y, gl . . ) o
S O G ple R R EE SR A R coRlihie
(4), is het er ocycl i c., | i near,. branched, or cyclic
eg%’éerty ngﬁzﬁéﬁ#?om%%@g eTg%I&eaVlB% PO or

het erocyclic, a _linear, hranched, or cycl.ic.ether
hEM2hg fromlhe side ghrit sarpong theghiol potely gaé‘r}if;lﬁ’&?”eorof t he
formula -CONR ORn, wherein RLO and Rl 1 are the same
obrad¢Helearematianuheieracylic| Qnsanf ogdirgry skidhinilep arf enm readily
carbon atons, branched, or cyclic alkyl having 3 to 10

aldefifyasuitablepide chains uisicificutxathphes i tHielvhoigtiés indud®
carbon atons. For esters, preferred exanples include

- - OREH2 : { cef(ernysH,
o e e s Mgy P
CHLRAIR CR), BT el e, exenp,L e, IoNRIECHHIHICH2CH3 -

-CONR 2(CH,),CH(CH3;)SH, or -CONRi»(CH>),C(CH3),SH, -CO-
morpholino-XSH, -CO-piperazino-XSH, -CO-piperidino-XSH, and -CO-N-
methylpiperazino-XSH wherein

X is a linear alkyl or branched alkyl having 1-10 carbon atoms.

Ry, is a linear alkyl, branched alkyl or cyclic alkyl having 1 to
10 carbon atoms, or simple or substituted aryl having from 1 to 10 carbon

atoms or heterocyclic, and can be H, and

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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CONHCH2CH CH3, - CO- nor phol i no, -CO pi perazi no,
-CO pi peridino, or - CO JV-nethyl pi perazino. [124] R
WO pooerrbdi mrent (3), is a thiol-containing noi epgT/UFDASP42267
R3 in enbodinments (1), (3) and (4), is aryl, or is
i near, branched or cyclic alkyl having 1 to 10 carbon
atons, preferably -CH2CH(CH3) 2. [126] R3 in enbodi nent
(2), is -CH=C(CH3)2 [127] R4 in all four enbodinments,
is -OC(CH3)3 or -C6H5. '[128}%3'? i n enbodi nents él) and
(BB5]i s a tBkahplevef evichi¢ allfylsondude aristprryhayciohetybanme
definition as above for R2 for enbodinents (1), (2)
actldpéntyl pdP&fcldReayld R6 i n enbodi nent (3), are the
same or different, and have the sane definition as
apeep for RExdmplecompabrermyls idclide phényland nbghth{l130] R

in enbodi nent (4), has the sanme definition as above

O ST s g 4 s s
Ao e nad® sl Rt Bt BRI P ™

chai.n carrying the thi oLf noi ety can be |inear, or

bF dHER EEPUPErBREP BEOUBS SHEDRIF e @rowps: earkoxyfic a¢idignatmy,
skill in the art can readily identify suitable side
chdronsy, greppeorfalkoxyxeaoyses of thiol noieties include
-(CH2) nSH, - CQ(CH2) nSH, - (CH2) nCH( CH3) SH,

- A38TCH2) nCHELAARIEbHT 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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- (CH2) nC( CH3) 2SH, - CQO(CH2) nC(CH3) 2SH, - CONR12( CH2) nSH,
-CONR 12(CH2) nCH(CH3) SH, or -CONRi 2(CH2) nC(CH3) 2SH

WO a0a0s4mol i no- XSH, - CO pi perazi no- XSH, PCT/US2009/042267
- CO pi peri di no- XSH, and - CO Nnet hyl pi perazi no- XSH
wherein X is a linear alkyl or branched al kyl having
1-10 carbon atons. R12 is a linear alkyl, branched
al kyl or cyclic alkyl having 1 to 10 carbon atons, or
sinple or substituted aryl having from21 to 10 carbon
aorssubstitheite (g ymbhe, diant tdanbdiguttdn el phengl i)
integer of O to 10. [133] Exanples of linear alkyls

| il FeoviBS fhdkther @hdams for REIABYihg alAUiid, topieiny.yOnaofl
hexyl . [134] Exanpl es of branched al kyl s i1 ncl ude

SARGREHY 1 AR ot oo S B Pl MG o oREMY
9 G angrn e aaies (RNl ofitEe SRSRhBPE
S | ncl ubie RS, liEo by FRBERSERS B BEAVESon
sdubst it lflt ed with al kyl %irloups,_t W th h2.| ogens, .OSliJCh tas
nereBs the cytetaxiopeeriypwhile srhsttugion gpdic Parg Hosiior 19R4td
groups, carboxylic acid groups, hydroxy groups or
abdgRxted @6 diepease 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
hexamethyldisilazane (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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[ 138] Exanpl es of heterocyclics are conpounds wherein
the heteroatons are selected fromO N, and S, and

w0 p@basiw7nor phol i no, piperidino, piperazino, PCT/US2009/042267
i V-et hyl pi perazino, pyrrollyl, pyridyl, furyl and
t hi ophene. [139] The taxanes having a thiol noiety can
be synt hesi zed accordi ng to known nethods. The
starting material for the synthesis is the
commercial l'y avail abl e 10-deacetyl baccatin Il1. The
c hetassium yhipasetate angdmeamentiitusild bisstarhydoxglamine) will
described in several publications (Gim et al, J Med.
Chevide3Re 3&H2d ABOBcdniANGY taxGhé.ma et al ., J Med. Chem
40: 267-278 (1997); Gima et al., Proc. Natl. Acad.

96: 425 1
aﬁ%«’b S. Patﬁgﬁlt%%va} &ﬁgheslﬂe'd ggd&?ﬁgggﬁlﬂ\%ﬁe&sﬁgﬁfgg uent

t h t
st e%’%“"*ﬂ“lﬂ%@‘@%@‘%a&aﬁ?? b‘f&ﬂgﬁég 2‘6**#0 st
desired toxicit obt d Further gree
OB N e S ED BT ﬂgﬁ’sﬂbf‘?% SRER T 0
achieve a desired toxicity is, .the phenyl rlqp
cRAfassHe ﬂaﬂ@e@mﬁ}defugtbwrwea@ﬂg §S desciibed abgie will grovidey
tri-substitution of the phenyl ring) which provide
athetthiel-corsainggftorana cee imfpred tewidsede thosd ddseyybeddnd). 5f
ordinary skill in the art can determ ne the

appeaNoabS40/760] 63012, 748; 61436J901 ; 6F39GTEV; 6IVO6APRy opri at e
position for R using only routine experinmentation.

[ 260%,950r7 £xem9l #d 1 RA90ON W t hdraw ng groups at the

rreta pOSItI on

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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i ncrease the cytotoxic potency, while substitution at

the para position is not expected to increase the
w@owenssy7as conpared to the parent taxane. TypPCHUB3009/@42267

few representative taxanes with substituents at the

di fferent positions (ortho, nmeta and para) will be

initially prepared and evaluated for in vitro

cytotoxicity. [142] The thiol noiety can be introduced

at one of the positions where a hydroxyl group already

efbmitthe anbiezuehpublished/(etg, Wartebadki thad, X dMddo Ggeny dr oxy

groups, while reacting the desired one, has been

des694-ber(1988) D0 Bokyr dtSBET. (rar CRAANGD; 6654-6661r, 206T, &hSes
cited supra). The substituent is introduced by S|nply

f r t 1
i T

Cpart O el T s o ORI R R RIS o b Dyen

hydroxyl group is deprotonated by treatnment with the
cBPMgferci al | y-avail abl e reagent 1ithium
hexamet hyl di si | azane (1.2 equival ents)

t Bdohhydr of GEalP6atanalogurs castainirg? tlb@dnmﬂtyqan g agy offhe
(1999), supra. The resulting al koxide anion is then

r Aok Mistibura of ¥eefeamulbie A-Hi{ GRI (Cyctoppanyh dormg hiok-2as
dibronnethane to give a halo ether. Displacenent of

PH@ILRGEMetiy! Tord)1, m-gl{cﬁlxcz@a@bpplrfom)}hm As{OBI

oacetate and treatment wit ml d base or

h (EHI?M J)Valé}ﬁlg\ﬂn?gd (lﬂgean%ﬁﬁé 86hd from the
i ol-con a|n| taxan Al'ternatively, the
dseg(’:lorrx ary Q}ﬁ%{ooé%up of &€ %yr%gfg: mo1et§l tf?}ge A'sﬁlgumt to the C-2
carboxy group of either a B subunit of the formula F-1 or a B-C subunit of the

formulae F-3 or F-7.

A subunits

A-2

B and covalently bound B and C subunits
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directly by reaction with an acyl halide, such as

3-bronopropi onyl chloride, to give a bronp ester
wor@®phaenent of the bronmo group by treat ment BET/IIS2009/042267

pot assi um t hi oacetate and further processing as

descri bed 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 cyth %

accordlng tq the present invention nmay al se=se a

CC- 1065 analégue [145] Accordhng to the \ SALR,

s s it~ "¢l osed
cyclopruoyl rmfer in itswgpern/chiroronethyl form or
the closely _elateg,gB [ lycl opropyl benzi ndolge,
unit) in the close ycl opropyl formor the open
chl oronet hyl form The B and G subunits of CC- 1065
anal ogues are very simlar agggfre 2- car boxy-indol e
Jvatjves. For activity,
éed at | east one such

2- car boxy-i ndol e subuni 2-carboxy-benzofuran
subuni t, %, (1.e., B-C render the
analogue moye pr s obvious fromthe natura

Ry F-7

wherein each W 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 R, which may
be the same or different, are hydrogen, C, -Cs linear alkyl, methoxy, hydroxyl,
primary amino, secondary amino, tertiary amino, or amido; and when R4 is a
thiol moiety, R, Ry, Ry, R3, R4, Rs and Rg, which may be the same or different,
are hydrogen, C; -Cj 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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31:590-603 (1988), D. Boger et al., J Og. Chem 66;

6654- 6661, 2001; U. S. Patent Nos 5, 739, 350;
WG2®803008; 6.310.209), the B and C subunits ceCI/EE®09/042267

carry different substituents at different positions on

the indole or benzofuran rings. [146] CC- 1065

anal ogues containing a thiol noiety can be any of the

following A subunits of the forrmulae A-I {CPI

(Cycl opropyl form}, A-2 {CPI (Chloromethyl form},

AclBofiGBitoidy &-d prdb Pyt suboiniy $an berraplaced W]@Bgnother suitable

(Chl oronethyl form} covalently linked via an am de

bedidgent om t he secondary ami no group of the pyrrole

noi ety of the A subunit to the C- 2 carboxy group of

eptthﬁr a B Bubsefcirelenibd@intdt, RUbl R* dre @iioBmbBretiesaduRyi t
of the formulae F-3 or F-7. A subunits B and

o e B S A R
ahardenes g R BRS e BB 1 o moi ety in
OBy, el IR ey el FRborebyt SRR Rl Lo R
whi ch may be the sane or different, are hydrogen, Cl
- QHCOGH) S k)YHC el S 9 SRETH2)8H: aigd  Bni no,
secondary am no, tertiary am no, or am do; and when R4
| §CH,);SH, -NH(CH,);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 ethylpropyl 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’ is not a linking
group, include C;-Cs linear or branched alkyl.
[154] 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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thiol noiety, RR Rl, R2, R3, R4, R5 and R6, which nmay

be the sane or different, are hydrogen, Cl -C3 linear
wa@bdogh349met hoxy, hydroxyl, primary am no, secOoPUED$2009/042267

am no, tertiary amno, or amdo, and R is NH2, alkyl,

O al kyl, primary am no, secondary am no, tertiary

amno, or amdo. In addition, thechlorine atomin A-2

and A-4 subunits can be replaced with another suitable

hal ogen. [147] In a preferred enbodiment, R and R are

t [156] noi et Thsatvd-descrived (R21 @6 Seangghesmdy beisalatddrirom

anot her preferred enbodinent, R and R are thiol

NRAtBal SSur@RAnRinctivdRGorahéir paphratiyeliegsving kdkk8uednn an
especially preferred enbodinent, Ror R4 is

- / " 5 - and

R LR D R T R A e

[ i 1t0.10, I '

ArRERe] EF e WS POT R R i asa sRIGIEDY
ine. [150] Ex I f ) ' Lncl

et CariPAS ety s AGCHNA g1 PGB Sa 092

[151] Exanples of tertiary am nes include_trinethyl

B BiSABA99:5, GROESAS: BADAECUIB R Iy 6156357 89 T ORLEHY |

am ne. [152] Exanples of am do groups include

N- et hyl acet am do, N-nethyl - propi onam do, N acetam do,
abdubbrpbiopi/ Doeorublioin 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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[ 153] Exanples of alkyl represented by R, when R is
not a linking group, include CL1-C5 |linear or branched
W@bkdyh349f154] Exanpl es of O al kyl represent ed BYT/BS2009/042267
when R is not a |inking group, include conpounds
where the al kyl noiety is a C1-C5 linear or branched
al kyl . [ 155] The above-descri bed CC- 1065 anal ogues may
be isolated fromnatural sources and nethods for their
preparati on, |nvoIV|no subsequent nodification,
: ibi nati on of both are
pat ent nos. 5, 475, 092,
d,xCC- 1065 anal ogs
'at@nt Nos. 5, 475, 092;
660; 6, 586, 618; 6, 756, 397
3 Doxor ubi ci n Anal ogues [ 156]
The cyt ot —ccordlng to the present invention
may al so ¥ a @aunoﬂﬁb|0|ﬁ anal ogue or a doxorubicin
anal ogue. [157] The daunonqubicin and doxorubicin
anal ogues of t e nvention can be nodified to
conprise a thiol [158] The nodifi ed
doxor ubi ci n/ daunor{ubi anal ogues useful in the
present inventionohgve th fornula D shown

bel ow. wherein, X is Hor Yis Oor NR2, wherein R2
is linear or bran having 1
D1
wherein,
X is H or 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 1 to 5
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 NCHj3. In another preferred
embodiment, R’ is —O.
[160] In an especially preferred embodiment, the thiol moiety is
-(CH,)sSH, -O(CH,),SH, -(CH,),CH(CH3)SH, -O(CH,),CH(CH3)SH,
-(CH,),C(CHj3),SH, or -O(CH,),C(CH3),SH, wherein n is an integer of 0 to

10.
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to 5 carbon atons; Ris a thiol noiety, H or liner or
branched al kyl having 1 to 5 carbon atons; and R is a

W biool1349071 ety, H, or -ORi, wherein R is |ineaPCDDS2009/042267

branched al kyl having 1 to 5 carbon atons; provided
that Rand R are not thiol noieties at the sanme tine.
[159] In a preferred enbodinent, NR2 is NCH3. In

anot her preferred enbodinment, R is -O [160] In an
especially preferred enbodi nent, the thiol noiety is

-(164R) NSH, EXnfptes ofSht; lindaCbiPhratiieddByy$Having 1 to 5 carbon
- )NCH(CH3) SH, - (CH2) nC(CH3) 2SH, or

i%ﬁg%%ﬁé%é@p ll%'eigl:’ %W R} MndludeSméthy]l, B!h@g leralﬁy]p to

R S A S
Al AN N
p;%LiggVFO,F?‘?rFF aaﬂ?;?g%‘flé‘?tf's ei ghtJ %/sbma?ir f: :’:II‘ nggenf:ﬂ?s
OTL6R] noar " aRkSNSR} PRy MR ot hyl . propyl bty
pentyl and hexyl. [164] Exanples of branched alkyls
i H6Blde i soBxamplés ofilinetyallgils include methyl, ethyl, propyl, butyl,
pentyl and hexyl.
[164] Examples of branched alkyls include isopropyl, isobutyl,
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 10"%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 potency 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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sec-butyl, tert.-butyl, isopentyl and 1-ethyl-propyl.
[165] When either Ror R is not a linking group, the
wG@apsti34ouent in that position can be varied une@t/Us2009/042267

conmpound of the desired toxicity is obtained. High
toxicity is defined as having an I C50 towards cul tured
cancer cells in the range of 1 x 10~12 to 1 x 10 9 M

upon a 72 hour exposure tinme. Representative exanpl es

of substituents are H, alkyl, and O al kyl, as

dpgg] | bed abpygodiGed doiombﬂimombldﬂ a.naﬂbgub:aaoﬁmb can
determ ne the appropriate chemcal noiety for Rand R

néll E&\t Q{Ueﬂtl(ﬁp Wi dHen L% Rehio BB}, s destAR]in MO 0238318 €,
and nmeéthoxy substituents are expected to

AR eag%eg'ag xUbROELoRRIG iklodles b B QUEHG0ES | ©

0 ; I'NCrease ncy as conpared t

t he parent daunor n anal uents at
t FREOEAIRS @rli%‘i‘?f"nﬁ%%tﬁ?ﬁ& odﬁge &l I[ng{; a}%‘?ﬂmﬂ %P )E}gg)%)par ed and
eval uated for in vitro cytotoxici tyé Elﬂe The nodif|ed
dBbe8t ubi ci nAurstatR inslude Burstalin g REISEHNHR (A R)s apistatin

i nvention, which have a thiol noiety, are described in
VEFD 1ABBB)], Snondimethyb dudfstath I MMAB) adrareldesstberbindy &

anal ogues can be synthesized accordi ng to known

Np4tBRAAS0.(55635,488; Dut..J. Ordol. PRBENT2 K099, MidkcQlGAT anded 68]
Auristatin include auristatin E, auristatin EB (AEB),

a E&P. E
YL, U TR i e

J11/0558s. 18 PRt PRnhiddRNos M R8T /los Bdt852925.

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

69



Ther apeutics, vol. 3, No. 8, pp. 921-932 (2004); U.S.

Application Nunber 11/134826. U.S. Patent Publication
WONo®9/120060074008, 2006022925. [169] The cyt ot BXI/TUS2009/042267

agents according to the present invention include

pyrr ol obenzodi azepi ne dinmers that are known in the art

(US Patent Nos 7,049, 311; 7.067.511; 6,951, 853;

7,189, 710; 6,884,799; 6,660,856. Anal ogues and

derivatives [170] One skilled in the art of cytotoxic

apgn} s wi | | Theeaedi-bipding dgers daugkonjugates 465, of t he

cytot oxi c agents described herein can be nodified in

Si#AuRocBRIBAES) 0T dlis itventi@setntal sodheamap dLtahdtion with

retains the specificity and/or activity of the

E Eﬁlg&t élféﬂm%?%@tf@éjage-ﬁ&? Stkh th&RoBEhpSAR agbith ardlIRed

erstand that nmany of these conpounds can be used in

| f | | |
PRERE P breiiFoato o 8. RO RLST 908049, DO her & M el e

oXi € agen reseént i nvention include

anal ogues derivatives of the.co unds descri bed
h@ﬁgfn. ThZ?gﬁgﬁk@B’BgéﬁTg%P%ﬁﬂ@Q%$$?%ghding agent
drug conj ugates ge.g., i mrunoconj ugat es), of this .

i ImHRaconiUEAtAs)AIf e PrEsant BYCRPICSIRE RATHYHEIRA IR VEion By
chenot herapeuti ¢ agents. Such chenot herapeutic agents
aviolahdbeek wivovetreat patients eton th eebdutate thg grevthendiselreied
7,303, 749. [172] The cell-binding agent drug

C8dll pijaliond Ricliding, foTeRPR] tigates)thofung tdoqt, pkomt,

i nvention can be adm nistered in vitro, in
breast, colon, prostate, kidney, pancreas, brain, bones, ovary, testes, and
lymphatic organs; autoimmune diseases, such as systemic lupus, rheumatoid
arthritis, and multiple sclerosis; graft rejections, such as renal transplant
rejection, liver transplant rejection, lung 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,
cancer 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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vivo and/or ex vivo to treat patients and/or to
nodul ate the growt h of selected cell populations

wo pwbuashiony, for exanple, cancer of the |ung, bPCDUS2009/042267
pl asma, breast, colon, prostate, kidney, pancreas,
brain, bones, ovary, testes, and |ynphatic organs;
aut oi mmune di seases, such as system c | upus,
rheumatoid arthritis, and multiple sclerosis; graft
rejections, such as renal transpl ant rejectlon liver
t (8% pl ant YMpédutimgithe [guovgthtof aglspedenl] pagubtivhs grincludes
cardi ac transplant rejection, and bone marrow

t rRisiRh@INe phdljfeetion Bf seiiceddt cell populatibragt. gd inndtisle myel onad
i nfections, such as CW infection, HV infection, and

51’13% ﬂﬂloﬁéf | 1MO1TPeg LAIRNOPMELGNs 339 @Id] Adithe like)
anoe

I'asl s, |stoson1a3|s and the I|ike. Preferably
o TSP B BN R e

ﬁ%d’ea?é} %qu%'ao%ﬂét%s%%%%ﬁséﬁn e &1 BRI GE  °

exanpl e, cancer of the bl ood, plasna Iun br east,

c boHatigns andAr revienidng:selecidriel depulations (uchips sancer cells)
ovary, testes, and |lynphatic organs; nore preferably

| friom, metaktamzmg CBterabeth ¢fi salentad coll pophlaions gitobe modulated
cancer.[173] "Mdul ating the growth of selected cel

PaPHka! inGAss od dkclivisles i nhi biting the proliferation of
sel ected cell populations (e.g., multiple nmyel oma cel

p i ations Ir}lﬁlla’ ChbiRs PR &eé&ﬁ{ n%entgﬁ'\'@le %@ﬂlJbﬁldlﬂ@é’g%

and t I'ike) from'dividing to produce nore

oAU e BRI ER ot
S slv%?(t)reec)i( \%\elcl).l The cell-binding agent drug conjugates (e.g.,
immunoconjugates) can be used with suitable pharmaceutically 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% w/v
NaCl), and (3) 5% (w/v) dextrose.
[175] 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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popul ati ons; and/or preventing sel ected cel

popul ations (such as cancer cells) from netastasi zi ng.
wab@ogs4nt h of sel ected cell popul ati ons can bBCT/US2009/042267

nodul ated in vitro, in vivo or ex vivo. [174] In the

met hods of the present invention, the cell-binding

agent drug conjugates (e.g., iImunoconjugates) can be

adm nistered in vitro, in vivo, or ex vivo. The

cel | -bi ndi ng agent drug conjugates (e.g.,

i Rrapybeoo g]ysgh vegetatdapilband isisatabfetanganig ¢sigss,such as ethyl

phar maceutically acceptable carriers, diluents, and/or

eslkehiel emtte, usedacthe aoleenar vekinlewihe enmipasétivnb ean also

determ ned, by one of skill in the art as the clinica

S boahiaQjuvimE il Sifielpadibasarf. suitable carriers,
di l uents and/or excipients include: (1) Dul becco's

Plpgphat e b nls Rin aRbTHERPIE ot sdHIE Borpul d
cEfr?t%zi n abo%é ?‘grﬁg‘f?ﬁ tso 2% ng??f“hunanoser um al bum n,
(2)_0.9%saline {0.9%w v _NaC and _( %
ot & S i AL S h Y dtner
described herein may be adm nistered in appropriate

f BYeRtabl grdle i Bar enteral Iy, nore preferably
intravenously. For parenteral adm nistration, the
cB¥ibunds ofhe Ghprepsuticalhs eidentive emayguie of Sresell hordtiag egpns
sterile solutions, suspensions or emnul sions. Propyl ene
gUxgpalonjugetg €t.ah irrmohbcnarpdtes Njeactiadol leran gefers do dstdesage
such as ethyl oleate, can be used as the solvent or
VPé@iirﬁér?forHlﬁluFa@iﬂEﬂ% droRiiSoftREcrRliel] pepilatichsadi ey aBithg
emu

sii ers or di spersants.
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.
[178] 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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[176] The conpositions can also be in the form of

sterile solid conpositions that can be dissol ved or
wale@pasoed in sterile water or any other injeckebiUg2009/042267

sterile nmedium [177] The "therapeutically effective

anmount” of the cell-binding agent drug conjugate

(e.g., immunoconjugates) described herein refers to

t he dosage regi nen for nodul ating the growth of

sel ected cell populations and/or treating a patient's

¥1$9PS e, anglttmasllgahecbnjupatsean dandminidtérad ancecr wedky

of factors, including the age, weight, sex, diet and

gl akekoRe] lotngan AQTanbthEr NREALNE, thé B&gﬁ@\«@,rdah peof the

dlsease the route of adn1n|strat|on and

RSSO 070 OO oo Es

ar ma oklnetlc an

the par co nd use d Th “th
eforabop &9 I‘rg{ﬂﬂ““nﬁ & 1%Y B aB% ertfii ﬁ%@%@ og%él Fréﬂce
to standard nedlcal texts, such as t he |an Desk
Resrematfunip gaa be aged jgentanous wifus @F@F%%‘W aH‘i
nore preferably a manmal, nost preferably a hunan The
paltdue 660 o of hernmahkaliner tofvrieh ebouaRd tq:@houbgo g of hragn |
child or adult. [178] Exanples of suitable protocols
OferG@l dinihin G Be agid] petrdhoappgricgatiisages. vill,be about 10 pg
i mrunoconj ugate) adm nistration are as follows. The
CRJ“AH&Q@I@% rﬁ%’ﬂ? Ber Igéréfcﬁln Aqtdnge bOELARAUY nd tiavst BOG her
.V Us ‘each day for about 5 days, or as a
conééﬂuous i nfusion for about 5 days.[179]
atively, the conjugates can be adm ni stered once

a[l%fk 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 instructions in a form prescribed by a
governmental agency regulating the manufacture, use or sale of

pharmaceuticals or biological products.
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for six weeks or longer. As another alternative, the
conj ugates can be adm ni stered once every two or three
woe®RA349BD] us doses are given in about 50 to abOUUS2009042267
m of normal saline to which about 5 to about 10 m of
human serum al bumi n can be added. Continuous infusions
are given in about 250 to about 500 m of nornal
saline, to which about 25 to about 50 m of human
serum al bum n can be added, per 24 hour period.
Dpsapes Wi | Thdbeonafomts 46 qyjigatealiogs iridofoavyjuggtep epuld
person, i.v. (range of about 100 ng to about 100
NRILE B useld ¥80%he ARRUtacRRE ot PmBdiosthediQidEfuRE kiSathid @
treatnment, the patient can receive a second course of
¢ P e .
Q%S%‘igfﬁ%?ﬁeaa%@ﬁﬁ’s{ﬂﬁ#%éﬁ? S PRI RA Y anGRAREIE
osages, and tinmes can be deternmined by the skilled
an?gﬁz&%sc¥ﬁgﬂclinical situation marrgnts. [ 181] The
present invention also provides pharnmaceutical Kki.ts
cH$3ti si ng GARceniherapics aRd Hack ‘ﬁ@?éﬂsf Fqureéd#ﬂﬁhf‘l?l%ﬁgo’ﬂ)r
nore of the ingredients of the pharnaceuti cal
c anheuodsendad) wrgconposive inths agfandhevebesadlgscribed in such
i nvention, including, one or nore inmunoconjugates and
Olirfdtiren®tie: RiyeitkinkddaR RefirencadBBRY. TBaPPRdisgdosean
al so include, for exanple, other conmpounds and/or

CAHRRS 41 (ROSgends tHRMHAGE b sed irreldauRbsioTvafigust dagcers. The

conmpounds and/ or conpositions, and witten

! Hggiﬁé‘lrcetgir%}ﬁarldrho@aéeg MRS SRR ol @emotherapeutic 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 I
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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governnent al agency regul ati ng the manufacture, use or
sal e of pharmaceuticals or biological products.[182]
wab@oadypounds and conjugates (e.g., i mMuNOCONPCLHSEEY/042267
could al so be used for the manufacture of a nedi canment
useful for treating or |essening the severity of
di sorders, such as, characterized by abnormal growth
of cells (e.g., cancer). [183] Cancer therapies and
their dosages, routes of adm nistration and
r ehiren de dsaksiagecadanck vathrthe teachingsefithisnaventioe becsa
described in such literature as the Physician's Desk
RpfremeresintidBR) . The PDR di scl oses dosages of the
agents that have been used in treatnment of various
cancer$, TheogdpsdmRgsivemdeen and dosages of these
af orenenti oned chenot herapeuti c agents and conj ugates

t hat aﬁfaﬁhggﬁﬂﬁﬂh%ﬁﬂ&Jy effective will depend on the

partic ncer being treated, the extent of the
di sease_and_other factors famliar to,the physician of
skill Ph t hBroguets Shrcombanys "agf“é‘?”ﬂfirii%dda%‘% )

physician. For exanple, the 2006 edition of

Physi cPan' s Caxsgryrafes: @orcxanples |28 gstﬂfwafsowéf}lgger e
(see p. 2947) is an inhibitor of tubulin

depol ynikylating agents Desxocsiticdi n (see p 786), Doxil (see
p 3302) and oxaliplatin (see p 2908) are DNA

I nt er agy i ngGag&ty/chenli¢al iraleg (Rdn-(radenapk c@OM) dngg mames)
Topoi sonerase | inhibitor, Erbitux (see p 937) and
Tarceva (segoRrhis of Me@ic@fibnsM th the epi der mal
growt h factor receptor. The contents of the PDR are

expres §| Y 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-
limiting examples. Unless otherwise specified, all percents and ratios are by

volume.

Example 1: Materials and Methods

Methyl 2-(acetylthio)-4-bromobutanoate
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i ncorporated herein in their entirety by reference.

One of skill in the art can review the PDR, using one
we@eonns®7df the foll owi ng paranmeters, to det er PGTES2009/042267

dosi ng regi nens and dosages of the chenotherapeutic

agents and conj ugat es, whi ch can be used in accordance

Wi th the teachings of this invention. These paraneters

i ncl ude: 1. Cbnprehensive i ndex a) by Manufacturer b)

Products (by conpany's or trademarked drug nane) c)

Cat egor \Bri ndex (for exanple, "antihiagtam nes", "DNA

al kyké/vha\’qn/a gent s'Hshe@hes et c. d) Ceperic/ chem cal

i Rex (no -trade"jK"‘“ﬁﬁEn aérlg Y 2. Col or

i mages of Onedicatio :g r oduct inf mat i on,

consi stent with FDA a beling a) Chenical i nfor mati on

b) Function/action c¢) Indications & Contraindications

d) Trial research, side effects, warnings [184] Al l

references cited herein and in the exanpl es th

f Bi86bw ar e é@@rge(é§14¢mm9d}fga¢tarle?d4ﬁ;br9@9wéw@ée {1100 i

their entireties. EXAVPLES
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 MgSQy, 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 (CDCI13) 4.38 (1H, t, J = 7.1Hz), 3.74 (s, 3H), 3.40 (m,
2H), 2.57 ~ 247 (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 SO3H
H,0,/HOAc 0
Br/\)\n/o\ T Br/\/,\r( ~
5 >90% o
[187] 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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[185] The invention wll now be described by reference
to nonlimting exanples. Unless otherw se specified,
wa@bkdoopatocent s and rati os are by vol ume. Exanpl BCI/DUS2009/042267
Materi al s and Met hods Met hyl
2- (acetyl t hio)-4-bronobut anoat e[ 186] 10.0 g (38.4
mmol ) of nethyl 2, 4-di bronobutanoate in 100 m of dry
THF at 200C was added drop wi se the m xture of 2.75 ni
(38.5 Mol ) of thiolacetic acid in 85 m (48.9 mol)
ofeudtaREAl avith BOHEOnfwashgd THEh ilnl HexapeBtAc. Afther aqueous
stirring overnight at -200C then QC for 2 hours under
Asolutidtewsd ¥dapbriteta dissslnakint methech], ainbetteaddnatdcrystallized
Et Ac/ Hexane, washed with 1.0 M NaH2PO4, dried over

N@%Qdmetﬁéﬂofl/%lﬁé%e 16 UEBRT 8680008 Gied) OR NI @ngduaeh$.

purichatlfonh( 112 to 1:1 t Ac/ Hexane) to afford 9.
grf%,%gf@ﬁ”? (adeifighy Ry PR gy g S Sty
168 g ho338 (Rl sgoas MmN LR 15z,

M5 nmiz+ 276.9 (I\/H\rlg), 278.9 (M+2+Na)
45866:%5-12 AR {7TAOYP- 1020 26H BB 2- sul foni ¢ acid [ 187]
9.2 g (36.3 nmol) of nethyl
2-(acetylthio)-4-bronobutanoate in 80 m of acetic
acid was added 40 m of hydrogen peroxide (35%in
WaL(Acty1thivg- 10inthoxe- Mesobuitide-Beuldssic acight , t hen
evaporated, diluted with water,neutralized with NaHCO
3, washego th 1:1 Hexane/ Et Ac. Thegggueous

o
o) HSAc/DIPEA
Brw ~ s o
DMA, 70°C

o
>90%

[188] 5.0 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 NaHCOs;. The mixture was redissolved in
methanol, filtered through celite, concentrated and purified with SiO;
chromatography eluted with CH;OH/CH,Cl,/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 = 4.1, 10.3 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)
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sol uti on was evaporated, dissolved in nethanol,
concentrated, and crystallized with nethanol/tol uene
wao eooafiserd 8.6 g (90% yield) of the title conppCHUSIINP042267
= 288- 293 (deconp); IH NWR (D20 4.12 (dd, IH J 4.8,
9.3 Hz), 3.83 (s, 3H, 3.64 (m IH, 3.53 (m IH,
2.54 (m 2H); 13C NWR 172.16, 66.73, 55.66, 33.39,
32.70; M5 mz- 260.8 (M1).
4- (Acetyl t hio)-I-nmethoxy-I-oxobutane-2-sul fonic acid
[188] 5.0 g (19.2 mmol ) of
4- br ono- | - met hoxy- | -oxobut ane-2- sulfonic acid in 100
q(& - fAfehdig acid and 9.0
o (%fm-ﬂﬂ@g}zﬁfné ?m'leééﬁfJ'Fﬁg m xture was stirred
overnlghtﬂimen refluxed at 7COC for 1 hr, evaporated

an W&at ed) wiotth 3 ’_@\ of vvater Oafter bei ng
néut¥a o M,
ha rh fi

red| ssolvead in netpﬂmamo lter e<§ thr oug ce?l te
concentrated and purified with Si chroﬁﬁiﬂography
eluted with CH3OH CH2C 12/ HCOOH 37.5:250:1 to

5[:8950: 1) t 30 (1drTdmemol) cgf«@myglﬁhm)dym@ﬁmmé -qxoppigne-2-
conmpound. | H NVR(D20) 3.95 (dd, IH J = 4.1, 10.3 Hz),
3sBbn(Saci@kl) 10BmT 4f (ater 2ds,ad3e@ frldf 32W,NJOH. Aftds being
14.9 Hz), 2.39 (s, 3H); 13C NMR 203.88, 172.91, 67.32,

5@(114&1 urifdr @4 ford h6 Hie Mﬁ(tﬁﬂezwaszr%trghzed with 1 M H,PO4 to pH
H) 4- ((5-ni tropyri di n-2-yl)di sul fanyl) - 2- sul f obut ano

' 98}8‘&? 'lk%hl oe) %f)gutg \(Ias]a:hdizd H?Egbvlse% the solut1onfof 10.0 g (32.2

net hoxy but ane- 2 [ fonic acid

bEW‘Fg) orfﬂ1,f-{)lsg%nﬁropyru%n?ﬁ}ql%jlsqueme in 500’3 leI (!)\%a 91_\|/IA.'A‘f k‘%{er

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.) IH 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 =89 Hz), 3.73 (t, 1H,J =72
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-1-yloxy)-4-((5-nitropyridin-2-yl)disulfanyl)-1-

oxobutane-2-sulfonic acid
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stirred under Ar for 3 h, the m xture was neutralized

wth 1 MH2PO4 to pH 7.2 under Ar. The m xture was
wa@oded3ropwi se to the solution of 10.0 g (32. PCTIsi0p9/042267

of |,2-bis(5-nitropyridin-2-yl)disulfane in 200 m of

DVA. After being stirred for 4 h under Ar, the m xture

was concentrated, diluted with water, filtered,

evaporated and purified with C18 4.0 x 20 cm col um

eluted with water/nethanol (95 5) to afford 3.1 g (75%

y 06N of the titlge conpo . = 288 ~ 291 OC
(deagnp.) 4 .H - dPy-N 29 ( = 2.2% Ft)

8. 63 m)'ﬁé“%f 8:-8-He) | 3(8
Hz), 3.73 (t. |HOH = TEDUM, 3.22 ~ 3.17 3HIH)

3.15 3.10 (m IH, 2.41 ~ 2. 33 (m 2H); 13C NNR
170.92, 169. 10, 146. 04, 143 133. 65, 1% f6 %%
3[98b, 29. 2820 W H-92 nggg 8)f(4\7((|5|)n1tropyr1dm yl)dlsul anyl

| - (2, 5-di oxopyrrolidin-I|-yloxy)-4-((5- nltrop ridin-

| yudfobutahaieydc)d Inokio PMAreas ezlds@nlﬁamng:(lab?i a[m@ pf DgS ﬁ@g
(0.62 mmol ) of 4-((5-nitropyridin-2-yl)disulfanyl)-2-

sugd ﬁtgugasmmm@):oﬁmm 1 Shivix twvees wasd stirtiedl BedempAr( dvetrBght,
ol ) NHS and 480 ng (2.50 mmol) of EDC. The

M Kdpbfafed\@Snd t | plrdfedund@r Ao V%fungdﬁ@fra@yap@mced Vet

purlfled on Si chromat ography eluted with

e R

0B et e g oy 1R D00 S 36 1%

d
(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, 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
Br//\\v/J\\W/o\\ HSAC/DIPEA ] //\\«/i\jr/o\\
o THF, -20°C-0°C r
>95% o
[191] 10.0 g (38.4 mmol) of methyl 2,4-dibromobutanoate in 100 ml
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 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
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IH J =4.9, 9.7 H), 3.13 ~ 3.12 (m 2H), 2.76 (s,
4H), 2.36 -2.30 (m IH, 2.25 ~2.21 (m 1H); 13C NWR
was®9IAsw7165. 01, 144.93, 142.26, 132.63, 119. 6RCT/632000042267

35.03, 29.30, 25.39; M5 mz- 449.8 (MH. Methyl

2- (acetyl thio)-4-bronobutanoate [191] 10.0 g (38.4

mmol ) of nethyl 2, 4-di bronobutanoate in 100 m of dry

THF at -200C was added dropw se the m xture of 2.75 ni
(38.5 mml) of thiolacetic acid in 85 nl (48.9 mmol)
oRaI} IREAdfiedi o6 MESOf, fidteyed] eFaporntad, Bnh§ip2 chpmeatographic
stirring overnight at -200C then QC for 2 hours under

é!tsunﬁc!asoﬁn (KD @ WD EOUgEBtana) edaffelidl U5 erl (M%hof the title
Ac/ Hexane, washed with 1.0 MNaH2PO4, dried over

|I r 7 angd=
el LB (OB A T PP .

(?ﬁﬁ%y YA ﬁﬁ)‘?éﬁ%&? ;‘:‘163'2')3'6' A %ir%,qg% "ffscg%\élylg
N 2637280, 13350k 4546, e, 80 Ag N B 2787 O,

M5 nlz+ 276.9 (MtNa), 278.9 (M+2+Na)

4289 (d=+2+ Nt hoxy- | - oxobut ane- 2- sul foni ¢ acid [192]
9.2 g (36.3 mmol ) of et hyl
2-(acetylthio)-4-bronobutanoate in 80 m of acetic
acid was added 40 nl of hydrogen peroxide (35%in
V3 iHolo-TAfethdxst toQo¥@ansRisul Pdicaieal ni ght, then
evaporated, dil'uted with water, neutralized wth
NaHCG3, \gg@hed wth 1:1 Hexane/ Et Ac. Tse,mqueous

H,0,/HOA
Br o, =227, Br o<
0 >90% o
,[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 (35% 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, T = 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 ny/z- 260.8 (M-1).

4-(Acetylthio)-1-methoxy-1-oxobutane-2-sulfonic acid
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sol uti on was evaporated, dissolved in nethanol,
concentrated, and crystallized with nethanol/tol uene
wao eooafiserd 8.6 g (90% yield) of the title conppCHUSIINP042267
= 288- 293 (deconp); IH NWR (D20 4.12 (dd, IH J =
4.8, 9.3 Hz), 3.83 (s, 3H), 3.64 (m IH, 3.53 (m
IH, 2.54 (m 2H); 13C NWR 172.16, 66.73, 55.66,
33.39, 32.70; Ms mz- 260.8 (M1).
4- (Acetyl thio)-I-nmethoxy-I-oxobutane-2-sul fonic

aci d[ 193§°%! 0 g (19.2 nmol) Hof SO3H

4-h \nox(f-sr“E/BQ’B’Butgme- }\s)g%m'\c acid in 100
m- of THF fvas addgg,3,@ M “ofSthioacdfic acid and 9.0
m of DIPEA in 1004 of THF. The ni®ure was stirred

overni ght then refluxed at 700C for 1 hr, evaporated

SpF; 120t e B, A0S PR 3 e
LSsol ved | |, filtered ugh celite,
St 1S Bl AT purRR ias aiedd Eelo P ghrat g a0 mi

el uted with CH3OH CH2C 12/ HOOOH 37.5:250: 1 to
50f DEEA n 400 g1l fob ldit4 The gnixyoosips stiggd everniglt then regluxed
conmpound. | H NVR(D20) 3.95 (dd, IH J = 4.1, 10.3 Hz),
3at8B°Csfor BHy, evapatdted mmd 2bfeya@raad (i, 3 2 OO0 dnl-of Tvater after
14.9 Hz), 2.39 (s, 3H); 13C NMR 203.88, 172.91, 67.32,
Sheutralize®todsH 73066 NaHWO; MThe ndifurd wabkddissolved in methanol,
4-((5-nitropyridin-2-yl)disul fanyl)-2-sul fobutanoic

agiterely ]tﬁx%]uﬁﬁ Hlifg, éorfc%nt?at@&lnaha gﬁf‘iﬁed with SiO, chromato%rgfﬁéy

4- (Acetyl t Al o) -1 -nmet hoxy-I -oxobutane-2- sulfonic

i 0 Qshl 903, M NaOH r

BRI cAOPER CRBRaRes 390 P MRt el

Wdods HARERE e Bmpouad T RIMRD20) 3.95 (dd, 1H, T= 4.1, 10.3
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-((S-nitropyridin-2-yl)disulfanyl)-2-sulfobutanoic acid

SO3H
/?\ ? o 1) NaOH ON, - N o)
S TN mmmemeaeeees > S
2)p(I§IP7},,(I)\IOZ)2’ s OH
SO;H
[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 neutralized with 1 M H,PO4 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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Ar. The m xture was added dropwi se to the sol ution of
10.0 g (32.2 mmol ) of

WO 2@9h349(5- ni t ropyri di n-2-yl)di sul fane in 200 PET/U82009/042267
DVA. After stirring for 4 hunder Ar, the m xture was
concentrated, diluted with water, filtered, evaporated
and purified with G18 4.0 x 20 cmcolum eluted with
wat er / net hanol (95:5) to afford 3.1 g (75%yield) of
the title conpound mp. = 288 ~ 2910C (deconp.) |IH NWMR
( DMRrdAY, I ml@ure! Mas Jconcentzatddy) dil@e®3witdwatel], filtered,
2.7, 8.9 Hz), 8.17 (d, IH, J =8.9 Hz), 3.73 (t, IH J
:egaf%rzlfg& and- é]ariﬁed?‘-v}i?h (18! o, x3285cm ol Muttdd)with
2.41 ~ 2.33 ( 2H); 13C NWR 170.92, 169.10, 146. 04,

éé;%eg/ﬁﬁ%%@ 83:5)46 %54 3.9% @3% sétdS ot teditkSoonfBulil an.p.
I -(2,5-di qxopyrrolidjn-]_- +A-({D7 i hdin-27
peel; 32?@ @fma@m ORI Gl TR MBS
: mo 4- ((5-ni i di n-2-yl)di -2-
S Gich SBtan 76 T, B 116 DR a0 Aot 485 Wiy 13 72
mmol ) of NHS and 480 ng (2.50 mmol) of EDC. The
B XRus 8. Wa@n,stHY, Beld widddr (myr 11y &rdli gi33 Gnapid); dBEdNYHR
purified on Si Q2 chromatography eluted wth

Chizebi2/ @310 4H00DH 46 570 083.49 000721 64207821 3906:1)St 10/2-
afford 227 ng (82%yield) of the title conmpound. IH

NYR, (VB 6) 9.25 (d, IH J = 5.2 Hz), 8.57 (dd, IH,
J :g.@,@é.g Hz), 8.04 (t, IH J 8.0 + 8.9 Hz), 3.86
(dd, IH J = 4.9, 9.7 Hz), 3.13 ~ 3.12 (m 2H), 2.76
(s, 4H), 2.36 -2.30 (m IH),2.25 ~ 2.21 (m IH; 13C

NVR 166.96, 1 1, . . 260, ..
1-(2,5-diqu{opyrr(§l?di91-1-yl:(l)f(')df')-4?—%(5-lgif'r?f)p§'l6'1’dml-§i2 1)%:1)’§ulfanyl)-1-

oxobutane-2-sulfonic acid

ON__ o
N /N /s 1 HO‘N; OaN = IN s 0 (o]

) R I e
N SO3H g

[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;0H/HCOOH (10000:1000:1 to 10000:1500:1) to afford 227 mg
(82% yield) of the title compound. 1H NMR (DMSO-d6) 9.25 (d, 1H, 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 (m, 2H), 2.76 (s, 4H), 2.36 ~2.30 (m, 1H),
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119. 61, 61.00, 35.03, 29.30, 25.39; M5 mz- 449.8
(MH. 4-(pyridin-2-yldisul fanyl)-2-sul fobutanoic acid
WO 1®8113476 g (5.85 mMmmol) of PCT/US2009/042267
4- (Acetyl thio)-I-nmethoxy-I-oxobutane-2- sulfonic acid

was added to 100 ml of 0.5 M NaOH solution. After
stirring under Ar for 3 h, the m xture was
concentrated to ~ 50 m and neutralized with 1 M HPX
to pH 7.2 under Ar. The m xture was added dropwi se to
thessobutli an, 0H):418C NKRB166.660195.0F, 144.93, 142.26, 132.63,
2 2'-dithiodipyridine in 60 mM of DMA After stirring
9{9 61,18190094.0A9 3008539 XV18 e/, W) § VIGENT 1 at ed,

utéd with water, filtered, evaporated and purlfled
with CG18 4.0 x 20 cmcolum eluted with
wat er/ met hanol (99:1 to 90:10) to afford 1.32 g (73%

f, by d. MR (DVE-d7) 8. 39
iy ip vl tl%myﬁ SBputo St ™, 0L (i
359(dd IH, J = 5.2, 94Hz)290(m2H) 2.28 (m
2Hp; 13C HFE‘172 68)5\] g,gg 16, 14 3 138. 09, 1 1 03,

1195 386749036 85666; B | s?so7
I -(2,5-diox pyrrol@@ﬁﬁhl yl oxy) - py eﬁ yId
i sul fanyl ) blit ane- 2-P5fl f oni ¢ aci d[197] 680

mol ) of 4-(pyridin-2- yIdlsquanyI) 2- sulfobutan0|c

50 dd 30 d
060k (2. 1654 B e B -@”%kiég%gthrom%eaﬁ
under Ar overni porated and SO[led

eva X .
c sl fomin aid a’mqyadgp@lt@doo\ﬁmlrpf 0.5 M Na ution. frer stlrrlng

under Ar for 3 h, the mixture was concentrated to ~ 50 ml and neutralized with

1 M H,PO4 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% yield) 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-o0xo-4-(pyridin-2-yldisulfanyl)butane-2-

sulfonic acid
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CH2CH2/ CH3OH/ HCOOH (10000: 1000: 1 to 10000: 1500:1) to

afford 720 ng (80% yield) of the title conpound. IH
WORMRIABIBO- d6) 8.40 (dd, IH J = 3.5, 4.7 Hz),PA1r/8520091942267

2H), 7.24 (m IH), 3.58 (dd, IH J =5.1, 9.4 Hz),

2.94 ~ 2.90 (m 2H), 2.74 (s, 4H), 2.31 -2.27 (m 2H);

13C NWR 168. 16, 161.1 1, 147.91, 139.22, 121.63,

119. 31, 66.80, 36.30, 28.36, 25.42; M5 mz- 404.9

(MH . 3, 6-endoxo- Dtetrahydr opht hal hi de [ 198]

'rride(5.0 , 51.5 ethylethero(ZOO m )
dd&Wg,a% 5. 5"} 75 6@@ The mixt urg_was
heat e8 i ndi del a PHL -uf Yart ocl Ave~§0rb At 100aEN o} 8

h. The bomb vi¥Hcool &FBwn to room t enpeacakiur ¢ and
the inside solid was rinsed wth nethanol,

LI ShFThELELR! b | By S gt sk
(B3 i i SN2 skl S rpighor i

49.92. M5 mz+ 188.4 (MNV+ Na) l\/teth 4-N- (3,
68ehaExd- 1601%11} %Wﬁo phit mm&tf:) wos §tanr?domkflﬂ yHragvernight,
[199] 3, 6-Endoxo- D-tetrahydrophthal hide (0.80 g,
4egHoratml ) and DMKIfl@0 1wh) ik adhmmaomgehy( 1 elited  with
10.13 mmol ) and KI (0.19 g, 1.14 mmol ). After stirring

uQEBCHACH;OH/HCOOH feadivt 1040 1o mo0ae:s s d: oy ouifforat7e0 mg
(0.98 g, 3.77 mmol) in DVA (10 nl) was added. The

OHLRIVEST (BE kflE QUmPBARL. M NVR MMRD-dOVEPO(RE ek, T =
Pg di gsol ved I n 1A31I3xc in net hano{D fil t%red (
3.5, 4.7 Hz), 7.85 (m, 2H), 7.24 (m, 1H), 3.58 (dd, 1H, J =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
0
Yy, 9% 5
[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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evaporated and purified by SiOQ2 chromat ography and
eluted with 1:5:0.01 to 1:4:0.01 CH3OH/ CH2A 2/ HAc to

w@bdoonshodr 98 (75% g of the title conpound. | HCIVEBS2009/042267
(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 NWMR 172.94, 162.86, 137.68, 81.98,
52.39, 49.91, 48.58, 36.01, 21.97. M5 mz- 343.9 (MN -
H). Methyl 4-Nnmalei mdo-2-sulfo-butyrate[200] In an

~ ofeNEFEdT)oLUNO8 txol HY MNH),&s60 (nethy5.16(i4; 2H), 2B 5emy@kh- BC
t et rahydr opht hal i do) - 2-sul f o-butyrate (0.30 g, 0.87
MR 178.82.01 376998200, 4 MY 8D MMINRHAROA NHH 7. 0 was
heated at 120 ~ 14Q0C for 4 h. During the reaction
time, 5 x 10 M of water was gradually added to keep
the reaction volune around 15 m. The m xture was

c d to dryness an rified.b [

o b8 Gornariat e e e npnighl2m pyepte
CH3OH CHz2d 2/HAc to afford 0.230 g (95% of the title
coerOl(Jnd Q1H )y 6: 6 (sOZH) .06 (d, IH,
3.60
171. 59, ) 0,1 686. 34} 82, 22.10. MS
mz- 276.6 ( - myl 4. azi do 2. su?of’o butyrate
[201] Met hyl 4-brono-2-5ul fo-butyrate (1.07 g, 4.11
nmol ) and sodi um azi de (0.70 (10.7 mmol) |nDI\/F(1_
mMi9%as sti Br 6cEnspapi-igirehydrepnthaliider@.-8Ras. dsapsrmalkdn
and purified by Si Q2 chromatography and eluted with
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 to
1:4:0.01 CH;0H/CH,Cl,/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

e P e

SO;H SO3H
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1:5:0.01 CH3OH CH2A 2/ HAc and crystallized wth
CH3COH Tol uene/ Hexane to afford 1.00 g (95% of the

W@ paoba34onpound mp = 267 -272 0C (deconp). | HAIVES2009/042267
(DMF-d7): 12.06 (br, IH, 3.65 (s, 3H, 3.59 (dd, IH,
J =5.4 8.9 H), 3.47 (m 2H), 2.24 (m 2H). 13C NWR
171.10, 64.29, 52.24, 50.64, 21.35. ESIM5 nifz+ 267.9
(M+ 2Na-H), mz- 222.0 (MH. HRVMS mlz- (C5HON3CBS -
H) cal cd 222.0185, found 222.0179.
41280 do- 2- Skl fr0ofdtieyl rbwndalbdttbnOflasd, Mt 4INHAC 64eBdEXdN-
SBH >950/ 0 SOG3H [ 202] Met hyl 4-azido-2-sulfo-butyrate

’(\);et a? Rhadfoldhrile @it Br 6.89 midel) (580 hi oft 191
rgﬂydgw@ gk’%& vvgs h%at e@' at g’1OOOC for) 8 hrs. '(I)'he
' wa at nd. Go- te 0 -
WL Fogtg ROBRO 2t 20 e P2E LT £ i Dl
1.0 0 ' ) .
L i g B i B A0, (i
170. 96, 63.04, 50.66, 29.12. ESI M5 mfz- 207.7 éMN
- ¥lumelRr@Ing A mi.Che7mBess waspgongentratedoiogirprsss and gyrfed
208. 0021. 4- Ami no- 2-sul fo-butyric acid [203]
4bPzi 8002 - selrématogtaphy c abital ( 588hng,1:20.00 mtwl ) 1:4:0.01
water (20 m) and Pd/C ( 110 ng, 10% Pd, 50% water
baseoH/CELE,/M ac@hford 0.230 2595%) 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); BC 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}

(6]
Br\/\/u\ o NaN; NBMO/
DMA, >90%

SO;H SO,

[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. The
mixture was evaporated and purified by SiO, chromatography and eluted with
1:5:0.01 CH30H/CH,Cl,/HAc and crystallized with CH30H/Toluene/Hexane
to 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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hydr ogenati on shaking bottle. After the air in the
bottl e was sucked out by a vacuum 20 psi of hydrogen

wo®olia7i nto the bottle. The m xture was shakeeiI/i/82008042267

h, then filtered through celite, washed w th DM,
evapor ated and coevaporated with dry DVF to afford 476
my (91% HCl salt) of the title product. ESI M5 m z-
181.8 (MW-H). This product was used directly w thout
further purification.
(KOS Ay A+ 6709 D4y 2182-$1)] Foop raRyl @UAHDO HRM ® 0B UG By 5 @sSc-
acid [204] The above 4- Am no-2-sul fo-butyric acid, HC
h¥ygin dry DMF (20 nl) was added
ng:)g?lé&g%%si’ goéﬂ’?zzgg@yég 2.36 mol). The nmixture was
stirred under Ar overnight, evaporated and purified on
self packed c-18, fI.O x 25 cmcolumm, eluted wth
wat er. The fractionscontai ned product were pool ed,
evaporated and crystallized with H2O acetone to afford
54-azidy-3-oulf9-butyridaeid  t | e product. 1U NVR ( DMF-d7):
970(br IH, 6.73 (d, IH J =12.8 Hz), 6.32 (d, IH,
:128Hz) 369(m IH, 3.47 (m 2H), 2.27 (m

13C NMR 191. 47 32 165. 8% 135 44 133 07,
63 82, N3, $ H; HRVS
m z- (CSHn H)Wca(lo@d 280. 01 7, found 280 0121.

4- N- Mal ei ni d&® Bf sul f85But anoi ¢ ac Hr 205
(Z2)-4-(3-carboxy-3-sul fopropyl am no) - 4- oxobut - 2- enoi c

griy(ﬁ! glsﬁgngg’{eﬁ%/l #F?ﬂ'ﬂmgglsuifﬂ-ﬂ&%ﬁﬂér@.w ¥, N3 GRndl) Jin 3RE
mixture of HC1 (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-d;): 3.60 (m, 2H), 3.52 (m, 1H), 2.24 (m, 2H). 13C NMR 170.96,
63.04, 50.66, 29.12. ESI MS m/z- 207.7 (MW -H); HRMS m/z- (C4H7N305S —

H) calcd 208.0028, found 208.0021.
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heated. After the tenperature reached at 800C, HWMDS
(hexanet hyl di si |l azane) (1.40 m, 6.71 mmol) and Znd 2
W@ 20085834977 1.0 Min diethyl ether, 1.85 mmpl) B&EBUS2009/042267
added. The m xture was conti nued heated to 115 ~ 1250C
and tol uene was coll ected through Dean-Stark trap. The
reaction mxture was fluxed at 120 OC for 6 h. During
this period, 2 x 20 mM of dry toluene was added to
keep the m xture volunme around 8 ~ 10 ml. Then the
MR- NeefeBaty@it acld 1l of 1:10 HA (conc)/ CH3CH was
added, evaporated, purified on Si Q2 chronmat ography
eluted with CH3COH CH2CA 2/ HAc (1:5:0.01 to 1:4:0.01) to
afford 260ng ¢92% of the title oduct. 1H NWMR
(DVF-dR) (83( briPIH) &6, op2H) S I1H J =12.8
Hz), 3.65 ( Pﬁ),@,%%(m 2H) 2057 (m 2H). 13C NWR
173.61, 1725684 135747, 64.18, ¥rM1, 27.89. ESI M
mz- 261.8 (MW-H). HRMS m z- (C8HIONO/S -H) cal cd
26029021, f g i Ao ¥
4%3 @%@@%u@@%ﬁ%y;n?taé?fa on&r]i?ig, 2.40 mmol), water (20

| ei m do-2-sul fo- e

o0l R By R0 BER SRR e mi
ol e B e B3 et S v

Si O chr omat ogr aphy eluted with CH2CH2/ CH3OH HAC

(1oow; 200st of hylregrmogapbodite ythe befde. Ehe/mixpre wesdshaketh
DMA/ Et Ac/ Hexane to afford 285 ng (81% yield) of the

t for| Sehcthepdilteced thrbughRoliBlyFvadliyd SiBIDNE, eviforatdd 88d cm
IH), 3.64 (m 2H), 2.75 (s, 4H), 2.34 (m 2H): 13C NMR
1idapBrated with dry DMF to afford 476 mg (91% HCI salt) of the title

product. ESI MS m/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

0 0 o
H NM QO ] HNM
2 OH OH
0

SOsH  pMF, >90% 803

[204] The above 4-Amino-2-sulfo-butyric acid, HCI 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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171.82, 166.64, 135.58, 62.00, 36.66, 26.62; ESI M

mz- 358.9 (MH; HRMS mz- (G 2H 2N2O9S -H) cal cd
w@a®903108%7 found 359. 0178 (E)- Met hyl PCT/US2009/042267

4-azi dobut - 2-enoate [207] To the solution O NaN3

(2.80 g, 43.01 mmol) in 100 mM of DWF at -200C was

added net hyl 4-bronocrotonate (5.00 m, 85%

36. 10nmol ). After stirred at -200C for 30 min, the

m xture was stirred at QOC for 4 h, evaporated,

S ysMEAee froduéthwdrt Aobldd x@ngoratedand crystdlkzeddwitle HaPacetbad

and chromat ographic purification on Si Q2 colum el uted

H 0 . . 1 f
R R R ey A o

(D 1505 At e %2 1k §= P 2 go i 247
163: S SR 18l W (g By B

cal cd 182.0542, found 182.0548. Nethyl

368 8ecity 13 A7 67 BSEMSaBhuLih® MY HBRVS rphe(Goh NP
of (E)-Methyl 4-azidobut-2-enoate (4.00Qy, 28.37 mmuol)

i B)@elcd280D 1A% Fouwmd 28001%4s added the ni xture of
thiolacetic acid (3.0 m, 42.09 mol ) and DI PEA (8.0
m, 45.92 mmol) in 60 M of THF in 20 mn. After
stirred at QC for 1 hr, the mxture was stirred at RT
overni ght, evaporated, redissolved in CH2O 2, washed

wggg'@@?q:é{[}:lgps-l(é Eﬁo‘-%ut%ggic C NaH2PO4/ NaCl (sat.), pH 4

, rired over A, filtered,

O 0 0 O
1). HMDS/ZnCl/DMA
li;HNM OH ) : - QN MOH
T OH oy 2 CHOHHCI(ea) \

> 85% SO;H

[205] (Z)-4-(3-carboxy-3-sulfopropylamino)-4-oxobut-2-enoic  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
mixture volume around 8 ~ 10 ml. Then the mixture was cooled, 1 ml of 1:10
HC1 (conc)/CH30H was added, evaporated, purified on SiO, chromatography
eluted with CH30H/CH,Cly/HAc (1:5:0.01 to 1:4:0.01) to afford 260mg

(92%) of the title product. 'H NMR (DMF-d;): 10.83(br, 1H), 6.95 (s, 2H) ,
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evapor ated and chromat ographic purification on Si Q2
colum eluted with Et Ac/ Hexane (1:8 to 1: 4) to afford
WORMNE 184977 4. 98 g (81% of the title product. I1PCIVERS2009/042267

(CbA'3) 3.66 (m IH), 3.62 (s, 3H), 3.40 (dd, IH J =
7.5, 12.7 Hz), 3.31 (m IH), 2.78 (m IH), 2.60 (m

IH), 2.32 (s, 3H); 13C NWR (DMF-d7) 192.20, 172. 48,

56. 56, 53.60, 51.31, 34.58, 30.56; ESI M5 nfz+240.0

(M+r Na), 255.9 (M+ K); HRMB niz+ (C7HL IN3CBS+ Na

caHcll= 24(&1@2919651‘(@&1131)234@1@4]25{) 2.27 (m, 2H). "C NMR 173.61,

Azi do- 4- net hoxy- 4- oxobut ane- 2-sul foni ¢ acid [ 209]

Merhod, 135(4acet.ys 137 1007 492 S uiSuhanet.8 (WAV OH). (IRNIS.1d/3-
mmol) in 75 n of acetic acid was added 25 ml Of H2QR

(F@%’g NOLSEHYXiHPE2 V851, Shidd B3 (Rger ni ght, evapor at ed
a o-evap rated with Et O tol uene and purified on
Si @2 chronat ogr aphy el ut ed wi th CH3OH CH2d 2/ HAc
(100:800:1 to 100:500:1) to afford 3.85 (93% g the
title conmpound. 1H NWR (CD3OD) 3.78 (dd, IH, J = 5.0,

)‘“‘%‘“i"gy%“‘ﬁz'i"élfﬂmg‘l%ﬁ %ﬁﬁ’“ﬁqt;s 5J6_ 165 &é) !

2.57 (dd, IH J = 6.5 Hz): 13C NMR ( DMVF-d7)
173. 37, 31, gz 54 49, 34 51; ESI mz- 221.7

(M+ H), AzdoSsuli[? tanpi™c_acjd |[ 210
Azi do- 4« oxVy- Xobutahe- R f oy coacid/(3.80 g,
17. 04 ) i 8050 nEP@MA. 0 MHHC w@ms adfded 8.0 nml  of

HAc. The m xture was

[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;0H/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); BCNMR 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- (C12H2N,00S —H) caled 359.0185, found 359.0178

(E)-Methyl 4-azidobut-2-enoate

0

0]
Br\/\/u\o/ > NS\/\/U\O s
[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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refluxed at 1200C overni ght, evaporated and
co-evaporated with water, EtOH, EtOH tol uene

w0 e@pastrvel y and purified on Si Q2 chromat ogr aptiyUS2009/042267
el uted w t hCH3OH CH2Cd 2/ HAc (100:500:1 to 100:400: 1)
to afford 3.02 (85% g the title conpound. 1H NMR
(CD30D) 3.77 (dd, IH J =5.1, 12.8 Hz), 3.45 (dd, IH
J =7.0, 12.8 Hz), 3.31 (m IH), 2.86 (dd, IH J =
4.7, 16.7 Hz), 2.51 (dd, IH J = 8.4, 16.7 Hz);, 13C
NivB. L DMFEted Blirrad 8t 9Q7C éar, Bomirs sheymixtpre, g, stipsfl akR Grfor-4
207.7 (M -H). 4-am no-3-sul fobutanoic acid [211] In a
5R0eviporied) wdsprgdeh tithnEbatHbxanead : 1d ibeked, evapdu@l and
sul f obutanoic acid (3.00 g, 14.35 nmol), 150 m of

NEirDARRerapAt MirdZatio bn Bl LodliMbochded HAKMBL)Hexdhd €25

sucked out air, 30 psi of H2 was conducted, and the

j | i@t redol : i
MX{ Ui gvefgﬁaffoP&%ﬁawgvf%f i@ % (*3&5 %L()g?};edté%@ i, calR

evapor a and _coevaporat e to afford
}ﬁ?ﬁ@h%@%g’%oﬁl L R T A i
5, J06 RSP TR 56 R0 3 d D TREP UrFoinds:

was unstable and was used directly w thout further
pESI MSavzoh82.5 (M+ Na + HZO); HRMS nm/z+ (C5H7N302 + H,O + Na)
(Z)-4-(3-carboxy-2-sul fopropyl am no) - 4- oxobut - 2- enoi ¢
aeiled 29R054Dpfdung 182I0648.0n of 4- ami no- 3- sul f obut anoi c
acid (~ 2.50 g, 13.66 mol) in 100 mM of DVA was added
mal ei ¢ anhydride (1.48 g, 15.10 mmol) and the m xture
was stirred over night, evaporated, purified on C 18

Methyl 3-(acetylthio)-4-azidobutanoate

SAc O

o)
N\/\/U\ —_ N\/\/U\
3 A O/ 3 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 CH,Cl,, washed with NaHCO; (sat) and 1 M
NaH,PO4/NaCl (sat), pH 4 respectively, dried over MgSO4, 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 (CDCls) 3.66 (m, 1H), 3.62 (s, 3H), 3.40 (dd, 1H, J = 7.5,
12.7 Hz), 3.31 (m, 1H), 2.78 (m, 1H), 2.60 (m, 1H), 2.32 (s, 3H); 3¢ NMR

(DMF-d7) 192.20, 172.48, 56.56, 53.60, 51.31, 34.58, 30.56; ESI MS m/z+
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colum (2 x 30 cn) eluted with 1% HAc in water and
crystallized with MeOH Acetone/toluene to afford 3. 34
w@2{08334p70f (Z) - 4-(3-carboxy- 2- PCT/US2009/042267
sul f orropyl am no) - 4- oxobut - 2-enoi ¢ acid. 1H NWR
(CD30D) 6.33 (d, IH J =12.6 Hz), 6.10 (d, IH J =
12.6 Hz), 3.64 (dd, IH J =5.8, 14.0 Hz), 3.54 (m
IH, 3.30(m IH, 2.78 (dd, IH J = 4.9, 16.8 Hz),
2.39 (m IH; 13C NWR 173.52, 168.68, 167.98, 135.59,
1240.0 QM5 N1 ,2580. Gel+ B2; FIRMEShY/MS (RHHEnN20$+7 Nay calgd
4- (2, 5-di oxo-2, 5-di hydro-I H pyrrol-1-yl)-3-sul fobutano
| 24080419, f248D40.0415. _
(Z)-4-(3-carboxy-2-sul f opropyl am no) - 4- oxobut - 2- enoi ¢
acid (450 ng, 1.60 mml) in mxture of 10 m of dry
DVA and 50 ml of dry toluene was heated. After the

t erature reached at H
(&%@W%Odﬁyé‘ﬁ”é a{lr%l,le'%gégm?ﬁc%. 63 mmol, ) and znd 2
(3.2 mM, 1.0 Min diethyl ether)_ were added. The

m xt ur Mi nued hegt e%kto Cisé 25 0Cand tol uene

was col f et D@gh Dean- ap:o”The reaction
m xture was fluxed at 120 OC for 6 h. During this

g@?gd’ 2 XpebhyTs-@let &Mo)&%b%iﬂﬁ{?&t&@ﬁte?ﬁ%%,ﬂ@.4B%ﬁﬁoI§Klﬁ

re vol une "around 8 - Then e mxture was
cTRpPLee® ol v Sl o 10 A HERREP 5y gired
PTGt (VIR AU 0 <t AP (TAIEERA gl Patfed B
4.04 (dd, IH J =4.3, 13.8 Hz), 3.47 ( I 3.23
(81, IdHrorgategraphy  glyted Hpyith ﬁﬁ@ﬁg&{ﬂzq%ﬁ@: '_(|)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, J = 7.5, 12.7 Hz), 3.33
(m, 1H), 2.84 (dd, 1H, J = 5.6, 16.5 Hz), 2.57 (dd, 1H, ] = 7.5, 16.5 Hz); Bc
NMR (DMF-d7) 173.37, 57.31, 52.54, 52.49, 34.51; ESI MS m/z- 221.7 (M+

H),

4-Azido-3-sulfobutanoic acid

Ne AN T N o
[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, evaporated and co-evaporated with water, EtOH,

EtOH/toluene respectively and purified on SiO, chromatography eluted with
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=3.3, 16.8 Hz), 2.35 (dd, IH, J = 8.1, 16.9 Hz); 13C
NVR 173.58, 172.18, 135.54, 54.61, 40.24, 32.43, ES
woB0a113497261. 70 (M -H). PCT/US2009/042267
| -(2,5-D oxo-2,5-di hydro-1 Hpyrrol -1-yl)-4-(2, 5-di oxop
yrrolidin-I-yloxy)- 4-oxobutane-2-sulfonic acid [214]
4-(2,5-D oxo-2, 5-di hydro-I H pyrrol -1-yl)-3-sul fobutano
ic acid ( 110 ng, 0.418 mol ), EDC (240 ngy, 1.25 nmol)
and N-hydroxysuccinimde (58 ng, 0.504 mmol) was
SCHyOHLCHITLYB AR (100: 500 t6 000:40@k 1 Nogififord 303 185%) e theatitte
purified on Si @2 chronmat ography eluted with

. 906:(dd,t101, ¥605.1 6008 Hy), 304 5afdtip1Hd, J
9@%&%@?@@%@?% l e (pr oduct. 1H NWMR )(DI\/FSB([W?

0580050 B34 G0 S 3 Iy 8% el gomn
6 2y S5 o R g8 aghg s

135. 55, 55.28, 40.22, 32.69, 26.66; ESI M5 mz- 261.70
(Wz-RP7. 7€My 3- (acet yI t hi 0) - 3- cyanopr opanoate N O
HSAc/ Et SN <TN O THF, 0*C, 65% A C > [215] (Z2)-ethyl
3-cyanoacrylate (5.01 g, 40.00 mmol) in 80 m of THF
at -200C was added the solution of thiol acetic acid

( $-a@hifib-3-stdfobatanoid gcidnd DI PEA (16.0 nl, 92.03 mmol )
in 20 M of THF in 30 mn. The reaction was kept at
-200C for 4 hr then roomtenperature overnight. The

M Xt ure Wasso,H SOsH o
NSMOH HoN 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 overnight, 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,
14, J = 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

further purification.

(Z)-4-(3-carboxy-2-sulfopropylamino)-4-oxobut-2-enoic acid

93



concentrated, diluted with CH2A 2, washed with

saturated NaHCO 3, dried over MgSO 4, filtered,
weraposared and purified by Si Q2 chromat ogr aphpCT/LS2009/042267

Et ACl Hexane) to afford 5.22 g (65% of the title

compound. Rf =0.25 (1:4 Et AC/ Hexane); 1U NMR (CDO 3),

4.44 (m IH), 4.1 1 (dd, 2H, J = 7.1, 14.3 Hz), 3.38

(m IH, 315 (m IH, 2.17 (s, 3H), 1.19 (t, 3H J =

7.2 Hz); 13C NWMR 194.12, 173.21, 119.82, 61.35, 33.52,

30.08, 14.62; M5 mz+ 225.9 (MM Na), nmlz- 201 .7
(MM H) . Cyarsm,iSpet hoxy- S- oxoééfhgpe-l -sulfonic acid
[216] @@Wetyl_t_hj_o.).- nopr opanoate (2.0Qy,
9.95 mmol )i naceffc acid (4® %added H® (12
m, 309 . The m xture was stiHO,8 rMonght , evapor at ed
and purified on silica gel chromatography eluted with

nol / di g}l gL.o n cetil. 6 qag! ndle L
TR0 ) 0L TS Ssphontirflnt el ¢ 250 &
C und. .. 1 4.63,(m IH, 4 12 d
B o AR b bl bl s 2145 o
ggli@é) ;ulci t}%g,g%geggs_ s’,\tlglv(%llgp?’e( ]&mblé'v%pgrsa’[ed? %ug 1ed g'r? C’%%8
| - (tert-Butoxycarbonyl am no) - 4- et hoxy- 4- oxobut ane- 2-su
| tolminn &ckd3( 201)] eluted awvitly d Yo dhatin ovateroend erxaiedlized dwigh
Cyano- 3- et hoxy- 3- oxopropane-1 -sulfonic acid (2.50 g,
1R[d0H/Meelohe/tdtidrenad  4B&dn13)34 for €8300) | dft 7 pd-(Readpxy-2-
Ni ckel (0.40 g) and BOC anhydride (3.30 g, 15.12
NMERkIprof¥ldreino -9 xebiit-1-Bsdiél aciti el RMR (€DveD) 5138 kedi It =

by vacuum 20 psi of hydrogen
12.6 Hz), 6.10 (d, 1H, J = 12.6 Hz), 3.64 (dd, 1H, ] = 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-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-3-sulfobutanoic acid

0
HO;S OH HO3S OH
[213] (Z2)-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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was conducted to the bottle. The bottle was shaken
over night, filtered through celite, evaporated, and
w@eoovfiz4d7 on silica gel chromatography el uted RET/0IS2009/042267

nmet hanol / di chl or omet hane/ acetic acid (1:6:0.01) to

afford 3.18 g (85% of the title conmpound. 1H NWR

(DVMBO), 6.82 (s, IH), 4.26 (m IH, 4.1 1 (dd, 2H, J =
7.1, 14.3 Hz), 3.53 (dd, IH J = 4.2, 13.4 Hz), 3.36

(m IH, 2.86 (m IH, 2.51 (m IH, 1.38 (s, 9H),
laPtofuene 3Hds cdllectdtl trddgh; D&BESthikRrap7 Thg Beactisl nigture was
80.44, 62.05, 52.55, 41.61, 34.50, 28.85, 14.52; M5

Migze B3R B OV H) h. During this period, 2 x 20 ml of dry toluene was
4- (tert-butoxycarbonyl am no) - 3- sul f obut anoi ¢ aci d[ 218]

1544&:8 reh 'k'égé: iﬁ?@ﬁ&&%%kﬁﬁé BRund seL N@Xait, 4rtex Ak hdkirewas

oni c 402 ng, 1.29 mml) in the mxture of

Ig%{%g 1&1%83 é%gﬁa CE%ZCﬁd(gﬁ%JLS_I% ?ﬁng)z{a%&ra g'l‘fnﬁed on
ff@w%%sr% SRSy mﬁ%%@h@mwm it

10@6nethano| in mater to afford 328 ((900 of
t ingl @5%o0b thertitle preduguRH BV DME-48 G(ngé s L), 44040@“( ML
IH), 3.57 (dd, IH, J 4.2, 13.4 Hz), 3.41 (m IH), 2.89
(= 4.3)13 . 2HH)] 3 @ (ml, HH), 312339:1d( $H, DH)7.4 IQCZHWQ Qraid21H, J
155.82, 79.85, 59.95, 42.06, 32.52, 28.88, 14.55; ESI

NS 281.18.8()H2:35 (dd, 1H, J = 8.1, 16.9 Hz); °C NMR 173.58, 172.18,
(2)-4-(3- carBoxy sulfopropylan1no) 4- oxobut - 2- enoi ¢

a‘f 4 341 40.24, 32.43, ESIMS m/z- 261.70 (M -H
% er't’- but oxycar bony ahﬁno)z suléobut%n0|c acid (321

ng, 1.13 mmol ) was stirred in the m xture of HC
(conc)/Di oxane (1:4, 15 m) for

1-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-y1)-4-(2,5-dioxopyrrolidin-1-yloxy)-
4-oxobutane-2-sulfonic acid

& o4

U S

HO3S OH HO3S 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 CH3;OH/CH,Cl/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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30 m n, evaporated and coevaporated wi th Et OH Tol uene
(1:1, 4 x 20 M) to dryness. To the dryness materi al
woer®asided nmal ei ¢ anhydride (121 ng, 1.23 nmol P)CHOS20DMN2267
(20 M) and the m xture was stirred overnight,
evaporated and run through CG1 8 colum eluted with
wat er and crystallized with Et OH Hexane to afford 263
ng (83% of the title conpound. ESI Ms 279.8(M H).
The NVMR data are the sane through the route with
A= d06.8-HE)uRf&bah adkd);c GcNMR 172.27, 170.88, 169.29, 135.55,
N, N, N-tri net hyl - 2- oxot et r ahydr ot hi ophen- 3-am ni um
[ 3203, H-@ped] Tv/6h; EShiMphen-25( FNM0AE).hydr ochl ori de
(6.00 g, 39.1 nmol), sodium bicarbonate (3.28 g, 39.1
nmol ) and i odonet hane (13 nL, 209 mmol) were stirred
in dry nethanol (100 ml) overnight, filtered through
cel.i te, evaporat,ed urifi on Si2 colum el uted
vﬁflhyl @9%&5@'@7%&‘&(&":@5&61), and crystallized with
Et OH/ Hexane to afford 5.25 g 840@ of the title
pidduGt , np 228isa28HBN0 C. 1MC£§§Z) 4.27 (m 1H),
3. AN, 2756 =27 [ e’ (m IH, 2. 26
(m IH: 13C NUBP68%7, 75.06, 53.25, 30.85, 16.46;
ESI M5 mfz+ 160.0 (M+). )
| [2341 boxy- N(R):-athylr 3-araneperyBuq 6501 @n4P-0p mmal) im&Q1mpob
pan-|-am ni um [ 221]
NITNMNt t20°Cekiydddad deabobitioalvf driok dtetp had (390 amk #0.4snmmol)
acetate (2 g, 9.13 mmol) was stirred in 75 m of 1M

NagHDIRE A %@%ﬂ, 9203 tAinoh2PR0fAr oFBHIIiR.30NBk Tak ireetlon
with 4 MHPO4 to pH 7.4, concentrated, added to

#W%;s) ?E}%’&epag—_%@ .;hr?g? Zan ¥1%r( %dﬁérnzldlnfnqgﬁp&%t]urg ovéRigBt. TR Inlixbile 489
concentrated, diluted with CH,Cl,, washed with saturated NaHCO3, dried over
MgSO,, 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 (CDCls), 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); Bc
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
——
ACS/\/U\O/\ HO,S o

[216] Ethyl 3-(acetylthio)-3-cyanopropanoate (2.00g, 9.95 mmol) in

acetic acid (40 ml) was added H,O, (12 ml, 30%). The mixture was stirred
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was stirred over night, extracted wwth EtAc. The
aqueous sol ution was evaporated, suspended with MeOH,
w0 pdovaesed’ sal t, evaporated and purified on C 1PGI/US10091042267
(2 cmx 30 cnm) eluted wth water/nmethanol (100 water
to 20% net hanol /water) to afford 2.6 g (75% of the
title product. ESI Ms nfz+ 309.1 (M +Na-H). 1.
Modi fication of antibody with sulfo Iinker [222] The
huC242 is nodified wth sulfo linker at
aPYSTRIgRY evaporafed @p@ Pyifigd Oé%@sg%ﬁh&W%t%gY%QPted with
(~30nmMM stock solution in DMA). The reaction is carried
omethanolidichlpoinidgtRing/apdti®. @id (F:B &0 lwiot hrSOMK ) (t6 %ftotd/ 1. 72cg
15, 30, 120, and 200 minutes at 25 OC. The nodified
h(83%4)2 (kstithdnfipoeed DY KRR (OMSD), #6563 mS0H)M. Nagid, 2807
nmM NaCl, and 2 nM EDTA, pH6.5 to renove the excess

subf 0 13048 322 (mMERS WIETRNL HOf 1 Delesrabhe Spyy; NO RMR
and ant | bo?y cor(1r<r:1ent§rsat| gﬁmofmm)d ¥| ed’ huC242¥)[’223]

t in 100
NGB T R b S0 e Ty AP AL o or
Spy- NO2 rel eased per nole of huC242 anti body was

cal cul ated by neasuring the A280 of the sanple and
then the increase in the A3 4 of the sanple after
atrdterBotory caxhonylaging)- %nemm_owb%wpz@ylfomﬁ@cld
concentration of DIT-rel eased 2-

cN O BOC-HN

o)

HO3S)\/U\O/\ - HOasj\/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 Nickel (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
=17.1, 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); >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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mer capt opyridine is cal cul ated using a S394 nm of
14,205 M 1Cm 1. Theconcentrati on of antibody can then
wheooeas4ut at ed usi ng a e28onnof 217,560 M 1Cm RCEHIUSBNY/042267
subtracting the contribution of Spy-NO2 absorbance at
280 nm (A394 nm post DTT x 3344/14205) fromthe total
A280 nm neasured before DIT addition. The nolar ratio
of Spy-NO2: Ab can then be cal cul ated. The ng/nL (g/L)
concentration of huC242 is cal culated using a
nmebeen| ar gi ght of 147,8B8bHg/ nol e. 3. Conj ugati on
reacti oh [ 424] The—wwdi fied hyC24g was reacted with a
1. 7+bed erexcess of DS edoen DM4 stock SH
concentration) over Spy-NOQ2. The reaction is carried

t 2.5 afM-Nadl

oﬁnﬁf EDTA, gE’«/éHEB J, %%&}{%%@ @-4%;1:%%?&0 X%%gl tion of
ti on s i ncub 50C

ittonicrsid £8F) tgnt €OmEOR R b sa%sl L EAEAEH Fhmi
nmM Hi sti di ne, 130 m\/IGI
e o B T T o e
and DM concentration [225] The huC242 and DMA bot h
alvsosthredtundhieAt orermight comgniiatedquuified ondad 8 celuamd@ x 30
conponent separately, i.e., 280 and 252 nm The

eh) élﬁted@ﬂtmﬁelfnfllom)FVewhteato B0 nuthdnot imwa4® afford 828 G0
and for DMA is 5180 M 1. The 252 nnmf 280 nm absor bance

r @lobHSorahe BUC24RApaRsH. DYANRIRe(IDVSOS, 6178l (818D, 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); 1°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
BOC-HN C

[219] 4-(Tert-butoxycarbonylamino)-3-sulfobutanoic acid (321 mg,

SO3H o}

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

EtOH/Hexane to afford 263 mg (83%) of the title compound. ESI MS 279.8
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respectively. The concentrations were calculated with

follow ng equationCn= A2 2 - 0-368A 2 L _CAb= A 9gn -
WG 1B0Tm24692. 4 217,560 Results C242- Sul f o- DVEPECT/IR®N9/042267

titration Conjugation protocol: [226] Modification was

done at pH 8.0, buffer A and 5% DVA for 90 m n at room

tenperature, the antibody concentration is 7 ng/m.

The nodificed anti body was purified by NAP col um

using Buffer A pH6.5. The conjugati on was down at

BOVIf 1). AhepNMIS dakd lares k0 Serid\Vihratigh slomrowepeitiatdsazedo-3-

overnight. The drug to linker ratio ranged from1.3 to

1o doB6RRGIRIat™,. on the total drug added. Exanple 2:

Conj ugate Synthesis. [227] SPP or SSNPP |inker was

di ssol ved in ethanol at a concentration of

approximately 10 mM Anti body was di al yzed into buffer

e LE R

equi val ents of _linker were added while stirring in the

presence of 5% (v/v) ethanol. ifhedreaction was allowed
to progeed ,@ |ent;Hg|errperi for 90 m nutes.
Unreacted fi was rem)ved '?ymtfhe anti body by

Sephadex &5 ge filtration u3| Sephadex &5

colum equilibrated with Buffer A at pH 6.5 or 150 nM
PPRAFST UM PRQRRNGHiRy desthioPhen-2(3H)-one hydrochloride (6.00 g,
39.1 mmol), sodium bicarbonate (3.28 g, 39.1 mmol) and iodomethane (13
mL, 209 mmol) were stirred in dry methanol (100 ml) overnight, filtered

through celite, evaporated, purified on SiO2 column eluted with

MeOH/CH,Cl,/HAc (1:5:0.01), and crystallized with EtOH/Hexane to afford

5.25 g (84%) of the title product. mp 228- 231°C. 'H NMR (CDs0D) 4.27 (m,
1H), 3.25 (s, 9H), 2.56 - 2.47 (m, 2H), 2.34 (m, 1H), 2.26 (m, 1H); BC NMR

168.97, 75.06, 53.25, 30.85, 16.46; ESI MS m/z+ 160.0 (M+).

1-carboxy-N,N,N-trimethyl-3-(pyridin-2-yldisulfanyl)propan-1-aminium

H;C
H3q O H,C 1‘\@CH3
H,C- 1). NaOH S
H.C C+> § ————> XS COOH
3 2). PySSPy, pH 7 | N
[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 H,0)

for 45 min. neutralized with 4 M H3PO4 to pH 7.4, concentrated, added to 1,2-
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containing 100 mMM NaCl, pH 7.4 as indicated. For the
SPP |inker, the extent of nodification was assessed by
wo 2000a3®7pdf pyri di ne-2-thi one using 50 MMV DTT BeEUS2009/042267

nmeasuri ng the absorbance at 343 nm as descri bed bel ow
(e343 = 8080 M1 cm1 for free pyridine-2-thione). For
SSNPP, nodification was assessed directly by neasuring

t he absorbance at 325 nm (e325 10,964 M1 cm 1 for the
4-nitropyridyl-2-dithio group linked to anti body). For

t fi¢pyeidin-Dgdidisaifanee@ddtd, d@,9 mhiodl in6ftnali ofi MgOH lige mixture
(either DM or DC4) was dissolved in DVA (N,

| WadisRbOYdRE q{l%lﬁf' dRjragtbd awEIPRAR! ki Qc[he@ﬁs solution was
approxmately 1 The drug (0.8 - 7-fold nol ar

an v ?EI%. Cf,rde Is cg:dt Rith e@v\gnﬁﬁéreefsaft' @J&%Braf@al SfdUpEiiddSén

y’as I ndicate ssow{yadde Wth stirring

L S 28 40 ) A3 e ABERRAL 00, 8fec o B0
BB BB £ (pErbette PBROEES] N BL el
ti mes. Drugconjugated anti body was purified using a
Séyiatel).G25 col umm equilibrated with buffer B (PBS,

pH 6.5). For DM., the extent of drug conjugation to
anti body was assessed by neasuring A252 and A280 of

t NevieaiTicdfiah of astibRBowithedifdtinkey. A sinilar approach
was used for DC4 (see bel ow). Measurenent of

RQZ%ES&‘N e L hilhNe-id niddiRaew RN Sul ke sEeinAhl antiddy,

SPPModi fed Ab. [228] The nolar ratio of

by rl%%lﬁ gla} Qic%g]seoir s%f%aﬁﬁigr P%‘bn{mlsﬁ)cﬁ 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 Ajg of the sample
and then the increase in the Asg4 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 €304 nm Of 14,205 M'em?.  The
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anti body is cal cul ated by nmeasuring the A280 of the

sanple and then the increase in the A343 of the sanple
w@tdoensqaddi ng DTIT (50 nL of 1M DTT/ nL of sanplBOT/UI1969/042267

concentration of DIT-rel eased pyridine-2-thione is

cal cul ated using an e343 of 8080 M 1Cm 1. The

concentration of antibody can then be cal cul ated usi ng

an e280 of 194,712 M1Cm 1 after subtracting the

contribution of pyridine-2-thione absorbance at 280

r concéliBdion "of antilasty dai Then Ee1@MNB08DYsiAg @ ms eof Di7a160 M

A280 nm neasured before DIT addition. The nolar ratio

Ofcnpy Lie Q@rdctidy aRecdribaidnt feBpPNdadlsuivah@dat T8 nm
mL (g/L) concentration of Ab Is calculated using a

gﬁ% ecul af ﬂ?’r@bfﬁ%@“ 459 ROR Jﬁ{; E@él Al AAGRR YR DIT

| nked t ropyrl o Goups and
Copgcentration SS 229
%f{]chorbfﬁi‘arf@Oh“ FAtior gﬁ% 08?{ gcra 1('SlllJﬂpag%l rﬁtq’ég/ﬁnelf
nol e of antibody i s calculate nmeasurin he A2
atedlngonrentratione of Awpie2 i t%i?ﬂfat?éyr*ffsw e?amPé‘?ng ar T‘H@gﬁt of
nunber of antlbody bound 4-nitropyridyl-2- dithio
gteuMe0 g/mobal cul at ed usi ng an €325 nm of 10, 964 M 1Cm
1 . The concentration of antibody can then be

cal cul ated using an e280 nm of 194,712 M 1Cm 1 after
subtracting the contribution of the

53%$ﬁjﬁeyﬁ6[ﬂyéacﬁoﬁilthl o group absorbance at 280 nm
(A325 'nm x 3344/10964) fromthe total A280 nm

gfl'ﬁgr ed Alegg% H’{Bﬁg{edk@bgg]?. 8{1 get:dggahr Eﬁ’é h q’yi*ok?m@la? Ek&:ss
F ]éﬁ{'éf (bagcldoor}l BR/MAsk%oékSSﬁ z%lortl:cl'lellrl rgt‘ieodn) l'(')%’llerngp};jl NHP' %9 9act10n
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 measure each component separately, i.e., 280 and 252 nm. The extinction
coefficient at 280 nm for huC242 is 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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of 147,000 g/ nole. Calculating Ab and DM conponent
concentrations of Ab-DM. [230] The Ab and DM both
wab®onpoat the two wavel engt hs used to neasur ePEEUR2009/042267
conponent separately, i.e., 280 and 252 nm The
conponents are quantified using the follow ng
al gebrai c expressions which account for the
contribution of each conponent at each wavel ength (CAb
is the nolar concentration of Ab and CD is the nolar
concent r at i 60~ dbs2PM- 368k Tot al A2E0w=124 7A80AD +
5, 700CD 2) Total A252=(194,712 x 0.37)CAb+ (4.7 x
5,700) CD Each epdsRidon is sol ved for CAadid, &0
equality is set up (equation la = equation 2a) and
solved for CD: [231] Once the CD is calculated, the
E&{gﬂs used to solve for CAb in equation la (or 2a)
ove. The ratl o of DM :Ab can then be cal cul at ed.

(g concat at 1 od
%ﬁgﬁ@lg‘a us F‘(@ t')/‘é%ul aLUMOH()mﬁ rlah?, y '}jr%eo(?)mﬁl/ hol e
a the concentratio M—i-s—cal cul-at-d ISHRe—a
BRI ar_wei gft of 7?hlﬁ gY%%?é (Linked %V >
E30 min ency of odi sul fi|det exch¥nd® i s incread®l with
SENPRIn [ 232] | A$ showr 6.8 Ta¥%7%, the effli<d¥ency of
Co0) m@at i on i 8.6enhanced3i n r#ag%i ons wher|e<ISSNPP i s
used as the cross-Tinker conpared to reactions using
SPP. The percent efficiency was cal cul ated by dividing
t he val ue for

C242-Sulfo-DM4 linker titration

%
Linker DM4 mg/mL | pg/mL Free
Excess | L:A XS D:A Ab DM4 %Monomer | Drug
5 2.4 1.7 1.9 0.83 8.2 95 0
10 4.1 1.7 3.3 0.83 14.4 94 0
15 5.6 1.7 4.6 0.82 20.0 93 0
20 7.3 1.7 6.0 0.82 25.8 91 0
25 9.1 1.3 6.6 0.79 27.7 92 0.6
30 104 |13 7.6 0.68 27.5 94 1.1
35 122 [ 1.3 8.2 0.67 26.7 95 1.6

Conjugation protocol:

[226] Modification was done at pH 8.0, buffer A and 5% DMA for 90
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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DM per antibody by the linker per antibody ratio
times 100. Conjugations of the N901 anti body using
wE3NPR34esul ted in cross-1linking efficiencies PET/DSHIH042267
both pH 6.5 and 7.4. The efficiency of conjugation of
N9O1 with SPP in these experinments was 70% at pH 6.5
and 77% at pH 7.4. The increased efficiency w th SSNPP
denonstrates that a target DM to anti body ratio can
be achi eved using anti body that is nodified with a
reduced nunber of |inker nolecules. In fact, a simlar
drug to antibody ratio (4.3) was achieved in the final
cgghﬂgﬁtﬁ. %%ﬁﬁgﬁ %ﬁﬁh@wy preparation having 4.2
(5-nitropyridyl-2-dithio)-groups per antibody
! [}gﬁgdu_ced ﬁglt’ h oSN E ONRREE dvdsO JRBoRBE | BOIKKARY! BY a
5. yridyl-2-dithio groups introduced with SPP (Tabl e

2). The anount of. dr eqgui red. i: r
%%%qﬂca%mq;am*eegramatéﬁgbtrﬁ%# By S A RTRE e A
NPP- modi fi ed anti bod t P-nodi f.i.ed ant.ib
AT Bl 50 MV oA S T P 6 Shaliors e aghction 1
benefit of the increased efficiency with SSNPP is that
aantdddy eds ab$ mg/ek ead 7 eapiveRntsehjinker wereadded while stirring

conj ugation reaction. A conparison of the DM per
aft thb @esen@t ¢fosYs f(olv) etliangl. cHirg negettanowmasmlidwed to gmepsedht
drug equivalents in the reaction (0.8 -1.7 fold

eXhBRAY tefipeMBurk Bét 9®minutes: fOhdadi®l Biike@ X8 $6mbeed from the
sufficient to achi eve 100% conjugation efficiency

SR, SRR a0 ATy Sghlsiogps
2Ht J l?rg‘%égtr\%aigﬁ.ﬁgregeas nr?‘lﬂ—?glugrrlel%gn%] Pot?s%NFnE p%spﬁgtjg tuffer
containing 100 mM NaCl, pH 7.4 as indicated. For the SPP linker, the extent
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 ¢m™ 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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each case the nodified anti body was treated with a 1.1
-fold nolar excess of DM per nole of |inker

w0 ponprat ed. The reaction with the SSNPP- modpET/882009/042267
anti body is considerably faster than with the
SPP-nodi fi ed anti body (Figure 8). Even, a nolar excess
of 1.7-fold is not sufficient to achieve a simlar
ef ficiency using SPP. The ability to use 1) a | ower
nol ar excess of DM and 2) fewer |inkers per antibody
alvhoulowed ®©duodeedat ambichetenporahtre 6dr thie inglicateddisgest drug-
achi eve a target DM to antibody ratio by as much as

M%h@dﬂ atRibogy SaNpEriasd ukiag or phaddxnB2I colnsmeamdilibiated
SPP 33] The increased efficiency of conjugation

USRI DR BOEY M kST F& BRAQNRE 'eﬁﬁéﬁfjo%{d%%]ugatlon to

corrpr om se I'n the moroneric char acter of econj ugate

Wittt PR %;%@% AT
i di
R R SR BT

results of greater than 90% nononmer were obtained with
either linker as shown in Table 1. The | evel of

unconj ugated drug was neasured by reverse phase HPLC
aNBaysemenfoft Redeasalip Ryaitimeatinére, anfihdgb Sroncentiatibn of SPP-
drug for either reaction was Iess than 2% In
aNddifieanab.shorter conjugati on reaction tinmes are

possi bl'e with SSNPP conpared with SPP (U.S. Patent
%2?%213 74?he m&r Qﬁlmmﬁ{e@%oﬂeq%§a&ﬁ PBle of

di es at are sensi'tive to pro onge exposure to

°F %'d% i$ gallcvu?z{][éd {)}? gml'e'asru?%g the 1\280 of %@Js&gﬁfe'aﬁa thenafid i on.

increase in the Asq4s of the sample after adding DTT (50 uL of 1 M DTT/mL of

sample). The concentration of DTT-released pyridine-2-thione is calculated
using an €343 of 8080 M em™. The concentration of antibody can then be
calculated using an €;g9 of 194,712 Mlem™ after subtracting the contribution
of pyridine-2-thione absorbance at 280 nm (Asz43 nm post DTT x 5100/8080)
from the total Ajg0nm 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.
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Shorter reaction tinmes should al so decrease drug | oss
due to DM dinerization, which is a conpeting side
WO e@eti34om7 duri ng conj ugati on. The resul ting i NPCEHESHEE9/042267

in yield and reduced side reactions should further
contribute to reduced DM requirenments. [234] The
enhanced rate and efficiency of conjugation when using
SSNPP was al so observed when conjugating a different
drug to the anti body denonstrating the broad

1 cabi | i The wplar Fatio ofdbg #nirepyridplagrdithio grounsdinked BSn
of conjugation efficiencies using SSNPP and SPP when
cmojeugfantibayiyt ik ealkiBiated oyt droatyngnht Atoread BNA- ol theysaatrlng
drug, DC4, a CC- 1065 anal ogue, is shown, for exanple,
| WithQRITBT Btre&thedt. MKe Rinitee of @aiboipdouwsd HaittdperiGANRP
cross-linking reagent was conpl ete whereas the
r en y %0
&ﬂﬁf) g?&llgess uﬁ%&h@p f%%rﬁ%gs nmtOf 5?@3@@1%’1‘1 Tiee

our i'cant 1 ncorporation
of dr ug beyaond 2 hours 1% er. 18 hours ch
pmcsw&@npé aptibhaghy can Qt\wlacrlf@&al ‘{Snglaé‘(ﬁ%O)m §T1oh, 114

| et eness. Exanple 3. In vitro Cytotoxicit

EMa cudlt dften sutraktipg thesonoibutiGoef thy étres‘omfrld&hﬁr%fbﬂi geup
wi th Thi oet her (Non-C eavabl e) and Di sul fide Linkers
Catixbfbantdg 280 Inko(rah £,,0% 08431/1 0535 Froththe aytalo gocimaneasured.
effects of the anti body-maytansi noid conjugates with

t PhoRlRE katRNSt zﬂm%ﬁﬂl&sq Ldinke §)u§9 NARE4H theh Be Slbiapat e
group_were typically eval uate using a W5T-8

Cﬂlgja m\éyrﬁlg (é/ !LS Xorﬁ:%ﬁf?zytlo%fc}f%b i cél'cgﬂa%ﬂmsﬁi%rg thOdOHS: weight

of 147,000 g/mole.

Calculating Ab and DM1 component concentrations of Ab-DM1.

[230] The Ab and DM1 both absorb at the two wavelengths used to
measure each component separately, i.e., 280 and 252 nm. The components
are quantified using the following algebraic expressions which account for the
contribution of each component at each wavelength (Cpp is the molar
concentration of Ab and Cp, is the molar concentration of DM1):

1) Total Ajgy =194,712Cap + 5,700Cp
2) Total Az5,=(194,712 x 0.37)Cap+ (4.7 x 5,700) Cp
Each equation is solved for Cap:

1a) Cap= A2g0—=5.700Cp
194,712

105



i ncubation of the cancer cells with the conjugates.
The anti gen-expressing cancer cells (-1000-5000 cells
wW@eomedor) were incubated in 96-well plates inPCEYS1089/042267
growt h medi um containing fetal bovine serumwth
various concentrations of the anti body-nmaytansi noid
conjugates for about 5 days. The WST-8 reagent was
then added and the pl ate absorbance was neasured at
450 run after ~2-5 h. The survival fraction was
pl otted verz)L got,ugale7Wscentrati on to determ ne
the /C50 val ue (50% gzb#3killing concentration) of the
conjugate. [236] Figures 60 and 6 1 show the
enhancenent in _cytotoxicities_ of Antj- Ag, (huQG242), -
eyt andidas egualiiyjisi s vesequrtion 1hs egﬂﬁtwa%? b EIHPRGD:
di sul fi de-bonded | i nker (huC242- Sul f o- SPDB- D\V#)
bearing 6. 0~t0A7.6 ansi noi d/ Ab conpared to the
conj ugat e w P h8s2 &giéﬁ%sinoidlﬁb t owar d
CanAg- posi tive 5 and COLO205- MDR cells. The
potency ofthe conjugates with high maytansi noi ds | oads
| pditpat e t hohcd he Gidie oslailhed, thé valbe isased hoshivenot K uim
to 8 maytansi noid nol ecul es did not affect the

Elé’cgiaﬂgﬁtl £(Hasing el Tht BRic AR BB Beeddiulatb@3The

0 ure 64 shows the cytotoxic activities of anti-CanAg
| g”ﬁ*%@%@h é‘é’ﬂc%gﬁ%gﬂn?%m i étzondﬁ"p%g?l?‘.ﬁ%g AR RARBA et
T 4 i-n. di fide.link

oM RSPl it e er R noheM bitahi R hese

molecular weight of 736.5 g/mole (linked DM1)

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-linker compared to reactions
using SPP. The percent efficiency was calculated by dividing the value for
DM.1 per antibody by the linker per antibody ratio times 100. Conjugations of
the N901 antibody using SSNPP resulted in cross-linking efficiencies of 93%
at both pH 6.5 and 7.4. The efficiency of conjugation of N901 with SPP in
these experiments was 70% at pH 6.5 and 77% at pH 7.4. The increased
efficiency with SSNPP demonstrates that a target DM1 to antibody ratio can
be achieved using antibody that 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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mul tiple drug resistant cells. The enhanced potency of
the sul fonate-linked conjugate is a novel finding and
w@orensdoat | y very prom sing for therapeutic  PCT/US2009/042267
applications. [238] Figure 63 shows the cytotoxic
activities of anti-EpCAM Abnmayt ansi noi d conj ugat es
with simlar maytansi noid | oad agai nst EpCAM
anti gen-positive COLOR05- VDR cells. The presence of a
sul fonate group in disulfide |inker significantly
editkink gwupopgragtbedypstradiopd vothaT N Rheanepaigd foian)astibedyg
resistant cells. The enhanced potency of the
shavion b eytidylkz ditbiorgrawgatistrodiced wik SPPf(Tatle 2y Emed
potentially very prom sing for therapeutic

apRbiRf dAfkSreqliZddb obta@iédnfdatid omgugdion easulis 0 C
activities of anti-EpCAM Abmayt ansi noi d conj ugat es

WiHeR £t fﬂslyéfovdEPY&rQHé'S@NW-nh&ﬁﬁe@&ﬁib%} thER GRMPP-modified

anti1 gen-positive HCT cells. The presence of a

oAiFRELF B sl P MR REBL R
' h
Sncont e ehRE e SNG ) SoFBPIor PR A may

potentially very prom sing for therapeutic

apphseddn therponjugaie] repptipin: &\ 6GNBHIAB 0? the RVH pepagtibody
activities of anti-EpCAM Abnayt ansi noi d conj ugat es
Wrdtios $ollovliag comydatios iwithi adrahgaof drgg eqeval&pCaiMhe reaction
anti gen-positive COLO205- MDR cells. The presence of a
sy.§ onat BIDEREE) showd@at i 0gbldaholbt &dcess is bfficfehc@nt | y

enhanced conj ugate potency toward these
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 modified 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 DM1 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



mul tiple drug resistant cells. The enhanced potency of

the sul fonate-linked conjugate is a novel finding and
w@orensdoat | y very prom sing for therapeutic  PCT/US2009/042267

appl i cations. Exanple 4. Conparison of in vivo

anti-tunor activity of the anti- EpCAM mayt ansi noi d

conj ugat es, B38. 1- SPDB- DMA and B38. 1-sul f o- SPDB- D\V4,

on col on cancer, COLQ205 and COLQ205- MDR, xenografts:

[ 241] The anti-tunor effect of B38.1- SPDB- DW4 and

Badhjigatdriddn tIEPRRURNVGL croopjngated ¢frew sineg/asseraated with the

xenograft nodel of human col on carci nona, COLO205 and

G580 c MRz at WS ED a@§siS distd &F dfertrineome Eaopitas’s
P-gl ycoprotein. The cells were injected subcutaneously

{/@‘gh&?ﬁpaﬁ&r% ek, dritfotel iR Wil agfresfedsD TVpRAL

@ tunbr's Vvolu reached approxi nately 200 nm®B

h?e@ﬁ‘l%sé@ grc%ﬁrt]% tg]?{f&)‘%\en{o%o{n%p g]%{agccﬁo?%ngy whth WRfer \fﬂ(%{'gig and

e e€e groups. roup was trea W th

a single i.v. holus of either B38.1-SPDB-DW, (10

cmvwglaﬂ@b&rlotﬁw%ﬁf SR T

conj ugate protein/kg) or phosphate-buffered saline

( plestse EIPE. Coanatysis) of therennireatp ssmple- whe newssot Bpedrug for

measuring tunor size tw ce per week. Tunor size was

c éitteu ket oh wig less then 2% fuladditiorrspHenconjugationrepetiapht  x

A. [242] The changes in vol unes of individual

e QR PRI WD SSNPP compared with SPP (U.S. Patent
No.6,913,748), which may decrease loss of some antibodies that are sensitive
to prolonged exposure to organic solvent required in the conjugation reaction.
Shorter reaction times should also decrease drug loss due to DM1
dimerization, which is a competing side reaction during conjugation. The
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
conjugating 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
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are shown in Figure 66. Treatnment with either

conjugate resulted in significant tunor growth del ay.
w®B3®9/134931l f 0- SPDB- DVA was nore efficaci ous thear/uS2009/042267

B38. 1-sul fo- SPDB-DM4 in this human col on cancer

xenograft nodel. [243] The changes in vol unmes of

i ndi vi dual COLQ205 tunors are shown in Figure 67.

Treatment with either conjugated resulted in

significant tunor growmh delay. Two of six animals

t aneatigui fieartt incBg®raticun ffdougSmiyBndRthobesdd t'érmpieei &howrmor

regressions. Thus, B38.1-sulfo-SPDB-DV was

sDaRi hiea ?\bldflg&l)fe@ctﬂfrf tirecinay featl k@ b00% completeness.
B38. 1-sul fo-SPDB-DW4 in this nodel. Exanple 5.

Synt hesis of procharged linkers (CXl -1):
Z-dy- Gly Ay- b -Ala-OBu [244] 1.3 g (4 0 mml) of

hIorlde wer e melghed |nto a 50 L flask t hen dlssolved
i fontpinmgsplfanata@ROUN:or mani de wi th nagnetic stirring
under a nitrogen atnosphere. After 3 hours the

r {2361 on ni Yheicgoteais qffecisfaf gt antibsdyrnagansineidsonjpgates
reverse phase HPLC using a 5.0 cmx 25 cm d 8 col umm.
Thetharibbtier Msdisulfidelinkkecomtiming a\sulfénategronp etk typicelly
containing 0.3 %formc acid 5% acetonitrile for 10

MePhifhtd ita W’S’la8 liéllm:ﬂ)lﬂt{y ReAY aftbPdli-Siay tbMiAvRYUe

acetonitrile to

incubation of the cancer cells with the conjugates. The antigen-expressing
cancer cells (~1000-5000 cells per well) were incubated in 96-well plates in
regular growth medium containing fetal bovine serum with various
concentrations of the antibody-maytansinoid conjugates for about 5 days. The
WST-8 reagent was then added and the plate absorbance was measured at 450
nm after ~2-5 h. The survival fraction was plotted versus conjugate
concentration to determine the ICsy 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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acetonitrile. Product fractions (retention tinme of 19

m n) were conbi ned and sol vent was renoved by rotary
we@@poas4ari on under vacuumto give 1.35 g (75% POI/US1969/042267

title conpound. 1 NMR (d6-DMSO) 8.16 (t, J = 5.2

Hz5IH), 8.10 (t, J = 5.2 Hz, IH), 7.82 (t, J = 5.2 Hz,

IH, 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 (q, J

6.1 Hz, 2H), 2.35 (t, J = 6.8 Hz, 2H), 1.39 (s, 9H).

18:€ chiRg4teSwidlvBigh rF0ansiioidsdoadslindicde theo thexggorgion of

156. 49, 136.94, 128.30, 127.76, 127.69, 79.89, 65.51,

Athe 281ibAR- ith ufHo ObhayR@dsiBd nddleclies B natthffebiRMS cénjMate

+Na+) Calc. 473.2012 found 473.1995. HAy-dy-Qy-

bbﬁh&g%%t%ééﬁéoioéoscél?s.S&? mol) of Z-Ay-Ay-Ay-
b- Al a-G Bu s disolved in 80 nL of 95:5 nethanol :

dej,ani zed wat i N ‘N : { i ch
W adea of eBfe uRySa Srr B bl aREs iAoty 20,
was shaken under a hydragen at nos re, (42 [y, for 7
hEYgY@nsifod CRREYFEW §1n%}%6 Hiﬂ#aF‘P‘r"xg@ﬁ%d %W%Eéﬁ‘)‘%%l ite
filter aid and the filtrate was concentrated by rotary
esutigsnopitine GRI&200MINealls: ding eragersg of sylgwge HpuR He
title conpound. 1H NMR (d6-DVMSO) 8.12 (t, J = 1.6Hz
28sulfide Gi8kértsignifany kizhankced corfugale paeRitowadahesed, J =
5.9 2H), 3.28 (bs, 2H), 3.24 (q, J = 6.0 Hz, 2H), 3.13
( ultBt drug réBstérit cells. =THe éhhlliced Pblencyl oBBe Gulforfatd) linkedC
NVR (d6- DMSO) 173.38, 170.46, 169.18, 168.70, 79.89,
4€'orﬁl§gate4ijs -a%vvel%d%?g ar@l‘lpoz&tiaﬁ? véry- prb'imﬁléM thebapbutic

applications.

[238] Figure 63 shows the cytotoxic activities of anti-EpCAM Ab-
maytansinoid conjugates with similar maytansinoid load against EpCAM
antigen-positive COL0O205-MDR cells. The presence of a 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.

[239] Figure 64 shows the cytotoxic activities of anti-EpCAM Ab-
maytansinoid 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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Calc. 317.1825, found 317.1801 Mal -Gaba-Gy-Gy-Ay- b

-Ala-OBu [246] 513 ng (2.8 nmmol ) of
W@ 202154901 oxo- 2, 5- di hydro-|1 H pyrrol -1yl) but anetTUsSIL42267

800 ng (0.2.8 nmol) tert-butyl 3-(2-(2-(2-
am noacet am do) acet am do) acet am do) pr opanoat e and 583
ny (3.0 mol ) N (3-dinethylam nopropyl)- N

-et hyl carbodi i m de hydrochl ori de were disolved in 12
mL of dinmethyl formamide and stirred for 3 hours. The
r eaistanoeelisi Kiernbaneed potency pedheisnlfonsie-linkpdaonpygpteiivhs
by reverse phase HPLC using a 5.0 cmx 25 cmC 8
cadweNindihp and pbtefitial Wagkreprotrasing for tR@apdutioiappliviations.
dei oni zedwat er containing 0.3 %formc acid and 5%
a@bfn' tri | gighRY 651dhotis fhd ShbtoRActiitids dfnfit EpCANEAS-

ent from5%aceton|trlle to 33 % acetonitrile.

%gt%% 1&51 gltljlllg ven tﬁgﬁmdr giflogdga% MO RRRE

j was re r ot Yy evapor ation
un er vacuu h

cOMBEIRL liﬁ 53\‘%7@ * fg/gef ¢ ﬁﬁ g‘%fﬁi)‘“ate P
|-ﬂle t}\glpytheghrgq:r @@nlﬁyamlyger@ap.fzed og;lnbugatg p@&?n@{' govs‘/)arcitl@sea
2H), 3.1-3.33 (m IH, 3.19-3.26 (m , 348
—m@lthle @itlp redstaB2ells. Thg enhanced pptencyHf thqsmnateﬂlr&sd (m

2H), 1.39 (s, 9H). 13C NMR (d6-DMBO) 171.80, 170. 98,

13&1&3@& 569048l firkdlg & pot@Rial$ vedy3toRTsing/Pr 8RrapdLi05,
3, 37.38, 34.82, 34.71, 32.26, 27.83, 23.95. HRMS
(Mgtichaghls, Cal c. 504.2070 found 504. 2046

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, COLO205 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, COLO205 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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Mal - Gaba-dy-Ay-Gy- b -Ala-OH [247] 820 ng ( 1.7
mol ) of Mal -Gaba-@y-Ady-dy- b-Ala-OQBu was disol ved

wOo po0918omi L of 95:5 trifluoroacetic acid: dei oPCEES2009/042267
wat er and magnetically stirred for 3 hours. Sol vent
was renoved by rotary evaporation under vacuumto give
730 ng (100% of the title conpound. 1H NWR (d - DVSO
12.1 (bs, IH), 8.05-8.20 (m 3H), 7.82 (t, J = 6.0 Hz,
IH), 7.00 (s,2H), 3.71 (t, J = 6.0 Hz, 4H), 3.65 (d, J
=subfoaSFRB-DM} (1 @mgicopiugaty prot@ingkeher piagphatg-bpffered saline=
5.6 Hz, 2H), 2.38 (t, J =7.2 Hz, 2H, ), 2.14 (q, J =
8(vehidle, coatibl). Tummbr grofvth s nidhjtorelid§ MbRuinbtubidsCize
172.70, 171.83, 171.01, 169.50, 168.99, 168.51,

13¢cSFor w2k OFumdrlsiBdwasd@lclidate Seith Che B8mBE; leB@th&Bwidth x
23.97 HRVMs (M + Na+) Calc. 448. 1444 found

4@63%%4((751§|\/BI -Gaba-dy-Gy-Ay- b -Ala-ONHS (CXl - 1)

[ 6 ny (0.18 mol ) of Mal-Gaba-dy-dy-dy-

b- -OH, 7 0..376, Mol ).. of. .

AR ot oy T HBRR Ry P ok R O PR MDR tumors
hydrochl oride and 66 ng (0,575 nmol) of )

- g ahowy SUBIEHTF 9% dregiercat with s1thes gopineate geshitedin

di met hyl formam de wi th magnetic stirring. After 2
hsignificattéumengroivtndetw t B3 %1 waléo-SEPB-DM Was ke equal
portions by reverse phase HPLC using a 1.9 cmx 10 cm
Cétficadiosthan B3¢ alulfiys Pl D4l tretthisdtundal aoslonndances t h

dei oni zed water containing 0.3 % formc acid and 5%
1xéogtiroxang. for 3 mn followed by a 15 mn linear
gradient from5% 1, 4-di oxane to 30 % 1, 4- di oxane.

E[ﬁg?gg: e]:jr a‘fﬁé %gég iﬁ%ﬂhﬁéﬁ%fﬁﬁdﬁdﬁal%@i@%%rs 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
1 Ho9Q EDC )OL H\)OL N 0
g\o*n/\[o(N\)J\u/\{oroH +H2N\/\[O(OK 0 g\o g/\g/ H/\[0]/ \/\[or K

[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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in a flask and i medi ately frozen in a dry ice acetone
bat h. Sol vent was renoved by |yophilization at anbi ent
W eqopas@arure to give 40 ng (42% of the title PONPS2INL042267
1 NWR (d6-DMSO) 8.08-8.1 1 (m 3H), 7.99 (t, J = 6.4
Hz, IH), 7.00 (s, 2H), 3.6-3.75 (m 6H), 3.0-3.2 (m
4H), 2.84 ( s, 4H, 2.13 (t, J = 7.6 Hz), 1.83-1.93
(m 2H), 1.69-1.72 (m 2H). HRMS (M + Na+) calc.
545. 1608 found 545.1638Z-G u(QBu)-Ay -Gy-NH 2 [249
ABydrbcldéridi wetehwbighed irderiadd whsflasidben dissalvebing2Q migy
mol) OFZ-GQu(OQBu)-OH, 1.3 g (8.49 mol ) of
hyigeabl emanidd wizlo hagndtic3tigrig/undr anirtogenhitmosphere. After
Hdy-GQyNH2, and 1.52 g ( 7.93 mol) of JV-(3-

dB TRhLRYheRLRa0h %Xiu}e Nas ghﬁﬂé@ﬁf bedli bbitidas by reverse phase
hydrochl ori de. mmol ) of d||sopropyl et hyl

2fipfe wgﬁ%%dsdsdcpész% o EFRELiAM, Va5 S gﬁl{rﬁ%ﬁw at 100

réacti on mxture was
e rtions. by direct in ona tI.V
cﬂaﬁmm@wgﬁqd@onge%ma@r Seng ‘%f EO&%%CI EP i 13
nm./mn wth deionized, vvater cont ai ni ngj %formc
adf dninj foHowsd dyea dpimin Jeear gradignt from 36p %%@Hl%‘ﬁ tg e
mn linear gradient from5% acetonitrile to 90%
asetanirile.i Peduftr fiations {rewotipwtime(afdidemin) overe combingd and
20 min) were conbi ned and sol vent was renoved by
I edladit WIARDA Oy WstaST evwpotation tumdgr wecuind t@ gid3%PB5od
the title conmpound. 1H NWR (400 MHz, CDC13) d 7.79 -
7 (£ 88 tht e confuhd 'HMIMR7(RDNISO) 3.7 d, £= RHHz,1H),
6.(900)23, |H),ecﬁ.'r%(s, Ty VRYe )31 @ )
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 (4, J = 5.6 Hz, 2H), 3.67 (t, J = 6.4 Hz, 4H), 3.25 (q, J = 6.1 Hz,
2H), 2.35 (t, J = 6.8 Hz, 2H), 1.39 (s, 9H). 3C NMR (dg-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
jj)\ N \)(J)\ n 0] n\)cj)\ n\/\ﬂ/o
N 10% Pd-C | H,N N

[245] 1.3 g (2.89 mmol) of Z-Gly-Gly-Gly-p-Ala-OtBu was disolved

in 80 mL of 95:5 methanol:deionized water in a 250 mL parr shaker flask to
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6.35 (d, J =6.8, IH, 508 (d, J =12.0, IH, 4.98

(d, J =12.2, IH, 4.20 (dd, J = 12.9, 7.6, |IH),
WS@2894A31996 (m 2H), 3.83 (d, J = 5.0, 2H), 2.4PCFUR009042267

(m 2H), 2.07 (d, J =6.9, IH, 1.96 - 1.83 (m I|H),

1.39 (s, 9H). 13C NWR (101 MHz, DVsO) d 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. Ol.HGmaSOt Bu)-Ay-Ay-NH 2 [ 250] 940

nmyvhich @& addot )0.16f g 2f A Y@ BdipmDy c@ymk@ hevdlesldives shaker

in 40 niL of 95:5 nethanol: de-ionized water in a 250

mMungddrastsy drAReR dyiosphegen@? iPSh) b dkeurs | Bile. mB2@dre mpsofactiifo

pal | adi um on carbon was added to the flask and the

Cﬁmel%attﬁrd@hecemédﬁﬁaeﬁatﬁg et il traRRedvhd SonbRARAted o RERY
( O PSI) for 4 hours. The m xture was vacuumfiltered

E%b?;tﬁut 4&1@%@5&5 toag@ewk gqu%fveﬁfuﬂ@ g%lsg%rfct oy

evapor titon’to
( %ﬁ\éﬁ@ -DMio) %'ii%ﬁt f Sr“i"%fﬂ@ ?40%5"@9%52%> SR,
>389 (g =5 A3, 6 2550ty 210, B2 (et = 6012210, 5195 45. Ty 2.35
1.63 (td, J = 15.0, 7.5, | , 1.39 és, lzg 13C NWR
(VY ™&8 Hadaly),d.376s,.58]D). 174 . MR {¢2DBB0)1¥(8.3%, 170.46,
81.82, 55.21, 43.64, 43.16, 40.44, 32.31, 30.45,

286918, HRVE), (79189, B4 )65Cal.05, BAF8, 18R, 201d HRMS (M + HY)
317.1800. E001008- 28 Mal - GaBa- G u( Gt Bu) -G y-G y-NH 2

[@%ﬂebﬁﬂ?siﬂl %&Mﬂm@bi O HAu(QBu)-Ay-Gy-NHZ,
03 mmol) of Mal -Gaba-OH and 430 ng (2. 24

mml) of - (3-

Mal-Gaba-Gly-Gly-Gly-p -Ala-OtBu
P 0 H\i H EDC g(o\/\)oj\ W 0 H
4 . N o0 —— . N
O e i i & S e

[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 mlL/min with deionized
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di met hyl am nopropyl ) - N -et hyl carbodi i m de
hydr ochl ori de were dissolved in 4.5 nL of dinethyl

wo ooomasdode and 800 nmL of di chl oromet hane. The PEHUS$10091042267
was stirred for 3 hours at anbient tenperature. The
reaction mxture was purified in tw equal portions by
direct injection on a preparative 5 cmx 25 cmd 8
HPLC col um. The colum was run at 100 nL/mn with
dei oni zed wat er containin % formc acid 5%
avietes wpRigining 9ér%lfgnmcmcﬁgamcbmcsgﬂnar%fomlﬁ minfelpwed
gradient from 5% acetonitrile to 90% acetonitrile.
Pbpdudtmihriaeti gradicqtr fedrarith acetdrimie ©7334%-act¢@nirilei Product
wer e conbi ned and sol vent was renoved by rotary

efrapind(teldhtian ditie YRZIUMIA) Wergicébihel 8d (s8Rt Wis fehrved
title conpound. 1H NMR (400 MHz, CDCl 3) d 8.16 (t, J =

5Eg'ro{a'r'9 'ev%pcgéu({{gj under va?:kl&m Joi%rve@ﬁ% ’ ((:162]3/3 Sf §1e title

c%gpou% ﬁWR( %dlvxgog 3. 1%)“@ 1§?m6%ﬁg% (gist =2 %ZH%,W&:I)
87 7.9,
(a0 >3 sty s < afo 0 a3 64f v 138 %ED%M%
|sz DVSO) d 173.12, 171.77, 171.65, 171.03, 170.7
185 @8 2H)33.14%33 (o, BD), 389-3026 (na, 2H)42.348 (184 =368.961), 2 132
32.29, 31.22, 27.73, 26.95, 24.02. HRVB (M + Na+)
Cé4l ¢ = BRHZ20H), F.6TLAd. B@@nmml 39 (s, 9H). >C NMR (ds-DMSO)
Mal - Gaba-d u(OH) -G y-dy-NH 2 [252] 105 ng (0.218
mrpl.30,0170M3), 1 EBa- (BoUEX1BB D6 68.58, Y13MI32, 183 4563|4183,
in 5 nm of 95:5 trifluoroacetic acid:de-ionized water
anl3g 34.82, 34.71, 32.26, 27.83, 23.95. HRMS (M + Na") Calc. 504.2070

found 504.2046

Mal-Gaba-Gly-Gly-Gly-p -Ala-OH
0 o o

4 H O H TFA J It Hoo H

%M N\/U\ N o, .~ q\/\)K N\)J\ N OH
! S S B N ! DD G

[247] 820 mg (1.7 mmol) of Mal-Gaba-Gly-Gly-Gly-B-Ala-OtBu was
disolved in 9.0 mL of 95:5 wrifluoroacetic 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 (d¢-

DMSO) 12.1 (bs, 1H), 8.05-8.20 (m, 3H), 7.82 (¢, J = 6.0 Hz, 1H), 7.00 (s,
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magnetically stirred for 2 hours. Solvent was renoved
by rotary evaporation and residue was taken up in 6 nL
wae@vosorTile + 1.5 nL toluene to give a suspePGI/UR2009/042267
Sol vent was evaporated fromthe suspension by rotary
evaporation under vacuumto give 92 ng (100% of the
title conpound. 1H NMR (400 MHz, DMSO) d 6.99 (s, 2H)
4.18 (dd, J = 8 2 5 7, IH, 3.70 (s, 2H), 3.61 (s,
2H), 3.40 (t, g?
22119&711‘:@?@%%}4) 316@ awwuﬁz%m&—aﬁ 2H),
1.73 (dt, J = 14.2, 7.5, 3H). 13C NWR (101 MHz, DMSO
d3.283q,7.65 514 Hz7 2H),1788 @9/ =17.0. HH 2H1% 2. 181(q, 13=48.Q7Hz, 2H),
52.00, 41.97, 41.63, 36.75, 32.19, 29.95, 26.79,
23.693-.%73@6%?- @@JWHSQ&-(EM 702 17 288] 178140179 69.50,
(0.22 mml) of Mal-Gaba-Ju(OH-Ay-Ay-NH 2, 75 ny

i 1 2/
( Paﬁv "}%%.%y\hiw oXy §¥C&i R Mh@gsand 7H1%3w, (.57 23.97

B YT a0 Gl 2GR FR SR 00T 1wt o

di met hyl formanmi de for 3 hours. The crude reaction

m xture was purified in three equal portions by direct
injection on a 1.9 cmx 10 cm C8 colum. The col umm
was run at 18 nL/mn with deionized water containing
0.3% formc acid and 5% 1, 4-di oxane for 3 mn fol | owed
by an 18 min linear gradient from5% 1, 4-di oxane to
30% 1, 4-di oxane. Product fractions (retention tine 7.3
mn) were collected in a flask and i nmmedi ately frozen
in a dry icel/acetone bath. The conbi ned frozen
materi al was
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| yophilized to give 80 ng (70 %9 of the title
conpound. 1H NWMR (400 MHz, DVMSO) d 8.20 (t, J = 5.4,
WO R09/181918 (d, J = 7.3, IH), 8.03 (t, J = 5.6, PCHYS2009/042267
7.21 (s, IH, 7.06 (s, IH, 7.01 (s, 2H), 4.29 (dd, J
=13.7, 6.5, IH, 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,
IH, 2.10 - 1.95 (m |H), 88 (dt, J = 17.0, 7.5,
| Mal- (iab:asG(mGly-s}lﬁ-BJ:Al@OlﬁI@( 1) HRVB (M + Na+)
Calc. 545.1608 found 545. 1627. Exanpl e 6. Synthesis of
p05|ot|vely charged linker 7 213 2

1
metqyl ani ng) di hymlr oth| ophen- %gzrig 17
}/&JEWW be A28 H) Jone hycﬁfgghT)kr“l b
(2 3) (1.6 651dmol)oandforrmldehyde(3m

nol ) i n nethanol was added sodi um cynobor onhydrl de
(0.409 g, 6.51 mol ) in five portions in 1 h. After

bey stirr -
PBBES vea™ (RS "’I‘m&ﬁ Sy et O SR BRI O, 72

S WiFtinratll P AR  OE) A imi
hyséo%l'a%r dggé_t he3{0 5&7 Tﬁx&@? Olfn Md?qﬁw%n%%gq&vere

(s, GI-g,. 8 (m | 2.21 (m H); 13C NVR 206. 58,
7disolye 411.1632 mlp pf dnpethﬂfwangér With mpgnetigestiring, Ajer 2
Jlrglasl)rg ﬂz(el(\fd:hcnienlnydb(am ey pdrifiqlyini teio req@alydorkiiang by anyeryeophtasen
oic acid (218).
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
to 30 % 1,4-dioxane. Product fractions (retention time 6.5 min) were collected
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 (4,
J = 7.6 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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[ 255] 3-(di net hyl ami no) di hydr ot hi ophen-2(3H)-one (217)
(0.95 g, 6.54 mvl) was stirred in 15 mM of 0.5 M NaCH
w@apwoadomt of nethanol solution for 30 m n, nuUPCEHUSZEH042267

with H3PO4 to pH 7.2, and |, 2-di (pyridin-2-
yl)di sul fane (5.76 g, 26.2 mmol) in 50 m of nethanol
was added. The m xture was stirred overnight,
concentrated, washed with Et Ac and the aquoues
solution was | oaded on C 18 colum, eluted from 5%

nBtGhuOtBwRGly GlyeNHor mi ¢ acid to 30% nmet hanol in 0.01%

formc aC|dto afford the title product (368 ng, 20. 65
%yleld) NI\/R(CDISO)) 8.%1 (dd, Ig = 0.7, 47o
7.773 715(\&11‘:1\/*,&4”5\ }_?—SSHZ)

322(0mIH) ,.’,;N H. 2.51 (s, 2.05 (

161 28, 150. 46en 139. 40,
49H7 20 42 460 36.29, 29.88:NHES| |vsmr
, 295.0 (MNa). 2, 5-di oxeplad ol i din-1 -
2 (d| rret hyl am no) - 4- (pyri di n-2- yldisul fanyl) but anoat e
(219) [ 256]

[:z@] ?gtlggf' ?W)ofdfl'o)frgéfﬁﬂfldfcﬂm%nﬂded wal daagy 1 Bus ARO[ 47

AR AP SR PR
SO ol I oG S e B, o1 o
ogimrgl?}gy?srrr]lgoércolgyl%% ’%etgﬁcg‘ggcggrgidgshy roc ?051&J e. 0f2.§ hr(r:"lLt |(1t4|.3e
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 deionized 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 (q, 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, /= 12.2, 1H), 4.20 (dd, J
=12.9, 7.6, 1H), 3.84-3.95 (m, 2H), 3.83 (d, /= 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, 9H). 3C NMR (101 MHz,
DMSO) & 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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product. 1H NWR (CDI30D) 8.40 (m IH), 7.83 (m 2H),
7.22 (m 1H), 3.34(m IH, 2.82 (m 2H), 2.75 (s, 4H),
WQ2®8/184977 6H), 1.98 (m 2H); 13C NWVR 177. 21, 1PAT/¥82009/042267
161. 12, 150.68, 139.37, 122.70, 121.66, 70.80, 44.16,
43.15, 36.06, 27.38; ESI M5 mz+ 369.2 (M+ H).
Exanple 7. Preparation of huM9-6-CXl -1-DM procharged
I i nker conjugates: [257] The followi ng stock sol utions
were used: 39.6 MM DM in DMA; (2) 17.8 nmM sol ution of
CXI-1 linker in DVA; (3) 200 mM succi nate buffer pH
5.0 with 2 nM EDTA. The reaction m xture contai ni ng
b&l-Ghe0tBn)-RAy-@lyNHequi val ents of |inker to anti body
were added to a solution of the antibody at 4 ng/m in
90% phosph e%?uffer pH 6.5)/ 10% and allowed to
react for 250C. pH 5.0, folRo by reaction
W th DNI é5§ The A Rd6nj ygat S separated from
exce s s hm\?plecMLe reactants ualn a 625 col umm
e QH bkat d S pH 7. 4. Néﬂf tonj ugat e was
al -d toohold4f@r 2d at 25'C to allbmbany | abile
drug |inkages to hydrolyze and then the conjugate was

f er purjfied fr free
o oht 2&% el %1? o PO RREE R PIaTIED wes
buf f er I X, 0o/ n) (zed conj.u
¢ eyadiindd gl e iof s it gP‘l gy un Sy S ivietas
to cal cul ate nunber of naytan5|n0|ds per Ab usin
kRAORR kydrpgenation skaket flalsi @32 g of 1@8&;@%@@0@@%& en was
anti body at 252 and 280 nm The

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) §
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 (td,
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.

119



recovery was -70% and nunber of maytansi noi ds/ anti body

nmeasured for each conjugate ranged from3.7 to 6.8
walepensiony on the |inker excess used. Exanpl e 8PCT/HS200%®42267

Phar macoki netics; [259] The pl asma phar macoki netics of

charged Sul fo-Mal |inker conjugates of a humani zed

anti body C242 with 3H | abel ed-DM4 (3.5 and 6.4 DWV4/ Ab)

in CD-1 mce were anal yzed by anti body ELI SA and by

3Hcounting (Figure 72). The Ab-Sul fO Ml -[ 3H] - DV

c BEAPL0PSt28sMab GrabaeGRYOtBmdGl -GIYBNHwer e dosed i.v. at

12.9 and 7.9 ng/kg (anti body dose) respectively. The

anti body VQJQ§§ of plasnma sanpl es re nmeasured by
ELI SA (based lon capture using goa ?gﬁti-hulgG anti body

and debecti on @isi ng_d¥Pfitey- ant i -MulrgG
ant i QA%- QﬂQﬁ*gQ#ﬁg per oxi dase cg‘LHgat%L and by

3 uﬁthng (sc@pt [ I'ati on cotmyi gg. E?gur% 72 A shows
t t hese’ t wo nmedsurenents of ceénj ught &

cpnpentrat:ons by ELISA and by 3H counting showed

Zl.ii?lbai\ Xﬁé ﬁ;ﬁ%a{y@f’ Qu??%?‘ﬁ}éfd?%#m@‘é%BE%%%@%ﬁ%@Z%gn
il j ARNi f

T bl o My 430 gihes et anfpfery V-6

which are simlar to the half-1ife of approxinate ;
1 dingethdginopropy heN upibpisbgdiimisle hydrasslnyidetige %P%d n
ratio of the two Ab-Sul fo-Mal - DMA conj ugat es )
( #15i mLaifIdymehgl GndaBide apd AP0 wdr ef ditlderomeshiane. dhereagtion
weeks in plasma circul ation, inportantly even at the
r @lagtstived YoihB doubs 4t Bhbichathpekatger eTHR rdftion 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, CDCls) § 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
(t, J= 8.0, 2H), 2.12 (dd, J = 8.1, 6.4, 2H), 1.87 (dt, J = 14.2, 7.9, 1H), 1.70
(dt, J=13.7, 6.8, 2H), 1.38 (s, 9H). 3C NMR (101 MHz, DMSO) § 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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The half life of Sulfo-Ml-Iinked huC242

Ab- Sul f o- Mal - DM4 conjugate with 3.5 D/A | oad dosed at
wa2009/18m97kg was 14.9 days (AUC = 38449 hr. ng/ nkQT/US2009/042267

conpared to a half life of 12.6 days (AUC = 25910

hr.mg/ L) for SMCO i nked huC242 Ab- SMCC-DM conj ugate

wth asimlar 4.2 DDA | oad dosedat 12 ny/ kg, and thus

was nuch inproved over that of the SMCC conjugate

(Figure 38 B). Table 1. Conparison of SSNPP and SPP

| BGIR@r32.20, 131622 3789 26.P 52492 NIRMSM ) Wzl SOAR070

Conj ugation was conducted for 2 hours at the indicated

Hfguatd 304.205% - f ol d nol ar excess of DM er linker. Table

2. Reduced linker to antibody ratio required to reach

t ORE tio with SSNPP as |inker.

ﬁ%?ﬁ%%%?%ﬂiggs cgﬁgﬁ%t for 2 hours atpH 7.4 using a

1.1 -fold nolar excess of DM per linker. Table 3.0

Conpari son of SSNRP and SPP |inker in the conjugati

of N9O1 anti bod h DC4TFtDnJuget| mas cogducted o
forCIhe indic e Otime at pH 7.4 usi \;A%Eﬂg

exce S per I i nker . WHAT | S{CLAI 1.
A rﬂ@zconjugate of Of ormul a IK» H o

(H mherernH repnes nts a cell-binding agent; D
represents the drug linked to the cell-binding agent
by a disulfide,

[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). BC 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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t hi oether, thioester, peptide, hydrazone, ester,
et her, carbamate, or am de bond; RlL, R2, R, R4, R5,

WORS09RY497R8, RO, and R10 are the sane or differenuSzng042267

are H, linear alkyl having from1l-6 carbon atons,
branched or cyclic al kyl having from3 to 6 carbon
atons, |inear, branched or cyclic al kenyl or al kynyl

having from2 to 6 carbon atons, a charged substituent
sel ected from anions selected fromSO3 . X-SOG3 , OPC3
2Mal GABRBhdONHEBGl-GIKNEIB 2 , CO2-, and cations

sel ected froma nitrogen containing heterocycle, N+Rl
1R12R13 and XN+ R1 1R1 3 , or a phenyl; wherein:Rl

1, R 2 and 3 are samenwagy different and are H, I|near
aI havi Oi*oom 1 to carbon @ ons, branched or
|c a k Iy |n%Hfro% 3 toN%\f\a‘rm/\ato and X

r sent,%‘, he wor a_l—l_near—al—kyl——f—r—em arbq_m

atc?ms or bPanche® or cyclic al kyl havi ng

car bon atons; 1, mand n are 0 or an |ntegeP froml‘%o
4, Ais a phenyl or substituted phenyl, wherein the
substituent is a linear alkyl having froml to 6
cpsBpn at ong4 nog (A2Drmamobheat Mial-Gypbd-Giu(@IFKyGlyh@lyNH2, 75

mg (0.65 mmol) N-hydroxysuccinimide and 110 mg (0.57 mmol) of N-(3-
dimethylaminopropyl)-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, /= 7.3, 1H), 8.03 (t, /= 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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from3 to 6 carbon atons, or a charged substituent
sel ected from anions selected fromSO3 , X-SB , OPG3
WQ@2009X340P03 2 , POB 2 , X-PO3 2 , CO2-, and caerCDOS2009/042267
sel ected froma nitrogen containing heterocycle, N+Rl
1R12R13 and XN+ R 1 1R 12R J3, wherein X has the sane
definition as above, and wherein gis Oor | ; Zis an
opti onal polyethyl eneoxy unit of fornula (OCH2CH2) P,
wherein p is OCor an integer from2 to about 1000, or
F1-E1-P-E2-F2 unit in which El and E2 are the sane or
different and are CO, O or NR 4, wherein R14 is H

apkh MRS 6.2 ysthediovt pugitivebneiarged inkan at ons, a
branched or cyclic al kyl having 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 amino acids in length, wherein El or

E2 can be IinRed to the pepiide Bhrough the term nal
ni tr ogakHN € _ ' nal37<g,a[f;i:p@n or wf h aNedile chai n of
i

one of the d Wf ue Pept P dg; - and FT~and F2
di F¥EEY e and a ansbpﬁﬁadﬁal

are the sane

pol yet hyl en@dxy unit of formula (OZR2CH )P, wherein p

is Oor anint eg}’e;r from?2 to about 1000, provi Qﬁd t hat
H3C\ s 3 0

when Z is not BE\ELTSP- E24 t
@(s‘s/\)\]&ccfooli Nfiicca C{S‘SA)\I(O-I;;
zN 218 =N 219 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 cynoboronhydride (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,PQy, dried over MgSO,, filtered, concentrated and purified by
SiO, 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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| east one ORl, R2, R3, R4, R, R6, R7, Rg, R, and

R10 is a charged substituent or when g is 1, at |east
wor®9ns492) Rl, R2, R3, R4, R5, R6, R7, R3, R ,PaEntusiono42267

is a charged substituent; Y represents a carbonyl,

t hi oether, am de, disulfide, or hydrazone group; and q

represents an integer froml to 20. 2. The conjugate

of claiml1l, wherein Dis selected fromthiotepa;

cycl ophosphani de (CYTOXAN(TM); al kyl sul fonates

s2l(dim ety andne o4+ épyridin,2-y dipubfauy hHbwtanoid acidi@48).f an;

aziridines selected from benzodopa, carboquone,

Metss| edopa, 3 qdighetydaning)digfdiythesphen-0€3])-ard(217) (0.95 g,

met hyl anel ami nes; acetogenins sel ected from bul I atacin
ap a4 byl,pt #4d & i %SQHPBPU!SGM NaOM %88 dt fDof methanol

cal'l yst at’i n; ; adozel esin, carzelesin or

bi zel.esi.n nt hetic..a f : PRNERT

R PRRER g oA R R Ste L T A i
CBl -TM_. synt heti nal oques _of duaqcar nycin, :

eVRdsHENS -0 Sa%é‘?a@i’@?)at“? r?B %‘9§gr18?)tg¥‘al yF35, added.  The
spongi statin; nitrogen nustards selected from

c hlixeeniviaei $tirredh puernighh agansentraieth| wpkied pithi e and the
estranustine, ifosfam de, nechl oretham ne,

meqitues eslodon mes dudddd duy G ldcédlomndelutedefrgrh ol %amethanol in
novenbi chi n, phenesterine, predninustine,

t 00f 95 fRmidIgsid U6 30 methahalrid; 0.01 % rfogniceril susffordshe title
carmusti ne, chlorozotocin, fotenustine, |onustine,

NhBdaLY @388 o AroBStd 11giv) AH NRIRILEOIYCH3 RRdd, e, 1 = 0.7
ehe |§:/1Jncg ant%a’?l ot'i cosﬂ?e.)g. (CHRAD) Rd, M8, ’
4.7 Hz), 7.77 (m, 2H), 7.15 (dd, 1H, T = 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
mmol) 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,Cl, to afford 43 mg (35%) of the title

product. 'H NMR (CDL;0D) 8.40 (m, 1H), 7.83 (m, 2H), 7.22 (m, 1H), 3.34
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calicheam cin, especially calicheam cin gammal and
calicheamcin theta |;dynem cin, including dynemcin
WG@\200an3493per ammi ci n; neocar zi nost ati n chr onophoPE@T/afIH09/042267
rel ated chronoprotein enedi yne antiobiotic

chr onmonophor es, acl aci nonysi ns, acti nonycin,

aut hranyci n, azaserine, bl eonycins, cactinonycin,

car abi ci n, carm nonycin, carzinophilin; chronomycins,
dacti nonyci n, daunorubi cin, detorubicin,

6] BELD-B8Dkm; DHRr2. Bch, é]), d6osubHyi ho% piny 3H)ici’d, NMR
esor ubi cin, idarubicin, marcellonycin, nitonycins,

nyrophesal7sc 16512, 1500311 303, 122,70, 120/66CTMS0, 44.16, 43.15,
pepl onyci n, potflronyC|n puronycin, quel anycin,
g@@ngygg @SIﬁigﬁwggggquﬁqaqurept0200|n t uberci din,
ubeni’mex, “zinostatin, zorubicin; anti-metabolites
sel ected from et hotrexate and 5-fl uorouraci | (5-FU);
folic acid anal ogues sel ected from denopterin,
nethotrexate pteropterin, t pt at e;

AR LE AkRai1d . v.¥ s

th|an1pr|ne thloguanlne pyrlnn|d|ne analogs sel ect ed
f ceningates:t abi ne, azacitidi ne, 6-azauridine, carnofur,
cyt arabi ne, di deoxyuridine, doxifluridine,

e[357] t abi neThé Ifolkawingi stk SlEigns avete ogedrs3%6 okt BMI in
from cal ust erone, dronostanol one propi onate,

epM A 0 an® mMTERifidOst GXe,1 lig&t &l BMANG) 200 mM succinate
anti - adfenal s such as am nogl ut et hi m de, mitotane,

t Bﬁtllf 5% wgﬁ)b 'n‘fM hEAr e[@l'e%@éc%t}ﬁ miRRkE &SRS ning ®Ftween 8,

fro I C acl aceg atone dophospham de gl ycosi de;

b?gg)gltlge%cgl n%%g? g)g%g{(ern% {bgﬁ%vpe?g’ L gerrecolfl CSIOIFII%I;OH 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 DMI.
[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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di azi quone; elfomthine; elliptiniumacetate; an

epot hil one; etoglucid; galliumnitrate; hydroxyurea,
wo ewbitsam] | oni dam ne; mayt ansi noi ds sel ect ed PCDIS2009/042267

mayt ansi ne and ansam toci ns; ntoguazone;

m t oxant rone; nopi danol ;nitracrine; pentostatin;

phenamnet; pirarubicin; podophyllinic acid,

2-ethyl hydrazi de; procarbazine; PSK(r); razoxane;

rhi zoxin; sizofiran; spirogernanium tenuazonic acid;

t Exaiple 80 e, vive PRarméicokineties:or ot ri et hyl ani ne;

trichot hecenes selected fromT-2 toxin, verracurin A,

resypi n A ankk ikiadbh@mauslahdians; o lchaigsd riaylfo-Mal linker

dacar bazi ne; mannonustine; mtobronitol; mtolactol;

d 1n
Cyo%ﬁ‘%)ﬁéggo? ia i e‘ié%ﬁ'aﬁﬁbocgi bl Q%h I8 b A6 ADE 3.5 and 6.4

e t hi ot t axanes; chl oranbuci
VAL i fap L il HEAY S E Y aRLBBYY S A & R

and car bopl atin; nbla ti.n eto P-
1¢punting SErurR di: Phl* Syltp- @al E@o‘?&ﬁ%%‘éga Sefind 3
Vi ncri sti ne; V|norelb|ne navel bi ne; novantrope

tew Sobild wrandipdi k. aimlAdpeadi AP mltgdéanubody dose)
i bandronate; CPT-11; topoi sonerase |nh|b|tor RPS 2000;
diekpascrvelget e mnmbhd;n ealuBvieD) plasnst ismoples awdrel; measured by
capeci tabi ne; anti-hornonal agents sel ected from

ant 1S4 phdsed 6R Saptifel witHaNghat-anhufo€nantitakioxhd deection using
aronat ase i nhibiting 4(5)-im dazol es,

4 t f I
o S AR RO Bk S nd 1

RS TR S g, o

, gosere in,

conbi nati on 3
measurements of conjugate concentrations by ELISA and by “H-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 half life of Sulfo-Mal-linked huC242 Ab-Sulfo-Mal-DM4 conjugate with
3.5 D/A load dosed at 12.9 mg/kg was 14.9 days (AUC = 38449 hr.ug/mL),
compared to a half life of 12.6 days (AUC = 25910 hr.pg/mL) for SMCC-

linked huC242 Ab-SMCC-DM1 conjugate with a similar 4.2 D/A load dosed
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t hereof; and pharnaceutically acceptable salts, acids
or derivatives of any of the above. 3. The conjugate
w@Rooehaiom | or 2, wherein Dis selected from PCT/US2009/042267
mayt ansi noi ds, CC- 1065 anal ogs, norpholino
doxor ubi ci n, taxanes, calicheam cins, auristatins,
pyrr ol obenzodi azepi ne di nmer, si RNA or aconbi nation
t hereof, and pharnaceutically acceptable salts, acids
or derivatives of any of the above. 4. The conjugate
odt 1& mifhgl andrtheis efas mueh iairovedi avgr thit af &ist SMG deonyggate
target cells selected fromtunor cells, virus infected
c@ﬂi;ngLﬁre 38iByr oorgani sminfected cells, parasite infected
cells, autoimune cells, activated cells, nyeloid
cells, activated T-cells, B cells, or nelanocytes,

CRLLR 18XPT e68inPski PR YSNPP!5d KPpl1fdkel iR théadHihatibFOR,
EQI iy R’@{BEP ong Endudikd [P0kt thd4
B teate ﬁsi%_@,lﬂ- S lpk;:\lj 1la, CDI8,

L2400\

T CE2C 22— P26 EBE30—G SE‘C‘:’Ahalys}s’uos’ €40

35 ;
CD44, |CD56, CD79,| CD105 CD138,’L¢EphA receptors, FEphB
r eekept |ofls | LinlgEAb  ERERA | P, HERZ/Mieu| HERB, | mesot hel i r
cri ptg, allphavbet@3 i nt egffititagy dldplsayvkebad | Dimeg| Trimer | HMW
SRBpYREE Rt egr Ry —Apbg; —and G2 antgeng; —argk o1
cells |lexpriessing |nsulin growth tactor receptor]
L¥Pder|vell [gfowt h f4attor |PEcept dr'® of %l at B*$ ecebt or | %2

ssNPhe gsonjswgat e pf7claim 1, whexsei h-the cpl | - by ndi ng -

+ LGOS
“sPp' 't |65 6.6 4.6 70 1.9

Table 2. Reduced linker to antibody ratio required to reach target DM1
to antibody ratio with SSNPP as linker. Conjugation was conducted for 2
hours at pH 7.4 using a 1.1-fold molar excess of DM1 per linker.

Linker Linker/Ab DM1/Ab
SSNPP 4.2 4.3
SPP 5.6 4.3
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.

0
Linker Time, h Linker/Ab | DC4/Ab e/;‘ﬁciency
SSNPP 2 4.2 4.3 102
SSNPP 18 4.2 4.1 98

SPP 2 5.6 4.1 73

SPP 18 5.6 5.1 91
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anti body, a single chain antibody, an anti body

fragnment that binds to the target cell, a nonocl ona
w@niovhddy? a singl e chain nonocl onal anti body, POT/US2009/042267

nonocl onal anti body fragnment that binds the target

cell, a chinmeric antibody, a chineric antibody

fragment that binds to the target cell, a donmain

anti body, a donmain antibody fragnent that binds to the

target cell, adnectins that m mc antibodi es, DARPi ns,

WHAPASICIneIMEDEY:none, a vitamin, a growh factor, a

colony stinulating factor, or a nutrient-transport

ol ecu] e. 6. A Thie-barimggrhedof cohjapare 5f favmata(lh t he

anti body is a resurfaced anti body, a resurfaced single

chai n anti body, or a resurfaced anti body fragnent

thereof. 7. The conjugate of claim5, wherein the

anti body is a nonqgc¢l gpal anti body, a single chain

nonocl onal antib03§7q%$ a nDndR% aELpntibody fragment

thereof. 8. [Th ate cl 5, mgirein t he
anti body i s lariwnma [ ~_ & ' anti body or
hunma gl e |chai n

a resurf d

anti body, or| a @anti bo nt{ t hereof. 9.
The conj ugatie &g;q{gfqg wherei t*the antijapdy is a
chinmeric anti body, chinmeéric anti body fragnent, a
domai n anti body, or a domain antibody fragnent
thereof. 10. The conjugateaﬁf claim8, wherein the

anti body is My9-6, B4,

wherein:
CB represents a cell-binding agent;

D represents the drug linked to the cell-binding agent by a disulfide,
thioether, thioester, peptide, hydrazone, ester, ether, carbamate, or amide

bond;

Ry, Ry, R3, Ry, Rs, Rg, Ry, Rg, Ro, 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-SO5, OPO;*, X-OP0,>, POs”, X-P0O;”, CO,-, and
cations selected from a nitrogen containing heterocycle, N'R;;Rj2R3 and X-

N'R;R12R 3, or a phenyl; wherein:

128



C242, N90O1, DS6, EpCAM EphA2 receptor, CD38, |I1G-IR
CNTO 95, BB4, trastuzunmab, pertuzumab, bivatuzumab,

W@ RM@P0s49zUMBDb, pertuzumab, or rituximab. 11. TPET/US2009/042267
conjugate of claim4, wherein the tunor cells are
sel ected from breast cancer cells, prostate cancer
cells, ovarian cancer cells, colorectal cancer cells,
gastric cancer cells, squanmous cancer cells,
smal | -cell lung cancer cells, and testicul ar cancer
cel | s.R3, RAamdﬂh@aireshmtnedtffel@t and anedi, linsanalky ibaying
adm nistering to a subject in need of treatnent a

t HemapeW dedn atora firaichvdondmelioblkyt havigpfipmdatoe atbon
claim1l. 13. A cross linker represented by fornmula (1)

( h))gﬁ‘é’%ﬁ& & ﬂ%}gre\s(ent§ iR 215@{5 Bnedr hlupctdanab 6Qfaﬂ5$ﬂ atdiad, or

enabl es reaction wth a ceIIblndlng agent

r nts i I |l es |inkage of
D rczﬁacrz‘%ﬁha%%ﬁ 31tPo ilBby oA 0 11 nka
thlgﬁ? Eeg%ﬁﬂ%aﬂl1%&%%qﬁ21teiteg6 ekgerRSCaESanate

or , and
R10 are_the sane or different and a l.i near %lk
havi ngAfis aphanys o sybstiytes rheayl, Whﬁrﬁeﬂga shstifuen} s @ ey |

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
selected from SO5’, X-SO5’, OPO;”, X-OPO5>, PO;*, X-PO3”, CO,-, and
cations selected from a nitrogen containing heterocycle, N'R;;R12R3 and X-
N*R;1R12R 3, wherein X has the same definition as above, and wherein g is 0
orl;

Z 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 different and are C=0, O, or NR14, wherein Risis 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 F1 and F2 are the same or different and are an

optional polyethyleneoxy unit of formula (OCH,CH,),, wherein p is 0 or an
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having from3 to 6 carbon atons, |inear, branched or

cyclic alkenyl or al kynyl having from2 to 6 carbon
W@e@nna 34927 char ged substituent selected from PCT/US2009/042267

ani onssel ected fromS@3 , X-SO3 , OPA3 2 , X-OPCB3 2 ,

PG3 2 , X-PG3 2 , CX2-, and cations selected froma

ni trogen containing heterocycle, N+RpR12R13, and X- N+R

1R12R13 , or a phenyl, wherein:Rl 1, R12 and R13 are

same or different and are H, linear alkyl having from

lintegesromr biorabatolfi), povided fehwdenr igyet | lcE kPrlyd-12, at

having from3 to 6 carbon atons and X represents

phafvne 6f R Ry, R, RE, KR, RAR4, Rg, ahd ®7y ik at chafped aubistituent
atons, or branched or cyclic alkyl having from3 to 6

Z_@{ VbAR& RS ULT! 1eas|t ot 8P R 2RE KO, R}, Regm;%, MGERE RS &R i £

; I's a phenyl or substituted phen whereli n the

substitu [S.a linear alkyl having from1l to 6
cgl?%%eﬁls E%ﬁ%én%’or a branched or cyclic al kyl having

from3.to 6 carbon, at . or a char,ge ubst it uent
ol oot Yoree e LahoePer A 18R, G Tyt g
2, X-XO0PB 2 , P33

group; and q represents an integer from 1 to 20.

2. The conjugate of claim 1, wherein D is selected from thiotepa;
cyclophosphamide (CYTOXAN(TM)); alkyl sulfonates selected from busulfan,
improsulfan and piposulfan; aziridines selected from benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines; and methylamelamines; acetogenins
selected from bullatacin and bullatacinone; a camptothecin; bryostatin;
callystatin; CC-1065; adozelesin, carzelesin or bizelesin synthetic analogues
of CC-1065; cryptophycins; dolastatin; duocarmycin; KW-2189 or CBI-TMI
synthetic analogues of duocarmycin,; eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards selected from chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, ranimustine; antibiotics such as the enediyne antibiotics (e.g.

calicheamicin, especially calicheamicin gammal and calicheamicin theta [
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2, XP®B 2, C®-, and cations selected froma
nitrogen containing heterocycle, N+RlL 1R12R13 , andXN+
WOR0MRPRL3 , wherein X has the sanme definiti oOPCEES2009/042267
above, and wherein gis Oor 1; and Z is an optional
pol yet hyl eneoxy unit of fornula (OCH2CH2) P, wherein p

is Qor an integer from2 to about 1000, or
F1-E1-P-E2-F2 unit in which El and E2 are the sane or
different and are CO O or NR 4, wherein R4 is H,
adsinieméan, in¢liging danémiginf Apan esperagaginoieogaraingstatin
branched or cyclic al kyl having from3 to 6 carbon
adt@moplibré hitb@latedirombpdtcn eiyipineantdtkietiy| or al kynyl
having from2 to 6 carbon atons; P is a peptide unit

E%ﬁ&ﬁ@&oﬁh&&q ad8cifdin ﬁn@}%'bﬁ’iﬁ)nﬁc?%iﬂ,%ﬁﬂﬁﬁnydhﬂ%&@éeﬁn&l or

2 can be linked to the peptide through the term nal
i.trogen ' tumnq*{g@ Z%O%ﬁ'lﬁlhai n of
o) 80%?01%85(2{% n ia?é?%égg& ?{{31 pept dé:;gr and Fl " and F2
are the sanme or different and are an.opti onal
SRRy Bnaainam it sronapgins i B eraly
is Qor aninteger from2 to about ég(g).‘g .provi ded t hat
whasteuging sdoxerubmin Epirpbiep, psorubjeiny 1 ENBFRPIRYY
R3, R4, R, R6, R7, R8, R, and R10 is_ a charged
snibsnhydinse ntycophenbkénagd,iogalamaeing eldemysins, peplgny@n, R2,
R3, R4, R5, R6, R7, R8, R, and RO is a charged
spfitdniyean purchdycin quelapyuind rabrfodeimustreptohigrin, :
streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites
selected from methotrexate and 5-fluorouracil (5-FU); folic acid analogues
selected from denopterin, methotrexate, pteropterin, trimetrexate; purine
analogs selected from fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimnidine analogs selected from ancitabine, azacitidine,
6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxuridine, 5-FU; androgens selected from calusterone, dromostanolone
propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher selected from
frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine;
diaziquone; elfomithine; elliptinium acetate; an epothilone; etoglucid; gallium

nitrate; hydroxyurea; lentinan; lonidamine; maytansinoids selected from

maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidamol;
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(1'1'1) wherein: CB represents a cell-binding agent; Q

represents a functional group that enables |inkage of
we2@ynsoxi ¢ drug via a disulfide, thioether, PCT/US2009/042267

t hi oester, peptide, hydrazone, ester, ether, carbamate

or amde bond; R, R2, R3, R4, R5, R6, R7, R8, R9, and

R10 are the same or different and are H [linear alKkyl
having from 1-6 carbon atons, branched or cyclic alkyl
having from3 to 6 carbon atons, |inear, branched or

cyith¢mea pkrostating phenayatytirasehicingpddophyllinicgcil; car bon
atons, a charged substituent sel ected from ani ons
seletsigdrdzdenp S bazide; RIK®; r4a8€8ne2 rhizokiOREB i2an; PC8 2
, X-PO3 2 , C2-, and cations selcted froma nitrogen

CYPHRBEIMMUREERIR6YE Eid; MbRRbne? Bl 3, 22n0chidibtriRtRadiRE; |
or a phenyl, wherein:Rn, R 2 and R are sane or

s gy e, e oL (o 6

??I{gglggn%?r ﬁarxllh giﬂ%ﬁn%ngﬁ% %Rgﬁlger; gﬁc’a%pl&%uﬁpn%pyito&ronﬁol;
mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxanes; chlorambucil; gemcitabine;
6-thioguanine; mercaptopurine; methotrexate; platinum analogs selected from
cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16);
ifosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine; navelbine;
novantrone; teniposide; daunomycin; aminopterin; xeloda; ibandronate;
CPT-11; topoisomerase inhibitor RF'S 2000; difluoromethylomithine (DMFO);
retinoic acid; capecitabine; anti-hormonal agents selected from anti-estrogens
including tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles,
4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and
toremifene (Fareston); and anti-androgens selected from flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin, siRNA or a combination
thereof; and pharmaceutically acceptable salts, acids or derivatives of any of
the above.

3. The conjugate of claim lor 2, wherein D is selected from

maytansinoids, CC-1065 analogs, morpholino doxorubicin, taxanes,

calicheamicins, auristatins, pyrrolobenzodiazepine dimmer, siRNA or a
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carbon atons, or branched or cyclic al kyl having from
3 to 6 carbon atons; 1, mand n are O or an integer

WO e@si1d49td 4; A is a phenyl or substituted phePgl/pS2009/042267
wherein the substituent is a linear alkyl having from
1 to 6 carbon atons, or a branched or cyclic alkyl
having from3 to 6 carbon atons, or a charged
substituent sel ected from ani ons seI ect ed from S33
X-S3 , OP3 2 , X-OPAB 2 PC3 X- PGB 2 -
aswintinationrthersed, and pharmaestigally 4%‘@15,@%6 &t aids 9¥g
heterocycle, N+Ri 1R12R13 and XN+ RnRi 2R 3, wherein X
hdwgivatiecssdnmy défheaboveon as above, and wherein g is O
or 1; Zis an optional polyethyleneoxy unit of formula

(OCH2GHR) P, THO@Inflidateofl cSai k0l whidrdimthegell-bindimg &enobinds
about 1000, or F1-E1-P-E2- F2 unit in which BEIl and E2

oetalggﬁcea‘ggacaéd ﬂbfnftﬁfn%f‘ Eelﬁ,ngir@sr 1ﬁfe@te@ cel®, nﬁEroN@laﬁnsm

i I'i near kyl having from 1-6

car a

RO A e f@c'%ecr?eﬁlgg%m&é%ﬂﬁ%hczgk%Lu 4 g rom
?gli;lglgykgleﬁl olrpﬂegltlgg{gg ll'ﬁ:gﬁ%éiggelg grmntae C%erllks) %Qpressmg Onep

or more of IGF-IR, CanAg, EGFR, EphA?2 receptor, MUC1, MUCI6, VEGTF,
TF, MY?9, anti-B4, EpCAM, CD2, CD3, CD4, CDS5, CD6, CD11, CD 1la,
CD18, CD19, CD20, CD22, CD26, CD30, CD33, CD37, CD38, CD40, CD44,
CD56, CD79, CD105, CD138, EphA receptors, EphB receptors, EGFT,
EGFRvIII, HER2/neu, HER3, mesothelin, cripto, alpha,betas, integrin,
alpha,betas integrin, alpha,betas integrin, Apo2, and C242 antigens; and cells
expressing insulin growth factor receptor, epidermal growth factor receptor, or
folate receptor.

5. The conjugate of claim 1, wherein the cell-binding agent is an
antibody, a single chain antibody, an antibody fragment that binds to the target
cell, a monoclonal antibody, a single chain monoclonal antibody, or a
monoclonal antibody fragment that binds the target cell, a chimeric antibody, a
chimeric antibody fragment that binds to the target cell, a domain antibody, a
domain antibody fragment that binds to the target cell, adnectins that mimic
antibodies, DARPins, a lymphokine, a hormone, a vitamin, a growth factor, a

colony stimulating factor, or a nutrient-transport molecule.
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acids in length, wherein El or E2 can be |linked to the
peptide through the term nal nitrogen, term nal carbon
w@eootbhsrmh a side chain of one of the am no apCTESWNI/ 042267
the peptide; and FI and F2 are the sane or different
and are an optional polyethyleneoxy unit of fornula
(OCH2CH2) P, wherein p is QCor aninteger from2 to about
1000, provided that when Z is not Fl1- El P- E2 F2 at
| east one of Rl, R2, R3, R4, R5, R and
RL i s 6 chaFbeepniugsis ofclamm S, oYhevm@ﬁhegmﬂbociy lsétreﬁl“éf;ﬁg?d
one of A, R, R2, R3, R4, R, R6, R7, R, R, and R o
i sntﬂaodhaangadf&adbsih'gl‘ewhmm;anﬁh@tiy\/or emselsf&cmis‘;m'éb@h/r bonyl ,
t hi oet her, am de, disulfide, or hydrazone group; and q
I fRER&RMhdedn i Nteger from1l to 20. 15. A conpound of
formula (IV): wherein: Y represents a functional

group ¢hat ?H@ﬁlx&%a‘ieeﬁql&% WiieheiA tlfeeinltlgbdl’}di's R @R Ynal

D represents t l'inked to the cell-Dbinding agent

h%rtﬂ’ g?%ﬁa:sllﬁﬂ%lg ?halﬁ Elﬁﬁeﬁ an{lg&ﬁrﬁﬁ g Fﬂongagﬁ% gﬁ%%orglg; RL.

car

RﬁRS R4, R5, R, R7 R8, RO, and RO are the sane
agneftdhezenl and are H 1inear al kyl having from 1-6
carbon atons, branched or cyclic alkyl having from3

to 6 c&rbonThe epmugalq elechaim hvheesin ghegmtiboey is @ hamaany |

or al kynyl
antibody, a humanized antibody or a resurfaced antibody, a humanized single

chain antibody, or a humanized antibody fragment thereof.

9. The conjugate of claim 5, wherein the antibody is a chimeric
antibody, a chimeric antibody fragment, a domain antibody, or a domain
antibody fragment thereof.

10.  The conjugate of claim 8, wherein the antibody is My9-6, B4,
C242,N901, DS6, EpCAM, EphA2 receptor, CD38, IGF-IR, CNTO 95, B-
B4, trastuzumab, pertuzumab, bivatuzumab, sibrotuzumab, pertuzumab, or
rituximab.

11.  The conjugate of claim 4, wherein the tumor cells are selected
from breast cancer cells, prostate cancer cells, ovarian cancer cells, colorectal
cancer cells, gastric cancer cells, squamous cancer cells, small-cell lung cancer

cells, and testicular cancer cells.
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having from2 to 6 carbon atons, a charged substituent
sel ected from ani onsselected fromSO3 , X-SO3 , OPA3 2
WO 20008937 2 , PC3 2 , X-PO3 2 , CO2-, and cat i PCIEUS2009/042267
sel ected froma nitrogen containing heterocycle, N+Rl
1R1 R13 and XN+ Rl 1Ri 2Ri 3, or a phenyl, wherein: Rn,
Ri2 and R 3 are sane or different and are H, |inear
al kyl having from1l to 6 carbon atons, or branched or
cyclic alkyl having from3 to 6 carbon atons and X
represéht s pHasthed of trepting gdapongqmnrisiigAdaynisteeiRg 10 2o 6
carbon atons, or branched or cyclic al kyl having from
3subgech ircagel of trastorest a therapeatimllp effeetiveemamnt ofa expgugate
from1l to 4; Ais a phenyl or substituted phenyl,
wWheslgihn1t he substituent is a linear al kyl having from
1 to 6 carbon atons, or a branched or cyclic alkyl

havi ng 4 r omy34Q 1R kEAEPREBRE PR PorRlladnchar ged
substi t uent sé?ect ed f?%m S38 7, 0X- S(aIEB{ ), oPC3 2 ,

X-0PG3 2, P8 2 , X-P33

Y Z_ Q

m
R9 RlO 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 cytotoxic
drug via a disulfide, thioether, thioester, peptide, hydrazone, ester, ether,
carbamate or amide bond;

Ri1, Ry, R3, Ry, Rs, Re, Ry, Rg, 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
anionsselected from SO3”, X-SO57, OPO5”, X-OP05”, PO;”, X-PO;”, COx-,
and cations selected from a nitrogen containing heterocycle, N'R;;R1:R 3,and

X-N"Ry;R 2R3, or a phenyl, wherein:
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2 CO2-, a nitrogen containing heterocycle, NR HR

I2R I3 or XXN+R UR I12R 13, wherein X has the sane
waledoons4oron as above, and wherein g is Cor 1; BCUR200%042267

an optional polyethyl eneoxy unit of fornula

(OCH2CH2) P, wherein p is Oor an integer from2 to

about 1000, or Fl1l-E1-P-E2-F2 unit in which El and E2

are the sanme or different and are C=0 O or NR 4,

vvhereln Ri4 is ,allnear Kk avi 0 -6 .

car bonRa Brend Ripprg same gt dit ‘i}%la?‘g }E’31 aé{ﬁqﬁé‘awpgm 3
to 6 carbon atons, a |linear, branched or cyclic
aftkmnlyto covarldniaerys, o duanghed eraryehe alsylghays attefs; P
is a peptide unit between 2 and 20 am no acids in

| erbdhatomnk andXirepdesants Hnghor diénear aikglchavimgtfhem pdpbi de
through the termnal nitrogen, term nal carbon or
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cations selected from a nitrogen containing heterocycle, N'RyR oRy3, andX-
N'R;;R 2R3, wherein X has the same definition as above, and wherein g is 0
or 1; and
Z 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 different and are C=0, O, or NR14, wherein Rj4is 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 F1 and F2 are the same or different and are an

optional polyethyleneoxy unit of formula (OCH,CHy),, wherein p is 0 or an
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integer from 2 to about 1000, provided that when Z is not F1-E1-P-E2-F2, at
least one of Ry, Ry, R, Ry, Rs, Rg, Ry, Rg, Ry, and Ry is a charged substituent
or when g is 1, at least one of A, Rj, Ry, R3, R4, Rs, R, R7, R, R, and Ryp is a
charged substituent.

14. A compound of formula (III):

R
_ R7 8 R3 R4 -
Y} Z
CB// 1 \Ag n Q
m
| Ry Ry, RsRg Ri R |q
(1)

wherein:

CB represents a cell-binding agent;

Q represents a functional group that enables linkage of a cytotoxic
drug via a disulfide, thioether, thioester, peptide, hydrazone, ester, ether,
carbamate or amide bond;

Ri, Ry, R3, Ry, Rs, Rg, Ry, Rg, 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 SO, X-SO57, OPO3*, X-OP0;%, PO;”", X-PO5™, CO;-, and
cations selcted from a nitrogen containing heterocycle, N'R;1Ri2R 3 and X-

N'R;1R2R 3, or a phenyl, wherein:
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Ri1, Ry, and Ry3 are 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 branched or cyclic alkyl having from 3 to 6 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
selected from SO5", X-SO57, OPO;>, X-OPO5”, POs*, X-PO;”, CO;-, and
cations selected from a nitrogen containing heterocycle, N'R;;R 2R3 and X-
N*R;;R 2R3, wherein X has the same definition as above, and wherein g is 0
orl;

Z is an optional polyethyleneoxy unit of formula (OCH,CHz),, wherein
pis 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 Rjsis 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 F1 and F2 are the same or different and are an

optional polyethyleneoxy unit of formula (OCH,CH,),, wherein p is 0 or an
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integer from 2 to about 1000, provided that when Z is not F1-E1-P-E2-F2, at
least one of Ry, Ry, R3, Ru, Rs, R, Ry, Rg, Rg, and Ry is a charged substituent
or when g is 1, at least one of A, Ry, Ry, R3, R4, Rs, Rg, Ry, Rg, Ry, and Rjpisa
charged substituent; and

Y represents a carbonyl, thioether, amide, disulfide, or hydrazone
group; and q represents an integer from 1 to 20.

15. A compound of formula (IV):

R7 R8 R R4
Y' y4 D
1 \Ag n
m
Ry Ryp RsRg Ry Ry
IVv)

wherein:

Y’ represents a functional group that enables reaction with a cell-
binding agent;

D represents the drug linked to the cell-binding agent by a disulfide,
thioether, thioester, peptide, hydrazone, ester, ether, carbamate, or amide
bond;

Ry, Ry, R3, Ry, Rs, R, Ry, Rs, Ro, and R 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
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selected from SO5", X-SO5’, OPO;%, X-OPO5>, PO5”, X-PO5”, CO,-, and
cations selected from a nitrogen containing heterocycle, N'R;;R;2R;3 and X-
N'R11Ri2R 13, or a phenyl, wherein:

Ri1, Ri and Ry3 are 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 branched or cyclic alkyl having from 3 to 6 carbon atoms;

1, m and n are O 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 SOj;", X-SO3’,
OPO32', X-OPO32', PO32', X—PO32', CO,-, a nitrogen containing heterocycle,
N*R;iR5R 3 or X-N'R; 1R 2R3, wherein X has the same definition as above,
and wherein g is 0 or 1; and

Z 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 different and are C=0, O, or NR14, wherein Ry4is 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
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acids of the peptide; and F1 and F2 are the same or different and are an
optional polyethyleneoxy unit of formula (OCH,CH,),, 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, R4, Rs, Rg, R7, Rg, Ry, and Ry is a charged substituent
or when g is 1, at least one of A, Ry, Ry, R3, R4, Rs, Rg, R7, Rg, Ry, and Rypis a
charged substituent.

16. A pharmaceutical composition comprising an effective amount
of the conjugate of claim 1, a pharmaceutically acceptable salt or solvate

thereof, and a pharmaceutically acceptable carrier, diluent or excipient.
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