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BACKGROUND OF THE INVENTION

Many therapeutic agents, particularly those that are especially effective in cancer

chemotherapy, often exhibit acute toxicity in vive, especially bone marrow and mucosal
20 toxicity, as well as chronic cardiac and neurological toxicity. Such high toxicity can limit
their applications. Development of more and safer specific therapeutic agents,
particularly antitumor agents, is desirable for greater effectiveness against tumeor cells and
a decrease in the number and severity of the side effects of these products (toxicity,
destruction of non-tumor cells, etc.). Another difficulty with some existing therapeutic
25  agents is their less than optimal stability in plasma. Addition of functional groups to
stabilize these compounds resulted in a significant lowering of the activity. Accordingly,
it is desirable to identify ways to stabilize compounds while maintaining acceptable
therapeutic activity levels.
The search for more selective cytotoxic agents has been extremely active for many
30  decades, the dose limiting toxicity (i.e. the undesirable activity of the cytotoxins on
normal tissues) being one of the major causes of failures in cancer therapy. For example,

CC-1065 and the duocarmycins are known to be extremely potent cytotoxins.



30decades, the dose limting toxicity (i.e. the undesirable activity
of the cytotoxins on normal tissues) being one of the major causes of
failures in cancer therapy. For exanple, CC 1065 and the duocarnycins
are known to be extrenely potent cytotoxins. CC- 1065 was first
i solated from Streptomnmyces zelensis in 1981 by the Upj ohn Conpany
(Hanka etal., J. Ant/blot. 31: 1211(1978); Martin et at, J. Antibiot.
33: 902 (1980); Martin et at, J. Ant/blot. 34: 1119 (1981)) and was
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The Upjohn Company (Pharmacia Upjohn) has also been active in preparing
20 derivatives of CC-1065. See, for example, U.S. Patent No. 5,739,350; 4,978,757, 5,332,
837 and 4,912,227,
Research has also focused on the development of new therapentic agents which
are in the form of prodrugs, compounds that are capable of being converted to drugs
(active therapeutic compounds) in vive by certain chemical or enzymatic modifications of
25  their structure. For purposes of reducing toxicity, this conversion is preferably confined
to the site of action or target tissue rather than the circulatory system or non-target tissue,
However, even prodrugs are problematic as many are characterized by a low stability in
blood and serum, due to the presence of enzymes that degrade or activate the prodrugs
before the prodrugs reach the desired sites within the patient’s body.
30 Bristol-Myers Squibb has deseribed particular lysosomal enzyme-cleavable
antitumor drug conjugates. See, for example, U.S. Patent No. 6,214,345, This patent

provides an aminobenzyl oxycarbonyl,



to the site of action or target tissue rather than the circulatory
system or non-target tissue. However, even prodrugs are problematic
as many are characterized by a low stability in blood and serum due
to the presence of enzynes that degrade or activate the prodrugs
before the prodnigs reach the desired sites within the patient's
body. 30Bristol-Mers Squi bb has described particular |ysosomal
enzyme-cl eavabl e antitunor drug conjugates. See, for exanple, U S.
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where the dr Lﬂggh%pegiﬁlcf.t)ggfqgtion, reduced toxicity, and improved stability in blood relative to
known compounds of similar structure. The instant invention addresses those needs.
20
SUMMARY OF THE INVENTION

The present invention relates to drag-ligand conjugates, where the drug and ligand

are linked throngh a peptidyl or other linker, and to drug-enzyme cleavable substrate
conjugates, These conjugates are potent cytotoxins that can be selectively delivered to a
25 site of action of interest in an active form and then cleaved to release the active drug.

One embodiment is a compound of the formula
Kt

L' is a self-immolative linker:
30 misaninteger 0,1,2,3, 4,5, 0r 6

F is a linker comprising the structure:

wherein



are linked through a peptidyl or other linker, and to drug-enzyne

cl eavabl e substrate conjugates. These conjugates are potent
cytotoxins that can be selectively delivered to a 25site of action of
interest in an active formand then cleaved to release the active
drug. One enbodinent is a conpound of the fornula wherein 12 is a
self-immlative linker; 30mis an integer 0, 1, 2, 3, 4, 5, or 6; F
is a linker conpiising the structure: wher ein AA" is one or
nore nenbers i ndependently selected fromthe group consisting of
natural am no acids and unnatural a-am ng agyds; 5c is an integer
fromlto 20; L2 is a self-innnlat?zﬁ-lin er?}%d conprises A R17 018 N
(139)w AATLP—C

wherein
AA' is one or more members independently selected from the group
consisting of natural amino acids and unnatural a-amino acids;
5 ¢ is an integer from 1 to 20;

2. . . . .
L~ is a self-immolative linker and comprises

wherein each R”, Rls, and R is independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl
10 and substituted or unsubstituted aryl,
and w is an integer from O to 4;
oisl;
L*is a linker member;
pisOorl;
15 X* is a member selected from the group consisting of protected reactive functional
gronps, unprotected reactive functional groups, detectable labels, and targeting agents;
and

D comprises a structure:



wherein each Ay, 1228, and R 9 is independently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal kyl 10and substituted or unsubstituted aryl, and wis an
integer fromO to 4, ois 1; L4 is a linker nmenber; pis O or 1; 15X4
is a nenber selected fromthe group consisting of protected reactive
functional groups, unprotected reactive functional groups, detectable
| abel s, and targeting agents; and D conprises a structure:

wherein the ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl, suiisteintthtidg spatenuA subsdnitetdeckedBore ndaityted and

substituted or un N 4 \ r are
menbers i ndependeﬁlj{épﬂhtgé&ﬁé@g 5‘%§tﬁtr§%$nglﬁ% U%alg&%d 1%e9: %%%ﬂd S&Sﬁ{s&%ﬁg{i tuted
al kyl, substi t ut ednsabstiwred higeoéyclotlbyl shraper oal kyl, a heteroatom a

single bond, or E and Eqnahemmemmmfén@ ﬂg@ﬂg&eﬁ@m@mmtﬁé gct ed

from substltut ed or unsubstituted titute unsubsti t ut ed
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1, substituted or unsubstituted al kyl, substituted or unsubstituted
het eroal kyl, and %%stltuted aryl, substituted orunsubstituted heteroaryl and substituted or

unsubstituted heterocycloalkyl;
X is a member selected from O, S and NR*:

10 R* is a member selected from H, substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, and acyl;
R*is OR",

wherein R'! is a member selected from the group consisting of H, substituted alkyl,
unsubstituted alkyl, substituted heteroalkyl, unsubstituted heteroalkyl,

15 menophosphates, diphosphates, triphosphates, sulfonates, acyl,

C(O)RVRY, C(OYOR™, C(O)NR"R", P(O)(OR™),, , C(O)CHRRY,
SR™and SiR""R"R™,
in which R">, R", and R™ are members independently
selected from H, substituted or unsubstituted alkyl, substituted or

20 unsubstituted heteroalkyl and substituted or unsubstituted aryl,

wherein R' and R' together with the nitrogen or carbon atom to
which they are attached are optionally joined to form a substituted
or unsubstituted heterccycloalkyl ring system having from 4 to 6
members, optionally containing two or more heteroatoms;

25 R*,R*, R® and R* are members independently selected from the group
consisting of H, substituted alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NOa, NR"R'S,
NC(O)R", OC(O)NR"R'®, OC(O)ORP, C(O)R*, SR®, OR", CRP=NRS, and

30 O(CH,),N(CH3),, or any adjacent pair of R*, R*, R’ and R, together with the
carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloallyl or heterocycloalkyl ring system having from 4 to 6

members;



R3 is OR', wherein Ris a nenber selected fromthe group consisting
of H, substituted al kyl, unsubstituted al kyl, substituted

het er oal kyl , unsubstituted heteroal kyl, 15nonophosphat es,

di phosphat es, triphosphates, sulfonates, acyl, c(0)R 2R 3, C(0)OR12,
C(0)NR121213, P(0)(OR12)2" C(0)CHR121213, SR' and Si R121213R14, in
whi ch 1212, 12.13, and Rl14 are nenbers independently selected fromH,
substituted or unsubstituted al kyl, substituted or 20unsubstituted
het er oal kyl and substituted or unsubstituted aryl, wherein R12 and
R13 together with the nitreigein or carbon atomto which they are
attached are optionally jojfe ln{egelffgwtgz ubstituted or unsubstituted
het erocycl oal kyl ring syst em to 6 nmenbers, optionally
contai ning two or nore het Bf @Izdtfbnﬁe m@@ﬁﬂdenﬂmlectemmaﬁdsuﬁsimwce

menbers independent |y sebeak&dnf Y%s&tb@d &rtﬁmstﬁﬁ}&?ﬂeﬁﬁ‘da@I Qfbstthted or
substituted al kyl, unsubstitut ed’ , Ssubstituted

unsubstituted aryl, sGB@P“N@@@’W@‘E%FJ@&WF“SUWH’&%§ftt?1f"”e|?(1e°d‘bf’rﬁ’étt@r°é)ar yl,

substituted heter OCYC|uQﬁb§‘€fﬁlted me&uﬁ%&%amuma@a@pwmﬁch&y eptidyl,
hal ogen, NO2, Nee, 0) OR15 0] 5, SR15,

OR13, CR15=NRLS6, and ’@32)3“& eher wift ta pitroge Afemyie WhHiSh thepFe Ry,
R4', R5 and R5', togetttehednird dptibtagy jb&febﬁi‘foﬂﬁ OftBstindedii hﬁdﬂbdhhl&yl are

att aChed are | OI ned tho 1f09rc[;n ]F@(l 181H1b%t<: em avm ﬁ H bSt 19 o tl nail
cycl oal kyl or heter ocycF 2RI IR Vs Pirw ?“FIB RSNl
menbers; l0herein n i sorazrimangJemOfeﬂzomohtbms,ZO,

R® is a single bond which is either present or absent and when present R®
and R are joined to form a cyclopropy! ring; and
R’ is CHy-X' or —CHo- joined in said cyclopropyl ring with R®, wherein
X! is a leaving group,
15 wherein R*! links said drug to Ll_. if present, or to F;
or a pharmaceutically acceptable salt thereof.

Another embodiment is a compound of the formula
S i

20 L!is a self-immolative linker;

wherein

misaninteger 0,1,2,3,4,5,0r6;

F is a linker comprising the structure:

T
é—éAAl 1°—C

25 AA! is one or more members independently selected from the group

wherein

consisting of natural amino acids and unnatural a-amino acids;
¢ is an integer from 1 to 20;
L? is a self-immolative linker;

oisOorl;



R15 and R16 are independently selected fromH, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl,
substituted or 5Sunsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heterocycloal kyl, and
substituted or unsubstituted peptidyl, wherein RI5 and RI 6 together
with the nitrogen atomto which they are attached are optionally
joined to forma substituted or unsubstituted heterocycl oal kyl ring
syst em havi ng fron14 to 6 menmbers, optionally 10containing two or
nmor e het er oat ons; L*is a linlR§ mesbeg; S|ngle bond which is either present or
absent and when Ehz i?ﬁ R6 and R7 are joined to forma cycl opropyl
ring; and R7 is oined in said cyclopropyl ring with
R6, wherein X1 i sXalsla@mbﬁqelg¢t tpm e gy eonsistiRg of drotedies! reagiiv functiepat o
L1. present, dé?&upt; Qnfiote@d @acﬂt\?fﬁ%@ﬁy% &Rl de%c@ﬁ@ﬁgél@%cﬁm%alng % greof.
NmﬂwreMm ment is a conpound of fornmula X4-H yn-1-D
wherein 2011 3 a sel f-i mol ative I|nker mis an integer O, 1, 2, 3,
4, 5, or 6; F is bchinfkeda €@bei Sing the structure: wherein 25AA" is
one or nore nenbers independently selected fromthe group consisting
of natural am no acids and unna | a-am no acids;

RT

wherein the ring system A is a member selected from substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or
10 unsubstituted heterocycloalkyl groups;

E and G are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a heteroatom, a single
bond, or E and G are joined to form a ring system selected from substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or

15 unsubstituted heterocycloaikyl;

X is a member selected from O, S and NR?*:

R is a member selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, and acyl;

R? is a2 member selected from the group consisting of (=0), SR', NHR!!

20 and OR',
wherein R'! is a member selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroalkyl, monophosphates, diphosphates, triphosphates, sulfonates,
acyl, C(O)R"R", C(O)YOR"?, C(OINRR™, P(O)(ORP),, ,
25 C(O)CHR"R", SR"*and SiR"R"R",
in which R'*, R, and R™ are members independently

selected from H, substituted or unsubstituted alkyl, substituted or



c is an integer froml to 20; L2 is a self-imolative linker; ois O
or 1; L4 is a linker nmenber; pis 0 or 1; X4 is a nenber
selected fromthe group consisting of protected reactive functional
groups, unprotected reactive functional groups, detectable |abels,
and targeting agents; 5 and D conprises a structure:

wherein the ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and
substituted or 10unsubstituted heterocycl oal kyl groups; E and G
are nenbers i ndependent|y wselteithedhdiaratiytindsulisstiet ot weubstituted aryl,

unsubstituted al kyl, subst‘;vﬁeyetlrgﬁn%gj %m%ggﬁetl WAV gqmtgg %QQL&%&U#%

het eroatom a single bond ol ne orma ri
system sel ected from subst whigit they a@fratfaﬁﬁdjbtsppttomibdomdyb forrsab@lbilmf@@ ed

or unsubstituted heteroaryl, u%gstﬁlﬂé?i%!eﬁo\:@c‘?ﬁlk?frmlﬁ%‘t@“ﬁ%fngzﬂdﬁﬁdm 6

het erocycl oal kyl; X is a menber selected fromO
R23 is a nenber sel ected fR@RRe; orsiarally Fenainies P oumIGBEEYOISd al kyl

substituted or unsubsti‘tptge ah@iﬁa hRMckbkis 1@&5&1}&%@ selected from the roup
R3is a r'renber sel ect _ed ézom t h %[I%]ng}_gconm sting Of!&’ﬁﬁ %pé NHR11
20and OR', e ffbslﬂgne& posu@ied alkdgsupitigps W gr oup
consi sting of H, Srisb‘lﬁhtiutetﬂ el subbtktytbd hetecGid Stirisiilstidd Rdtdeydryl, Sibddigiiddt ut ed
e o oot os "L U5 FRL Y NGB RARARGS; nelicspnt s
C(0) NR121R13, P( omcmﬁ)m(ozwwf CHROIIZ 1 B (OBHL IR AR ' SICRT210R | 8R14,

O(CH:)N(CHs)s, or any adjacent pair of R*, R*, R?® and R”, together with the

carbon atoms to which they are attached, are joined to form a substituted or

unsubstituted cycloatkyl or heterocycloalkyl ring system having from 4 to 6

members,

15 wherein

n is an integer from 1 to 20;

R¥® and R'® are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

20 unsubstituted heterocycioaikyl, and substituted or unsubstituted peptidyl,
wherein R'"® and R'6 together with the nitrogen atomn to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms;

25 wherein at least one of R*, R*, R’ and R®" links said drug to Ll, if

present, or to F, and comprises
15
R R2® R

AR

\Y/
RZ?‘ R28'

wherein v is an integer from [ to 6; and



in which R12, R13, and R14 are nenbers independently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal kyl and substituted or unsubstituted aryl, wherein R12 and
R13 together with the nitrogen or carbon atomto which they are
attached are optionally joined to forma substituted or unsubstituted
het er ocycl oal kyl ring systemhaving from4 to 6 5nenbers, optionally
containing two or nore heteroatons; R4, R4, R5 and Rs' are
menbers i ndependently selected fromthe group consisting of H,
substituted al kyl, unsubstitut esth&FkRt’, RSns R istrelcpeadeytly selected from
unsubstituted aryl, substi u ted h aryl ,
substituted heter ocycl oal kﬁ;lsggsgtnugegb n%?\{ Ymﬁd Hlﬂ{%é%%o%lmtti% ori]]i'(Su?SEg]Ee%

hal ogen, N2, NR | 5R16, 103&@@@)1@121@%@@( @)unmsm& aiﬂﬂ@@»}lﬁﬂﬁ@f

AOR S, SRS ORLS, CRISPRIroRE AN Py RhunBiltePd) acent
pair of R4, R4', R5 and R5', together wt ecar )on atonms to which
they are atached, are jOlli?é‘éPCt/ ofkyEm a substituted or unsubstituted

cycl oal kyl or het er ocyeliQaidgelbokd WElcISY SitHepreiamionshsér Qfm vheh Pre@nt R
menbers, 15wherein n,is an integer fromlto 20; 5 and R16 are

i ndependent ly sel @EltRed‘efJ?IB%“P—Ifo“gﬁﬁ%cﬂqptwléﬂ’voﬂndunsubst| tut ed al kyl,
substituted or unsubswﬁsutm@(%etem@dmeayd saideyRSHrodyUROVBIRS, wherein
unsubstituted aryl, substi %ut epl unsubstituted het eroaryl
substituted or 20unsubstitated eﬁé?%r‘?ﬁ?ycl oal kyl, and substituted or
unsubst i t 1t edr pelptmayidticallyhecepiable Rillshawvd R16 t oget her with the

nitrogen atomto yhich 1. hﬁ%g?%&“?tﬂégﬁ&%gd&r‘& 1%:10”6" ly joined to

forma substituted or unsu et erocycl oa akyI ring system

having from4 to 6 menbers, optioQ or]_t1) _}yng two or nore
het er oat onms; 25wherei n at | east E P R4l ,” R5 and R5' links said

drug to L', if present, or to F, and conprlses
wherein

L! is a self-immolative linker:
15 mis aninteger 0, 1,2, 3,4, 5, or6;

F is a linker comprising the structure:
?——(AAl—)—N—(G%
< H o

AA! is one or more members independently selected from the group

wherein

20 consisting of natural amino acids and unnatural ¢-amino acids;
c is an integer from 1 to 20;
L? is a spacer group comprising a primary or secondary amine or a
carboxyl functional group; wherein if L is present, m is 0 and either the amine of
L? forms an amide bond with a pendant carboxyl functional group of D or the
25 carboxyl of L* forms an amide bond with a pendant amine functional group of D;

oisOorl;



each R27, R27s, R 28, and R78' is independently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het eroal kyl , substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, and substituted or unsubstituted

5het er ocycl oal kyl ; R6 is a single bond which is either present
or absent and when present R6 and 12.7 are joined to forma
cyclopropyl ring; and R7 is CH2-X1 or -CH2- joined in said

cycl opropyl ring MAth R6, wherein Xl is a |leaving group; 10or a

phar maceutical ly &oeepﬂabmembabﬂwwhdrG@ﬁmﬁwbt anot her enbodi ment is a
conmpound of the formula X4-H(L4)p F-(L1),-f- D Wger oA LI is a
self-imolative linker; 15mis an integer O , 4, 5, or 6; F
is a linker conprising the structure: 3H{N-3 OSwherein

AA" is one or nore nenbers independe t he group
20consi sting of natural am no aci ds~and mno acids; c is
an integer from1l to 20; L3 is a gpa g gyp t nprising a
primary or secondary am ne or a carboxyl f'unct Ponal group; wherein if
L3 is pr esentdn-emyia&aoﬁecﬂﬁ&.e&si-ﬁehﬁnustoh@mm\m&rem{ L3 forms an am de bond

W th a pendant car bOX)Q’)(} 1]:". 'iéra]icngém%grasldeg d0 t“ ch sug‘)snglted or unsubstlmted alkyl,

5 substituted or unsubstituted heteroalkyl, and acyl,
each RZS, Rgs’, Rlﬁ, and R*® is independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or nnsubstituted heteroaryl, and substituted or
unsubstituted heterocycloalkyl;
10 and s and t are independently integers from [ to 6;
pis1;
X* is a member selected from the group consisting of protected reactive functional
groups, unprotected reactive functional groups, detectable labels, and targeting agents;
and

15 D comprises a structure;

wherein the ring system A is 2 member selected from substituted or
unsubstituted aryl, substimted or unsubstituted heteroaryl and substituted or
unsubstituted heterocycloalkyl groups;

20 E and G are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a heteroatom, a single
bond, or E and G are joined to form a ring system selected from substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or

unsubstituted heterocycloalkyl;

10



25car boxyl of L3 forms an am de bond with a pendant am ne functi onal
group of Db ois O or 1; L4 is a linker nmenber, wherein L4 conprises
(;) RR6' R26 R26 directly attached to the N-term nus of (AA),

wherein R2 is is a nmenber selected fromH,
substituted or unsubstituted al kyl, 5substituted or unsubstituted
het er oal kyl , and acyl, each R25, R25*, R26, and R26. is

i ndependently selected fromH, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl, substituted or
unsubstituted aryl, subistieubadelorteddresudStant MRED het er oaryl, and

substituted or unsubstd=tut gd. hetalaayehanl litmeéga@%bﬁit@@@a& jare
to 6; 1s 1; ]X S

i ndependently integers from1l ; 1 a nerber
sel ect ed from t hesugptiiigs @ apwbgititaddesfoallyloandeedd reacti ve functiona

groups, unprotected rgagld N&nkrRRLEPHG HEERUPSnsidELSELAN sk APRIS,
and targeting agents; ,and 15D conprises a struct ure; wher ei n
the ring system AMYOR nenber sel ected from substituted or

unsubstituted aryl, substidistesd or unsubstituted heterothyl and

substituted or unsubstituted. heterocycloal kyl groups; 20E and G are
menbers i ndependently sel t3&“?F8ﬁﬁ%?“§ﬁ%§¥¢?%P@Hgﬂﬁgﬁﬁgﬂﬁstituted

a!kyl, substitut ed orsﬂﬂﬁMh@mkﬁumammhe&@ﬂbﬁhﬁyhumﬂhhebﬂkpamammnami
Subst tuted or unsubstreanEh APSih B i AR SRS STk "
het er oar y10 and subst i te.dOR RInSIDOR'T GONRKBY HOXPBI pal ky! ;
C(O)CHRVR", SR"?and SiR"RPR",
in which
Ru, R13, and R'* are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsubstituted
15 heteroalkyl and substituted or unsubstituted aryl, wherein R'? and
R together with the nitrogen or carbon atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring systemn having from 4 to 6 members,
optionally containing two or more heteroatoms;

20 R* RY, R’ and R® are members independently selected from the group
consisting of H, substirated alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO,, NRR!®,
NC(O)R'?, OC(O)NRR'®, OC(O)OR"?, C(O)R"?, SR”, OR'?, CR™*=NR'S, and

25 O(CH,).N(CH3)a, or any adjacent pair of R* R* R’ and R”, together with the
carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloalkyl or heterocycloalkyl ring system having from 4 to 6
mermbers,

wherein

30 n is an integer from 1 to 20;

R" and R'S are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

11



X is a nmenber selected fromO, S and NR23; R23 is a nenber
selected fromH, substituted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl, and acyl; R3 is a nmenber
selected fromthe group consisting of (.0), SR'. NHRL1l 5and COR'
wherein RI is a nmenber selected fromthe group consisting of H,
substituted al kyl, unsubstituted al kyl, substituted heteroal kyl,
unsubsti tuted het er oal kyl , nonophosphat es,

di phosphates, triphosphates, sulfonates, 10acyl, C(0)R12R13,

C(0) OR127 C( 0) NRI 2R13,unfb@t@RER) R ol GMEHRIRIG i8Rl rsatnduEH REERISR14,
in which R12, 1 | | ect ed
fromH, substi t ut ed o%%%ﬁgu S?@%ﬁi% @éﬁn %@?@E&ggﬂ%é¥wéﬁk
unsubstitut ed 15het er @ticksd M%MO@HbﬁﬁeﬁEthéﬂn dyubgiivgedns uhubdticdedar yl |
wherein R12 and R13 t @;g[@lfot&%roaw?mou nmataaggem 498 6 GRLR2 oftloRiMyt O

whi ch they are attached are optiona joined to forma substltuted
or unsubstdt ut ed heteF@%V@P%QWF%VPwﬁFéﬁm@V%ﬁen1haV|ng from4 to 6

menbers, optionally cmﬁsadsmgrbgaoﬁd/\@maﬁseiﬂfeﬁpr&eﬁce,mﬂér@aﬁwﬁﬁﬁésen% RS
and R5' are nenbers j,ndependent!y s Iected fr n1the group consi sting

of H, substltutedmgﬁkﬁFjlﬁﬁgﬂ §T pﬁFH?IMIsubstltuted aryl ,
unsubstituted aryl, smBstctH@tleﬂ-@m,-@cmamydamcyﬂq;mdq@nhﬁglmem“h\emeeamar yl,
substituted heterocycloal 1 %nsubstltuted het er ocycl oal kyl ,

hal ogen, NO2, NRL15R16, NC(0) iﬁ NRI 51216, OC(0)OR15, C(O)1215
SRI 5, ORIB) GREGnNREE! owrd RI5R] (&—LI}N RIS lings sasinyneztd L deresenpat o of
R4, RA', R5 q@d R5', together with the

or a pharmaceutically acceptable salt thereof.

A further embodiment is a compound having the following structure:
Xe—L—0
15 wherein L' is a self-immolative spacer;
m is an integer of 0, 1, 2, 3,4, 5, or 6;
X? is a cleavable substrate; and

D comprises a structure:

L]
R R
Ra H4|
H4
N
X = R®
RS
20 wherein the ring system A is a member selected from substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or
unsubstituted heterocycloalkyl groups;
E and G are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a heteroatom, a single
25 bond, or E and G are joined to form a ring system selected from substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or

unsubstituted heterocycloalkyl;

12



carbon atons to which they are attached, are joined to forma
substituted or unsubstituted cycl oal kyl or heterocycloal kyl ring
system having from4 to 6 nenbers, wherein 30n is an integer froml
to 20; 12.15 and R16 are independently selected froméEl,
substituted or unsubstituted al kyl, substituted or unsubstituted
heteroal | cyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted

het erocycl oal kyl , and substituted or unsubstltuted peptidyl, wherein
R15 and R16 toget her i ishmembernéltataigom QutSoml N8 whi ch t hey are

attached are optional Iwﬁwh@ﬁgelwe&eqrﬁ%qa %ﬁﬁaé&]!e&% ngbg&fm@&'ﬁwst' tuted
het erocycl oal kyl ring system having from4 ers, optionally

Scont ai ni ng two OFUbHH ‘Héﬂ@P%ﬁW@ﬁ@mﬂmmﬂ=de6i|s a single bond which

i s either present or aqb&eanﬁenae@ﬁqewﬂ@dmﬁ@@g&hpaﬁg;aﬁgﬁle@r@*1ﬁmﬁed to
forma cyclopropyl ring; and R7 is CH, - -CH - "joined in said

cyclopropfi ring WA R6, wherein X1 is a IeaV|ng group, 1lOwherein at
| east one of R4, R4', RS, Rarein R15 or R16 |inks said drug toif

present, or to F;, or a phagmaceuti cal tab e salt thereof. A
further embodinment is a cgip ﬁﬁ&“WEV‘ﬁé‘fﬁj A PBPPORCHY e PUt ure:  xzk
15wherein Li is a sel fkutistimwd akylyasspdiced slkyh suistiared hateglkyl, mfub@imidd 2,
2,’[ " 3&,[ 3;’ e?r g 0 thg ; 'esn%%tﬁxloﬁéwargén%gl%g&ﬁteg % ﬁmg}%teqwb%hogp%rle é%{qlsoagt‘?s
substitut 8 or ey, CORPRY, C(O)0R™, CLOINR R, PIOYOR ),
C(O)CHR'RP, SR'?and SiRR"R™,
in which
R, R", and R™ are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsubstituted
5 heteroalkyl and substituted or unsubstituted aryl, wherein R' and
R" together with the nitrogen or carbon atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members,
optionally containing two or more heteroatoms;
20 R®is a single bond which is either present or absent and when present R®
and R’ are joined to form a cyclopropyl ring; and
R’ is CHa-X' or —CHa- joined in said cyclopropyl ring with R®, wherein
X' is a leaving group
R*,R¥, R’ and R” are members independently selected from the group
25 consisting of H, substituted alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl. substituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO,, NR'? RS,
NC(O)R", OC{O)NR"R'®, OC(0)OR", C(O)R", SR"?, OR", CRP*=NR, and
O(CHz},N(CHj)z, or any adjacent pair of R* R*, R’ and R”, together with the
30 carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloalkyl or heterocycloalkyl ring system having from 4 to 6
members,

wherein

I3



unsubstituted aryl, substituted or unsubstituted heteroaryl and
substituted or unsubstituted heterocycl oal kyl groups; E and G are
menbers i ndependently selected fromH, substituted or unsubstituted
al kyl, substituted or unsubstituted heteroal kyl, a heteroatom a
singl e 25bond, or E and G are joined to forma ring system sel ected
fromsubstituted or unsubstituted aryl, substituted or unsubstituted
het eroaryl and substituted or unsubstituted heterocycloalkyl; Xis a
menber selected fromO, S and NR23; R23 is a nenber sel ected
fromH, substituted or unsubstbinagerdehmal yD; substituted or

unsubstituted heteroal kyl, pagg I@cweonfdep(en%ejitly sgﬁqted f\ﬁ&i’%&%{%ﬁ@d nmber

sel ected fromthe group consisting

wher ei n R11 i s anmbeiteed el sdpstted Plamltblsféutgcima@@hsubswtn@mof
H substituted al kyl, uH-Hx%Hﬁ‘ﬁéd ZlTl)H Qﬁsnﬁa'telﬂlélr um%@ﬁteh%&&@gylhﬁtyﬁﬁﬁéﬂlAfyl
unsubstituted heteroal kyl, nono hat es, di phosphates,

triphosphat es, sul f onapgkstintglie |0<:Y &yh&@m@flweémmbzm@eﬁmzms

R(0) (OR12) 2" C( 0) CHR1Z2R3in IR Raf’fldgc&eRiﬁRi@mhﬂge%ﬂo&ho which thefke, R13,
and R14 are nmenbers indepe dentl Sele ted fromH, subst !)tuted or

unsubstituted al kyl, §Uﬁ? %?P&& 2y J9gE iR § PR R apEPmidcy | and
substituted or unsubstkttetetbakylying syteariaving RaR 1an6mRtkrd, ogRhdlgr Wt h

the nitrogen or car bon ich they are attached are optionally

joined to forma subst] [ﬁa'?m%;wo or ﬁlﬁlse%te%m Ut’ed het er ocycl oal kyl ring

system hald ng from 4 to 6 wiendertdastopt ifomeaibbry RE oRY.&’ andR” tivte sgd  nor e

het er oat ors; drug to L', if present, or to X and is selected from the group consisting of

O,
NNt

wherein
15 R* R R, and R are independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, and substituted or unsubstituted
heterocycloalkyl; and
20 v is an integer from 1 to 6;

or 4 pharmaceutically acceptable salt thereof.
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20R is a single bond which is either present or absent and when
present R6 and 12.2 are joined to forma cyclopropyl ring; and 122 is
CH2- X1 or -CH2- joined in said cyclopropyl ring with R6, wherein X1
is aleaving group R4 , RA', R5 and R5' are nenbers independently

sel ected fromthe group 25consisting of H substituted al kyl,
unsubstituted al kyl, substituted aryl, unsubstituted aryl,
substituted heteroaryl, unsubstituted heteroaryl, substituted

het erocycl oal | cyl, unsubstituted heterocycl oal kyl, hal ogen, NQO2,
NR15R 16, NC(0) R13potlRCedhdRBDE B poREEunOf@nRE folBRig, st@RIrS, CR15=NR16
and O(CH2), N(CH3) 2, or any adjaceni—pair of R4, R4, R5 and RS
together with the 30 carbon atong to\which they are attached, are
joined to forma substituted or u entB?uteﬂ cycl oal kyl or
het er ocycl oal kyl ring system havi ngf hNgm.4 Bo 6 nenbers, wherein n
is an integer from1l to 20; R & and\R16 ar errmdependent|y
selected fromH, substituted or unsubs
unsubsti tuted heteroal kyl, substituted
substituted or unsubstituted heteroaryl
5unsubstituted heterocycl oal kyl, and s¥bstitzted fs ubsti t ut ed
peptidyl, wherein R15 and R16 together with the nistrogen atomto
whi ch they are attached are optionally joined toforma substituted
or unsubstituted het emdeymltieaingylstam Ads asysitenelraed fagn fubstituédd éro 6

nmenbers, optional [ - I . : ein at
| east one of nenbg¥g%%%&?h§%ggwéﬁg%ﬁ ngg&gﬁgﬁkg&ggygﬁgyﬁégp%% 1, if
present, or to X2unsghstituied hegerbeycloallivlferowps; t he group consi sting of

Z and X are independently members selected from O, § and NR*:

or

R* is a member selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, and acyl;

R? is a member selected from the group consisting of (=0), SR'', NHR"
10 and OR",

R'! is a member selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroallyl, monophosphates, diphosphates, triphosphates, sulfonates,
acyl, C(O)R*R", C(0)OR™, C{O)NR™R", P(O)(OR),,,

15 C(O)CHR'"R", SR'*and SiR"?R"’RM,
in which
R, R", and R™ are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl and substituted or unsubstituted aryl, wherein R'? and
20 R™ together with the nitrogen or carbon atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members,
optionally containing two or more heteroatoms;
R® is a single bond which is either present or absent and when present R®
25 and R’ are joined to form a cyclopropyl ring;
R’ is CH>-X' or -CH,- joined in said cyclopropyl ring with R®, wherein

X! is a leaving group; and

15



F13R31" O wherein 15R30, R30*, R31, and R31' are independently
selected fromH, substituted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or
unsubstituted heterocycloal kyl; and 20v is an integer from1l to 6; or
a pharmaceutically acceptable salt thereof. Another enbodinment is a
compound having the followi ng structure: RS wherein the
ring systemA is a nmenber selected from substituted or unsubstituted
aryl, substituted or Wiskihstd Ritedhemberemdepeydentgndlestedenn thetedp or

Sunsubsti t ut ed hefg&%&‘r’%‘ﬁk %aéuks)c(f I\T%fg&p ﬁnsuén%%g §?§[\/P‘Eu%stlnﬂgq§£§”de”t ly

menbers sel ected from sel ect ed
fromH, substitut @@ub}ﬁm@ﬁwbguhﬂtﬁu@éhbtqum unsghshter hefereatylpyubstituted

unsubstituted het gngadykiphiky; %%b@ﬁ%&d heteloc cloalk halogen N({J-§3NR§Ra menber
selected f gomt heN%{(g)tﬁ 88(%8)1%1%;5 BG C(O) R! C(O)%{RS’ R” OR CR‘” NR'®, and
O(CH,)N(CHs)»
n is an integer from 1 to 20;
R' and R'® are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted hetercalkyl, substituted or
10 unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocycloalkyl, and substituted or unsubstituted peptidyl,
wherein R" and R'® together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
15 containing two or more heteroatoms;

or a pharmaceutically acceptable salt thereof,

A further embediment is a compound having the following structure:

wherein the ring system A is a member selected from substituted or
20 unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or
unsubstituted heterocycioalkyl groups;

Z and X are independently members selected from O, S and NR*;

R is a member selected from H, substituted or unsubstituted aikyl,

25 substituted or unsubstituted hetercalkyl, and acyl;

16



10and OR', R' is a nmenber selected fromthe group consisting of
H, substituted al kyl, unsubstituted al kyl, substituted heteroal kyl,
unsubsti tuted heteroal kyl, nonophosphates, diphosphates,

tri phosphates, sulfonates, acyl, C(0)R12R13, C(0)O0R12, C(0)NR121213,
P(0) (OR12)2, , 15C(0)CHR12R13, SR12 and Si R12R | 3R14, in which R12,
nl3, v. and Rl14 are nenbers independently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal kyl and substituted or unsubstltut ed aryl, wherein R12 and
20R13 together with tHg, RfIRO@énnéR“tmrdmnrbexahﬂapeh@nﬂm@hteﬂheryl thar e

attached are opti %ﬁ! loémésntﬁgﬂﬁﬁ sEL%uFu %%H&%E%EHEI%% DbsitliSURTL I tut ed

het er ocycl oal kyl avi ng opti‘onal |y
containing two or umbemWéWi‘ @é@f@md hetewaryl unsubstituted hefelp%@yh @bﬁmsqdngl e

bond which is ei tn&&od%eﬁﬁﬁtun%g@n&ﬁmer& 9ﬂat eﬁ%@i nRBp@5and Rv
are joined to forma ¢y gdomed

in said cytlopr op?’p(q)f{ngoq\fqm‘gx N Q@{g @?ncf@f"i SS% slfépaw%@lﬁou d and

RS, R5', and R32 a@i,iRies.s Sorlaﬂ;&jﬂfljt@&ﬁﬁﬂi SR S, @€ iR T, redge&lérhﬁmgmeoup
consi st i ng of H, substl t ut ed unsubst i tuted al k , .Substituted

aryl, unsubstit ut SPoRAPMS CHES Py Freatiaghed aredoipss o foﬁi‘ﬁéﬁ‘ﬂ’érl‘tf“%f“ed
heteroaryl SubSth&mheﬂmHEkﬁmmgyﬁhﬁab%&bmkﬂmﬁybﬁkmﬂﬁhﬁgﬁmn4m6
het er ocycl oal kyl, ha%f_g NC2, NRi sRi s, 5NC(0)R15, OC(0)NR151-' K16,
OC( 0) OR15, C(O)R' 5, OR15, CR16=NR16, and O(CH2),N(CH3)2 n is an
integer filbm 1l to 20; R15 wmciR16 are i ndependently selected fromH,
substituted or n is an integer from 1 to 20;
% and R'® are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
15 unsubstituted heterocycloalkyl, and substituted or unsubstituted peptidyl,
wherein R and R*® together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms,

20 wherein R* comprises one or more cleaveable groups;
Rlisa single bond which is either present or absent and when present R®

and R’ are joined to form a cyclopropyl ring; and
R’ is CHa-X! or —CHa- joined in said cyclopropyl ring with R®, wherein
X'isa leaving group;
25  ora pharmacentically acceptable salt thereof,

Another embodiment is a compound selected from:

g A

o
A NH
/@N 0 / H 0 HN—(

N
Y ),—@—N%—[_\x
4 NH
)—NH2
6



unsubstituted al kyl, substituted or unsubstituted heteroal kyl,
substituted or 10unsubstituted aryl, substituted or unsubstituted
het eroaryl, substituted or unsubstituted heterocycl oal kyl, and
substituted or unsubstituted peptidyl, wherein R15 and R16 together
with the nitrogen atomto which they are attached are optionally
joined to forma substituted or unsubstituted heterocycl oal kyl ring
system having from4 to 6 nenbers, optionally 15containing two or
nore heteroatons; or a pharnmaceutically acceptable salt thereof. A
further enbodi ment is,a conpound having the foll gw ng struﬁ:urex)R6
wherein the ring s A8 a nmenber selected fR N r
20unsubstituted ar§l ”spbstituted or unsubstj tuatedlheterqaryl
substi t ut ed orﬁgﬁﬁub Nt ed het ¢ ocycl gajy NirouBs; z and X Gre
m

i ndependent | y - ers s NdoNR23;

R23 is a nenber sel ected fiMN5m=H, it € L, unsubstituted al kyl,
25substituted or unsubstituted heferoallcyl, a»ngfyl; R4

R4', R5, R5', and R33 are nenbers independentldy selected fromthe

group consisting of H substituted alkyl, unsubstituted al kylg,
substituted ar unsubstituted aryl, substituted heteroaryl,

unsubsti tuted paryl, substituted heterocycloal kyl, un i;ﬂtuted
het er ocycl oal ky a!;gen, NC2, NR 5NC(O)R15Hh9KXO)hé15 :

OC(0) OR15, C(O0}F » CR15=NR16, andz0(cH?). C113) 2 or

any adj acent pair of and_R5' Q tmg%fﬁgr wi th & he carbon
e' d th9 forma substituted or
et € ocyeloal ky i ng system having from

21T

atons to which they @&reyg
unsubstituted cycl oal kyl or
4 to 6 nmenbers; 10wherein n is an integer fromfdnto 20; R15 and
R16 are independently selected fromH, substitqggqﬁgr unsubsti t ut ed
al kyl, substituted or unsubstituted heteroal kyl/ suBstituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,

substituted or R
s
-/ N 4
%’N N~ R
o
NH
Z%ENHz
o}
H~0 H o Oyq
lk/\j\l/\}
0

N_~ N
) Hp QR Y
O

Os-NH,
O -OH Cl HN

| L :
O O
H 3 M N\
HO v "“O N H N\H/\N N\/\N)]\/\/D
OH 7 N o H H 0
o HN
O
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15unsubstituted heterocycl oal kyl, and substituted or unsubstituted
peptidyl, wherein R15 and 1216 together with the nitrogen atomto

whi ch they are attached are optionally joined to forma substituted
or unsubstituted heterocycloal kyl ring systemhaving from4 to 6
nmenbers, optionally containing two or nore heteroatonms, 20wherein R33
conpri ses one or nore cl eaveabl e groups; R6 is a single bond
which is either present or absent and when present R6 and R7 are
joined to forma cyclopropyl ring; and R7 is CH2-X1 or -CH2- joined

in said cyclopropyl ri with-R6, wherein X1 is a |eaving group; 25or
a pharnaceutically 8 Eé sal t thereof Anot her enbodi nent is a

conmpound sel ected I N(1, . "N N@HO 0 HNé¢n,0 NH ' -NH
NH? O y H HiC~L HSCNK 5 O
HaC” N H = 2
O N H >—N NJ,\‘/N N/u\/\/N
O \g/\H CHS\'o(\H ©
CH,4
HaC
3_< QO H g H =

HaG
CHs
He® O CHy O °
Cl H = H LM A
e z
= y N\n/\N N\(\NJ\/\,N
N o H H 0O
o °
Mg 4 o) NH,
N o N
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0 CH3CH3 N ONH3C-./..0 H30H---ce 00 HBGCNNH 7 0
HNN- - r NAKM TA-NA. --"?.-NO HCH3 0 H CH3 H3CG-c H= OH N, Trit,N
OHp OH H3CH3C CH3CH3 and

and
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NH2 Nl -12 wherein r is an integer in the range fromO to 24. Any
of these compounds can be used as, or used to form drug-1ligand

conj ugat es. I n yet another aspect, the invention pertains to
phar maceuti cal formulations. Such fornulations typically conprise a
conj ugat e conpound of the invention and a pharmaceutically acceptabl e

carrier. 5In still a further aspect, the invention pertains to

nmet hods of using the conjugate conpounds of the invention. For
exanpl e, the invention provides a nethod of killing a cell, wherein a
conj ugat e conpound of the invention is adm ni$tered to the cell an
anmount sufficient to kill the cell. In a prefefred enbodi nent, the
cell is a tumor cell. }fsanother enbodi ment, the invention providgs a

met hod of retarding or

bppEng the growt h of, a0 ft unor infa \
mammal i an subj ect ¢onj ugate ¢ fi \PﬁVe#bkﬁn/P
adm ni stered to they

f i eat fo betard or stop o
grow h of the tu \L) Qvhe ct®, advantagegs and objects of
the invention well “be apparent Tromreview of therdetail ed
description bel ow. 15BRI EF DESCRI PTI ON OF THE DRAW NGS
Non-limiting and non-exhaustive enbodi nents of th&%present invention
are described with reference to the followi ng drawings. In the

drawi ngs, like reference nunerals refer to |jke parts throughout the
various figures unless otherw se specified.l\L\

al
o
N I n\/\ Jo'k/\j“?
\p/ \f\ﬁi i o

O  HN o}

®,

e

HN

j\g q o N
L o T

HN

PN

0% “NH,

wherein r is an integer in the range from 0 to 24,
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For a better understanding of the present invention, reference wll
be made to the 20 followi ng Detailed Description, which is to be read
in association with the acconpanyi ng draw ngs, wherein: FIGS. 1-3 are
graphs of nean tunor vol une, nmedi an tunor vol une, and nedi an % body
wei ght change, respectively, versus days past dosing for a first in
vivo study; FIGS. 4-6 are graphs of nmean tunor vol unme nmedi an tunor
vol une, and nedi an 25% body wei ght change, respectively, versus days
past dosing for a second in vivo study; FIG 7 contains logistic
curves fitted for Aupefthasscanpbirde chyp-be oset s, oowpdigdtes daglgant eonjrigstad. t | ng
EC50 values, in L - S . : ' r S
of nmean tunor vol %l%P?gQgruasﬁegtéglg %S%Asu? " Elecgglln%té) p#F] Lo}r%a%é?%l?&g’mliﬁ%{}s?v%ab

st udy; 30FI G fognuatipnsdimesllyeapphise axfonjrgat @mpbody! theinykrtios ridige ' ver sus
days past dosizRthafdticdip&ectiivictalfd, Vi Vo study; FIG 10 contains
graphs of nean tunor vol une versus days past dosing for a fourth in

vivo study? FI G Inptill @ Srther apreclytha rentipn paraip @ringthads ofnsing the cetigaige
versus days pambodd@sdrmg if@htidnh €orfeRaifld) theMnvéhiba pidvidelys méthdd of Liflinkd @
graph of mean tunor vol ume versus days, past dosing for a fifth'in
vivo study; Sef-cyherpi acgnigeaie compougd Oﬁ%%wv‘iﬂ&wﬁ PR (PEPSTFY 2 APIhast
dosi ng for a saffisieht tb Kill ie\eell. STh d @héFerred embodiment, the cell is a tumor cell. In another

embodiment, the invention provides a method of retarding or stopping the growth of a
10 tumor in a mammalian subject, wherein a conjugate compound of the invention is
administered to the subject an amount sufficient to retard or stop growth of the tumor.
Other aspects, advantages and objects of the invention will be apparent from

review of the detailed description below.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the present invention are

described with reference to the following drawings. In the drawings, like reference
numerals refer to like parts throughout the various figures unless otherwise specified.
For a better understanding of the present invention, reference will be made to the
20  following Detailed Description, which is to be read in association with the accompanying
drawings, wherein;
FIGS. 1-3 are graphs of mean tumor volume, median tumor volume, and median
% body weight change, respectively, versus days past dosing for a first in vive study;
FIGS. 4-6 are graphs of mean tumor volume, median tumor volume, and median
25 % body weight change, respectively, versus days past dosing for a second in vivo study;
FIG. 7 contains logistic curves fitted for various antibody-toxin conjugates and the
resulting ECsq values, in LNCaP and 786-0 ceils;
FIG. § contains graphs of mean tumor volume versus days past dosing for a third
in vivo study;
30 FIG. 9 contains graphs of median body weight change versus days past dosing for
the third in vivo study;
FIG. 10 contains graphs of mean tumor volume versus days past dosing for a

fourth in vivo study;
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FIG 14 is a graph of nean tunor vol une versus days past dosing for a
seventh in vivo study; FIG 15 is a graph of nean tunor vol une versus
days past dosing for a eighth in 10vivo study; and FIG 16 is a graph
of mean tunor vol ume versus days past dosing for a ninth in vivo
study. DETAILED DESCRI PTI ON OF THE | NVENTI ON 15 Abbrevi ations "Al a, "
refers to alanine. "Boc," refers to t-butyl oxycarbonyl. "CPI," refers
to cycl opropapyrrol oi ndole. "Cbz," refers to carbobenzoxy. 20"DCM
refers to dichloromethane. "DDQ' refers to

2, 3-di chl or o- 5, 6- Hic yherotaibs 4raplent ogdiammde weigiblcREAE vare$ érys pdsodosing

di i sopropyl et e " r.refers to N, N -dinet hyl et hyl ene di am ne
"RBF" refers fggh(gﬂrngﬁﬁa" ot tom flask 25"DVF" refers to

N, B- di met hyl f or naliCal &2 15 plaAmEISyf meaf tymor yadumg fefsugidayepasydosing feo) fifth inH-
l,2,3-tri azol\gL,{;w@y;b] pyridin- | - ylinethyl enej-N nethylnmethanan ni um
hexaf | uor ophosphat'e N-oxi de The synbol "E," represents an
enzymat i Ca‘{) ly cl eBfebbis @ sigplefgnean pmey volyrs wsysas qays past dosing for a sixth in

1- (3-di et hyl,agisqegr opyl ) - 3- et hyl car bodi i m de.

FIG. 14 is a graph of mean tumor volume versus days past dosing for a seventh in
vivo study;
FIG. 15 is a graph of mean turmnor volume versus days past dosing for a eighth in
10 vivo study; and
FIG. 16 is a graph of mean tumor volume versus days past dosing for a ninth in

vive study.

DETAILED DESCRIPTION OF THE INVENTION
15 Abbreviations
*Ala,” refers to alanine.
“Boe,” refers to t-butyloxycarbonyl.,
“CP1,” refers to cyclopropapyrroloindole.
“Cbz,” refers to carbobenzoxy.
20 “DCM?” refers to dichloromethane.
“DDQ” refers to 2.3-dichloro-5,6-dicyano- 1 .4-benzoquinone.
“DIPEA” refers to diisopropylethalamine
“DMDA” refers to N,N’-dimethylethylene diamine
“RBF” refers to a round bottom flask
25 “DMEF" refers to N,B-dimethylformanmide
“HATU” refers to N-[[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-
yl]methylene}-N-methylmethanaminium hexafluorophosphate N-oxide
The symbol “E,” represents an enzymatically cleaveable group.
“EDCI” refers to 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide.
30 “FMOC?” refers to 9-fluorenylmethyloxycarbonyl.
“HOALY” refers to 7-aza-1-hydroxybenzotriazole,
“Len” refers to leucine.

“PABA” refers to para-aminobenzoic acid,
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30"FMOC' refers to 9-fluorenyl net hyl oxycarbonyl. "HOAt" refers to
7-aza- 1- hydr oxybenzotriazole. "Leu" refers to | eucine. "PABA" refers
t o para-am nobenzoic acid. "PEG' refers to polyethylene glycol.
"DBU' refers to 1, 8-diazabicycl o(5.4.0)undec-7-ene. "DIEA" refers to
di i sopropyl ethyl am ne. "PMB" refers to pcira-methoxybenzyl. 5"TBAF,"
refers to tetrabutylamoniumfluoride. "TBSO, " refers to
t-butyldinmethylsilyl ether. "TEA" refers to triethylamne. "TFA"
refers to trifluororoacetic acid. "EDC' refers to ( | -Ethyl

- 3- (3-di net hyl | am nopr8B§f tetcasrtb pdydthplede gl¥@hy dr ochl ori de)

e o 04! 2 PR eyl e wronium
The synbol "Q' refers PEA rehstafiseronyledybanite. di agnosti ¢ agent or
15det ect abl e | abel . “PMB” refers to pare-methoxybenzyl.
5 “TBAF,” refers to tetrabutylammonium fluoride.
“TBSO,” refers to +-butyldimethylsilyl ether,
“TEA” refers to triethylamine.
“TFA” refers to trifluororoacetic acid.
“EDC” refers to (1-Ethyl-3-(3-dimethyllaminopropyl)carbodiimide
10  hydrochloride)
“TBTU” refers to (2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate)
“HOBT” refers to N-Hydroxybenzotriazole
The symbol “Q” refers to a therapeutic agent, diagnostic agent or

15  detectable label.

Definitions
Unless defined otherwise, all technical and scientific terms used herein generally

have the same meaning as commonly understood by one of ordinary skill in the art to

20 which this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in cell culture, molecular genetics, organic chemistry and nucleic acid
chemistry and hybridization described below are those well known and commonly
employed in the art. Standard techniques are used for nucleic acid and peptide synthesis.
Generally, enzymatic reactions and purification steps are performed according to the

25  manufacturer's specifications. The techniques and procedures are generally performed
according to conventional methods in the art and various general references (see
generally, Sambrook et al. MOLECULAR CLONING: A LABORATORY MANUAL, 2d ed.
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is
incorporated herein by reference), which are provided throughout this document. The

30  nomenclature used herein and the laboratory procedures in analytical chemistry, and
organic synthetic described below are those well known and commonly employed in the
art, Standard techniques, or modifications thereof, are used for chemical syntheses and

chemical analyses.
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Definitions Unl ess defined otherw se, all technical and
scientific terns used herein generally have the sanme neani ng as
commonl y understood by one of ordinary skill in the art to 20 which
this invention belongs. Cenerally, the nonenclature used herein and
the | aboratory procedures in cell culture, nolecul ar genetics,

organi ¢ chem stry and nucl eic acid chem stry and hybridi zati on

descri bed bel ow are those well known and comonly enployed in the
art. Standard techniques are used for nucleic acid and peptide

synt hesi s. Gener alThqﬁplneWEWattib@gméémn!mhs toemegin p oenifongithatovhes pepst ar e
per f or med aCCl b SHefX e g@ﬁecag‘%ﬂﬁtaﬁﬁﬁ%&raaﬁ iRRRE! {Jéuﬁé‘éf%eg{‘cﬁq JJﬁﬁnal

t echni ques an pro edur és are genefa ¥6r med-accor ng t

convent i onal Emtt%%cawme itdy desizably t%&?d@w@éﬁwﬁmal@éﬁ eapehimfs (see
general ly, Saém[,%qke Blge@ly. MOLECULAR CLONI NG A LABORATORY MANUAL, 2d
ed. (1989) Cold ng Harbor Laboratory Press, Cold Spring Harbor,

N. Y., which is inéttpay syteigxipes ditgadgsito P’é?“é‘rtber‘\@é‘}““&ﬁﬁt@l’{m&ﬂ? dsyisdi ded
t hr Oughout t erféct@QE‘dyH’gﬁ:@tbtoxfE h@caa&nwmermﬁabm ReddS Bk dhedgeicAnandnd he

| aborat ory procegé ﬁjﬁn a%@ chem Strﬁ‘ﬁ% nd or an| ¢S thetic
descri bed” bel W APE % AL G | XRIH Wcﬁﬂtax‘ﬂso‘ Cﬁa\i)' 8&?@8 ¢iabd t%e
art. Standar d1rﬁlﬁﬁdﬁﬂl:cqn1ﬁ8:;staﬁlﬁs Mdﬂl‘lﬁly(ﬂl&t thoas-nbemeafimorafitbiatised f or
C?ﬁrenr g_gleuts?lgtag ga%fq :rellesdan let?aq\;l: Cfgré;pe}ﬂé‘c )(fﬁheraytotoxms 1nc118;1tnwa%ox1%1écan af)nrdesent
in a ther &beutsmmigh% @flﬂemmr% cariDLbivin anpmﬁtm@e@ma desired therapeutic
effect on a mammaiye Gor-olhSe! diithetarohags ?Lloatle't i SeflfSlif abl e that the
t herapeutic agent al so pabl e o he'tar get cell. 5The

t erm " cyt ot oxitprehangeaplsit Rofuretdr to@ Cﬁ@mn@thﬂqﬁwapm mnoca@émceﬁsawmﬁgtﬂﬂ he
desired eff egh m@bordpRh@@ oY bAtudXdhGs stefactﬁram@g;a&@ld a%ah:u%é&%g@é Eﬁacﬂ&@-ns
that the agent arrests the grow h of, he cel npl ary

Ki |
cyt ot oxi ns i HEPUIEM By rind B B‘PZY@%}?&‘@ i ‘ﬁé‘l B¢ privimiy PHﬁrget cell "

conbr et astsat i ns, U}&Q&ﬁr"ﬁuﬂcmnsb,lntteMd 0Gneh) B Pondsdtuld-dsefalah (ha BharRicatidies ,
ant hracycl i ne and d x er gc}O/?t ot oxi ns incl ude

mycot oxd ns, T BT RAAHT Gl 6o AT gUECe B ORB R STBhA P
and mayt ansi nedaglsf thélfhgort grered py addoucells.avarktrh e t@siaeredls sngsecefnj ugat e
are used her e‘hirzlgnostic agents.”
The term "selective” as used in connection with enzymatic cleavage means that
20  therate of rate of cleavage of the linker moiety is greater than the rate of cleavage of a
peptide having a random sequence of amino acids.

The terms "targeting group” and “targeting agent” are intended to mean a moiety
that is (1) able to direct the entity to which it is attached (e.g., therapeutic agent or
marker) to a target cell, for example to a specific type of tumor cell or (2) is preferentially

25  activated at a target tissue, for example a tumor. The targeting group or targeting agent
can be a small molecule, which is intended to inchide both non-peptides and peptides.
The targeting group can also be a macromolecule, which includes saccharides, lectins,
receptors, ligand for receptors, proteins such as BSA, antibodies, and so forth. Ina
preferred embodiment of the current invention, the targeting group is an antibody or an

30 antibody fragment, more preferably a monoclonal antibody or monoclonal antibody
fragment

The term "self-immolative spacer” refers to a bifunctional chemical moiety that is

capable of covalently linking two chemical moieties into a normally stable tripartate



i nt erchangeably. Both refer to a conpound that is relatively

i nnocuous to cells while still in the conjugated form but which is
selectively degraded to a pharmacol ogically active form by
conditions, e.g., enzynes, located wwthin or in the proximty of
target cells. 15The term "marker" is intended to nmean a conpound
useful in the characterization of tunors or other nedical condition,
for exanple, diagnosis, progression of a tunor, and assay of the
factors secreted by tunor cells. Markers are considered a subset of
"di agnosti ¢ agdenuk, The self-immolativh epatee isrpapablelof gohteedushsseprs@il s from the
connection w 20 the rate of rate of
cl eavage of t%%nﬁﬁﬁﬁg§%g?@%$@q{§g§?g§?g%CEEE%E the rate of cl eavage of
a peptide having Ahg e slateg dpuleled ds fendpdithean@inepicty having a datpptableer ns
"targeting grﬂpggalmqerﬁigg?g?d yNg agent” are intended to mean a noiety
that is (I e to direc hé entity to which it is attached (e.g.,

therapeutit agent TBrtcHarleaiyblt goup" isipigried toarqan 2 mgietydha pmgaticn givo.
specific ty |061>n€rifna$lsa'lFl‘B"clé‘«'ﬂ\*’s?lza'blefgiou(a’23no|w§r adi)ﬁﬁfv&[oﬂ@‘f ihalnhkerdp 8fetabiiat @dn@t a
target tissu e atu e etin rou or etlng
agent can be%d' LBFrHPg fﬁﬁ%ﬁ%‘&lﬁf %ge“&k[‘)f’lnbtﬂe’ieét O}ﬁfg t% gp‘?‘ﬁ@ﬂéﬁ&%&ﬁ%t

non- pept i des lake m&ﬁbmﬁigaeav}'&la v'ivalbg&]bIbl’d)@)gg:m&uﬂroﬁﬂlﬂltaﬁ'&oﬂﬁaeagamay
macr ool ecul e, m\/\/@1 cchari des

for receptor S an%psxocege ﬁuoutel‘lgét %I%loﬁm%tc xgcﬁaht Q-F tcof’ ﬁfemgbiﬁ/gand
preferr edl(énbbﬁqlwmbie@fmp fseclentndrse Hat acmasm pooms atttlmeiemadgmqf [giogr oup i s

an anti body %hi&r& g )}1%?&9%?&&15 r%rcﬁagcgrﬁzr é%ﬁ;;}%f ?ssz?es P‘Rﬂtona'

anti body or m)noc ona antl term at ve
spacer"” referthe Sﬂteo%fh%flﬁewvwr%m@hfeﬁl‘éﬁl Swhickeeyage Mat beegzyupawide of

coval ently | iRkhmng Emmmﬁam c@e%beaﬁi@'g%hfgﬁﬁciﬁcﬁtnﬁ}u@l DARIRIds ¥r mp@RI e
tripartate nolecu The, sel f-i nmpl ative spacer is cap abl of

spont aneous| y*$&fsat %i‘t e With HIAYHEMER B dm?lri’ﬂe afaghgdat @lﬁécaﬂ%?ﬁﬂ inphe
first moi ety tb e Ghi@aVWHile the degree Eﬁhﬁeat/@e Fate’ chBineeheabis Qotlcafel fo thes

tended t ha bl hys
broper Ly STHE PP Er e AT & g Rt Tnect pe WRie »Egh e A or Bt y
t hat i s unst alfihe cienveshlygoupPre clerat) inthd bleod ' satmavigdablehogrselp” al | ows
for activati %ﬁm%ﬁsuﬁ&ﬁ ﬂgg{é@g&.ﬂ&g {@ﬁ{&g&%gyc agent by cl eaving the
the rest of t

mar ker or agent from _ e conjugate. Qperatively defined,
the linker is prefhertahl Viganiensaaglanymolicyle theyspedificalhy lohds gi wadtively

envi ronnegf . ,{fagaed St QN AAE SR M QQE@K{ rs%&ﬁ@%ntﬁgeﬁﬁe @éémmaﬁth&lbrthel binding
limtation, e, g., enzymatic, reductive Preferably, 10the

cl eaveabl e gr“kaﬂ?i’ﬁtérg%‘éFlé%ft“éﬂ]esFéa‘PPﬂﬁthfé}é‘tﬂidvl&PlF‘?frﬁnEb‘toélﬂ YRR desi r ed
site of acti QRereof (e. £., a monoclonal antibody or fragment thereof), enzymes {e.g., fibrinolytic

enzymes), biologic response modifiers (e.g., interleukins, interferons, erythropeoitin, or
colony stimulating factors), peptide hormones, and antigen-binding fragments thereof.

25 The term “cyclization reaction,” when referring to the cyclization of a peptide,
hydrazine, or disulfide linker, indicates the cyclization of that linker into a ring and
initiates the separation of the drug-ligand complex. This rate can be measured ex situ,
and is completed when at least 90%, 95%, or 100% of the product is formed.

The terms “polypeptide,” “peptide” and “protein™ are used interchangeably herein

30  torefer to a polymer of amino acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical mimetic of a

corresponding naturally occuiring amino acid, as well as to naturally occurring amino
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whi ch can be a site in or near the target cells (e.g., carcinom
cells) or tissues such as at the site of therapeutic action or marker
activity. Such cleavage may be enzymatic and exenplary enzymatically
cl eaveabl e groups include natural am no acids or peptide sequences
that end with a natural am no acid, and are attached at their
carboxyl term nus 15to the linker. While the degree of cleavage rate
enhancenment is not critical to the invention, preferred exanples of
cl eaveabl e linkers are those in which at |east about 10% of the

cl eaveabl e groidpsiyaes and @avieairalln odcheinp hoinel acd pobamar Wiiekd tarni24lsbour s of
adm nistratio f. .at | east about 35% The term "ligand"
means any nol g‘(b:on?%“%&%l%s%e%%? ‘cally binds or reactively 20associ ates
or conpl exes withThke tprecépur@ramdémwtp adt@allyansturgegand sxdeteer ainaartds, aor

ot her bindi ng,if 629 &g LRl:ge de%&rlﬁ agﬁm?rjnéi%yt%at f@sae;mhgﬁamm %dn%‘?&'s

i ncl ude antibodies and rag nts ereo ., a nonocl onal anti body
or fragment ttheragwdly ocaiinggmino@eidy, Naﬂﬁlbropwmngtamm@ﬁéy%@ysc ehiodtdogi c
response nmodidyig@s BSndi@ clite; asiwWall 85 h&Wkine mama@fmle%arﬁﬁ;dm%a JYtehropeoi tin,
or colony sti rrul ating factors pepti de hornones, and anti gen bi ndi ng

fragnents t hdPagryPssTha-cPbpHie U&Wie. 975 O HHEEER Gmino AP BrEPT fhg

to the cycli Zoﬁﬁqb@jﬂdﬂﬁat&a&&]ﬁ&sbﬂ&bash)ﬁﬁ’dhﬁ@aﬂ fRictu@las 6 hauthify @eurtihddetiio
i ndi cates the | ycllza er |nt0a[%?‘%and.initiat S

the separ at i ofi i R Bk AR b Rerie el 4b® Bt o
ex situ, Hhd anR goppd eilechowhien naijeutieq stethB0be 51915%16 (n’(et}ﬂ.@l@%@fhyl he

product is f %{ﬂ?%‘ m. T\ﬂg? En%{%an.ssha.vg 8&%8?%% 19111}% Ige n%HtEucm% or glﬁF(p %ﬁ%lge

are used interchangea Brern
acid resi duesbackﬁbi@%tbefiﬁ@mamlye baicghdmenl anlptdlep@hymﬂzy Gepurkg aphincone  or

more am no ackf] BESIEHSadiPth@ThadbL hded ﬁl'lﬁlncuﬁﬁlqm;&uﬁhne”bﬁ% kG Rburr 0
corresponding natural [y occurring amno acid, 6 natural ly

occurring am¥rinegef i el vphirthe igpwrtipRef- urfaﬂwalwey fé@@e F“l‘dﬁi Aéneding 156 saci d

pol ymer. i#he S@c%ﬂ&&o&b&ﬁdﬂﬂ&@nﬂ%@%&u&ﬁ@ thh@Y SrierdftloRQRY general chemical he
term"amno acid" refers to naturally occurri ng and syntheti ¢ am no

aci ds, as welSfVei¥e g ABIRAFiE: SHhEPSIGL 1B A TR HB14 &S ‘”bl“ﬁﬁ’ﬂlﬂh{toi‘“i}’é"“’cghat
function i n amimnndr Thd Binl ‘Anndheal binkhe aﬂatlurnadnhgd t@&ﬁﬂeﬁdht thg'TA'mM no aci ds.

Elg‘égr alalsyv\glclcp Ee%g:]'{t]a 6:?30%.11 rr?t?]]ge tggntﬁ ? 1?_} afga%ceun?nncao neo acfaycéﬂs?n%e(gz%o g]? 18

hydr oxypr ol i e theyurxda‘stb@ktyglths:ttmmmtu:ara.dur@-aphmsplld@%mphgses pihoetedi d
anal ogs rgf er; ﬁuéo%mﬁé’gﬁ&ﬂﬂ&mhﬂ%odﬁ?e}ﬂ%r&@&tﬁé‘xgﬁ B%ln% 2GRE Al

structure as a natur occurrin am no an a carbon that
is bound to a%@f@f—’?@g@wdlﬁad&)amm%ﬁ Bt g pot hahtecém mmgaweﬂaﬂaaw-grﬁékyie@e an R

group, e.g., HONDE&EhO Ieagh&ﬁysmﬁo tPEdaloR HoRE adiHol20Yd &%pum?g hi oni ne
met hyl sul foni um_Such anal ogs have nodified R _groups (e

nor |l euci ne) GPHPBEH wP%'aﬂtﬁéptlﬁ@éPSbﬁ@ﬁ%ﬁé@ds ‘tS’H]ﬁ"l‘feéﬂ%lPﬂﬁ’“%tfﬁe‘éI%‘@Fre basi ¢

chem cal st r ypedfdsitgy Rfogenatdblkyan ylypgs@jibﬁ ' Whéh ﬁ%h@@to&(ﬁnﬁ’m onJugmafo
aci d that25na¥ bhe used | n

t rul
pr ecur sor” o i GrHe S et &4 RULRG ot pliny o A0S0t BT DS BE (1 e
[iver. Am no cabmdrhmqmbgmupsofﬂefaarrs adibto bedflenplmacﬂ witlonpoe idd)) ghap. have a

structure t hafthu for gxampia an atlanme AL éhbun i %,?8{ @ﬂ{(l\ﬁy?&lg Zzat‘r|1d so forth,
Amino acids and peptides may be protected by blocking groups. A blocking
group is an atom or a chemical moiety that protects the N-terminus of an amino acid or a
30  peptide from undesired reactions and can be used during the synthesis of a drug-ligand
conjugate. It should remain attached to the N-terminus throughout the synthesis, and may
be removed after completion of synthesis of the drug conjugate by chemical or other

conditions that selectively achieve its removal, The blocking groups suitable for N-
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structure of an amino acid, but functions in a manner simlar to a
natural ly occurring amino acid. The term"unnatural am no acid" is
intended to represent the "D' stereochem cal formof the twenty
naturally occurring am no aci ds descri bed above. It is further
understood that the termunnatural am no acid includes honol ogues of
the natural 20 am no acids, and synthetically nodified fornms of the
natural am no acids. The synthetically nodified forns include, but
are not limted to, am no acids having al kyl ene chai ns shortened or
| engt hened byterapms grotevwipnceer wedirknaommshe agtvk p@timmsm rfxemplangdplocking

el ogenat b grape &y afaspf SRR s SR MR8 o

When attachedhiogda |inker or conjugate of 25 the |nvent| on, the

amno acid is in tl‘h\.ﬁ:lefc(h'f:lm foelsated cﬁmig&gu@&h&jm%f WRn&Rlidks nnm% the
carboxylic acid grou the am no acid has been replaced w'th a keto
hcr'wggwltﬁeﬁm

(C(0)) group.t gigaipPle-siAndss B n Ehedtprgeengqyzappey mycleic acids

- C(0) - CH( Nll%bntﬁht%g ki nSQedtiaé tdanogs or modlfeﬂmgteboa@teeaue@eﬁmmeg& ivies nay
be protected b rou ockin rou is an atom or a

ocki n
cheni cal noi éf yf‘t}i%{’tc ‘BF‘%%”S‘@F%‘ t“ﬁea“f{ﬁ‘?”e'taﬂt“ﬂ%§ Fd‘f““én“dﬁ?ﬁ Ree 4B or a 30
peptide fr Omljkiﬂ[d@@tdpaﬂegz@&e&ﬁ&&&eaﬂﬁklmm bt whsndrehhbtdbBigzell her manndrhesi s

of a drug-1i at e. dre in_at
N-ter m nus t%t‘%‘g“ ﬁ)g}ﬁétw fe=cd ““"‘t‘h@%‘. ?"am n?s“d‘ B“a}"ng*e‘r’%"gt’/deed“"“?"t‘gr

conpl eti oH) ofhrrstymnhpi@s}slomfhiqatee pdwsulgpwmnqtuglaetmilpyosgltvemscdtnahnetmlher
condl 1 ons { NBbsuRGHECHI BhkyARILENSI:L Sk BIRKR: sclO@NALPCII NG 0T OupS

suitable fo rm nus ro ect n“the art of
pepti de chem st r yU“EE%eWB‘WdeP@éwPW@C@?I@B@QC ilcrlft‘leﬁlletece afsgimplicélynot

limted to, RYILAAGH coleAMREY nRRirdd vARARs BRBAPENERXrtB4dn Chl ori de.
"Nucl eic acid" refers to deoxyribonucleotides or ribonuc| eotides and

pol ymer s 5t heFRsBfutiens) e coparleraqnipgy ssauepses. dpyel &5-the seasere axRUgHtnindiFREd-t er m
enconpasses Ivjedifily, a@eﬁiesaté:wabxasueétmgm kateybe REGdveDsy eer ﬁﬁh@k&;@&c&nn

nodi fi ed back er dues I i nkage synt h

natural |y occ"ﬁt’ﬂ dﬁ gt %C’H%?‘d?oé ’ief?"'tf"fx\@b?ﬁrc C[? '\i}hﬁfq’ tHU4F Aa‘(?‘éh LRt ar
bi ndi ng pr opeanete|aersmaISo;tyhteSmeetéecnen((mtzmwaewwciacﬂddRemw 81 ¢1998yY e

met abol i zed ICﬁlt ﬁka%ng'nggf 8}1 %ﬁﬂt‘ 9 EﬁOg(?B%Ej%gs% uﬂ P cldeglto g'eﬁ ‘Probes

Exanpl es of such anal’ogs i RCT
phosphor ot hi #a?ie® (129;4&)8 ﬁh@temtdmce@d lmtdwkwbdme@phon@tge@; cDNA,

chiral - nejdtylmlgh@%gg&gégoelge kT RiyiRadYke, T i bonucl eot i des,

peptide-nucleic acids (PNAs). Uni'ess ot herwi se i ndi cat ed, a

particul ar nucl ei Breawnip! S8Guetheberatiizsdanpbang pt displaseirsimsadiadss to a

conser vat i velpyndindlidds @ pyaf dramich teRapeal ldnbis atdRdeNeE AhRINGQdPRe
substitutions) eggd conpl enmentary sequences, as well as the sequence

explicitly i MACHFSd YBSHe¥Sfi cal |y, degenerate codon substitutions
may be achi eved bmeg@me‘ﬁlayu”rmg 1t§ﬁﬂﬁ16ﬂﬁﬁ$}fhﬂﬁsth‘dﬂu6dﬁ1tﬂeﬁtﬁmédﬂt lfle@oSi ti oNn

of one OI’ZSITDI’O el%?sees&tteg a sglalght or Ll%ncgocp c%am oir cyc%é:'I E dtrocm%tgn Igldl\(ll\inll tolt] m xed-
combination thereof, which may be fully saturated, mono- or polyunsaturated and can
include di- and multivalent radicals, having the number of carbon atoms designated (Z.e.
C1-Cio means one to ten carbons). Examples of saturated hydrocarbon radicals include,
but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,

30  isobutyl, sec-butyl, cyclohexyl, (cyclohexylymethyl, cyclopropylmethyl, homologs and

isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An wnsaturated
alkyl group is one having one or more double bonds or triple bonds. Examples of

unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-
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base and/ or deoxyi nosine residues (Batzer et al., Nucleic Acid Res.
19:5081(1991); Onhtsuka et al., J. Bio). Chem 260: 2605-2608 (1985);
Rossolini et al., Mt Celt Probes 8: 91-98 (1994)). The termnucleic
acid is used interchangeably with gene, cDNA, 20 nRNA,

ol i gonucl eoti de, and pol ynucl eoti de. The synbol ri-nn, |,

whet her utilized as a bond or displayed perpendicular to a bond

i ndi cates the point at which the displayed noiety is attached to the
remai nder of the nolecule, solid support, etc. The term "al kyl," by
itself or as 1F@Eﬂtelﬁf 2anm¢dtmyl) Qulqshthdlu@nt% (1 n@amsi;enylmleagnyl 215mcll13erwi se
stated, a straj cha or _cyclic droca pn radi cal ,
or conbi nati dh pg' 4 %L]‘Wny J}E(th%'é Ebmo}o&F pREERmel a\E{ G r’(d-unless

pol yunsat ur at@ctnwswdnomdmb plscierdeto dlcludathdsemlnllntahmloéﬂkyl fddedialn®re deaili ng
t he nunber of si en
car bons). aé’ﬁ%%glgg?@i“ggﬁ?lg’?edgﬁ\?g g‘?ﬁ‘%ﬁé’%ﬂf’s I ncl 581'{‘ Délgﬁ{e are
not |imted tieymedrhomeskdiich as met hyl , et hyl, n-propyl, |sopr opyl ,

n-butyl, t-butyl, T@bﬁptﬂ%%ﬁe” b? ﬁﬁé‘lfm# E@/ﬂalt o@&ﬂélh@h.%ﬁsﬁtuent means a dlvalent
(cyclohexyl)neth c opr opy honol ogs and i sonmers of, for
b . e AT e aR Bt T, S PH IS S i deot HeoE PG R
unsat ur at ed ahk filkth@hiQided Bose Q@uﬁ&Mécﬁ@edQﬂBwQ& “Hé&[cﬁﬂc@l@hﬁ?i eyga@n g sn or

triple bonds s of uns s ingclude, hut are
not "1 i red. 4 G B StpirgpRigte Bt P gf wrosh e optitfesh i heving

2- (but adi ghyl1p,or Rwérqaebot adinebayilg, prderfed uﬂthpan:teaidmemydn) A ‘ddviry diyyl; orl- and
3- propynyl, u » er. The term
Vat Ryt Y i T RE bR 53 Uch o A0E aRER R5, SR HRTE S

deri vati ves de¢weakklen agtwisi ned in nore detail bel ow, such as

"heteroal kyl ." Al 'l(lyel telglr (HHQI%alkM'h ib%_hse?fr ofin c'om:aﬁlﬁﬁim &n Qyog{epgﬂﬁ %Qnsgr oups
are 5 termed "honmpal k term kyl ene" itselt or as

part of anot H’é}%ﬁs%?ﬁﬁffli’et%ﬁﬁ‘taﬁ%’&rﬁmahtd* Va‘rcé?ﬂ‘?hﬁladfil emhc whqcgiden pdigth an
al kane, ag exgbphtifaios, ehemér cbtfstingl ITHe @6lied B¥mbreEileGlbloCitorkd hndt at 1803Ebne

further incluydes those g s descii hed bel qw_as "het er.oal k)ﬁl ene.
Typi cal ly, arfc§oRYR Sflsﬁtedafi PREayP rETHEe /i PN Ra9w § AEhYIeE94 car bon
atons, with tnlimgm Orioda8d kdrut dh@ns]&ﬁb,&p@cﬁnaﬂﬁhﬁfmdﬁ:zﬂﬂ Enmnheam@c@sn bei ng

preferred in resent "
B byl ener 1 5 "REOBPTRS Ry oo JrRfRend ot Sy by

havi ng ei ght ptlmecffewmtcmlpmwtoﬁths heteroalkyl glﬁh;eoﬂaemnpchetoemowrdhyhe " by
tsel f
Itself oryjn, thr%% &c{aﬂ%e Oo:tH é&?k%‘%gf &ﬁ&ﬁﬂecuﬁ'ée%%m 1{4.:%:%@% Qf Q@ﬁ%"o

stated, a sta ranc aln, or C C I’OC&I’

r adi cal , 150rlmé*é¢ﬁ9i ﬁhc%h@'gﬂer‘é%fqﬁsdﬁﬂﬁfbiﬁﬂgc& Ni%)éfﬁat—’éﬂv-ﬁr@ﬁb'er
of carbon at s, g cak,,-4(8R811,, AE,-CH,-$(0)-CHs, -CH=CH-0-CHj, -Si(CHy)s, -CHa-

CH=N-0CHs3, and -CH=CH-N(CH3)-CH3. Up to two heteroatoms may be consecutive,
such as, for example, -CHa-NH-OCH; and —CH3-O-Si(CHas)s, Similarly, the term

25  “heteroalkylene” by itself or as part of another substituent means a divalent radical
derived from heteroalkyl, as exemplified, but not limited by, -CHz-CH,-8-CH,-CH,- and
~CH;-5-CHa-CH2-NH-CH»-. For heteroalkylene groups, heteroatoms can also eccupy
either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, alkylencamino,
alkylenediamino, and the like). The terms “heteroalkyl” and “heteroalkylene” encompass

30  poly(ethylene glycol) and its derivatives (see, for example, Shearwater Polymers Catalog,
2001). Still further, for aikylene and heteroalkylene linking groups, no orientation of the
linking group is implied by the direction in which the formula of the linking group is
written, For example, the formula ~C(0)R’- represents both —C{0).R’- and —-R’C(0)s-,
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het er oat om sel ected fromthe group consisting of 0, N, Si, and S, and
wherein the nitrogen, carbon and sul fur atons nay optionally be

oxi di zed and the nitrogen heteroatom may optionally be quaternized.
The heteroatom(s) 0, N, S, and Si may be placed at any interior
position of the heteroal kyl group or at the position at which the 20
al kyl group is attached to the remai nder of the nol ecul e. Exanples
include, but are not l[imted to, -CH, CH2-0-CH3, -CHI -CH2-NH CH3,

- CF12- CH2- N(CH3) - CH3, -CH2-S-CH2- CH3, -CHI -CHi, - S(0) - CH3,

-CH, - CH, - S(0) , - CHBhe tex@HSk:'Oin GhiBhinatiGh ¢OHBY Brm<ClakN’ @CHiBteroalivgl” refers to

- CH=CH N( CH3) - Qi onms may be consecutive, such as,
for exanpl e, a-“@%ﬁﬂiﬂ‘ f’\%g'&%gﬁé&gﬁs (CH3)3. Simlarly, the term
25" het er oal kyl eneThdggrmist aledxfy,” Grlkdamipat allyflsuiipmt.hend “glfgid’tlerent neans

?i ?r: ;/gldegs r e}ﬂhbﬁ@deﬁa@é ¥ @fl tﬁemmmtoﬁ%qglgmdleféﬁto%mkgﬁ}éﬁps attpcll‘]T:d not
het er oal | gl er@ g iesider Cﬁéleé‘foé?ﬁ'ﬂlﬁi’ﬁé 2 GiTY 2] Q. 3B BT SRR H%ﬁozﬁm‘{?d’ﬂ A of

t he chain tersmﬁmam&ﬁlegpecmaiyksrh@ﬂaﬁ%ymsuﬁbﬁwi Ieﬁa@% Q?%Yyl galuisy&a@l&amao
al kyl enedi am no, "het e

"het er oal kyl éﬁ%a"“d@h%tﬁﬂ‘&&“l%b‘ﬁfﬁ‘f %&WI %‘H&ledT‘Vc 6‘]1511}"3% qfcilgtﬂ an SH

derivatives (g®e, for exanple, Shearwat er Pol yrrers Cat al og, 2001) .

Still further, for alkyl ene hetero
orientation of th{a 2 Nk Rg™ ?%]gqﬁltﬂegt ﬁ?psf)l %%f?eg%o lg’e fm a%b‘he whi ch

t he fornulla ofs ubddicheteinntbe tvgngmlﬁpbﬂﬂslemﬂ’ tefegto gﬁeps mcanq)tloea,ndtﬁh@lhﬁgmﬂul a

-C(0)2R - 1 e%ﬂ%&c@%%?ca V\P cﬁ%rﬂ&\at@ e1th&rziﬂe tlEI %9 e%tly ?httaCth to fl‘lt‘kl%}?‘ycg’ 2 ef ers

"l ower" in conbination terms "a et eroa
to a moiety Wa@)fﬂh“gfﬁpecmppumd@otathmpmmmm The terms "al koxy, "

"al kyl ami no, " " al tewlishk fQaphikyr ﬁfadhetabéymbhtwo (h@l'hseﬁ\,ak a% !s&ﬁwaan@}{ e

used in their conventional sense, and refer to t hose al kyl groups

attached 5 t dVifReber (e pratent plgsheherpise stetpch CXfﬂ‘%V%ﬂD%ﬁ%‘éﬁmﬁ?‘{ﬂh an

am nlo glr ]915p, Iuﬁﬁbﬁf@ecgfamylp aﬂfbuﬁbtlﬁiﬂddfoﬂﬁnsaﬁﬂfﬁled:; m@@md yl }/]@Lp)émvalg}e term
“aryl sul fonyl," refers to an ttached to the re

of it o ol e A PE T koseryediatis. ShEEPHEh R P b R SEFRREY s € 0

an SH gr oup. hetarogereds atached o thaemhm@anbﬂhe olecule: Eb{&nlﬂbssﬁcﬁ:ﬁiakgltlﬁﬂudfe,r om

the group se he I

substituent™ tbmf Jeéolgm?p% 65%9 GQ?II’ é%ﬁog%ﬂf Hoh x%ﬁé%{c{f”‘hﬁ%ﬁ%ﬁhe val ence

of a car bonylcy@dlcktmlnartdh@thkbsfﬁmhepf F@ter@mhbaikybmclumwerctnblymateﬁached

to the pojoy Cif@l' J, §6 F&Hﬁﬂ;ﬂ}bﬁyﬁyl)tlhﬁpé}ﬂwpﬂ Bg)&;/c%yl t3'1§peﬂﬁﬁ§ie£‘[-no}pﬂéﬂ§19f kon.

The terns het terocycl oa ves of

conbi nati on \R?OEWC’%‘E éfiﬂa’cllé#%an ?éb?@%‘é’ﬁ’f‘)fm@rﬁ lﬂs@*‘%‘b"l’%é‘?‘%ﬁﬁ’gélst at ed,
cyclic versi eghyfotsehsyil | Ufigshz@1, 2-piperazinyl, and the like. The heteroatoms and

carbon atoms of the cyclic structures are optionally oxidized.
The terms “halo” or “halogen,” by themselves or as part of another substituent,

25  mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom.
Additionally, terms such as “haloalkyl,” are meant to include monohaloalkyl and
polyhaloalkyl. For example, the term “halo{C;-Cs)alkyl” is mean to include, but not be
limited to, triflucromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the
like,

30 The term “aryl” means, unless otherwise stated, a substituted or unsubstituted
polyunsaturated, aromatic, hydrocarbon substituent which can be a single ring or multiple
rings (preferably from 1 to 3 rings) which are fused together or linked covalently. The

term “heteroaryl” refers to aryl groups (or rings) that contain from one to four
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15unsubstituted "al kyl" and substituted or unsubstituted
"het eroal kyl ", respectively. Additionally, for heterocycloal kyl, a
het er oat om can occupy the position at which the heterocycle is
attached to the remai nder of the nol ecule. Exanples of cycl oal kyl

i nclude, but are not limted to, cyclopentyl, cycl ohexyl,

1- cycl ohexenyl, 3-cycl ohexenyl, cycloheptyl, and the |ike. Exanples
of heterocycl oal kyl include, but are not limted to, |
20-(1, 2,5, 6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl,
3- pi peri di nylhetedawwors piagied fipn, N, B, amiht, phatin mheinjtrop@t ¢coativp dndodulfnaupnd-ayel |
t et rahydr of ur t - 0t hj
-piperazinyl,d’i,)gDn%Ihy{gerl(g%ﬁl%nJn %%qﬁgégkﬁﬂﬂéath?ﬁﬁhignéggggdégggﬁﬂycarbon
atoms of the gEgppIchrebegtpahied ferﬂ@sera@éiemftthmfé#mly thyseigt i ResetoatatheNerer s

“hal 0" or "halq xam§W¥s JF ?%ﬁhé’t%m?rgr@l%q Rabde pﬁ%feny@ﬁ%ﬁlﬂyl %%ﬁﬁﬂ'lﬁ uent,

25mean, un] ess otherw se s uori ne, Brom n e, or

i odi ne at om “Abiefiepylongirioll. 2erupal, élawhds3-P3h%FPkyh|2w1dm yartamifezil ¢ o

i Rc: u?g mcz?h?ta\@ﬂhkzﬁbxaaﬂﬁ potyhal p@xldﬁyll4.ox5£u1y1$x@<a£11|1ﬁ 3- ltsda(ezommm
al o
trifluoromet ﬁ%"xm?’l I?XTZPB’ |2d%lf178§{l %}} laz"g"lléﬁplﬁ?obﬁ'@f{?m szmﬁlr’éﬁlﬁﬁybayl

and the like. thl&Q’Thqayhd}ﬂ BBy}, 4- PR S 2-p uithi@d S1- gﬁuhedmssﬁnﬁ)ﬁﬁizagh a
substi tut ed g dRSURSELIMLRR PRIYHNSRLNLEH P TRTRU S diiogar bon
from1 tol®B rquingsiinyihi- mlm@é&d,elnﬂ ﬁrsedolrlogehShEpntsoﬁm ¢a|:1n<kfelmb e(bwanbedltubw The

Lerm * het er 0byheird £18hS s An2Y b 21:0485 fOLoliPaR LAl 0 from

one to four et er oat romN . wherein the
ni trogen, cardssbebglogul Myt aad deisraane’ %‘ﬁﬁh@ﬁ’aﬂqﬁ V“&)WP@FY@MIC&M& he

ni trogen at orfed ndAlfonRiat i-iﬁ)g\%hws ﬂ&ﬁ%&%&@fézmé tRElChAR Y] orBELURyCan be
attached to the remai nder the nol ecul e through a heferoatom

Non-|imting *8¥&hpl es of aryl and heteroaryl groups include phenyl,

1- napht Ihy}5, 2- naphdr Iayelvs,ty, 5141&31I11Ff|5191’1When ﬂse@ml’cblﬁigﬂtmoii Zitp WihErQdith (e. g,
3-pyrrolyl, raz azo

> oxazol vl AR sETHERGRE Nekon, 71 SR G g ded Bove.

3-1i soxazol yl ,Thds, the sox&zplaikl)” isSndastox aziotigrthgse Erdichls azadlighl ap add grbupaiz ol yl |
5-t hi azol yl, o 2=t b - -t hi [, 3: A .

A pyrayl 5. il b 980 Gt e, Sl B b BB st A e

| -i soqui nol ylthO‘?%alk}ée@upqn@Wich a garlppoiateoXalzi mykethylBee gt@glitan bsealkdphgdd,

3- qui nol yjg %onmﬁex%gn@qhxkygmﬁﬂaﬁkag lg)ﬁaioﬁyrf.éa{yl %apghdﬁé ﬁﬁl&ﬁylaéaave not ed

aryl and heteroar systens are sel ecte fromthe group o
accept abl e sd‘B@‘l‘ﬁYoﬁi@lﬁt"gyd@é@ﬁl’b@d bel ow. "Aryl" and Ileteroaryl" also

enconpass ring SYsdRbBhd iboWikeR (@@e a1, ’ﬂmét&oﬂﬁ)ﬁ"aﬁtﬂmﬁi ‘GetblofigI Py St ens
are fused, Ormc?utdp %cI;tMMs gtm?tg n((.] unSugstltutede%mms 0? the 1n§}cz?tgd()1%£1¥ajl E§1)c/ eltleedm
substituents for each type of radical are provided below,

25 Substituents for the alkyl, and heteroalkyl radicals (including those groups often
referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) are generally referred to as “alkyl
substituents” and “heteroaikyl substituents,” respectively, and they can be one or more of
a variety of groups selected from, but not limited to; -OR’, =0, =NR’, =N-OR’, -NR’R", -

30 SR’ -halogen, -SiR'R"R™”, -OC{O)R’, -C(O)R’, -CO:R’, -CONR'R”, -OC(O)NR'R", -
NR"C{O)R’, -NR*-C{O)NR"R™, -NR"C(O):R’, -NR-C(NR'R"R"")=NR"™,
-NR-C(NR’R”)=NR’”, -S(O)R’, -S(0):R’, -S(0)NR’R”, -NRSO,R’, -CN and -NO; in a

number ranging from zero to (2m’+1), where m’ is the total number of carbon atoms in
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15For brevity, the term"aryl" when used in conbination w th other
terms (e.g., aryloxy, arylthioxy, arylalkyl) includes both aryl and
heteroaryl rings as defined above. Thus, the term"arylalkyl" is
meant to include those radicals in which an aryl group is attached to
an al kyl group (e.g., benzyl, phenethyl, pyridylmethyl and the |ike)
i ncludi ng those al kyl groups in which a carbon atom (e.g., a
nmet hyl ene group) has been replaced 20 by, for exanple, an oxygen atom
(e.g., phenoxynethyl, 2-pyridyloxynmethyl, 3-(1- naphthyl oxy) propyl,
and the |ike)suctHaditel.oR', RAR"alnd\RE” toh pwfe(ablygndepéhadakly kefer td' lygtogemal kyl
"aryl" and r i bstji t ut ed
R S T e
of radical arssbygrgedivdad-wlogws. spBEmkegoF 'ans#e'ntl@teﬁ alkylt fieoxs bkiloalkenyd

het er oal kyl fg%i)p&%l Syl YGdd i n\ght‘t‘nhl%ﬁ @ HftRe metn%h 1585&%E Fn@fi thaf oRS
al kyl ene, al Kenyl', heteroal ene Feroa kenyl

cycl oal kyl3  HEERYR & exaguiexsien Ofé%i éla}lﬂééwwepﬂélﬁfawﬁ@ﬁ%ﬁdde%Fﬂfaﬁk&qy| )

are gener al | yr'r @fdgr @ebupsonias morl dilonS stlasdsé dr %umt@xesaﬁdwhaeﬁ’f%@al’kaél
one, or nNnpre or a varlety

substi tuents, ectivel and they can
of groups sel aétﬁcthgﬁ‘pfl?eéﬁ‘iw IBE?gePn ey &?}%ﬁ‘%g@ fogoineghpsith the gitrogagygiom Lo fprpyy
-NR R', - 30 aSR 6, or hadeoj@ty ringSIFR dakPle, -NRG('Qy feant to@(cﬂl)iR but now R

. ﬁCR]_\ICR:( ER R' R%%))eﬂlg RPSU Kﬁdi&ﬁﬁﬂ%% F\t;_qﬁﬁg‘myﬁ Fr%%g% gﬁ)ve gi(s«al)q ?&1 sflruents

“NRSQRR , 10- CNinafchkilINORe i wall wdm)terd rhaangmg ‘flkgris zrenno td iocHd2rgrond3 |

where m is t1ﬂ%d§n%tc§1]bo ] asg{ uﬁ{ to e@&?mdle Pél} Qb‘%@ %dals ﬁﬁ!)alk)ﬁ '

R', R'" and R' each prefe y iIn ent
substi t ut ed d?guﬁuw%ﬂﬂﬂﬁléﬂéﬁ@m @W)C u@@)@?auﬁé@)%wcm aﬂdfhe
unsubsti t ut ediBy e.g., aryl substituted with 1-3 hal ogens,

substituted or unsubstltut ed al kyl, al koxy or thioal kox%aggoups or
aryl al kyl groups. S{H&H° ﬁ'%‘tﬂ%ﬁ&‘i&’ﬁdﬁ&ﬂbﬂf&” RehEFsH: Py uEE &4t han

onle 5 Rng'SOUplstefo@ll’yl ﬁK@ﬁﬁh@me@&@l’hl]@faf&ﬁ&tﬁs gﬁﬂdﬁ!ﬁnh&mé”ﬁd@ﬂﬁféﬁﬁﬂ“ y f
sel ected as are.each, R, R', re. than neo
Shees. orous s TBUBAEL Rrec iy A dled e st Ri RN EH PR Ftea

nitr ogen at om0, ENBY =NiedR’ b RCRTE Rip tlalugeh h SIRNRCRT, t OOEGRR', l(OMR't -COLRT M a

5-, 6-, or 7-4mypbgre rF ,, | 8r:. S gt O include,
but not be Iim teg SC{dfﬁg‘ Q{R @ﬁp ﬁ%dcwﬁR ]I\IHF@F; From t he
above di scussNBWR’ Pswﬁi |,t$1@BR s, S(Q)@%né{@INE’IRF’J NRﬁﬁﬁR h€Neantl -MP4, +

under st ang t hat NEhQHEP%f nﬁuoﬁ:’(@,ﬁb%lkogt¥ @E@ﬂ&ong -ENEkHIE 2 P Rin ;pg:l udi ng

carbon atons bound g oups, ot rogen groups, suc

hal oal kyI ( e. fﬁ:m zeloctjzgle nur@qggﬁ:@yn Wc%@y fhe @@m@ﬂc 11ng@€mn€|z|gd where
- C(0) CF3, - C(O)IS1R-2QHd &3 ar &exﬁﬁ?lddbﬂéﬁamﬁﬁel&tle@ﬁm{] Aydidren,qabshirkpent s

descri bed for e a %ﬂ aryl substituent

T5net er oar yI. AR RIb AL B gin e s T bl oo, and
substituents (umﬁtﬂumhem@n@@r@l CoHulbdt Whaentdnpoutdes peo{thﬁh mcmmi navie
varied ang s ro or . exa ,

=N OR []%R' an ouuglggloup @8{ Ie}éaméJle eacggé\(gfhl{ ﬁr.oupsquétlﬁf%&dy s&l(:(&?dl:éls are'each
-0Q12', - C@QFR RR” an@R( ’CB)N% Rien mdRh@( @i RE these BfRupsGf PFMR R '
-NR'C(0) 212", - NRI\WG%Q)I WRituents 0§(219_|)a§nt aton§:.(o(l) h%:!{%l or hefgl(ogl)yg“@ nESy

- NRSC2R , - CN
optionally be replacecl with a substituent of the formula ~T-C(O)-(CRR’)4-U-, wherein T

and U are independently —-NR-, -O-, -CRR’- or a single bond, and g is an integer of from

30  0to 3. Alternatively, two of the substituents on adjacent atoms of the ary] or heteroaryl
ring may opticnally be replaced with a substituent of the formula —A-(CH,),-B-, wherein
A and B are independently -CRR’-, -O-, -NR-, -8-, -8{0)-, -5(0)z-, -S{0):NR’- or a

single bond, and r is an integer of from 1 to 4. One of the single bonds of the new ring so
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20 R, -N3, -CH(Ph)2, fluoro(C -C4)al koxy, and fluoro(Cl-C4)al kyl, in
a nunber ranging fromzero to the total nunmber of open val ences on
the aromatic ring system and where R, R', R' and R' are preferably
i ndependently sel ected from hydrogen, (C -Cs)al kyl and het eroal kyl ,
unsubstituted aryl and heteroaryl, (unsubstituted
aryl)-(Cl-C4)allcyl, and (unsubstituted aryl)oxy-(Cl-C4)al kyl. \Wen a
conmpound of the invention includes nore 25than one R group, for
exanpl e, each of the R groups is independently selected as are each
R, R, R arfdmR'ﬂ ngy optjwsalipbe rephmordevithhakudnendf AttdresieclgrowpShd S
present . e gt he
aryl or heter oa eﬁ)é OJ ﬁ?acgl th}m &g%a #I% %Re%oa%nflgg&?ﬁgﬁﬁgg E)lg{l t uent
of the for rrul\ﬁth-aTbubB@@)‘mt(omeO)ﬂqulw-(CRRheKéCh”RI” Janehe sand diagdependent | y
-NR-, -0-, -GRR endgﬁ]y%t%'eﬂgjl’@orpgﬁ% i ¥isdol, SNRD S NIRORT.s@)),-ffr-om 300

to 3. Alternatlvely of the substituent's on adjacent a’toms of the
aryl or het erd@rhR rFPF@“H%‘fP%bBt%nBI’ fngd Ryearp pisfegblydndgpenpendy salgsedi t uent

of the for W'f&)mk@dfogrﬂcx)subsﬁnbedmh%tﬂut@d@1@16)%11@[e i ndependent | y
sjngle bond, and r is

-CRR -, -0-, A

an integer of froﬁf'ise%e“ﬂg ’%51 Pg‘?f@h"é‘i ﬁ*ﬂ@e%ﬁagoﬁmiﬂﬁ@aﬁéwwﬁg so
fornmed may ogﬂlb@nca{clayldb@naiﬁpg t&.@@dosphz&ergralp@loublt&nbﬁnﬁospﬁdcé”eﬁmés nuel y,
two of the subst? ents on. acd nt alonﬁ.of {hhe ﬁlré Nels etI_eroaryI
ring may opti‘onarfy e &t a é'a‘“’P PHRCY CRYBYPE PIRERECBIG BRIl a
-(CRR ), - X ( CrRumIE, pEticulwidepehasing adiptiosahage drpd@pespiaaintlyda: nt eger s of

fromO to 3, and Xis -0-, -NR -, -S,\ -%6Q-, -S(0)2-, or -

55(0) 2NR -. The substituents R Fg ,?FF? nd Kl are preferably

i ndependently sel ected from hyd g?églo@ t| tut ed or unsubstituted
(C1-C6) al kyl. As used hehei n, P4 " di phosphate" incl udes
but is not limted to an esterrol\ pRosphor] ntai ni ng two
phosphate groups. The term "fxiphosphate” 1nci but is not limted

to an ester of phosphoric acid containing three phHSsphate groups. For
10exanpl e, particular drugs having a di phosphate or a triphosphate
i nclude: CO2Me 9R12XI RuO-p=0 NA O Ri2d O

Q OR'2 COMe X!
thgfp - P ‘o) N
oR® o2
Ri2d ~0 N
4
i1 R
- Xm
RS
Trphosphate

As used herein, the term “hetercatom” includes oxygen (O), nitrogen (N), sulfur
(S) and silicon {Si).
The symbol “R” is a general abbreviation that represents a substituent group that
15  is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heterocyclyl groups.
The term "pharmaceutically acceptable carrier”, as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
20  filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting a chemical agent. Pharmaceutically acceptable carriers include

pharmaceutically acceptable salts, where the term “pharmaceutically acceptable salts”
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R Di phosphat e Tri phosphat e As used herein, the term

"het er oat ont' i ncl udes oxygen (0), nitrogen (N), sulfur (S) and
silicon (Si). The synbol "R' is a general abbreviation that
represents a substituent group that 15is selected from substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, and substituted or unsubstituted heterocyclyl groups. The
term "pharnmaceutically acceptable carrier”, as used herein neans a
phar maceut i cahdlydeastegttiscéveranpndl whidannogiated oith arlativehhahaxje sideh as

a liquid or Qbﬁsgs g%f +Jnl orn’the ahlgﬁﬁtshbsgégﬁtpfoglﬂltdnt e%lg}égéh%?s?{eﬁcgb%d

encapsul ati ng nateéri I'n carr
chem cal agemcrenPl’Mrena@mmeaf thy pla@cepwamne:omam relaively peidit ude

phar maceut i c&Lﬁcxom&&paae@mn&%t@mﬂbsmﬁnewis Sl twewm tdeGah!y

acceptabl e salts” includes salts of the active compounds ich are
prepared w t IFoPpuats with asuf{isisniuioant of the desispd hgees eidher nealins o sHiEbErintthe

particul ar subSéit! BRRpRs bOiARehaORtidNG acONMRURLSIERSChiIDBduRas@iA. Wien
conmpounds of the present invention contain relatively acidic

functi onal i tlp8§'351“6‘h§@°”&8’0“i1w06wms%3§?‘§° CHRP: BERSBEHITh B B9 S‘(E’Blﬁ‘tsé]étl ng
t he neutr al fmdmc&ﬁpcﬁluﬁfbfﬁﬁ@fﬁﬁhﬂuﬂﬂdﬁmw dohtaa 1&vafelly¢:hs@cfﬂmcﬁlﬂmmés @id t he
desired base, ? vent es of

phar maceut i c&f 9‘3“6{;8{55@6? afi:)?b?anﬁ @%“&3‘8 5 enegtéﬂl fc’é;m OEE“FIEJ?JD?P% i

pot assi uni0 cahfficiermamamtofthednsiraragiditberapdt noip aewitabiadres solua. SEdatpleor a

Sinilar sal .o e COIHRUONSAL uhiREFIRULLAVELE LA L BOh Beflae

relatively bas tres, .aC| dition sa can
by contacti nglcrﬂh@elhe@w?héﬂmﬂUﬁll@bl@ﬁlosméh @hepiourashydiaencarbads uf f i ci ent

amount of thGf)hgsﬁl%ifc%oxﬁﬁ}‘dqjogel?ﬂhgstﬁuﬁ&ucn@ﬁ}dm%&ﬂh gﬁm&ugulfaw e inert

sol vent. Exanples of pharnmaceuti cal acceptable acid addition salts
i ncl ude thos én‘t&%ffyid\f’éﬁlb‘flif"é‘ﬁﬂ‘Wﬁ&d&aﬁlpéoﬁh‘if% aflii%@d Hpdike @h1gh séhe salts

hydr obr omsc, dgiivei i6m 1aarv919mb&@mmgmmd{dpm&m6arcmwiﬁm RBQSRROhdI&e,

nonohydr ogenp ric, dlh hosphorii c,

nonohydr ogené’ﬂi‘?‘]ﬂ?fh]?e(?zo‘%f/‘ﬁfli” off"eS 1°0tﬁmﬁfﬁpgbtﬁo‘?qﬂ)‘lﬁl§h E'lﬂb”i‘ cdtrersdionieke,

as wel |l as t heaolsalifaic, citric, tartaric, methanesulfomc and the like. Also included are salts of
amino acids such as arginate and the like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for example, Berge et al., “Pharmaceutical Salts”,

20 Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific compounds of the
present invention contain both basic and acidic functionalities that allow the compounds
to be converted into either base or acid addition salts.

The neutral forms of the compounds are preferably regenerated by contacting the
salt with a base or acid and isclating the parent compound in the conventional manner,

25  The parent form of the compound differs from the various salt forms in certain physical
properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the
parent form of the compound for the purposes of the present invention.

In addition to salt forms, the present invention provides compounds, which are in
a prodrug form. Prodrugs of the compounds described herein are those compounds that

30  readily undergo chemical changes under physiological conditions to provide the
compounds of the present invention, Additionally, prodrugs can be converted to the
compouitds of the present invention by chemical or biochemical methods in an ex vivo

environment. For example, prodrugs can be slowly converted to the compounds of the
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15 derived fromrelatively nontoxic organic acids |ike acetic,

propi onic, isobutyric, maleic, nmalonic, benzoic, succinic, suberic,
fumaric, lactic, mandelic, phthalic, benzenesul fonic,

p-tolylsulfonic, citric, tartaric, methanesulfonic, and the |ike.

Al so included are salts of ami no acids such as arginate and the liKke,
and salts of organic acids |ike glucuronic or galactunoric acids and
the like (see, for exanple, Berge et at, "Pharmaceutical Salts", 20
Jour nal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
conmpounds of gdrésent prvegienvhénplent inemrassdatnal patch adshrvdiasitica aingbleaniz ghetor
functionaliti |0M/the conmpounds to be converted into either
base or aC|dc§%H&¥%%ﬁ% The neutral forms of the conpounds
are preferably r e@eﬁm@nﬁe@nﬂyofcbnﬁaw imyentioh eang:aist in wasbhvated foemes gell aci d
and | sol ati g, LG Ra6 ERlinGAMAAGel Rkl 9n EORMETELQRA FRRART . 25 The
par ent form of the conmpoun ers fromthe various salt forms in
certain physicgaalgy sperdyaed forggan agpsensestnased Filyn ha sqout efrthesstsednt s,

but ot herw sanchnS @kkdin @?@oﬁﬁybf\éﬁé B8Enthed 8 nRREARN hAAM afystalh% _
conmpound for the purposes of t ﬁﬁﬁresent i nventi on. addi tion

to salt forn® 2RHengyP PEBhIn phea HH“&F&VP&@%e%ﬁﬁ%ﬁﬂ%ﬂ§euﬁhlch are in
a prodrug fonoatedisloel biQBe Bfsehtie caARMRE BtedH s bbathilBE &bge AR t hose
conmpounds t hat 38readlly undergo chem cal changes under physi ol ogi cal
condi tions td Prov'de°the conpounds of the present invention.

Addi tionaldy, prodnmg&omammbeﬁdmnmamtedmﬁmnphemsnmpmundQM@habhs

present '”VeQ 420 O¥e, n%'&%ﬂuﬁr%'b s o 8&%@&6 %?a%te%r};nhg §on{e¥1 !(}mt%%% ﬁ"o

envi ronnent . or exa gs can Yy ¢ nver
cormpounds of itdadduapisassyare mwemaﬁéwﬂbm@n seripa ofethie preseet inveatiesder nal

patch reservoir Mﬂcﬁoﬁg&ﬂh&ﬁ@e%e@%iﬁ%u% mg}hﬁw S@hin Eﬁﬁg&mhopomons
Certain Conpounds 0 resent 1 nvention can exi st 1 n unhsolvated

forns as wel |°f ﬁgmscéﬁlo([i‘ﬁ?be“&o’fed’i psre of e pigers Higt 99y ifus weh oswasnds. For

general , tshe eﬁﬁﬁﬁl@?ﬁ@o&@hlﬁ nétly®e ﬁlam?ahi@d ﬂﬂizadl@acﬂmmtdbt@zt ah E@ésgnf and

are enconpasse in e € presg inventi on. rtain

conpounds  of CE“HIE’ 18%%@ ?‘f@@n@? bn )r?bﬁ’/m?é%@t( ﬁﬂ APPSR B OYSHEA i ne

or anor phous cfampcmads df hegesr Aabentiad, Iwhaheysad&a&tivfa of 1itE, aligterRigditowwal ent f or

t he uses conte atQ€ EX Bhe §§pnt vent.ion and are i ntended to be
\H l’l t e o)

wi thin the scope 5 B5e Rven mym“&%Cbrtaln conmpounds of the
pr esent |nvent|oﬁﬂpmsméggwmsgmHEWFmﬁncaGHQHMamUﬁBtﬁg$Mg@uhpc@htews)

or doubl gdjomety $R& HRGERRLEShmA &%&ﬁ%&ﬂggﬁ Hp toQRAMRLT r6id SQRBLS, and

i ndi vi dual i sonmers are enconpassed scope of e present
i nventi on. Twémﬁdﬁﬁwﬁﬂ@§mﬂpfﬂhémﬁWé§éﬁﬁIWHV@ﬁEﬂhﬂEWHVHKV%O contain

unnat ural pr QR@HotdASIaRT1, @ma}aqcyl ﬁ%@@@nﬁﬂa&mmﬁ]e%dmm 2@f the atons
that constitute such conpound For he conpounds nay be

radi ol abel ed W‘PWW%F&“P@&ETPP]\Y@W%’E %}ﬁ‘é’@’m@%’@lﬁie gl golyethylene glycol)-N-

hydroxylsuccinimide, all of which may be further substituted, The linker can also have
25  the attaching moiety be actually appended to the targeting group.
As used herein, the term “leaving group” refers to a portion of a substrate that is
cleaved from the substrate in a reaction.
The termn “antibody™ as referred to herein includes whole antibodies and any
antigen binding fragment (7. e., “antigen-binding portion™) or single chains thereof, An
30  "antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two light
(L) chains inter-connected by disulfide bonds, or an antigen binding portion thereof,
Each heavy chain is comprised of a heavy chain variable region {Vy) and a heavy chain

constant region. The heavy chain constant region is comprised of three domains, Cyy,
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exanple tritium (3H), iodine-125 (1251) or carbon-14 (14C). Al

i sotopi c variations of the conpounds of the present invention,

whet her radi oactive or not, are intended to be enconpassed within the
scope of the present invention. The term "attachi ng noi ety" or
"noiety for attaching a targeting group” refers to a 20 noiety which
allows for attachnment of a targeting group to the |linker. Typical
attaching groups include, by way of illustration and not limtation,
al kyl , am noal kyl , am nocar bonyl al kyl , carboxyal kyl, hydroxyal kyl,

al kyl - mal ei m @e andCiydnd May bydtimay, sl cdamin] digha opepksijnaichypk. cFeh hght

gl ycol ) - mal ei ji.de n col ) r [,succi ni al |
of which may %Iélg ur @ﬁlésf%)!%% Ig‘%ﬁ‘%ﬁﬁ s agif%élqn (ngma Pwa}]am coﬁséa\l)([an(:%‘g'% he
att achi ng noi Bteyiglb@hamqaahrltyega)p pexoiedscd of dnh domar, §etwhiny ngy belpf. the

As used her eijp, 1 e 0o\ U ork Bk furhs BB Blon?
substrate that. s cleaved from the substrate in a reaction.

term "ant |%odﬁf‘hyﬁsva'r*@*lé}"ﬁ%e@t‘@Hﬁ@m@ﬂfﬁlw PRGNS rogiers €C1ARY infserg¢resd and
any antigen bjidtdiéhs i@ @oRBe chiseifed, terrRiditia@@RoR kddtn NEFRPOL dch 1) add OF
single chains thereof ~An 30"antibody” refers to a glycoprotein

conpri si ng atis f%fadl“\f/\ﬁmﬁggx%a‘(dl-ﬁ)’“rcgﬁézlaﬁéngﬁﬁﬁorf‘\%mP|tﬁﬁt““~‘( FAERAT ns

inter- COnneCttaﬁmhly1rdhé3§bll<f\hﬁi§mb@ﬂﬂﬁl C@RI&ERB@UDRQ@RBDCDH]; w84 p@llietl on
t hereof. Each S Cco %éghal n_variab

oo on (Vi At e e SEsh ey e biie RO g vt
const ant tegiannnign.chrpoissedegiénstohithe entitlodigsimng metilie the bEidjngante CH3, and

may be of th%mﬁ}dn%%%ljﬁxﬂb Ihgsfe‘ﬁ}tlﬁes ofhRBR 19&11(@:]%5\)211[1(%@::&1% Oﬁ %E%lmu%g(s:y@te | ght

chain is conprise hain varia ' i ght
chai n const ar{#gré@r?‘emeﬂﬁlfh@l the st compexient (Gblhs&tmlagﬁrggpmlqnspnwnpm sed

of one domain, G—Them{nghanqudyt?ﬁgﬁént {Jﬂ'eanlﬁgﬁpﬁndg{o ploﬁ*gpd@ah ﬁgﬁa&gﬂm The
VI) and VL regions can hér subdivided into regions

hyper vari abi ISTERfY fhp@?oﬁiéamwnbﬁbéh@rhe&% teiﬂlﬁepéf‘rcrﬁw#@ﬂgmﬁis s aptibpRy |

i ntersperged mtt&mmﬂgmnwot @k ficAllyEbi RIRD En £ e'it\'}ﬁéjbeeﬁ %Wﬁ@mt eharrework
regions (FR). Each, osed o and. four

O
arranged f r o1 I}?B’}{‘f‘%%’ﬁf‘ﬁ&é’f T‘b““&%‘irBEBZJ{Wé’FIifﬁ‘ Efy”i fff*gF’ﬁ‘éS P flﬂb%f’%f@
order: FRI, @Hﬂibdy %mpmlndmagrﬁaﬁ:}moﬁﬁ&seﬂ\hﬁlmﬂﬂié teabl‘atibRgi ons of
nt a

the heavy anq t or_l_ﬁn%gensbm %grrﬁomon'aoftgm an 1b 8{5& r(|1{)] E[Lgi%ag nt er acts

with 10 an antrg gen i Ons o
nmedi ate t he bmqmdvaﬂvgtfafgrrtm@ommmgiedhuw{,mmimglbmmn*ssl)e§(zbbgfactor S,

e Cob B ke 5 TS USRS i SR G
at the hinge region; (iii) a Fd fragment consisting of the Vy and Cy, domam:; (iv)aFv
fragment consisting of the Vi and Vg domains of a single arm of an antibody, (v) a dAb
fragment (Ward er al., (1989) Narure 341:544-546), which consists of a Vy domain; and
(vi) an isolated complementarity determining region {CDR). Furthermore, aithough the

25  two domains of the Fv fragment, Vi and Vy, are coded for by separate genes, they can be
joined, using recombinant methods, by a synthetic linker that enables them to be made as
a single protein chain in which the Vi, and Vy regions pair to form monovalent molecules
{(known as single chain Fv (scFv); see e.g., Bird er al. (1988) Science 242:423-426; and
Huston ez al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain

30  antibodies are also intended to be encompassed within the term "antigen-binding portion”
of an antibody. These antibody fragments are obtained using conventional techniques
known to those with skill in the art, and the fragments are screened for utility in the same

manner as are intact antibodies.
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The terns "anti body fragment” or "antigen-binding portion" of an

anti body (or sinply "antibody portion"), as used herein, refers to
one or nore fragnments of an anti body 15that retain the ability to
specifically bind to an antigen. It has been shown that the

anti gen-bi nding function of an anti body can be perfornmed by fragnents
of a full-length antibody. Exanples of binding fragnments enconpassed
within the term"antibody fragnment™ or "antigen-binding portion" of
an anti body include (i) a Fab fragnent, a nonoval ent fragnent

consi st ng of t heTRAtermyino@icloaai dtChily” domsed Iegsin (efers)to a plepadtio 2f 20
fragnment, I i nked by
 a'sal t1 do By e ele IR RRLe SOERLL Sl £ biotbRIRALE,

consi sting ofcomn@sltwdanldys@ﬂnalem;im spegifigiy aad Ff\ﬁmnrfagammcul@mgpi@tu ng of

the VL and VI| domlp%m%on%f&bﬁ&loﬁmrwlﬁtonmnm&w%mchﬁme 1@odMR
fragnment (Ward et at, (1989) Nature : consists of a

VH dormi n:> arffe ¥{62) beysed Gen &8 e'&O%ﬁpMéﬁ%Wgﬁfm %f)ﬁdéi é?7rﬁ1??5h¢<°fs®g?ton
(CDR) . FUf t her, Umfnﬁmo[aéﬂm%!}glh 7% 1983330 o Kl QPBI7INS iPf1ok e oftM, A TR@BRS! |
VL and VI1, are coded for b p IE“ ??en% t hey can be j oi ned,
usi ng reconbi MRS HEBEY: %ﬂ?“g 13 fdf9% i nker that enabl es them to
be made as a si ngMEthpdsdif@uomcﬁdstaofmonyﬂomharmbocﬁdaale\l{hmand thekt dreigil @ge pai r
to form nonov ha n Fv. (sckv); see
e.g., Bird etg[l A Tn%é;?m%gfnélﬁ%g %Lﬁ%mf%“abg'dg ?—fus"fuc[)lﬁg% Itha%“ﬁé (1988)
Proc. Natl® AcdenuSta stiSdurd@slib8nIsuss8Feunduatnveitirgh e steiviardn
30ant| bodi es .

&ﬁh%mé‘zln%ﬁ’ loRE& ”ﬁ]%th‘a’i Qﬁﬁg&%&“ﬂ%ﬁ%%@ﬁe i’éﬁrﬁ@b@:};ﬁ%ﬁa&&rm

"ant i gen-bin port an ant se ant|l agnent s
are obt ai ned I‘E@itﬁgd b)dﬁk)%t?‘rtéh%ﬂ* a@%ﬁﬁ’dlﬁ‘é@eklﬁomhﬂtcéwtyh@@ebvw suutg; | |

in the art, mntapaoglra@mtcﬁm@Jf%%aye@re@edmhﬁogeﬁ bk biltdnddNpibdags same
nmanner as are jntact anti bodies. terns m)nociona

anti body" as ‘@sEl fiamaa i) @Féﬂttsaaaeﬁre@ﬁa? b figstiongiion gy antisera
mol ecul es10f serigh for mibediuhakn@ctmagﬂotehnﬂn bAloABIaehenal anti body

iti di spl bi ficit d af t f
par i oul ar ept t opBoElpa s HsrERor BF THOHoel SR pBryer Bk
ant i bodi es, ahdzledled’mmtqaeeﬂynmn tetis f15m1ainamaammmaznzddevmhsaebué«smgene g.,

{mmunol ogy Taday 95t A R, SE8Rer R abis fig

ANTI BODI ES AMUJ?@NN@E?SH-EIQAW@)AHHWQQVE mptg@is ofmnon@iz@@@)rycludwm hods of
product i ofp Ofy RedMGEARRN Ew&h Radivess, afc%aéﬁaomet}&uﬁéapéﬁo&éf négabés well!

the art. An inbred strain of mce (e. BALB/ C m ce) bits is
i muni zed wi tAYHE E@tpr ot ei n using a standard adj uvant such as

Freund' s adj uvant i agRgerRd Srh@eﬂdﬁd’nd tHeﬁﬁﬁlﬁH}Z@E b]ﬂﬂelmd?ﬁq@fﬁzﬁlhzed Iﬂﬁo@' mal '

i mmune response to the i en aration |s monitored bytaklng
test bl eeds ARMGISPURRIRET LGS Pl %ﬁ‘fwaﬁntﬂr@f&eﬁwm? Pregatehiasdgieon dhe
subuni ts. Whesueagp bﬂpﬁmr&b GioyocﬂtinglhnﬁboﬁﬁrBNmfencﬁmﬁl g e dgbvjz eéndtifae: chamunogen
are obt alged bl oo s col ted {)rrrl% i

ulog bllihs S be Shthined fro emurl mteraégttalng en%%ee?’éf

pr epar ed. Fur PHEFEPP L F s SPaRed Hf GRSt G e G

anti bodies r etamniavelon@utlhm(e gn-GleRm) Imlam@bbtdmms]uarfcede'mg stextard
molecular biology techniques. For example, to create a chimeric antibody, the murine
variable regions can be linked to human constant regions using methods known in the art
(see e.g., U.S. Patent No. 4,816,567 to Cabilly et al.). To create a humanized antibody,

30  the murine CDR regions can be inserted into a human framework using methods known

in the art (see e.g., U.S. Patent No. 5,225,539 to Winter, and U.S, Patent Nos. 5,530,101;

5,585,089; 5,693,762 and 6,180,370 to Queen ez al.).
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Monocl onal anti bodi es nay be obtai ned by various techniques famliar
to those skilled in the art. Briefly, spleen cells froman ani nal

i mmuni zed with a desired antigen are imortalized, conmmonly by fusion
with a nyeloma cell (see Kohler & MIstein, Ear. J. |Immunol. 6:
511-519 (1976)). Alternative nethods of imrortalization include 20
transformation with Epstein Ban: Virus, oncogenes, or retroviruses,
or other methods well known in the art. In a preferred

enbodi nment, the antibody is a chinmeric or humani zed anti body.

Chi meri ¢ or humanizedhamptafdyod embodofent, the apitedeint himaventibodn Bazh higean
prepared bas DNA
encodi ng theedﬂté‘gl“\:}leE l;l“i%ollég ﬁ% ﬁ?%g}qrﬁ é@g&aﬂ Flgghslq&?{}sm%g# 1ﬁggi’c{fbt ai ned
from the muriwech ﬁ@wmswuﬁemp@w@sbbﬁme@n Pademarkctivsted emit ai n

non-murine (exg enomlnmn%rﬂummggl @P&lhmb%g%mge% gﬁhwces‘ﬁm@@ﬁ%
nol ecul ar bi ol og%/(Ftechnl gues. create a chineric

anti body,  helFaitGse s &S KHey NOég?ﬁ&?r%ﬁéﬁé%@iﬁ R &: P& hirran’Tehst ant
regi ons usi ngs 3vebmdscKmeys8i4B 18 HER7a009; GiSER770.409; auLeLL%ndegl&:ﬁma NOs.

4,816,567 to Cab |y cr d 30the
muri e COR ¢ dgrBINe R s gd PEh TR Bs SRR £r S h Rt &
nmet hods knowrnl; zrndtPh?@ Pablicaf &0 €2/43478 td ISudaI%abienﬁurMn antthoRi2beab 380 bed
Wnter, and U. S Q89,5 693, 762

6, 180, 37 0 to Pl a;ed usu1gé1tha%N%tsplla}/]meﬂ%oc%s rqtleem g%{,me: zanmh‘m?oglc}%nhn
anti body 1& aemﬁwhamgp Bioplyy. m@hﬂﬂhfdzlwnhm%wmmwbwsehmalbéncg’em@reat ed
by | mmuni Zi nG{{:ap396n 6 alegg 305 £0H0SRR 08 G 15 58 o8 1A o

endogenous nouse | énes 'have been inactivated an

exogenous hur?ﬂﬁm’lNﬁ’ﬁﬁﬂ‘E?@ %mdﬁrﬁ% WéSDHHVeffﬁeéhSlRﬁW@Mcfe?ﬁm%@ﬁ m ce

are known in (ﬁtvb@gﬂamctﬁ@& &t & anaLUé‘e PaRat 16 5, 848503, 7,52 2048 @@44 731;
5,560, 825; 5, 625, 126: 5. 633 42 789, 650; 5,877,397; 5,661, 016;

5, 814, 318; 56855235%58%% aBdéf%loﬁéglG”afflihbf‘é’ I}-onberg and Kay: U.S.

Patent Nos 5, 939 Sﬁﬂ@bupﬁorﬂ7ﬁ,ulsallcleﬁ,zaf&4tcﬁ&ﬁaterﬁl thGs HBdanamd ifob2,1963
t o Kucherl apat Publ Ecatl on WO ?é/4 478 to l'é i. da

cral - P SHETESAEL B GIOUE b EHT S st - Age e
nmet hods for seeaespinent kysleman wbish ofs shiwblanSeliatuppogd uxl:ful in pradi@ingelres .

cnow 11 Che. B1E Eedrah g v Pl eloBR A1 R UORS90b, BER BB o e © g
5,571,698 to *ﬂm@pecwﬁ & be Jbound % thpgalid meppRissA s@id423po0 08 adnade § sb8De; 17

to DOWEI’ #i alp ex&lnp?b aﬁ%ﬁ %tfel Bp@ell &tg@ﬁlcﬂ-gﬁin@QQU‘@ oil'glgl’ell%z oﬁé)compound
McCafferty etal.; Pat ent Nos. 5,885, 793; 6, 52

6, 544, 731; 05615115*&%10“6‘33‘8@ 915 and 6, 593, 081 to Grlfflths etal.).
15't')SoI id sHoport “Re&ﬁiv&ﬁlﬁalohﬂrgﬁiu@” Eﬁfﬂ@f}&leﬁrﬂeﬁxqwgleﬁﬂqaﬂcllﬁmﬁbuk frﬁ])t o
substanti a n e in.a se stem. or ich can be
readily sepa¥ fé%‘%@ eiiyss, acqiylengs, é‘L‘ tlst ef“gﬁ)e TR E?g]'ld‘ésciﬂgﬁw%’l vent
systemin V\ﬁ’llketbndslcatbsxﬁlohdicﬂ)sl, ateissmhltidi Sy k@ yansed, tiockinaes,act i ci ng
the pres o ?orc]:tzin tea% HlB F azgl% g §r§ebthh auglersedlzfazc'[&\ég‘rgﬂ? d Ot{o
capable o aC|va|on ow gel gcies to be Bouh 0’'the
sol i d suppor tnitrilgs, S@fCPMaTEHPMFSt dl@éﬁmeah@fpxts@ aludsswulfatiescid@ Gulfioic

exanple, a Cmn@s é’é@l selEetaﬁs; ! rldes QUMaRs \Mﬁgoungﬂs fg%‘ﬂh%& thl%ll s, FhialPr €

t han one corrpoun vention I’s t'ive functional
group, " as udeidathepispresshydiardantioes qrximqsshydresamiel paids thiphyioneseic hdid t ed

to, ol efins, 866! %8s, AlMEQNAkSinePRERHeS uredl, PROSuredX ii8Subaltalsl des,
al dehydes ket ones, carboxylic acids, esters, am des, cyanates,
i socyanat¥s, C?rh?dbl%ﬁéglé%rnateg imines, azides, azo compounds, azoxy compéunds, and

nitroso compounds. Reactive functional groups also include those used to prepare
bioconjugates, e.g., N-hydroxysuccinimide esters, maleimides and the like (see, for

example, Hermanson, BIOCONJUGATE TECHNIQUES, Academic press, San Diego, 1996).
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25 isot hi ocyanates, am nes, hydrazi nes, hydrazones, hydrazi des, diazo
di azonium nitro, nitriles, nmercaptans, sulfides, disulfides,

sul f oxi des, sul fones, sulfonic acids, sulfinic acids, acetals,

ketal s, anhydrides, sulfates, sulfenic acids isonitriles, am dines,

i mdes, imdates, nitrones, hydroxylam nes, oxines, hydroxam c acids
t hi ohydroxam c acids, allenes, ortho esters, sulfites, enam nes,

ynam nes, ureas, pseudoureas, sem carbazides, 30 carbodiim des,
carbamat es, imnes, azides, azo conpounds, azoxy conpounds, and
nitroso conpodebsis tRegeteicvd of thaetfirelialal goups ps wall 8oownrie the de atdibsie used
to prepare bi e :
e ang&%ﬁh&%ﬁ@& i d;t‘i%al%nffoﬂ'gaxgﬁlg)%xsp%%eg Qiﬂﬁh %&ﬁ@ %ﬁ?fﬁﬂﬁ
TECHNI QUES, As é@eﬁ(age,wesasnp@émda e@d{mqgQGQRGANNEHUH@ﬁ@MI@q@mpar e
each of thesq»ggumrnbﬁmlcmgmm BEEDOWES, 1 946N OMMR rdaBrivde R REIGhs hQ i
application to or nmo dification Tor a particular purpose Is wthin the
abi ity of3 orks petecsRprynpiofecehe art (see, for exanple, Sandler and
Karo, eds. ORGAN GhdedEdinENAlneGROMRnRRERARAT hONGglACRLLNSC cRhBsiRor, San

D ego, 1989). The reactive functional groups may 5be protected or
unpr ot ect ed. Ccis-trans. Pe§ifonAl HASEEIRED T&Stawemﬁ\?sﬁ?%h faﬁ@w&fléﬁbar ed as a
single i SOITEI’err(bediglent B @Rpb IR Are piépaBediak mantﬁﬂﬁhﬁhgﬁl@émﬂdmﬂibcﬁmeoner)
or as a mxture {?:,g IS In.a fref erred enbg Lah Ig ?unds
are prepared Pés"a‘é%‘ SERYHIepedcally it ©TIPggiE e R?e"%“ﬁ% S 25t %F’é%g’ b ng
substant i Hl | wnmmommcnktsadnhwepuﬁ:emwnppmndmnmnk pouyoundy cirhie papbred B0r
exanpl e, 10 | j 1 Xk X iC
compounds canBh et kel Bhl £ e i S PBL ST IR IR
enant i oner i cahdtyithetlpaveithe sicrsatiiemétry efre ohirl kentes anchingpdonrésalt indistchrapletk eave

the ster eOCh%\Ue?s%y Aﬁ&nﬁw@lp'tﬁ@ﬂinaﬂﬁg&ﬁrm HMB%:Q&Q\IOQQ the @ﬁftﬂeﬁc tolke (:£r1S
conplete inversion. Alternatively, the final product or interned ates

al ong the syreraplve iptgariagle srepenes sBrlyignes it Bvating o fpengshwesdsoner |
Techni quess fq;ambmaretdo&gtep@nd tﬁ@o\élfd”igesb‘lﬂ{ﬁ bangas & sbRPiddnidrCld Rl known

st ereocenter, 0 res of stereoisoners are
vel | Cononn T in fRg IS w0 et HER Pt Gt e of
skill in the agpbpria@ ndiied $& agpadadppiheps:. dre amtangdzufm eraul.jadks b, voukiay

si tuation. , i 1) gc | A OF
PRACTI CAL mﬁﬁf%&%&ﬁ’%ﬁ?ﬁﬁﬁ%ﬁ}c@%&ﬁ%ﬁ o cei‘r?fl FIe Clﬁlﬁ? &f‘e(ghnl cal
Ltd., Essex, Tr@®kal i, ESSOL181.6p. 86 1Hahd Htﬂer Acc Chéndlay. 2RI E3 (1290). 128
(1990). 29 LI NKERS The present invention provides for
drug-Iigand L&E % ates where the drug is linked to the ligand through
a chem cal KERS| n sone enbodi ments, the linker is a peptidyl

li nker, and i's depleGhacht hﬁélﬁbﬁ‘ ﬁﬁde(slfbinhlé—hgﬁmonﬁﬂf%rwhlax'erﬂl@%ﬁ%li ncl ude
25 hydra2|ne and di sul fide | ﬁers and i.s depicted herein as(Li). or

(op_ J- (Om, mi‘eélé‘if)@elfsf\?éﬁwug’ilﬁd}fa’&ia‘clf"&fﬁ tl‘bSOffﬁémP?%fR@vSstha&nlﬁbiSﬁg
attached to tpblﬁldgllrlmgc; dnb & depiesERdeinh MVEN--PA- (Bl)500REMkdeSciGdeeaveabl e

ol ecul arepder i TRk i Rl P rehd it oney Lo
exenplified Her (éf)m lpyper@felyr énaiditibototthdinkeratsttaing mercbedtiotha dtubehapeut i ¢
miety. It wi H}entﬁn QEEFM&) ol El@%@&b ngé% sgﬂe& mte%%é Qp‘?ﬁ%f Qaceihbde 10

the art that T AC
i ncl udi ng, bu esprntiallyjany meldwtif@,SPealpagﬁhehnkecaralgem@f tlnnfafleyton@sal agents,

bi ool ecul es o &igii@et feigh BOERERe SEEESARE: bakglsemR ol ke

30  however, be readily apparent to those of skill in the art that the linkers can be attached to

diverse species including, but not limited to, diagnostic agents, analytical agents,

biomolecules, targeting agents, detectable labels and the like.
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The use of peptidyl and other linkers in drug-ligand conjugates is
described in U S. Provisional Patent Applications Serial Nos.

60/ 295, 196; 60/ 295, 259; 60/295342; 60/ 304.908; 60/572,667;

60/ 661, 174; 60/ 669, 871; 60/720,499; 60/ 730, 804; and 60/ 735, 657 and
U.S. Patent Applications Serial Nos. 10/160,972; 10/161, 234;

511/ 134, 685; 11/134,826; and 11/398,854 and U.S. Patent No. 6,989, 452
and PCT Patent Application No. PCT/1JS2006/ 37793, all of which are

i ncorporated herein by reference. I n one aspect, the present

i nvention rel at esThaust dikptidy] 4nk athedinkersimetiug lishol @bjuged it desqgieed ing
groups to th U I I t

i nvention pr g[\ﬁngggs 1%1%3%%?@@@% ﬁ?aq'mﬁg%fehg 1\%? 6BEP§@% "Ebe}i 55?@%@/%9 33"r educe
their in vivdOt3e4Pes 6@/572&67;.’606611&4“5%@918&1«1éﬁ/&m %?%ﬂ’oﬁé@,ﬁ%h@l r

phar macoki netgogss 643' a9§vjas babt 'A%ﬁ)égﬁo@géé?{at ﬁ&afdm@@‘#?”?é‘/%l?ﬁa It is

general ly fr eferre In su odi nent s i nker i's cleaved,

rel easi ng 1 hel1484.68% | HFde26:arE H/ARSESHGY) 5 PaigesiNov 6 P96 52 8nd R Refeme of

action. Thus,AfjplcBENE PR ISTB0H 37093, hiDS v HIKAR ihQtporatddBerleinbl @SeRE. t he
i nvention are tracel ess, such that once renoved fromthe fher apeutl c

agent or marker (@@eﬁasggct dRFrATSSERt Fention fefat yo linkeys thatrepussful o gigach

15li nker's pl'tﬁ@@llﬂgi@lo[l;&ﬁﬁlhﬂﬁpeutlc agents 4rd r@m‘tsha{ar@nfmdpememb n@fmti‘ohe
i nvention, char abilit

are
Cloaved ai o ReE RS Rl mest RhaRy Htpoedl e It SRk er te o
t her apeut 1@ audtelmsefmrorahrarralffeqrttk&ctphatmhqolﬂnam&mmb:elammgendf,can be enzymatic
in nature. T a i i s f the
t her apeutic ééﬁlﬁ gog%&é%rgcrskggs eh%%i@%?e%%ﬁ? glfﬁ}éﬁcgq}élﬁﬁ 'ﬁ%}ts @i% el%%1085| de
ef fects. Prefcerreddeledsogyeablive dggoenesthe diug éﬁnizl}'wwmtcut@cﬁltea’\ﬂa@@ iThest mde
pepti de bondgy, %@fmehﬂ HRIBInticANMe fHrslbf ﬁlgﬁvénh&kﬁgﬁ&eleés su% & onee
enbodi ments, the linkers are sensitive to pH and are cl eaved t hrough
changes in pigmoved from the thergugptic agrat T AHEkeREIBEE dBme priwation). pe Hace of the
i nventi on§ s 1ﬁﬂe@bgtageh¢et1ymglﬁz, control the speed with which the |inkers
cleave. Oten a | nke Flt cl eafv .@gl cklg desired. In 25 sone
enbodi ment's, howe é‘FOt tofibf inyention, h'i‘h?‘rsé“esqhi‘i@\ﬂti}fzﬁda?/ g
preferred. Fabiligxabgpdi@yeddaa atﬁmsﬁmnm&dangalcaaﬁzeh sQr i bigtol Arapdutic N a
formul ation wi_th c e dasowr
¢y be.usari of Bl 3ol b SR ARS AR B B IR S IS FRTP OIS
02/ 096910 pr @@dudes‘;ysfemeraaivasqméthfe|t}w:alpmglanglmdqrmgul®onﬁdhc&o@sxlha\mmg a
hydr azi ”%o‘ gbs%rrmc m%&g Pr&t@; s{e]i%leh&aﬂt?%‘fe@% f(giQ:n g&rtHHuBcleaRr deAESqude

conposi ti on dependent 30upon the rate on regui red, "and

t he parti cul é?Pﬂde(ﬂqﬁbluﬁa@b’dé%‘équl%dimkﬂg@a\l@%ﬁémp‘i’%% fhe bﬁiefbwée drug at

a slower rat Qedsfliddioiphl R SE Slekvefl crfAkh PRRY%s frp#g- | i nker conjugates. In
contrast, the hydrazine |linkers of the current invention provide for

a range of cyclizati oAniEPSEnt appeehef (he Fyrentigyention iy F ol Sgenttdiceby

alhl O\é\ll ng for spela&walebveﬁm tho Mini@fs cRave) @Wtich 6 UNIRT thietkaazE qmad} is l’dksﬂléd hased on
the desir rate i.zation For, exa Cl.l atlon
b be- ach eV o ST AT Pire ST LR C e G o S o P
S5-menber ed r iergnplp o sodt@adagese ﬂarrmﬂaemn edin @ Y@ hizizédni vath botitagmick oflease
targeted deli ﬁael Qfovﬁ%le%se%x& O ifm n e[fui% g%w'dé?‘a ]%{k%r “%C{%. c e‘ége% RISTRLLY

hydrazine lin uce u
slowly. WO 02/096910 p10v1des several specific hgand drug complexes having a

hydrazine linker. However, there is no way to “tune” the linker composition dependent

30 upon the rate of cyclization required, and the particular compounds described cleave the
ligand from the drug at a slower rate than is preferred for many drug-linker conjugates,
In contrast, the hydrazine linkers of the current invention provide for a range of

cyclization rates, from very fast to very slow, thereby allowing for the selection of a
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5 menbered rings or a single 6-nmenbered ring resulting froma |inker
having two nethyls at the gem nal position. The gemdi net hyl effect
has been shown to accelerate the rate of the cyclization reaction as
conpared to a single 6-nenbered ring without the two nmethyls at the
gem nal position. This results fromthe strain being relieved in the
ring. Sonetinmes, however, substitutents nmay slow down the reaction
instead of making it 10faster. Oten the reasons for the retardation
can be traced to steric hindrance. As shown in Exanple 2.4, the gem
di met hyl subgtaiticuit hyfirazihd Jnker Hagrl oa thededired agtof ryctiyadbn. Zat examplegact | on

;[ g ?ﬁ;g: t ;(r)] t Ogﬂh%a%oy\ﬁﬁ%e L&%\«gﬂe‘g}htrh%dlam% ll?19xe1s rPl%)atcivdoci%lc:elftlsmg]e 5- Jlneml%eled 't
t hat cl eaves rmgmeonsilaavigy. Prafprirecyplizefiafritesfor tﬁactecéd@avqm}'daqmtoalc agent
sust ai ned rel a

qui ck rel eas et@S%lS a%%qm\%v@%ﬁerﬁglgggmﬁmkgnglﬁ{p%ﬁw ﬂ;é)h QE PQFMBS

provi de a i riResesRATipgs %p@&g}@@-m&@b@::@p@msyltmg Ao @ Firlkgr Wv@ﬁ‘é‘ﬁ‘dmﬁ‘éﬂt s, a

slow rate of a@bh@Fén&ﬂél'p@s‘hdnsTﬂ&ﬁlnﬂﬂﬁ@lhﬁ%fﬁwha@ bERAAR A tascclalblra!éei{e rhib 8t
produces, upon cl eavage, .either a single 6 nber ed rlng wi t hout the

gem di met hy| 83 ASZRHRRTFASHON a5 Fompassd iot Engfe Grpm R ding Mi§out B TrRmethyiker s

al so serve ta &bg&mhﬂ;emttdﬂemh&ma@@umﬁe sﬂ@@m&m@fehé’{i&(ﬂ ieate agai nst
degr adati on f eat ni fi cant
boner i1 51 noe OTEERS SR s e o S5 s s i o un

circul atith Hasd .- Oftdnghokasbindorthd rmehiedbnageint traoed tovstedicdindrahbe  Asishévar

al so serves t. r marker
so that the clgﬁ?au ge%ﬂhg g%'le?ﬁ n‘?ﬁ&l ﬁ\m)gt nQE ai 0'9.,%‘ Fén%?lﬂﬁ%?r%ggrst 0|gon and
has the desi redti@ftp exstr cofippredioarhph @ﬂzﬁnlsalp@‘k@cqaﬁﬁi er activation at
the desired site of agti QhondiPlo &E%%@&tthﬁlﬁﬁﬁgﬁmﬁdaﬂhéd&aiiﬁﬁter tﬂzﬁ“ S
feature of the linker serves to inmprove the therapeutic index of the
agent . THFEYeS TR T2 BY RprieipesdaF e e iraphifainsd rderetemadaton 1 t

cl ear ancerandn MRkaRRloh Wit 8bth b AGick RREARRRYVE 16w REBRIcoMPonBR! KRLy RYuseful
enzynes that may E res n%}ﬁ bl ood or E[g -target tissue and are
further sel edtBg" %a S5 a1re vy &@?F%‘ BFimAHs R SVttt &f t he
cells. The 3&$<ﬂﬁmohnszacmgvegnﬁng:)eshﬁaﬁuehﬁm thit(pﬁalducdegpnﬂlcbaﬁamga eitherthe
agent or marlg Loy

charact eri sti C 13% metn}r_lga I%d mé%,. w1tf';110utt the lg dlm sugs[ti?tnolf or Q s%g e ’Fmembeledy

al so i nproverinpe agent or mar ker S stabl ity during storage in either

a formul P d or n%'[f(ngc{) Io%tex%gto sBbifike the therapeu 19%@‘“0)’1}1&&(& géﬁs@bl : I zi ng

group is useful to sta ze a therapeutic mar K

serves to prdegetatighuhilggesiculgtionnghis éfratwermﬁldfegrla@ﬁctanwn%@ncetbe@# ed by

storage of tRELBLRBE reQlits BB gidghHEBRiRhAQH3F thgztgcﬁaarag%t HQhdier.and
results in less_than 20% preferably |ess than 10% nore preferably

| ess than 596TRHTRELA FHFEO peares Bpbovibed dreatidhieoner mrkdvaiet B 1 he

agent or mar kedjuday id BRGLNZLARE whilEia emumuan iliaelammdaleﬁaﬁ, fbmed@ﬁplé he
gi ven assay cond|t¥ons Thetf]gﬂ ﬁsen ' | so rel ates

t
Qon; Ugat o corPaP g rHede P AREFL s RbFEoh Pt Petieabs P ER P hvent | on
rel ates to priogifeugs of tﬂlatmlqmwdaetowsgdveftw tht:h;&uume@kwém ageht. di sease,

especial |y for capger, eNEMRLNST A ere RRPGILEER e cdifectha bdGsdiker s

descri bed
of the therapeutic agent or marker by enzymes that may be present in blood or non-target

tissue and are further selected to limit transport of the agent or marker into the cells. The
30  stabilizing groups serve to block degradation of the agent or marker and may also act in

providing other physical characteristics of the agent or marker. The stabilizing group

may also improve the agent or marker's stability during storage in either a formulated or

non-formulated form.

4]



10herein provide for prodrugs that display a high specificity of
action, a reduced toxicity, and an inproved stability in bl ood
relative to prodrugs of simlar structure. The linkers of the
present invention as described herein may be present at a variety of
positions within the cytotoxic conjugate. Thus, there is provided a
| inker that may contain any of a variety of groups as part 150f its
chain that wll cleave in vivo, e.g., in the blood stream at a rate
whi ch is enhanced relative to that of constructs that |ack such
groups. Al so providdgly. he satgiinjsipgap ésusefhl t krebilizenkierapeutivegant ¢rimarker if

therapeutic a{(‘&ﬂf@% %plje'%tatlhg L#&%?Eﬁxkerm%a gﬁﬁﬁfoﬁ wﬁgnetcgl%l%fyg{ma%ﬁoffﬂ%r m

prodrug anal ogs o Ic agents and to reversi
t her apeuti ¢ owerdPpgHtl @mgéhtad até7°§ fpla?rlg@twan@reag@mie%éhadé@%ct abl e

| 'abel , or a sl HEHQMnth%TH&e?}e@ﬁ@JTySIeMn B8 2RDLVRE RLRYFRL Ay kat 0
conpl exes that include the cytotoxins of the invention.

addition to th2&. éla%%f’drféheﬁéw proeatken Dyjihe sizp@es Rygseny insthe W&éb@%up,

one or nore sglidrtergeh asdm@ndilidhker groups LI are opti onally
i nt roduced betwee the C)é;[otox n agd the tar etln

| i nker groups rray B RGeS VIR PEHE R 0 OPH ad’ﬂ‘ffstg%fﬁ “l??gn "?1 at
| east two regaiticulaly, thadiveigioa keldys eapsdrugsyipt may qusedxhﬂheh@mma:bf

];]9 nfltqleo?ﬁle:, ta)[;dé 8{1% te@peem%l‘li_’si%la c(::a%gel re(r?l% m?@n %lsge f\cl)a;]lﬁl¥ use cﬁl ?i{llﬁ:l% emngla‘: ty
functi onald t yhewin mwgﬂes‘pam@mgg rheupspias abigb dpecidicipor dettoo. Eaf:@hehtwaaty,

funct| onal | t gl il L ALBRK NYBIRMNO et baRMRRRh el nkeT

Exanpl es of c unctl ona itires spa er groups include
hydr oxy, mer capt olhedikespefythe presgit ygytion apdepryibeddereineay bemeesenetl@apt o

groups. BOThQraﬁ@JIBfﬂoms%th?ﬁ%elcg@lﬁﬁfe%on%g%@resented by LI, are
generally a substjtuted or unsubstituted al kyl substituted or

unsubstituted aryFrusdiBeh prydets Wﬂrd}lﬁéaﬁmnfae&a@a oheYHEFY QF §FPURS AS Pt
substitut pd of ittihsiilast Wiltadc hebe recgahxktyé blddPam, lata 1@ vheRagdhdvesat |

t he al kyl or ar roups C buet gn Eu20 cartbo at ons.
They my” al e Raki g Sy sER e Sr it on thar el ~Estaligrae) *Epacer
gr oups i ncl udiekerfumrs vebhaqundpeuncamadmgnodmxmml ',I‘heﬂmkels are useful to form
prodrug analogs of therapeutic agents and to reversibly link a therapeutic or diagnostic
agent to a targeting agent, a detectable label, or a solid support. The linkers may be
20  incorporated into complexes that include the cytotoxins of the invention,

I addition to the cleaveable peptide, hydrazine, or disulfide group, one or more
self-immolative linker groups L' are optionally introduced between the cytotoxin and the
targeting agent. These linker groups may also be described as spacer groups and contain
at least two reactive functional groups. Typically, one chemical functionality of the

25  spacer group bonds to a chemical functionality of the therapeutic agent, e.g., cytotoxin,
while the other chemical functionality of the spacer group is used to bond to a chemical
functionality of the targeting agent or the cleaveable linker. Examples of chemical
functionalities of spacer groups include hydroxy, mercapto, carbonyl, carboxy, amino,
ketone, and mercapto groups.

30 The self-immolative linkers, represented by L}, are generally a substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, substituted or unsubstituted

heteroaryl or substituted or unsubstituted heteroalkyl group. In one embodiment, the
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nmer capt ohexanol , | 0-hydroxydecanoi c acid, glycine and other am no
acids, 1,6- Shexanediol, p-alanine, 2-am noethanol, cystean ne
(2-am noet hanet hiol), 5- am nopentanoic acid, 6-am nohexanoic acid,
3-mal ei m dobenzoi c acid, phthalide, a-substituted phthalides, the
carbonyl group, am nal esters, nucleic acids, peptides and the |iKke.
The spacer can serve to introduce additional nolecular mass and
chem cal 10functionality into the cytotoxin-targeting agent conpl ex.
Generally, the additional mass and functionality wll affect the
serum hal f - | idle! ard] ephsmaycopeist bawgeenfl aph2) adophtexs. THeysay alklr ough
careful sele cytotoxin conplexes with a range
of serum hal fctg{n?l\q/ggg 12&%@&% 9&%3%%{ The spacer(s) located directly
adj acent to the dEXf§PHE] Propr ﬂguijamb‘dﬁé‘?ﬁ@%@dﬂca@awﬂzl)examl@mhere| nmis

an integer S%&&E@H’exﬁr{o@%—gymbx deeancdo acflly ¢ )r?clnleﬂﬁio(@er RNl pl e L1
spacers are pr esent, el t her J ntical Or di fferent Sﬁacers may be

used. L1 rPay hﬁé'mea‘h?} %@F‘F‘ien?rﬁfPléP“iﬂ?ﬂé“g?yétG%nmi@ amgnogthanefhiedy S-npj ety that
preferably i raopsntnsie raaa,mlﬁmmml& hdic_y 3@ffa1eﬁ1ﬁaé|ﬁa@e>dmiaggﬁrﬁg@t #-0N
properties to can at cont ai ns iety
P hoti 1 os 260 MsT AR e oy e R i ieprRan i 7P ey

does not haveéikt.o be self immolative. In one enbodinent, the L4 noiety
iIs substituted al n u ituted.arvyl
unsubstituted ar yf% B %‘ %Ht ‘feetcc’jlnhgfééla&g?ﬁlgyﬁl %ogéu]%ﬁnsaﬁ anflal?%?déﬂd

het er oal kil , fensgongfitywe thh cmlm@rgtmwﬁggmtcommxar%h@dly e adshitiohilmassThe

substituti Onsdnm}{ctgﬁaht)f Wi aﬁ’é@ﬂzﬁ Séa'mm ﬁali‘ Hfé@ﬁd ((tlgl' Sﬁ&n&'&bﬁk cong:llé&oxy’

aklyl'thio, alkyl'am no,” or ylamno. In cer aln I ments,
conprises a roAs Byueh earsfelisedegjion phpecavarpes. Cé‘ﬁi%’(ﬂlcﬂ@?iﬁxeq }thh eongrdfses

any posi t|veIsmugmalnﬁg@unv&lpymg@ar ged am no acid poI ymer, such as
pol yl ysi ne or pol n|n n conprise a pol ¥ner sych as a,

ca
pol yet hyl ene gl yc F‘&);":atﬂbﬂie‘ft DARF “{/‘Otﬂi‘f’éml_géfn?‘ thigalke dhted shibrise,
for exanplse, vieteh ﬂlsﬂﬁhryd'g&fseﬁﬁmmtl Ano4.a, mael WheyhﬁmhﬁlaL‘ ARicat y.
30ln a preferred e onp rises a eth ne coI (PEG
noi ety. The PEC'BoI "‘tg%n:%f““ii‘l °‘§§E"‘ BePEEr R iseé % ‘gfd ﬁ?’?§ 1 ong.
Preferably, tltanEE@gMUhJI have 1- 12 repeat units, nore preferably 3-12

repeat units, nor
broferably 3.5 relodns PLEHASkY ofe fed RF Bl e S YL WG |,

may consi st 2swtetiyn ritpeitivetoPE®igatsh eilizingedinker thaepntainsthe woietyar modifies
addi ti onajg S%H&gﬁlggte@’f tHéQ&Hl%%{e' ffhlé @’qmﬁérlﬁbfés thrhat?tetB GE &ﬁlnlﬁ)ﬁlnlatule 'S

useful to conbine PEG as part of the L4 noiety to enhance the water
sol ubi lity ofi® PHEMbestmpsthe IAdepiaty is mbrtitpted glid. ‘PE’@*HHF‘HHW ﬁ%‘&ﬁ‘é‘@é t he
degree of aggrygga@b@médm@u SOBRY QA GiktEroflki | Al Ondub@ ne@m@akyi oy of t he

drug to the a h1c|h may%e straight, branched, or cyclic. The substitutions may be, for example, a
lower (C'-C% alkyl, alkoxy, aklylthio, alkylamino, or dialkylamino. In certain

25  embodiments, L* comprises a non-cyclic moiety . In another embodiment, L* comprises
any positively or negatively charged amino acid polymer, such as polylysine or
polyargenine. L* can comprise a polymer such as a polyethylene glycol moiety.
Additionally the L* linker can comprise, for example, both a polymer component and a
small chemical moiety.

30 In a preferred embodiment, L* comprises a polyethylene glycol (PEG) moiety.
The PEG portion of L* may be between 1 and 50 units long. Preferably, the PEG will
have 1-12 repeat units, more preferably 3-12 repeat units, more preferably 2-6 repeat

units, or even more preferably 3-5 repeat units and most preferably 4 repeat units. L* may
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5In sonme enbodi ments, L4 conprises R26' 25 R2 R25 R20 directly
attached to the Nntermnus of (AA 1),. R is is a nenber selected
fromH, substituted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl, and acyl. Each R25, R26, R26, and R26 is
i ndependently selected fromH, substituted or unsubstituted 10al kyl,
substituted or unsubstituted heteroal kyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heterocycloal kyl; and s and t are

i ndependent | ycopsidt eogév sf the RN thoiey, @it tRyefse raiplinygn (R&AGonaRupstiR2dsl.or R26

and R26. are JM&E rdﬂ F!:g%e aﬁg@?gﬁlﬁ&%me'?E%q E%t Afltl%rﬁ@flo%%

(preferably, unsu N sons enb I ments,
R25', R26 and® F@@m&rﬂ@ W%fﬁdecﬁ@ﬂdm&theycmp@ﬁ aHditygnatlys tho PEGamcadty spduces the

UnSUbSt i tut eddege &ﬁg% aﬂ!)rkt}ﬂ!lt)m I()H:u?%g ﬁﬁ*@&ﬂﬁg&lﬁ&to‘% thelaa.é’to tﬁgém’bongz

and R26' are a sone e odi ment s, and s .
Pepti de Li Skers ( ]:n)sorne embodiments, L comprises

%%

directly attached to the N-terminus of (AA Je. R™ is is a member selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, and acyl. Each
R¥ R*™ R¥, and R® js independently selected from H, substituted or unsubstituted

10 alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted heterocycloalkyl;
and s and t are independently integers from 1 to &, Preferably, R R® R™,R® and R*®
are hydrophobic, In some embodiments, R *°is H or alkyl (preferably, unsubstituted
lower alkyl). In some embodiments, R*, R*, R*® and R™ are independently H or alkyl

15  (preferably, unsubstituted C! to C* alkyl). In some embodiments, R*, R** R* and R*

are all H. In some embodiments, tis 1 andsis 1 or2,
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As di scussed above, the peptidyl linkers of the invention can be
represented by the general formula: (L4)-F (Om, wherein F
represents the linker portion conprising the peptidyl noiety. In one
enbodi nent, the F portion conprises an optional additional

5sel f-immol ative linker(s), L2, and a carbonyl group. |In another
enbodi ment, the F portion conprises an am no group and an opti onal
spacer group(s), L3. Accordingly, in one enbodi nent, the
conjugate conprising the peptidyl |inker conprises a structure of the
Formul a 4:  1fkp#de Linkers Mn this enbodiment, Llis a self-inmolative
l'inker, as descri R?Ql &E&gi{ 9[!0\:9% L‘;ﬁld ﬁmﬂer tl?e 1Xve§1n91tcalp E&];? ES%QtLty by the
|nparts i ncreased sof F rease gregation

nodi fi es the deys @rpslas (5 b’c—é’— ﬁs)nde@emmllfe@brab@wée linker woetpm@stemsslga
sel f-i mol at 'tﬂcepelph 1%51@: ) in dn@ eﬂ%ﬂl‘irﬁénp&e Frpoftﬁm Q@mp]nseez..m og’nonﬁll’adtﬁtmnglr 6,
and o and p are indepen . 15r epriesent s  one or nore
natural a no‘*elééma%laté”ﬁéﬂ‘]ﬁf(s)ulzn&tdd‘rcallbo‘ad BRTIhdN artigsembodimenia e Fint eger

in the range gforﬂaﬁb&m@@@ aﬁ@mmb@mﬁ@ﬁﬁﬁlaﬁBﬁQﬂhl@'ﬁd&&%ﬂo@(sb §2in the range of
2to5o0r cis 2 eptide linkers of the invention

of the above For n‘gf%fldﬁnglyAﬂ ong ?n?qdﬁrﬁfégthe SeMIYEPE CoiT TS (e RPN IR ¢ her
directly to Ldmpifises meeruledf the Fabsrat, directly to the X4 group (i.e.
20t he targeting agent, detectable |abel, protected reactive
functional group or unprotected reactive/fupgtional group). In sone
enbodi ments, when L4 is present, |4 daeg nof| |coRprise a carboxylic
acyl group dlrectly att achedxt }EQ t -0 L%E D(AA ),. Thus, it is
not necessary in these enbodi ne or/ct\nere /t\o’be a carboxyllc acyl
unit directly between either L4 or X4 an , as Is necessary in the
pepti di c kfnkers of U S. Patent No. 256,%%4,345. I n anot her
enbodi nmen t he conjugate conpising t he ptidyl |inker conprises a
structure of the halistthBdment@LPr deBAdReolbbivelliB)erRDs dReritdd above, and L is a

moiety that preferably imparts increased solubility, or decreased aggregation properties,

or

or modifies the hydrolysis rate, as described above. L* represents a self-immolative
linker(s). In addition, m is 0, 1, 2, 3, 4, 5, or 6; and o and p are independently O or 1. AA'
15  represents one or more natural amino acids, and/or unnatural ¢-amino acids; ¢ is an
integer in the range from 1 and 20. In some embodiments, ¢ is in the range of 2 to 5 or ¢
is2or3.
In the peptide linkers of the invention of the above Formula 4, AA! is linked, at its
amino terminus, either directly to L* or, when L is absent, directly to the X* group (i.e.,
20  the targeting agent, detectable label, protected reactive functional group or unprotected
reactive functional group). In some embodiments, when L* is present, L* does not
comprise a carboxylic acyl group directly attached to the N-terminus of (AA").. Thus, it
is not necessary in these embodiments for there to be a carboxylic acyl unit directly
between either L* or X* and AA', as is necessary in the peptidic linkers of U.S, Patenit No.
25 6,214,345,

In another embodiment, the conjugate comprising the peptidyl linker comprises a

x4—(LHAA1)—N—(L3)—D
P c H [} .
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(5) In this enbodinment, L4 is a noiety that preferably inparts
i ncreased solubility, or decreased aggregation properties, or

nodi fies the hydrolysis rate, as described above; L3 is a spacer
group conprising a prinmary or secondary am ne or a carboxyl
functional 5 group, and either the amne of L fornms an am de bond

wi th a pendant carboxyl functional group of D or the carboxyl of L3
forms an ami de bond with a pendant am ne functional group of D, and o
and p are independently O or 1. AA" represents one or nore natural
am no acids, and/or unnatural a-am no acids;5xc is an int eger froml
and 20. In thls e s eneral
formula). 10In thgbé?gj %E%imﬁnll_r%kfé?ig%%?y@%g;&eﬁ%ev r%#ls 0 % 50112%11 e
Formul a 5, AAlecreased Etgaicedlon propdrties, cmiorifict toe midralsis ra¢, mhdascribed dovd; 1 t 0
L4 or, when 4

Fargeting agent Tdoton apra EEk It ekt chbofl andOB
group or uﬁwpr%‘t“@c%“ééﬂl}ee@%weoﬂuﬁ@@iséhﬁl“d@\?@érf}')thaPWd%ﬁ@b@ﬁbodl ment s,

when L4 is prggasdal grlaﬁlp e (o) =t3 tH&Qﬁib&@Wﬁ?ﬁm@a&ﬁﬁth wﬁha Sflkiar® LD
directly attachedtot e_N-term nus (AA). 5i s not

necessary i n tHEeR! %Pﬂf?ocﬁlq’r@ﬁ'tosaﬂfllﬂﬁwtuﬁjél’eédft“&y Bér ]a ‘%‘%r‘[‘%?@?‘}‘? eeREFPuni t

directly betvweaml &hibedidslhdorf umuﬁndmﬁﬁa aci@Sc is 8n MEEATSAY Iyant 00t Ahis
peptidic linkers. . of 45. The self-inmmol ati ve

linker L2 ZOWQO%@F?tlfr ﬁsr%fegﬂe@e m iy HiR & gf"f"?&’”&“]ﬂl functi onal cheni cal
noi ety which is chpeptidsfinkeonaltteritieytidnioftae nigrve Bngem]aérAM\@hﬁma,caerﬂs

cher cal ol ShLEabie LI 1% -3E QRLE! BT LS, PRLeEULSy

rel easi ng one of Sal d space em cal nore (f at e
mol ecul e by resdargetipg amk#mabbe lghele preteefed reapticle fumtiomk/gwgp slamdl‘oeptz@/rmtl c

cl eavage, qusatc@emawm &L@@wﬂ@&n@ m{&amﬁts TR N lesenf, L fies AR ecul e
to rel ease the other of said spaced chemcal nbdietires. .In

accor dance WPHPHEYEA cHPEgEmeY) &ﬁ%rﬁ‘ﬁF%‘ﬁi attachp te b PotpisHts & (Afe)-sBeel i s

coval entl s | |1ﬂkﬁﬁes@§bm?ﬂﬂh&£ eﬂlﬁoﬂm%ﬂﬁdffortt&létbﬁe p@pﬁolelﬁ; B8Rt Hiredie
covalently Ilnked a )(2 gr end.to the chenica reactive site of

the drug noi EEYeHHY o T @ R VA P BT @gpwaeﬁa@&%& -t Aptent No.
activity, so6a234B45.space and covalently |ink together the peptide
noi ety and the drug noiety into a tripartate nolecule which is stable
and 30phar macol ogi cal l'y inactive in the absence of the target enzyne,

but whi ch |s_eagmam11_maﬁ_1;ak.ezﬂeavabl e by such target enzyne at the
bond covajent | Y 4 ﬂ%‘%kl’f‘ﬂm@&ﬁﬁ HAGEL> ;E%I%}n&w%m én'ilﬁal Rﬁ[%ﬁfv%‘?ch@&agﬁde to

t her eby effect ease ptide noiety art
mol ecul e. Su@ﬁ“efﬁ‘f’}fhdmlﬂeg @E‘é}éﬁ&&’gﬂépaqeﬁc}tcﬁlﬂﬁl m%PtieP mﬁb‘-‘t oyraglly E~|€fl|’f’ﬂe

sel f-i mmol at ighgitats RBlAGE, RicaQhe rRSf ¢ %Rﬁ?ﬁ:@d MR EgLYmAads ﬁ&hiﬂefﬁtl[ﬁ: tate
ova

spont aneous cleavage of the bond c entIY
molecule by means of enzymatic cleavage; and following said enzymatic cleavage,

spontaneously cleaving from the remainder of the molecule to release the other of said

25  spaced chemical moieties. In accordance with the present invention, the self-immolative
spacer is covalently linked at one of its ends to the peptide moiety and covalently linked
at its other end to the chemically reactive site of the drug moiety whose derivatization
inhibits pharmacological activity, so as to space and covalently link together the peptide
moiety and the drug moiety into a tripartate molecule which is stable and

30  pharmacologically inactive in the absence of the target enzyme, but which is
enzymatically cleavable by such target enzyme at the bond covalently linking the spacer
moiety and the peptide moiety to thereby effect release of the peptide moiety from the

tripartate molecule. Such enzymatic cleavage, in turn, will activate the self-immolating

46



linking the spacer noiety to the drug noiety, to thereby effect

rel ease of the drug in pharnmacologically active form The
self-imml ative linker L2 may be any self-imuol ative group.
Preferably L2 is 5 a substituted al kyl, unsubstituted al kyl,
substituted heteroal kyl, unsubstituted heteroal kyl, unsubstituted
het er ocycl oal kyl, substituted heterocycl oal kyl, substituted and
unsubstituted aryl, and substituted and unsubstituted heteroaryl.
One particularly preferred self-imuol ative spacer L2 may be
represent ed boparhdier of de ppabea n®icty and {r)ate spontanedily eleangnatliedond ogalattlyt he

am nobenzyl t " K ps. A
S nERenEY) SRR DS AN DaB06, TS, o ALONY
hydr ogen ot heth@inseolegicaBy#stive fom.one of the four non- substl tut ed
carbons that are @?J&]f%m&l%eﬁlhl&gﬂ r§aysge aH%geWﬁlmol-Eh@e (%'p gfe@%lm% be
a single atom such as a hal ogen, e a nul |-atomgrou such
as al kyl, %etae?lkféw@ﬂlalkﬂaha%tmﬁﬂﬂlkﬁ Suhvwwmoalkklowubswme BytegdlkyLand

cyano. Each Kmmstmacen&m@mﬂw sws@tﬁﬁe@ﬁhcélascqabﬁlm sOBsOMRd GRNSkhdtigd Of
substituted alﬁ 1%nsub tituted al%@ bstituted heteroal kyl,
unsubst i t ut ed™Hene bR nd SpwRTI: Gmﬁﬁﬁ unsubstituted aryl,
substit ut ed het er oas pakticulainsprifsiréd salf-@amébled e rs@amlF ma$ bdxgpredentt @bl 20

het er ocycl oal lé; | k}Cﬁ,\llnsubsti tuted heterocycl oal kyl, hal ogen, NO2, NR-
R1, NR21COR2Z, R21R22, OCOR21, and OR21, wherein R21 and R22 are
i ndependent |y sel ected fromthe groupfgonsosting of H substituted
al kyl, unsubstituted al kyl, substitute ’ed teroal kyl, unsubstituted
het er oal kyl , substituted aryl unéuﬂs tuted aryl, substituted
heteroaryﬁ% unsubsti t ut ed heteroaryﬁ substituted heterocycl oal kyl
and unsubstituted heterocycl oal kyl . 25Ex@nplary K substituents

i nclude, but are ﬂ%ﬁ%ﬂ%h# oétt}% arrhnolb\%lzgéigu,p Ir<r1éty bnjz\l%stmgd w1 br more

NHCOCH3, N(CH3) 2, 'S an nteger of 0,
1, 2, 3, or 4K’ grwupné “pr a@w»e@@%vm@ﬂmmwcmg@mleplacesalTNeogelt her

oxygen at om Qfetil6 athdhbtEl YhEor AU nBR QNS cheSd &;.fuamﬁit@g LR oAnERLony!
group. The line fromthe NR24 functionality into the gl’OITB.tI cring

i ndi cat es!t hatugthe Tafn e IOMA OE R SREF peY: W SBSIBERE MY Be amyltiof t he

five carbons atdﬂﬁéxm?oiuhh £, ht@odlk N RnAiini@b Sy lety, BUBS! hdddtiodaday t he

-CH3-0- gr ou%yanPr abl Xepet he NR24 fUI;lnC&_ll onality of ggulljb%m?e(c)l\zll kIylent ly

ach isin ndently selected from the group consisting o
unsubstituted atkyl, substituted heteroalkyl, unsubstituted heteroalkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl, substituted

20 heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO», NR*'R**, NR*'COR®,
OCONR*R™, OCOR?, and OR™, wherein R*! and R are independently selected from
the group consisting of I, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl,
unsubstituted heteroalkyl, substituted aryl, unsubstituted aryl, substituted heteroaryl,
unsubstituted heteroaryl, substituted heterocycloalkyl and unsubstituted heterocycloalkyl.

25  Exemplary K substituents include, but are not limited to, F, Cl, Br, I, NO., OH, OCH,,
NHCOCH;, N(CHa)», NHCOCF; and methyl. For “K,”, a is an integer of 0, 1, 2, 3, or 4.
In one preferred embodiment, a is 0.

The ether oxygen atom of the structure shown above is connected to a carbonyl
group, The line from the NR** functionality into the aromatic ring indicates that the amine

30  functicnality may be bonded to any of the five carbons that both form the ring and are not

substituted by the ~-CHz-O- group. Preferably, the NR™ functionality of X is covalently
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bound to the aromatic ring at the para position relative to the
-CH2-0- group. R24 is a nenber selected fromthe group consisting of
H, substituted al kyl, unsubstituted al kyl, substituted heteroal kyl,
and unsubstituted heteroal kyl. In a specific enbodinent, R24 is
hydrogen. 5l n one enbodi ment, the invention provides a peptide |inker
of formula (4) above, wherein F conprises the structure: 0 Fla id 4
-AA)---N cl , where R24 is selected fromthe group consisting of H
substituted al kyl, unsubstituted al kyl, substituted heteroal kyl, and
unsubst i t ut ecbohed te thealdmplic riBae the Karp postioneities o118 -tk goent RV is a

selected fro i St _ Stits .
cnsubst tut ed 3l By coe ot PR R hsRos SRS Btiaga s

k ! ?
het er oal kyl , sbigtadheteieafdrapl P“%?@Wﬁ?@ﬂ‘?tﬁlﬂ‘ﬂéﬂ- Hragpecifip pbpdimentdRy” is
heteroaryl, upgubstituted heteroaryl, substituted heterocycloal kyl,
unsubsti tut ed heterocycloalkyl,_hangen,_hKE, NR211222, NR21COR22,
0CONR21R2Z  000R2'F OM&ARCIERELI (R diventied proxides aresptids liaker AfameifdHopye,
sel ect ed fronvHehe Beompfsed Be@mstsd:i ng of H, substituted al kyl,
unsubstituted al kyl, substituted heteroal kyl, unsubstituted
het er oal kyl , substituted aryl, unsubst it ut ed aryil ,ssubstituted
heteroaryl, unsubstituted heteroaryl,b/dulstitBrdd et erocycl oal kyl ,
unsubstituted heterocycl oal Ryl,; and IS Integer of 0,1, 2, 3, or
4. | n anot her enbageh N eptide linker of formula (4)
above conprises a -F20 (Om gt hat toﬁﬂrises the structure: Rza R24 Rza

where R* is selected from the group consisting of H, substituted alkyl, unsubstituted
alkyl, substituted heteroalkyl, and unsubstituted heteroalkyl. Each K is a member

10 independently selected from the group consisting of substituted alkyl, unsubstituted alkyl,
substituted heteroalkyl, unsubstituted heteroalkyl, substituted aryl, unsubstituted aryl,
substituted heteroaryl, unsubstituted heteroaryl, substituted heterocycloalkyl,
unsubstituted heterocycloalkyl, halogen, NO,, NR*R™, NR*'COR*, OCONR?'R™,
OCOR?, and OR™ where R*! and R* are independently selected from the group

15  consisting of H, substituted alkyl, unsubstituted alkyl, substituted heteroaikyl,
unsubstituted heteroalkyl, substituted aryl, unsubstituted aryl, substituted heteroaryl,
unsubstituted heteroaryl, substituted heterocycloalkyl, unsubstituted heterocycloalkyl; and
ais an integer of (,1, 2, 3, or 4,

In another embodiment, the peptide linker of formula (4) above comprises a -F-
20 (L"g- that comprises the strmcture:
R2¢ p2¢ R

- @—N&A’f’i

where each R** is a member independently selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, and unsubstituted
heteroalkyl.

23 In some embodiments, the self-immolative spacer L! or L? includes
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11 Ka (1) RI24 RR4 RR4 0 C R24 where each R24 is a nenber

i ndependently selected fromthe group consisting of H, substituted

al kyl , unsubstituted al kyl, substituted heteroal kyl, and
unsubstituted heteroal kyl. 25In sone enbodi nents, the self-immuolative
spacer Li or L2 includes where each R17, R18, and R19 is

i ndependently selected fromH, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl and substituted or
unsubstituted aryl, and wis an integer fromO to 4. In sone

enbodi ments, R17 and R18 are 5 indegendently H or al kyl (preferably,
unsubstituted Cl1-4 al kyl). Prefer Y, leaand R18 are Cl1-4 al kyl,

such as nethyl or ethyl. In sone enbadi nefits, wis 0. Wile not
wi shing to be bound to any particul ar| thegry it has been found
experimentally that this particul ar < | ative spacer cyclizes
relatively quickly. In sone enbodi L¥ or 1.2 includes The
Spacer Goup L3 The spacer group /Qi characterized in that it
conprises a primary or secondary (Hm)
w
where each R'7, R'®, and R" is independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl and substituted or
unsubstituted aryl, and w is an integer from 0 to 4, In some embodiments, R and R*® are
5  independently H or alkyl (preferably, unsubstituted C1-4 alkyl). Preferably, R'” and R'®
are C1-4 alkyl, such as methyl or ethyl. In some embodiments, w is 0. While not wishing
to be bound to any particular theory, it has been found experimentally that this particular

self-immelative spacer cyclizes relatively quickly.

In some embodiments, L' or L2 includes

Ka Q
O/\OJ\N/RW e
N//___ L
| =
R24 |
RS
10 (R®),

The Spacer Group L>

The spacer group L? is characterized in that it comprises a primary or secondary
amine or a carboxyl functional group, and either the amine of the L* group forms an
15 amide bond with a pendant carboxyl functional group of D or the carboxyl of L? forms an
amide bond with a pendant amine functional group of D. L’ can be selected from the
group consisting of substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted hteroaryl, or
substituted or unsubstituted heterocycloalkyl. In a preferred embodiment, L* comprises

20  an aromatic group. More preferably, L’ comprises a benzoic acid group, an aniline group
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am ne or a carboxyl functional group, and either the am ne of the L3
group fornms an 15 am de bond with a pendant carboxyl functional group
of D or the carboxyl of L3 forns an ami de bond with a pendant am ne
functional group of D. L3 can be selected fromthe group consisting
of substituted or unsubstituted al kyl, substituted or unsubstituted
het er oal kyl, substituted or unsubstituted aryl, substituted or
unsubstituted hteroaryl, or substituted or unsubstituted

het erocycloal kyl. In a preferred enbodi nent, L3 conprises 20 an
aromat i ¢ gr oug indiisizeupr Béreliatihy cxainglecdimphdnseshacienzoisan AciNH-gpaap,

an aniline grio4pie ool SudiQuUp. Non-limting exanples of
structures that can serve as an -L3-NH spacer include the follow ng
structures: HN, C 5 where Z is a nenber selected fromO, S and
NR23, and where R23 is a nenber sehkected from ik substituted or
unsubstituted al kyl, substitute I unsubst i tuyt ed het er oal kyl , and
acyl. Upon cl eavage of the |ink of the ini on containing L3, the
L3 noiety remains attached to itfie drug, D.&¥&ccordingly, the L3 noiety
is chosen such that its presence 10attached'to D does not
significantly alter the activity of D. In another enbodinent, a

portion of the drug Ditself fu ions as t 3 spacer. For exanpl e,
in one enbodiment, the drug, D Jaiduocar Q. _8erivative in which
a portion of the drug functi s 't He L3zs cer.:Non-limting

exanpl es of such enbodi nents ffcl ude thosé™'n which NH2-(L3)-D has a

structure selected fromthe grBup consisting of: |5 NH

H- HN’g
£

5  where Z is a member selected from O, S and NRE’, and where R™ is a member selected
from H, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, and
acyl.

Upon cleavage of the linker of the invention containing L?, the L? moiety remains

attached to the drug, D. Accordingly, the L* moiety is chosen such that its presence

10 attached to D does not significantly alter the activity of D, In another embodiment, a
portion of the drug D itself functions as the L? spacer. For example, in one embodiment,
the drug, D, is a duocarmyein derivative in which a portion of the drug functions as the L?
spacer. Non-limiting examples of such embodiments include those in which NH,-(L)-D
has a structure selected from the group consisting of:

15
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NH, and where Z is a nenber selected fromO0, S and NR23, where R23 is
a nmenber selected fromH, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl, and acyl; 5 and where the
NH, group on each structure reacts with (AAl), to form-(AAl)e-NH.
The Peptide Sequence AA The group AA'" represents a single
amno acid or a plurality of am no acids that are joined together by
am de bonds. The am no acids nmay be natural am no acids and/or

10unnatural a-am no aci ds. The peptide sequence (AAl), is
functionally the amdification resigye of S|n Ie anlno Wd (when
c=1) or a plurality\ofcaws no aci oi ned t ee by bonds.
The peptide of the gunre C|nve|nt nis sef for t|ng
enzyme- cat al yzed cIe{ﬂEo* of peptlde |n a location
of interest in a bi4el 0gI ta t&m For exanple fo 5conj ugat es
that are targeted to a I'Tzusing a targeting agenf, and then taken
up by the cell, a peptide is chosen that is eaved by one or nore

| ysosonal proteases such that {he, R&ptlde i eaved intracellularly
within the | ysosone. The nunbepr= f no acfds Mkthin the peptide
can range from1 to 20; but nt fera there will be 2-8 am no
acids, 2-6 amno acids or 2, 3 ' aci ds conprising (AA).
Peptide sequences that are susceptj 4 cl eavage by specific
enzymes or cl asses of enzymes are well known in the art. 5Many
pepti de sequences that are cleaved by.enzynes in the seru I%i ver,
gut, etc. are known imthe grt. enpl ar ept -8e seq e of the

i nvention includes atpeti/de sequeree that i ‘i-uved Na protease.
The focus of the disc on t ol  ows onudheus
prot ease-sensi tive $8quengefi or clarity of illk |on and does

not serve to limt the scope?of the present inventlon 10When the
enzyme that cleaves the peptide is a proteas he |inker generally
i ncl udes a peptide containing a ¢l eavage rec tlon sequence for the
prot ease. A cleavage recognitioh $eguaéhce ﬁo za pfotease is a
specific am no acid sequence rec xed he protease during
proteol ytic cl eavage. Many proﬁva-ef¥u§§%§9é35|tes are known in the
art, and these angjother cl eavage st#tes can be included in the |inker
noi ety. See, e.g.,. ) .

where Z is a member selected from 0, § and NR*?, where R* is 2 member selected from

H, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, and acyl;
5  and where the NH; group on each structure reacts with (AAD). to form ~(AA').-NH-.

The Peptide Sequence AA!

The group AA! represents a single amino acid or a plurality of amino acids that

are joined together by amide bonds. The amino acids may be natural amino acids and/or
10 unnatural g-amine acids.

The peptide sequence (AA"). is functionally the amidification residue of a single
amino acid (when c=1) or a plurality of amino acids joined together by amide bonds. The
peptide of the current invention is selected for directing enzyme-catalyzed cleavage of the
peptide by an enzyme in a location of interest in a biological system, For example, for

15 conjugates that are targeted to a cell using a targeting agent, and then taken up by the cell,
a peptide is chosen that is cleaved by one or more lysosomal proteases such that the

peptide is cleaved intracellularly within the lysosome. The number of amino acids within
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15 Matayoshi et al. Science 247: 954 (1990); Dunn et at Meth.
Enzynol . 241: 254 (1994); Seidah etal. Meth. Enzynol. 244: 175
(1994); Thornberry, Meth. Enzynot 244: 615 (1994); Wber etal. Meth.
Enzynot 244: 595 (1994); Smth etal. Meth. Enzynot 244: 412 (1994);

Bouvi er et at Meth. Enzynot 248: 614 (1995), Hardy etal., in AWLO D
PROTEI N PRECURSCOR | N DEVELOPMENT, AGQ NG AND ALZHEI MER S DI SEASE, ed.
Masters 20et at pp. 190-198 (1994). The ami no acids of the

pepti de sequence (AAl), are chosen based on their suitability for
sel ective enziynmeriids cel magrdge oy 2pdnt hera baferabh] teevidide Sifoimimpsicids, 2-6

tunor - associ ahig £Td9$leza§ Qr 4 AHfo &EHS @&nﬁ}ﬁing %AM‘% e@em}! séaﬁen@étﬂ'né'é Ak or

unnatural am no acid ey nmay the L D configuration.
In one enbodubﬁfé?ﬂtf,blea@ chBéa%ithPm@é ewmrse?fémsesz@gmyweb e vebknera inged.
I n anot her erggodi nent, only two am no acids are used. In a

preferred enbodi nent, the peptide sequence (AAl), is chosen based on
its ability to beMemERspul Swef&ea%c}@mmﬁwa‘t@%@g the SesPm TV B4trfdf-

exanpl es of wkil@bwh Dchdidie Amakdhepsy petile se@em{a ofﬁlmﬂyelamﬁlmaud&raq;fe@mabl Y,
the peptide se guence eaved g c? hepsi n

Bin vitro, Iﬁce hlgplg\a‘%:%g* ae}i’im%? nJ&he f?lcuislf’ﬁl ‘gfﬂ"ﬁ’[ B fapfo age

assays known uswftarpeatasdcsensmve sequémie afiotchety of ifineichtineaid dodshet speptd lthat
sequence (AAL) L &p%o?ﬂ&’ %meg@egﬁonon its ability to be cleaved by a

t unor - associ at ed pr ot e such as a protease that is found

extracel W arly |Wh@lhfée izgnnhatylegies thg pentide s prteaseothe linker genergllyexanpl es
of whi ch i nclitiglfyes J]!&IJ&H%QOIQ&&QQP@%E&Q&% [(lt]-égas):qum férldhe Qcteay:]%\ ability
of a peptide to be cleaved %O can be test using in
vitro prot ea§l§%ﬂ@§%@@°%§w§e fRivORAPLeASA IstatfRecHicamino acid *eqsmc% Eheaized yt
non- | i mt ti ngfby?iﬁ®fﬂﬂéa%ﬁiu?ﬁg ﬁ@@&lytldzeééaiﬁi\l}blleM@%1&éﬂsé @&Ivfgefs@s ak3BowMint he
conj ugates o vention include

Phej Lis Lys-Hepe anghgte B gger c%ﬁéaﬂﬁ:flfeb g H@lﬂtﬂed if fig Jipey mosppy pg(e"ﬁ&

Phe- Al a, Bhe-Md@ybdsytlat. Btieyce BATE 93491 900Y; Manif\erQy/. ARHEEH?EOILW 254 (1994);

D- Phe- Phe- Ly \al VaI

A o Lour A o ST SRR Ry B a8 W w4 B P 248 Qs

A y- Phe- LeuQ(Po)SHEber le D N@th. Eyizymda R44AE 25 (199 )-Sireth G yMdrie En{Bel 244 D NO
14 Leu- Asn-, - T ] a are
Val LGt and D EE e e B L oGS (E HNRRET ot e
t he cl osest tPBOTEFﬂePP@?‘eI@OW@WLQP@E%Teﬁ@WﬁeWDfﬁLéﬁ*ﬁIM% j¥Eaip ch dfesiest | ng

of : Ala, gﬁsn,etzﬁﬁ@,lg@ﬁgg(l@y@, A@n, Au, Ay, Ile, Leu, Lys, Mt, Phe,
Pro, Ser, Thr and_Val . In yet another enbodi nent, t he

am no acid | ocat e%h? RN pes g e P?Ptlfierl*éq‘ffPi?dAﬁo)F ¥E Fhopad baserl @R (A £ r om

t he group consitsHilitneredléctiM aazynﬁﬁﬂclea%ﬁ@,by@lﬁlculﬁnﬁblec@e%uclﬁqyumdi1 e, Leu,
Met, Phe, Pro, Se ™ T Tyr, .and Val . 15Proteases, have en

ol i cat ed | nistMEPiRaeR RS aoi B e BPIR TS ot HEHG e

They may be in the L or the D configuration. In one embodiment, at least three different

25 amino acids are used. In another embodiment, only two amino acids are used.

In a preferred embodiment, the peptide sequence (AA'). is chosen based on its
ability to be cleaved by a lysosomal proteases, non-limiting examples of which include
cathepsins B, C, D, H, L and S. Preferably, the peptide sequence (AA'). is capable of
being cleaved by cathepsin B in vitro, which can be tested using in vitro protease

30 cleavage assays known in the art,

In another embodiment, the peptide sequence (AA'), is chosen based on its

ability to be cleaved by a tumor-associated protease, such as a protease that is found

extracellularly in the vicinity of tumor cells, non-limiting examples of which include
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prot ease urokinase was correlated with an increased ability to

nmet ast asi ze in many cancers. Urokinase activates plasmn from

pl asm nogen, which is ubiquitously located in the extracellul ar space
and its activation can cause the degradation of the proteins in the
extracel lular matrix through which the nmetastasizing tunor cells
invade. Plasmn can 20 also activate the coll agenases thus pronoting
t he degradation of the collagen in the basenent nenbrane surrounding
the capillaries and | ynph systemthereby allowing tunor cells to

i nvade i nto t Hém¢taligrptptilps ST a(DaDY), Tat ability Atkvpep@&nc by cleaReihy, TOPA :

139 (1985)). vention to
utilize as a Il{wllileoréagbé %Stm%gk 21e$r8€%§tg£?§e&£%e agsgfﬁgé‘g‘gﬁnﬁ*f Jt]tr ol ci nase.
25The invention alsslaat;h? bmnérebmttlhe eyareplayfof prpjide sdquenaserepldefor v dit thar e

sensitive to @(Lna@xt@g&tmmreﬁmt]mwat@hm RS- Igelﬂh% L?¥E§?§§§ Al | east
four distinct tryptases, delglsﬂnate a 31, 311

enzymes are nbis BeneihE1-E8 I5yCibTpbit ﬁhés“#ap }Eﬁ’%t‘éi‘yﬂré‘s& Phohy}-Bifre 6#& and
?nl yI cl e?ve anneeNMeﬂ_t}}IS) pallquiqu!s @pb;&tmltm P{WL"’“ t16- Qla—fléhe\/’étlfAM@Vﬁse

am |y of seri as S nplicate a.varie
al lergic and ﬁ%fﬁﬁgréﬁiﬁ?(sigoﬁ %&ﬁ&s‘klﬁﬁ\?‘bf“\lﬁ#@ (%tmé@ 2% C%"e@’&&seé of
el evat ed trypGhRSSEQEDN®: 3),0undlad Deuical@@LealSEQ| 1D MIG: 14y, 0By-pad-ARMNMng
wi th these di er. e exact tase in the
pat hophysi ol oéi'/ 0 \gﬂ s%g%\@e rpé-?PnafllIag gee qa'ec}pl (l%lrtlea \;aﬁx Srhe scope of
bi ol ogi cal0 f unct i bngotharubaiimeng sipemdiongiddrysd e olg$estab the dng egicenices of
Lryptase ar e subalat habby, daliigds Rk, ABShl, 3AAL GhGERAGHT Gl V-

Tryptase is a potent activator of pro-uro Rimsse pl asm nogé&n acti vat or
(uPA), the zyrodé Brefim. o Ghrphet based ¥als brichinetiexgmbadimgprothe amino

net ast asi s arigzd'ldayt@@ﬂh@aoseﬁ% iV 8tuk AMdieRfis étela@d ﬂbﬁwgmge&sgmdﬁm
resulting in the estructlon of extracellular matrix for cellular

ext r avasat i orfBritfPrfrigr @i G, Clidlp: - Met Thsckip ot dhr €1y fra®d Yakt i vat i on

of pro-urpki nase pba&,ea OGERN afdlicatal i@ Eanddr nie&@tad?ﬂiﬁ%lea&@qyﬁﬁh@ﬁ ofihe
Pr o- Ar g- Phe- rnal of Biol ogical

L Stack, et .
Cheri sny 269 P{%‘%@ ur A‘fée @%f@l%‘%@éﬁl}%éﬂ “Véeé‘%eﬂg'JFP(Yé" PREdEE? AP ent i de,
a neur opept i genctisatirokBaderptiviaeapleshin forh hiesniisgpen, athich s wiquirasiyudcard h0

bilit
O Ao Lo At Bfer RN he R AL ARG ey REA Y o e i e
Cell Mol . Bi ¢ktracghl®p ma@i tragdGhich tifhmta@agizing teiner celriptadel Flasoaptaor
PAR- 2 camgbe ¢l eavaduaRsia g&,fageyahgaﬂommtgrt%ra% c%.uafofm%oﬁ@en s Gy-Arg

(SEQ 1D NO 6) sequence drive fibrobl proliferation, whereas
the thronbin %R?F‘F‘V&F@Blaﬁ%ﬁléﬂ‘frﬁfngﬁ)&RﬂEuql@b ?Wéﬂﬂhvaﬂtt%‘hwb&ﬁl@m“ase at

t he Pro- Asn- Asforkdis t&mlnk&haélgmma (CRBE) UENCR (dVRkd - iRes £44: 3%9

Jour nal of BiQl stry 272(7): 4043-4049 (1997))... Taken

t oget her, t h.<£98313. ﬁ*@*ﬁd@s &%@&ﬁ??&ﬂéml?w nhgpenoptilies fgtiaka i n
tissue r ermd@l:ptidgsaqsen&: mﬂmuﬁu;reuc(ﬁnasél sease. Th| S | s consi st ent
with the grof oundT%rill%g %% Qb s%r\éeqh etrc@ i (gl at ed
di sorders> One hallnar cRrenTc Akt rﬁapl (ﬁeqo?”ﬁ‘eb jcnfle‘?"?ﬁo
respiratory dieseasagr )ipsmdw Hnmm rgasggetls Qﬂple@i@hm@uoﬂmtnhmwmb@r I yi ng
ti ssues 20th t ryptas its
phyS| ol ogi Cal%gsttgg]gtgél ggp%gi ;Q]ﬁ Bh?sﬂ'!e e egzsynges ¥R ngt cgnn%cf\!gd l%y 1??a \Jlalagm?]

angi ogenesi s pmﬁnbee inlgbitrd ratiedlymem arftvzsphy@telloklcrdsrbstrattqp in tipy.pThes@ptase
activity and al .
Gones and Deval BesarioagRiss ke ydn (AUl aHdind uidN Rk HIREIR Y 1
88(12): 23@865925‘5‘{52@(90’}% mﬂé&%uu@k@tq o slewated tryptasqenghs fomd FdlidegicaBiyi®))
22(52)960532()?)1’1(0{2:1 falstithledd disordeRt loRadel Ql%xac@ﬁﬂe]&%ﬂ@e iPhe Cancer

pathophysmlogy of disease remains to be delineated. The scope of biological functions
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Met hods are known in the art for evaluating whether a particul ar

prot ease cl eaves a sel ected peptide sequence. For exanple, the use of
7-am no-4-nmet hyl coumarin (AMC) fluorogenic peptide substrates is a
wel | -established nethod for the determ nation of protease specificity
(Zimerman, M, et at, (1977) Analytical Biochem st, 78:47-51). 30
Specific cI eavage of the ani | ide bond liberates the fluorogenic AMC

| eaving group allowi ng for the sinple determ nation of cleavage rates
for individual substrates. Myre recently, arrays (Lee, D., et at,
(1999) Bi oor gadrgrearrddiMepliysipingiFal Gemuscesyof igptise ps s@hsthaENy ddinedind

posi tional -sg %%Q&aes&g%&k s (Rano, T.A, etal., (1997) Chem stry
and Biology 4:149-55 MC pepti de substrate |ibraries have been
enpl oyed to rapi dFVP'iBWdHP(éeﬂf mqu(prtoéplmuncgﬁna@g»@emmpgqhtaytw@qor Prol 8ases

by sanpling azy%gea f&alrzﬁ@pmmwb,\%&,a@é Bith thRoBm&sBEb ErdGXREG, mt,ano?[hps
one of skill in the art readi | yevaluate an array of peptid

sequences 1o BrRIEMRosR Cf“f? o egRngiif (e fedirpgian pfrcarsptulgr W%ﬁtfi’fc?ﬁu‘wft hout
resort to unciieaaK§edmi rRghiah] 94 bc a function Il @yslisd @ctivhi@anepe aRjkugat e of

th t t con ers.
e ot a2 e e S Ik SRR A IRl SR o NERT =
l'i nker may beSused d.olveanhgloldghel (dremgnfu 6% (e Y41 ganid (3vd))a Vaeading
peptidyl i n §€I%¥ Fift\&ié %%eulgpeﬁthae%ng)%tlm%‘gagfﬁ&l&ai‘%gdfan?n &anl?:uiar . Cther

uses for addl I ona I ke | Caf agent s,
bi onol ecul®s,petmenkjetyi ihgjsadramtddy tian\‘dsedieil@@tyabthe Th:a@(g}@uiﬁgg (IEQ. 1D NO:

drug-1igand couRl&¥e (Tam et fli A9 R%;;uh b Mgleﬁx%f: s 39f(1§96ﬁ PLES GRlein

i nvention are COITpOUﬂ S O he i nvention t

mul ti-val ent cSyridirecspton fel- %léﬂ"ﬁ’@ clepygfl anshagtiysfed by Qﬂé‘éf-‘ étéxasftféﬁYh@Ydﬂir Bers,

triners, tetrgi@ns Nod) RLGh& o Mbﬂ%smoxﬁmmﬁ W&Hﬂﬂ@thﬁbfmbhhe
invention or reactive anal ogues 15t hereof. The and nul ti-val ent

speci es can B&EMEEE éeﬁﬁtcﬁEAFr’dhf“ﬁ“’gf*tﬁ‘b'i’ye“yé’ﬁ‘éecﬁt5‘5PB’r A*‘f‘fb*?‘*é’ IR EED IR

speC| es of5 t heo; I7mseq1mtnte(IMohE§)ftae)ﬂaﬁ’@hleaf&a[ogir:ﬁm'l'.-leﬁirlsﬁpmm()j Ltl(DfBI -0@R ble
"“hono- dineri r. he p - an ti-val ent

construct o 1 AP eRuaT RS nse b Bfo L b Te r e Bt

anal ogue t herewfdglirigss atdnsehede ¢falisaave.oThigio nwsisentorithpig pyefeundchdug@mewor k

(e.g., polylyglngy %ndstsﬁazﬁ st camsq@aiydeaﬂéax!ersSb%ﬁamPg%%f %ﬁé ;}sg%?a A e 20

wi thin the scope o resent 1 nvention 'S
preferably pothpf Iemzqeirwamra(ory daseasyniy fibngsinenddiickeying ¢f themdenivng tsfuees f or

at t achi ngyconmeLRESHe @fe LR of MG dcBiblion of its physiological targets. Similarly, a
series of reports have shown angiogenesis to be associated with mast cell density, tryptase
activity and poor prognosis in a variety of cancers (Coussens er al., Genes and
Development 13(11): 1382-97 (1999)); Takanami et al., Cancer 88(12): 2686-92 (2000):
Toth-Jakatics et al., Human Parhology 31(8): 955-960 (2000); Ribatti ef al., International

25 Journal of Cancer 85(2): 171-5 (2000},

Methods are known in the art for evaluating whether a particular protease cleaves

a selected peptide sequence. For example, the use of 7-amino-4-methyl coumnarin (AMC)
fluorogenic peptide substrates is a well-established method for the determination of
protease specificity (Zimmerman, M., et al., (1977) Analytical Biochemistry 78:47-51),

30  Specific cleavage of the anilide bond liberates the fluorogenic AMC leaving group
allowing for the simple determination of cleavage rates for individual substrates. More
recently, arrays (Lee, D., er al., (1999) Bivorganic and Medicinal Chemistry Letters
9:1667-72) and positional-scanning libraries (Rano, T.A., et al., (1997) Chemistry and
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Mor eover, the framework can be derivatized with a single species of
the invention or nore than one species of the invention. Moreover,

t he present invention includes conmpounds that are functionalized to
25af ford conpounds having water-solubility that is enhanced relative
t o anal ogous conpounds that are not simlarly functionalized. Thus,
any of the substituents set forth herein can be replaced with

anal ogous radicals that have enhanced water solubility. For exanple,
it is within the scope of the invention to, for exanple, replace a
hydr oxyl gr oupiciat4al48-5d) &fl AM© peptiic @hitiats linatiés havewart @npier toamide,
hydroxy am n f, rred
erbod: pent, |G oal Al Bk AL o Epo o Mg IR E lee LR E |
at a site notsingleseprrimant. flbys, erigef ﬁ@twhw maamﬁlébsewlh@e ﬁwanh%wn@e of
t he corrpoundsqec?@ﬁcet RdbBmiRS Riiuihytil (e pRRinehYentifidiRINBRAESudike Wat er
solubility of the parent conpounds. N@thods of enhancing the

wat er - sol ubi |FPY MR 2%gani ¢ conpounds are known in the art. Such
met hods i ncl ude, bwdmg@aﬁw&onjugm Kk du@ent fverGioh @AAbBhANY caitaiOfv@aRi C

nucl eus with a perman char noi et uat er nar pni um
or 2 group. ¢ HaeE LIRS iR B BripE st st ket Frdhdiing e dng
carboxyl i ¢ aonay,be ased meconfeeter drnpbohiedigaidnod wekeondpppiindinker tiay atdvh a
organi ¢ nucl ey % n bal cohol s,
pol yol s, polye %R%yggg%gtn%jm?ggmﬁp rb.%ne g éns’Etladrclllf}%{"gIi e 1mmdl'ssﬁnkl el ude,

but are ndt |ansiticelchgends, blpmblyftu}ssatmeetlnpegeygmyld@mbmlmls to the drug-ligand

pol y(et hyl en%g;ny]gpl ) and pol y(propyl eneglycol). Suitable
functionalization chem stries and strategies for these conpounds are
known in the art.Alsewithip §ie seopapihipresetinyentivn are cogpougds of g dnvepop YNERI C

DRUGS AND DRU¢z @ELBME&YVE‘M&I;%M% rﬁﬁ}&@mﬂaﬁhglmsp%&es fi5h MQlimerd @¥ners,
American 10Chem calﬁcﬁg et % IlV\&shl ngt on 1991. Hydrazi ne Linkers

(H) | FSHmEsA %0 P the ORRORGH PLIREREN T o Fract VA gRARer
conpri sesisa hwoazr}n@o@ednﬁmunmﬂeat sp\fl&edchﬂkeeiéaemm&ﬁemla biﬁ‘lE‘le g0} atgat e
has the structur are as

Hoi nog aboy ol Gin g <k old i Rhaa " ANERRIE 2 Qe peysfics B on

conpri si ng t hémsk? adhieieredim@@.” Moreover, paly- and multi-valent constructs in which a

compound of the invention or a reactive analogue thereof, is attached to an oligomeric or
polymeric framework (e.g., polylysine, dextran, hydroxyethyl starch and the like) are

20 within the scope of the present invention. The framework is preferably polyfunctional
(i.e. having an array of reactive sites for attaching compounds of the invention).
Moreover, the framework can be derivatized with a single species of the invention or
more than one species of the invention.

Moreover, the present invention includes compounds that are functionalized to

25  afford compounds having water-solubility that is enhanced relative to analogous
compounds that are not similarly functionalized. Thus, any of the substituents set forth
herein can be replaced with analogous radicals that have enhanced water solubility. For
example, it is within the scope of the invention to, for example, replace a hydroxyl group
with a diol, or an amine with a quaternary amine, hydroxy amine or similar more water-

30  soluble moiety. In a preferred embodiment, additional water solubility is imparted by
substitution at a site not essential for the activity towards the ion channel of the
compounds set forth herein with a moiety that enhances the water solubility of the parent

compounds. Methods of enhancing the water-solubility of organic compounds are known
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wherein n: is an integer from1l- 10; no is 0, 1, or 2; 25each R24 is
a nmenber independently selected fromthe group consisting of H,
substituted al kyl, unsubstituted al kyl, substituted heteroal kyl, and
unsubsti tuted heteroal kyl; and 1 is either a bond (i.e.
t he bond between the carbon of the backbone and the adjacent
nitrogen) or: R24R24 S5wherein n3 is 0 or 1, with the proviso that
when n3 is 0, n2 is not O; and n4 is 1, 2, or 3, wherein when | is a
bond, nlis 3 and ibis 1, D can not be where Ris M or CH, -

CH2- NVe2.  10hthearie Seivinediodeintlydet juears ndpditrittdito] fonctiomlitihgarpdrgamyel ri ng

ne 1 tn prapi@kee bk BARH SRR EL kR onlolivty ochendlb e O
| is a bond (i charged atrephiyimeridaily st phies. gcenimwlco@dt 4endy &tkeb omdodsnd

the adjacent 196[155302%9%111“Itﬂh@&@alﬁﬁﬂ?f%v &Jaféylml%ﬁaé'c&ﬁmhhg‘éﬂ% s, dg, can
forma 6- nenbered i mol ati ve l)<, upon cl eavage or exanpl e,

when n3 is°0 ﬂéﬁ?&olmows 2°1Y?*PF1315ndaEh%1flﬁePelé§Sﬁ’§€tVC mﬂﬁ@leﬁwkaﬂzpwwmhker,
H, canhf orm thte&thpmﬂ%&dpcﬁﬁJtﬂylehénﬁémlleE}JolyVe@hyieh@iﬁE? atdoon I(:I eEvage I n
yet ot her aspects i.mol ative |inker

forns a 7- mr%@ﬂ%@ygéfﬁgycmwﬁ?lf’ CtPPﬂk’%‘P“ CE') isifigs Spdhairaeeiss pHEEr ed
sel f i mol at |map&unnkzef kidnd iithbareSsh deredanyed, bumdmcﬂ at iy 8dd. PaleetEricUpON
cl eavage. I{U%E EN@BR%&&Y&%@ S{’S asf ]:A%gtsgr%pciq ue e IFQSVO% e469fAi¥1eI?J%a r ng

f or med upon eavage ependi ng upon
10 Chemical Society, Washington, D.C. 1991,

Hydrazine Linkers (H)

In a second embodiment, the conjugate of the invention comprises a hydrazine

self-immeolative linker, wherein the conjugate has the stmcture:

15
XL, —H—(L")y—D
wherein D, Ll, L* and X* are as defined above and described further herein, and His a
linker comprising the structure:
p2d 24 }?24 ?24
\ _N
n, \ W/MZ\I Y??
24 24 O
20 R
wherein
n is an integer from 1 - 10;
nais 0, 1, or 2;
25 each R* is 2 member independently selected from the group

consisting of H, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, and

unsubstituted heteroalkyl; and
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20 cl eavage desired, an appopiate size ring to be forned upon

cl eavage can be sel ected. Five Menbered Hydrazi ne Linkers In
one enbodi ment, the hydrazine |inker conprises a 5-nenbered hydrazi ne
i nker, wherein H conprises the structure: 25 In a preferred

enbodiment, ni is 2, 3, or 4. In another piefenied enbodinment, ni is
3. 5ln the above structure, each R24 is a nmenber independently
selected fromthe group consisting of H substituted al kyl,
unsubstituted al kyl, substituted heteroal kyl, and unsubstituted

het eroal kyl . I n one enbodi hierither Eepoh (iR2 theibendibedepretidenonyf eor a Cl -
C6 alkyl. In anotﬂggxﬂgggqh FF&mnﬁggQ %4 is independently Hor a C
- G alkyl, nore preferably or . I'n anot her enbodi nent, at | east
one R4 is a nethyl group. In 10 andt her Mhbodi nent, each Rtt is H
Each R24 is selected to tailor thejconpoynds eric effects and for

altering solubility. The dpazine |inkers can
undergo one or nore cyclization%ea eparate the drug from
the linker, and can be described, for {lexa by: An exenpl ary

synthetic route for preparing a five edRfi nker of the invention

is: a EDC
5 wherein ns is 0 or 1, with the proviso that when ns is 0, n; is not 0; and

ngis 1,2, or 3,

wherein when 1 is a bond, n; is 3 and n2 is 1, D can not be

OR

o where R is Me or CH;- CH-NMes,

i0 In one embodiment, the substitution on the phenyl ring is a para substitution. In
preferred embodiments, ny is 2, 3, or 4 or ng is 3. In preferred embodiments, na is [. In
preferred embodiments, 1is a bond (i.e., the bond between the carbon of the backbone
and the adjacent nitrogen}. In one aspect, the hydrazine linker, H, can form a 6-
membered self immolative linker upon cleavage, for example, when nzis Qand n.is 2. In

15 another aspect, the hydrazine linker, H, can form two 5-membered self immolative linkers
upen cleavage. In yet other aspects, H forms a 5-membered self immolative linker, H
forms a 7-membered self immolative linker, or H forms a 5-membered self immolative
linker and a 6-membered self immolative linker, upon cleavage. The rate of cleavage is
affected by the size of the ring formed upon cleavage. Thus, depending upon the rate of

20 cleavage desired, an appopriate size ring to be formed upon cleavage can be selected,

Five Membered Hydrazine Linkers

In one embodiment, the hydrazine linker comprises a 5-membered hydrazine
linker, wherein H comprises the structure:

25
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1.11Cbhz The Cbz-protected DVDA b is reacted with
2,2-Dinmethyl-malonic acid a in solution with thionyl chloride to form
a Cbz- DVDA- 2, 2-di met hyl mal onic acid c. Conpound c is 5 reacted with
Boc- N-net hyl hydrazine d in the presence of EDC to form DVDA-2, 2-

di met yl mal oni c- Boc- N- net hyl hydrazi ne e. Six Menbered Hydrazi ne

Li nkers I n anot her enbodi nent, the hydrazine |inker conprises
a 6-nenbered hydrazine |inker, wherein H conprises the structure: 5
In a preferred enbodinent, ni is 3. In the above structure, each R24
is a menber independently sel ectedctkfiom t he group consisting of H
substituted alkyl, unsgbstituted a kyﬂf‘sﬁb%%??u#bm” t eroal kyl, and

unsubstituted heteroal . € [ t, nea 1 4 1is
i ndependently Hor a C 66 . N'n 3Fnot Her n?dﬁi nt, each R24
i s independently H or ap*CIr¥ , woreoprt8¥atily H or CH3. In

anot her enbodi nent, at |east one R24 is a nmethyl group. In another
enbodi ment, each R14 is H Each R24 is selected to tailor the

conpounds steric pfdfegtfdancbdidngal &8r3, 804 S0 hattel pretrred dhbddiRe] gy ed
enbodi ment , @lconprises the structure: 15 OR24 ne
5 In the above structure, each R* is a member independently selected from the group
consisting of H, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, and
unsubstituted heteroalkyl. In one embodiment, each R* is independentlty H ora C; — Cs
alkyl. In another embodiment, each R*is independently H or a Cy — C; alkyl, more
preferably H or CHa. In another embodiment, at least one R** is a methyl group. In
10 another embodiment, each Ray is H. Each R™ is selected to tailor the compounds steric

effects and for altering solubility,

The 5-membered hydrazine linkers can undergo one or more cyclization reactions
that separate the drug from the linker, and can be described, for example, by:

15

re wfLbD

24
R \N/(
N___R24
R24 Hz H24

4
R24

An exemplary synthetic route for preparing a five membered linker of the
invention is:

20
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I n one enbodi nent, H conprises a gem nal dinmethyl substitution. In
one enbodi nent of the above structure, each R24 is independently an H
or a substituted or 20unsubstituted al kyl. The 6-nenbered
hydrazine linkers will undergo a cyclization reaction that separates
the drug front the |linker, and can be described as: pt 24 R24
HNyN ' R24 O An exenplary synthetic route for preparing a six

menbered |inker of the invention The Cbz-protected
dinmethyl alanine a in solution with dichlornethane was reacted with
HOAt, and CPI tonpfgrma Cbz- prodected neth n|ne hy razine b.
The 10 hydrazi ne||bjji s ge ctl form ng
conpound c. Cﬁ@gﬁﬁgyg zine Llnke nte Ia@@d t hat
the invention c ses a |inker haV|ng seven me This Iinker
woul d likely not cyclize as quickl®y as the five Gr SIX nenber ed
l'inkers, but 15 this may be preferred for sone drug-ligand H

conjugates. Simlarly, the hydrazine |inker may copprise tmumsLx,N
menbered rings or a hydrazine |inker having one sixkemnhd one fiv
nmenbered cyclization products. A five and seven nepfrtbered |inkeras
wel |l as a six and seven nenbered |inker are al so cbntenpl at ed.

The Cbz-protected DMDA b is reacted with 2,2-Dimethyl-malonic acid a in solution with
thionyl chloride to form a Cbz-DMDA-2,2-dimethylmalonic acid e. Compound ¢ is
5  reacted with Boc-N-methyl hydrazine d in the presence of EDC to form DMDA-2,2-

dimetylmalonic-Boc-N-methylhydrazine e,
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Anot her hydrazi ne structure, H, has the formula: where qis 0, 1,2,
3, 4, 5, or 6; and each R24 is a nenber independently selected from
the group consisting of H, substituted al kyl, unsubstituted al kyl,
substituted heteroal kyl, and unsubstituted heteroal kyl. This
hydrazi ne structure can also formfive-, six-, or seven-nenbered
rings 5and additional conponents can be added to formmultiple rings.
Di sul fide Linkers 0) In yet anot her enbodi nent, the |inker
conprises an enzymatically cleavable 10 disul fide group. In one

enbodi ment, tHeMemberallilwimzipe binketles a cyt ot oxi ¢ drug-1igand conpound
h t t p
avi ng a structur ﬁ] 4??18&8 g‘x&ﬁmén? tlE q‘lr %1961 561)%}71@1&5%4: a él bgled }B/g%%)le

15wherein D, L1, are as I ne e and descr
further hereﬂmkﬂammﬂQHHsmamuﬁsmhﬂw@@e1|nker conprising a group having
the structure: A24 A24 LI Ka 20wherein

;:324 R24 R4 O

In a preferred embodiment, n; is 3. In the above structure, each R™ is a member
independently selected from the group consisting of H, substituted alkyl, unsubstituted
alkyl, substituted heteroalkyl, and unsubstituted heteroalkyl. In one embodiment, each

10 R¥is independently H or a C; — Cs alkyl. Tn another embodiment, each R*is
independently H or a C, — Cs alkyl, more preferably H or CH;. In another embodiment,
at least one R* is a methyl group. In another embodiment, each Ry, is H. Each R* is
selected to tailor the compounds steric effects and for altering solubility, In a preferred

embodiment, H comprises the structure;
15

R24 Me
0 i Me

:
B\Hf, : Sy

O R24

In one embodiment, H comprises a geminal dimethyl substitution. In one
embodiment of the above structure, each R* is independently an H or a substituted or
20 unsubstituted alkyl.
The 6-membered hydrazine linkers will undergo a cyclization reaction that

separates the drug from the linker, and can be described as:
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each R24 is a nenber independently selected fromthe group consisting
of H, substituted al kyl, unsubstituted al kyl, substituted

het eroal kyl , and unsubstituted heteroal kyl; each Kis a nenber

i ndependently selected fromthe group 25consisting of substituted

al kyl, unsubstituted al kyl, substituted heteroal kyl, unsubstituted
het er oal kyl , substituted aryl, unsubstituted aryl, substituted
heteroaryl, unsubstituted heteroaryl, substituted heterocycl oal kyl,
unsubstituted heterocycloal kyl, halogen, NO2, NR21R22, NR21COR22Z,

OCONR21R22, O00OR21, and ORZ1, E§re|n R21 and R220a”%4independently
e H, sub¥¢{i y&%;&l‘ kyl

sel ected fron1the gr oup cBn

unsubsti t ut ed alg¥_& suhshit 6g_PaLk;LL, u sub tituted

het er oal kyl , subs , s tuted aHyl, _-Buybstituted

het eroaryl, unsubstituted_h t f aryl, substituted|heterocycl oal kyl
and unsubstituted heterocy kyl; 5a is an |nte8er of 0,1, 2, 3, or
4; and d is an integer of 0, 1, 2, 3, 4, 5, or 6. -%e}amonatlc
ring of the disulfides |linker may be substltuted MAth one or nore "K'
groups. A "K' group is a substituent on the aromatic ring that

repl aces a hydr ogan ehiRipMyfBeREACHESedaln ONEx BEmbRR 1R f the invention
non-substituted carbons that are part of the ring 10 structure. The
"K' group may*be a single atom such as a hal ogen, or may be a

mul ti-atom group,, such %ﬁmakﬁyl het | kyl, am no, nitro, hydroxy,
al koxy, haloalkyﬂ nd c¥aaq-.Exean K subs¥fyent s|in ependent |y
i nclude, but are- | i N8 t o, o G e g N2,
NHCOCH3, N( CH33 2, 3 and net hyl "Ka", a is an)
1, 2, 3, or 4. I g specific enbodinenb is O 15l n
enbodlnent the linker conprises an enzymatically cl eavab
group of the foll owi ng formul a:

& 'disul fide

The Cbz-protected dimethy! alanine a in solution with dichlormethane, was
reacted with HOAt, and CPI to form a Cbz-protected dimethylalanine hydrazine b, The

10 hydrazine b is deprotected by the action of methanol, forming compound e.

Other Hvdrazine Linkers

It is contemplated that the invention comprises a linker having seven members.
This linker would likely not cyclize as quickly as the five or six membered linkers, but
15  this may be preferred for some drug-ligand conjugates. Similarly, the hydrazine linker
may comprise two six membered rings or a hydrazine linker having one six and one five
membered cyclization products. A five and seven membered linker as well as a six and
seven membered linker are also contemplated.

Another hydrazine structure, H, has the formula:

[ A,
o |
N

il “

R

20
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Ka In this enbodinment, the identities of L4, X4, p, and
R24 are as descri bed above, and 20d is O, 1, 2, 3, 4, 5 or 6. In a
particular enmbodinment, d is 1 or 2. A nore specific disulfide |inker
is shown in the fornula below. 25A specific exanple of this

enbodi ment is as foll ows: Preferably, d is 1 or 2. Another
disulfide linker is shown in the fornula below. 5 A specific exanple
of this enbodinment is as follows: 10 Preferably, d is 1 or 2.

I n various enbodi nents, the disulfides are Wio to the amne. In

anot her specific enboditeemtis 0.d.2i & 403, of i apt ef erred enbodi ments, R24 is

| ndependent |y sel ect ed,brom bR ddfoondas SXRHBbA M SAPLARIAS JrOUt ©
for preparing a disulfide linker of the rnvention is &as

H, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, and unsubstituted

heteroalkyl. This hydrazine structure can also form five-, six-, or seven-membered rings

5 and additional components can be added to form multiple rings.

Disulfide Linkers (J)

In yet another embodiment, the linker comprises an enzymatically cleavable
10 disulfide group. In one embediment, the invention provides a cytotoxic drug-ligand

compound having a structure according to Formula 3:

xﬂ{—éﬂﬁ;—¢~£ui;1~n
3

15  wherein D, L!, L*, and X* are as defined above and described further herein, and Jis a

disulfide linker comprising a group having the structure:

R RP4

20 wherein
each R* is a member independently selected from the group
consisting of H, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, and
unsubstituted heteroalkyl;
each K is a member independently selected from the group
25  consisting of substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroalkyl, substituted aryl, unsubstituted aryl, substituted heteroaryl, unsubstituted
hetercaryl, substituted heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO.,
NR*'R*, NR*'COR*, OCONR*'R™, OCOR™, and OR™

wherein
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follows: 0 HO AYSH al Aldri thiol-2 OMethanol S N HO
Met hanol AcCl O HO')CS'.... O\ Methanol NH A solution of
3-nmercaptopropionic acid ais reacted with aldrithiol-2 to form 3-

R* and R* are independently selected from the group consisting of
H, substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, uvnsubstituted
heteroaikyl, substituted aryl, unsubstituted aryl, substituted heteroaryl, unsubstituted
heteroaryl, substitnted heterocycloalkyl and unsubstituted heterocycloalkyl;
5 ais an integer of 0,1, 2, 3, or 4; and
dis anintegerof 0, 1,2, 3, 4, 5, or 6.
The aromatic ring of the disulfides linker may be substituted with one or more
“K” groups. A “K” group is a substituent on the aromatic ring that replaces a hydrogen
otherwise attached to one of the four non-substituted carbons that are part of the ring
10 structure. The *K” group may be a single atom, such as a halogen, or may be a mulé-
atom group, such as alkyl, heteroalkyl, amino, nitro, hydroxy, alkoxy, haloalkyl, and
cyano. Exemplary K substituents independently include, but are not limited to, F, Cl, Br,
I, NO2, OH, OCH3, NHCOCH3, N(CHj3)», NHCOCF; and methyl. For “Ka”, a is an
integerof 0, 1, 2, 3, or 4, In a specific embodiment, a is Q.
i5 In a preferred embodiment, the linker comprises an enzymatically cleavable

disulfide group of the following formula:

O R p

X‘*—(—L“ ds’S 7 |
P 24 Ny 24
R R \\
3
In this embodiment, the identities of L*, X*, p, and R™ are as described above, and
20 dis0,1,2,3,4,5,0r6. In aparticular embodiment, d is 1 or 2.

A more specific disulfide linker is shown in the formula below:

25 A specific example of this embodiment is as follows:
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nmet hyl benzot hi azoliumiodide b. 3-nethyl benzothiazoliumiodide c is
reacted with 5 sodi um hydroxi de to form conpound d. A solution of
compound d with nethanol is further reacted with conpound b to form
conpound e. Conpound e deprotected by the action of acetyl chloride
and met hanol form ng conpound f. DRUG CLEAVABLE SUBSTRATE CONJUGATES
10The drugs, depicted as "D' herein, can be provided in the current
invention as part of a drug-cl eavabl e substrate conjugate where the
drug is linked to a cleavable substrate, X2, optionally via a
self-imml ative linker, Li. This conjugate can be a prodrug. The drug
typically possesses a desired biological actiyity and contains a

reactive functional group to link to the,cl egvahl e substrate. The
desired biological activity inclredes t hé Ty 0sis, cure,

mtigation, treatnment, or prevgg%éggﬁﬁg di dea in an ani mal such as
a human. Preferred reactive fu i N 8PS | nclude primary or
secondary am nes, hydroxyls, sul¥ hydryl s,boxyl s, al dehydes, and
ketones. More preferred reactive functi ondak-groups include hydroxyls,
primary or secondary amines, sulfhydryls and carboxylic acid

functi onal groupsﬁﬁéVéhﬂﬁﬁﬂ@f%referred reactive functional groups 20
i ncl ude hydr oxyl sandiidr BR$1dARMe SEGONERAMNe fAfuNaRIcand car boxylic acid
functional_ groups. The drug typically has at |east one, but may have
2, 3, 4, 5, 6 or nore reactive functional groups. The

drug-cl eavabl e substrate conjugate is effgecti for the usual

pur poses for which the correspondi ng drugs.@re fective, but may
have superior efficacy because of therdabtrfity]Jftotransport the drug
to the desired cell (e.g, a tunpp.gall) eregit is of particular
benefit. For exanple, the dru be eCted to be activated at a
site of S5tunor cells by conju Ské“ J r-specific cleavable
substrate. These tunor specifiC dr%g-cﬁ%&&gble substrat e conj ugates
have tunor specificity arising fromthe speeificity of the cleavable
substrate. The specificity can arise when the cl eavabl e substrate is
preferentially cleaved in o round t.he tumor cells. Exanples include
conj ugat es t hat a‘gépeﬁll lﬁﬁ’fayjpgeeq?gj@ﬁ“g’gélgjﬁlﬁéﬁi{gg?uggb‘f or tunor specific
enzymes or enzymes which are associated, 10naturally or artificially,
with the tunor. These enzynes are present%in the proximty of the
tunor in sufficient anpunts to generate Byt gf ox | evel s of free drug
inthe vicinity of the tumor. g g Ine e roach, referred to
as anti body-directed enzyne {ﬁgzrg ghera y ( PT), an enzyne is
attached to an anti body speci§+C *of ahtigen, to thereby

-

10
Preferably, d is 1 or 2.
In various embodiments, the disulfides are ortho to the amine. In another specific
embodiment, a is 0. In preferred embodiments, R* is independently selected from H and
CHa.
15 An exemplary synthetic route for preparing a disulide linker of the invention is as
follows;

64



15direct the enzynme to the site of tunor cells. The drug is then
conjugated to a substrate cleavable by the enzyne attached to the
tunor-specific anti body. Thus, these drug-cl eavabl e substrate

conj ugat es have tunor specificity arising fromthe | ocalization of
the enzyne at the site of tunor cells through the attachnment of the
enzynme to the tunor-specific antibody. 200ne advantage of the

drug-cl eavabl e substrate conplex is that they can be | ess toxic than
the corresponding free drug; additionally, the specificity of the
conplex may allow for | ower overall cogﬁ:;géations to be used
relative to the free drug since the ij specificity will result
in a higher percentage of the conplex te hg.fpnesent at the tunor
site. 25In one enbodi nent, the |nve@t|on %mmw«des a cytotoxic

drug-cl eavabl e substrate conpound h Vi sStgucture according to
Formul as 2: X2( ;Q mﬂhem%y oISfI ep esengs a N

) IN NaQ,
self-lnnolatlv cegapﬁﬁr is an inbeger 0, /&2§9§ 5,
or 6. Preferabl 0, m;i 2—————Fhe—synbakb ;ﬁ-vﬁﬁis a
=14

Meth
cl eavabl e substr , prefer , an ed%?he cIeavabIe ubstra

DRUGS Drugs, depicted as "D' herei

is linked to a Iigand through elther a epgldyl or other i nker, or
as a conjugate with a cl eavabl e sgbs{raye. ¥he drug nust possess a
desired 5biological activity a ,ﬁQﬁgéjnS active functional group
in order to link to the Iigand. The desir i ol ogi cal activity

i ncludes the diagnosis, cure, mtigation, t~€atnent, or prevention of
di sease in an animl such as a human. Thus, so long as it has the
needed reactive functional group, the term"thug" refers to chem cals
recogni zed as dr uf$OTR4PIORETEICRRIGH AIONGACIAAS Secktled iRl dp R 3-

0; ; I Ci a: Homaﬂrafylt !sulggotﬂﬂianrmcoaﬁebasefemyiaeuumamdmﬁ&n&tca@ Rfctedith
officia tiona roulagy, or _any.s t ther ary
drugs are set® I‘BPPﬁ?Xh@ett%é]}!%ﬁ?)’éﬁoB?%% ‘g E“%@ %@F@P@ﬁ? ﬁ%}a{@ﬁd in

t he Orange Bdokengioridatithedmpynd he fblnﬁcorﬂfaemﬁ ealdmp¥udde Aghitedted by &ki on
(FDA). New dr n nti.nugl.l y. bei ng discovered and

devel oped, §%%R§M%PP§%%@ %ﬁVeHPHQﬁM n%foﬂégnéﬁat t hese new drugs
may al so be |ncorporated into the drug I'igand conpl ex of the current

i nventi on. 1§ﬂﬁﬁ§%ﬁﬁﬁﬁuﬁﬁﬁ%ﬁwﬁﬁﬁiyﬂﬁ@HR?UCR?EEde piimary or secondary

am nes, hydroxyl

The drugs, depicted as “D” herein, can be provided in the current invention as part
of a drug-cleavable substrate conjugate where the drug is linked to a cleavable substrate,
X?, optionally via a self-immolative linker, L. This conjugate can be a prodrug. The
drug typically possesses a desired biological activity and contains a reactive functional
group to link to the cleavable substrate. The desired biological activity includes the

15  diagnosis, cure, mitigation, treatment, or prevention of disease in an animal such as a
human, Preferred reactive functional groups include primary or secondary amines,
hydroxyls, sulfhydryls, carboxyls, aldehydes, and ketones. More preferred reactive
functional groups include hydroxyls, primary or secondary amines, sulthydryls and
carboxylic acid functional groups. Even more preferred reactive functional groups

20  include hydroxyls, primary and secondary amines and carboxylic acid functional groups.
The drug typically has at least one, but may have 2, 3, 4, 5, 6 or more reactive functional

groups.
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sul f hydryl s, carboxyls, al dehydes, and ketones. Mre prefeffed
functional groups include hydroxyls, primary or secondary am nes,

sul f hydryl s and carboxylic acid functional groups. Even nore
preferred functional groups include hydroxyls, primary and secondary
am nes and carboxylic acid functional groups. The drug must have at

| east 20 one, but may have 2, 3, 4, 5, 6 or nore reactive functional
groups. Additionally, a selfimmlative spacer, LI, may be

i ncor porat ed between the reactive functional group of the drug and

t he peptide or ot Bbydihg-tlkerbloubglaeauEidae isaffestive dtrehe viimépuipasep-fbi gand
conjugate is i

correspondi ngﬁgéhﬁﬁiéogrrgsé’&% }gctadclfgls \%lgléﬁ% g %\?’Z&??ﬂ‘%g{r&ngﬁ ee[’f-kf1 %‘%ﬁ?se‘bec ause
of the abili tteabjiRy orEppat the drug &g the éﬁa%qd calbire. Muglah@ﬁ) whege it is@hspor t

the drug to thRicHeehddl ERkianheme il m'a§b@sfe¥39c9([&)'b@hﬂt]@ﬁtecpﬁﬂ%te'c;f
Exenpl ary drugs include proteins, pept i d and nol ecul e drugs

cont ai ni ng® a FRAFCEHSIHEPYBFBALO £ Himor FWR‘Q@@C%"EBM? ﬂ@StlaFegé[ﬁ‘éfe ¥ gpecific
specifically, dragh@@eamkmgﬁlaaerasﬂjﬁgd@s hdvofunRX ae@tiGty ahh@g IR MO BpebinBityirt Or S

such as di hydro educt ase hi bitars 30, synt hase
b bitors,” G AT AP oI Stk e Pladgr et (R s b atbsce s

i nhi bitors, td’kéeramialhy’ deyed in pearbuar e yurndr cdrsugﬁampﬂeheldmieﬂﬂ)ajugzﬂtkgﬁataﬂshe
m t omyci ns, Y Lot oxi ¢ nucl eosi des i,di ne
fanily of dr g%ly Sgleawxgubqts zit%stfoﬁu d O%eﬁ lﬁerbzlyrcl)l)e(ql ol% Senz an ?‘f/hei?hearl] QSaC{CIalEed

i nducer s, landatuglp blsamficﬁaﬂe,f\ethrﬂeﬁumlu Jbesotnzyhes acepresenttin {hp peginiitg nf

i ncl ude cyt oty 6odh Hgﬁcl&f%d:{hts R ARE SfrobE AR ordiad 19%!9&5 ARl o

nmol ecul es, protelns or ypeptid %s wth desired bio i'cal activi ty,
such as a toxXhafumdhe drug may be selected to be activated at a tunor

cell's by conjugat IanHotBé?aﬁblédéméfeﬁ%ﬂ@&ésfah@oohifr gded eﬂélyﬁgslowg%aﬁpem fic
drug-1igand chﬁ% ates have t unor speC| icity arisin

specificity ¢ » 1] GAYRE IS HIREHFH FL8 2BFPofhiRscitly o G| ffnga%mélaﬂﬁbl&gat es
that are I8 ghiiyct 8RleRStnie veths Ul SE fuabesd. mhehulgwch@neﬁ;ugatea t@m@}sm&,
where these enz res in. the proxi.m t unpor

STt it ont - arBATE by BeguRip Fhed P gt B REE e A oG n t he
vicinity of tchaevablmmirsnat{):tajug@tmvfa:gmm@i:edﬂmsmsingrfmmthqalec}ﬂlﬁanon of the
drug-1igand u

pr ot eases | n%tﬂ;m %&ﬁﬂlﬁgﬁ&@%ﬁ?ﬂpﬁ%n%{ﬁ%éra%egﬁé%%qyw tt(lﬁ{hkg' ug I i gand
conpl ex is thegeificlhetipody.e | ess toxic than the corresponding free drug;

addi tionaygy, theo@ﬁcdntagebft:ue &&g meauﬁ@mtﬁeéc exa1|s lhfawh{}% n bONET
overall concentrations to be used rel ative free since the

i ncreased spd®iFhey B copyppndingdise frug rﬁdémﬁtiﬂéhé'?’a bp@rfé‘éh 9fat§f'e°°6nﬂet< Fay
conpl ex to benps &seRler dlerall BenckddiBéns & He%sedléat@ﬁtt&h@ﬁéd’!ﬁug since the
Cyt ot oxi ¢ dru S u he curre |nventign i ncl.ude, for exanple,

efu
duocar nyci ns* heé‘se%@ef’élé’@’ Wl AEFols ﬁ T o Lt T S R

(1, 2,9, 9at et mahyditcocycl opr opa[ c] benz[ e] i ndol - 4- one) - based anal ogues,
MCBI (7- gt hoxy-

In one embodiment, the invention provides a cytotoxic drug-cleavable substrate

compound having a structure according to Formulas 2;

X1 Yy 2

The symbol L' represents a self-immolative spacer where m is an integer of 0, 1,
30 2,3,4,5, 0r6. Preferably, Mis 0, 1, or2,
The symbol X° represents a cleavable substrate, preferably, an enzyme cleavable

substrate.
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201, 2,9, 9a-tetra- hydrocycl opropa[ c] benz[ e] i ndol - 4- one) - based

anal ogues and CCBI (7-

cyano-1, 2,9, 9a-tetra-hydrocycl o- propar cThenzr el -i ndol - 4- one) - based
anal ogues of the duocarnycins and CC- 1065, doxorubicin and
doxor ubi ci n conj ugates such as nor phol i no-doxor ubi ci n and
cyanonor phol i no- doxor ubi ci n, dol astatins such as dol astati n-10,
conbretastatin, calicheam cin, maytansine, maytansi ne anal ogs, DM 1,
25auristatin E, auristatin EB (AEB), auristatin EFP ( AEFP)
nmononet hyl al@RYE6Atin E (MMAE), 5-benzoyl val eric acid-AE ester
(REE), Lubul Vi Ny, 0loaAlARRYB: nGARLI k- ARES jn PAGkLLA¥Slon Gk X!

SN- 38, Topot ecan, rZ0 echi nonycin Icine, vin
vi ndesi ne, estyealinaad sonivgate aferd Sridme ielinked eristidthrough et » popsitsd or

met hopt eri n, cﬁiﬂef;m}@f 91”%21'895- E%‘%?é%ﬁ’a cﬁaxfablé%lﬁéﬂ&t@c'th'e dm@ R p%?erthBUs‘il{e&‘e
cyt osi ne arab|n03| ﬁ | eur osi ne, | eurosSideine

act i nonycih, bd%l%ﬁ*rdif%wmﬁd SNRIRGHIY IR i) gitees inkdorbljeandy C,
mtonycin A TeHEBONYIEHt acdiicahds tmmag@sﬂsyﬁ@mﬁmmn p@drﬁiah%rl ot oxin

and podophyl | ot oxj n rivatives s eto de or eto

phosphat e, = vilfeFiop Pﬂ‘gseaﬁeé&ﬁ amnfai Fésraeh“fl’éf' Prﬁlﬁ o lgng gy it hﬁﬁ@??qeﬁedam d,
N8 -acetyl spetktitedinmteonatgbigd, ok leerai"ding"aerers '&d‘kﬁbrﬁucalaﬁadgﬁgmi‘z& dn@z heke
known drugs n_aor.de e f unct.i o p

f or conj ugat %CIZ{? %n?%(gtzltes%gaxmac eid, ogfb a?HﬁmeOé)atglc P%l m';]cog?]zé cr:nﬂ@eallhg{eg

nodi fi cat Hon Staeskoofial Nationd FaMuladDIO_eﬁrefrsmwthn@ytttbme@ﬁl Frgmplory dosge aien t he
current i nventian, {aelARiad YROAKMUGIDEDR ] it h)BhanoPBO Gl aiRATS

and MCBI - based anal ogues thereof, norphol i 'no-doxor IBi cin
cyanonor phol itkdd-8d%e i Reh Adrgigisasioa (i) 1 ew drogrtsredieing ceantinpplly being

cal i cheam ci nyscomR¥%H @ﬂﬁde@ﬁ@pe%é—ﬁhe @ﬂégénﬁhaetnh(gh [E@Vld%gﬁat hEERw MYAE
Tubulysin A, Disorazol e, | one | one B, Partlcuﬁarly

preferred cyt®p B%HH@%WWH@ ﬂ??rdé‘éﬁelfﬁ"'“‘l ‘W@H‘—E‘Pg eavféntale:‘w% potent 10
duocai nycisn deri VEEﬂeM&Sfu@dﬁdnam'oﬂ{Q%mda-b@mﬂ@bﬁﬂiona@ﬁﬁlﬁlﬁebalﬁ}ﬂmxylb

excepti onal | ote nti.tumr ,antibiotic Live e
ol ot orrBSREM B R oo ket oo Rt g gt gloce
control | ed sdgdrendsepdeireotseacaday kyihat sutfhydofls NLarbBylescicctinaibnal. O g

(1990 ; “Boger Bp* aivot joreFRiSg Bhebarho g Qo MRGH A P oy o)

J. Am Chem s@ovdaryiangnesggiartos9igayid ﬁmstsmgleroues Tt duBrogthgve Alset Chem
Lett. 2. P9 0(19- %%a)y ha@ﬁt@ quy &k mtofé 1&:13@\!6' f&lchbrﬁl g1gllp§ CA@cﬁtlrUngl setlihe

duocarrryu ns, extenS|ve e OI’tS have been devoted to el uci atlngq t he
DNA al kyl at i GAmgiatiwepicg bymay be ineorppusedervizen fiareagie fupeioasl epup gt

origin. dr aR@iht pépibiadrloyhe Pl ERS 2818 R®6itaredf the current

i nvention provid cytot oxi ¢ conmpound having a structure according
to Formula 7° Ft 7’? %{_‘u -ligand conjugate 1s eftective th or the ushal purposes for which the

corresponding drugs are effective, but have superior efficacy because of the ability,

25  inherent for at least some ligands, to transport the drug to the desired cell where it is of
particular benefit,
Exemplary drugs include proteins, peptides, and small molecule drugs containing
a fimctional group for linkage to the ligand. More specifically, these drugs include, for
example, the enzyme inhibitors such as dihydrofolate reductase inhibitors, thymidylate
30  synthase inhibitors, DNA intercalators, DNA cleavers, topoisomerase inhibitors, the
anthracycline family of drugs, the vinca drugs, the mitomycins, the bleomycins, the
cytotoxic nucleosides, the pteridine family of drugs, diynenes, the podophyllotoxins,

differentiation inducers, and taxols.
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20(7) in which ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl substituted or unsubstituted heteroaryl and
substituted or unsubstituted heterocycl oal kyl groups. Exenplary ring
systens include phenyl and pyrrole. The synbols E and G are

i ndependently selected fromH, substituted or 25unsubstituted al kyl,
substituted or unsubstituted heteroal kyl, a heteroatom a single bond
or E and G are optionally joined to forma ring system sel ected from
substituted or wunsubstituted aryl, substituted or unsubstituted

het eroaryl and suBsfentdidregh of the gmsmbistdntiont iecudeeyetogic Yok oakiyin cancer

Th nmbol X re y te ) : \ R23 i

 menber el uay i hdt ool ERREes TG LIS v e Bl e F2° 1 0
substitut ed orcthdnswbsasiatteriedh§dakenpét elected trid aetyted at a tumor cdlhéy sy nbol
R3 represent Scoﬁjuggﬁgpéra t%&l%ﬁ&ﬁﬁ li%£n9mfﬁt§9)um0§$e%iﬁc Mfg%ﬂ@?&?}{u@é‘; avd 1

which Rl1 is H’~ Substituted or unsubstituted a ] or
unsubst i t ut ed“RETEIHEIK YIS AEACR GGy eSthe Hgaph ozpmalces this are drug-

t ri phosphat esjcafitohjaiads @t ar@%ﬂﬂy séidc @) st Bror 6 PRIFo enbbefil NRERRL3,
P(0) (OR12) 2, C(0)CHRL2R13, SRI2 or SiR 12Ri 3R4 The 10synbols R12,
R13, and R14 PHOEBERESHRATgeR apperarmie! thy Haps i sitbdens puemsibertiett ed
al ky Ib , Subst ijctymtoeft 16&1s dNBdeisdglif ﬂhg Qﬁinhﬁbﬁﬁtﬂaﬁlﬁy |Onaﬁ<ﬁ/aﬁtﬁ@'iif thedati@floror
unsubstituted aryl, ere R12 an 3 together with the nitrogen or
carbon at om (B EH RGPS Bt s S FEDE Rl PR St or m
a substi t Ut echumnn sensu b bethan hdanthgetof the dyuglligaldicyinplex i ghastigt enledsackiang

from4 to 6 rs.. i . alni r roat ons.
oneor 1 0mmor TR =B AHAL b GRS bltheRY ofTRBmE) FLPR1CG
within its stfpievenowerall concentraigns tRhe use@Blativeto 8' freq g pinveifle increased

i ndependent | %p&fﬂcﬁf; gvﬁﬂ‘_eﬁfu[t%%lh%hﬂ? %@&Bdﬁ%&ﬂf @‘Q cBhpit R yp ﬁlte'&eh% ﬁlq hﬂ)lc}é yl,

substituted or unsubstituted aryl, substituted or unsubstitute
heteroaryl, $Stibstituted or unsubstituted heterocycloal kyl, hal ogen,
N2, NR 1HR16, NC(0) R15, OC(0) NR15nK16, OC(0)OR15, C(0)R15, SR S,
OR15, CR15=NR%6, and 20 O(CH2) N(CH3)2, where n is an integer froml
to 20, or any“¥@PHEENt pair of R4, R4', R5 and R5', together with
t he carbon at ons Cgotakit dlagd 3efyl iare catdnaiair@don iaclade) for Si@tlple0 form a

substituted of uns %p§%ljldtd'6'8-?&65ci¥|8 Lo 'ééf' efaof. ri‘e&;g{noﬁﬁ‘fb% gyl ring
syst em havi ng FFom 4°to nenber s, R éhand Fride éndent |y
represent H, tguhbgidcyioprepaibenricindslid-angl-wdedaniiygues, SUBH(1-trathed- or
unsubsti 34 ed NS RalikycishRaE ol Hiehd i HO TR biddih&dadbEb: -
cyano-1,2,9,9a-tetra-hydrocyclo-propalc]benz[e]-indol-4-one)-based analogues of the
duocarmycins and CC-1065, doxorubicin and doxorubicin conjugates such as
morpholino-doxombicin and cyanomorpholino-doxorubicin, dolastatins such as
dolastatin-10, combretastatin, calicheamicin, maytansine, maytansine analogs, DM-1,
25  auristatin E, auristatin EB (AEB), auristatin EFP (AEFP), monomethyl auristatin E
(MMAE), 5-benzoylvaleric acid-AE ester (AEVB), tubulysins, disorazole, epothilones ,
Paclitaxel, docetaxel, SN-38, Topotecan, rhizoxin, echinomycin, colchicine, vinblastin,
vindesine, estramustine, cemadotin, eleutherobin, methotrexate, methopterin,
dichloromethotrexate, 5-flnorouracil, 6-mercaptopurine, cytosine arabinoside, melphalan,
30  leurosine, leurosideine, actinomyein, daunorubicin and daunorubicin conjugates,
mitomycin C, mitomyein A, carminomycin, aminopterin, tallysomycin, podophyllotoxin
and podophyllotoxin derivatives such as etoposide or etoposide phosphate, vincristine,

taxol, taxotere retinoic acid, butyric acid, N® -acetyl spermidine, camptothecin, and their
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25 unsubstituted heteroaryl, substituted or unsubstituted

het er ocycl oal kyl and substituted or unsubstituted peptidyl, where R15
and R16 together with the nitrogen atomto which they are attached
are optionally joined to forma substituted or unsubstituted

het erocycl oal kyl ring systemhaving from4 to 6 nmenbers, optionally
containing two or nore heteroatons. One exenplarly structure is
aniline. 30R4, Rt,, Rs, R5,, P.", R 2, R13, R15 and R16 optionally
contain one or nore cleaveable groups within their structure, such as
a cl eavabl e langkges. dPtha keennadyhs nsw bs inpdifial in Bxdertp barie efueeisesd lgtosp

gr oups inclugg Pep, :

ydr agi nes, drsapEEE® Aty SRk P 3R e ARUBOAE L Moy (o
embodi ment s, tkeateast one of R4, R4', R5, R5,, RII, R 2, R13, R15 and

R16 is used to j OPIQfeE&?cnytd&%qtf& uék th kﬂalé%enp{nv&ﬂ&%mu&l %@f)éﬁprly%m cC-
substrate of the present invention, descri b herein, for exarrpl e

to LI, if r e‘é’é?af‘“cb@fflc?a??d apg M§BI- Bfrsewaiogtﬁs gle@?fr pprphqlingHeroribicEhpl ar y
enbodi ment,  afardog@pholRBRoubidn, dB¥éstatin RS, coRbretasthiin, caiﬁﬂe&nc&%@tanaﬁé and

R16 bears a regactive a 0 u n e com ound.
In a further érﬁﬂ”ﬁf?@‘ ]‘g%@‘:gdg%%&rﬂ%e“%ﬂmm %5%15%33016 %T%qo”ﬁff R13,
R15 and R16 apsahimeBpendently selected fromH, substituted allcyl and
substituted hetergal kyl. and have a.re unctiona r at the
free termnus of TR EKGR sr G Siar s el B REtea fldh B Ry
R13, 15 n Hor euvefarnty2if, defRitiva aahdCRAS. Iﬁl“}’PdS@t agomg engatcepltlmdlya:ntﬂDMer

speci es, 10e. r upport,

otc. R B g AR R A AT el BRI 0B R GRLERCTL

Wen R6 is priEseritcioreisentiRicdkeaiepsistedve 6kﬁ?éww%Dk§f§ré$%prre@pw &eng.
R7 is CH2- X1 @fm- @-llzrgg (Mb@nB&Zr 9. 7.GAS Thik. sbSE 1?2 @Qﬂnmﬂhoﬁ et e,

cycl opropane rin represents a such as a
hal ogen, for 4% gﬁiﬂ’l‘ é""'CIlfy %&56}99@ B%Fé“é’ér(ﬁ?’ﬁéfhi"’ﬁngé"’ 0125 %éna(ﬁ@%? are

i Et erpr ;atgsdl mga A BTBIRBRL Mbd) Thekl GRS 20740 (V99Q)) ABwbsdqhient ﬁfthd’h?iu@ﬂ es of
chem cal val en ny leavin u avi ng
groups i ncl udiéscm%‘ﬁ‘)fél}e duﬁc&mﬁc?/?nef‘t@%m‘%/&tﬁ” a{’laﬁ%éeg"é&vgtﬁ‘? ‘(ﬁég‘“ﬂ%‘tﬁ‘ﬁf ni c
esters (e.g. DNaﬂL dikyldtisu kdl@nyily, of geyiheaiyoiny ind,its otmmmah mng;mns al kyl

per chl or at es, | osul fonates
and fluorinated coﬁ%gﬁﬁggg%%%eg%$§£8§§§%Séanﬁgﬁa atesJ %@géﬁiates)
and the |i ke compgund ayinge stuskugaspading effighm297:as IeaV|ng groups are F,
C and Br. The choice of these _and other |eaving groups appropriate
for a particular set of react conditions is within the abilities
of those of skill in the art ¢,R°f or _exanple, March J, ADVANCED
ORGANI C CHEM STRY, 2nd Editiopy 3 / apd Sons, 1992; Sandl er

SR, Karo W ORGANI C FUNCTIFNA ONS, 2nd Edition
Academ ¢ Press, Inc., 1983; and Wi REMDI UM OF 25 ORGANI C
SYNTHETI C METHODS, John Wley and 3ong The curved line
within the six-nmenbered ring i ndi gAt es. t .gEi Ng may have one or
nore degrees of unsaturation, and it nﬁ e laromatic. Thus, ring
structur such as those set forth be|OMl afd rel at®d structures, are

W thin the Scogﬁcholgnggggte%uh?s a( 83mber selected from substituted or unsubstituted aryl

substituted or unsubstituted heteroaryl and substituted or unsubstituted heterocycloalkyl
groups. Exemplary ring systerns include phenyl and pyrrole.
The symbols E and G are independently selected from H, substituted or
25  unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a hetercatom, a single bond

or E and G are optionally joined to form a ring system selected from substituted or
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I n sone enbodi nents, at |east one of R4, RA', R5, and R5' links said
drug to LI, if present, or to F, H J, or X2, and includes R28R15
R27' Rza where v is an integer from1l to 6; and each R27, R27s, R28,
and R28. is independently 5selected fromH, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, and substituted or unsubstituted heterocycloal kyl. In
sonme enbodi nents, R27, R27', R28, and R28. are all H In sone

enbodi ment s, onasibstitand arpl exy@itutéd @mmsbbdtioted heproafybdnd bhbgtituit) or uhhibstitured t
can be used t aryl substituents fromthe drug and thereby
resi st or avohl%ﬁ Oﬁgg%géfatl ng conpounds that are substrates for

mul ti-drug resi st Zncymbol X repredonts @ memberivdetiterterom O.F8'anil A& URESs a noi et y,

X5, that doesmm)fer s%%lst%d ﬁé/rﬁh' Eu%qtﬁﬂgd Arwésﬁmﬁma rypgibgtﬂm%ae or u'n{)\.flbﬂ{hﬁt?‘c?nt

or to F, H J, e nolety, X5, Is prefera avabl e usi ng
an enzyme %nd‘ete’m@(ﬁf eldeaved, provi des the active dr ug. As an exanpl e,

W can have the fohd @Mmsﬁpreu&wnﬁem(w JeRetdBorh (@) s8], d@IREOMBRNG t O
t he remai nder. of the # / 50 I n an exenp Iar enmbodi nent

ring system Arghick Br rﬁJII{’a?“ tipuged gr %‘ﬁ%ﬁ‘i‘]i&ﬁf‘%ﬂ S(HPS‘IHF@L?B%SF‘PSHY”&?S phenyl
ring. Ring sysietmk, moyophapiwssdijhosphaes, Wiphdplhe, s0fforals, acyd i(b)rgt REp

subst!tuents LNitl Ony e 1tzip 2] fala 1 In sone

enbodi nment s, ﬁﬁ%&ghé{@ l\h{) 1%1 @&Eﬁlﬁ tcné)ltﬁ]%‘dn%/vr g&l ]g pﬁ’oxy

noi ety. 201 n sgmbxes R amkt sidegbdehibaspreene, Gﬁbsﬂdted BRAinsubREytedaiil R5'

l'inks said drsH&nI‘u%d IDL ﬁns{lljsnmtcd heteroalkyl and substituted or unsubstituted aryl, where R'

and R together with the nitrogen or carbon atom to which they are attached are

optionally joined to form a substituted or unsubstituted heterocycloalkyl ring system
having from 4 to 6 members, optionally containing two or more heteroatoms. One or

15 more of R'*, R®, or R™ can include a cleaveable group within its structure,

R*, R*, R® and R* are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heterocycloalkyl, halogen, NO., NR15R16,
NC(O)R®, OC(O)NRPR'S, OC(O)ORY, C(O)R", SR”, OR"?, CR"’=NR'S, and

20 O(CH2).N(CHzs)s. where 1 is an integer from 1 to 20, or any adjacent pair of RY R¥, R’
and R, together with the carbon atoms to which they are attached, are joined to form a
substituted or unsubstituted cycloalky! or heterocycloalkyl ring system having from 4 to 6
members. R" and R'® independently represent H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or

25  unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl and substituted or
unsubstituted peptidyl, where R" and R'® together with the nitrogen atom to which they
are attached are optionally joined to form a substituted or unsubstituted heterocycloalkyl
ring system having from 4 to 6 members, optionally containing two or more heteroatoms,
One exemplarly structure is aniline.

30 RY, R*, R’, R, R", R"*, R, R and R'® optionally contain one or more
cleaveable groups within their structure, such as a cleavable linker or cleavable substrate.
Exemplary cleaveable groups include, but are not limited to peptides, amino acids,

hydrazines, disulfides, and cephalosporin derivatives,
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present, or to F, H J, or X2, and 123 is selected from SR', NHRI |
and OR'.is selected from-SQ OH)2, -PO(OH) 2, -AA"
-Si(Ai3)2C(C113)3, -C(0)OPhNH(AA)mM 0 sss\N \NS03 A\ NS03
"SS5NKS03 5 ot her sugar or conbination of sugars, ANN and
pharmaceutically acceptable salts thereof, where n is any integer in
the range of 1 to

In some embodiments, at least one of R*, R¥, R®, R, R“, R'z, R R and R'%is
used to join the drug to a linker or enzyme cleavable substrate of the present invention, as
described herein, for example to L , if presentortoF, H, ], or X3,

Tn a still further exemplary embodiment, at least one of R*, R¥”, R, R, R!, R,

5 RY R" and R'® bears a reactive group appropriate for conjugating the compound. Ina
further exemplary embodiment, RYLRY, R, R, R'", R R”, R and R'® are
independently selected from H, substituted alkyl and substituted hetercalkyl and have a
reactive functional group at the free terminus of the alkyl or heteroalkyl moiety. One or
more of R4, RY, RS, Rs’, R“, Ru, R" R" and R'® may be conjugated to another species,

10 e.g, targeting agent, detectable label, solid support, ete.

Rlisa single bond which is either present or absent. When Ris present, RS and
R’ are joined to form a cyclopropyl ring. R” is CHa-X' or ~-CHa-. When R is -CHa- it is
a component of the cyclopropane ring. The symbol X' represents a leaving group such as
a halogen, for example Cl, Br or F. The combinations of R® and R” are interpreted in a

15 manner that does not violate the principles of chemical valence,

X! may be any leaving group. Useful leaving groups include, but are not limited
to, halogens, azides, sulfonic esters (e.g., alkylsulfonyl, arylsulfonyl), oxonium ions, alkyl
perchlorates, ammonioalkanesulfonate esters, alkylfluorosulfonates and fluorinated
compounds {e.g., trifiates, nonaflates, tresylates) and the like. Particular halogens useful

20 asleaving groups are F, Cl and Br. The choice of these and other leaving groups
appropriate for a particular set of reaction conditions is within the abilities of those of
skill in the art (see, for example, March J, ADVANCED ORGANIC CHEMISTRY, 2nd Edition,
John Wiley and Sons, 1992; Sandler SR, Karo W, ORGANIC FUNCTIONAL GROUP
PREPARATIONS, 2nd Edition, Academic Press, Inc., 1983; and Wade LG, COMPENDIUM OF

25 ORGANIC SYNTHETIC METHODS, John Wiley and Sons, 1980).

The curved line within the six-membered ring indicates that the ring may have one
or more degrees of unsaturation, and it may be aromatic. Thus, ring structures such as

those set forth below, and related structures, are within the scope of Formula (8):

= ¥
HO™ Y / O
and
“{ ’i
~ o~ (8).
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510, mis any integer in the range of 1 to 4, pis any integer in the
range of 1 to 6, and AAis any natural or non-natural am no acid. In
sonme enbodi nents, AA,, or AA", is selected fromthe sane am no acid
sequences descri bed above for the peptide linkers (F) and optionally
is the sane as the am no acid sequence used in the |inker portion of

R4, RA'", R5, or R5'. In at |east sone enbodinents, R3 is cleavable in
vivo to provide an active drug 10conpound. In at |east sone
enbodi ments, R3 increases in vivo solublility of the conmpound. In

sone enbodi nent s, Intshee pabeinohtsde tre aseof &, R*h&°,aodR B lihksatid dng of L't ihe
active drug i esm PJIQ?PJ o sgpdsbmeé ally faster than the rate of

cl eavage of provi de e active drug. This may be particularly
useful where the tOXI city of the actiawe s ugri®s substantially higher
than that of the prodrug form | t her enbofl nments, the rate of
15cl eavage of R3 to provide th cti s faster than the rate
of decrease of concentration t drugs’i n the bl ood. In
anot her exenpl ary enbodi nent, the invent? i des a conpound

havi ng a structure according to FormuRE”9: Rzg (9). Inthis

enbodi nent, t [ f it B £ . R, RS,
R6, R7 and Ol SRS R “‘E GanGHERRY RS bR Rhpertiicny 7. as
wel | as pref eflesiesdsont HsrWb‘ﬂ?ﬂtqd@m"éldb‘i@méeﬂi()’iewbgftuteﬁheuwbﬁﬁwtedz is a
nember i ndep %Qﬁ)@lﬁ(l{l}'quﬁﬁinﬁ&%cﬁ meuﬁﬁgmteq ’ary§ q@ﬂ@@tu!&&ﬁun%&lﬂ@te@%&@&k ryl, Rad

represents a nenber selected fromH, substituted or unsubsfit t ed

al kyl , subst |Sﬁhﬂle&d@fﬂrﬁ%%@@hﬁtt%?%ioﬂletlehdamkwbodmfsé%yﬁ EECham 23 i s

' ndependent I RS elean e dn ao]ﬂ&%mﬁydi‘fﬁ&kb Ris aﬁ Qﬁ’d’g@ﬁ&ﬁ{ Siot (peteRstyl HUtred uar
unsubstituted | ower aIk i )ﬁ( t%fﬁ CC% R8 Is a nenmber

sel ected fror?la'yﬂ?d?'fqtf’ﬂet ‘6eé‘| gRost Esl,l’tfig‘tq1 %ﬁldme@yw‘ﬂﬁﬁﬁgﬁf§

NRONHRI 5 Hnd gﬁR@ath&amdnthhaaﬁesubnﬂep&mdﬁnibch'yg sadtect.ed fr om H,
substituted or 10unsub tltute nal stituted or sub ut ed
het eroal kyl . R2 |isJ Pf’er%b I“°i<“\é"a*m°1%‘ subté%“j TRl ?e 3?:‘39‘?

is general |y thrdsige L& pt!fhatt, W\,tvelh HRR of ¥°. Shb stoietyu K db m¢f¢aymy clpavalils

using an enzyme and, when cleaved, provides the active drug. As an example, R'! can

have the following structure (with the right side coupling to the remainder of the drug):
O

In an exemplary embodiment, ring system A of formula 7 is a substituted or

15

unsubstituted phenyl ring. Ring system A may be substituted with one or more aryl group
substituents as set forth in the definitions section herein. Tn some embodiments, the
phenyl ring is substituted with a CN or methoxy moiety.,

20 In some embodiments, at least one of R*, R**, R?, and R* links said drug to L‘, if
present,orto F, H, I, or X2, and R? is selected from SR!!, NHR!! and OR". R''is
selected from -SO(OH),, -PO(OH)s, -AA,, -Si(CH3)2C(CH3)s, -C(O)OPhNH(AA)m,
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ot her than a peifluoroal kyl. e.g., CF3. In one enbodinent, R2 is a
substituted al kyl wherein the substitution is not a halogen. In

anot her enbodi nent, R2 is an unsubstituted al kyl. 15In sone

enbodi nents Rl is an ester noiety, such as COCH3. In sone

enbodi nrents, R2 is a |lower alkyl group, which may be substituted or
unsubstituted. A presently preferred | ower alkyl group is CH3. In
sone preferred enbodinents, Rl is CO2CH3 and R2 is CHS. In
sone enbodi nents, R4, R4'. R5, and R5' are nenbers independently

sel ected 20 fro@H hal ogen, NH , Owe, 0(CH2)2N(R29)2 and NO2. Each
R29 is independgntly H or |ower alkyl (e.g., methyl). In sone
enbodi nents, t dryg 1S\ sel ected such that the leaving group X1 is a
menber sel ect frgm t he ﬂ up~cotisisidng of hal ogen, al kyl sul fonyl,
aryl sul fonyl, and i de. /I'n some enbo nts, X1is F, d, or Br

251 n some enbodi nen is O or NH In sone enmbodinents, X is O.

In yet another exenplary enbodi nent, the invention provides conpounds
having a structtte according to Formula 10 or 11: H3C H3C CO2CH3
CO2CH3 5Anot ler preferred structure of the duocai mycin anal og of
Formula 7 is a rugture ig/»@%;:yLQgtring system A is an
unsubstituted~or sybstituged p | ™Mar, The preferred substituents
on the drug nol ecule desgribed hereinabo%e for the structure of
Forrmul a 7 when the\gkﬂngysten1A is a pyrrole are also preferred
substituents mhep the ring systemA is an unsubstituted or
substituted phefyl ring.

-0, OH

OH

— Por any

other sugar or combination of sugars,
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10For exanple, in a preferred enbodi nent, the drug (D) conprises a
structure (12): R2 R5(12) In this structure, R3, R6, le, X are
as descri bed above for Formula 7. Furthernore, Z is a nmenber selected
fromO, S and NI 223, wherein 12.23 is a nmenber selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het eroaLkyl, and acyl; 15le is H, substituted or unsubstituted ['ower
al kyl, C(0)R8, or CO2R8, wherein R8 is a nenber selected from NRORI
and OR9, in which RO and RI are nenbers independently selected from
H, substituted or unsubstitted al kyl and suli3tituted or

unsubsti tuted heteroal kyl ; i substituted or unsubstituted

| ower al kyl, or . @ gcted from
NR9121 and CR9, - = i hdepenygant | y

sel ected fromg
or unsubstituted Qe bstituted or
unsubstituted | qwer alkyl or unsubstitghed heteroalkyl or cyano or

al koxy; and R2 H, or substituted or}unsubstituted | ower al kyl or
unsubstituted 5 eteroalkyl RH, " N 12, At |east one
of R4, RR13, R R 16\ ! i nks/The Nto L1, if present, or to F,
H J, or X2. Nﬁmothem Lodi he drug (D) conpises a
structure (13) where R4 gnd RA been joined to froma

het er ocycl oal kyl : %L——Jﬂ ;

O

and phammaceutically acceptable salts thereof, where n is any integer in the range of 1 to
5 10, mis any integer in the range of 1 to 4, p is any integer in the range of 1 to 6, and AA
i8¢ any natural or non-natural amino acid. In some embodiments, AA, or AA, is selected
from the same amino acid sequences described above for the peptide linkers (F) and
optionally is the same as the amino acid sequence used in the linker portion of R*, R¥, R?,
or R*, Tn at least some embodiments, R® is cleavable in vive to provide an active drmg
10 compound. In at least some embodiments, R? increases in vivo solublility of the
compound. In some embaodiments, the rate of decrease of the concentration of the active
drug in the blood is substantially faster than the rate of cleavage of R” to provide the
active drug. This may be particularly useful where the toxicity of the active drug is
substantially higher than that of the prodrug form. In other embodiments, the rate of
15 cleavage of R® to provide the active dmg is faster than the rate of decrease of
concentration of the active drug in the blood.
In another exemplary embodiment, the invention provides a compound having a

structure according to Formula 9:
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10(13) In this structure, R3, R5, R5', R6, R7, X are as descri bed
above for Fornmula 7. Furthernmore, Z is a nenber selected fromO, S
and NR23, wherein R1'3 is a nmenber selected fromH, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl, and
acyl; 15R32 is selected fromH, substituted or unsubstituted al kyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heterocycl oal kyl, hal ogen,
NO2, NR15R16, NC(0)R15, OC(0)NR16R16, OC(0)OR15, C(0)R16, SR15, ORLS5,
CR15=NR16, and O(CH2)" N(CF13) 2, Rz\/\,here nis an integer froml to 20.
R15 and R16 independently repre§ent,RH substituted or unsubstituted

al kyl', substituted 20or unsubgf ed heteroal kyl, substituted or
unsubstl tuted aryl, substi tute @fisubstituted heteroaryl,
substituted or unsubstituted h Bal | cyl and substituted or
unsubstituted peptidyl, wheg nd \R16 together with the nitrogen
atomto which they are attached j @ened to forma
substituted or unsubstituted heterocycl g8 fng system having from
4 to 6 menbers, optionally containipgTWo
25o0ptionally contains one or nore cfeaved RIS within i ts
structure, such as a cleavable |linker or cleavable sub@jrate

Exenpl ary cl eaveabl e groups include, but are not limt

pepti des, aniln@issoibddmertiyty idaitifiessf tdisshslithente’, RaRY, ReRhat o rod Xrre
derivatives. s%l%aﬁ{?a‘ﬁ? sde@&%e@ﬁlo%}%ﬂg7sa§%ﬁﬁ pFP&BI: esdt%fs Tgcgg hefe' n

for R4, R4 5, and R16 1s also applicable to
| east one of e@ﬂdlwtb @PWHFQPQZ lﬁmmbﬂllgdepﬂﬂ@lﬂ)’é?lecﬂﬂmmQ}I@@n# NB"dr ug

to Li, if $pr@eegmbol l@qﬂlépﬁsé: ts alﬂlemi}ex qgl'écteﬁzfmnl A, @eqlhﬁéﬂ%; u1§9|5§ﬁtuted alkyl
enbodlrrents R 32 links the drug or to J, or

X2. One pref SFPSHYTE AERIEHE ’Eﬁ‘e‘?ﬁlm‘iyé &%%b&ﬁ i l'ﬁspemienﬂ%sehcted
substituted Ohe syt kfresemeH] smwmutﬁloky.lsubs@(u&)i RS\{GI Akyl GOCRIRE wher ei n
Rs is

CO-R® R?® is a member selected from substituted alkyl, unsubstituted alkyl, NRR!®,
NR°NHR'® and OR®. R? and R'° are independently selected from H, substituted or

10 unsubstituted alkyl and substituted or unsubstituted heteroalkyl. R* is H, or substituted or
unsubstituted lower alkyl. Ttis generally preferred that when R* is substituted alkyl, it is
other than a perfluoroalkyl, e.g., CF;. In one embodiment, R” is a substituted atkyl
wherein the substitution is not a halogen. In another embodiment, R is an unsubstituted
alkyl.

15 In some embodiments R! is an ester moiety, such as CO>CH;. In some
embodiments, R? is a lower alkyl group, which may be substituted or unsubstituted, A
presently preferred lower alkyl group is CHs, In some preferred embodiments, R' is
CO;CHs and R? is CHs.

In some embodiments, R*, R*, R®, and R* are members independently selected

20  from H, halogen, NH,, OMe, O(CHg)gN(R29)3 and NO», Each R® is independently H or
lower alky! (e.g., methyl).

In some embodiments, the drug is selected such that the leaving group X' is a
member selected from the group consisting of halogen, alkylsulfonyl, arylsulfonyl, and
azide. In some embodiments, X' is F, Cl, or Br.

25 In some embodiments, Z is O or NH, In some embodiments, X is O.
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10 a nmenber selected from NRORL and OR9, in which RO and Rl are
menbers i ndependently selected fromH, substituted or unsubstituted
al kyl and substituted or u nsubstituted heteroal ky 1 ; 12'. is H,
substituted or unsubstituted |lower alkyl, or C(0)128, wherein Rs is a
nmenber selected from NRORL and OR9, in which R9 and Rl are nenbers

i ndependently 15sel ected fromH, substituted or unsubstituted al kyl
and substituted or unsubstituted heteroal kyl; R2 is H or
substituted or unsubstituted | ower alkyl or unsubstituted heteroal kyl
or cyano or al Kox yeaundthE: exethSarklembydirhdih) Slelitvehtd p@fidedtsHipsinidd hiiving

| oner al kyl or_ u s_ubsti,dt ute helt? 0.81|1l<y|- A further enbodi nent has
the formla: & JHIURACOE eEomta 1 62 structure, A R6, R7, X, R4,
R4., R5, and RS' 8% asg.described above for Fongula 7. Furthernmore, Z
is a nmenber selecte oM®, S and NR23, where 1223°¢8"a 5member

sel ected fromH, ituted or unsubstitutedmf kyl, substituted or

unsubstitut ed heter/Falkyldhd acyl; R 33 is selet g fromH,
substituted orgu syftited alkyl, substituty R
N R and N R
/
X Z RS X z =5l
R® R5
(10) (11)
5 Another preferred structure of the duocarmycin analog of Formula 7 is a structure

in which the ring system A is an unsubstituted or substituted phenyl ring. The preferred
substituents on the drug molecule described hereinabove for the structure of Formula 7
when the ring system A is a pyrrole are also preferred substituents when the ring system
A 1s an unsubstituted or substituted phenyl ring,

10 For example, in a preferred embodiment, the drug (D) comprises a structure (12}:

R® (12)
In this structure, R, RG, R’, X are as described above for Formula 7. Furthermore,
Z is a member selected from O, S and NR*, wherein R* is a member selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, and acyl;

15 R' is H, substituted or unsubstitated lower alkyl, C(O)R®, or CO:R®, wherein R® is
a member selected from NR’R'® and OR?, in which R’ and R' are members
independently selected from H, substituted or unsubstituted alkyl and substituted or
unsubstituted heteroatkyl;

R is H, substituted or unsubstituted lower alkyl, or C(O)Rs, wherein R® is a

20  member selected from NR°R'® and OR®, in which R® and R’ are members independently
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unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocycl oal kyl, hal ogen, NO2, NR15R16,
NC(0) R15, OC(0) NR15R16, OC(0)OR15, 10 C(0)R15, SRI5, OR15, CRI5=NRI6,
and O(CH2)"N(CH3)2, where n is an integer from1l to 20. 1215 and
12.16 i ndependently represent H, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocycl oal kyl and substituted or
unsubst i t ut ecelpapt fray H, subdtiere oRlGutanwteRhBytaodbltautedvrtuhsubiientadli t r ogen
atomto which. they. @re attached 15 are optionally joined to foima
substituted or unsubstituted heterocycloal kyl ring system having from
4 to 6 nmenbers, 0BT &ned shstimied taimpbygrutediy wor alkyh prambrbstévterbhetmel kyll @55
links the dr i p F : :
Preferably AL{:9 ?Jsoggl%ﬂt()osxtyi {HS'ER e?g{waﬁgﬁtﬁ%ﬁwﬁ]%ugkdtm%%delg‘?ﬁréﬁg ! S ﬁ%sg%ﬁtlfultﬁded
or unsubsty t Je€®sylrrol e. NMoreover, any sel ection of substituents
described herein ApkasRhleloSRBRSORTRD| R'ERH, R*20F 6r R'2Biks tHeldfaNDE , if

X4 represents a Ii(lgand sel egted fromthe group consisting of

protect ed red&EFVE AUnE {-6h&1° groups, unprotected reactive functional
groups, det ect abl gndtiabh ehbodingmdoftiardget (DN nbieg aRinsrurd 1 8f vaifefea! ahd BANdS
are targeti ng a %Qt‘sfneast%%%maafb %;%tciclf’%ﬁl(i £s and fragnents thereof. In
sone enbodi meAts, tRE group A Can BeYdescri bed as a menber sel ect ed
from R29, COOR29, C(0)NR29 d C(0) NNR29 wherein R29 is a nenber

sel ected from substituted ﬁubsti tuted al kyl, substituted or
unsubstituted heteroal kyl 3 u\ bst igfut ed or unsubstituted
heteroaryl. In yet anot Iger ry enbodi_ ment, R29 is a nenber 5

selected fromH OCH NIﬁ\IHZ; @

*Nvnt kK whene R3, represents
substituted or unsubstituted al '

t er i edVWth a reactive

X z s

10 R® (13)

In this structure, R?, R’ R, R6, R’, X are as described above for Formula 7.
Furthermore, Z is a member selected from Q, S and NRZB, wherein R is a member
selected from H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, and acyl;

15 R* is selected from H, substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, substituted or unsubstituted hetercaryl, substituted or unsubstituted
heterocycloalkyl, halogen, NO,, NRPR'S, NC(O)R", OC(O)NRR', OC(O)OR ">,
C(O)RES, SR', OR®, CR"=NR*®, and O(CH2)aN(CHs)s, where n is an integer from 1 to
20. RY and R'® independently represent H, substituted or unsubstituted alkyl, substituted

20 or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted heterocycloalkyl and substituted or unsubstituted
peptidyl, where R" and R'® together with the nitrogen atom to which they are attached
are optionally joined to form a substituted or unsubstituted heterocycloalkyl ring system
having from 4 to 6 members, optionally containing two or more heteroatoms. R*

25  optionally contains one or more cleaveable groups within its structure, such as a cleavable

linker or cleavable substrate. Exemplary cleaveable groups include, but are not limited
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functional group, substituted or unsubstituted heteroaryl termn nated
with a functional 10group. The above structures act as reactive
protective groups that can be reacted with, for exanple, a side chain
of an amno acid of a targeting agent, such as an antibody, to
thereby link the targeting agent to the |linker-drug noiety. Targeting
Agents 15The linker arms and cytotoxins of the invention can be
linked to targeting agents that selectively deliver a payload to a
cell, organ or region of the body. Exenplary targeting agents such as
ant i bodi es ( go.geptidetarmigp naids, bydrmainesz dichifdes ahdirepim)gspdringlariadgvesor
receptors, | . ihe Like @B

recogni zed |2&%h£§r?®ﬁgﬁgggkgﬁﬁge %Hﬁﬁgﬁgg?&ﬁ?ﬁﬁtgklgﬁkl#@pgact|C|ng
the present iinsisanpplisable @Rier targeting agents 20 include a class of

conpounds t hat doAn@gtqtér@%mﬂﬁs’S@'ew RO ﬁm}@wmﬁm@qmg]&b@nﬁmtl fs
i ncl ude macr onol ecul es _such pol y(et hyl ene gl ycol ) ysacpharlde

pol yam no “aciPgserkrgtotin gl - Pk% l\)\,l‘ﬁl?,“ﬁt saeICRAdERa s f H‘ﬁ‘ééhetdélgtt%% if

cyt ot oxi n. TQ@gaﬁqi&upn@jonn1ecular mass affects the

phar r nacoki neti cs_of t F% _0Xxin %@R run1ha|f-I|fe In an
exenpl ary enbodlngﬁﬂﬂe ?V8ﬁhﬁf ges™a cytotoxin, |inker or
25cyt ot oxi n- | i nker conjugate W thRa targeting agent that is a

bi onol ecul e, e.g, an anti b&e r¢ceptor, peptide, lectin, saccharide,
nucl eic acid or a conbination Bi ool ecul es useful in
practicing the present inye an be derived fromany source. The
bi onol ecul es can be i sol at'ed fural sources or can be produced

by synthetic nethods. Proteins Agt ur al proteins or nutated
proteins. Mitations can 30Rrbe Tcal nutagenesis,
site-directed nutagenesis or otMher i_hdugig*nut ati ons known
to those of skill in the art. practicing the

instant invention include, for exanpre;
and receptors. Antibodies can be el her B0 Fonak> or nonocl onal , but
nost preferably are nonocl onal. Peptides and lnucl ei ¢ acids can be
isolated fromnatural sources or can be wholly or partlally synt hetic
in origin. 5In a RrieHewbsittavbodibrinted lavrealkar GOIR ney CyRhwhersin®Ais
ant i body, ;gor fa%{&HbB%QMctécf f?&ﬁ‘ﬁﬁik‘“&ﬁﬁagzg'lﬁwﬁﬁﬂ RELAG! dgngtfrﬁgnb%ﬂ its

specificity for an antigen expressed on a target or at a target
site, of intérerepdengy fhlegied fram |Pbﬁl3P9t€5FteCi @rrmﬁubgwé@ci Alkykangrsubstityted or

di sease- specifdupsiidd aRpapave been identified and antibodies to
those antigens have been used or proposed for use in the tr@atnent of

such tunors or othels Fofeiuerkor vy S“&I’ﬁdl Ipvdinkgl AP R whergiiofn's 2

member selected from NRR'® and OR®, in which R® and R'° are members independently

antigens, antibodies

15 selected from H, substituted or unsubstituted alkyl and substituted or unsubstituted
heteroalkyl;
R* is H, or substituted or unsubstituted lower alkyl or unsubstituted heteroalkyl or
cyano or alkoxy; and R” is H, or substituted or unsubstituted Jower alkyl or unsubstituted

heteroalkyl,
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10 in the art can be used in the conjugates of the invention, in
particular for the treatnment of the disease with which the target
antigen is associated. Non-limting exanples of target antigens (and
their associ ated di seases) to which an anti body-1i nker-drug conjugate
of the invention can be targeted include: Her2 (breast cancer), CD20
(l'ynphomas), EGFR (solid tunors), CD22 (|ynphomas, including

non- Hodgki n' s | ynphoma), CD52 (chronic 15 | ynphocytic | eukem a), CD33
(acut e nyel ogenous | eukem a), CD4 (| ynphomas, autoi nmune di seases,

i ncl udi ng r heunat @ifdrtter ¢rbrodimesthas GEBOm(lh:y mphomas, i ncl udi ng

non- Hodgki n" s | ynphoma), Muicl 8 (nel anone integrins (solid tunors),
PSMA (prostate cancer, benign prostatl per pl asia), CEA (col orecta
cancer), CD1 1 a (psor|a5|s) i CD23 (asthma), CDACL
(1 mune t hronobcyt openi c ur & R20 Iynphonas) and
BLys (‘autoi nmune diseaseg ig . (upus erytmenatosus)

I n those enbodineg%erh ein [s[a W iety is a pro&gln or
anti body, the proteinica tethered to a Syrface 3

assenbl ed nonol ayer @SAN@ conmponent or connedted/ hro Spacer arm
by any reactive peptide residue available o es\sur {2 ol he
protein. In preferred enbodi ments, the reackive grgdps afe amines or
carboxylates. 25 In particularly preferred enbodi ments,z% he reactive
groups are the c-am ne groups_ of . éyslng resi dues. Furthermore, these
mol ecul es can be Hd¥srEEErcoftR: Rhe&: BuRf dt edR’ t2Hes dempitef gbwe 6 SAM by
non-speci fic Hoﬂﬁiﬂi ACtur@&mokeEZ §. a,mm&rﬂeﬁ&écpﬁdn@(),s PRNRS 0@t RERYa

Recogni tion ch ar ant bodi es ¢ se 0 recognize
anal yt es ‘Se%F V\‘T%?r?lg SUBROYS é§“suPﬁJ‘E"I‘e a{l}ylaa% tedts"é(‘:‘esﬁlgﬁ’“l s or
smal | nDIecuUesmsmmhmﬂacﬂrugs 30 her bi ci des, pest|C|des |ndustrial
chem cal s and agept:s t]
specific nnleculeg gfeeme m&ﬂgmpﬁgﬁe(ﬁumﬁmfbp ﬁﬁq wgﬂ%¥ fie’ art See,
Uni t ed St at esmnfdstiwiedsarNosubBikuledidy ig6hstiiued heterotrgl, febsigutat or ahsubstited

Sept ember 15,,,,1992; 11140%%&2@?( SUEEE0 R BkER CbeloRn August
2, 1994; No. 5/6 @%C"a%ég f Aii e o8 o8 per 11
1997; andlMNo.C(8)R575RGOR ,u%l’sué\li’\t@ldl%ws)nl‘é(t?ﬂb% “@ﬁrewweﬁermnl@g%
Met hods for apt aéfahmlﬁm& eh&@luyeﬁ ,regnﬁmrqms@&da{ﬁq@kt&&e@aﬁm kihed See,
Del amarche et at Lati 44 1946 (1996). Targeting agents can

r
be attached t°6mtSH‘émiufeﬁ Refprgal B‘fl SPPFé“”i‘%?éH’tSF‘?ﬁHmB? arawlbéwpfl Yypguibstiguted
reactive gr otperom@r, siextitigd Qunﬁfbﬁlﬁ&t&ﬂ&teﬁc&?ﬂ&&yﬁiﬂﬁaﬂi@@tﬁteﬁ Brpkigkitaed

fasiae o a gopcrnEreak ol Heed iR Bt i B 8 e el bR

chai n. Nud eiac cptomdBy pawd doat 4 mbigdkdicdn nuighitugd haaotsickakgrioy pysem a

base (e.g. 0 30

sugar mor et y%%ﬁﬂﬁ%f%nkg;o%%%;s ngﬁhug‘éﬁul &%}&JM 18%53%%8%% Q}i{g aci d
chai ns can behefdmetth b ifpeaseniat ioAe . hor ¥ne or 10 more sites to allow
for the attachmenp.@fngpp fsq%shakee ofﬁ@ﬁkw@d gxreg,u Bﬁsugaﬁﬂeémns%amm
See, Chrisey a at Nucl élc Acids Res. 9 (19 VWhen
t he peptide d’ﬁ’“‘ﬂ%M‘é?%’cfaﬁyéd?%m&"ﬁ‘SH'PSI“SPe’éﬁ" deﬁ%ubf:ﬂi Imqﬂyfosk}nﬂwé%ﬂaﬂwable

nol ecul e,20a eR®L i ve group or masked reactive group can be

i ncorporated during the process of the synthesis. Many derivatized
nononers appropriate for reactive group incorporation in 15 both
pepti des and LIGAN®Sc aci ds are know to those of skill in the art.

See, for exanple, JHE PEPT YSILS, SYNTHESIS,. Bl OLOGY,. Vol . 2:
“Speci al Mt hods FrieBERTT BLEE) HABLrE ™R g e BT AR e, 3.
Eds., Ac ademfmcmlsgouPN@mplvv@ctkd 148 80N nctivbah grousedetectable fnbete nsd angeting
comer ci ly avAl : o [ can
t hen be 3%nas%%§ ?%%%%aﬁgg&?ﬁgﬁgéﬁ% §$2&£haumTMH% gﬁﬁggﬁ?ﬂﬁg%gﬁes
avai l able for 20 reaction with a conmponent of a conpound of the
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For exanpl e, the hydroxyl group of the sugar residue can be converted
to a mercapto or am no group using techniques well known in the art.
Aptanen (or nucleic acid antibody) are single- or double-stranded DNA
or 30 single-stranded RNA nol ecul es that bind specific nol ecul ar
targets. Cenerally, aptanmers function by inhibiting the actions of
the nol ecular target, e.g., proteins, by binding to the pool of the
target circulating in the blood. Aptaners possess chem cal
functionality and thus, can coval ently bond to cytotoxins, as

descri bed herein. Insome embqﬂlmﬁmcsu@hgiauwdcen Yadepaibyd ofa mrrgibercseleeied froar gets
are capable of» feem-ﬂg:(@;wgc&\e@@mm@%hé&&ﬁ” d fnRRPGlakd poig i LR
aptaners, incl udi ng smal |l nol ecu drugs, netabolites, cofactors,

t oxi ns, sacch#pstifedpssubsimisg élkyln&}llé*l“@tﬁﬁtdl &y éﬂ%h%}é’@dd'f:f@g%lkyl and substituted

gl ycopr ot ei NSor ufiBsttiAR HeieloSiyl. 38 RE aileY exeRBlaFRkBE M Ima:, B8sdGlembld |
conprise a protein. or tide, 1ncluding serum 5proteins, kinins,

ei cosanoi d, €&frd i H, 6 s NpNEsul es, and the Iike. Exarrpl es of

apt aners |ncI ude G lead's antl hronb |nh| bitor GS 52_3 and its
derivatives (GIeadS ster Calif. “‘Se al so, Macaya

etal. Proc. Nail. Acad NG0: 3yab- 9 (1‘993) a8t al . Nature
(Landon) 355:564-566 (1@92 andiyang e Bi oche 32 1899- 904
(1993). 10Aptanmers specific for a gi ven b| om)l ecul e can be identified
usi ng techni ques known in the art. See, Tool e etal. (1992) PCT

Publ i cati on No. V%@QRTM%@MSEUBMM@&BE‘HI@JS&H(e&.Qﬁﬁl)telﬂﬁl_te&)b&bﬂl izﬁvadtlivé)n
No. WO 91/19 bl.i cat|

3:.
0% 05085 and R P gPoh L A R AR R R e 1y
t hese techhi quaey. Tpiboal skryctirevot asecatthe poonptesxalps bt caf bd hetedwuliteciol ar

target with 19 A QQQQmamgfsy{rﬁn%a%f'a g&a&e%@ is%a%as o} Aibody, ¢

apt amer - nol ecul ar ‘target conplex is sepa om t he uncoyr’rpl exed

ol i gonucl eot |tm@yiiﬂh@€§’fiﬁea%e¢tsothfebi&\?fefilwmﬁfmm t he separated conpl ex
and anplified. This cycle is repeated to identify those aptaner
sequences with the highest affinity for the nol ecular target. For

di seases t hatlargeing Azents, y t he j nappropri ate expression of genes,

specific &0 pr evemeumam @fmsraaaiamtb;aﬁk DhetidventRy laagﬁfesm@ta t@imgéﬂ@hga&nef
represents an rin pr.o articul ar
gene product ° eﬁ%"éy% Be?%(gﬂzoapg gdﬁ)@fw‘sﬁﬁl’f’nﬁﬁ‘ hd’ay %W Yzat i on

of a single-gi gamgl egintd @@ yrndb@iids (e, cbimerit, hmndaﬁmey Elmﬂ:ﬂuﬁﬂh)l, Tkeands for
conpl enent ar Xec%@gr?rlecﬁﬁf E&%@‘lmkihc% a%glg)"é%pcﬁd t;hQ lﬂge a?e Ie r?ﬁ?\ﬁ?d 11'; th% a& ?{rﬂlu ghce

within the tran 'S essent r ocessi ng, or
to a sequencelsﬁcixllt‘mhwtﬂlh@afg’emepimms@b@lebeﬁmsenpw :ﬁihegmrseang @ernetl c

control ig ofif&ekeh&" ?&%pk%d@&a?d&%&ﬁ&% sﬁémfﬁ%o'le%ﬁ‘;%eéo%ﬂh&f thdi?

Addi ti onal efflcacy IS 1 Y conj ugati on e nuc elc
acid of an alHdafiFemele SUCBG-“CIP? ﬁ@hﬁlﬁégbc%} pelyracchiriisarlyaning esids on.

Anti sense conpPwuede, ®hieh El:ld%c@écﬁlaﬁﬁésﬂﬁa tklaFioged Thoaddidagh aR@edisald e or
prevent the production of the nRNA responsi ble for generating a

particul ar piagﬁf-cés' the p ,&H‘HC%ké"ﬁ:gg ot the cytotoxin, e.g., serum haif-life’

In an exemplary embodiment, the invention provides a cytotoxin, linker or
25  cytotoxin-linker conjugate with a targeting agent that is a biomolecule, e.g, an antibody,
receptor, peptide, lectin, saccharide, nucleic acid or a combination thereof.
Biomolecules useful in practicing the present invention can be derived from any
source. The biomolecules can be isolated from natural sources or can be produced by
synthetic methods. Proteins can be natural proteins or mutated proteins. Mutations can
30  be effected by chemical mutagenesis, site-directed mutagenesis or other means of

inducing mutations known to those of skill in the art. Proteins useful in practicing the
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30 conpounds include anti sense RNA or DNA, single or double stranded,
ol i gonucl eoti des, or their anal ogs, which can hybridize specifically
to individual nRNA species and prevent transcription and/ or RNA
processi ng of the nRNA species and/or translation of the encoded

pol ypeptide and thereby effect a reduction in the anount of the
respective encoded pol ypeptide. Ching et aL Proc. Natl. Acad. Sri.
U S. A 86:10006-10010(1989); Broder etal. Ann. hit Med. 113:604-618
(1990); Loreau etal. FEBS Letters 274:53-56 (1990); Hol cenberg et al.
W91/ 11535; W@t 29866 intiB@] foDekAbBle, MBOA, 1B Ggkhs, aiBo@dy 223 B8£ptorAND

91/ 06629, and, i ity
and Ssel ect | vi oAl Rl eByhhl HihdufLbRS RLAT, uf FRH

del i veri ng t Mispagsenndinycleigesdssan kjedipteidromhetugy) sanasx prrsn bﬂfwltolﬂeor
invention to [ﬁltgg;)squl@gﬂcqulgﬁpl ar target. Gt hers have reported

t hat nucl ei ¢ ‘aci ds "can to duplex DNA via triple helix formation
and i nhi bi transEripsFed caheinmt @P@Amgﬁmg REs8| is an apfibgsty eorpatitosty

conmpounds (a|f?a@m51ﬁftﬁaft|is%gleét&i tﬁ&dfoﬁ itp&pemﬁ&fyamneﬁﬁggﬁa RERd onata; et cell,
ol i gonucl eoti des t hat gl i%\)’guences of doub Ost randed DNA and
8‘F1§E,‘t

are i ntended ¥ 8' 3B B © fl5vaiFfy of ?’ﬁﬂls%’f"‘ilffbct qr Sipetgtisease-specific
di sease- causi anggegenesbees iiehifies and dhfilbod 3 REBose ftigens hile Yeddided e pfpSsed

sinplex viru ncogene Lt rotein uct
the cell nucﬁglu 8% m‘f]ﬁelseé ar uéguchfq’ﬁﬂd)'soolPeE?qququo T?hﬁ%"“(ﬁ’gﬁ gtg'fsb(%@ed
DNA in th8 ceh the&tg:arb@mﬂedtnothﬁ omjmgates af itelieveftein] ix pan@lqucev}&mteatmlam otel |

021 10590, " vio 521 5600 Py 1Ryt Saspedil. MRy oA RPyt!”
Thus, the cyttssri (el their ashrsiafsl disess) ﬁomheﬁtan enibadyelingtrsiuscaoniugairaeieit t o

nucl ei ¢ aci d ;SRAMBNEES t&@@éd Jlé?ﬂd@ Itlért mleectstr&%lch(f D20 (Iymphom-ggeEéFﬁ Sohd
specificity of nucleic acids (e anti sense conpounds and tripie

hel i x drugs) 8HotP% (bvmpb?%dﬁwlwlw@éé@éaﬂwlwmaﬂ CRR Bie t he
phosphodi pst Qfm}lhbﬂlﬁa%@k@{m)bﬂDm&iﬁ&ﬁ}ew@@bi le@@hia) @M(lyﬁﬁbﬁomah

ol i gonucl eoti de. t er m nus. ent | e | ei ¢ aci 20can be
et cal 1y matP A SRR TG e Rl S I Ry ataB (1 e or

I ncreasi ng thﬁ:dgmﬂblymphqmwmdmls esqlremcma)t ateghiaotiaundel Pania (postate

i ncreasing t a t | i.de ansp

| nereasing e tabaid Maclg gl &98 %om%g{can%e@ EORLEBORRPLHEE
general appr dﬂﬁ@hﬂmb C@@ﬁ fﬂ%fthure); Cﬁ@h@nmwﬁhmmwwﬁomﬂmw@m SHLAHK (T eell
anti sens h ]{”gmﬁ Y

Bi ot echn?ijegsyngﬂéS%‘?gn#éﬁsgéﬁ%Y an Yhikes g’?ﬁﬂgsyﬁgﬂd% rytﬁemamsus)
48: 2659- 2668 (198@)th°serﬁ61?0éw*é WthﬁmélFF IESQéﬁﬁ?"a}F?,‘etéFPb’dﬁ‘Pfﬁéﬁltam'PWé the

cyt ot oxi ns OfpdtdiR cdnBeREthdr@No ALETLORY auﬂﬁtaa:gmﬁi&i ﬁo%kﬁsﬁh@@brﬂp&ﬂyﬂt or
nodi fi cation of t he phosphodi ester |inkage. Mreover, aptane

anti sense corfPUSHESMENEN § FRARYT @ThRY 1Y IWHESPCB&?WW@"' available on the sirface

of the protein. In preferred embodiments, the reactive groups are amines or carboxylates.

e

25  In particularly preferred embodiments, the reactive groups are the €-amine groups of
lysine residues, Furthermore, these molecules can be adsorbed onto the smface of the
substrate or SAM by non-specific interactions (e.g., chemisorption, physisorption).

Recognition moieties which are antibodies can be used to recognize analytes
which are proteins, peptides, nucleic acids, saccharides or small molecules such as drugs,

30  herbicides, pesticides, industrial chemicals and agents of war. Methods of raising
antibodies for specific molecules are well-known to those of skill in the art. See, United
States Patents No. 5/147,786, issued to Feng er @f. on September 15, 1992; No,
5/334,528, issued to Stanker et al. on August 2, 1994; No. 5/686,237, issued to Al-Bayati,
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cytotoxins of the invention can also can include nucl eotide
substitutions, additions, 30deletions, or transpositions, so |long as
specific hybridization to or association with the rel evant target
sequence is retained as a functional property of the oligonucleotide.
For exanpl e, sone enbodi nents will enploy phosphorothi oate anal ogs
whi ch are nore resistant to degradati on by nucl eases than their
natural ly occurring phosphate diester counterparts and are thus
expected to have a higher persistence in vivo and greater potency
(see, e.g., CdnpBeinlNegtmiz 1. 1397; BioBHEM73 B0 phmed to Nedsherds. on November
20: 259- 26 7( 1950)bog, PI dp%ghprf@rnatg% o A B A 2
also are known'to bind to co ntary poly nucl eoti des an ave the
addi ti onal ca@%ﬁwvﬁmyﬂdﬂﬁaﬂmohﬁ%ﬂ%&ﬂ%@(gﬁéwalently attached |igand
species and w ||l l?@lg&[ﬁ%@@éﬁts%aﬂ Be hehiEneARS m@%ﬁkeﬁfoftt]tEQn%ﬁélelﬂ):an; QVﬁ%léon'
See, for exanple, Froehler et ., Nucl ei ¢ Aci ds 4831
(1988). 5 reicfvesgigpp- eﬁB‘oEﬁaﬁ’EHt Beptifs captbafgicied Brueh éﬁsﬁéﬂf@oﬁ%'éﬂ}ﬁ}ds
and triple hes‘ulf% degn Lm;e ;lyl gieﬁa;rrmuw@g@ulnaﬁ]ha@ldélabpwﬁ&&@ﬁmﬁ%l §cERite

Publ i cati on onucl eotides may al so be used
(Dagle et at, m‘REj‘EII t% dej%haﬁeé\“’di’g aci 57959 B¢ 3gefisy 5h1'°”IgBF TOpEfEG GEOUP on
appl i cations ba&l‘(ta gs ens1io iiigorn el safldbitasdand gio[qb ol zﬁ‘su@ﬁh]h@{etﬁﬁ)g 3’ or

conpri se pol u L el sen et 497

(1961) "and POTTBBITE oV EGer R bt TR0RB BF (RGP BvTGR & o o

derivati vHs (rn@t stemgmlloetforalte attgchmamnof @PBJPI'I:MSO‘?@WV& EQppsohipQhe hdiftl See,

(1988)). CIhQﬁu@ﬁH%bFﬁ;kﬁﬂﬁu Sggh&h§ﬁﬁp§b%§nucleotldes wherei n one
pno

or nore of the phodi ester I'i'nkages en substituted with an

i sosteric group, ¥hehthespeptide-of mytloimagy if @riglly ot partinliy | sedksitid endldcpkag e

as descri bed 1bd@t1?e%gl¥~l$}ld1£?etd' lgdatlt\p%oup\@n R4 &é%&@te '391 Jt{lé) 228s ofdhe
C.

formacetal grou tteucci a at Chem So 767-7768
(1991)) or ar “He Ng“”l"éft‘i‘ﬁ“‘(aﬂlfeél%qé'ﬁm%rf a%&mpr@é|f%frf6§“2f’5ﬂ°“ﬂ¥l?9°7@°l§l% 1n
(1991)). 1b5n addi ﬁept;ilﬁah ammhemtablge?aamgw&sthoss QF s1EX la{m& Bt VKR! ﬁk Bxanpe,
sugar or bas cheni ca ifie can epgployed .in the present
Thoant Pon A e ARah e S e R S b anee § B ce
general ly kncﬂmthesm t(Btessa]E tand NMealyhodr, Miidc hA@demitiBred, I8y York (1980). Many

chenot her ape"i)ts%ﬁ?l r@l%{%&&% hreAc‘Q Igﬂ}?{)gfa}f%bﬁ ESaJ]]lg *rrsreeé(lﬂ ? I \f%s mla&ted group

i ncl udes 4-acetyl oSl ne, car oxyhy rox
5-f | uor our acickn thgn e Gmk@cﬁollox’v@g tmavrbmwmmwammh@pmyq available for

2-thiourag | ’reéﬁ&ﬁh&%%&l}){ﬂo@%&%ﬁﬁé‘&ﬂtﬂé iffGhdon, di hydrouracil,

i nosi ne, N6 -1sopentenyl adeni ne, 1I-nethyl adenlne
| - met hyl pseudour agtemplapBIcIgs fHg F%ﬂ’?ﬁ ag@ilts inclysappmph@gfissese compounds,

2, 2-di net hyl gh@ﬁﬁcl’éﬁ:,amaq mtflsm{ BHIE REIREs. T?,plcmﬁthwh.g,wﬁm dbf of a sugar residue,
3-met hyl cytosi ne, 5- % yt 0sj ne, | adeni ne, 7-

met hyl guani n an argmﬁ,gjtng, ﬁ%’ﬂﬁﬁﬁéﬁsﬂ% gy zal&ofphate oxygen of the nucleotide is utilized as
5- met hoxyami mimmeéd@y dheridahfludtiosetityl to c&pﬂ?&l’lﬂﬁl%ﬂdé}ﬂﬁ%ﬂaf@,@ung agent to the
5tnethoxy£@rb / hhxeurac t hoxy

i sopent enyl ad n|n%] uré@er§ﬂ8§E§Ee ?Ewaé?gﬁhé?ﬁmf E%ﬁm’nonJﬁmd
uracil -5- oxya@gtﬁwe(furamprdht(ea )::;.n be appended to a nucleic acid by conventtonal techniques.
For example, the hydroxyl group of the sugar residue can be converted to a mercapto or
amino group using techniques well known in the art.
Aptamers (or nucleic acid antibody) are single- or double-stranded DNA or
30  single-stranded RNA molecules that bind specific molecular targets. Generally, aptamers
function by inhibiting the actions of the molecular target, e.g., proteins, by binding to the
pool of the target circulating in the blood. Aptamers possess chemical functionality and

thus, can covalently bond to cytotoxins, as described herein.,
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30wybut oxosi ne, pseudouracil, queosine, 2-thiocytosine,

5-met hyl -2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil,
N-uracil -5-oxyacetic acid nethylester, uracil-5-oxyacetic acid (v),
pseudouracil, queosine, 2-thiocytosine, and 2, 6-di am nopurine. In

addi tion, the conventional bases by hal ogenated bases. Furthernore,
the 2'-furanose position on the base can have a non-charged bul ky
group substitution. Exanples of non-charged bul ky groups include
branched al kyl s, sugars and branched sugars. Term nal nodification

al so provi des a uaéhagh pwale edistyof holecOnjtargadt e tahablagffamgints cdvalesithe
nucl ei ¢ aci d, LB Cl nucl ear
Spor meabi 11 £ Ja LS8k VRS PREEL et AL RO BT b s,
pharnaceutlcamﬂﬁ@eﬂpgnsF@ﬂwe$3n§M@ﬂ@amud@ﬁ@yb@ﬂhymb&ﬂﬁpmpwmnsnﬁmethe
5 and 3 end&etgqnelmlt%%lécﬁa%a Y EAHPRe %ﬁe#ﬁww}udeEEzng&e&ﬁw

coval ent attachment of the cytotOX| ns.

OL| GODEOXYANUGIERENF: IiEigs. cigRirnatsnestt spigap BPTF@*@S @FE%@EKE TxgoRES|aggners

(1989) Cohen,indrhe Gilehd afHitRS mbin RIRIRBEST @25%1t%bm5ﬂ@i@@h§hc@ W6tk D
THERAPEUTI CS FOR_CANCER 10 AND AI DS, (1991), Wckstro

Wi ey Liss: (ENECTEGEToONESh QbR ma i S A I 40 B 002)
Eri ckson and dr ZiaNkrurelESidon ) BE8(5A-5B6 @992) amd Mo afyNT LISEMNSIzRINA SANINADNA,
(1992), Murr Yo 3ﬁd. , Wley-Liss. For general nethods relating to
anti sense cogpc? ds, see, ANTI SENSE RNA AND DNA, (1988), D. A
Mel ton, Et}, Col dASBpmermepetific foon givalideradianly camh@{tn@fmiumgg feletmigpes,
N.Y.). 15In , e

%0\!\(1? 21]55 ngt;'%f th O'EIAOEEEGI?LI %ﬂiP&l‘ tPﬁtglm\tH) No. %ﬁ;m% Tuerk .

anti body i s nodi |ntroduc acy s elne residué as is
descri bed i n ayl §oldpEagv) BiTotvdlicapgnoNg. é‘éﬁ? POH3EEW mtlamandéﬁlﬁ@t‘swn’&mﬂ

which is her qi@yrpueﬁcqam&lb@ssz%y aﬁ@ﬁ@rlg&f:ﬁdlsaostaﬁwﬁnL Mseaw (ogch
nodi fications include, but are not |imted to, the replacenent of an

exi sting ami rRsiednithess Ednigpes typcally inplug thy ‘f?élpbx%t@ﬁﬁf the golggulay target with

full -1 ength hemaymehaR oSQGYRRESIeASTHER)thm&SndlfSlar t&?et'cﬂf&lpl@ﬂﬁc“ on of
a cysteine-cont ai ing xtenS|0n to thfﬁpgdetfeth nus of a full-1ength
h

heavy chain S&§f& éc‘é’ NSRRI B1LRC P hiscwEHt EPRitig
ext ensi on conpparsEsompiex S@gneliit-e. Ahianjickes @pari Radaytiteise gpt{de om
N-termnal tqg C m 4 odi nents the presence
of such C—ters?ﬁue&?{v&t/stﬁéel}lﬁh%&ﬁa ¥ fca&lHE)OE‘?SC{E;E)lrtonJlotde a location for
conj ugati on of a Cuodjpoursdhat sa@ﬁltmsthamﬂmmecml@?@ﬁafgm spreifg mar ker
mol ecul e.59 n pp&grfdof;w Blhuctida 8 ¢ Qﬁ&&s&oﬁtchageﬁe%@%}as dptnhdegll ndiQup, due

to the Gtermn cstelnermlflcatlon can to conjugate a

conpound enplPE)§iRey Ptqﬁ‘é‘-‘“IOP Alicenagicalgrszerq pednct maydhetnhitited rsyesd Owﬁj Qg i on

of the anti bagyiidiQrich Rakihpektrd¥Bd@EsHyRudd3iddYr sibdRaNaicIRtdOoWs for
i ncreased control over the specific site of_ attachnment. Furthernore,

by i ntroduci F§™PIFEERAY @ an‘CCElSF{b&éFﬂ‘r‘E‘?fF injhe GRNACS A SpHancE it fenys,
conj ugati on 3IQcfipthiet ﬁpisbmm@rsaﬁmﬂﬂwiessmtg drelRGRen withkd tHd geat es

interfer W h nti.b
terfe ei}:c € 1tseltt. hl‘h}s pglﬂgi ¢ for gBlXitiC control is often referred to as antisense or antigene

inhibition. Additional efficacy is imparted by the conjugation to the nucleic acid of an
alkylating agent, such as those of the present invention,
Antisense compounds are nucleic acids designed to bind and disable or prevent
the production of the mRNA responsible for generating a particular protein. Antisense
30  compounds include antisense RNA or DNA, single or double stranded, cligonucleotides,
or their analogs, which can hybridize specifically to individual mRNA species and
prevent transcription and/or RNA processing of the mRNA species and/or translation of

the encoded polypeptide and thereby effect a reduction in the amount of the respective
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functional properties, and allows for sinplified analysis and quality
control of conjugate preparations. Detectable Labels The
particul ar | abel or detectable group used in conjunction with the
conmpounds and nethods of the invention is generally not a critical
aspect of the invention, as long as it does not significantly
interfere with the activity or utility of the conpound of the

5i nvention. The detectable group can be any material having a
det ect abl e physical or chem cal property. Such detectable | abels have
been wel | dewatwipepblypaptidacClingdrdl Gfoci MmlIAC@SSAYAES.Ar8d;10000-1610d t Eb);

most any 'abeém&%srfa;»gg;? r}meQJ‘arllf?éd&%%g@éd} Ipo%ﬁ@l%mz tﬁ%rs&?%ébmeé%em

i nvention. Thus
spect r oscopi d199¢9hé10@elrbem€cdl WOBi/ébﬂfiéﬁW@alf'O%ﬁWﬁ @éﬂ90/13641 WO

el ectrical, anphedl weloikken salerRaRs). ti (Hasat aéquﬁtz%qen@m% iand

pr esent |nvent|on I ncl ude magnetic beads &.
fluorescemt d§egivite apfisense pliggpecleptiden aie deiH %éﬁlafﬁla%géhm@%&sﬁg?%such as

rhodat ni ne, apgkyidigirs K@) invénaoh @'a@@ﬁﬂe@mé@ctﬁ]m ,targ?eH 125j, 35s, 14.-%
c or 32P), enzyne er oxi dase, al kal i ne

orse radi sh,
phosphat ase and oi?)ﬁg’lsé‘g"(‘?cﬁ?ﬁﬁ?ﬂ tat fucleic qcits 5#n e reAyplex AN Wi fripte et r i ¢
| abel s such asmeebd o dﬂhlbug:@hsdrqﬁi’on anl/@Deh ghtisss. Qiiplp hlasctobﬁlpmwﬂso

(e.g. pol ySt1¥1{3n%%b asptl :p]gpt 5) Mmer)lga’e olr'l'gonuctleotltlcs%'la?bl%c; to Spayence vg ﬁi{nﬂ)g

be coupled direc di'r ect a conpound
accordi ngl o snmdhd)EHA\md me kltm)dwd to mhlfoh eclatively s trainsdipiat @disedsovaesing

d | i
Wi de variety ofc.! 386l 9;R¥epe M ggva.ggqseyaso %Q@emmscaﬁd BleokdBCle, ey

dependi ng on sen5|t|V|ty requir onj ugat i on
conpound, st &isplprtyn predpdiisnetibardl nugloes [Thesk élug‘rﬁwflyiﬁéhfttathp deubleand

20di sposal  pryyiasd BRA in Mhem st nfe QSRAY @qipgfhemhﬁxdlpma{amegm frin making
conjugated to a detectable | abel, the | menber

o oo T R g 6s POt pigcsens e b Dist: Borgubad. ™
fluorescerst agent/es2d, hatoy 8SGe Ny, UBID6. PTIRG, umesc@foﬁ;mgbmam&%mm@mmn
enzynmes and co |nat|oni th%reof I\/’Ethoﬁl1 % Iﬁqlggatlng vari ous
groups to antfBb8ic¥U SR QANFIFLC 35| ORI A2t KEm 41 "ol exanpl e, a
det ect abl e | abel Thﬂneummﬁm@@ﬂamkkywﬂo@mugamedemﬂmmmuﬁmmnbmdydks an

enzyme, such d?u%s)h%ﬁo% ?éﬁﬁéaﬁﬂl B%étgg(fggx%c?a?ﬁca@%oo% Heggos@t‘ ?eE’teﬁ a% oF i

gal act osi dase, se oxXl are
of t en att achebenygal mndiiﬁﬁ@er! offecamigonuClesile ghipys. L ohjegeently, fheteawdkie agids. g. |

biotin) igf ngrp‘lgeecﬂ&hﬁalg%bﬁfﬁea Qnﬁn&ﬁ)mg)&%&?l bﬂ‘]‘dmtggtgblﬁ@niha H‘B eThe

i gand 30t hen binds to another nol ecul es g., reptavi
mol ecul e, whisebilifyavigirespest ojcheaiFad Fﬁgraylatlon increasing the Iate at Wthh the

oligonucleotides are transported into cells, and conferring chemical reactivity to the
molecunles. The general approach to constructing various nucleic acids useful in antisense
therapy has been reviewed by van der Krol et al., Biotechnigues 6:958-976 (1988) and
25 Stein et al. Cancer Res. 48:2659-2668 (1988). Therefore, in an exemplary embodiment,
the cytotoxins of the invention are conjugated to a nucleic acid by modification of the
phosphodiester linkage.
Moieover, aptamers, antisense compounds and triple helix drugs bearing
cytotoxins of the invention can also can include nucleotide substitutions, additions,
30  deletions, or transpositions, so long as specific hybridization to or association with the
relevant target sequence is retained as a functional property of the oligonucleotide. For
example, some embodiments will employ phosphorothioate analogs which are more

resistant to degradation by nucleases than their naturally occurring phosphate diester
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detectabl e or covalently bound to a signal system such as a

det ect abl e enzyne, a fluorescent conmpound, or a chem | um nescent
conpound. Conponents of the conjugates of the invention can al so be
conjugated directly to signal generating conpounds, e.g., by
conjugation with an enzynme or fluorophore. Enzynes of interest as

| abels will primarily be hydrol ases, particularly phosphat ases,
esterases and gl ycosi dases, or oxidotases, particularly peroxidases.
Fl uorescent 5conpounds include fluorescein and its derivatives,
rhodam ne ancdoiitgpaeridat ihvespecttdnshdvs a hiplire périiftaxomejvoabdgreater
Chemi | um nes

di hydr opht haf@%nﬁ@%ﬁ%g@ﬁn g'bQPJ;HPl% bbe) 'Leglfzgjrl Y Saﬂ?%s%g\%?ggf 2%19'9%8

| abel i ng or sﬁhgwaplalmd@fdei@‘i\'ﬁ@vesyfsqhewclﬁﬁdﬁs Fgyreaoysiedinddee, U. S
Patent No. 4,38 Iae%%aly b@?ﬂl@]e@t de@%ﬁ%%'tﬂ&%dhx@&ﬁl SpdbiIRy Mﬁtl:éonmgm

t hose of skill |n t he ar Oexanpl e, where the IabeF |s a
radi oacti vk |QB&nlY AEshed liggyyd S%teéertdu “G’A bg ﬁ%qnehﬂ%fogleg%qwf of gt present

counter or pheiagmaph, Gr fe)tahijlﬂeaﬁoélﬂbiMoﬁzﬂ%&ﬁfﬁmbylﬁ(‘ﬂ)aﬁ’ﬂ @i483).| abel
is a fluorescent |abel, jt nar be detected by exci

f1 uor ochrome wi t hRBS SPRERsD é]’teé‘pﬁﬁ‘%'é’laé?fﬁ’fsﬁ CYpPIR ﬁf'agtéfﬂlaif&@‘tdé‘tgfl ng
t he resultlngmﬂbmqmesOemmqhﬂEhQEBM&a&Eﬁmemmﬁxnmy3ﬁmoﬁeCemted

visually, Dby ?E%B&EQQ?PhOESQ%? @g%%&ﬁ%é§¥f%%§g¥§£“qg‘ﬁ%ﬁﬁu%ﬁ%p fers

det ectors such or photo
and the |ike.so8¢ mphmnb:}s; ar@mwrémxmclbfaideﬂ ad frapie Holbx west @oiped polyamide

pr ovi di ng t h%u@iBQEé?M(N%Es@n §MP %trrei?tlte%§4 fl%? (tl §§ﬁ) ﬁ'@?’?@??ﬂgtlﬁQﬁj% ng t he

resul ting reaction product. Finally sinple co may be
det ect ed si m¥P4I5¥P) etpshsr ¢Atipgc danimativey Getsiages oici-at dd GharhSachBl0) HBe .

Thus, in var l&@ﬂﬁ(ldssl%sUe&ka@ﬁ@ﬁ)&%w@%ﬂhé&%&&ﬁcl&%& @E&%&n@&ﬂﬁ&é&t@ nk,
mhlle vari ous co %¥ at ed beads appear the co] or of e bea

20FI uor escentPhPsEhesiesterlinkagss E@é’ﬁw bybbﬁ?l&f’ itk apyisgpterip ﬁ@yp’ﬁ'éf\?éb § i atom

adv an';) iag e1f w@qmarnhm@b;ﬁeempgeac asstdited s BAT ;hamtﬁhqnng:s W0d2/0e1 8@nd

anenable to ro vi sual i zation te u

anal ysi s i ncl%g’g%% i E%HB%G&“% PGP Qfatipyss of %aéélﬁ'f g’lllzg”olﬁ%‘ gﬁ)g%{}?\%%

i ntegrated sys%émocompridesirng (dicsongul, Sripnce P54l €17r1000 (1808). s are

t I h t h
ypicall'y charac ﬁst ag&ﬁ pl}{clegp aggl%égoﬂléleexgrfnﬁlg Qi??r&%{fg EIP& baiylg

sensitivity, high Ity, rou I ronment a
sensi tivity ahemipillymodified icf keiemployed ip ﬁb@lesfmgmvmwy ﬂhﬂ@goesé@m of abel s

are ComMeyci %Bh%s Myhﬁml&s freomd gaﬁerﬁy%&w@a&%an%mﬁwmé ST AN

Louis, M), | ecul ar Probes (Eugene, OR), stéms (M nneapolis,

M), Phar macichePIRISTBRSE a8iiio PO G PP A 1Y ﬁﬁwwmg{ tmeﬁ&@wfeatrﬂcymmne
Labor at ori es,5-(bdioxylk ek Amihli0 ura&iA-ubBeRiEBRMoMatiRSs, Al drich

Chem cal COm%aazngygnlvlhIyl\zllﬁmor%gthyl}/g-zhiougci?,r}—clir g)?y?r{’e%lyfamgn%glet’l‘;ylgaglco

dihydrouracil, inosine, N¢ -isopentenyladenine, 1-methyladenine, [-methylpseundouracil,

25  l-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-
methylguanine, 3-methylcytosine, 5-methylcytosine, N°-methyladenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, B-D-
mannosylqueosine, 5'methoxycarbonylmethyluracil, 5-methoxyuracil, 2-methylthio-N® -
isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v),

30 wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, S-methyluracil, N-uracil-5-oxyacetic acid methylester, uracil-3-oxyacetic
acid (v), pseudouracil, queosine, 2-thiocytosine, and 2,6-diaminopurine. In addition, the

conventional bases by halogenated bases. Furthermore, the 2'-furanose position on the
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30 BRL Life Technol ogies, Inc. (Gaithersburg, MD), Fluka Chen ca-

Bi ochem ka Anal yti ka (Fluka Chem e AG Buchs, Switzerland), and
Applied Biosystens (Foster City, CA), as well as many ot her

commerci al sources known to one of skill. Furthernore, those of skill
inthe art will recognize how to select an appropriate fluorophore
for a particular application and, if it not readily available
commercially, will be able to synthesize the necessary fluorophore de
novo or synthetically nodify comercially avail able fluorescent
conpounds t o tasadawkavah nbrhehagesbullgirdipudrséstentExhrajies of nérmchaigel tullgn t o
smal | nol ecul : t ' fl uorescent
5proteins an %rﬁ’(%]%glggérﬂgg{cg%ﬂ%ghsgéﬂg%g%gﬁl%%Edgtag'i ns are useful in the
present i nventi onlTe®irshmediiatdrmsoiprayidgtieysefubprocsshaertsl conjugpregthn
fluorescent pref&inas, @ nkRicARR RSty eéﬁﬂp%, Bhccity, pRRALQERERL nuEBQt Obi ot
35: 803-808 (1582) ; Levine etal., Conp. Bi ochem 'Physiol., 72B:77-85
(1982)), vyl | RSEFPiLigr wd abstuteselb riaks 14te BRegemicleatidepanmageutdaal agps.

(Bal dwi n et al for eBingR NNt 6060t B0b&H A thds' @D} to include reactive groups are

Peri di ni n-chl or Ogrﬁ}%llclf\l/ﬁflrom t he di nofl agellate 10 Synbi odi ni um sp.

(Moths et at <Py WEENVAPn BashBYY o2he G- LeTds) ) |
phycobi | i pr ot@icEbLomerRIrinRe ARYSIEND BGIRTORAOF SENEIEXaIS:s Sy € H30)0Tuhen)S

e.g., phycoer i, an hvcocyanin (Wl banks etal ., J. Biol. Chem
568: 1200, 35 (Yol i PHRER AN N BB Rlrramsp T ok v G ng
the |inkatle bebwdbh, (1998), Bitlotor.ibd., &idyLive GeaE §etiLagofdiiol@thier) agent,

and optional | f chem,cal
Functyonal i AmpaE SPeOH L M Blooianl pAlbad REAPREIERCE |
appreci at e t WRTSENSEENAANP [IFA .G HER1. daray, lid e Wilonhiss. t Fop genelahyadthads ng

hydroxy, am NQaiBRcaitisnRshpSingl B2, ACARNESRIBL Liry BURT 1688}, 0 A2M¥RSH, €1 Y
of standard net hods and _conditions. For exangl e]él a hydroxyl group of
P2

t he cyt ot oxi FdeColdapyes Haippr dgeonttonydrpldRprisg H d"* hrough’ t r eat nent
Wi th phoagzenle L I0 fncagmstmeﬁmsdh;ﬁaw,amddﬁ]-&gnﬁmlem&faﬁgm&b@is %diged by the
p-ni trophenyl.chloroformate to formthe carrespondi.n Ocar bonat e.
e ewenp! ATSPGHBD 0 THER BHEIRG SRET O hUReLoUSBTbRPEICTES JEEY ng
agent that i Nl cRiew 28], cdiddostelebf lnnabératedby refgrendeds bosayHetygISothos may be
activated by, i, to.t cor ondi ng_acyl.

nal i do or actiealhERl: piARLENRRRG et SR AD duS 16

vari ety of caesdiue ptongeanthe CHergeitus af afdl{eangtivheayh chagupquangepas w888 ®89. | n
an_25exenp) ali@Rag b eind Ak exBRdidnt D ERAIE ot the
reaction of tlhtia_O car boxy -telléont gi %?ér?x grcl)l_uptwi {h oxsg(fyl Ic‘l‘%LI%rl gy. The
activated agéhtn Fe§“eﬁ1@f‘aé‘ﬂéﬁeﬁb?ﬁm@‘d&@ﬁt&%wm&mlw%%% ROPRisekEE ar m
conbi nati on tseubRE Bh@nEOMiIREnOffron e el ANAM Cmindliose of skill in
the art will appreciate that the use of carboxyl-containing targeting

agents is merely 155t oqeiepRodinens thepyesensg Qhtveh b mHg! SYif)E ot her
functional gmadpBatRanprbadcobatgetoeebniu@atioh of BédkipBlear Gciofs atti@peutic
i nventi on,

agent or a marker molecule. In particular, the presence of a reactive thiol group, due to
the C-terminal cysteine modification, can be used to conjugate a compound employing
the linkers described in detail above. Conjugation of the antibody to a partner molecule
in this manner allows for increased control over the specific site of attachment,
Furthermore, by introducing the site of attachment at or near the C-terminus, conjugation
30  can be optimized such that it reduces or eliminates interference with the antibody’s
functional properties, and allows for simplified analysis and quality control of conjugate

preparations.
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Reactive Functional G oups For clarity of illustration the
succeedi ng di scussion focuses on the conjugation of a cytotoxin of
the invention to a targeting agent. The focus exenplifies one

enbodi ment of the invention fromwhich, others are readily inferred
by one of skill in the art. No 5limtation of the invention is

i mplied, by focusing the discussion on a single enbodinent.

Exenpl ary conpounds of the invention bear a reactive functional
group, which is generally located on a substituted or unsubstituted
all cyl or heﬂﬁﬂuﬂ&hﬂgﬂmbhain allowing their facile attachnent to
anot her speci es I r t he
term nal positi on'i;%fp(mﬁﬁlg1 ! in d%%%sl ?JP%EJ 1[3 g?ﬁ@@tgoﬁ?gy it CgH‘EOJD?
reacti ons usefutmehpdsiof the mventng istgherghly es@rvmw%wﬂ pighe igrntieye mdpg dsy
those that ar]?do\églllclt qlﬁlﬁﬁé’ﬂﬂtl}l lﬂteftfg}@ with the 9&1\!9& 9aH 'm o ak gorﬁﬁﬁm (%tﬂ{é/ The
reactive functional group be protected or unprotected and the
pr ot ect ed Hhatiliyeatioss Tgh%ﬁtegiablﬁ BOHRSANISE AHBRG BLhANE AERPRAULS PRYNSAICTI n t he

art of organiediyHRB&tsS Sulbtcleamit Mbeflﬂié@é’&@n @Ialmaapeaﬁn hEeAQ4 boNns
avail able with reactive Q%/t ot oxi n anal ogues are those which proceed

15under r el atTHPEPSASHYS 9 CHFRIPE: BAY 2nyppReswetuhinstrddaneths can Peangitd to
[imted to nunrdeephidvegios uDkis) 4 1bHel ©8Gy c(oelpgsmonrdeta&;tbnmsmﬁosaéﬁmes and
o BB S35 o S S5 mems

car bon- calborsafatlaledsr i 6w plrenenoationincudetniaghetic bexdel&. &, @Y@IABHWDST%I

reaction, Di d ns are

di scussed i n%iu Iggraéle%? Et?g ?N%igehﬂ Jcﬂ%%%ﬁ%% T%i%%?\ﬂ %%%H%ﬁﬁf)@r@ 3rd

Ed., John W Ireolgelsins, o N o ! IE; or? BRBNzyRISH freen oIS rEFORONIBATE

TECHNI QUES, %%ﬁ%%&rs 188 tad oBRA BhRERy u;egaﬁ.n ansingﬁl@re@Mmﬁ&@é abels

MODI FI CATI ON OF Advances in Chem str eries 198,

American CherPeds Cfélaﬁi?’e@{ﬁ or gglarRd Ha ghplastc peads (weeoiysm@ﬁmoawgﬁpvlé@et i on

types incisudeathecyeaction of carboxyl gr oups and vari ous

25derivatives thereqf jncludin but. not

N hydr oxysucc ni i HaevELEErE Sl purs T b arane et ety

hal i des, acylacdordirggaz okhsds wellikoeat ie ke artpAninticapdenyd, a@BiE@iirBity dlldoylk

al kenyl , alk t

convert ed toxﬁn')séltb %?%9 \ﬁ{hﬁﬁeg?cﬁsjbl&? abﬁlr%genlé%g? 9%%%_%@{8 cﬁy‘cf f’:jars%%ps are

converted t o comvgatperitetse prledcitabdm wAtiRmefto pvadRideipbteymenntianinde, a
car boxyl aje %&b&%pﬁﬁb‘iéﬁk ani on, carbanion, or an al koxi de ion.

30Di enophile (e.g., maleimnde) groups participate in Diels-Al der.

Al dehyde or ket on&hgrbugesredd 06 © HEPIVieR tSeenivgster fa arisisotably label Abmlake]

seni car bazongsy&kraklf h AR Sber Qflecddroftfdlgr AMLAESE rAfloaiVe SRR, addi tion
or alkyllithiumaddition, Sulfonyl halides react readily wth am nes,

for exanple, PHCFHHASEEH FUSFATHREE Pﬁ&ﬁﬁl??é“ gromepheRy Shaymei8ups ar e,
for exanpl ecodiydiahebkredd! Kythadsesl comju@ihghazied. grabke afbodiesdle Vel
converted,to,an array of new spe c oad itions I ati on,
v chael et 1o LR by TS AL T SRS Y R o RaBea

hydr oxyl corrpmhndbslq axmﬁymkszkchedhdx sexaﬁhbpamﬁda\m hikaline glebisphyitasepPr eci at e

t hat many of t hese [in a es rragasge

Osidase, an £ose oXi
Non-radioactive labels are often attached by indirect means, Generally, a ligand
molecule (¢.g., biotin} is covalently bound to a component of the conjugate. The ligand
30  then binds to another molecules (e.g., streptavidin) molecule, which is either inherently
detectable or covalently bound to a signal system, such as a detectable enzyme, a

fluorescent compound, or a chemiluminescent compound.
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S5produced in a variety of ways and using a variety of conditions. For
the preparation of esters, see, e.g., March supra at 1157; for

t hi oesters, see, March, supra at 362-363, 491, 720-722, 829, 941, and
1172; for carbonates, see, March, supra at 346-347; for carbanmates,
see, March, supra at 1156-57; for am des, see, March supra at 1152;
for ureas and thioureas, see, March supra at 1174; for acetals and
ketals, see, Geene etal. 10 supra 178-210 and March supra at 1146;
for acyl oxyal kyl derivatives, see, PRODRUGS. TOPI CAL AND OCULAR DRUG
DELI VERY, K. B. SCoappnemsiof theManjoskes Dekk@rentibman alsiNesvoXjpgded di®@R o f or

enol esters, : [ t . f sul [.Im es, see,
Bundgaard et :f?gss gﬁ%@gg?%g@ﬁs’%& %} g%%"éga%({f é’g@)aH e{zg{r}% 3}n 3? %ﬁ“ﬂ%s , see,
March supra dnz8&8-06Bere36 1483ls wiiinauily bg hitlrdldss parfiodaritpbeyhamisdes,
see, March s %ﬁse@&n%ﬁ&bsi&a@&, o oxi;lllétas!lgg Eljtigl.h]arg%glgﬁdasgse. qiluopé?{eﬁp supra at

800-02, and 828; for "hydroxynethyl ketone esters, see, Petracek et
al . Annal $ Nyomegds igdude flugpsreiggul s gegivpggep) thodagine gpdsit defivpises, daawyl,
March supra aimbdidifebhne2Rd chehinRbipsRicRabIeShand 1aneriRAapphonan dat es.
The reactive functional groups can he_unprotected and chosen such

that they do $fBfopuhaazRrfancs sy lungpol; Fer@revemert Wp s lapsias Piesiadtl ons.
Al t er nat i vel yprodacifieaetbmy@atfiolbp &t Le0ake, B, gL o Caav1l9es. prot ect ed from

participating in er tion.by the presence of rotectin roup.
Those of skill i n&?ﬁéog‘%fecwgﬁfbe‘ﬁﬁe"f@?‘%‘ﬂl tﬁg'Wetocg S%P&*ﬁ?ﬁ”‘ ;Ilhﬁ‘gﬁgli cul ar
functi onal® gregsampld, wbere iha iabelfies fadigactivd lhbed nehodeniceeaion dichrle agfititinion

o prorecre o ERETBERR R R IR Wil AR s BB EE"e 0,
York, 1991. 28%ysimanb¢ detecteiby exaitigethe flgoracheane with the apResgriatowakelerdth ¢f t o

a cytot _OXi n lﬁ%iltrﬁgd gtéHﬁgatfléjreﬁjﬂtﬁﬁifﬁélescrnﬁ@.hﬁeqﬁgﬁs&me%9lﬂg BJ@&leﬁ visually,
respective chem cal functionalities. Optionally, the linker or agent

i s coupled t&YrrasafertozERiplih by visrof AsFEnis geEers gichrbaeTtarshacer
groups cars beeaewv@bg bt prefondiibied Sathewiersikaad), éfycQRMbBR aP B
Ceneral ly, prior to formng the |inkage between the cytotoxin and the
eact i ve 30f SHETTORAIEIANT: CRRETULEPIRET I 1< ehgme ket disp, at

| east one of réshienghenbe plodifcu rigiallg siadpletcblesmutit labdkemacieidvtatt@himDpBy

ski |l .ed i n t!ggsela\‘zﬁr;[g .cloi - BRRYS t%!iwarﬁ'&hé[ la aé¥ ﬂu}s/,?i{ \!' e’l(tjl}{‘s Ofsticﬁcqgsran sccablnjugated
functionalities, ncludi ng Chy roxXy. am no, “and cardoxy groups: tcan be
activated usignlg oftenappiastipynkovhitstvancla cehjrgeteh bedds apar hendptdf grdeadi n an
exenpl ar y20€nbc’dI nﬁﬁﬁr&scénhﬁbelé 1 ﬁ@stehlgﬂar AL &@f}gge @@5@91?1(&{43 of reguiﬂn

ona rbo p

functionality as a reactive functi B%(r ouE_. xyl ~gfoups may be
activated as fefeResrRsditHerdingapblans wrEpRyABhigh-SUBSIRAT B ZREen
cl eavabl e subshfiglee®p@al 1HQsiE WELARE diLiA%EPE bQR: iRhe: FePhiGlied .S
Preferably, the cleavable substrate 1s_a cl eavable enzynme substrate

that can be CHEREIYHR HPPERpg peemppieps BieEFY labgliase Wpisyiyghqracterized by
preferential loye @sncifatieollowdis: Righ beytsi@¥ityl lgH st:®ity, Yow Mickdiovnfi@od UNDr or
ot her target cells be .treated. The .enzyne. be. gener at.ed by the
Cunor or B hér TehTed a1 P) Pl P B R S or Ve e SRl o) e
subst rat e camommergiallyavpigpieifcben thr$IGM sschpmehiermpdny @$4dint Lodied@bl e by an
enzynme found ari t r . > I, itional |y
or 2l ter nati oAtk Bles Fhafh SRR By RNy AR MG, ranbERLIGRETE
t hat bi nds s@é&iCﬁﬁMKE&S@@WMm CE@NTECH Saiorntaiss, dire. BaloidodyAsphai fi c
for a tumor appds @%1p., Aldrich Chemical Company (Milwaukee, W), Glen Research, Inc., GIBCO

30 BRL Life Technologies, Inc. (Gaithersburg, MD), Fluka Chemica- Biochemika Analytika

(Fluka Chemie AG, Buchs, Switzerland), and Applied Biosystems {Foster City, CA), as

well as many other commercial sources known to one of skill. Furthermore, those of skill

in the art will recognize how to select an appropriate fluorophore for a particular
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As exanpl es of enzyne cl eavabl e substrates suitable for coupling to
t he drugs descri bed above, PCT Patent Applications Publication Nos.
WD 00/ 33888, WO 15 01/95943, WO 01/95945, WD 02/00263, and WO

02/ 100353, all of which are incorporated herein by reference,

di scl ose attachnment of a cleavable peptide to a drug. The peptide is
cl eavabl e by an enzyme, such as a trouase (such as thinet

ol i gopepti dase), CD10 (neprilysin), a matrix netall oprotease (such as
MWP2 or MVP9), a type Il transmenbrane serine protease (such as

Hepsi n, t est iapplivatiocnMRRESYnot padilyatailalit esmhdflially2@ill3RE)le toayntbeszathaepsi n,
associ ated wi . t i.-ngl.udes the
drug as descrlte%e%&afg{g@éhmé& %)mt’ |1d§gﬂp%h%dff¥ g‘i“ﬁ‘g‘g%%%ﬁﬂg‘ﬁd
optionally a flummentgogpwaé» tbemm@ﬁwtdhsew@ﬂwesmdlabﬁe peptide. The
stabi lizing groupg, aﬁdrﬁ&rtt@@lnﬁfjm&gcu}e%oﬁ%r&fnatl.pﬁlyfa@d?xt‘ﬁng@lu&gqcpr{tOt ect

t he prodr ; from degradatl on before arriving at "the tunmor or other
target celd. PsigRndsnegresdipigprcs okygbirptrips ﬁgusg%wpsae Bresent ifyention.
non-ani no acigish pl@t@ﬁblﬂ@lﬁd@zﬁﬁ%ﬁlﬁaﬁl g;eea@m&esc&itgioy&rglof@m@ﬁhlﬁl (WaR £41C

napht hyl car bagirenagioiyl SEBRE RO Sertr « dndogp et el
derivatives; 7aB:7wab t19a2>)), I’)}élrbwgﬁia&tdeﬁtq;ﬁdtgdn 66 athridifisfier aedid®advins parti c

acid or gl ut aﬁ%cﬁw .rsrr %@ —gﬁ@% Pen 1th1|-\£|:thF01 nbgrﬁ%&xﬂetdgg%%eipy de at the

P- car boxy group © “of glutamc
acid. 30THe [:S@'plblodilalutﬂyspl (G@liisyr&lné’laud'e@'ecﬁialzdagﬁf 246137 (EB9HN0 aci ds.

The sel ect | or}hgcfomg@ro@einggmmga BBk kedS, M ds sg,%gﬁaagma&.gl §§§%’%J{tlﬂinas

part, on the'e e used for c eavi ng
the stabili t)ﬂ“‘bPhYFmafwe(b‘t’!ibé@(‘iiemfvf Pipl. Cha. %ﬁdﬁ%ﬁ (&933 ang the dikt. e

cl eavabl e pepti deGén%iaﬁ)ir @ll@i@%ﬁ%% 11 dekteNee cgl))toxﬂ;rﬂh(ﬁhgé&etﬁ% (or

conbined with a_ stabilizin roup oi m succi nyl - P- Al aLeuAl aleu
(SEQ I D NO  Zfhen epsib Andsphpisiie hedf’a‘:%rl,ﬁ“?“ﬁb?*éea%loé%l‘?félﬁlCé“’b‘éﬂéf‘i“&‘é@alﬁ’ﬁé
provi ded '5n R bE @haﬂ@nmss}@neaadthawm appreciate thiS v@ﬂ@y bﬂdléiﬁ&zﬂ ative
exanpl e, 0, ali no s.nepril ési(g neutr al gog ti dase
(NEP). “and. c oM B RORSBTAEEP Y AT oG POLREC AT S s
5 type |l celvhrsysifsacdrdmeitodd episnckitns NEt atdnpj; obelasel grédpeathabl e
substrates s I cl

| | eAl aLeu. %ktétr% lk(ra?{)tw%etm aatEl g?"ged(f%l E#ll nc{m Alm?h %F Sga”eeg" g’fmthe to
50 am no aci dsrrqqppnﬁleagitlhofoa:haﬁhgugmtleai!?raﬂwwwfomfafclt@foendy cofdspmding
declines @s the,suMbstrate gets larger. Another illustrative exanple

is based on matrix netall oproteases (MW). 10Probably the best
characteri zed proPébFXFIPERYSHP)HES B HranEewkat v of Liiseidns agmethet | s a

clear correl adcdaes Qhbagl Fiakdn@iy. O0farddVRSrdpt Ry b HiMRked by, for example,
m croenvironnments, In particular, the soluble matri x enzynmes MvP2

(gel ati nase ,&?"Vaﬁ‘ﬂ’“ M\Pﬁ%‘“’(‘@%’P%&“?%@é‘“ﬁﬁbﬁ or $eEYEestye e MM FFRCEpSPRey
st udi ed, and psdemed inderderas@) efcbhdiginy asciltiistrvad @ALMNIupG phi BS8L. Inan

remodel | % | ncl u‘ijl ngﬂﬁ\cﬁ@ent 91»[: gé% pa’hde is B}epaqeed tﬁl%gglhetpe %gctlglgagij ﬂge q)oxy(l) be

cl eaved by
contammg group with oxalyl chloride. The activated agent is reacted with a cytotoxin or

cytotoxin-linker arm combination to form a conjugate of the invention. Those of skill in
the art will appreciate that the use of carboxyl-containing targeting agents is merely
illustrative, and that agents having many other functional groups can be conjugated to the

30  linkers of the invention.
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15 have been designed and tested for conjugates of dextran and

net hotrexate (Chau et al., Bioconjugate Chem 15:931-941 (2004)); PEG
(pol yet hyl ene gl ycol) and doxorubicin (Bae etal., Drugs Exp. Chu.

Res. 29:15-23 (2004)); and al bum n and doxorubicin (Kratz et at,

Bi oorg. Med. Chem Lett. 11;2001-2006 (2001)). Exanples of suitable
sequences for use with MWs include, but are not limted to,

ProVal GyLeulleG@y (SEQ ID NO 8), 20 dyProLeu@yVval (SEQ 1D NO
9), GyProLeu@ylleAla@yd@n (SEQ ID NO 10), ProLeudyLeu (SEQ 1D

NO 11), G yMRatiéeEuudbnidiSersd n (SEQ |D NO. 12), and _
A yProLeud yLeuTr 661" \Rﬁgypaf H%E%’tlol E?e g&cheéa?rQ %cqjggﬁ focised on thgh _;I%atg%\l(oguy y

cited references as ar naceut . 004)
and Li u et a?.acyotpsvet tfﬁeyent@@fmexet@@@m( 210 Gicus exenpiddies eleampedinent

substrates cap t@llrﬁ@ntpﬁ f%ﬁ%lchzé%% ar é‘féﬁlllg‘%fel%%%h@of 'e]ﬁ]lgnyti?@a:l INo
t ransnmenbr ane serine proteases IS group of éenzynes incl udes, for
WNFF@&

exanpl e, h%pslinﬁfa“?”e%ctﬂleé?"ﬁmm&h%‘ cusing fAIMKAIHOT @ oinglesahedimante

sequence that is Bsafpuky errIpburﬂﬁ&ﬁthdlh@ﬁ%nMEar%E&acﬁWTh&hoﬂaﬁgloup which is
over - eXpressed i r east an I an cancer s and LeuSer Ar g |S usef ul

with hepsin (SY&EYXpredsty Wi”t % apspbipd g kenbetgeHir chaimaliowitges) |
(See, e.g., Ll fadgle ,attalhmﬁit @tan&heRpecidy, SA SdvaHiknt BELtI3HHL the aactiKigroap Ri
and Yamanmot o | Qldl%% - trtg%%l ¥t| ¢ Enzynmes Vol. 2, rd edition
(Barrett AJ, % NB“& es%ner JF, eds) pp. 1699-1702 (2004).)
O her cl ew/abl e s&@smw&tcelss wd nlagksd rdetions edivl infwrotidher the grprentgfivention

cl eavabl e sulhsd f.ah i A ARASIEN OGH IR ERRNAe BATRS! M5k

capabl e of cl e su strate t cones” assocCl a ed
with the tumﬁﬂnce?na pypgnayphg progegtgfypl wproteated apd e preigeiebratiepefhegiowro a

t umor - speci f i g yaptihad%y ﬁerho@;ﬂae«m fntd :&%fblfg%c gyﬁthpsﬁsefc%eﬁiylfwo}eu
attracted to the turmr or ot her ta@%et cel such as a 5 recep tor

l'i gand) and tohesss ¢ H%’C%‘?ﬁ?ﬁé‘abé‘?ﬁ”iﬂblﬁ V‘i:‘ifﬁﬂ“ﬁ‘g‘hzt“éb%‘&hmﬁ@ot?rwhd’é%e?do t he
patient. iBhe et yaé@vaylﬁmh»e&mﬁ@nmegaremu@ b 2kt EfﬂltédQ% m@&dpf}@mmdsblt o,
anti gen associated with the tupor.. Subsequen r ug- cl eavabl e
bs o a oS o el i St AR bl B ML es de P iR
is only rel eakecbphilic bubstitwtions (igt, ynaafind e tiéngnand addimms tolverbolt- ctgbomlae{avabl e
substrate co i t

associ at ed Q%Iﬁgf%?m au%rgr&e%ﬁ%@g gxﬂdlglgetg"t 1Chefl{;]llzreava e sugsr tagﬁtmnsmrhese

cl eaved and taheotthrugehil seaftionpate diFfssed wafppbample, BlarcRaABNSEINGRGANIC

4, 975, 27820 S) C’é@ﬁrsil‘lg’lﬁd%d6§&n%%y &5So¥1¥ ?Pqeé:%%k I Scﬁeﬁln%gsox %%OCO%L}GA%

whi ch are |ncorporated herei n by reference, ose such
arrangenent . TEQAAYIREAGenyePPupbas Ditesy 198G B S M@ElqAﬁ’@NQHe, but

are not |im tpaeren@; A&mh@etnam&en@salee%hab@mraeda CAhicMALEMSS ,
car boxypepti gygse 02 e}qgl I% #Jlt am c and aspaitic folate derivatives.
151 n one enb Wéﬁ?n & zyme- anti body conjugate includes an

anti body, or ant |Md1wafyna@m§/pesﬁrhﬁtie the res@ioR 61 @fbola §@HpsaRd vdr®us
speci fi ci éSy fdglgva 1ves %eﬁoggaud‘?ngggu‘%setq%mtgg E?alﬁthacrirgxysucmmmlﬁ%eé &1 aILI a target

site, of Tnteres I'SCUSSI

her ei nabove. h@r@tyewanptcrbe gsfersaacgitiatidels) aeylcre{dh@lee,spwten- ghiganheini! esters,

substrate is aﬁk&l, %{Q‘Jyl, alkynyl and aromatic esters. Hydroxyl groups can be converted to esters,

ethers, aldehydes, efc. Haloalkyl groups are converted to new species by reaction with,

for example, an amine, a carboxylate anion, thiol anion, carbanion, or an alkoxide ion.

30  Dienophile (e.g., maleimide) groups participate in Diels-Alder. Aldehyde or ketone
groups can be converted to imines, hydrazenes, semicarbazones or oximes, or via such
mechanisms as Grignard addition or alkyllithium addition. Sulfonyl halides react readily

with amines, for example, to form sulfonamides. Amine or sulfhydryl groups are, for
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COOH 20 EXAMPLES OF CONJUGATES The linkers and cl eavabl e
substrates of the invention can be used in conjugates containing
duocarnycin or CBlI anal ogs as cytotoxic agents. Exanpl es of
conjugates of the invention are described in further detail bel ow

Unl ess ot herw se indicated, 25substituents are defined as set forth
above in the sections regarding cytotoxins, linkers, and cl eavabl e
substrates. A. Linker Conjugates One exanple of a suitable conjugate
is a conpound of the formula wherein L1 is a self-immolative |inker;
mis an int egarm@s, adylatd, alRylated or5xidiged. Gylkdhes, sandge bénnkred (compry sy t he

structure: YAQ: gélﬂg cycioaddlt% adyﬁ&tl&{]?h&raelq&{l on' 518 o§1dé ga%plggﬁjﬁnt Iy

sel ected fromthe group consistin natural amno aci s an
unnatural a- a’rﬁhr?@ﬂ@éﬁwyd@@dcwpoaﬁibl nteger fromlito 20; L2 is a

sel f-immmol ative | bmme@ﬂdmé:ﬂmmré@i% appreciate that many of these linkages may be
5  produced in a variety of ways and using a variety of conditions. For the preparation of
esters, see, e.g., March supra at 1157; for thioesters, see, March, supra at 362-363, 491,
720-722, 829, 941, and 1172; for carbonates, see, March, supra at 346-347, for
carbamates, see, March, supra at 1156-57,; for amides, see, March supra at 1152; for
ureas and thioureas, see, March supra at 1174; for acetals and ketals, see, Greene er al.

10 swupra 178-210 and March supra at 1146; for acyloxyalkyl derivatives, see, PRODRUGS:
ToPICAL AND OCULAR DRUG DELIVERY, K. B. Sloan, ed., Marcel Dekker, Inc., New
York, 1992; for encl esters, see, March supra at 1160; for N-sulfonylimidates, see,
Bundgaard et al., J. Med. Chem., 31:2066 (1988); for anhydrides, see, March supra at
355-56, 636-37, 990-91, and 1154; for N-acylamides, see, March supra at 379; for N-

15  Mannich bases, see, March supra at 800-02, and 828; for hydroxymethyl ketone esters,
see, Petracek et al. Annals NY Acad. Sci., 507:353-54 (1987); for disulfides, see, March
supra at 1160; and for phosphonate esters and phosphonamidates.

The reactive functional groups can be unprotected and chosen such that they do
not participate in, or interfere with, the reactions. Alternatively, a reactive functional

20 group can be protected from participating in the reaction by the presence of a protecting
group. Those of skill in the art will understand how to protect a particular functional
group from interfering with a chosen set of reaction conditions. For examples of useful
protecting groups, See Greene et al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John
Wiley & Sons, New York, 1991,

25 Typically, the targeting agent is iinked covalently to a cytotoxin using standard
chemical techniques through their respective chemical functionalities. Optionally, the
linker or agent is coupled to the agent through one or more spacer groups. The spacer
groups can be equivalent or different when used in combination.

Generally, prior to forming the linkage between the cytotoxin and the reactive

30 functional grounp, and optionally, the spacer group, at least one of the chemical
functionalities will be activated. One skilled in the art will appreciate that a variety of
chemical functionalities, including hydroxy, amino, and carboxy groups, can be activated

using a variety of standard methods and conditions. In an exemplary embodiment, the
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( R19 wherein each R1-2, R19, and R19 is independently
selected fromH, substituted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl 15and substituted or unsubstituted aryl,
and wis an integer fromO to 4, ois |; L4 is a linker nenber; pis
0 or 1; 20X4 is a nmenber selected fromthe group consisting of
protected reactive functional groups, unprotected reactive functional
groups, detectable |abels, and targeting agents; and D conmi ses a
structure; wherein the ring systemA is a nenber selected
from subst i t ubedtigrcoupgubstartontldehcaenglity asufsative fuhaignad group sCHistxjylt ut ed

het er oaryl ango Hﬁ}ﬁé&% Qﬂggmg HPE&+&M&Ed het erocycl oal kyl groups;
5E and G are ers I ndepend en y selected fromH, substituted or

unsubsti t ut ed aIkyI, substituted or unsubstituted heteroal kyl, a

het er oat om acﬁﬁ&@gﬁL@gﬂﬂSTﬁgTﬁ and G are joined to forma ring
system sel ected fromsubstituted or unsubpstituted aryl, substituted

or unsubstit uted ﬁ‘é%%ﬁﬂbﬂ&wpbsgﬂep@Jﬁﬂiﬁ%tﬂé@ﬂ&?aiaﬁ@tﬁfétﬁf %t ed

het er ocycl oal geytbrabl QR dleswalemafsbas 1saele@@bladmfyﬁ@ RitdtratSharneh tRZ3ved b
R23 is a menber seleglf‘ [ subs tqu substltu d alﬁyl
substituted df UEGLSEtRYE HE?‘B?’&&T‘* 1A ri‘&“‘éﬂ&%? Agedy pein

wherein RI' iwthahdremnber odeltagdt edls ta emehd® Tk endgyme @mg bsgemsrgte@isy the
tumor or other target cells to be treated. For example, the cleavable substrate can be a

10 peptide that is preferentially cleavable by an enzyme found around or in a tumor or other
target cell. Additionally or alternatively, the enzyme can be attached to a targeting agent
that binds specifically to tumor cells, such as an antibody specific for a tumor antigen.

As examples of enzyme cleavable substrates suitable for coupling to the drugs
described above, PCT Patent Applications Publication Nos. WO 00/33888, WO

15 01/95943, WO 01/95945, WO 02/00263, and WO 02/100353, all of which are
incorporated herein by reference, disclose attachment of a cleavable peptide to a drug.
The peptide is cleavable by an enzyme, such as a trovase (such as thimet oligopeptidase),
CD10 (neprilysin), a matrix metalloprotease (such as MMP2 or MMP9), a type 11
transmembrane serine protease (such as Hepsin, testisin, TMPRSS4, or matriptase/MT-

20 SP1), or a cathepsin, associated with a tumor. In this embodiment, a prodrug includes the
drug as described above, a peptide, a stabilizing group, and optionally a linking group
between the drug and the peptide. The stabilizing group is attached to the end of the
peptide to protect the prodrug from degradation before arriving at the tumor or other
target cell. Examples of svitable stabilizing groups include non-amino acids, such as

25  succinic acid, diglycolic acid, maleic acid, polyethylene glycol, pyroglutamic acid, acetic
acid, naphthylearboxylic acid, terephthalic acid, and glataric acid derivatives; as well as
non-genetically-coded amino acids or aspartic acid or glutamic acid attached to the N-
terminus of the peptide at the B-carboxy group of aspartic acid or the y-carboxyl group of
glutamic acid,

30 The peptide typically includes 3-12 (or more) amino acids. The selection of
particular amine acids will depend, at least in part, on the enzyme to be used for cleaving
the peptide, as well as, the stability of the peptide in vivo. One example of a suitable
cleavable peptide is B—AlaLeuAlaLeu (SEQ ID NO., 2). This can be combined with a
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15substituted al kyl, unsubstituted al kyl, substituted heteroal kyl,
unsubstituted heteroal kyl, nonophosphates, diphosphates,

tri phosphates, sulfonates, acyl, C(0)R 12-K13, C(0)OR12, C(0)NR12R13,
1) (0) (OR12) 2" C(0) CHR121213, SR12 and Si Rt2Ri 3R14, R4, R4', R5 and
R5' are menbers independently selected fromthe group 20consi sting of
H, substituted al kyl, unsubstituted al kyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl,
substituted heterocycl oal kyl, unsubstituted heterocycl oal kyl ,

hal ogen, NO2,stdNRzihb Bb6p tol‘ﬂﬁ(rfk)JRl:’z'yl BOCLILARLEREEQ IOG(0 2 Bitfey ex@hn@lRES,
SR15, OR15, CRI ) 2, 0r an acent pair of
ma Ra R Aol R e e b s B Bha t o whi ch ¢hey
are att ached ar eAp mcnbld;tratore EompicaCB Ub glba knotve ds i@prilysis ubdstal t ut ed

cyct oal kyl orey g SIREXRERRLIN LD SYSLAMIGY DR S ER A2

menbers; wher e nt eger
i ndependent | yiyrsdl estsadace ?lmwﬁﬂﬁeﬂdsmm@!ﬂillﬁmteﬁe oFleaypdeibibitiatey swdbla Fd ye,

substituted O&lth%l‘@bﬁt]ddte E&ﬁsﬁaﬂ%@&ﬁf I%IIJE)QL OtﬁHQﬁ(w/rF ﬂ%s%qtepfor CD10 include
unsubstitute substituted or unsubstituted heteroaryl

r
substit uted d}ePtE%h%fwséq?Oteﬁv@oﬁcﬁétné%@y@iha%ahregﬁplytl%@l@amf@tﬂ%@@ﬁ W®r
unsubsti t ut edhmpgtlht@)gbtslaygapr ein R15 and R16 together with the

nitrogen atomto ICth’fgf are attached are optjonally @m ned to

form a substit ut eG"Yre 4 Pemple g bRt ap Bk sl iMi)st em

havi ng from 4?1dsbrab1§ tmaiaelfasapteﬁnﬁlpmlyhyexﬁgﬁésahmﬂgd HANOtuBBrs L s a

het er oat ons; i n ei.t her. prese

ond when pr e<ER oeRidh e e SPIMALGY iy iRy REERS op el “ana
R7 is CH, - X1 trsohulelmajri engyehes Ml\ﬁal(giemnyl@b@pnw\ﬁMPB (g&l}tlmm B), RGe bedner ei n
Xlis al eav'lﬁlgnbgél?'ﬂﬁglgcé\?% :ﬁ‘lb\gn B]b% s%écﬂge? &ﬁ{rﬂedqﬁl‘ilg%th&e%é?odeﬂngpr esent,

or to F. 15l n sone’e as struct
above. One s p@‘@]dfqg(gumm growth. Peptlde sequences demgned to be cleaved by MMP2 and MMP9

15  have been designed and tested for conjugates of dextran and methotrexate {Chau et al.,
Bioconjugate Chem. 15:931-941 (2004)); PEG (polyethylene glycol) and doxorubicin
(Bae et al., Drugs Exp. Clin. Res. 29:15-23 (2004)}); and albumin and doxorubicin (Kratz
et al., Bioorg. Med. Chem. Lerr. 11:2001-2006 (2001)). Examples of suitable sequences
for use with MMPs include, but are not limited to, ProValGlyLeulleGly (SEQ. ID NO. 8),

20 GlyProLeuGlyVal (SEQ. ID NO. 9), GlyProLeuGlylleAlaGlyGin (SEQ. ID NO. 10),
ProLeuGlyLeu (SEQ. 1D NO. 11), GlyProLeuGlyMetLeuSerGln (SEQ. 1D NO. 12), and
GlyProLeuGlyLeuTrpAlaGln (SEQ, ID NO. 13). (See, e.g., the previously cited
references as well as Kline et al., Mol. Pharmaceut. 1:9-22 (2004) and Liu et al., Cancer
Res. 60:6061-6067 (2000).) Other cleavable substrates can also be used.

25 Yet another example is type II transmembrane serine proteases. This group of
enzymes includes, for example, hepsin, testisin, and TMPRSS4. GlInAlaArg is one
substrate sequence that is useful with matriptase/MT-SP1 (which is over-expressed in
breast and ovarian cancers) and LeuSerArg is useful with hepsin (over-expressed in
prostate and some other tumor types). (See, e.g., Lee et.al., J. Biol. Chem. 275:36720-

30 36725 and Kurachi and Yamamoto, Handbook of Proeclytic Enzymes Vol. 2, 2™ edition
(Barrett AJ, Rawlings ND & Woessner JF, eds) pp. 1699-1702 (2004).) Other cleavable

substrates can also be used.
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exanpl e of a conmpound suitable for use as a conjugate is HA.? NH O 00
N Anot her exanple of a type of conjugate is a conpound of the formula
4)p F-(Cm1-D 20wherein L1 is a self-imolative linker; mis an
integer 0, 1, 2, 3, 4, 5 or 6; Fis a linker conprising the
structure; AQ) L2-c 25wher ei n

Another type of cleavable substrate arangement includes preparing a separate
enzyme capable of cleaving the cleavable substrate that becomes associated with the
tumor or cells. For example, an enzyme can be coupled to a tumor-specific antibody (or
other entity that is preferentially attracted to the tumor or other target cell such as a

5  receptor ligand) and then the enzyme-antibody conjugate can be provided to the patient.
The enzyme-antibody conjugate is directed to, and binds to, antigen associated with the
tumor. Subsequently, the drug-cleavable substrate conjugate is provided to the patient as
a predrug. The drug is only released in the vicinity of the tumor when the drug-cleavable
substrate conjugate interacts with the enzyme that has become associated with the tumor

10 so that the cleavable substrate is cleaved and the drug is freed. For example, U.S. Patents
Nos. 4,975,278; 5,587,161; 5,660,829; 5,773,435; and 6,132,722, all of which are
incorporated herein by reference, disclose such an arrangement. Examples of suitable
enzymes and substrates include, but are not limited to, B-lactamase and cephalosporin
derivatives, carboxypeptidase G2 and glutamic and aspartic folate derivatives.

15  In one embodiment, the enzyme-antibody conjugate includes an antibedy, or antibody
fragment, that is selected based on its specificity for an antigen expressed on a target cell,
or at a target site, of interest, A discussion of antibodies is provided hereinabove. One

example of a suitable cephalosporin-cleavable substrate is

A

COOH

20
EXAMPLES OF CONJUGATES
The linkers and cleavable substrates of the invention can be used in conjugates
containing duocarmycin or CBI analogs as cytotoxic agents. Examples of conjugates of
the invention are described in further detail below. Unless otherwise indicated,
25  substituents are defined as set forth above in the sections regarding cytotoxins, linkers,

and cleavable substrates.

A. Linker Conjugates

One example of a suitable conjugate is a compound of the formula
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AA" is one or nore nenbers independently selected fromthe group
consi sting of natural am no acids and unnatural a-amno acids; c is
an integer from1l to 20; L2 is a self-imolative linker; 50 is 0 or
1; L4 is a linker nenber; pis 0 or 1; X4 is a nenber sel ected
fromthe group consisting of protected reactive functional groups,
unprotected reactive functional groups, detectable |abels, and
targeting agents; 10and D conprises a structure; wherein
the ring systemA is a nenber selected from substituted or
unsubstituted aryl, substituted_ o %g_ ESthtU %P het eroaryl and
substituted or 15unsubstituted N '%__ gy T dalk gr oups; E and G
are nenbers independently selected fromH, su stltuted or
unsubstitut ed al kyhereisubsti tuted or unsubstituted het eroal kyl, a
heteroatom a SinE'?aQ%%ﬁmmﬂﬁwﬁ gd Gare joined to forma ring
system sel ected froms stltute of unsubstituted aryl, substituted
or unsubstituted Rdtwyipagey0 haddubst®:t ut ed or 20unsubst i t ut ed

het er ocyclpal kyl ; pX 418x& coBIRAL teleaked from 0, S and NR23;

R23 is a member sel ected from substltuted or unsubstituted al kyl,

substituted or unsubstituted heteroalk acyl ;
R3 is a nmenber selected fromthe gr ugl opsﬂ i ng of (=0), SR,

NHRI I 25and OR', wherein R 5 sel ected fron1the
group consisting of H substitute IkyF bstituted al kyl,
substituted heteroalky% unsubsti t ut ed

wherein

AA' is one or more members independentiy selected from the group
consisting of natural amino acids and unnatural ¢-amino acids;
10 ¢ is an integer from 1 to 20;

2. . . - .
L” is a self-immolative linker and comprises

4
( =Y )w
wherein each RY, R'® and RV is independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl
15 and substituted or unsubstituted aryl,
and w is an integer from 0 to 4;
oisl;
L* is a linker member;
pisOorl;
20 X* is a member selected from the group consisting of protected reactive functional

groups, unprotected reactive functional groups, detectable labels, and targeting agents;

and

D comprises a structure:
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het er oal kyl , nonophosphat es, di phosphates, triphosphates, sulfonates,
acyl, C(0)R12R13, C(0)OR12, C(0)NR12R13, P(0)(01212)2" C(0)CHR12R13,
SR12and Si R12R13RI4 , in which R12, R13, and R14 are nenbers
i ndependently 5selected fromH, substituted or unsubstituted al kyl,
substituted or unsubstituted heteroal kyl and substituted or
unsubstituted aryl, wherein R12 and R13 together with the nitrogen or
carbon atomto which they are attached are optionally joined to form
a substituted or unsubstituted heterocycl oal kyl ring system having
from4 to 6 10menbers, optional ontaining two or nore heteroatons;
R4, RA', R5 and R5' are nenbers legfendent |y sel ected fromthe group
insfibstityted alkyl, substituted

aryl, unsubstituted aryl, sub et eroa Junsubstitut ed
het eroaryl, substituted heterocycl oakk it ut ed

het erocycl oal | cyl, hal ogen, NO2, NR I5R] ( 0) R15,

OC(0) NR151(1' 16, OC(0) OR15, C(0) R154 OR¥S ~{ER15=NR16, and
O(CH2) . N(CF13) 2, or any adjacent pair of , B4, R5 and RS',

together with the carbon atons to which they are attached, are joined
to forma substituted vierelanBlbgtsiddil 86 CyEhRAdeleydkd B6m substituted or

het erocycl oal I cyl ring systemhaving from4 to 6 nenbers.. 2Qwherein n
is an integer froﬁqsﬂbsﬁgteéﬁlfyﬁ S“bSt%”te‘%ém%ﬁffmﬁi‘%heﬁoé‘g’F H@ébléqhﬁlgaﬁ y
sel ected from H, sushistintedhadogrlosikggbepd:t ut ed al kyl, substituted or
unsubstitut ed het eroal oS it r S tituted.arvl,

4 DR 00, SRS s

substituted or unsubspltu
25unsubsti t ut ed hetsersbeied Rigl fopdtitutem veybstituted ittendallyl, aheeedam, ¢ singel

peptidyl, wherein, 35, ands BAR ibipgab REk Wb @s(g&t‘%gl@éftédrf%%bﬁibmﬁ &0

which they are attached are optionally |of ne orma substituted
or unsubstituted PEeHyEgarbaibrEipted prygsubsisitehefeaiyhipdrplstined po 6
menbers, optional pugent-abdiéhgclb¥Ry1or nore heteroatons; 30wherein at
| east Oneloof R4, R4’ 1?3. glggbeli:g?éleclteidl}ilég‘t C?,%i acljld %E{%? to L1, if
R™ is a member selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, and acyl;
R*is OR",
wherein R'! is a member selected from the group consisting of H,
5 substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroalkyl, monophosphates, diphosphates, aiphosphates, sulfonates,
acyl, CO)R"'R", C(O)OR", C(O)NRR", P(O)OR"),, ,
C(O)CHR"R", SR"*and SiR""R"R",
R*,R*, R® and R” are members independentiy selected from the group
20 consisting of H, substituted alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl, substituted hetercaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO,;, NRR'S,
NC(O)R'*, OC(O)NRPR'®, OC(0)ORY, C(O)RY, SR”, OR", CR"¥=NR'®, and
O(CHa)sN{CH3),, or any adjacent pair of R*, R*, R and R”, together with the
25 carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloalkyl or heterocycloalkyl ring system having from 4 to 6
members;

wherein
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present, or to F, and conprises R271 R wherein v is an integer from
1to 6; and each R27, R27', R28, and R is independently
selected fromH, substituted or unsubstituted al kyl, substituted or
unsubsti tuted 5Sheteroal kyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or
unsubstituted heterocycl oal kyl ; R6 is a single bond which is

ei ther present or absent and when present R6 and R7 are joined to
forma cyclopropyl ring; and 10R7 is CH2-X1 or -CH,- joined in said
cyclopropyl ring with R6, miierategerfton ktogd0] eavi ng gr oup. I n

sone enbodi ment, the drug gag, i MEEHE;En&e%&y Qlectkd £dm BOQY GirueldE
specific exanple of a conpound suitabl'e for  use as a conJu ate is ,Br
0 HsZ H unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
5 unsubstituted heterocycloalkyl, and substituted or unsubstituted peptidyl,
wherein R and R'¢ together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms;
10 R is a single bond which is either present or absent and when present R®
and R’ are joined to form a cyclopropyl ring; and
R’ is CHa2-X' or —CHa- joined in said cyclopropyl ring with RS, wherein
X! is a leaving group,
wherein R links said drug to LE, if present, or to F,
15 In some embodiment, the drug has strocture (9) or (12) above. One specific
example of a compound suitable for use as a conjugate is

mNj%o

NH

O ~—Cl
q\/\)L /\/N\)’\ g - JOI\ g :
N | NS0 N

O~~~

H o] O\/o 4 N

> ey T
Q

Another example of a type of conjugate is a compound of the formula
X4—f——uﬁh~FmﬂLﬁm—}-D

L' is a self-immolative linker;

"

20 wherein

m is aninteger 0.1,2,3,4, 5,01 6;

F is a linker comprising the structure:

25 wherein
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IhN rlin't .11-N14 HO HO r o

AA!is one or more members independently selected from the group
consisting of natural amino acids and unnaturai o-amino acids;
c is an integer from 1 to 20;
L7 is a self-immolative linker;
5 oisQorl;
L* is a linker member;
pisQorl;
X*is a member selected from the group consisting of protected reactive functional
groups, unprotected reactive functional groups, detectable labels, and targeting agents;
10 and

D comprises a structure:

6
R K7

RB

wherein the ring system A is a member selected from substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or
15 unsubstituted heterocycloalkyl groups;

E and G are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a heteroatom, a single
bond, or E and G are jeined to form a ring system selected from substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or

20 unsubstituted heterocycloalkyl;

X is a member selected from O, $ and NR™;

R? is a member selected from H, substituted or unsubstituied alkyl,
substituted or unsubstituted heteroalkyl, and acyl;

R? is a member selected from the group consisting of (=0), SR NHRY

25 and OR",
wherein R'! is a member selected from the group consisting of H,

substituted alkyl, unsubstituted alkyl, snbstituted heteroalkyl, unsubstituted
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NH QA NH2 where r is an integer in the range fromO to 24.
Anot her exanple of a suitable conjugate is a conmpound of the formula
x4 [ (L4)p F (ornD wherein 20LI is a self-immolative linker; mis
an integer 0, 1, 2, 3, 4, 5, or 6; Fis a linker conprising the
structure: (AA 4 _N JL3Z

heteroalkyl, monophosphates, diphosphates, triphosphates, sulfonates,

acyl, C(O)R"R", C(O)OR™, C(O)NR'*R'?, P(O)OR '), ,

C(O)CHR'*R®, SR and SiR1*R*R™,

in which R™, R'?, and R' are members independently
5 selected from H, substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl and substituted or unsubstituted aryl,
wherein R' and R'? together with the nitrogen or carbon atom to
which they are attached are optionally joined to form a substituted

or unsubstituted heterocyeloalkyl ring system having from 4 to 6

10 members, optionally containing two or more heteroatoms;

R*,R*, R® and R* are members independently selected from the group
consisting of H, substituted alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO., NRPR'®,

15 NC(O)R", OC(O)NRR'®, OC(O)ORY, C(O)R'?, SR”, OR", CR"*=NR", and
O(CH:),N(CHa),, or any adjacent pair of R*, R”, R? and R™", together with the
carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloalkyl or heterocycloalkyl ring system having from 4 to 6
members,

20 wherein

n is an integer from 1 to 20;

R" and R are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

25 unsubstituted heterocycloalkyl, and substituted or unsubstituted peptidyl,

wherein R and R'® together with the nitrogen atom to which they are

attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms;

30 wherein at least one of R*, R*”, R® and R links said drug to Ll if

present, or to F, and comprises
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H o wherein AA" is one or nore nenbers independently sel ected
fromthe group consisting of natural am no acids and unnatural
a-amno acids; 5c is an integer from1l to 20; L3 is a spacer group
conprising a primary or secondary am ne or a carboxyl functional
group; wherein if L3 is present, mis O and either the am ne of

L3 fornms an anmi de bond with a pendant carboxyl functional group of D
or the carboxyl of L3 forns an ami de bond with a pendant am ne
functional group of D 100 is O or 1; L4 is a |linker nenber, wherein
L4 conprises (;) H26' R2 R25Ft20 digactdey art’ached to the N-terninus
of (AA),, wherein i\s i s|a nmenber selected from
H, substituted or unsubstitute | Ky 1bsubntitgted or unsubstituted
het er oal kyl , and acyl, ch 5, " , and R26 is

i ndependently selected fromH, substitut or ghsubstituted al kyl,
substituted or unsubstituted heteroal B, siBstituted or
unsubstituted aryl, substituted,;Qr. [ LU oaryl, and
substituted or unsubstituted thgfgggifﬁg%%%PEfgﬁgﬁ ﬁi and t are

i ndependently integers from 1 £&h®&  B"i.B"1and R™ is indxupndegtyseipetth&pm

sel ected fromthe group copsiitd oPlnsP:0hRE LRH, ARk ME vhdRGhkanal
groups, unprotected reactive functional groups, detectable |abels,

. p )
and targetdng agents; and PSP whpibpidaed o uaubgiityter asyl, substituted or

unsubstituted heterocaryl, and substituted or unsubstituted

heterocycloalkyl,
R® is a single bond which is either present or absent and when present R°®
and R’ are joined to form a cyclopropyl ring; and
10 R’ is CHx-X' or —CHa- joined in said cyclopropyl ring with R®, wherein
X'isa leaving group.
In some embodiment, the drug has strecture (9) or (12) above. One specific

example of a compound suitable for use as a conjugate is
Br

fSIQED:B / °~/“Nﬁo”w::L o HY H 0 ¢
N O)/’_(Ir::\,@/ H E N lk/\

0 F N 0 A
/N\) jC1}/\H o) Py
N
NH.

H
PN
15
where r is an integer in the range from 0 to 24.
Another example of a suitable conjugate is a compound of the formula
S R A B B
wherein
20 L' is a self-immolative linker;

m is aninteger 0,1,2,3,4,5, 01 G;

F is a linker comprising the structure:
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wherein the ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and
substituted or unsubstituted heterocycl oal kyl groups; 5E and G are
menbers i ndependently selected fromH, substituted or unsubstituted
al kyl, substituted or unsubstituted heteroal kyl, a heteroatom a
single bond, or E and G are joined to forma ring system sel ected
fromsubstituted or unsubstituted aryl, substituted or unsubstituted
het eroaryl and substituted or unsubstituted heterocycl oal kyl; 10X is

a nmenber selected fromO0, S and NR23; Ra r selected fromH
substituted or unsubstituted al kyE; éﬂﬁgt bHtféd or unsubstituted
het er oal kyl , and acyl ; R3 isca seleected fromthe group

consi sting of (=0), SR ereNHRI 1 and OR11, 15wherein Rnis a
nmenber sel ect ed fron1fﬁq group consisting of H substituted al kyl
unsubstituted al kyl, <ubdtaneatwee henbirpatidpyidentyrsiatist rdanuthe group

heteroal | cyl, nmongpkt B5al alhh i b tes,
sul f onat es, acyl,&%?g%%?%%%%} %%%?%%%%?L%%Hf%ﬁ1%%%%99%(0)(0R12)2,

20C(0) CHRI2R13, SR12 &rtrndptezenpmi3m#; in which R12, R13, and

R14 are nenbers indepgAdanbicyr S&be6HEH Ik ORInkhy oS4tbsHdhY Uned oL
unsubsti t ut ed alkél, substituted or unsubstituted heteéroal kyl and

substituted or unRPSYITPIGHAG! SEPUPr WhegHR I di (f PRt Ahig U eskef Gentbrmninie
with the nitrogenLobmaanboiie as@miihe paftiasitabbey fuattRndigtoas bEd oahe

optionally joined to fo substituted .or unsubstituted
et er ocycl oal kyl FE"E) 5t ERPOTHG P¥orita B Te s LonsbgpingiB |

het erocycl oal kyl ¥1n
contai ni ntp t wo or nor e ihkedrdr oat ons; R4, R4', R5 and R5' are

nenber s independeﬂggXﬁﬂﬁéﬁﬁﬁﬁgg&&gﬁkspgmgﬁ%up consisting of H

substituted al kyl, uns substituted aryl,
unsubstituted ny!, substituted heteroaryl, @ns#stRfUted heteroaryl,
substituted heterocycl oal kyl, unsubst jst ut ed||het eNotycl.oal kyl ,
hal ogen, N2, NRIsRi s
N
1

R26 'R !_L 20 s
directly attached to the N-terminus of (AAl)c, wherein
R¥ is is a member selected from H, substituted or unsubstituted alkyl,
15 substituted or unsubstituted heteroalkyl, and acyl,
each R*®, R¥ R and R*® is independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or
unsubstituted heterocycloalkyl;
20 and s and t are independently integers from 1 to 6;
pisl;
X* is a member selected from the group consisting of protected reactive functional
groups, unprotected reactive functional groups, detectabie labels, and targeting agents;
and

25 D comprises a structure:
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5NC(0) R15. OC(0) NR15R16, OC(0)0OR15, C(0)R15, SR15, OR15, CR15=NR16,
and O(CH2) N(CH3) 2, or any adjacent pair of R4, R4', R5 and RS,
together with the carbon atons to which they are attached, are joined
to forma substituted or unsubstituted cycl oal kyl or heterocycl oal kyl
ring systemhaving from4 to 6 nenbers, 10wherein n is an integer
from1l to 20; R15 and R16 are independently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal kyl , substituted or unsubstituted ny!, substituted or
unsubstituted heteroaryl, substytuted or 15unsubstituted

het er ocycl oal kyl , and substituteg rRGunsybstl tuted peptidyl, wherein
R15 and 1216 together with the dgenaat om Lo which they are
attached are optionally joi ngd ‘ ituted or unsubstituted
het er ocycl oal kyl ring system havi ng™ifo ¢ Fenber s, optionally
containing two or nore heteroatons; 2 i ngl e bond which is

ei ther present or absent and when px I Na~AR7 are joined to
forma cyclopropyl ring; and R7 is CH2-X1 or gCH - joined in said
cyclopropyl ring with R6, wherein X1 is a |eaving group,

wherein at | east one ofhelt the riRg’ systelRBA 1935ne;mbal‘513616dﬂ:(ﬂﬂ.ﬁlbht[hﬁtkcsorsai d

g: 38 Lgslsg'r uICI urzgrR‘(“iffm@E hx(yﬁﬁjbet ted 01u qugstlstuﬁeedche Joalygzrl)ziaa qglfqp'e[%%im the
conpound suitabl emfsuirstmméhfa@oqydnjﬂlqsgatoepa,s H2 NO vy (NH HO90 HO NH OCL
0 5

E and G are members independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a heteroatom, a single
bond, or E and G are joined to form a ring system selected from substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and substituted or
unsubstituted heterocycloalkyl;

10 X is a member selected from O, S and NRZS;
R™ is a member selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, and acyl;
R? is a member selected from the group consisting of (=0), SR'!, NHR"
and OR',
15 wherein
R'! is a member selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroalkyl, monophosphates, diphosphates, triphosphates, sulfonates,
acyl, C(O)R™R®, C(O)OR™, C(O)NRRE, P(OXOR™),,,
20 C(O)CHR¥R®, SR* and SiR“RPRY,
in which
R¥ R", and R' are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl and substituted or unsubstituted aryl, wherein R'* and
25 R together with the nitrogen or carbon atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members,

optionally containing two or more heteroatoms;
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O H wherer is an integer in the range fromO to 24. O her exanpl es
of suitabl e conpounds for use as conjugates include: 0 O NHO-r O HN
CONH \-NH 2/NH2 O

R*,R*, R® and R> are members independently selected from the group
consisting of H, substituted alkyl, unsubstituted alkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halogen, NO», NR”RM,

5 NC(O)R", OC(O)NRR'®, OC(0)OR", C(O)R", SR™, OR", CR”=NR®, and
O(CH,),N(CH3), or any adjacent pair of R*, R*, R® and R”, together with the
carbon atoms to which they are attached, are joined to form a substituted or
unsubstituted cycloalkyl or heterocycloalkyl ring system having from 4 to 6
members,

10 wherein
n is an integer from 1 to 20;

% and R'® are independently selected from H, substituted or
unsubstituted aikyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

15 unsubstituted heterocycloalkyl, and substituted or unsubstituted peptidyl,
wherein R™ and R" together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms;

20 R® is a single bond which is either present or absent and when present R®

and R’ are joined to form a cyclopropyl ring; and

R”is CH»-X" or ~CH,- joined in said cyclopropyl ring with R®, wherein

X' is a leaving group,

wherein at least one of R, R¥, Rs, Rs’, R or R'® links said drug to L' if

25 present, or to F.

In some embodiment, the drug has structure (9) or (12) above.One specific

example of a compound suitable for use as conjugate is
HoN. O
NH

o

WKQ/N{\N)IH\EKNWEQO\}?}L\?@
NQN B

’
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NH2 H2N,fO HN HOO R ----- NA...--,_ A 'N N NOHHO w
a"--ft...) Il 0 0 NH2

where ris an integer in the range from 0 to 24.

Other examples of suitable compounds for use as conjugates include:
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wherein the ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl and
substituted or unsubstituted heterocycl oal kyl groups; 5E and G are
menbers i ndependently selected fromH, substituted or unsubstituted
al kyl, substituted or unsubstituted heteroal kyl, a heteroatom a
single bond, or Band G are joined to forma ring systemselected from
substituted or unsubstituted aryl, substituted or unsubstituted

het eroaryl and substituted or unsubstituted heterocycl oal kyl; 10X is
a menber selected fromO, S and NR23; Ra 2 sel ected fromH,
substituted or 'tumqn al kyl, substi tgted or unsubstituted

het er oaLkyl , 2 R3 is a nmenber sglected fromthe grgup
consi sting of \HR11 and OR', 15 elm H F?dﬁjLﬁi/
nenber sel ect ; group conS|st|n SIN.t Lt edia
unsubsti t ut ed al kyl Osu-stlhtu/-d et th\ ub tffﬁ%

het er oal kyl , non&%ﬁosphata. [ 7 tr9 pho tes, sulfonates
acyl, C(0)R12R13, C(0)OR12, 5 P(0) (OR12) 2, ,

20C(0) CHR1212. 13, SRl12and Si R 2R 13R14, in which R12, R13, and
R14 are menbers indepepgently selected fromH, substituted or
unsubstituted al kyl, $titoted or unsubstituted heteroal kyl and
substituted or unsub@ti qﬂs aryl, wherein R12 and 25R13 t oget her
with the nitroge AP oR aton1to whi ch t, are hed ar e,

N
optionally j ed¢ﬂo forma Fed or skjtpg
het er ocycl oal yI ring syst@ Y
contai ning two or nore heteroato 5 Ha 55(\ bond whgceh
is either present or absent and mhen present ﬁb and are joined to
forma cyclopropyl ring; and R7 is C-12- Xl or -CH,- joined in said
cyclopropyl ring with R6, wherein X1 |skg Hving group 5R4, R4', R5

and R5' are nenbers |ndepe&dently select%p rqg1gpe greup, =

IIANIRD
O%?‘(D’ ht CH A CH ’ Ob_o\dij

5 ch'
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consisting of H substituted alkyl, unsubstituted al kyl, substituted
aryl, unsubstituted aryl, substituted heteroaryl, unsubstituted

het eroaryl, substituted heterocycl oal kyl, unsubstituted

het erocycl oal kyl, hal ogen, NO2, NR 15R16, NC(0)R15, OC(0)NR15RI 6,
OC(0)OR15, C(O)R 5, SRI5, OR', CR15=NR16, and 100(CH2)"N(CH3)2, or
any adjacent pair of R4, RA', R5 and R5', together with the carbon
atons to which they are attached, are joined to forma substituted or
unsubstituted cycl oal kyl or heterocycl oal kyl ring system having from
4 to 6 nmenbers, wherein 15n is an integer ftom1l to 20; R15 and
R16 are independently selgcted fromH, sub%lLtuted or unsubsti hited
al kyl, substituted on

unsubstituted aryl,
substituted or unsu st

substituted heteroalkyl , substituted
NIt ed or unsu-stu ed _hgt erodryl., %%;2
@ 3 het eroayc I%/Iu\Ha d SubBtituted
unsubsti tuted t e Ry~ ar d 6 tegether with the’
nitrogen atonLgG |ch the? aﬂ wtached are optionally joined to
forma substituted or unsubstituted heterocyclpal kyl ring system
having from4 to 6 nmenbers, optionally contaimsng two or nore
het eroat ons; wherein at |east one of nenbers R4 , R4', R5 and R5
links said 25drug to LI, if present, or to X2, and is selected from
t he group consisting R30, R30', R3l, and R3l. are independently
sel ected fromH, 5subpt it utsel or unsubst it ed al kyl, substituted or
unsubstituted heter§ ubstituted or substltuted aryl ,
substituted or A3 ¢d heteroaryl, an substl tqg or

unsubsti t ut ed, Aete ocyclo.x ¥ andi v an I'E er Ito
I|Q%1‘i}+— and 0

Z

10Exanpl es of suitable cl2avab
Lo

HN

CI\‘\: \k
L L i I
1 Q Y
!
,N
HLC HN
O)\NHZ
{,T:o N Lo 9
N
0 W P\OH gﬁ\/\/u\
where R is o r or O and r is an integer in the

range from 0 to 24
Conjugates can also be formed using the dings having structure (13), such as the

5 following compounds:
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5The conpounds descri bed herein including pharmaceutically acceptable
carriers such as addition salts or hydrates thereof, can be
delivered to a patient using a wide variety of routes or nodes of
adm ni stration. Suitable routes of adm nistration include, but are
not limted to, inhalation, transdernmal, oral, rectal, transnucosal,
intestinal and parenteral adm nistration, including intramuscul ar,
subcut aneous and intravenous 10i njections. Preferably, the conjugates
of the invention are adm ni stered parenterally, nmore preferably
intravenously. As used herein, the tetns "adm nistering" or
"admi nistration" are intepded to enconpass @all neans for directly and
indirectly dellverln- coépound to its intended site of, act
15The conpounds des er ein, ph rna Fut | cahl adcept a
salts and/ or hydrat ek may be stier S|n§Iy, in
combi nation with o he? conppufdy o yhe |nv8nt| , and/or in
cocktails confjtfed wi th ot Rermtherapeutic agen O course, the
choi ce of therapeutlc agents that can be co-admnistered with the
conmpounds of the invention will depend, in party on the condition
bei ng treated. 20For exanple, when administered to patients suffering
froma di sease state caused by an organismthat relies on an
aut oi nducer, the conp ds of the invention can be admnistered in
cocktails containing nt & Hsed to treat*t he pain, infection and
ot her synptons and |o§.ﬁ Nects commonly associated with the di sease.
Such agents |nck’d Nanalge3|cs ant i iotics,%gtcm{25vgen
adm ni stered fo" : cancer tre: n@nt e cojpyunds
may be adninistered i n cotkt i A and/ or
suppl ementary potentiating agents. nhe conp d% yoa'éo be ©
adm ni stered in cocktails containing agents that at the
side-effects of radiation therapy, such as antl-énefﬁts radi ati on
protectants, etc. 30Suppl ementary potentiating agents that can be
co-adm ni stered with the conpounds of the<*T_@nt|on i nclude, e.g.,
tricyclic anti-depressant drugs (e.g., am ne, desipram ne,
am triptyline, clompraning, trimpram ne, epln nortrlptyllne
protriptyline, anoxapi &-naprotlllne) n rlcycllc
anti - depr essant dr g sertralin 520 ong_an Fan)
Ca+2 ant agoni sts : ml, nnf %lt endlﬁlne and
caroverine); anpho rl%ln t; ogBes (€. g., tanDX|fen
ant|arrhythn1cHg$ (e.qg., °qui #ne)o, antlhyp tensi ve drugs (e
reserpi ne); t hi ol depleters (e.g., buthionine and sul foxi m ne); and
cal cium | eucovorin. 5The active conpound(s) of°t W& i nvention are
adm ni st er ed vpefe r %an Atedein ttRQade o Ofto 24.

A. Cleavable Linker Conjugates

5 One example of a suitable conjugate is a compound having the following

structure:
X—1L)—p

wherein L' is a self-immolative spacer;

(2)
m is an integer of 0, 1, 2, 3, 4, 5, or 6;

10 X? is a cleavable substrate; and

D comprises a structure:
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a pharmaceutical conposition wherein the active conpound(s) is in
adm xture with one or nore pharmaceutically acceptable carriers,

exci pients or diluents. Pharmaceutical conpositions for use in
accordance with the present invention are typically formulated in a
conventional manner using one or nore physiol ogically acceptable
carriers conprising 1l0excipients and auxiliaries, which facilitate
processi ng of the active conpounds into preparations which, can be
used pharmaceutically. Proper formulation is dependent upon the route
of adm ni strati on chosen. transmucosal adm nistration,
penetrants appropriate to the bartier® to be pernmeated are used in the
fornul ati on. Such penetrants ar¢/gaderafil y kngwn in the art. 15For
oral adm nistration, the conpolngds /cary be forpul ated readily by

conmbi ning the active conpound(s) wt : o %ally accept abl e
carriers well known in the art. Such} abl e t he conmpounds of
the invention to be fornulated as tg *rR*dr agees, capsul es,
liquids, gels, syrups, slurries, suspensions gnd the |ike, for oral

i ngestion by a patient to be treated. Pharnaceutical preparations for
oral use can be 20obt aihaeth thmidgdymcz\piaemnbeﬂqatei:temﬂd)myubgrthtamrng a
resulting mxture Locessi fter

addi ng suitable aﬁ?quggdél Fq%%émﬁgghﬂ §ﬁ)emaﬁﬁ ﬂ“ﬁmmgPldragee
cores. Suitable emcmpﬁemﬂsﬂapemthﬂﬁampmcular, f|IIers such as
sugars, ingluding | act0sg g SRS ﬁunJJFJAHénh?LeIecﬁaﬁ ﬂﬁﬁ&?k&b@&mw&ﬁ] l'ul'ose
preparations such as, for exa , ze starc eat starc rice
starch, potato st '&’I"E‘ﬁ“tﬂ@éplﬁll fDstigiash o P%ﬁg%ﬁéﬂlﬁﬁﬁﬁetﬁlﬁ@kﬂw heeesiatopn oegle

25hydr oxypr opy | met &y or @ghd 8la Fbgﬁnedscé)ﬂ)'n’ﬂ DHRERANNBEELI NI bl QS8
and/ or pol yvi nyl pyrrol.idone. ( desired, disintegrating agents

may be added, sucﬁ“ﬂ@“@ﬁém€¥6?§“WPHW§H“E6F§VVW?F“H@F¥GPbﬂﬁﬁéoiagar
or alginic aci d omnanS@hBh&h@@eﬁhkﬁuch as sodi um al gi nate. Dragee

cores are rovided Wi sui t For ..t hi s purpose,
concentra{ed 30sugar éQFﬁF?%ﬁ§ %%fﬂggmggéﬁnd&hﬁch may optionally
contai n gum ar abi c, t3Fb;amehyvmmykdmymIbLmﬁmnedommmb@pmhigem,

pol yet hyl ene 9'ycﬁﬁruﬁﬁﬂﬁgﬁm£a$ﬁ£h&mo%kﬁ gggllacquer sol utions, and

sui tabl e organic solvents or so Dyestuffs or pigments
may be added to the ﬁab*@@@ﬂxw%Uﬂab@én@Qa@quQMﬂmgOf@@hﬁﬁfLHHRFon or

to characterize djffggnent conbinations of active conpound doses.

15 wherein
R'! is a member selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted heteroalkyl, unsubstituted
heteroalkyl, monophosphates, diphosphates, triphosphates, sulfonates,
acyl, C(O)R™R", C(O)OR'?, C(O)NR"R®, P(O)OR™),, ,
20 C(O)CHR™R", SR"™and SiR""R"R™,
in which
R” R, and R™ are members independently selected from
H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl and substituted or unsubstituted aryl, wherein R'* and
25 R'? together with the nitrogen or carbon atom to which they are
attached are optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 members,

optionally containing two or more heteroatoms;
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Phar maceuti cal preparations, which can be used orally, include
push-fit capsul es nade of gelatin, as well as soft, seal ed capsul es
made of gelatin and a plasticizer, such as 5glycerol or sorbitol. The
push-fit capsules can contain the active ingredients in adm xture
with filler such as |actose, binders such as starches, and/or

| ubricants such as talc or nagnesium stearate and, optionally,
stabilizers. In soft capsules, the active conpounds may be dissol ved
or suspended in SU|tabIe [1quids, such as fatty oils, liquid
paraffin, or liquid pdi’yetdnelednad ghigiciokither wlﬁsea@du&w@md weiten biebany R s
may be added. Al al{dq{vr;}gjgihédqgﬁnglg g?hn%déﬁ'd”' stration should be in
dosages suitable for ¢h _adm ni stra I For buccal,

admini stration, the cd%‘qb%ﬁﬁﬂ ‘o sCHayelned iesaidraclpraenyl Bifs Wit} evkerdn

| ozenges fornulated in conyeghienad g-Hmnner. For adm ni stration
by inhal atl on, the conpounds for,use according to the lgl)resent

i nvention Are conveni gﬁt Ry l%ié‘l“?1 5eral§’dn‘?”}]?°‘isﬁl§‘3938?el‘ﬁib?deé‘ﬁ HepHesrovgpr ay
pr esent E’:)lltl on frolmlzohﬁprrr@esﬂrgumdnqaau&ysu@nbsam&elautbll, Z@titutyd 4y, t he use of
a suitable propella f | uor onet

trichl orofl uor orrei”ﬁglﬁgmteaglghfu F‘b‘?‘éﬁ%??%r Brgf"?‘?g?iggﬁ%%{Pﬁgnt?“&%?dde or
ot her suitabl e gaBeterdayclbdiiey] amsbstmftecﬁmef@rcescswkyzedoge,rNQoNRFRE dosage
unit may be deter 15 is glis b 151 v ere
amount. Capsul es angﬁgachﬁgfésgo%(%d@ \tg?}Rt@ glgf oqﬁugg{ ﬂﬁh ang

i nhal er ol0 i nsuf f PEHGRNIEe)ber afi!)irfimﬁlapedof(?orﬂ AiRA PR’ atqzeﬁmte?rlthzhy m X
of the conpound apghqg a%%kl@»%& tl?&?r%@sftta&@@%e%&ﬁé?i (@ forth 8S[1RGEre @b, St arch.
The conpounds nmay be fornmnul at ed arenteral adm nistration by
injection, e.g., Wyutsbuigd Cliciﬂa@éltqfBﬁelé?ycbélhltllnﬁa&ﬁﬁ@mlhﬁflﬁl&ff%ﬁftq hj ection
is a pref erred membaek-Qf adm ni stration for the conpositions of the
current invention. Formnul atl ons for injection may be presented in
unit dosage form e.g., in &hpbules or in nmulti-dose containers, with
25an adders preservati ve. Tm@aacmf@as‘notm}aaa()nay take such forns as
suspensi ons, sol utions or ﬁul NS hi cl es, and
may contain formul atory aglglnfl Flmgspe Aeg%y ft?lg, ﬂasﬁgiegfuzt‘aidr?é and/ or
di spersi ng agents rray ub@b%udd@c&lkys subktiteted orhvesubstgst Heferdaligll, pobtivedy
pyntlidone, agar, %L%béﬁ'ﬂfl:ed Iqut%m fi%ﬂrﬁuﬁsh%&f?!c réaﬁ‘)g'”kuﬁs%m%e‘a%um

al gi nate. Phar rraceutl formul-ati ons par ent er al m ni stration

i ncl ude aqueous 30sol ypiubit§ egiheteivaycipatikyly endsuhrpoisa dsunsybsiipteepepidilubl e

form Addigionally, sysRenN'ORgrOTodcher @mthé/ﬁtrsg@m%r&%mmeme
prepar ed as appropriate oily injection suspensions. Suitab

|'i pophilic sol vents ofttaaddiar eptonafyioge torfaim %/SuBﬁt’F“éEdsOﬂE]ﬁ“%méeésarre

oi I, or synthetic fatthpedgicRaleftiag SystefUlingotliyd mehiead epdhally
tri gl ycerides, or |iposones. Agueou ection suspensions may

contai n substances, wAPEHMIHEP églgleiﬁtg PL%osity of the suspension,

such as sodi um wherein at least one of members R*, R*, R® and R™ links said

25 drug to L', if present, or to X* and is selected from the group consisting of
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car boxynet hyl cellul ose, sorbitol, or dextran. Optionally, the
suspensi on may al so contain suitable stabilizers or agents, which
increase the solubility of the conpounds to allow for the preparation
of highly, concentrated solutions. For injection, the agents of 5the
invention may be fornul ated i n aqueous solutions, preferably in
physi ol ogi cal ly conpati bl e buffers such as Hanks's solution, Ringer's
solution, or physiological saline buffer. Al ternatively, the
active ingredient may be in powder formfor constitution with a
suitable vehicle, e.g., st®erile pyrogen-free water, before use. 10The
conpounds may al so be forjnul ated in rectal ositions such as
suppositories or retergt O i 3 i ni ng conventi onal
suppository bases suc . r glycerides. I n
addition to the fornulsati Qf €% revi odsly, the conmpounds may
al so be formul ated as a depot prepafati gtl® Su€hnd ong acting

fornul ations may be admi ni stered by,15i npl antation or transcutaneous
delivery (e.g., subcutaneds®l wbr ffntramuscul arly), intranuscul ar
injection or a transdey mal ch. hhus, or exanpl e, the conpounds
may be forrmulated wt ui ¥t or hydrophobic materials
(e.g., as an enulsiongdgn pt abl ) or ion exchange resins,

or as sparingly soluble derj i , lfor exanple, as a sparingly

sol ubl e salt. 20The pharmaceuti ca céﬁpositions al so may conpri se
suitable solid or gel phase cawht:&hsS or excipients. Exanples of such
carriers or excipients include_hutsvate n gﬂlimi ed to cal cium
carbonate, cal ci um phosphate, §ar%ou §ﬁ§ ré?e?&ﬁ?@ﬁﬁgfaﬁéﬂﬁﬁPb%e
derivatives, gelatin, and spbidtiyusdrosusuishituag alggl ybitinyddemensgbyioedds. A

preferred pharnmaceuti cal qgg&g&gﬁ&&QH&%??S%8§§§§%%%ﬁﬁggg&g%%pted for

injection 25 such as intravenous 1 nje n es out 0.01%
to about 100% by wei ght ofunsibstitelediptasernjliagdsubstitiierdse anypsitnted 0% wei ght
of total pharmaceutical coppRsidd 0 dhe drug conjugate may be an

ant i body- cyt ot oxi n conj ugate ere the anti body has been selected to
target a particular cancer. 30Y[S2BRAEPHY™ 1t06." Also within the scope
of the prgsent i nwahhieosr safiMlel cledVBlelBRerOhcltR®- SMLANRX ENand
cytotoxin-linker and agent-Iinker gonjugates of the cytotoxins,

| i nkers of the invention angggyigzﬁéin-cle vabl e substrates of the

i nvention. Exenplary |ibrar ' conpounds, nore
fably at | east 1000

preferably at |east 100 conp&hnd, evg?lzi/
conmpounds and still nore preferably | east 100, 000 conpounds. The
libraries are COCH

In some embodiment, the drug has strocture (9) or (12) above. Examples of the

H S
g N“«PHQ;D
0
g

type of compound include:

0.0 COOH
0L pt
S’LN ; HYQ/

(ig ° gr<;I:j/ 0]
N
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inaformthat is readily queried for a particular property, e.g.,

cytotoxicity, cleavage of a linker or a substrate by an enzyne, or
ot her cl eavage reagent. Exenplary fornms include 5chip formats,
m croarrays, and the |ike. Parallel, or conbinatorial,

synthesis has as its primary objective the generation of a library of
di verse nol ecul es which all share a common feature, referred to

t hroughout this description as a scaffold. By substituting different
nmoi eties at each of the variable parts of the scaffold nolecule, the
anount of space e orabfe in a library grows. 10 Theories and nodern
medi ci nal chenistﬁggégzgcate the c ept of occupied space as a key
factor in determ Re éﬁ vea col a

gi ven b|olog|qa}Nt8rget eatlng a o] cul es,
whi ch expl or esng’ Iarge‘%ercentage of the tangeted ac® the odds of
devel oping a ﬁlghly ef fi caci ous | ead conpound i ncr 83¥e dramatically.
15Paral | el synt hesj |S/Qenerally conducted on @ solid phase support,
such as a polyneri n. The scaffol Bable
intermediate is em cal |inker.
Reactions are Ped o { dlfyHt e sc ffocd mhlle tethered to
the particle. Jakiation® i i reagents and/ ofO%Raction conditions
produce the sfructural diversity, which is the hall mark of each

l'i brary. 20Pastelrels Fsginghesi s of "smal | " nol ecul es (non-oligoners
with a nol ecul ar wei ght of 200-1000) was rarely attenpted prior to
1990. See, for exanple, Canps. etal., Annaks de Quimca, 70: 848
(1990). Recently, Ellmann disclosed the solid phase-supported
parallel (also referred to as "conbinatorial") synthesis of el even
benzodi azepi ne anal ogs al ong with sone prostagl andins and beta-turn
m nmetics. These disclosures are exenplified in 25U. S. Pat. No.

5,288, 514. Anot her relevant disclosure of parallel synthesis of smal
nol ecul es may be found in U S. Pat. No. 5, 324,483. This patent

di scl oses the parallel synthesis of between 4 and 40 compounds in
each of sixteen different scaffolds. Chen et al. have al so applied
organic synthetic strategies to devel op non-peptide libraries

synt hesi zed using nulti-step processes on a polymer support. (Chen et
at, J. Am Chem 30Soc., 116: 2661-2662 (1994)). Once a library
of uni que conpounds is prepared, the preparation of a library of

i mmunoconj ugat es, or antibodi es can be prepared using the library of
aut oi nducers as a starting point and using the nethods descri bed
herein. KITS I n anot her aspect, the present invention provides
kits containing one or nore of the conmpounds or conpositions of the
invention and directions for using the conmpound or 5conposition. In
an exenpl ary enbodi nent, the invention provides a kit for conjugating
a linker armof the invention to another nolecule. The kit includes
the linker, and directions for attaching the linker to a particular
functional group. The kit may al so, or

=..
<
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alternatively, include one or nore of a cytotoxic drug, a targeting
agent, a detectable |abel, a cleavable substrate, pharmaceuti cal
salts or buffers. The kit may al so include a 10contai ner and
optionally one or nore vial, test tube, flask, bottle, or syringe.

O her formats for kits will be apparent to those of skill in the art
and are within the scope of the present invention. PURI Fl CATI ON 15In
anot her exenpl ary enbodi nent, the present invention provides a nethod
for isolating a nnlecular target for a Ilgand cytotOX|n or cl eavabl e
subst r at e- cytRifAkMdA (iF AL ARTONS ! STRATTHAN c| eavabl e
substrate X2 or | tr%@ﬂer%%fet%ﬁ@mﬁ%ﬁmg tIE ?JS&E ﬁlbél‘leI?ﬂ‘gHEés% ﬁalmaceutlcal
contacting a cellular preparation t hat |nc udes the target wth a

i mobi | i zed dEWBGGARCOMPHERSHPIRITN of fie dpversiep pde %@Wﬁ@ﬁcatlhéccmé@tﬂpt or

and the i mohihiezed 20 conpound. The cytotOX|n of the invention
can be i biIizeg¥on an fflﬂl%i support b art-recogni zed
means. Al ter nat i velyFomPRdIrsgbekherritisdudine i Eﬁ“F‘i’ailéd"Cﬁ%‘i‘ HE or

nore of the Qhﬂ%ﬁdﬂtt&m&ﬂb?ﬂi h)&lﬁtﬁﬁtl&l’eof bnkﬁrdsm@fedtd‘eepanmemg Odlide

I'n yet another ent i or oVi

affinity 25pufl % lft?’)sn t?a??sl ga mf’ﬂ%ﬂaﬂ'%]t ﬁw%mt ﬁ'{}’@ﬁ??“(?ﬁm%fje’
isolating a tbarzgenot\tmittad tbyiphaggba, ytatustfednﬂlzealometalomannmﬁcesaaﬁlftesnnzﬂynd
chromat 0gr aphh SNk AHEAuod b B e GRIAIR! BALARNY, SN3RLES hNe
efficient isolation o specres su 1'0gi ca ol ecul €s or

bi opol ynmets Hgieqtipns. |P2ﬂifmjle, ttteucavnﬁrget@bgfrthqm@ntm yeeasimfrgyteredrateaierylly, more
supported chepdscally Shisediiyes with a high degree of 30selectivity.

The literature is Teplete with articles, nonographs, and books on the
subj ect of af fi ni Py EhPEFHRRSIFESH Vm“mﬂﬁﬁﬁdwhggyﬂﬁﬁﬂPﬁﬁ¥ cigtepded & f i nity
chr omat ogr aphyicosdpRaan trians € @sdily Bid iRQrebBNdRBeping b bABIGH @ Ninteh®@t Kice
preparation agd use. A sanpling of those references includes:

Cstrove, KO¥4Cknsymol . 182: 357-71 (1990); Fernent, Bioeng. 70:
199- 209 ( H59 90). Hio@rgmpduals desc:ihbec@e&ﬁﬂ) ﬁiﬁﬂl@@faceuﬂ&ﬁy aék%ialﬁe& alts1289) ;

"Purificatio har o e

chr omat ogr ap%}\/l&)lgtc%trﬂelé?em%q%é admﬁ)us[e €, Z'imgl%,é%co ? \61)91 ot%éf%%p&ut’lds E hzyme
Eng., 4: 441+ ii%e97@®) andfr SlmoﬂmCorﬁh@mwmﬁedlhlrtmlapeutﬁ(a@t)ms 5549m%1the
(1975); CGuilf 9519& c@rthei’%gcwttc la%lnts la‘B‘cAtgr;tlt-be E'J ﬁﬁlmP EBEWM thé'éoglpogd

Si npson 5 (ed. B lehlkama Proc. op
Technot Prot é't"rﬁlm@éﬂ"l“ ﬂq?prrd@m pags| a3 ¢kt cPIditiordeing ﬁ@tﬁdonat i on, Sandber g
(ed.), 423 35; (184&ampf hddl didhinGhet éart@mgt@ﬁmn&fﬁo%nazmﬁs% stateRhdfsbNi Y
Chromatogr., Proc. Int. Synp. 25-38, (1977) (Pub. 1978); and AFFI NI TY
CHROMATOGRAPHY 27 2(BiRCHH L CAIES AFBREREEHCCHENS fommRoynds of g Inventioppande o g g

Lim ted, OxfadadinisErglivedkiik28m}inind h@s@ ueh tsilkead the pam, Infiktiad dnd Baiwe anpl e
gui dance in

symptoms and side effects commonly associated with the disease. Such agents include,

e.g., analgesics, antibiotics, efe,

25 When administered to a patient undergoing cancer treatment, the compounds may
be administered in cocktails containing anti-cancer agents and/or supplementary
potentiating agents. The compounds may also be administered in cocktails containing
agents that treat the side-effects of radiation therapy, such as anti-emetics, radiation
protectants, efc.

30 Supplementary potentiating agents that can be co-administered with the

compounds of the invention include, e.g., tricyclic anti-depressant diugs (e.g.,

imipramine, desipramine, amitriptyline, clomipramine, trimipramine, doxepin,

nortriptyline, protriptyline, amoxapine and maprotiline); non-tricyclic and anti-depressant
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10devel oping particular affinity chronmatographic methods utilizing
the materials of the invention. In the present nethod, affinity
chr omat ogr aphi ¢ nmedi a of varying chem cal structures can be used as
supports. For exanple, agarose gels and cross-|inked agarose gels are
useful as support nmaterials, because their hydrophilicity nmakes t hem
relatively 15free of nonspecific binding. O her useful supports

i nclude, for exanple, controlled-pore glass (CPG beads, cellul ose
particles, polyacrylam de gel beads and SephadexTM gel beads nade
from dext r an %ivad (&hi setikineotiizatannand o CONT UCATFEONET (4EpSe@mnilSE 201 n

addition to tﬁ@dzgiwm&h&@%d@mgveﬁgasatn{p@l&a&nd%ﬁﬁfah&%f#a@lagv(@g the
present invention alsg provides a nunber of nethods that can be

practiced utifpeilay: ftﬂﬁ@ﬂtysw%ws&e SntPIGR LAy EEE tetive Heesi(grent i on.

Me:) hods for usiefphel; Iﬁﬁo}déprll:gal;(ega,mdth@mm M@aﬁleoxamde)ldzrnugar&tﬁ?éﬁa&bﬁl
substrate gconjuga t he nvention.inclu [

ThhTbi 11 g the- or TR G S HBR e Pt LT |
treating cancghuntarm@edal mgnpaﬁampﬂereﬁam:anmwmdmm odmisinlré vitigor@r
R e e

i nfectious d|Csma%wnpﬁoewﬁechngdmtﬁemmhetpipsbmtmabmt@n awftypacaﬂufmnuln;tal ih or
cancer cell, DreyehbNEhnkARSG Bl Q¥& f LbRkifat k &

cell that expar esses an aut o- ?g;rwﬁne alnrr%%n% ¢ ?’r eve r?tll ﬁd an a t“o?%rrrune
di sease, Hhd epFiBigenind aeikigsics. whish facditals rigcsising 6 T prEseCORPPIRIEEIB0 of

use conprise p@%ﬂﬂamr@%ﬁfch REh Bcis@ bhaidialBikicaB Y ChLoRs fAmMBMHNE dePindéhe BpyRaN
in need there an effective gm)unt of a drug-Iligand conjugate or

dr ug- cl eavablt'éelg'ﬂfﬁ)gftaidﬁ‘l“é““é?ﬂﬁ‘j ¥5t'e. In some enbodi ments, an enzyne is

separately adm ni s&aa&ﬁusaaltab;amsnﬁnobq&mﬁts apspaiatoant pirdehtotge t umor
or target cel cl eavabl e

e apd, con ate or
Subsirare comgmsyedie pid mans oaRiao oSt PR S B iR g
for exarrplSe cancEw maammstmume&mcmemeds@nn bearfbaaiatcdusididy iseas®ining an

ani mal . Qﬁ,}atch\g%mg&qd(n%ﬁ%ﬁﬁnﬁ?&lnéa ;; zgﬂe cwm&%veg%ng;nqx h%'m

subj ect the conmpositi armaceu accept abl e manner,” w th
a 5phar maceutSvelpdajrigrsenshdethe spampaymge) nﬁthwveau@dprp@@mulvw ayfablersepipy, esent

i nvention ar %uﬁée@vdagﬁgs 11qu1ds els, syrupsTshﬁ‘ugsu{uglﬁﬂstmn's QyERL I'Ll@nfoféal
particularly useful for the %rea tment of cancer and fo

i nhi bi tion of"&EHEM kyik PIERIR R Feaisd-ofhaanae ¢HieA! P@@Mtwa?f%%rﬂe@weéﬂ in an

ani mal .  GaNCbtaingd solld &fc@ﬁe’ﬂﬂ@ﬁfoﬁﬂ@ gﬁﬁ(ﬂlﬁlgilleﬁﬂ\:mglrrﬁﬁhludﬁﬁ ploaiﬁmg fhe NOt
limted to, aturmﬁ%%;ﬂ;? taS|s, i.se

an e i sor
char act eri zedBYQ tFléiﬂldIB% H“al@}f‘ 8 lﬂl’ebc‘ga"’sﬁ‘é‘{ foroRsy 6’%‘3? or fipgee
prevent ed by caesr Smitsﬂafatapmm tulagin glartigdar,ifgjam b ks ehgugﬂcchﬁangahio&

substrate COI‘sf'Eﬂmes)é ell?anm‘cil or smbd%)f cglﬂltlosé jgivlf%p a 1|or95r!3uch as efor ex%})lg )1(‘na(112% Istlal\{:ﬁr S
the drug to a At

wheat starch, rice stazch potato stazch gelatin, gum tragacanth, methyl cellulose,

25  hydroxypropyimethyl-cellulose, sodium carboxyniethylcellulose, and/or
polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
alginate,

Dragee cores are provided with suitable coatings. For this purpose, concentrated

30 sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,

and suitable organic solvents or solvent mixtures, Dyestuffs or pigments may be added to
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I n one enbodi nent using a drug-1ligand conplex, the |igand
specifically binds to or associates with a cancer-cell or a
tunor-cel | -associ ated antigen. Because of its close proximty to the
ligand, the drug can be taken up inside a tunor cell or cancer cel

15t hrough, for exanple, receptor-nedi ated endocytosis. The antigen
can be attached to a tunmor cell or cancer cell or can be an
extracellular matrix protein associated with the tunor cell or cancer
cell. Once inside the cell, the linker is hydrolytically cleaved by a
tunor - cel | orthe@blete prdiaet coatings &ir ateateficpiantoe Brbgacttrzedifbyntcethbagiony t he
drug. The rel gaspdHhgddnd Hsdshen free to diffuse and induce cytotoxic
activities. In an alternative enbodi nent, 20 the drug is cleaved from
t he drug-1igand cBbﬁﬁtP@ﬁut@ehpsqpaéﬂqnhevmcémmbecmdmaﬂy ipdyie@pshddicipsulgind

the drug subsggeendedavin, p@@@ﬁ ﬁsasbﬁseaéme:als‘seiel made of gelatih36d 4 p1E@Rck: gk Ri nd
to, for exanple, a tunor or cancer cell, a tunmpr cell or cancer

cel | antigen amr-lehm S%Ib’&% ?W@“%’F%Cé@él%?anfwl? ﬁlﬁﬁﬁtwwﬂwwseaﬁt&@ww
cel I, or a tumerfilRedukh Slactsd)GRbereQlch asamdhg@mldvdﬂmhcam s@dh as talc or

ext racel | ul ar matri x _protein ass the tupor . 25 cel

cancer cell. Eesf“flbsé‘%ﬁ‘tecagﬁ OB lgys f’t%iﬁléz lswbbsffft TREUFS (e pgipe %?“1?8}“1‘1? c uI ar
tunor cell ormaydadssoleéhbt sukppmkd infdoabdf s, stdhers fa)‘,tpellsoﬁquﬁd,lpmlfﬁh or
cancers t hat 1&%‘3 pPﬁetﬁ{]gngé M?I 1 acE[{lt%%t q?z%ﬂ:%gs algﬁbe adt eedr %jl f M‘m ap hOI ce

of |igand. eavabl e subst rat e
conpl ex, ﬂhe‘%ﬂe@n%b&%mgﬂ@s@bamebﬁg%@bgﬁkédSb#uémngmzyne (or ot her

entity that can ckgay&atAistRsh! & Smpbiadns bk éﬁ@éﬁ%@&@%tﬁastwh the

tumor or other target cell. Once in contact e enzyne, the
cl eavabl e subeiepsst fm§m€1@&Véﬁmﬁvmﬁﬁém%nzyne t hereby rel easing the

drug. The rel easegordadisicSioh B?mhilﬁtﬁ:ﬁ th@codip&fnu%i @d@%dofﬁﬂ%@@th@}ﬁte%pm c
activities. The cl eavabl e, substrate be cl eaved i nside or outside

of the tunor IBVF“T"&F&e“P“V(?E‘FII‘ﬂY d?lﬁ"élef’)}rb B‘FmPEW’é’“BFP‘EYaH‘@@F%“OPﬁFQF can
be effect lﬂlelpyesiui‘le&iit;ﬁd{a otdnebalizal, Rl B ulz\of b h@ta!ﬂhplbﬁeﬂlalﬁfe §I eavabl e
substrate and %F ug‘}oreneEhF]nc t%{cﬁom%uom{ngelgh@g{) 816 810 ?Fl uobosﬁ I es of

pr ecancer ous A gieg e g PigArees,

i ncl ude, but dmxeienocuthdl suiiable dast @mmacpfla@sﬂsal;lzdﬁwp@sqbtmgoage whitsply &si a,
col orectal SQigtle%Hﬁed bg&folv{ain%la%ﬁtl Q Eér a &EIIE&]!'[['EO gh%&ob\eﬁc!s Bnd AR of

papi | | omavi ruses, pl anus an I sedse,
Repr esent at i ¥&- ésﬂafmfpwe @‘rfaneréﬁl@ecrrsmeﬁﬂa@um@ fermaratedgyntdieing ralrcg\étﬁed by

t he conj ugat egy bied ébqﬁvomﬁldhd @fuﬁaﬂpﬁouldblrﬂage%%hta@laclow s@Rpcer, colon
cancer, pr ostate cancer, | Omi mel anona, breast cancer ovari an

cancer, testlculdpwﬁgﬁﬁﬁwm”ﬁﬁ§egﬁﬁE%Fdﬁ¥éﬁﬁﬁmQG@BﬁééﬁmHPY@ﬁ@%me%ﬁcer

pancr ealt i C Capeeis 1nﬁfﬂbﬁ&6$bnﬁnﬁﬁﬁ<ﬁﬁfum&f ?h}gﬁﬂﬁﬁﬂl&mifﬂﬁbﬁa{em@&mer .
cervical canc .leukemas. It w e readily apparent to the
or i 15 o peninBRfp it SERoRRasidobs e sprime ration  BsaRGsr o BRg ¢
substrat e useathyibapkieeted mnjnm date: fomn elge incivps@es o inchultildede cortaitiedy, gk S
the drug 550 taﬁgddteéljgg erJa ées "fﬁe %oglggﬁtu;[ng %es %c}%g){lﬁs sus*aé'ln%mixbr bolu%ons

enbodi ment, sent "1 nven rovi
cell. The or emul‘;lom in oily or aqueous vehzcles and may contain formulatory agents quch as

suspending, stabilizing and/or dispersing agents may be added, such as the cross-linked
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.
Pharmaceutical formulations for parenteral administration include aqueous
30  solutions of the active compounds in water-soluble form. Additionally, suspensions of the
active compounds may be prepared as appropriate oily injection suspensions, Suitable
lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid

esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions
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15 method i ncludes adm nistering to the cell an anobunt of a conpound

of the invention sufficient to kill said cell. In an exenplary
enbodi ment, the conpound is adm nistered to a subject bearing the
cell. In a further exenplary enbodi nent, the adm nistration serves to

retard or stop the growh of a tunmor that includes the cell (e.g.,
the cell can be a tunor cell). For the adm nistration to retard the
gromh, the rate of growth of the cell should be 20at |east 10% 1 ess
than the rate of gromh before adm nistration. Preferably, the rate
of grow h wi |thaypentpiasehsdeags, athich émeerse2i@RiscGAYPT BOHspeBOGH, 8D & soTiDs
80% 90% or &%p,ln%@l &/e11§15§ép§%ﬁ9tol Efcfeﬁ% bgndagﬁm@&sgé@@@m% tical
conpositions suitable for use wt sent” 1 nvent1on 1nclude
conposi ti ons %‘é@é?lﬁbleh@blhﬁﬁ Qfégeiﬂhg‘ﬂé‘éi lé‘m%? e polibilsy pfdlr dompeunds to

t her apeut i caldnywedrfiRehd M@t Hidhly, don@ntratddRoldond N MjecBbf, @€ LbHG of O
achi eve |t55 t ended purpose. Thé actual amount efféctive for a
particul ar apr‘T ‘P%‘?&fl?‘brﬁawelf‘?lmﬂlé‘ﬁgﬁb“qu?%i wntigps; prefegghlydhebysiglRgiFraly on

bei ng treat ecdcompeiberbiraaich is dnkeykoRrfibe Ringde s@BMANG phisiollidal safidehi n

t he capabili tbl of those 30skilled in the art, especially in |ight
of the detail8d°i scl osure herein. For any conpound descri bed
herei n, the ther apsuhitivell,lthe aefifecigredieat maouii pevalar foen fontdnitithtloy with a
determned fr ul t | asma concentrations
will be thosegfc;%%?giﬁ%l(réat g{ﬁgie%?l%gécﬁsﬁe\?g%{ceg%gﬁn%(s) that are capabl e
of inhibid on cel Thepopapundomay diope Sdraplated in rented fanposiionsvimbdé nent s, t he
cel lular act 's\ﬁ!)ptoﬁﬁtohgs cﬁ'tletén@@?énel%%o/%hngynglnﬁr@@onv-gﬁtfogﬁtsu@lo%%ases such as
concentrations of active compound(Sj that “are capabl nduci ng at
| east about O%R byypr Sher gyesidgos or hi gher inhibition of cellular
activity are presgntlifodb ele@brimRtitiont RS cRRE GRMLATE Mo Lohpihddintaly @Ro 6f

cel lul ar act|V|t§f|dn t(rile atient can be npnitored to assess 5the

appr opri at end@@u5ied eh R ABPELsRaate FUEd ARt e PR iAR A Pe adminiygred Ry
dos aget cars b?mpldu;]tu?edmmpmmdﬁs @aiwd@W’lgNaﬁlﬁhﬁtaﬁ@Fﬁjﬁb’ﬂiﬁb‘eﬁluﬁdﬂﬁﬂﬁpsi red
percentage of. i nhi 0 the art,

Pher apeut: ot {rist ot e S OR oot Porehind® bcormpespsiey

det erm ned frbolﬁmatnliammthrmtelblspolmcexla@pipe@blcandoﬂs (#.orashupmwisiociman be
o bo of fect fa ChlEafibh btk RinC BN EHARL LAl Rl R P elel
by nonitorings é@lﬂrlﬂﬂl.‘a‘iombﬁﬁplbl tion and adjusting the dosage upwards or

downwar dsyg as deseye fageha@h@isEeompositions &s& mw&%fﬁels@@abiexo&f& %&tphééé dose
can al so be determ ned from human_data for conpounds whi ch are known

to exhibit siAFPEPT FRRIERSCHRaEcE &l b“%mambtoré?gipwvﬁéncaﬁaplftéﬁ ngideitedan
be adj usted hasgthroridige rcahlamlpu@;phut@wm& A, isty¢hanaipedancyaak, t he

admi ni st ered 115 H‘F%@po yrﬁl%lsasgch asp ?r'ert}??ene glycc)lt he known conpound.

A preferred pharmaceutical composition is a composition formulated for injection
25 such as intravenous injection and includes about 0.01% to about 100% by weight of the
drug conjugate, based upon 100% weight of total pharmaceutical composition. The drug
conjugate may be an antibody-cytotoxin conjugate where the antibody has been selected

to target a particular cancer.,

30 LIBRARIES
Also within the scope of the present invention are libraries of the cytotoxin,
cytotoxin-linker and agent-linker conjugates of the cytotoxins, linkers of the invention

and cytotoxin-cleavable substrates of the invention. Exemplary libraries include at least
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Adj usting the dose to achieve maxi mal efficacy in humans based on the
nmet hods descri bed above and ot her nethods as are well-known in the
art is well within the capabilities of the ordinarily skilled
artisan. In the case of local admnistration, the systemc
circulating concentration of 20adm nistered conmpound will not be of
particul ar inportance. In such instances, the compound is

adm ni stered so as to achieve a concentration at the |ocal area
effective to achieve the intended result. For use in the prophyl axis
and/ or tr eat nidrrompdundy, memgpeefersbdy nised 10Qrcoaipmoxingtn wede prefegdbly at least

proliferati onmoec Fgeewl; Hd ng neerb@eeamtlxea 166 o(ﬁﬂc%g u%aserﬁghﬁ%gg%nd
of about 25 0.001 RMi1s preferred, wth about 0.01 RMt

RM bei ng pr efiBp feg that wadﬂspa}eweﬁﬁl RISIEH AT RETPCRSY. AlS-» AUPPHFISE qeleewmf ef

the corrpounds;mdes)ea bBQEh SR Rhymb YP bG cledvab ARG EREMARY Wrmd b4 aY
to about 1 nglﬁgg%( nor e t%{ ically from about 10 ng/day to about
e e

1, 000 ny/ 1cfogERyeApt (e ikm about 50 ng/day to about 500
ng/ day. St at ed i NP4rflenBr @inbpzaﬁonﬁmymbedmammgbﬁmaayyimdﬁaé thelg@a;ge@l dfange

from about O. 1 k nor e _t om about
03"t o about TETEYRBRRpOa Tee e ey o St BB 10
ng/ kg/ day” f chis desanippbeast soaffokdy/Byaybsomti difffrég md@yies at each of t]henvaaiibld east
sonme enbodi | s Blordu2h tunor. grow h
can be 1 jt%tiﬁffﬁ%ﬁgwr@%@% O%Q{Omcge ? [? bl '%? nt ' doses can be
0.9, 0.6, 1Q, Sthegicgad m@erd megiciral chenigry agrocgte 1hegﬁwb¢tlog¢c@elyedcﬁpadeess
(referring t qcepreteﬁmta&emﬁng&ye}acae& oftmeq Cllfhadlhd &hﬂgtqrghvep%eg@&le

such as an anti body-drug conju refera

conj ugat e gr oHEH- BY Crfwegﬁdwe*ﬁe gmﬁehofamﬁ%iewew exnlﬂew@geeﬂweyta age
amount over &hdl@xrgétélﬂspﬁlfe 8¢ odde 8sdevdidpify 10BhSy effiddciBls 148 AGhpowMdBcrease
enbodi nment s, dtgzéa tﬁ:dlag is a human-type 5 tunor in a SC1D nouse. As an
exanpl e, the 'use can be a CB17. SCI D nouse (available from
Taconi c, Germant OMaileNﬁithem is genelﬁw cofduded oD pirke @fptriish iat | on,

dosage amount, and.i nte e sca t[a{c]i mgthex .J)uutsotle 1atexlél? {a}élldlfeav:t\b&, te@ gg t(c))\{hede

pl asma | evel spogfne'tl%lgﬁ%dm nistere ect
parti cul ar clegsin yal ch¢mich! daltei oRr:abteamnge tanef@ltoedo nfedify bx soafbble whilatetbered

embodi ment, 2 R ?Q{IHQ %a %mlgdggrgs 3:9/0} Egcu'oﬁ] ycﬁlﬁxtub[[(l)srbl c%ﬁ&e tp(?structural

adm ni st er ed in relativel I gh "concentrations mu times per
day. Al ter natdivpeity which %Waﬁ@a*ﬂmf@cblbmfr/abl e to admi ni ster a conpound

of the inmention a1l FhiiBis ot fshRt hMeufed HoRligR LN 23 ech@r Weight 8f
200-1000) was rarely attempted prior to 1990. See, for example, Camps. et al., Annaks de
Quimica, 70: 848 (1990). Recently, Ellmann disclosed the solid phase-supported parallel
(also referred to as "combinatorial") synthesis of eleven benzodiazepine analogs along
with some prostaglandins and beta-turn mimetics. These disclosures are exemplified in
25  U.S.Pat No. 5,288,514, Another relevant disclosure of parallel synthesis of small
molecules may be found in U.S. Pat. No. 5,324,483. This patent discloses the parallel
synthesis of between 4 and 40 compounds in each of sixteen different scaffolds. Chen et
al. have also applied organic synthetic strategies to develop non-peptide libraries
synthesized using multi-step processes on a polymer support. (Chen er al., J. An. Chem.
30 Soc.. 116: 2661-2662 (1994)).
Once a library of unique compounds is prepared, the preparation of a library of
immunoconjugates, or antibodies can be prepared using the library of autoinducers as a

starting point and using the methods described herein.
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| ess frequent adm nistration reginen. This will provide a therapeutic
reginmen that is conmensurate with the severity of the individual's
di sease. 15Utilizing the teachings provided herein, an effective

t herapeutic treatnent regi nen can be planned whi ch does not cause
substantial toxicity and yet is entirely effective to treat the
clinical synptons denonstrated by the particular patient. This

pl anni ng shoul d invol ve the careful choice of active conpound by
considering factors such as conpound potency, relative

bi oavai l ability, patient body weight, presence and severity of
adverse 20si dgrf fects, preferred node of adm nistration and the
toxicity profiTe of the sel ected agent. The conpounds,

conposi tions and FrenpBRrasrsst thaveressnidaepioniprRyisist it sordgiuing eneohmere of

illustrated twe oﬂmbﬁ?mitiaﬁﬁoffﬂﬁl ihv@¥¥on TRESRENAPLER tﬁerc%;gg&fn%@d
toHIust;i but. not to mt the clained invention. 25 EXAMPLES

Mat eri al d REPRGE: 0 exrEP s e e pe g i ventiar lé@%‘d%tallfélfwc%u%‘ﬁ%&"ed
t enper at ur es 1ake agh ¥ihe mrrbnd@gb etheCabIstultS TRE)iT intlp@sk #ellipks, MEr €

carried out a r.oom erat ur typi call .30 r e of
From anour - 185800 bEludiRbl ikt SR SRy fnliot MeiPe: Yt 660
rotary evaponmhnmwdmdmﬂmbeduﬁedmpﬁesgumecﬁmgphm@ﬂhgagﬁt5d6@mmn¢g)
with a bath t S f. [ eac t|0

typi cal |y f0|] O\l,\gé@%}ﬂﬂlgtuﬁtna%pplffagléag%tlg:al q:%l?%ggu?%r e%hepklt mf.a' Ofncﬂl%e

i |1 ustrati®n contpiper an@wxpwéywmmwamé teshiobe: fleskt l@@tle prpihget Sthexhi bi t ed
sati sfactory sk NYR @neak agea{-‘emeﬂ@ka@flsﬁﬁkn ﬂ@&@andwe%&l% B Lolo Pk ded
for illustration only; and | om ng conventional abbreviations
are al so used““ﬁ%"%ﬁ@P¥|ng point), L (liter(s)), mL (mlliliters),
mmol (mllinoles), g (grans) ng (mlligranms), mn (mnutes), LC M
(l'iquid chrongat %ﬂ%&ﬂ kqass spectrometry) and h (hours). 51H NMWR
spectra were saree—en a Varian Mercury 300 MHz spectroneter and
wer e consist ent V\]n'[ahothdi]exm&ijgﬂ&ﬁdlﬁkﬁtumta pllE&ﬁt. inveheuw pﬁc&ﬁde§hﬂnfttﬁﬁl foer e
Loy o oy A Re Dbl b 20l PR MR d,hm Stal BRI ELL AIBLI LhS ane:
365 mass spediventinet \elnch il de frethe ddavaiiradulsee Xler kzapeKt. Siberedthby priiohblyt son
Mcrolit Lab i I

chr omat ogr apqgﬁ%\ggg @&tacmgdd ng?%gmﬁ?%t% ﬂ%&ﬁ\c}ggésﬁ ¢th Jé\lyg? %‘e@r %ﬁggléed

anal ytical HPPUPWES “b”tqbf fﬂ' Tisg 2 69mIex teenihprecepI nddhe mmyhiliceth Pr oSt ar
210 i nstragmeRbmpduhél @ Phenonenex Luna 5 p.m C-18(2) 150 mm x 4.6 mm
colum or a Varian Mcrosorb-W 0.11.tm C 18 150 nm x 4.6 nm col um.
Aflowrate of 1 HCFHPR*RAEDGVERT tadF mmeRilizad eran Afnity 9aPPest BSompy

buf fer B overartl&ogdiftdbRsmsOntdH¢10, AL drif hebe iBinvRitedding one or more

of the cleavable substrates or linkers of the invention.

In yet another exemplary embodiment, the invention provides an affinity
25  purification matrix.

The method of the invention for isolating a target will typically utilize one or more
affinity chromatography techniques. Affinity chromatography enables the efficient
isolation of species such as biological molecules or biopolymers by utilizing their
recognition sites for certain supported chemical structures with a high degree of

30  selectivity. The literature is replete with articles, monographs, and books on the subject
of affinity chromatography, including such topics as affinity chromatography supports,
crosslinking members, ligands and their preparation and use. A sampling of those

references includes: Ostrove, Merhods Enzymol. 182: 357-71 (1990); Ferment, Bioeng.
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15 minutes with detection by U/ at 254nm Buffer A 20 nM anmoni um
foimate + 20% acetonitrile or 0.1%trifluoroacetic acid in
acetonitrile; buffer B, 20 nM amonium formate + 80% acetonitrile or
0. 1% aqueous hifluoroacetic acid. Reverse phase preparative HPLC were
performed on a Varian ProStar 215 instrunent with a Waters Delta Pak
15 pm C18 300 mm x 7.8 nmm col um. 20 EXAMPLE 1 CH2C 20 0 H Qu
1,--FnocOSu, H2, Pd/C, MeOH H21,1"--"N'Yrt"" 11041

CAN--.% "N':"A-0)< 4 98¥860% HCl , THF/ H20 (3/1), 37C OEf On
70: 199-209 (1990). Huang et al., J. Chromatogr. 492: 431-69 (1989); “Purification of

enzymes by heparin-Sepharose affinity chromatography,” J. Chromatogr., 184: 335-43
(1980); Farooqi, Enzyme Eng., 4. 441-2 (1978); Nishikawa, Chem. Technol., 5(9): 564-
71 (1975); Guilford et al., in, PRACT. HIGH PERFORM. L1Q. CHROMATOGR., Simpson
5 (ed.), 193-206 (1976); Nishikawa, Proc. Int. Workshop Technol. Protein Sep. Improv.

Blood Plasma Fractionation, Sandberg (ed.), 422-35; (1977) “Affinity chromatography
of enzymes,” Affinity Chromatogr., Proc. Int. Symp, 25-38, (1977) (Pub. 1978); and
ATFINITY CHROMATOGRAPHY: A PRACTICAL APPROACH, Dean er al. (ed.), IRL Press
Limited, Oxford, England (1985). Those of skill in the art have ample guidance in

10 developing particular affinity chromatographic methods utilizing the materials of the
invention,

Int the present method, affinity chromatographic media of varying chemical
structures can be used as supports. For example, agarose gels and cross-linked agarose
gels are useful as support materials, because their hydrophilicity makes them relatively

15  free of nonspecific binding. Other useful supports include, for example, controlled-pore
glass {CPQ) beads, cellulose particles, polyacrylamide gel beads and Sephadex™ gel

beads made from dextran and epichlorohydrin.

DRUG CONJUGATE METHODS OF USE

20 In addition to the compositions and constructs described above, the present
invention also provides a number of methods that can be practiced utilizing the
compounds and conjugates of the invention. Methods for using the drug-ligand conjugate
and dirug-cleavable substrate conjugate of the current invention include: killing or
inhibiting the growth or replication of a tumor cell or cancer cell, treating cancer, treating

25  apre-cancerous condition, killing or inhibiting the growth or replication of a cell that
expresses an auto-immune antibody, treating an autoimmune disease, treating an
infectious disease, preventing the multiplication of a tumor cell or cancer cell, preventing
cancer, preventing the multiplication of a cell that expresses an auto-immune antibody,
preventing an autoirmmune disease, and preventing an infectious disease. These methods

30  of use comprise administering to an animal such as a mammal or a human in need thereof
an effective amount of a drug-ligand conjugate or drug-cleavable substrate conjugate. In
some embodiments, an enzyme is separately administered so that it becomes associated

with the tumor or target cell.
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HCl 5 98% 5 Synt hesi s of Conmpound 1: To a sol ution of

2- bronoet hyl am ne bromide (5 g, 24.4 mmole) in DM (50 nL) was added
di i sopropyl ethylamne (8.5 nL, 48.8 mmol e) and benzyl chlroroformte
(3.48 nL 24 4 mole). The m xture thus obtained was stirred 10 at
roomtenperature for 2 hours. The reaction m xture was concentrated
and the residue was purified by flash chromatography on silica gel
with ethyl acetate/ hexanes (3/7) as gradient to give Conpound 1 as an
oil (4 g, 64%. 11-1 NWR (CDCb) 5 3.54 (bs, 2H), 3.61 (bs, 2H), 5.12
(s, 2H), 7.36 (m ThHjrug-ligand conjugatSyriirtgesidagabisf suiityatp ovmdexof tiEguient

sol ution of Q@M@&hﬂguseﬁﬁfo%&nngl for %,%ng[@&aﬁém Jaﬁmmn\éaiséa@eem tRtdioRut vl

ester (3.27 15. 59 nm)im% was added potassium
car bonate (5. ‘@59"@5‘3 3@, 2gimahyy B PENOSHAR aﬂ‘btnaté btﬁ‘?ﬁ“P%ﬂB&@w{@H’wldlw 59
nmol e) . The mj&tcufeemhl;mlomtaaphﬂﬁdce&ﬁ@&n,sicbépm@n%nela%aover ni ght. The
reaction Pglre was congcentrat ed ?nd the resi due was purified by

t

flash chr rRERYCIgn ST TSR O hEAROREMMAL t}ﬁé’{?ﬁe&f’ém@%%%m(lé?‘%)
as gradient to give Campourt: izveAsonasipatichlafiBuskf] By th@&%menl&ﬂcaﬁd&l)ﬂnd
(CDC13) 60.92 (m. GH). 46 (s..9H),.1.86 (m_1H) ., 2.53 1H), 2.80
(m 20y, 53, 78" Fhipipn degfmbifyicrtbhior dwhlbflle bl P St 1,
7.36 (m 5H) ;Cane@r.MBa pEQnJerd@ on(dMon,-ibdltdB butlistof 11852 t¢, Moy, metastasis, or
Synt hesi s of ab Sl o . o Horea mol e)
and pal | adi um@ég?%%?gggld@(c grg%)%n%%yg& m@ﬂggg{ipg(@ggﬁcﬂ be\%/zisggg[gced
under hydHbgewevartpridypremistatipndiesinredicand ordomncleevableselsirteconplraesif deur e

thus obt ai ned, W& instdtibh, e@h@éon%&?ﬁ&lﬂv&s%h%%%ﬁ@& W8 &eR6r GnliPtuys. The
pal | adiumwas filtrated and e reaction mxture was concentrated to

dryness to gi ve COfpbeRwdIregsusis agrue-liggmd pogpleg fuyyligandjspecifiqpii indp8oD) 8

0.94 (m 6H) ,or dsséelatds withAidncerlee® 3r { BSor-cdithhssodiat@Danfig8n. BEDausedr Asc1ds®

1H), 2.73 ( mprolel_IQli'ty to the ligand, the dmg can be taken up inside a tumor cell or cancer cell

15  through, for example, receptor-mediated endocytosis. The antigen can be attached to a
tumor cell or cancer cell or can be an extracellular matrix protein associated with the
tumor cell or cancer cell. Once inside the cell, the linker is hydrolytically cleaved by a
tumor-cell or cancer-cell-associated proteases, thereby releasing the drug. The released
drug is then free to diffuse and induce cytotoxic activities. In an alternative embodiment,

20  the drug is cleaved from the drug-ligand complex outside the tumor cell or cancer cell,
and the drug subsequently penetrates the cell.

The ligand may bind to, for example, a tumor cell or cancer cell, a fumor cell or
cancer cell antigen which is on the surface of the tumor cell or cancer cell, or a tumor cell
or cancer cell antigen which is an extracellular matrix protein associated with the tumor

25  cell or cancer cell. The ligand can be designed specifically for a particular tumor cell or
cancer cell type. Therefore, the type of tumors or cancers that can be effectively treated
can be altered by the choice of ligand.

In one embodiment using a drug-cleavable substrate complex, the cleavable
substrate is cleaved by an enzyme (or other entity that can cleave the substrate) that is

30  associated with the tumor or other target cell. Once in contact with the enzyme, the
cleavable substrate is cleaved by the enzyme, thereby releasing the drug. The released
drug is then free to diffuse and induce cytotoxic activities, The cleavable substrate can be

cleaved inside or outside of the tumor or target cell. The type of tumors or cancers that
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Synt hesi s of Compound 4: To a solution of Conmpound 3(2.1 g, 9.72

nmol e) in dichloronethane (30 nL) was added FnocOSu (N (9-

15FI uor enyl met hoxycar bonyl oxy) succinimde (3.28 g, 9.72 mmole) at 0C
The m xture thus obtained was stirred for 2 hours at OC. The m xture
was concentrated to dryness and then the residue was purified by
flash chromat ography on silica gel with 100% di chl or oret hane,

foll owed by 0.5% net hanol in dichloronmethane and finally 1% met hanol

i n dichloronmethane as gradient to give Conpound 4 as col orl ess oil
(2.55 g, 20 BOYYeffestively-tiyRl (EDEABYed® 1 TG Ihdiek, of Glefvabld subgrafechnd 3H) , 1. 52
(s, 9H), 2. 2835£o@ateé-k1‘)zym§ 14 (m 2H), 346 (m, 2H), 3.89 (d, 1H), 4.24
(m 1H), 4.44 (m 2H); 7.29 (m 2H), 7.40 (m 2H), 7.64 (m 2H), 7.80
(d, 2H): LC M5 ( EBmressgmive Rramplss ehfrecpncepupropgitiqns that mgpbe taygatgsiy theq 78
( MEK+) . Synt ft%ﬁjhgaceefm@mmvmelné Timlted @: S&hyksiaOfy g{m@mm céroﬁe&Zﬁ rrg,
0.4 mol e) 5te1r3ﬁ/drofuran- ter (3/1 §rrL was bubbl ed

gas for 5 ?wmp & EECERENS A% l%gu%ﬂt“lpf‘l?lg?imé(tm%ﬁéub‘i?@?‘ﬁl é,j‘H’P“t hen
the m xture Vlﬂz&luﬁahﬂ%ﬁélfsa:h&ﬁiseio dryness to give Corrpound 5 as solid
(168 nmg, 98% V\,hl h was use wi t hout

DUt Tigat i on 11 RO R e bty e ROk o Bt 5 3
1H), 3.18 (mcoahga,tes.'ﬂlchlﬂe (nnare iRHimited. t@ Sufghanckikolodcand@r, (pmstafbld)tr;celil 42

(Lg- I\/é H% ES| ) gérgﬁnéjm,mila%%g% e%ﬂ?\ﬁé‘b 0va17 an cﬁnc:élstegtr%ieag%éeé fc%gcagc%i rena

To a sol ut{ orragskr, Kidpaytchneer Rﬂnzlﬁﬁfhéwbkeﬁ@fmchmm@ ¢l cpgieer, &@al@aml e) | n
THF (15 ) V@@ic@iqg&gl g}ﬁl&lﬁ&il%“ﬁ%lﬁb@éﬁ@@%%&?en(é tl‘%%lcgmau%kgled arlJlR l'e).

The m xture thus obtained was stirred at "'roomtenperature overni ght.

The sol vent B the @rfEoe ligid of Herviisiubiiiatewsss ibihe penjugate B bechasen such

chr omat ogr aphyatQrmgatsltheccﬁugteIthemxﬁdiln&aig/@o&ielﬁﬂt?m&hﬁé&u d.n hexanes as
COl Ol ess Ol

(coc13) 8 1. 46 (ob o gapsamen v plSerd iy pavigdyé mebaf ot it e, Togy
7.06 5(m 121Iyethod 1nc]udesﬁylmtn|i‘s&$m§ toQlie cEXD BpahHNEt of a ca_r@poancScﬁﬂthﬂm\Qﬂndﬁf
Oorrpou nd 6 (7 7%0 rT%’to lglil sauil]f &n dz)n e({eg]i_?l %ml?o@?n%g a c?m ougd i aclmlmsteled ?‘dded

2-ni trobenzenesal
di i sopropyl et%y'bj@anaeng( ﬂif@@ﬂp IILa furthe Fxempbalyedmbadim@@, thd wmimtration @rvehus

obt ai ned was ékhﬁgqmgw AR &ﬁmﬁ({r%&l{qan&g g{ gz-élﬁ@tgh LR &thgﬂhows

removed and the due was purif romat ogr aphy on
silica gel wih- Fouheadmjistrgien;taegarg ﬁheﬁew&n@gm@s@f@m@i @ ie celbshginig be

Conpound % as: ¥&t lme&qmndhe(late %ﬁ’grgwth e ad&ﬁs&atMNRpl(e%%%e Brelor49
(bs, 9H), 2.47 and 2 m 211),

7.56-7.92 (mg‘%ﬁlh)‘”“bm‘af ed§y¥’ﬁ* %%‘% s”‘)%f‘*%%r%u@?gk%‘)%ﬁ(@% 9b1ott i on of
Conmpound 7 ( 33@plemly s@pfdimol e) in DVF (5 nlL) were added carbonate

pot assium (164 ng, 1.19 mmol e) and nethyl iodide 15(148 pL, 2.39
nmol e). The m xture thus obtained was stirred at room tenperature
over ni ght. THiffestble\Desdgesvas renoved and the residue was purified by
flash 25 Pharmaceutical compositions suitable for use with the present invention include
compositions wherein the active ingredient is contained in a therapeutically effective
amount, /.., in an amount effective to achieve its intended purpose. The actual amount
effective for a particular application will depend, inter alia, on the condition being
treated. Determination of an effective amount is well within the capabilities of those
30  skilled in the art, especially in light of the detailed disclosure herein.
For any compound deseribed herein, the therapeutically effective amount can be
initially determined from cell culture assays. Target plasma concentrations will be those

concentrations of active compound(s) that are capable of inhibition cell growth or
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chromat ography on silica gel with 10% ethyl acetate in hexanes as
gradient to give Conpound 8 as yellow solid (370 ng, 65%. '11 NWR
(CD30D) 8 1.35 and 1.52 (2s, 911), 3.16 and 3.21 (2s, 3H, 3.26 and
3.29 (2s, 3H), 6.93 (d, 1H), 7.20 (m 1H), 7.6 (m 2H), 20 7.68-7.80
(m 411); LC-Ms (ESI) 444 (MtNa+), 460 (M (*). Synt hesi s of
Compound 9: To a solution of Conpound 8 (355 ng, 0.85 mMmmle) in

di chl oronet hane (5 nL) was added trifluoroacetic acid (5 nL) at room
tenperature. The reaction mxture was stirred for 30 nm then
partitioned bétiveenn etecfybd adetiateats,((HaOBllyhr)actanitd issaleest 1% thhiboeti. Thnget
amoni um bi cauhpnalRedaafihs [Mm cbﬁparna(@ﬂhﬁ ale%x,ﬁsle%d&%a\aﬁ%zn ﬂyw th

brine (100 nl), dried over Na2SO4, and concentrated to §ive t

ami ne ( Conpouftit: %%a?sﬁ‘@ﬂ\%%toehl%l ingfibitioy of qefularaglinity are PIENVIYY PiEfOCd)
62.68 (s, 31lphe pdeedthet Sf mlglﬂl@n &céﬁlla(' mtlv%llll)the p@tiégca(r%mgrlf%redzo Ak M
111), 7.48 ( f ? 1H), 5 (m. 2H), nt h eS|s of
Conpound 19: nli%i‘pamg’éﬁ“?j‘ﬁsé’ ‘hBPla%‘Fb‘tﬁﬁﬁ’aceQm(“?‘TE‘Fhf?ﬁed wdghe F e bF

di chl or onet haia stéd@wﬂd)somn&d;dm aabhvﬁm%gﬁlra@pa&nta@ddfmlﬁéﬂo pL, 2.5
nmol e) at 30 0OC. he xture irred 1!9' 30 mn agd concent r at ed
to dryness to giv @%5&% 1 e FRERicall] G dFoung S8RUSG I ERARR G
used in next cst @ Mdbhmunedffmmdneﬁal p:udalé iFoadxhmple, aliokeNbDFumaRICGi3)e 63. 25

and 3. 30 (25 ok 24.2and 2 3 8 d {4 25-7.40
(m 2y, 7 asoiblegact Bty cbeSymidty gt il g pdlregliely™ 7 07
( M+Na+) , KQZ afuimak) Thy dos@y it hesihscanbe Gprved bnvrodibring@llelasghibitioromd of
Conpound 10 (dj%gcmgghedgsa ey F!FH ?) d\xjﬁwﬁlgls lﬂgteg&bgé ab;l)QeA) DVMF in TI-1F (3
m.) were added BoC-Cit- tert-

1- (4- (hydr oxymet h?l“}eﬁﬁ%ﬂﬂaﬁffﬁé})’e dospsan 20 m@%ﬁ@iﬁ%blﬁmyldé‘af%anat e,
238 ng, 0.62 ceﬂpéuaas WM SHnaRh Rydxailit aﬁmy;rph%ﬁw& Q1 ABvitiQ: BR JppRlae)
and dii sopr op%l et h e m xture thus

am n 55
obt ai ned was %t5Ft éﬁ'dad&’t“e‘gg"gedf%'rthqlﬁaﬂvﬁ)}’éoavaﬁﬁ@h%’@‘{/@m"%%fé headmpsigrdand
t he residise \Mmpcpmun h:-fdo&@ar&watﬂ tashw@vlﬂrt- ofpduagr aphy on silica gel with

5% net hanol in di thane oun 1 as
a solid (90 ng, 5%’ Ing i F°ﬁ§|ﬁﬁé‘°€5‘6ﬁg‘6 ag o Elaméiﬂﬁeggggﬁ

311), 1.79 ( mesclibdd,abBe@6d Bhed refhnys 284t Jwell dndsth io Bwart skhel] vGhodhand 5. 17
(2bs, 2H), 5-7.26 (m 2H), 7.37-7.72 (m
8H), 7.80 (mc%%FB’hHQs gth%%‘dﬁrég“ﬁl%dmzm T-H), 751 (MeNa+), 767 (MK+).
Synt hesi s of ConpBultdase2f lopy agmigistrasion.ghe ¢ mte@enmlaﬁ@g corcepi@ationgf 0. 11
nmol e) 15 n a%ls(eged%%dﬁﬁﬁ Qllﬁ%ﬂﬁedofBQEléﬁé'id%ﬁpxt%E bARAGLEnkAesWHe 0. 33

nmol e) and t hi ophenol : he mi xture thus obtained
was stirred éPmP%lBﬁ’ﬁbtﬂ@ﬁﬁéi%eﬂawt? ghieye ﬁ%?@“aﬁpﬁét wolocAb e stsstiveéhoved
and the resi durewé/aﬁumufdbcfﬂeaﬂi by fl ash chromat ography on silica gel

w th 5% met hanol ndlc | oro radi.ent to_give Co und 12
D ol (on g atug e SR et oy e s S gt oL 76
(m 3H, 1. 78el(uﬂnr pibtferatign, 7 6irdulbsing @@3hi)tjon 3f LfmiBst@€d domporbid)of a%ud? (bs,
11), 4. 99 3 9

7007 6075 mogh o Bounal b b hontt b i Biifdehea”

Synt hesi s of Conpitierd ddsss foﬂ'oralaadmohauhmanmm]bc@mvpmmmdscﬂlﬁ:d@m&’émrmpmeﬂlylz

(To0° W Mo”5 EMeOEATRBARN Sohi Tiubonl Poc WAL SN002F REm Lok BUERE |

(180 M, 0.3 emxture rred a
1 hour. Then t¢ &houtnh.00p meblayaed most typlcally from about 50 mg/day to about 500 mg/day

Stated in terms of patient body weight, typical dosages range from about 0.01 to about

30 150 mg/kg/day, more typically from about 0.1 to about 15 mg/kg/day, and most typically
from about 1 to about 10 mg/kg/day, , for example 5 mg/kg/day or 3 mg/kg/day.
In at Jeast some embodiments, patient doses that retard or inhibit tumor growth

can be 1 umol/kg/day or less. For example, the patient doses can be 0.9, 0.6, 0.5, 0.45,

123



25 concentrated to dryness to give an oil (72 ng, 1009 which was
used in next step without further purification. To a solution
of the oil (72 ng, 0.12 muole) in 5% N-net hyl pyrrolidone in

di chl oronet hane (1 nL) were added Conpound 18 (see Exanple 2 bel ow)
(25 nmg, 0.06 mmol e) and N, N-di et hyl am nopyridine (22 ng, 0.18

nmol e). The m xture thus 30 obtained was stirred at roomtenperature
overni ght. The sol vent was evaporated and the residue was purified by
sem -preparative HPLC to give Conpound 13 as an oil (15 ng, 35%. 111
NVR (CD30D) 813.42, §.b% or @ Hunollkghiby dr 180 (r¢foyring td)mol@ .oBihe (ng) of Gtd)drug or a

3.10-3. 36 : - : : " )

411), 4. 50f T%@eﬁ“§%§§3°?l"‘§%“1”§&%°@§'f‘ t 5?@}"?3%7?‘%%39@& %lr‘wl? ‘g (m

(d, 1H); LC MBnjaEs: rowth@Bthe fumieHwhen ad 0BG tefetNGe Jaily HOsASe wmeavel a
Synthesi s of (nmpgUnadfve dlgs ﬁa§gksv£dneam@£d1§9ﬂp%%&% alirbhadTpe 0- 011

mol e) in dichloronet hane rifluoroacetl c cid

(0.5 m) at rf&laﬂhmssif%eefbatﬁwexw Fie SR mowsh 6 to 8GR ASE Mhmeuse

stirred at roevRiidR&h Thddhie, cﬁe%anagmn}myt es. Then the m xture was
concentrated to dr%/ness t oi I which was used in next step

Wi thout further pbf5i%ieEaP 36%[1 admm‘“‘a“ef'odoéa%élnﬂ‘fnitE’J‘?ﬁ“{’ff“’i‘lﬁ@‘ beredjusted ed
am ne in di Chhd)ﬁ@iﬂﬁf/ fb&]ﬂ\@m{e@le@mﬁﬂe}elwrﬂ& adﬂﬁa&éﬁdh&n@ﬂ@é&ﬂﬂdve&m(tﬁe ng,
0.012 mol e), Z d met h

phosphoni urh& ﬂrﬁﬁrocr%lﬁqcl)nsb bsé]@% ed( orrFﬁ mlﬁc éﬁ‘ﬁ%ﬁﬁ’g%’ gnélﬁ‘d

di i sopr opil etdeybaumi ne:m(d&gmt;he DvEuidn cambe en)mlﬂ'lkteneatnnxtlumelymighs obt ai ned
ovapor at ed and"Chare LEMAGLALHL s A1, hhRlon TS BOERAAZ0 1 ¢ 1o
gi ve Conpounddmipisies a gempsivnd qftherigyentBnoy ﬂunm\ﬂkef€m@9)068mll°!®3nfmq'dlsela 10
:(32314 ?g% 1. Q%i flgauel?t%tmngsgﬁgn(" me%H)Fhu %11?190\(1&921(%’9}3811&% 19g?mél§that 1—:5 6H) ,
4. 20- 4. 45( ?]m‘x’@%ns“ﬂte%thziheﬁ"e(‘m Ofo}q)‘“dl‘gd“iBS Ctlf‘ﬁése 2H) 7 20 7 70 (m
22H), 7.7 (d, 2|'Qlt1hzzng9tﬁle tézt&ﬁmgs%i”ﬂwdeh&r% aﬁEﬁéc}ws the ut(ld\ﬁ'eiﬁl‘haentlemmen
e B I R K A T O U
room t enper atthtehe cThﬁalzﬁlnmmi desenduiidd bylbé pzurtadlr paisntS Thik plechirgt shéuddm
{g”glez/gt g;eof ?Jo\l/vw% ul(}%%efm J}'ﬁgg algﬁvcnrygé%&jm A Msi %ﬂ%?ac%ogsaé%}%das Lo diyness
purification. Pofﬁmyalebmq}mﬂmlabfltytmeembctdymgaf Bl@$eu¢e| aod\sayﬁntsl.@f’/@dmﬁ in
(N (v ol B sy RSP R radon and O Qi Ppieg e slssed 15
mmol e) and di*%6pr opyl et hyl amine (2 pL, O. 012 rrm)l e) The’ m xture

t hus obtai ned MST@cbhﬁ&ﬂd@éonﬁ#&Q%xﬁ%M&%UBﬁhé ﬂéseﬂtlﬂ‘éh’tl’on abltguepl vent
was evaporate(il and the residue was purified re aratlve HPLC

to give ConpdufitiRiakby4ke “‘éﬁmﬂf"l tht @“swnahe*ezmpleﬂeiff utgot

1. 04- 1. 13 ( mto i) the Hlabfed@iventd)) , 1.75 (m 1H), 1.90 (m 3H), 2.23 (m
3H, 2.98.and 3.01 (2s, 6H), 3.05-3.25 (m 6H), 3.60 (m 2H),

3. 45- 3.552(m 6H), 3.64 (t, 30 2H), 3.80 (m 2H), 4.05 (m 1H), 4.35
(bs, 1H), 4.41 (m 2H), 4.55 (m 2HEXAMIPRES(m 1H), 5.15 (bs, 2H),

6.78 (s, 2H), . 7.35-7. 65 11H), 7.90-8.00 3H),
7.77 EZ 2t|)|), dertfa et ; LC—NB(ESI§,m124gD(M+I-H). (m 3%

In the examples below, unless otherwise stated, temperatures are given in degrees
Celsius (°C); operations were carried out at room or ambient temperature (typically a
30 range of from about 18-25 °C; evaporation of solvent was carried out using a rotary
evaporator under reduced pressure (typically, 4.5-30 mmHg) with a bath temperature of
up to 60 °C; the course of reactions was typically followed by TLC and reaction times are

provided for illustration only; melting points are uncorrected; products exhibited
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EXAMPLE 2 Benzyl chloroformate, Her, Hair"' BrTHE, DI EA HCL,

H Val - O Bu, 0K2CO3, 100C, 0 OABrovernightA --Aritorc"1"- H Synthesis
of Conpound 16: To a solution of Fnoc-Cit-PABOH (2 g, 3.98 5 mml e)
in DM (45 nL) was added piperidine (5 nL) at roomtenperature. The
m xture thus obtained was stirred at roomtenperature for 1 hour. The
m xture was concentrated to dryness and then the residue was purified
by flash chromatography on silica gel with 100% di chl or onet hane,

foll oned by 10% et hanol i n dichloronethane and finally 30% net hanol

i n di chl or onettisireenasl-NMAdind/ot micwagiwieal BrGiyteld®ABGH vlsd foolllosthades oi |

( 19, 10 90 /‘)only and the fgﬁoﬁni&h%wl&gl ﬁgleﬁét% E axE ﬁ&q_sleti %‘% (ﬁqgitl]‘l% 0%?) ﬂTTDl e)

in DMF (4 nL) vere e conpoun
Exanpl e 1 for(hiﬁr(ébmidwlbhtylb),ﬁmv niiiglepys (mmzs mgéméyglam min (mmuteb)

di i sopropyl etiiyyMamiiqie dvlogfcd¥aphydnd4 Iggm;};nee}}y) amg(mghpg; ure thus obtained

was stirred at ropmtenperature for hour. The sol vent was
evaporated® and t hé11 NAIR S@%‘i”&l':i“é‘e\%s”betﬁiropﬂlvé‘ﬂaweléléﬁﬁowgb813%&‘1“1?@ MSLC

to give the Gamp@ufidenl Gitahe aRighdd strichkds. MhemBEA Wifts dite MRl }J
51. 03111 (2d,.6 , 2.23

(m 119 3. 0508 @ik Boniehmevifynt Hedily miptipebifos {1 Y17y
4.39 (m 2H) ,rechrdod orf HBerki Ehmer 8ciGOAKTI30S mads spdtronfete3 OEleinentl kfalysds. v&re (M
o9 1150 (s Bkl i ol il -
Synt hesi slbf cempoanehyirs ETernk giafe(R3lbH0ofesiCoRpouadhdéaralhg! AFLCO. 25

was performed on either a HP 1100 or a Varian ProStar 210 instrument with a

Phenomenex Luna 5 pm C-18(2) 150 mm x 4.6 mm column or a Varian Microsorb-MV

0.1 pm C-18 150 mm x 4.6 mm column. A flow rate of 1 mL/min was with either a

gradient of 0% to 50% buffer B over 15 minutes or 10% to 100% buffer B over 10

15 minutes with detection by UV at 254nm. Buffer A, 20 mM ammonium formate + 20%

acetonitrile or 0.1% trifluoroacetic acid in acetonitrile; buffer B, 20 mM ammonium

formate + 80% acetonitrile or 0.1% aqueous trifluoroacetic acid. Reverse phase

preparative HPLC were performed on a Varian ProStar 215 instrument with a Waters

Delta Pak 15 pm C-18 300 mm x 7.8 mm column,

20
EXAMPLE 1
Benzyl chloroformate, 0 oo o] 0
) DMF, KI, K—‘,QO;, 100C, H

HBr N~ BT THF, DIEA @,\OJLH-\, Br overnight ©,~ N’\’N‘.’kok

R —— - H =
4% 1 59% - 2

o
H O J< FmoeOSuy, O H © /I<
H,, Pd/C, MeOH NN \:/JLO CH.Cl, . OJLN/\_,N:)LO
98% A 3 60% O Ho A 4

Hc, o H D
THF/H,O (311), 37C . OJLN»\,N\/"\OH, HEl
rrere———————re - a
98% O oA 5
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nmmol e)) in 10% NVP in dichloromethane (4 nmL) were

di i sopropyl et hyl am ne (131 pL, 035 mmole), N, N-di nmet hyl am nopyri di ne
(15 ng, 0.12 mmol e) and 4-nitrophenyl chloroformate (101 ng, 0.5

mol e). The m xture thus obtained was stirred at room 5t enperature
for 1 hour. The solvent was evaporated and the residue was purified
by sem -preparative HPLC to give Conpound 17 as an oil (151 ng, 65%.
(CD30D) 8 1.04- 1.11 (2d, 6H), 1.59 (m 2H), 1.79 (m 1H), 1.89 (m
1H, 2.24 (m 1H), 3.05-3.20 (m_4H), 3.44 (m 2H) , 3 83 (d, 1H,
4.20 (m 1H), 4.39(m 2H) , 46 b 729(m
2H), 7.39 (m Py (M b °7 75"3&'“2 @é §1N( 1HyweKzg@, 05
(s, 1H; LG M 1%( 811" ((MjH+) , —833—¢M+ , M K)o

Synt hesi s of Con‘pound”iQ To a soluti off*of Conpoun 187(50 r§* 0. 11
mmole)) in 40% THE ing d| chl oromet hane (8 L) were added 4-Nitrqphenyl

Chl or of or mat e 8%,’% 3 ele) an@g%l\ efdy| dnioEETT 88 pluo Q é’\
t

. //,\\ 0,

Cl

mol e) at OC. ure thus—ebt ai | et__Stei-red ol
tenperature an d sover nfght. The Kdlwvent wass 15ev og‘a and
the residue was isolated by precipitation in ether and foll owed By
filtration to give PNRE- 18 ag %yellowsdt‘ﬁfﬂ(GO ng, 909% . To a
sol uti on of the PNPC %8 (601 (e 2095 nTm &) in dichl orong,thoqhe (5
m.) were added %%ei gpound batm per 9:;71 ng, Q¢ 8 mol &¥: and
triethylam ne ( & MR o83). e° i OBt e of Id]éh Dt ai need was

stirred at room tempena ure ovesnight. The 20 s dl t was evaporat ed
and the residue was ur| fied by sem -preparative HPLC to give
Conpound 18 as an o‘,(’ (77 19, 900G M5 (ESF), 678 (Mi-H+), 700

(MeNa+), 716 M+K+ Synt he,gg*l"sfw""c‘)f Compgiihd 20: To sel ution of
Compound 19 ( 035 {mol eﬁ' EW d| c/:btjb okel hane _ ) was
added trifl uoroaée [ r'oomi2 e a ur N

m Xt ure thus obtai ned wa% Ered at room t enper atou for® 30 1 nut:es.
Then the m xture was concentrated to dmymess to g| ve an oil which was
used i n next step wi t hout further purl f N't':atl on. §5p| ution of the
oil in DMF (1 nizgcriksfe a dtl—% Rd 17(28o . 035 mmol e) and
di i sopropy! et hyt-&mtne (18

Nu fug- 30
obtai ned was stirred at ro terrper/\t ure oveﬁrn t. lvépt was

evaporated and the residue was purifigd by sem pr epar ative HPLC to
gi ve Conpound 20 as an oi | (36 Ny, 700",5’; L1 CD30D) 8 1.03-1.10
(2d, 6H), 1.58 2 2&5@"‘““% 1,29 (4 1H), 1. 87 (m ;l, £2.23 (m 1H),
2.97 (bs, 6H), Fg5¥% 5 (jmyk ¥ 3.9 (m 1H),

4.19- 4.41 (m 6Hy, 4.60 (m 2 /\46°9 ! 5.131‘(@ 27H), 7.16
(dd, IH, 7.27-7.38 (m 7H), 7.45 (m 1H), 7°5%7.63 (m 7Hf, 7.76
(d, 2H), %85 (d, 2H), 8.24 (bs, 1H), 8.79 (d, 1H), 10.00 (s, 1H);
LC-Ms (ESI), 1248 ( MrH+).

Synthesis of Compound 1: To a solution of 2-bromoethylamine bromide (5 g,

24.4 mmole) in DMF (50 mL) was added diisopropylethylamine (8.5 mL, 48.8 mmole)
and benzyl chlroroformate (3.48 mL, 24.4 mmole). The mixture thus obtained was stirred

10 at room temperature for 2 hours. The reaction mixture was concentrated and the residue
was purified by flash chromatography on silica gel with ethyl acetate/hexanes (3/7) as
gradient to give Compound 1 as an oil (4 g, 64%). 'H NMR (CDCls) & 3.54 (bs, 2H), 3.61
(bs, 2H), 5.12 (s, 2H), 7.36 {m, 5H).

Synthesis of Compound 2: To a solution of Compound 1 (3.34 g, 12.99 mmole)

15  and valine tert-butyl ester (3.27 g, 15.59 mmole) in DMF (50 mL) was added potassium
carbonate (5.39 g, 38.97 mmole) and potassium iodide (2.59 g, 15.59 mmole}. The
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Synt hesi s of Conmpound 21: To a solution of Conpound 20 (36 ng, 0.024
5 mole) in DM (1 nm) was added piperidine (12 pL, 0.12 mvol e) at
roomtenperature. The m xture thus obtained was stirred at room
tenperature for 1 hour. Then the m xture was concentrated to dryness
to give an oil which was used in next step wthout further
purification. To a solution of the oil in 10% DVMF i n dichl oronet hane
(1 nL) were added 10 MAL- PEG4-NH ester (19 ng, 0.037 nmole) and

di i sopropyl ethylamne (8.5 pL, 0.048 mmole). The m xture thus

obt ai ned was mikiurerteg obtpinedormnstiegipe M Cpenfigt. Thehengtion ffik@resabvent was

ted Ct
G ve_ Conpound B REud3Rd AL é@?ﬁ%ﬁ“@ﬁ?ﬂ@r“fﬁ‘%ﬁkﬁ?%%%%%%’”s&a‘t@t 112
(2d, 6H), 1. 3thylspctaefpxands (7/8) s gjadigpd)to give G@ngoppd 2)34)an 012(32]42g€ﬁﬂ%)_:|_
;2:, Z‘g gt 852|('DmNP§EE§D&It 50?@(111 &{)2‘?46859%61"96 (mllr|_’§) 953 g%%%]) Qréblgé"é)ﬂi co.
4.73 (m 3H) 31@@3“@&531 (ZH)lH) 617 6. ), 5.2ps. 1), ﬂ@%@&HJIL@MS?(ESﬂZ% I
(H%)é 7|36 (m, & rbmyrﬁsz((mg{%/)llsl) ESI7) 581£1r2n3 ?mm 8gy§][n oot of
Compound ’22 To a@@!—d—ﬁ’—&@ﬂ-@nﬁb o %@0%2(@4@977220“%%) in
E)Z/F (e L a[ﬂ_l)’ e\l\/q;ﬁllzﬂdﬂeﬁltcm;lg@{ (20&;&1%) 1%1 geﬁfgnol G088 wanBhR) uier KyARFen
u u hu |

teher at ur o FBPSTRHB PSS HLHOT RRPRTR P DAG B COAPF AP BATES Phfess
to give tie acmmralture/\ﬂm r?.lmmm%‘hamﬂtﬁmmwmxmatcsitae@thmdalsttmtrminmeh»her

rification. to he oil.,in 10% L0 gi ane
(" ) “ver o sationed Tedisstlo e Fafodhaa s s A oy AN RESEBY 8
di i sopr opyldetO![cer(mnﬁfﬁel 48, I‘W:l), 1CE3Q?:42HM9@()111 TH;DIE_EWWXI‘hme, Etnt{m, 2t ai ned
was stirred at ro e .
evapor at ed and th§) 1§ oRpoind & %P }Olg}%g OfCOI?ﬁOP %&e%gl&a? '?%%nﬂg?_l& to
g(;l veszomougdilc‘z@imﬁw(é®m(‘i®ﬂd§;£5@@@30ﬁ®i(907 1.13 (2d, (FSH) 1. 60
m oxyeal s mi e i
3. 05- 3, 241]5( m%] Sy o9ty Sy SRS 8% LBy )%“QQH) Eyshid
i S i

* S Al () (+) U U] e chr Oor; 11 S111ca T c m
T 7,60 (m bhTergy p% 5% ]Z‘]" tgizﬁih§Z H&g(?e "‘@&5 10. 05
(s, 111); LcﬁwBlO(OEsth)me fplgﬂed(wmﬁ) metheemmgm@methamwwml%

methanol in dichloromethane as gradient to give Compound 4 as colorless oil (2.55 g,

20 60%). "H-NMR (CDCls) 8 1.03 (d, 3H), 1.14 (d, 3H), 1.52 (s, 9H), 2.28 (m, 1H), 3.14 (m,
2H), 3.46 (m, 2H}, 3.89 (d, 1H), 4.24 (m, 1H), 4.44 (1, 2H), 7.29 (m, 2H), 7.40 {m, 2H),
7.64 (m, 2H), 7.80 (d, 2H); LC-MS (EST) 383 (M+H-rbutyl®), 440 (M+H"), 462 (M+Na®),
478 (M+K").

Synthesis of Compound 5: To a solution of Compound 4 (177 mg, 0.4 mmole) in

25  tetrahydrofurane-water (3/1, 8 mL) was bubbled HCI gas for 5 min. The reaction mixture
was stirred at 37°C overnight then the mixture was concentrated to dryness to give
Compound 5 as solid (168 mg, 98%) which was used in next step without further
purification. "H-NMR (CDCl5) & 1.04 (d, 3H), 1.14 (d, 3H), 2.32 (m, 1H), 3.18 (m, 2H),
3.46 (m, 2H), 3.95 (d, 1H), 4.22 (m, 1H), 4.42 (m, 2H), 7.29 (m, 2H), 7.39 (m, 2H), 7.64

30 (m, 2H), 7.79 (d, 2H); LC-MS (ESI) 383 (M+H"), 405 (M+Na™).

Synthesis of Compound 6: To a solution of N-methyl-1,2-phenylenediamine (2
ml, 17.6 mmole) in THF {15 mL) was added di-rers-butyldicarbonate (3.32 g, 15.2
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OH H2, Pd/C, MeOHH ?FnocOSu, cH2ci2 4 98%860% Synthesis of Conpound
23: A solution of ethyl-5-nitroindole-2 carboxylate (2 g, 5 8.5

nmol e) and pal | adi um on charcoal (200 ng) in 50% net hanol in

di chl oronet hane (100 nL) was pl aced under hydrogen at nospheric
pressure at roomtenperature. The m xture thus obtained was stirred
at nomtenperature for 2 hours. The palladiumwas filtrated and the
reaction mxture was concentrated to dryness to gi ve Conpound 23 as
colorless oil (1.68g, 97%. 1H NWVR (CD30D) 5 1.38 (t, 3H), 4.34 (q,
2H), 6.86 (ddnmglp) The @engsthpgkbtaine)l wagstiord {tdoom tefnperftu Gvefrght.1 He.
Synthesis of £RERAHOLSAY aﬂ-@thé‘-le%%é@ds‘ﬂﬂuﬁ%fd bgﬁﬁgﬂQHﬂagml%’g}laﬁh%Q)Q il gell - 47
mmol e) in dichloronethane (5 nL) was added cnO

mol e). The n¥xI0cthirstasin %ﬁxw@damgdl@tqorgrve@omo%ém<t° roat(mr?e f or
2 hours. The g epgf HPRME XDELES VA6 (16,906 SN ABE t

purified b fﬁ! ash)t chr omaft ogragphy (On®21|§ |ca(1 gefﬁg%s ﬂém% et hy’l
acetate i hd@atds as gradient to give Conpound 24 as a white solid
(23072 r7rg0761% 1 Hs {MRs QMBU@ yt '139 séltlmonmom uade (57 mgH)OS rﬂm&Z) (q,
Synt hesi s o &éﬁ%&lawa%%@%@d’rh%ﬁ 1efid o %’6&768"6 éonzlthkozf%%mgé%s
mol e) in et handk) agSditsbyropyashyadGed 75 LSQHG'F huﬁi&le@ﬁtom(}ﬁe(nﬁﬂuﬁ@mso 49

nmol e) in water, m).. The m xture t tained was stirred at
room t enper atot?ffag’g‘i}g?s %”ngzﬁ FOTHPMRSEREIT Gi’ﬁ’é“&'éaﬁ}e %ﬁe'ﬁtﬁvﬁs{‘ﬁf"é"eﬁé‘é‘“ he
concentr atted léﬁliudnvyﬂ[ﬂﬁlﬁectl@,'fgibh/tﬂllcﬁ]ﬁht@rdphy dinslich edlivdti ¢ 0R@tyicas®linved in
wat er and aci,difie 10% HCL, fo d Wlth
Et OAc. The orhgéaﬁfscaq to %"%’mp&k’ ?de%lag \]/-léeow N!’égﬁ ’é)‘é%)t er%‘g‘ﬁ QEIE‘
concentrated &kﬁ%(bsyﬁﬁ)sg 41 andgi 61 €20 OUFAbE 3 HAY .26 aln aH) £6565- 192 (1, 85). ny,
9209 111 NR (R0 B chnhylis: 133 Locch Pohfhun??Hh mg o 2nbifh

1H), 7.33 (d, 1H)
DMEF (5 mL) were added carbonate potassium (164 mg, 1.19 mmole) and methyl iodide

15 (148 pL, 2.39 mmole). The mixture thus obtained was stirred at room temperature
overnight. The solvent was removed and the residue was purified by flash
chromatography on silica gel with 10% ethyl acetate in hexanes as gradient to give
Compound 8 as yellow solid (370 mg, 65%). 'H NMR (CD;0D) & 1.35 and 1.52 (25, 9H),
3.16 and 3.21 (2s, 3H), 3.26 and 3.29 (2s, 3H), 6.93 (d, 1H), 7.20 (m, 1H), 7.6 (m, 2H),

20 7.68-7.80 (m, 4H); LC-MS (ESI) 444 (M+Na*), 460 (M+K").

Synthesis of Compound 9: To a solution of Compound 8 (355 mg, 0.85 mmole)

in dichloromethane (5 mL) was added trifluoroacetic acid (5 mL}) at room temperature,
The reaction mixture was stirred for 30 min, then partitioned between ethyl acetate (100
mL) and saturated sodium ammoninm bicarbonate (200 mL.). The organic layer was
25  washed with brine (100 mL), dried over Na,SOs, and concentrated to give the free amine
{Compound 9) as a white solid (270 mg, 98%)."H NMR (CDCl;) & 2.68 (s, 3H), 3.30 (s,
3H), 6.56 (m, 2H1), 6.88 (m, 1H), 7.20 (m, 1H), 7.48 (m, 1H), 7.57 (m, 1H), 7.65 (m, 2H),
Synthesis of Compound 16: To a solution of Compound 9 (270 mg, 0.84 mmole)

in dichloromethane (10 mL) was added 2N phosgene in toluene (440 pL, 2.5 mmole) at
30 0°C. The mixture was stirred for 30 min and concentrated to dryness to give Compound

10 as white solid (297, 92%) which was used in next step without further purification. 'H

NMR (CDCls) 8 3.25 and 3.30 (2s, 3H), 3.34 and 3.44 (25, 3H), 6.98 (m, 1H), 7.25-7.40
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Synt hesi s of Compound 26: To a solution of Fnoc-Cit-CH (206 ng, 0.52
mmol e) in solution of 30% DVF in dichloronmethane (3 nL) were added
EDC (120 ng, 0.62 mmole), HOBt (84 ng, 0.62 mmole) and
teit-butyl-4-am no benzoate (120 ny, 0.62 mmol e) at room tenperature.
The m xture thus obtained was stirred for 10 minutes then 5 copper
chloride (84 ng, 0.62 mvle) was added to the m xture. The m xture
was stirred overnight. The m xture was concentrated to dryness and
then the residue was purified by flash chromatography on silica gel
with 5% net ha(malZH] A48l{ng H HY 7 SHot 88 dm e sLEGMBAESN 884 (OH4d1 "y 0TdGUINER22 6
as col orless( )(184 ng, 62% . ill NWVR (CD30D) 8 1.53-1. 58 (m 2H),

1.57 (s, 9H), 1.71 (m , 1.82 (m 1H), 3.08 mtl;gp 19m1H)
4.21 (m 1H), 104izmmf_@iga;MQBTemoigﬂyof¢orm@um I%qﬁlg, 7. 49
(m 2H), 7. 56an®Ig)Qn (dRtioR bY 10/ DB if THE (ZSthL) v!'eg: J@d(]iﬁagjdltkpﬁ(ﬁ{ ((M feft)
595 ( M+Na+ nt hesi s of Conp 27: To a solut]on of

Canpound 5% oaish 1A it N o e e s e ( 2
m.) at room t(Hﬂipﬁﬁf @)U @l-dithBe@yl B bpitiQin h’ﬁ%ng@ﬁﬁhﬂeﬁ) avas stirred at
roomterrperat re or S conc rate

SRR o A CE B T B b A e RN
with 100% di Cdﬁl’((!)fo@lh@cﬂdjlanme qfﬁleelnk euwetmdyd bibmetiarelas puifdi B_\hﬂzﬁm onet hane

and finall 20% net hanol i.n chl ent to give a
Color | oo i orhRRan Gy stk Sl O SIS R A e fnflh 654 %
mol e) i NIV ofripBunali)l avesolid edaheg 4abh). SORMBRRYDed a4fi (Be 96 736ph0 (18, 9

orepat at on) SR HRF kel g ey b TRk et SEE sy DA APPE P
m xt ure thus 6SHt(Z, hdH 7Wa3.26 (mr2te.d . Jt7. 2dond e hilka t U); €CHdE (BSIHaar s.
The m xture \Q/Pﬁ'ﬂﬁ)oﬁﬁqm N%%?t( gryness and then the residue was

purified by f romat ogr aphy on silica gel wth 5% nethanol in
di chl or onet hane aS:nghesigiefomppendd2y Eo Caliysion aCa ot Iddfont. @dd mandle)( 691

my, 659%. MR u( W@hﬁw&e 3@66 ?Sjcasm@}fpcalbg-na@q%lm%% 3(3 '?ﬁmcgfb')and t%lo%legé((&)
9 H) 1.71 (m F:DS 2 (m (

-3.3 (m 41|I.') 0.5 mrp@lel r}lihe mtme ﬂm?g_btflpﬁd vsfp_ﬁtmegf atzgone f?fnpgp.‘}lre for 25-8)“'(5’“]
2H) , 4.60 ( MThd Mivent/wad8enfovéParkiMe rdddue wis Blified’by ks drortbidgrapify &h {idka

2H), 7.89 (d, Mt H+ 737 753

S;?lt hesi s f)f “I‘;%‘osﬁ% etg%"’{l?gl%\l"’é’ E‘féeﬁﬁg'éé‘e%%bﬁ%%??d@%a FPE‘M%

30 nmol e) i n ARNEI%D’ mMMmmﬁacamp&Bm@bpeH), di56@.7¢ ln,/BH), 1608 (fnOTHM, 2.76 (bs,

t enper at re S ed a 0

tomper at 1% PE PR SHchT B A sl EREEHE bgb B8 THY T fRess
to give an oOiZH),WHOSHE0ms3FEr BGIVMEESDL 565 (MeN4ip 158 @0-KiL) . The nmateri al
was filtered to gév\ﬁﬁ'ne.@s Moh%o&(alibszé g‘?o@uti%g of @o‘}r(@obnd 12 (65 mg, 0.12 mmole)

in dichloromethane (3 mL) was added 2N phosgene in toluene (180 L, 0.36 mmole).

The mixture thus obtained was stirred at 0°C for 1 hour. Then the mixture was
25  concentrated to dryness to give an oil (72 mg, 100%) which was used in next step without
further purification.

To a solution of the oil (72 mg, (.12 mmole) in 5% N-methylpyirolidone in
dichloromethane (1 mL) were added Compound 18 (see Example 2 below) (25 mg, 0.06
munole) and N,N-dimethylaminopyridine (22 mg, 0.18 mmole). The mixture thus

30  obtained was stirred at room temperature overnight. The solvent was evaporated and the
residue was purified by semi-preparative HPLC to give Compound 13 as an oil (15 mg,
35%). 'H NMR (CD;0D) & 1.42 (bs, 9H), 1.45-1.80 (m, 2H), 2.97 (bs, 6H), 3.10-3.36 (m,
7H), 3.57 (bs, 3H), 3.98 (bs, 1H), 4.10-4.35 (m, 4H), 4.50-4.75 {m, 3H), 5.15 {bs, 2H),
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To a solution of the free amne (32 ng, 0.065 mMmmole) in

di chl oronmet hane (1 m.) was added MAL- PEG4-NH ester (50 ng, 0.097

mmol e) The m xture thus obtained was stirred at roomtenperature for
4 hours. The solvent was evaporated and the residue was purified by
sem -preparative HPLC to give Conpound 28 as an oil (47 ng, 95%.
11-1 5NWR (CD30D) 8 1.10 and 1.15 (2d, 6H), 1.58-1.62 (m 2H), 1.6
(s, 9H), 175(m 1H) 190(m 1H, 2.25 (m | H), 245(t 2H), 2.5

(t, 2H), 3.10-3 r%% r% 3. 45- (m 16H), 3.75
(m 4H), 3.85- ’(6d7 951(FF) 16K, B5(d HD; &ﬁ(—WS(@ OIOéé(Mﬁfﬁy 10576 @rNad, 109B) , 7. 90
(d, 2H), 8.8QmMykn.1H), 10.20 (s, 1H); LC-MS (ESL), 891 (M+H+), 913

(M-Na+), 929 (M+K+) 10Synt hesi s of Conpound 29: To a sol ution of
Conpound 28 (47 ném@ﬁééf;_é]%ﬁ@)— ﬁoa?%woapﬁ‘ﬁm?awbﬁ((@@gr&falfwas
added trif| uchi@esh tichlaGneth{rd (®S ﬂiL) waladde@ @b RAREE aid(0S. mIjhArob Xt Ur e
t hus obt a|§1eq was stgﬁr ed at hro ﬁgger at yre for 30 m gﬂu%g Then
the mixture WHSPEEHE AT PAERE YL LU ﬁﬂ??&”@ﬁﬁeﬁ‘gﬂﬁ Fgmiptesy o |
whi ch was usélkhen the méttre srhseqanwmtrdnmtb difyust foive prubil fvhiciatvasaned id Qextgep
92% . 111 N 15 and 1 15 (2d, 6H), 1.60 (m 2H),
1.80 (m 1WN&‘%E@SSRCIPUFFE§‘&B‘Q 25 (m 2.45 (t, 2H), 2.5 (t, 2H),
3.10-3.25 (m 4H) To 8s®giof af th@HjA Saaec%‘m@% Iaﬁlcl(llnqom&@me (0.3 mEhwempddéd) |
3.85 (d, 1H) .4 (85 AEhg 2H)
8.80 (d 1H). te‘t‘cﬁ:ﬁao o) %2}62&%11&}% %E%tg%zglﬁ/l_l %h%'—g]me%w%ﬁm%ﬂ)

Synt hesi sl®bf Pé’ﬁ%i?b%‘émél uorgghogphaie (BR )&%méfooééﬂ{ﬂma#g 0.2 nmmole) in
Et 0Ac 20 (2 mdopyisle@fiaiatie & 00008 MakE A nERixaFOME dtRfined WabltRAGa( 3 ML)
at roomtenperature. The Boc d%?rot ection was cog})l eted after | hour.

The preci pi t 0T CHREEFCAT Mgy Thasplepdgray ganprtvdaat e gesidperenpuifisddy ¢ he
TEA sal ted anemiepryyatich ISHAL 6 @6e COmpivind {(Basrth bil (9@e,t5hies 'BOIME | on wer e

oL°1 ol o) BRDAIG S LI erosD. R ie . ?ﬁé?%%&%ﬁﬁ%ﬂﬁ@a%“aé‘é hed-
was stirred aiH),3D4r00nt Bkt (by, EH)‘ B8 (83, HL.8) (b hE), 200MEB (m V@D,

R G T T P F e o I e EE U S

(s, 9H), 291E$1$13®-<1M+H§)10360(m 8H), 3.72 (m 1H), 3.97 (m 1H),

?m302|‘}|) 607(m 3H)s§§.1§e§ of@%ﬁlgg%tﬂrlla%a liﬁ%h&l f]d(}brnpf\‘%dll%éé g\% oldg}smn{ﬁ;ﬁ
LC- M5 (EST), IIBéQIF((MHLiBMdedGX%“ﬂ@OC N, %mynole Poofi\pReaturg Jhe

(MtNa+), 2601 {iMiKthus obtained wad¥itked @6oSm @nptaRRAHNCh 32 Thé';lQhé‘mﬁ%léj&dson of
Compound 31 (30 ng, 0.039 mmol e) in di chI oronet hane (0.5 nL) were

added ani sol ém(ci'ﬁ@‘eﬂﬂ)d‘&‘ﬁé? ' Bive Prcil Widetas esed & Rex( epavitheyt fugther oom
t enperature. plfifcafidnxt ure thus obtained was stirred at room

tenperature for Then ncen
dryness to give a %ﬁoﬂl%%?fé]ﬁe Lfg'glcﬁm Oﬁlto%gw%f @é‘ lfrglr)t her
purificati on were added T@N- &y- Laaléluﬂdomnyrtﬁcylshremnmﬁe ester [IMEB@J{S L‘rha)g tere added

the Co i
0.23 mol’8) é’ﬁ’gf’l{%%@ﬁ%gp%%ﬁ%g’z By, o BRBIPHI BN Bt SR
obt ai ned was seirddraf xdmaampeatnm foehipar. dhesodrefioras tvipoated aﬁﬁhhp reodugans  Was

evapor at ed agqnfﬁéa% y5&ml %9 amwﬁ;@% %wémhpeu%eﬁ a3 R sap(%rﬁé Y&k C 1O
gi ve Compound 32 aS an ol VR (CD3 1709 and 1.15
( 2d, 6H) 1. @W%@Da@ﬂjﬁlﬂdrfkﬁ(rmn%l)ﬂ)ﬁ (m, B, {74 (m, H)i) 120@7 3tn2. 28 Kip,

% j? gt 622|('|)m3H 294 aa§é3 012@9 6H?3%§ 308 (m; cﬁigDa,so%mlﬁqﬁs Z§33§ m ‘éh') bt g
4.20 (m 3PH) 2y 3§§£I& 210 "(Qﬁ(ffm”}-l)‘) ‘li_%f(#g IHM%HP 3527) ‘b@ )I 4ﬁ9(m 2136
(bs, | H), 7543k D8, 18 (s2H),7.28.dR2), 835-08% w3, %983806% 7.7736,05

Eimzwg/zS 23@ Q%M@H) &qﬁégﬁgpﬂﬁ@wl% 25 (s, 1H) LC-MS (ESI), 691
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Synt hesi s of Conmpound 3: Brono acetyl chloride 2 (240uL, 2.86 nibl es)
was 20 added dropwi se to a solution of benzyl 2-am noethyl carbamate 1
(500 ng, 2.6 mwbles) and TEA (800 uL, 5.7 inMdles) in 10 nL

di chl oronet hane at 0 C. The reaction mxture was allowed to stir for
2 hours and the the tenperature gradually rose to roomtenperature..
The sol vents were evaporated foll owed by agueous work up and
extraction with ethyl acetate. The organic | ayer was washed with 10 %
citric acid, water and 25saturated sodi um bi carbonate and brine and
dried over alﬁ’.i&MBLE_sodi um sulfate gi ving Conpound 3 (260 rrg, 32%

yield) M5 MEl = 315.3 H}ﬂ orm 7.37 ppmaldd) , 5. 11 2 |
3.83 ppm (2H) . ZNA\Q.a,rppmz‘G(c h S,I\§ .of ?f%_ﬁigfg%mf’ 6; 9f

Fmoc-Citruline” 8 grams

benzoate 4 (0. 0045 I\/bl es)“%o 6 g of HOBt O.0045 bl es), 8 g of EDC
(0.0043 Ml es) and a catalytic amount of copper chloride Were aI | owed
to stir overni ghtucimbra m xt LgJe?\ DCMW%‘ 2 1) Thﬁ solw

wer e renoved -a-ﬁd—i—he—mdlifhct E l?rl ed—by—stt+ea g R ol

chr omat ogr aphy ust*hg 5- 10 % WEOH | n pcM T8 to g ve npound 6 (1 54
g, 71 %yield). Ms: ME = 573.09. Synt hesi s of Conpound 8:

Depr ot ecti on Cc p ect g_g# opp in 15 Conpound 6, 300 ny,
0.66 m\bl es OJHF[&Q%”]'S%) @ PETY U i&tich DMF in 20 ninutes. The

sol vents were evaﬁférat ed and e crudésol i 8 rinsed with diethyl
ether to give 230 ng of Oorrpound 7(99% vyield). M5 352 230 rrg of
Conmpound 7 (0. 65 m\(bl gs) was reacted with Fnoc-Valin ﬁ

mwbl es) and 188 of EDC (0.98 mmol es) in DVF and ’[Ofgl ve 240 ny
of 20 Corrpound 8 (5'5"\I /oy| el d) afibfipeRdieinfomeat i on over si N gel 5-10

% MeOH i n DC @ )L 2} 5, HATU DIEA Q )L
N \)L
) ©\/0H o 5 o L I ‘@\/OH

16

PNPC(O)CI, HN

CH,CI,/NMP,
DIEA, DMAP 0 H O H
. L
Q. o N/\,NYJLN N
65% O H A Ho O,o\n,o
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=673. OBryNHNH3 O NH2r NH Oz Hr) O HO r NH N eN11xN,...))
OIllik CH3 8910 Synt hesi s of Conmpound 10: 500 ngy of
Compound 8 (0.75 mwbl es) was deprotected using piperidine in DVF to
gi ve Conmpound 9 which was rinsed wwth D ethyl ether after renoving
sol vents. Conpound 9 wi thout further purification was reacted with
235 mg of 3 (075 mmoles) in the presence of 125 ng of KI (0.75

mwbl es) and 313 uL 5 triethyl amne at 40 C for 2 hours. The crude
reaction m xture was concentrated and purified by reverse phase HPLC

to give 300ngy Cerpound 10 mw%@%ﬁ: Eot/([)qyl el d. I\/B «Fn = 685.
2) Bo:zzplgerazlne :

HO N Et,N, CH,Cl, (:)N O N y o

va o Q. N

d N Y % -
o} N~ B0% 3 h
18 19
HzNYO
HN L
1) TEAICH,Cl, G K
2) 17, DIEA, DMF O H ¢ H 1 O
oy SN
70% O o~ H o O\",N\) OmOV\Nf
ls} i
20
- - HN cl
1)piperidine (5 equiv.} in DMF O r
2) MAL-PEG4-NH ester or GMBS, o H o
DIEA, 10% DMF in CH,Cl, “-N"vﬁ\)*n N o O N
62-52% T H A H 0 O\,o N4 & o,
- o Tr o] o \.—’\N’
fa] 1

Synthesis of Compound 16: To a solution of Fmoc-Cit-PABOH (2 g, 3.98

5 mmole) in DMF (45 mL} was added piperidine (5 mL) at room temperature. The mixture
thus obtained was stirred at room temperature for [ hour. The mixture was concentrated
to dryness and then the residue was purified by flash chromatography on silica gel with
100% dichloromethane, followed by 109% methanol in dichloromethane and finally 30%
methanol in dichloromethane as gradient to give H-Cit-PABOH as colorless oil (1 g,

10 90%).

To a solution of H-Cit-PABOH (80 mg, 0.28 mmole) in DMF (4 mL) were added

the compound 5 (100 mg, 0.24 mmole) (see Example 1 for preparation), HATU (100 mg,
0.26 mmole) and diisopropylethylamine (125 pL, 0.84 mmole). The mixture thus
obtained was stirred at room temperature for 1 hour. The solvent was evaporated and the

15  residue was purified by semi-preparative HPLC to give the Compound 16 as an 0il {119
mg, 66%). "H NMR (CDs0D) & 1.03-1.11 (2d, 6H), 1.58 (m, 2H), 1.77 (m, 1H), 1.88 (m,
1H), 2.23 (m, 1H), 3.05-3.20 (m, 4H), 3.44 (m, 2H), 3.83 (d, 1H), 4.21 (m, 1H), 4.39 (m,
2H), 4.54 (bs, 2H), 4.60 (m, 1H), 7.30 (m, 4H), 7.37 (m, 2H), 7.51 (m, 2H), 7.62 (m, 2H),
7.77 (m, 2H), 8.80 (d, 1H), 10.05 (s, 1H); LC-MS (ESI), 646 (M+H"), 668 (M+Na*), 684

20 (M+K").
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Synthesis of Compound 17: To a solution of Compound 16 (190 mg, 0.25
mmole)) in 10% NMP in dichloromethane (4 mL) were diisopropylethylamine (131 pL,
(.75 mmole), N,N-dimethylaminopyridine (15 mg, 0.12 mmole) and 4-nitrophenyl
chloroformate (131 mg, 0.5 mmole). The mixture thus obtained was stirred at room
temperature for 1 hour. The solvent was evaporated and the residue was purified by
semi-preparative HPLC to give Compound 17 as an oil (151 mg, 65%). (CD;0OD) 8 1.04-
1.11 {2d, 6I1), 1.59 {m, 2H), 1.79 (i, 1H), 1.89 (m, 1H), 2.24 (m, 1H), 3.05-3.20 (m, 4H),
3.44 (m, 2H), 3.83 (d, 1H), 4.20 (m, 1H), 4.39 (m, 2H), 4.60 (m, 1H), 5.22 (bs, 1H), 7.29
(m. 2H), 7.39 (m, 4H), 7.60 (m, 4H), 7.75 (d, 2H), 8.81 {(d, 1H), 10.05 (s, 1H); LC-MS
(ESD), 811 (M+H"), 833 (M+Na"), 848 (M+K™).

Synthesis of Compound 19: To a solution of Compound 18 (50 mg, 0.11 mmole))
in 40% THF in dichloromethane (8 mL) were added 4-Nitrophenyl Chloroformate (87
mg, 0.43 mimole) and triethylamine (88 pL., 0.64 mmole) at 0°C. The mixture thus

obtained was let warmed to room temperature and stirred overnight. The solvent was
evaporated and the residue was isolated by precipitation in ether and followed by
filtration to give PNPC-18 as a yellow solid (60 mg, 90%).

To a solution of the PNPC-18 (60 mg, 0.095 mmole) in dichloromethane (3 mL}
were added the compound becepiperazine (71 mg, 0.38 mmole) and triethylamine (53 pL,
0.38 mmole). The mixture thus obtained was stirred at room temperature overnight. The
solvent was evaporated and the residue was purified by semi-preparative HPLC to give
Compound 18 as an oil (77 mg, 90%). LC-MS (ESD), 678 (M+H"), 700 (M+Na*"), 716
(M+K*)

Synthesis of Compound 20: To a solution of Compound 19 (28 mg, 0.035

mmole) in dichloromethane (0.5 mL) was added trifluoroacetic acid (0.5 mL) at room
temperature, The mixture thus obtained was stirred at room temperature for 30 minutes,
Then the mixture was concentrated to dryness to give an oil which was used in next step
without further purification.

To a solution of the cil in DMF (I mL) were added the compound 17 (28 mg,
0.035 mmole) and diisopropylethylamine {18 pL, 0,105 mmole). The mixture thus
obtained was stirred at room temperature overnight. The solvent was evaporated and the
residue was purified by semi-preparative HPLC to give Compound 20 as an oil (36 mg,
70%). 'H NMR (CD;0D) 8 1.03-1.10 (2d, 6H), 1.58 (m, 2H), 1.77 (m, 1H), 1.87 (m, 1H),
2.23 (m, 1H), 2.97 (bs, 6H), 3.05-3.20 (m, 4H), 3.30-3.85 (m, 14H), 3.97 (m, 1H), 4.19-
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4.41 (m, 6H), 4.60 (m, 2H), 4.69 (m, 1H), 5.11 (bs, 2H), 7.16 (dd, 1H), 7.27-7.38 (m,
7H), 7.45 (m, 1H), 7.51-7.63 (m, 7H), 7.76 (d, 2H), 7.85 (d, 2H), 8.24 (bs, 1H), 8.79 (d,
1H), 10.00 (s, 1H); LC-MS (ESD), 1248 (M+H"),

Synthesis of Compound 21: To a solution of Compound 20 (36 mg, 0.024
mmole} in DMF (I mL) was added piperidine (12 pL, 0.12 mmole) at room temperature,
The mixture thus obtained was stirred at room temperature for 1 hour. Then the mixture
was concentrated to dryness to give an oil which was used in next step without further
purification.

To a solution of the oil in 10% DMF in dichloromethane (1 mL) were added
MAL-PEG,-NH ester (19 mg, (.037 mmole) and diisopropylethylamine (8.5 pL, 0.048
mmole). The mixture thus obtained was stirred at room temperature for 1 hour. The
solvent was evaporated and the residue was purified by semi-preparative HPLC to give
Compound 21 as an oil (25 mg, 62%). 'H NMR (CD5;0D} 8 1.06-1.12 (2d, 6H), 1.59 (m,
2H), 1.78 (m, 1H), 1.89 (m, 1H), 2.24 (m, 1H), 2.44 (t, 2H), 2.50 (t, 2H), 2.99 (bs, 6H),
3.05-3.20 (m, 4H), 3.46-3.85 (m, 34H), 3.99 (m, 1H), 4.25 (m, 1H), 4.35 {m, 2H), 4.59-
4,73 (m, 3H), 5.13 (bs, 2H), 6.79 (s, 2H), 7.18 (dd, 1H)}, 7.31 (d, |H), 7.36 (m, 2H), 7.47
{m, 1H), 7.58 (m, 5H), 7.89 (m, 2H), 8.24 (bs, 1H), 8.79 (d, 1H); LC-MS (ESD), 1423
(M+H").

Synthesis of Compound 22: To a solution of Compound 20 (26 mg, 0.017

mmole} in DMF (1 mL) was added piperidine (9 uL, 0.088 mmole) at room temperature,
The mixture thus obtained was stirred at room temperature for 1 hour. Then the mixture
was concentrated to dryness to give the an oil which was used in next step without further
purification,

To a solution of the oil in 10% DMF in dichloromethane (I mL) were added
GMBS (7.5 mg, 0.025 mmole) and diisopropylethylamine (6 puL, 0.034 mmole). The
mixture thus obtained was stirred at room temperature for I hour. The solvent was
evaporated and the residue was purified by semi-preparative HPLC to give Compound 22
as an oil (13 mg, 52%). & 1.07-1.13 (2d, 6H), 1.60 (m, 2H), 1.78 (m, 1H), 1.90 (m, 3H),
2.24 (m, 3H), 3.00 (bs, 6H), 3.05-3.24 (m, 4H), 3.42-3.74 (m, 16H), 3.78-3.90 {m, 4H),
4.00 (m, 1H), 4.34 (m, 1H), 4.39 (m, 2H), 4.60 (m, 1H), 4.80 (m, 2H), 5.14 (bs, 2H), 6.81
(s, 2H), 7.22 (dd, 1H), 7.37 (m, 3H), 7.50 (m, 1H), 7.60 (m, SH), 7.92 (m, 2H), 8.24 (bs,
IH), 8.79 (d, 1H), 10.05 (s, 1H); LC-MS (ESD), 1191 (M+H%).
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EA for 3 hours. The sol vents were evaporated and the product dried
under high vacuumto give Conpound 11. MS: fell = 628.. H NW
(DWVb0O): 10.45 ppm (1H), 8.8 ppm (1H), 8.5 (1H), 7.88 ppm (2H), 7.75
ppm (2H), 7.3 ppm(5H), 6.1 ( IH, 5.5 (2H), 4.99 15(2H), 4.5 ppm
(1H), 3.7-3.4 (3H), 3.2-2.9 (5H), 2.16 (1H), 1.45 (2H). 1.1 (3H),
0.92 ppm (3H) 121314 20Synt hesi s of Conpound 14: A solution of
Compound 12 (42 ng, 0.09 mmol) in 4 NHBr in EtOAc (5 mM) was stirred
at 25 Cfor 45 mn. The solvent was renoved and was further dried in
hi gh vacuo f EXAMRLEBo the residue in DVF (2n) was added 5-

(am no-tert-but oxycarEpor}}_élfoerﬁ;";l ndone- 2- car bo |H\GIO&GI d (39.2 , 0.14
mol ) and BOP,{ 7irger 0 1) \@L&%\A@dr ﬁ:@ﬁfﬂ@"c'u ia:g;u gk 48
mol ). The reactlion mxtgre 25 20 i n/an
passed t hrough a short co um of silica gel The soI vent was renoved,

and the crude product was chromatographed on silica gel elyted with
HNN&OQMSO d6)

20% Et OAC i N héamioto glj weN- und 1%5@;49 ny,
611.63 (s, 1H), @18 Zb‘r;12 s, ~AH),318.19 (& 1H, J= @ H27 809 (br s,
1H), 7.90 (d, 1H, J=8.4 Hz), 7.79 (br s, 1H), 7. 7.58 (m 3H),
7.39-7.43 (m 3H)ye,7.28-7. (m03H),07 11 (s, 1H), 5.29 (s, 2H),
480 (t, 1H DFOERYC 4. $4 0t diBodudtz) . 4.31 (m 1H), 3.92 (dd,
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Synt hesi s of conmpound 15: A m xture of Conpound 14 (49 ng, 0.08 nmol)
and 10% Pd-C (35 nmg) in MeOH CH2C12 (1/2, 10 m) was degassed in
vacuo for 408. The resulting m xture was placed under an atnosphere
of hydrogen and stirred at 25 C for 7 h. The reaction m xture was
filtered through Celite (MeOH CH2Cl1l wash). The solvent 10 was
removed in vacuo. Chronmatography on silica gel eluted with 2% MeOH in
DCMto afford Conmpound 15 (40.6 ng, 97% . | NVR DVMSO416) 8 11.59(s,
1H), 10.43 (s, 1H), 9.18 (br s, 1H), 8.09 (d, 1H, 1=8.2 Hz), 7.93 (br
s, 1H), 7.81 (d, =8, zz}ﬂzglftgg'?mfrs (br s, ~Br 7. 49 (t LiHea, amﬁ,4
Hz), 7.27-7.35 (f , 7. OS’M*(ShwrﬂH) 4. 8@1 1H 11 Hz)z,‘"" o
(dd, IH 8.8 COX 3L (m—tH—392 (dd) , 3.2 dd.
1H, J=10.7 HZ), 1. 4701%, 9H)*™ 1516 z%f Cogpound
16: A solution m ¥ture’of Conpound 15 (36 ng, 03107 mml , 4-nmet hyl -
1- pi per azi necar bonyl chl oride hydrochlorlde 0.10 nmol ), allyl
20 al cohol (0.1 nL) &ny arthydrous pyr|__/1 nec&@g&ﬁi}/{ X CH2Cl 2 (7nl)
was stirred for ﬁ oomterrperatur t ou"re i ng sol vent,

t he crude produch\))vas ch ura h 51 silica gel, elutgd with

2% 10% MeOH in CH2Cl12 t 8 w6 (32.4 nmg, 73% . 1 NMR
DVSO-d6) 11.59(s, 1H), 9.18 (br s, ( H);}—EH:OQ (d, I H J=8.2 Hz),
7.93 (hr s, 1H), 7.81 (d, 1H, J=8.2 Hz),°7.78 (br s, 1H), 7.49 (t,
1H, J=8.4 Hz), 7.27-7.35 (m 3H), 25 7.08 (s 1H), 4.80 (t, 1H 11.2

S0y Cuat She L ity SfCopuuial Mieottihior dysiZf ﬁ‘gndoﬂe'é sptiuée®):
s, 2H), 2.%3 8(55mm31pband palggiupisp ckarcogi 00 me) 475QTgmethydpl in d@@]mmmethanc

Synt hesi s of (Gmouhd Fll.zed uﬁaefsﬁ)}dwghpgmgéph&fzrﬁ&%@m ilo%m(t%emme Opfd5

rrm)l)ln4NHBr|n was stirred mn. The
sol vent was rRRHFdls Shignes! ‘Wéé"ff‘i‘i‘l"‘flﬁ%rf‘ tedrme@aanﬁr Ihlﬁoglﬁ \3‘"5‘?:1&?8“4”6?‘“’&5 h. To

thg resi due lfnhzmlﬁl nd @f r*eiaauowaﬁxtaed@dcoﬁ&m?mddajaeqé %Give (Bpolhd@F aymol )
and Benzotri azol e- 1-yl - ox ani_no

phosphoni unhéﬁl&’fl‘fbbﬁl}é;ﬁ%és%@tb I%Wﬂdi od 3§y ?"(I)) H8* ot 0P dWed by
addi ng DI REA 6(%6&8d,ul)), sasdd, tHg 7reag;tHpn m xture was stirred for 25 nmm
at 25C. The sol vent was renoved . under yacuo nd t

purified by Prep %@%ﬁ%ﬁ’&@rﬂgﬁg‘p “t‘f'ﬁ)(’f Wpo’irgi%%@ %’rﬁn‘ﬁ@gl umm) ,

el uted at 10 mhdlgnimdi¢tQorOiébahie-A min) Wi haied 8000ad3H5twg, 1.8) mwioleh TEhe

gradi ent: 10%a6eLARLLLEyds Rufkal Bom BALA: 0% AGR! S LILLEndS

m n, maintaining 50%acetonitrile in o ace
in 5 mm to giayeoncxitrpodiing tezesidpe was pygifiedsayofjash i magelaplly dronilica gel with
C581167BrN12Qa4 e(h%a'&tatg‘nzhe%]nzgﬂs%éldfe%@ ng-é ré%oﬂgd 24asa whlt(.s%'ﬂh b@ H'n% Of

conpound 18: To a solution of npound
MeOH (5nL) w&d%a WE@@P@)@@?S‘ h%))lS?aﬁﬁoP )h”e37r{ﬂsx?ﬁ)r7é)7v(aéﬂéi€§éssed
with 1\11. The igagek @nlm ¥kgine wgs flushed with H2 and then stirred

under a EL at m)sphere pon congl ete reaction (40 mn t he reaction
mxture was filt Com ound 25: A solution of Compound 24 (10 mg 0.33 mmole)

in ethanol (3 mL) was added a solution of LiOH (12 mg, 0.49 mmole) in water (1 mL).
20 The mixture thus obtained was stirred at room temperature for 2 hours at 50°C, The

reaction mixture was concentrated to dryness to give an oil. The residue was dissolved in

water and acidified to pH 3 with 10% HCI, followed by extraction with EtOAc. The

organic solution was dried over Na,SO,, filtered and concentrated to dryness to give

Compound 25 as colorless oil (85 mg, 92%). 'H NMR (CD;OD) & 1.51 (s, 9H), 7.07 (d,
25  1H),7.23(dd, IH), 7.33 (d, 1H), 7.68 (bs, 1H).
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20 concentrated to afford Conmpound 18 (31.5 ng, 96% . Ms: calcd for
C50H61Br N12G8 (M+H) m z 1037.39 found 1038.20. 19 Synt hesi s of
conmpound 19: A solution of Conmpound 18(31.5 ng, 0.024 mmol) in DW
(2m.) was added Mal - PEG4-NHS ester (42 ng, 0.08 mmol) in DCM (0.5nl).
5 The reaction mxture was stirred for 1 hr at 25C. The final product
was purified by Prep HPLC (SymmetrPrep C 18, 7pm 19 x 150 nm
colum), eluted at 10 mM/mn (0.01% TFA in water/acetonitrile) with a
gradient: 10% acetonitrile in 5 mn, 10%to 50% acetonitrile in 15
M mai nt ai ni ng 56%tiasie blfinpoinde6i o5 somon50BMbECIEOBYEERE, 02t rile in

5 t bt G

Q601576 N140 TR @ﬁ%’)&ﬁ#q oA g B8 iy onorbhetbans L SRl finc e
(0.107 mol es(}@dﬁm@l@nii@ﬁh@dr mevit® mmelelraad teitrbutiBi-aminh pénzoatetl 3 o f0o2 30
15 m nutes thgn§9).¥RRM t&%ﬁaﬁl\{@pﬁé%ﬁgeme Mﬁed%mmm%r theGgeWS

dried under H vacuum nE m\vbl es) were reacte
5- Boc- ami nd | MERST ehloyide (34,195 Q.HF menoley pvap ﬂE@e%Ong(uomio%erm@m@s*)ﬂs piyrel he

presence of EJD&m%R: T ABufOval i&cm&@&)dljnﬁss:hn@theﬂ—thtgfemwwécs Lifeq BOUI S
to give C urjfied | i ca gel

nd C vva
chr onmat ogr apif{jl"ehs."til [WARERR r’lﬁéﬁ’ £9 W&Pé@ mefhapgf i @‘0“1‘@76”9?@“8)‘5 gidieppto
comloound fc:col\@ewﬁaqaemﬁaaaqmlua)on@&'a,mg, a8, ’HNMR (C[%@ﬂg@lﬁ.ﬂl 83,
mvb treated on -
acet eel'f 29 1? or fgﬁfﬁuﬂgfgg\{\ﬁﬁé(@oll% QVYWaéH)eéfagg’i‘ éﬁé&l 8 et 7r1é§’r e
dried undér Hi28JacUm.Sand 2H)728e139 (8,8t ethowint 21115647 88)(n(, BHR 329 (m,
ol 05) of HArl LU ATt T he B RERELY i m o e o
anhydrous DMVF fr OMMW ﬁ‘earpﬂwt@nuf@omp'bhw Xdll g.erits mvage) in

evapor at ed arﬁi\ma@'rﬁ s Me{g%ﬁﬁgsgﬁﬁgﬂ hgﬁae&i%oce %”e ud 0018

mvbl es) in 56 %ylel of co pro ection of
conpound E web'apat visereiat raom trmreramrnior 1 Aevst Be erixek wed eonceatited to

purification djredsGNEHSANPRAGR WA birifBAYENLR HBmRbeSRIRANAGHE- 98 %
yield. MI1= d?c%l]éromethane followed by 5% methanol in dichloromethane and finally 20%
methanol in dichloromethane as gradient to give a colorless oil (561 mg, 92%).
To a solution of the oil (561 mg, 1.6 mmole) in DMF (10 mL) were added
diisopropylethylamine (679 1L, 3.9 mmole), the compound 5 (509 mg, 1.3 mmole) (see
20 Example 1 for preparation) and HATU (494 mg, 1.3 mmole) at room temperature, The
mixture thus obtained was stirred at room temperature for 3 hours. The mixture was
concentrated to dryness and then the residue was purified by flash chromatography on
silica gel with 5% methanol in dichloromethane as gradient to give Compound 27 as
colorless oil (691 mg, 65%). 'H NMR (CD;OD) & 1.36 {dd, 6H), 1.58-1.62 (m, 2H), 1.6
25 (s,9H), 1.71 (m, 1H), 1.82 {m, 1H), 2.00 (m, [H), 2.65 (m, 2H), 3.2-3.3 (m, 4H), 3.70 (m,
1H), 4.21 (m, 1H), 4.28 (m, 2H), 4.38 (m, 2H), 4.60 (m, 1H), 7.28-7.3% (m, 4H), 7.60-
7.70 (m, 4H), 7.8 (d, 2H), 7.89 (d, 2H); LC-MS (ESI), 716 (M+H"), 737 (M+Na"), 753
(M+K™).
Synthesis of Compound 28: To a soltion of Compound 27 (300 mg, 0.45

30 mmole) in DMF (9 mL) was added piperidine (1 mL) at room temperature, The mixture
thus obtained was stirred at room temperature for 1 hour, Then the mixture was
concentrated to dryness to give an oil which was crashed out in ether (20 mL). The

material was filtered to give a white solid (186 mg, 84%).
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EXAMPLE 6 Compound 2. To a solution of indol e-4-carboxal dehyde (1
583 nmg, 4 mol) and nethyl azi doacetate (460 ng, 40 mnol) in thy

met hanol (20 nmL) was added sodi um net hoxi de in net hanol dropw se (6.9
mL of 25% NaOMe, 32 mmol) at -25C (dry 20 ice/CCL1) under Nt The
reaction mxture was warnmed to OC and was stirred 3.5 h. The reaction
m xture was poured into water (120 nL) and was extracted with Et0Ac
(2 x 60 nlL). The conbined extracts were washed with saturated
aqueous NaCl (60 nlL) and were dried (MgSO). The sol vent was renoved
in vacuo to give 2o°{8g9@iopgf thgfregaminefPANR XICHOIB)e) B dchi@oniadrans(l mlpy) |
8.06 (d, 1H, vJade&d klﬁo)u p€G4415H€§e1 (510"1‘)1 oﬁgﬂ%m(;féy ﬁ'é'nuxlmlth‘és b!ﬁa)medlvaé’*o
(t, 1H J=3] 6 (s, 1), .73 ( iH), '3.96 (s, 3H).
Conpound 3. A“’é‘ %é??gi t@ﬂPWlmﬁWW Tétlfmﬁﬁnewr(bﬂapptareﬁ@eﬂ theegiflseray| at e
(2, 890 ny, %uﬁﬁedﬂf&laﬂu-liwpaﬂﬁye Hm@e%ﬁetéggodﬁh)zs m& on@ﬁlrh@@si%yﬂﬁer N2
for I h. The sol vent % resi due passed

t hrough a tol¥h (GP:Q 1019 a@‘b]r 15(@@)‘9&431@,&&@){5%@“}) %@)(Sa?*f)olfaﬁ@‘ (863 ny,
85%) . | HNVR (1CDGH3)H6829(f, (117, 235 (1), 2. 8¢t361)(H10-525 (D), 3.36%1 (2(:11), 1H,

120 5 1) | 6o 16 IS G ) Ta8 ol sl B (. St o

A sol uti on of7.90&d, 2y, spond, aHm[la.zaesem)nﬂ@m@snwbwyﬁamﬁ((ﬁmﬁﬁ@zm,
3.1 mmmol) in jal acetic acid (9 nL) under N2 at 15C was added
sodi um cyanoéorgﬁydrl de (600 ng, 9.5 mmol) and the reaction m xture
was stirrdd for 2S¥thesi§ df3~ompound 29: To a solution of Compound 28 (47 mg, 0.062

mmole) in dichloromethane (0.5 mL) was added trifluoroacetic acid (0.5 mL) at room
temperature. The mixture thus obtained was stirred at room temperature for 30 minutes.
Then the mixture was concentrated to dryness to give Compound 29 as an oil which was
used in next step without further purification (40 mg, 92%). 'H NMR (CD,0D) 3 1.10
15 and 1.15 (2d, 6H), 1.60 {m, 2H), 1.80 (m, 1H}, 1.90 (m, 1H), 2.25 (m, [H), 2.45 (t, 2H),
2.5(t, 2H), 3.10-3.25 (m, 4H), 3.30 (m, 2H), 3.45-3.65 (m, 16H), 3.75 (m, 4H), 3.85 (d,
1H), 4.65 (m, 1H), 6.80 (s, 2H), 7.67 (d, 2H), 7.95 (d, 2H), 8.80 (d, 1H); LC-MS (ESD),
836 (M+H"), 858 (M+Na*), 874 (M+K™).
Synthesis of Compound 31: To a solution of 30 (100 mg, 0.2 mmole) in EtOAc

20 (2 mL) was added a concentrated HBr solution in EtOAc (3 mL) at room temperature.
The Boc deprotection was completed after | hour. The precipitated material was filtered
(quantitative yield). Then the TFA salted amine was dissolved in DMF (3 mL). To this
solution were added the compound 25 (55 mg, 0.2 mmole), diisopropylethylamine (173
pL, I mmole) and HATU (79 mg, 0.2 mmole)., The mixture thus obtained was stirred at

25  room temperature for 3 hours. The solvent was evaporated and the residue was purified
by semi-preparative HPLC to give Compound 31 as a white solid (86 mg, 57%). 'H
NMR (CD;0D) 8 1.54 (s, 9H), 2.91 (s, 3H), 3.10-3.60 (m, 8H), 3.72 (m, 1H), 3.97 (m,
1H), 4.30-4.60 (m, 3H), 6.94 (bs, 1H), 7.05 {(m, 1H), 7.12 (d, 1H}, 7.45 (m, 2H), 7.68 (d,
1H), 7.75 (bs, 1H), 7.86 (d, 1H), 8.23 (bs, 1H); LC-MS (EST), 562 (M+H-100"%), 606

30 (M+H-56), 662 (M+H"), 685 (M+Na*), 701 (M+K™.

Synthesis of Compound 32: To a solution of Compound 31 (30 mg, 0.039
mmole) in dichloromethane (0.5 mL) were added anisole (100 uL) and trifluoroacetic

acid (0.4 mL) at room temperature. The mixtore thus obtained was stirred at room
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20 18C). The reaction m xture was poured into water (60 nlL) and was
made pH 8-9 by the careful addition of solid sodium carbonate. The
aqueous m xture was extracted with Et0OAc (3 x 60 nL), and the

conbi ned extracts were dried (MJSO4). The sol vent was renoved in
vacuo. Fl ash chromatography (silica gel, 20% Et OAc- hexane) afforded 4
(562 nmg, 84% . IHNWR (CDCI3) 6 8.85 (br s, 1H), 7.15 (d, 1H J=8.4
Hz), 7.04 (s, 1H), 256.89 (d, 1H, J=8.4 Hz), 3.94 (s, 3H), 3.68 (t,
2H, J=8.4 Hz), 3.24 (t, 2H, J=8.4 Hz). Compound 5. A sol ution
of met hyl 1, Zewpdwpere tor 3Hnmpics. dhef Be Puxald wabspreeqtrated &7 dmeyd tagiee (il 450
ng, 1.42 mol ypidiyAhled THexd &pPihol@intl Rakigdoy th di-tert-butyl 5

di carbonate (621 8 mmol ) at 25C under N2. The reaction m xture

. 2.8 al
was stirred 16 h, %?hé%‘l““t"héf@%?lb’éﬁMﬁ\ﬁgﬂr)é‘fWé@FditW Grapgend 22|(3sme.

chr omat ogr aphyo36 sivhdié) iighopy BB Yk ADheXapehmeRySd P ATRE] 5 H%; 0.039

84% , | HN (CDC:IIB)) 68,78 br 5. I, 726 (s, 1M, 7.25 (d_1H
J=8.5 Hz),” 7.7070p)s The pyxturgthysobiagied was stipied at oogyfemperatuspdor 1 jouszThey oy
J=8.8 Hz), 1.sbifertSvas OhParatddhind the CRRPOEHPubiieddy safiURGHSH GIHRIG ©Rivef
LioH (2.2 L

f 4.0 | ution, to r f
2 T s B0, B TR 1500580584 8 8L U X
ARy e T A it i Rt
14 h. The reeigcf?)'i %}1’%%%%‘35@%%33??“&123 )z.%kmmﬁ)\g?@(@o%)} gg%@ $ then
adj ust ed PH t4204mwi ). 2N O, 485, 686, PR, 206 1FD, oFeelbs, piTL, 448757 e,
By o he. sl PR et LE51 04,00 5 pinghst S 0 Sl g 0
(DVBO- d6) 6 1121.):%-21@@%)@,91@Fﬁ%ﬂ*)i%l@; MgHM LY (8D (hr s, 1H), 7.20

(d, 1H, J=8.8 Hz), 6.91 (s, 1H), 3.96 (t, 2H J=8.8 Hz), 3.18 (t, 2H,
J=8.8 Hz), 1.48 (s 9H). BR OHBr-Et0ACO (-NA N k(N AO

EXA
Q
H,N
NH
2 Br}8

NH 0

@_/O-QO + Br\)Lol S O\«:H

1 2 3

15

Synthesis of Compound 3: Bromo acetyl chloride 2 (240uL, 2.86 mMoles) was

20  added dropwise to a solution of benzyl 2-aminoethylcarbamate 1 (500 mg, 2.6 mMoles)
and TEA (800 uL, 5.7 mMoles) in 10 mL dichloromethane at 0° C. The reaction mixture
was allowed to stir for 2 hours and the the temperature gradually rose to room
temnperature.. The solvents were evaporated followed by aqueous work up and extraction
with ethiyl acetate. The organic layer was washed with 10 % citric acid, water and

25  saturated sodium bicarbonate and brine and dried over anhydrous sodium sulfate, giving
Compound 3 (260 mg, 32 % vield) MS: M*" =315.3. H NMR (CDCL3): 7.37 ppm (SH),
5.11ppm (2H), 3.83 ppm (2H), 3.40 ppm (4H).
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8-0-NJ BR 60 I N H 2HBr EDC/ DMF( NAON O 789 Conpound 9. A sol ution of
7 (48 ng, 0.1 mmol) in 4 NHBr in EtOAc (5 mM) 25 was stirred at 25 C
under nitrogen for 45 mn. The solvent was renoved and was further
dried in high vacuo for 4 h. To the residue was added

3-(tert-butyl oxycarbonyl)-1, 2-

di hydr o- 3H pyi fol o[ 3, 2-e] i ndol e-7-carboxylic acid (6, 36.24 ng, 0.12
mol ). A solution of EDC (22.9 ng, 0.12 mml) in DW (3 m) was added
and the reaction mxture was stirred at 25 C for 6 h. The sol vent was
removed. The crude product was chromat ographed on silica gel Cgl-tited
with 3-10% MeOH in CH2C12 to gi ve INH,26 ny, 540% 1HNVR ( DVSGhd6)
811.69 (s, 1H), 8.17 (s, 1H), 80 (d 1H, J=8.4 Hz), 781( 2H,
J=8.8 Hz), 7.59 (t, 1H, J=7.6 Hz 49445;0u01H J= 76Hzg 129 (d,

1H, J=9.2 Hz), 7.074s.NdH), 4. H,Fm808
Hz), 4.43 (br Oﬁfk@ﬁ% 89%03( ﬁPCDng?MF r;ﬁy@é 3. 6 (br S,
211). 3.26 (mY2 46(hr E&” 2.38 (hr SQF 2,28 (
1.49 (s, 911).

4 5 6

5 Synthesis of Compound 6: 1.5 grams of Fmoc-Citruline 5 {0.0038 Moles), 0.83
grams of t-butyl-4-amino benzoate 4 (0.0045 Moles), 0.6 g of HOBt 0.0045 Moles), 0.68

g of EDC (0.0043 Moles) and a catalytic amount of copper chloride were allowed to stir

overnight in a mixture of DCM/DMF (2:1) 9mL. The solvents were removed and the

product purified by silica gel fiash column chromatography using 5-10 % MeOH in DCM
10 to give Compound 6 (1.54 g, 71 % vyield). MS: M*' = 573.9.

Q..NH

OYNHz ?\IH 2 YNH"’

NH /r /r
)’ Ir:ll Fmoc-Valine H 0 |y

N‘n/\N Froc o 1(‘“N[-|2 N.“AN N‘Fmoc

O G o H

HiC™ "CH;
o]
6 7 8

Synthesis of Compound 8: Deprotection of the Fmoc protecting group in

15 Compound 6, 300 mg, 0.66 mMoles was done using 5 % piperidine in DMF in 20

minutes. The solvents were evaporated and the crude solid rinsed with diethyl ether to
give 230 mg of Compound 7 (99% yield). MS: M*' = 352
230 mg of Compound 7 (0.65 mMoles) was reacted with Fimoc-Valine 333 mg
(0.98 mMoles) and 188 mg of EDC (0.98 mmoles) in DMF and DCM to give 240 mg of
20 Compound 8 (55 % yield) after purification over silica gel 5-10 % MeOH in DCM. MS;
M = 673.

Q
YNHg Oy NH, Br ':j” YNHz
NH NH 3 obz
H ,r O-% /r o ),
§

\_\

H 20 H —
T N

N N-Emoc N‘II/\N)&NHZ o gJ‘I A
O. O M \l' HaG"CH,

G CH3 S H,C CH3 3

3 o
9

o5

8]

(@]
o 2
Iz 3
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910 Compound 10. A solution of 9 (26 ng, 0.04 nmol) in 4 N HBr
in EtOAc (5 M) was stirred at 25 C under nitrogen for 45 mn. The
sol vent was renoved and was further dried in vacuo for 14 h to afford
10 (27.7 nmg, 98% . | HNVR (DVBO-d6) 812.09 (s, IH), 15 8.25 (s, 1H),
8.03 (d, 1H, J=8.4 Hz), 7.92 (d, 1H, 1=8.8 Hz), 7.63 (t, 1H, J=7.6
Hz), 7.49- 7.55 (m 211), 7.34 (d, 1H, J=8.8 Hz), 7.32 (s, 1H), 4.91
(t, |'H 10.8 Hz), 4.54 (d, IH 10.8 Hz), 4.47 (br s, 1H), 3.84-3.99
(m 4H), 3.27- 3.50 (m 10H), 2.88 (s, 3H. -C 1) 4NHC I in EtOAc
HO2) 6 / EDC/ DMVF S2aiksis 2of Lompound npdlmdg 2P Campoindt § ¢h7DmMdlesf 2¢s ny,
0.05 mTDI) arbd I%Qc/&d:) Qsﬂ% dn(lgcﬁdlgcg% e W&'ﬁ%% 9(\’;1{1 ’Wa%gn{a:lkit}tl\@?et
degassed in vacuo he resul m xture was placed un er an
at nospher e ofétiy elffeogeewweﬁ goleansy Ferapoynd %8’“‘@“1“ Bthey pprifictigs was aeeetedpith

m xture was fz3|5tnﬁj&@ (Dhs d%nq)cekﬂetpeeeé.&la@z% MBS0 THRAMBRE VAR B 1 1VRS

removed in vacuo. 8 on silica gel eluted wth

Et 0Ac/ Hex 2/%$th%fwoﬂé& Tshopr %}he §899 ARV BIRBYS dB)CSHE6 286
(s, 1H), 8. 04ufifled H;H,eveise&h%e |'EEPLC td gikd 300ng ItCompbs@ B hiBF.8 7 yRk. M3 S,
1FD, 7.45 (t, %H 6%58 4 Hz), 7.261 (t, 1H, J=8.4 Hz), 4.06 (m 4H),
3.73 (hr s, 1)" 52 (s, 9H). Compound 13 A solution of 12
(14 ny, 0. 04 mol ) in 4Q$WMC1 in Et0Ac (3 m) was stirreﬂﬁmt 25 C
under nitrogen for 30-45Mm n. The sol vent was renoved anskwas f%gther
dried in high vacuo fop 44, ho Ht he residue was added

3-(tert-butyl oxyc »}l E— N J‘IN\)L j
1,2-dihydro-3ﬁ#ﬁyﬁiﬁﬁ£ﬁ$ C@]ﬁndole 7- carboxylﬁﬁgggf ( B ny,
0.05 mmol ). A 5Gsol uti on of EDC (9.6 ng, 0.05 ) 2 m) was
added and the reaction mMdture was stirred at 25 C for1115 h. The

sol vent wHs renoved. The cr ude product was chronatographed on silica
gel eluted with 33mOssidei HACL2mpoung i1( €300 3ngf ¥8s @protpcte@ 69 HCLHNVR

(CDC13) 69. 4%4 for 3 :MSDH "I%e g’veclﬁ’we;é_gvapo@at%ganﬁ %e éJl(H’uctJd‘ gd énd'élzﬁlih @1\'.‘% (s,

2H) 763(d IH ~J= Hz) | gz]l(
J=6.8 Hz), 728 Gomaqlmd KLgME MO 1928 d*s‘g\’ﬂééDMm 1045 pmm (141 813reprr10 8

Hz), 4.64 (t,udHs.58118), M} ppdt (D, €08 psm (%ﬁ?sgp@%ﬁ)tm%fﬂn §-582P§ Jrlﬁé

‘;’ g‘z’ Egd b{DH(zl—Jl),afsppm(lﬁ) 39’34(31—9) 32—29(5H),%?6 1H) 12) 45 3 (). T.13; 052 ppm

(3H)

~Br _B ‘ B
I 4N HB8r in EtDAC ¥ EDC.’DMF N
BnO' I N BnO BnC I N NHBoc
Boc HHBr OM@
N
H

12 13 14
20 Synthesis of Compound 14: A solution of Compound 12 (42 mg, 0.09 mmol) in 4
N HBr in EtQAc (5 ml) was stirred at 25 °C for 45 min. The solvent was removed and
was further dried in high vacuo for 4 h. To the residue in DMF (2mL) was added 5-

2H),

{amino-rert-butoxycarbonyl)-indone-2-carboxylic acid (39.2 mg, (.14 mmol) and BOP
{71mg, 0.16 mmol} followed by adding DIPEA (83uL, 0.48 mmol). The reaction mixture
25  was stirred at 25 °C for 20 min and passed through a short column of silica gel. The
solvent was removed, and the crude product was chromatographed on silica gel eluted
with 20% EtOAc in hexane to give Compound 14 (49 mg, 88%). 'HNMR DMSO-dg)
811.63 (s, 1H), 9.18 (brs, 1H), 8.19 (d, 1H, J=8.4 Hz), 8.09 (br s, 1H), 7.90 (d, 1H, J=8.4
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15Conpound 14. To a solution of 13 (19 nyg, 0.04 nmml) in DV (3 m)
was added sodi um net hoxide (0.5 Min MeOH, 79 uL, 0.04 nrunol) at 0-5
C and was stirred for 5 mn. To the reaction m xture was added wat er
(20 nm.), and the aqueous m xture was extracted with EtOAc (2 x 10
nm.). The conbi ned extracts were dried (MgJSOX). The sol vent was
removed in vacuo, and the crude product was chromat ographed on silica
gel 20 eluted with 10% MeOH in CH2C12 to give 14 (15.3 ng, 87% . INWR
(CDC13) 6 9.24 (br s, I H, 8.25 (dd, 1H, J=9.2, 1.6 Hz), 8.02 (s,
1H), 7.54 (ttH217.99,(i3=1AD67-5317.88 ¢z PY), 7.38-3.48 €, 3HL,H,28J35.(@, 3H), B1 Hz) ,

7.28 (d, 1H, r%n%z%lﬁ)t'éi{) 4%0@1}6%12%45@50%4&%81—12‘;@31-(& ﬁ?"@z(dﬁ’ 88

(s, 1), 449 (i
1.76 (dd, 2H,1H&EA0E Hay, 82idd61H(J§10'9115) LégsMpound 15. A sol ution of

14 (6.4 mg, O. M) in 4 NHBr in EtOAc (3 rﬂ)%@rrred at 25

C under nitrog 30 min. The solvent was renov .vacuo and was
further dried,i h vacypged.or 14 h_to give 15 ( HNMVR

90
(DVBQW6) 612. 1t (SOAM@N 45 (s, 1H), 8.11 (d, %@Hé% o
(br s, 1H), 7.83 (d, §A”1=8.0 Hz), 7.51 (m 2H), 73 7.27

(s, 1H), 4.81 (t, 1H '10.8 Hz), 4.48 (d, | H 3010.8 Hz),™4.28 (br s,
1H), 3.77-8.91 (mMiH), 3.41- 3.48 (m 2H. NHHOO N2 HNH7 .)

Hj Ci ORIOHH o T NS'ynHreL\lQ of' 'cor'rlmdund 1@' AEnixturg)otyCcrﬂpbund'lgr(df& r%g, 0:08 'r'nmol)uﬁﬁ e
10% Pd-C (35 mg) in MeOH/CH:Cl (1/2, 10 ml) was degassed in vacuo for 40 s. The

resulting mixture was placed under an atmosphere of hydrogen and stirred at 25 °C for 7

h. The reaction mixture was filtered through Celite (MeOH-CH.Cl, wash). The solvent
10 was removed in vacuo. Citromatography on silica gel eluted with 29% MeOH in DCM to

afford Compound 15 (40.6 mg, 97%). 'NMR DMSO-de) § 11.59(s, 1H), 10.43 (s, 1H),

9.18 (brs, 1I1), 8.09 (d, 1H, J=8.2 Hz), 7.93 (br s, 1H), 7.81 (d, 1H, J=8.2 Hz), 7.78 (br's,

1H), 7.49 (t, 1H, J=8.4 Hz), 7.27-7.35 (m, 3H), 7.08 (s, 1H), 4.80 (t, 14, 11.2 Hz), 4.54

(dd, 1H, 8.8 Hz), 4.31 (m, 1H), 3.92 (dd, 1H, 1=10.2 Hz), 3.82 (dd, 1H, ]=10.7 Hz), 1.47
15 (s, 9H).

Br . Br
HO N NHBoc E— NN O N NHBoc

H H
15

16

Synthesis of Compound 16: A solution mixture of Compound 15 (36 mg, 0.07

mmol), 4-methyl-1-piperazinecarbonyl chloride hydrochloride (20 mg, (.10 mmol}, allyl

20 alcohol (0.1 mL) and anhydrous pyridine (63 pml) in CH>Cl, (7mL) was stirred for 16 h
at room temperature, Without removing solvent, the crude product was chromatographed
on silica gel, eluted with 2%-10% MeOH in CH,Cl; to obtain Compound 16 (32.4 me,
73%). 'NMR DMSO-dg) 3 11.59(s, 1H), 9.18 (br's, 1H), 8.09 (d, 1H, J=8.2 Hz), 7.93 (br
s, 1H), 7.81 (d, 1H, J=8.2 Hz), 7.78 (br s, 1H), 7.49 (t, 1H, J=8.4 Hz), 7.27-7.35 (m, 3H),

25 7.08(s, 1H), 4.80 (t, 1H, 11.2 Hz), 4.54 (dd, 1H, 8.8 Hz), 4.31 (m, 1H), 3.92 (dd, 1H,
J=10.2 Hz), 3.82 (dd, 1H, J=10.7 Hz), 3.77 (br s, 2H), 3.47 {(br s, 2H), 3.37 (br s, 2H),
2.63 (s, 3H), 2.38 (br s, 2H), 1.47 (s, 9H).
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29 (from Exanple 3)01-" O H O OyNH2CO') HN...) C HL,10 ro O cp H
,NHr) O HO f HN

= 1)0A r-i

15

20

‘ ~Br HN o HjLNNNHCbZ
M
FNO N NHBoe H
~NA "\{l [ J

. N 2TFA

16 1_’7.

Synthesis of Compound 17: A solution of Compound 16 (32 mg, 0.05 mmol) in 4
N HRBr in EtOAc (4 ml) was stirred at 25 °C for 45 min. The solvent was removed and
was further dried in high vacuo for 4 h. To the residue in DMF (2 mL) was added
Compound 11 (48.2 mg, 0.07 mmol) and Benzotriazole-1-yl-oxy-tris-(dimethylamino)-
phosphoniumhexafluorophosphate (BOP) (34.5 mg, 0.08 mmol) followed by adding
DIPEA (68 uL) and the reaction mixture was stirred for 25 min at 25°C. The solvent was
removed under vacuo and the product was purified by Prep HPLC (SymmetiPrep C18,
Tum, 19 x 150 mm column), eluted at 10 ml/min (0.01% TFA in water/acetonitrile) with
a gradient: 10% acetonitrile in 5 min, 10% to 50% acetonitrile in 15 min, maintaining
50% acetonitrile in 5 min, 50% to 100% acetonitrile in 5 min, to give Compound 17 (42.1
mg, 64%). MS: caled for CssHg;BrN;201p (M+H) m/z 1171.43 found 1172.40.

HN;‘\:' Q _ NHCDz HZN‘(’
H v
N H NN
s e ol
MeOH %ﬁ HN-\Q
3TFA

17 1_8.
Synthesis of compound 18: To a solution of Compound 17 (33.6 mg, 0.025
mmol) in MeOH (5mL) was added 10% Pd-C (28 mg), and the mixture was degassed

2TFA

with Na. The reaction mixture was flushed with H, and then stirred under a H»
atmosphere. Upon complete reaction (40 min), the reaction mixture was filtered and
concentrated to afford Compound 18 (31.5 mg, 96%). MS: caled for CseHg1 BiN;120g
(M+H) m/z 1037.39 found 1038.20.

143



16 Conpound 16: Conpound 10 (0.033 niwbl es, 2HBr salt) was reacted

wi th Conmpound 29 of Exanple 3 (45 ng, 0.054 mwbles) in 2.5 nL DVF in
t he presence of 5 HATU (20 ng, 0.054 mwles) and TEA (15-20 pL) for
50 m nutes. The solvents were evaporated and the Crude was purified
by Reverse phase HPLC to give 10 ng of Conpound 16 (21 %yield). M5
1405. 6, 1427.8 and 1444.6. 18 NHL O HNN(N O N- (.9) CNN 19

Compound 19. Conmpound 10 (25ng, 0.033 niwles, 2HBr Salt)) was reacted
wi th conpound D of Exanple 5 (21.5 ng, 0.043 mwbles) in 2.5 nL DWVF in

t he ) Qx?
~NTT
00 0
HEN-‘? O e ON

Mal-PGE,-NHS 4 S
18 \b\ N O
QXB; )j\
N O 2TFA

,N
19
Synthesis of compound 19: A solution of Compound 18 (31.3 mg, 0.024 mmol)
in DMF (2mL) was added Mal-PEG4-NHS ester (42 mg, 0.08 muneol) in DCM (0.5mL).
5  The reaction mixture was stirred for 1 hr at 25°C. The final product was purified by Prep
HPLC (SymmetrPrep C18, 7pm, 19 x 150 mm column), eluted at 10 ml/min (0.01% TFA

in water/acetonitrile) with a gradient: 10% acetonitrile in 5 min, 10% to 50% acetonitrile

in 15 min, maintaining 50% acetonitrile in 5 min, 50% to 100% acetonitrile in 5 min, to

obtain Compound 19 (29.7 mg, 77%). MS: calced for CggHg7BrN 1401 (M+H) m/z 1435.56
10 found 1437.00.

EXAMPLE S

Br\ E*’\ Br\
o 3 o S-Borcggm;nu lncg’ule- o 3
O 2-carboxylic aci O H

(\N}L‘o N T o ! N ™ "o ) o
/N\) Boe _N \) 2HBr ,N\) g 4

N
H

A B c
54 mg (0.107 mMoles) of compound A was stirred in HBr-ethyl acetate for 30
I5  minutes the solvent was evaporated to give compound B, which was dried under Hi
vacuum. 33.3 mg (0.053 mMoles) of B were reacted with 5-Boc-amino indole-2-
carboxylic acid 29.6 mg (0.107 mMoles) in the presence of EDC 22 .6 mg (0.118
mMoles) in 1.5 mL of DMF fro 2 hours to give C. Compound C was purified by silica
gel Column chromatography 5-10 % MeOH/DCM to give 21 mg (60 % yield) of
20  compound C. MS M¥! =662, M = 685, MMM = 701,
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5 presence of HATU (16.5 ng, 0.0433 niwles) and TEA (10-15 pL) for 45
m nutes. The sol vent was evaporated and crude purified by reverse
phase HPLC to give 25 ng of Conpound 17. (71 %yield). Ms: 1067.0.
Compound 17 (0.0187 mwbl es) was deprotected with 5 % piperidine in
DMF (3 nL) in 45 mnutes. The solvent was evaporated and the residue
washed with diethyl ether to give 18 (Ms: 845.2). To a 10 Sol ution of
0.00935 mwles of 18 in 3 nL DVF was added Mal - dPEA- NHS ester (10
my, 0.019 nm\bles) in DCM 1 nL, followed by TEA 5 pL). After 30

m nut es the sol vent '?’e evapor ated and th de purified Iy Bo
Rever se Phase HPLQ, e ng of pure Ad - 19 (MS: 12NH
1266.8 and 128 -o a 83&%2& 10Q%nNs. TFA, CH20I 2

100% 011, pyri d TF-A+ ijsol e, 00% e 10, HATU
DIVF, DIEA69</f plperldlneN 98% g~ 2 DI\/F|n Dl EA,

N-succi ni m dyl- 4- nal ei mndobutyrate 53% Conpoumnd 11: To a solution of
3 (236 ng, 086 mml) in solution of toluene (10 5 nL) was added

1-met hyl - 2- pyrrolidone (502 M., 5.13 nmol). The m xtyre thus obtained
was cooled to OC. T thl onyl cil gui desof 502 pL, @. ymol ) i

B
toluene (4 nL) wasy agdgaand the iitng sol ubi e stlrrekl—@ﬂﬁ
for 10 minutes o dnt ¥enoved and thg

Wy odue ¥ed
i medi atel y wikhout furtﬁe{ﬁﬂcaﬂonfm@efollg&m@ (252
ng, 100% . 10 Conpound 13: NTo a solution of 12 (137 ny, 0. 27 mml)

in dichloronethane (3 ) was added TFA (6 nlL). The resulting
solution was stirred f®r 20 minutes. The solvent was c& evapor at ed
twce with toluene in vacuo. The residue (171 ng, 100% was used

wi t hout further pring {0082 mdMpldshofetbhinabel {C ¥Brettbiewitexdolugbeg HEbGtypound

14: T | i di.chl nmL
oas addad” oyl g Ml £ sdTftng s Bl bnd R QLGN WAL ATELA0RYR ™)
m xture tHus aobfutherecichyits 1.4 me .02 mOOI¢spef BocHgarno trmmicoiolvietit was
evaporated a sEr]@@oirl%%'rﬁjéj@ owmw(ofm%%by{) &%thﬁﬁﬁﬂé‘(@%'m%%ghg to

gi ve conmpound 14 as a e solid /%_

1.54 (s, 9H) mIzofgimhytdsouq Q%F frogt iggrs gt regn empelgqq)c ly;s?lzer(t MRS qvamq)atedgmgg
(m 101H), 4.3tk b@%v@ﬁ& pl’ﬁ&*&)ﬁ?]ﬁl t8@1vé$4 méﬂ'&);Olﬁm@ﬁ:le@ﬂh 5@-%)ydelc:79f13 (d,
1H),745m2|—%!]7£ % 7.75 (s, 1H), 7.86 (d, 1H), 8.23 (s,
1H: LC- NS (ESFPS8sE X e 8% 607 (MrH56) + 663 (MH) + 686
(MtNa) +, 101 ( M+K530cidepmtect10n oﬁﬂf@ﬁmﬁdl v carfied eut SCHBHEDN a@fatelsé]u(id:BS ny,
0.25 mml) Ir‘]qur% 1!%10{9109 cheise § t}iﬂ:& ave512addr ?er%pr})flsﬂ e98(‘£ }'%ld%)*ugnd

TFA (0.8 m) e resu |ng or
681.8
EXAMPLE 6
COQMB
CHO P
A N3CH,CO,Me Na
N " Q
A NaOMe, MeOH N
H
15 1 2

Compound 2. To a solution of indole-4-carboxaldehyde (1, 583 mg, 4 mmol) and
methyl azidoacetate (460 mg, 40 mmol) in dry methanol (20 mlL) was added sodium
methoxide in methanol dropwise (6.9 mL of 25% NaOMe, 32 mmol) at -25°C (dry

20 ice/CCly) under N,. The reaction mixture was warmed to 0°C and was stirred 3.5 h. The

reaction mixture was poured into water (120 m].) and was extracted with EtOAc (2 x 60
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15 20 m nutes. The solvent was evaporated in vacuo. The residue (201
ng, 100% was used without further purification for the next step.
Conpound 16: To a solution of 15 (143 ng, 0.25 mml) in DW (3 nl)
were added 10 (197 ng, 0.25 mmol ), diisopropylethylamne (218 pL,
1.25 mmol) and HATU (95 ng, 0.25 nmol) at roomtenperature. The

m xture thus obtained was stirred for 2 20 hours. The sol vent was
evaporated and the residue was purified by sem -preparative HPLC to
gi ve Conpound 16 as a white solid (252 ng, 69%. Il1-1 NVR (CD30D) 8
1.06 (d, 3H),mh). Thegomblinedjractspvag@wishgd Wil satupted 1qyepys NaCHE0 nil.) 96l wang |
50’702( 55 g.rl-nD dbih M&C%)]-Tﬁegsolv%hl)was %n@%d'?hla_')aﬁué Wfl\@d)@%%n 49I?§) %kﬁﬁ] 8|(_|)m
5H), 4.65 (m(CPﬁ}s)6 2%)@“ -4, 105 (@, ;Hzlsi??%b?(‘*ﬁ](b 74% detH (Jfﬁ 6§r—b
257.70 (d, 2H)30(?11716J_éd,Hz,°-|7|)26(s7118)76(7mbr3h|)4),38)6‘@§’>31(1ﬁ 1H), 8.25 (bs,
1H); LG M (ES) 1203 (M+H) +, 1227 (M+Na)+, 1243 (M+Kr. Conpound 17:
See the prSepar ation of 28 in Exanple 3 for general Fnobc deprotection
procedure. Depraogetion of 16 (235 ng, 0.16 nmol) gave 161 ng of 17

(98% . The resigdue was used vvlthout further purification for ynext
step. LC-MS (ES') 30 983 (M+H) + _ Y605 CMrNa) +, 1021 (MHK) 7 ound
18: To a sol \f 17 (48 ngy, 0.049 mol) in ZO%Dﬂﬂf’e(Fn

di chl oronet h & m) were added diisopropylethylam ne (11314 pL, 0.19

mml) and N- succhni m dyl- 4- mal ei mi dobutyrate (21 ng, 0.073 mvol) at
room tenperaturez The m Xt ure thus obtal ned was stlrre3j for 2 hours.
The sol vent was e orat.ed and the g'b

semi - preparative @%N&SF&W&&EWE ga —§—(§#qu3 Ag Pﬁ”é’h‘f%(%’ 4,

539 . 11-1 NMk,8 6]5)81@13)) ilBdry 2 Qereel (108 ML) wis rdfuxediynd@tl),,fort h Blhe Etyenivs,

1 80 ‘(?‘m47l]d;) ég‘;r%v%&'m( O%k%t’h%%‘;l%% p(aﬁﬂgﬂ él_r!)gg}ka (6)8]??n dpz’s]hiﬁel (33%%%0% m241|(_|)m
4 62 4. 80 ( mhexpp) to Gf@P3 (6§3 m21-§5%)7‘HMMI{ EDCLHIP 8.97 (6, 10, 8.3 Hhr, s, HD50 (m

1H), 7.60 1ET1-3614 9, 769350 M 8 OF 52 5
(E'?S’ i (Lgulﬂthénggq 40%!‘%}1199% nglvi'ﬁl_}g,;r%@%fgﬁ M‘“QHJ-89221186

(MHK) +.  Exdfplé Zg v =1 b, 3.95 ?b 3H).

; f :NH NaCNBH; NH
Me0,C 4
N ACOH MeO,C g
H

15 H

3 4
Compound 4. A solution of methyl pyrrolo[3,2-elindole-2-carboxylate (3, 663

mg, 3.1 mmol) in glacial acetic acid (9 mL) vnder N> at 15°C was added sodium

cyanoborohydride (600 mg, 9.5 mmol), and the reaction mixture was stirred for 2.5 h (13-
20 18°C). The reaction mixture was poured into water (60 mL) and was made pH 8-9 by the

careful addition of solid sodium carbonate. The agqueous mixture was extracted with

EtOAc¢ (3 x 60 mL), and the combined extracts were dried (MgSQ,). The solvent was

removed in vacuo, Flash chromatography (silica gel, 20% EtOAc-hexane) afforded 4

(562 mg, 84%). "HNMR (CDCl3) § 8.85 (br s, 1H), 7.15 (d, 1H, J=8.4 Hz), 7.04 (s, 1H),
25  6.89(d, 1H, J=8.4 Hz), 3.94 (s, 3H), 3.68 (t, 2H, J=8.4 Hz), 3.24 (t, 2H, ]=8.4 Hz).
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029, R=hr.,"” 0 a 12, Pd/C nethanol, CH2C 2 98% b allyl al cohol,
pyridi ne, CH2C 2, 4-nethyl pi perazi ne-1-carbonyl chloride 72% c 30d 2,
CH2C 2 100% d TFA, CH2CA 2 100% e 11, pyrldine, CH2O 2 67% TFA,

ani sole, CH2A 2 100% g 10, HATU, DWVF, DI EA 69% It piperldl ne, DV
98%4 20% DMF I n CH2Cl 2, DI EA, MAL-dPEGA- NHS ester (28, 60% or 1\1-
succi nl m dyl-4-mal el m dobutyrate (29, 51% Conpound 21: A solution of
20 (520 ng, 1.22 mml) and pall adiumon charcoal 5 (100 ng) in

met hanol and di cl horomethane (2 and 4 nL) was placed under hydrogen

at nospheri c pressure room t enper at ur The m xture thus o i ned
was stirred at roomt @t at ur e oveIBPPPgiR;OBWI'he pal | adi um was{ NBoc
filtrated anduidie— e ing sol nt r at,gd ess to
give a grey solid ng, 98% . 111 NMRe(CD30D) 8 1. 5§ (§S~AH)
3.52 (m 1H), 3.89-4.00 (m 211), 4.07 (m 1H), 4.18 (m , 1.26
(m 1H), 745 (m 1H#, 7.55 (bs, 111), 7.65 (d, 1H), 8.%3 (d, 1H).
Conpound 22: To anﬂbMIﬂchn Adorvddn ((%y[THE dl]iy(g'Q 3 g?h%ioff@ﬂﬁmdole -1-

di chl or onet hane (10 nm.) were added y" “al coh pyri di ne

(1 nL, 1.2 mfﬁ‘lb?xyé%‘d(“445|9é‘tgh§/ﬁz mﬁlpbé?fﬁzifﬁgwcfa%wwat%\w&qlﬂf@f 34 ny,

1.8 nmrolh )5 Tr&afﬂoﬂattdl@'ﬁglﬁb@&mﬁ@iﬂQS@m&&NqslthbHa&d)n@{mtﬁxQQm ieepegat ure
overni ght.

nt was ev porate t he resi dye r|f|ed by
seni - pr epar at' Feﬂf‘é VB GIoE d‘b}‘Fﬁ'b‘h%Hal’fg“’g’é‘mﬁ‘W (pige \/\?3%9;)%
729 . 1HNIVR (HOMEBE) 1) 5 G311 mP), ). TR (@DRI) Y8578 (&H) 1H27. %(S(Hi) 72:H)(d

(s, 2H), 0 211 L5398

111), 4.08 (21}1(3%52&%7%3( 1%)’(@152(“305*%%4 (Sf’?il? ALY t ?‘gi%}‘g%ss
(t, 1H), 7.82H)d, 1H), 7.88 (m 1H), 7.92 (d, IH; LC M (ES), 460
(MrH) +, 483 (MrNa) +, 499 (MrK) +. Compound 23: To a sol ution of
22 (250 ng, 0.43 mml) in dichloronethane (3 nL) was added TFA (6
m.). The resulting solutyggn was stirred for 20 m nutes. The Boc
sol vent was evapo ed tw ce wildn, HeMe@##€OI n vacua They yrdue
(256 ny, 1009 tasnused without Further purification'P ; ly for
t he next step. LC- VB (ES) 360 (MtH) +, 383 (MtNa)+, 399 (NKK) +.
Conpound 24: To a sg@ ution of 23 (256 ng, 0.43 mml) i

0 58 o) (aee chaptatdy Adeose YR tiddd At smtulngs s
stirred ?t 0 Gurhady wdb alidetd ito a sTirey of @leth@I}t- (rMﬁButﬂVﬂ)pﬂbﬁind 2adiklydider esi d 'E:
cor i 0 (218 mpo g AR RE B Sy, 19 TR NE oé%éﬁg%%

3. 00-3. 60 (m(3:8MH), and3he7@actiny mikklre W s8Qed(at5 Cifr, 14 4, Bitrehetd® nfipg

6.91 (s, 1::')') @Mm@@n}( th%%i%ml,) Zl&{fkﬁ/é(t %Wte éﬁ{( t@ 5f plg % 21\8%1’ plgdélgﬂég%hxtel H) ,

7.84 (d, 1
( MrH- (56) +, @g_egip(tzmq. g-solid aps c(q{ypq@)by f1lt@grg a@wmmashed with water (10 mL).
Drying the solid in high vacuo afforded 6 (524 mg, 99%). 'HNMR (DMSO-dg) 5 12.93

20 (brs, 1H), 11.69 (s, 1H), 7.80 ( brs, 1H), 7.20 (d, 1H, J=8.8 Hz), 6.91 (s, 1H), 3.96 (t,
2H, I=8.8 Hz), 3.18 {t, 2H, J=8.8 Hz), 1.48 (s, 9H).

Br\ Elk1 Bry, 3[0
O 3 HBr-EtOAC 0 ] & o y N
X _— X — 0
(NCON NTON N rifé}
LN O&-o LN H2HBr EDC/DMF A 4
H
7 8 9

— -

Compound 9. A solution of 7 (48 mg, 0.1 mmol) in 4 N HBr in EtOAc (5 mi)
25  was stirred at 25 °C under nitrogen for 45 min. The solvent was removed and was further

dried in high vacuo for 4 h. To the residue was added 3-(tert-butyloxycarbonyl)-1,2-
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Compound 25: To a solution of 24 (50 ng, 0.08 nml) in
di chl oronet hane (2 nlL) was added anisole (0.2 nL) and TFA (0.8 nl).
The resulting solution was stirred for 20 mnutes. The sol vent was
evaporated in vacuo. The residue (60 ng, 100% was used w thout
further purification for the next step. 11-1 NWVR (CD30D) 83.01 (s,
3H), 3.40-3.60 30(bs, 4H), 3.79 (m 21), 4.02 (m 2H), 4.32 (m 2H),
4.73-4.90 (m 3H), 7.26 (m 2H), 7.51 (m 1H), 7.63 (m 211), 7.77
(d, 111), 7.94 (d, 1H), 8.30 (s, 111). Conmpound 26: To a
sol uti on of 2Bhyd&EMpyrroP[HBelmdole)-capoDNF 2R (6n36) 24ueg. 8.12 ddwd. AS0litE8 ny,
0.08 mmol), dafm@rzﬁp@aﬁ!g%tﬁm ASMS3 nﬁHaSQd&dMQre%gn Hﬁwe &8 Ny,
0.08 nmml ) at roomtenperature. The m xture thus talned was stirred
for 2 hours. Sfmg %af {6M§CW‘§EbW%F@@V%hEh%%@eﬁJ§§P%}G@Svvas purified
bg 0/;em pr ep%%@%abbgraﬂPE@lEﬂca%Ne@utmm M0 $n @IS véﬂzts%g(% rrg,
1
(1 oo gt Badsag b Tup g s 8oy & BO LT oy 7

6H), 3.40-3. 701, (88 ¥h)7.593t, 85, 1.6 HEKY 49 &, 84 7€M I .29 @, 06 1£m HHH).07

4.20 (m 1H), ol 7 : - 7. :
760 (m 20y S35 M ARk [ Gndadyyd 1 3 S G P |
8.25 (bs, I1H)brsLBOMAGES), 2880.26 It 2H).2)46,(brs 159, T.H8MH) s 2H), 2.24 (s, Bdppound
27: See the p AreRak Ll on of 28 in Exanple 3 for general Fnoc
deprotection pr oceﬁ Deprotection of 26 (66 ng, 0.05 mmvl) gave 44

ng of 27 (98% . 103”% residue was used without further Br(lfl cation

for the next step VS +) 937 I':l_gA 959 (M+Naa)

Conpound 28: Te,a, i g of 27 24 nmol > kﬁ“‘;@

di chl or onet ha,mle)( 1 e added dii sopropyl et hyl- am‘ ne ( 0. 09
mmol ) andlOVAL- dPEar NHS ester (18 ng, 0.036 mmol) at room tenperrd®ure.
The mixture thus 19 obtained was stirred for 2 hourgg The sol vent
was evapor at ed ang the r? i due was ur| fied by sem gr epar atlve HPLC
to give conpound S¥mpaungd TOB“‘Q‘E)PIC 2% 38 Oy mipdvip 2 NHBrin G emibp) 8
1.09 (d, 3H),waistifedauds Oelulhderﬂlttﬁéln@ﬂﬂé Zlnl The sblv@@ wak Femoddd)and haOBrti{em

3 005 95 ( e vado g 15hun sl 105 Pik ogal Mhndk Blgechap Bt 1)y
3.90 (m Ith) 8.2 (<L OHY, A3 GH)H, 148 BOkzY 7.9D(d| bh, J488 Ho67.BB(t(18], JTIaUz), 4904
(s, 201H), 7-7%%%%1)2‘)'%@71#‘? 8%‘@&)171%2% gl%%m;ﬂﬂ 1@)8“%? 4@%(5 é%glo(sm

211), 7.90

(M2H 2) +.  Hz), 4G fpcuhid): @43%(%4@&3@{71 i of. 1G5, %&(Sr@) 0. 033 nmol)
in 20% DVF in dichloronmethane (1 nL) were added dii sopropyl et hyl am ne
(22 uL, 0.13 mmol) and Nsucci ni nm dyl - 4- mal ei m dobutyrate (14 ny,

0.049 mmol ) at omct enperatur The; 25 m xture thob:f i ned S
stirred for iy%)? Ives eva)p@moartﬁ@elc and sj@ espdye lwas
purified by eparative I,—.lB 0 gi V&, eRemound "99 ai@@&n’e
solid (32 my, 51% >*I1-1 NVR (CD300F° 8 1.09 (d, 311), 1§ d, °3H),

1.62 (m 2H), 1.84 (m 1H), 1.92 (m 3H), 2.25 (m 3H), 2797 (s, 3H),
3.12-3.2%20m GY, 3.39-3.68 (d 10H), 3.85 (d, 1H) 133,93 (dd, 111),

4 08 111 4 1} SO n o o] an 1 m 1 4
a 2|(_Dm 307)44 é(gnﬁ]o ﬁilém ﬂH); 16118@06% 0851111111 930%%(:@1')5 i

7.90 (m 311)‘“6%’5/%?21 s 1721#9 ml)wazécga%& 1“1‘?1‘30 fo 9 ws)h(: Eisul;m%grme was
(Mr2H 2) +. placed under an atmosphere of hydrogen and stirred at 25 °C for 7 h. The reaction mixture

was filtered through Celite (CH2Cl. wash). The solvent was removed in vacuo.

25  Chromatography on silica gel eluted with EtOAc/Hex (2/8) afforded 12 (15.4 mg, 93%).
'NMR (DMSO-ds) 5 10.36 (s, 1H), 8.04 (d, 1H, ]=8.2 Hz), 7.72 (d, 1H, J=8.2 Hz), 7.61
{brs, 1H}, 7.45 {t, 1H, J=8.4 Hz), 7.261 (t, 1H, J=8.4 Hz), 4.06 (m, 4H), 3.73 (br s, 1H),
1.52 (s, OH).
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Exanmpl e 9 Stert-butyl
5- (4-acetyl benzam do) - 1H i ndol e- 2- carboxyl ate (2). A solution of
tert-butyl 5-am no- 1H-i ndol e- 2-car boxyl ate (220 ng, 0.94 mol),
4- acetyl benzoic acid (155 rug, 0.94 mmol) and TBTU (303 ngy, 0.94
mmol) in DM (6 nL) at 4C was treated with diisopropyl et hyl am ne (329
uL, 1.89 nmol) and stirred 40 min at 0-5 C. The solvent was renoved
under vacuo. The crude product was cl uomatographed on silica 10 gel
eluted with 1% MeOH in CH2Cl12 to give 2 (350 ng, 98% . 1HNVR DVSO- d5)
611.66 (bs, 1H), €ompeundd3 Alsehutiorgofdd (IAdnsg, QP maned igd MAHCL ilgEtQRc (3mD) 4H) |
(7;5553|(_|)C1, ;-HBG\Ja(ﬁgth&?ngDVﬁSu °Chinde} nfedgen!ibd 3045 %id THE dotvedt A3 rdivedlddl wad- 63
5- (4- acet y| belhsisr e dvlighvaerafai4d 3o tharasing viseddeddtepdptyloaressput) on
of 2 (350 mJ,f,ﬂdiﬁ)?drémﬁa}rrd]ﬂ:&,ﬁ@}iﬁﬁble_eﬂ&r&m]mabiq@6,(151.1 He) 0.0%B8mb15. @at ed
with TFA (4 nL) and stirre éng mn at_room tenperature. The sol vent
was moved ‘and°PHE ¢ ESCNE TS TrehEr DF (2ol trtadredng e vaeiss iy gi ve
3 in al nbst quairnddat 23°€ fyri 16 hdThe LHNYRwRINGGL @8 ) The clide @2ducbsas 1H) |
11.74 (bs, | 10.33 (s, ..N,, 8.04 .(d, =8, )., .8.06 , _4H),
7.52 (d, 1H, =°§1.“$?g‘ﬁé}e,£' 0’57.315%‘ gflo“,?“tﬂl&gi’i’é%hﬁé? i é‘?ﬂg%‘? %‘}"’%&)‘é-g?.ges
(s, 3H). BriB %BOENRIRACDCL;) § 9.45 (s, 1H), 8.31 (s, 1H), 8.29 (d, IH, J=8.4 Hz), 8.02 (s, 2H),

7.63 (d, IH, J=8.4 Hz), 7.54 (t, 1H, J=6.8 Hz), 7.43 (t, 1H, ]=6.8 Hz), 7.29 (d, 1H, J=8.0

10 Hz), 6.89 (s, 1H), 4,75 (d, 1H, 10.8 Hz), 4.64 (t, 1H, 8.8 Hz), 4.12 (br 5, 2H), 4.03 (t, 1H,
J=8.8 Hz), 3.93 (dd, 1H, J=11.2 Hz}, 3.42 (t, 1H, J=10.8 Hz), 3.22-3.31 (m, 2H), 1.61 (s,

9H).
e gion gl e
H & NaoMe 5 , ) N\",O HBr-EtOAc - 0 ) "
o /N 1]; DMF o /N 5 04‘\(':5
H H N

HBr

13 14 15

15 Compound 14. To a solution of 13 (19 mg, 0.04 mmol) in DMF (3 ml) was
added sodium methoxide (0.5 M in MeOH, 79 uL, 0.04 mmol) at 0-5 °C and was stirred
for 5 min. To the reaction mixture was added water (20 mL), and the aqueous mixture
was extracted with EtOAc (2 x 10 mL). The combined extracts were dried (MgSQ,). The
solvent was removed in vacuo, and the crude product was chromatographed on silica gel

20 eluted with 10% MeQH in CH.Cl to give 14 (15.3 mg, 87%). '"NMR (CDCl,) & 9.24 (br
s, [H), 8.25 (dd, 1H, J=9.2, 1.6 Hz), 8.02 (s, |H), 7.54 (tt, 1H, J=7.6, 1.6 Hz), 7.43 (i,
1H, J=7.6, 1.6 Hz), 7.28 (d, 1H, J=5.2 Hz), 7.20 (s, 1H), 6.94 (d, 1H, J=7.6 Hz), 6.88 (s,
1H), 4.49 (m, 2H), 4.12 (br s, 2H), 3.26 (m, 2H), 2.92 (m, 1H), 1.76 (dd, 2H, J=7.6 Hz),
1.61 (s, 9H).

25 Compound 15. A solution of 14 (6.4 mg, 0.013 mmol) in 4 N HBr in EtQAe (3
ml) was stirred at 25 °C under nitrogen for 30 min. The solvent was removed in vacno
and was further dried in high vacuo for 14 h to give 15 (7.1 mg, 99%). '"HNMR (DMSO-
ds) 612.16 (s, 1H), 10.45 (s, 1H), 8.11 (d, 1H, J=8.4 Hz), 7.94 (br s, 1H), 7.83 (d, 1H,
J=8.0 Hz}, 7.51 (m, 2H), 7.34 (m, 2H), 7.27 (s, 1H), 4.81 {t, [ H, 10.8 Hz), 4.48 (d, IH,

30 10.8Hz), 4.28 (br s, 1H),3.77-3.91 (m, 4H), 3.41- 3.48 (m, 2H).
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10 seco-CBI-Boe (5). A solution of 4 (100 ng, 0.24 muol) and 10%
Pd-C (35 ng) in MeOH CH2C12 (1/2, 10 m) was degassed in vacuo for 40
S. The resulting m xture was placed under an at nosphere of hydrogen
and stirred at 25 C for 7 h. The reaction m xture 5was filtered
through Celite (CH2Cl12 wash). The sol vent was renoved in vacuo.

Chr omat ogr aphy on silica gel eluted with Et0Ac/Hex (2/8) afforded 5
(77 mg, 98% . | NVR DMSO46) 6 10.36 (s, 1H), 8.04 (d, 1H, J=8.2 Hz),
7.72 (d, 1H, J=8.2 Hz), 7.61 (br s, 1H), 7.45 (t, 1H J=8.4 Hz),
7.261 (t, 1H, J=8.4He), 4.06 (m 4I—|)°*r“3‘2 73 (m 1H), 1.52 (s, 9H).
10seco-CBI (Cl)- Il hdgke(6) .. A sol utioff~of 5 (35 ng, 0.1 muvol) in 4 N
HC1 in EtOAc (r5\ Mg st i‘*bd at 25 rogen for 30- 450nm)§
The sol vent was_ renmovey LyY@eh(d% PgiVatuo Ur\wﬁk*h\}\
To the residue was added H5 - (4- d
acet yl benzam ndo) - 1H9 ndol e- 2- car boxgl ic acid (3, ZIPmfgrrd 44 mol)
and EDC in DW (5 nL) and the reactiaon m xture was stirred 5 h at
roomtenperature. The solvent 15 was renoved in high vacuo.

Chr omat ogr aphy on silica g Iuted W t #5248 % Me Cl2 to obtain
6(118.3 ng, 50%. | HNMR %611 73+(N 1H)HN ﬁ (s, 1H), 10.36
(s, 1H), 8.18 (s, 1H) 84 92H : 83 (d, 1H, J=8.4
Hz), 7.55 (t, 1H, J=8"4Hz), 7. 1 ~H1H)J, 7.45 (d, J=8.4
Hz, 1H), 7.19 (s, 1H), 480 (°t,.m OI' /55 (d, | H,
J=10.8Hz), 4.22 (m | H, 4.0 (dd~ I °H, J=10.8 ki), 3.86 (dd, J=11.
20Hz, 1H), 2.63 (s, 3H). seco-CBI (Br) gl e (7). To a

solution of 6 (35.5 ny, 0.066 mml) in anhyd s DMV (I nL) was added
60% NaH (5.3 ng, 0.13 mmol) at 0C and was st Mped for 15-30 min.

Sol vent was renoved under high vacuo. The crude product was

chr omat ogr aphed o el. el ut 0 Cl12 to lve
cycl opropane (31 Qg%ﬁg"nﬁglfg Eoufﬁoém‘r?ggm{j#n%yglg%érlobﬁan‘évab\/\ﬁgc rea]f ed
with 4N HBr iGWT@DWIZS’aQéEKmrée%GLSnng), 0@imMutesy ie St mb PMA xtther pesems of

stirred 15 migy: e y
on sili cassgel ut ed-{%g\(/?vll0 ﬁ@ Jﬁg% li@:%gffoyggg’%al %Q?@L&]%I\QQQ
96% . | HNMVR Bma&fe)aneﬂe fislde swas Tepified by Bgvepss  phasel) HPILD tagive O mgfpf
8.18 (s, 1H),CobwBhd(8 (215%ie1dy M2 14656, M‘i)hSaZd&aeLGd 1H, J=8.4 Hz),
7.55 (t, 1H, J=8.4 Hz), 7.51 (t, J=8.4 Hz, 30l H), 7.45 (d, J=8.4 Hz,
1H), 7.19 (s, 1H), 4.80 (t, J=10.8 Hz, | H), 4.55 (d, IH J=10.8Hz),
4.26 (m 1H), 4.0 (dd, 1H, J=10.8 Hz), 3.86 (dd, J=11 Hz, 1H), 2.63
(s, 3H). Carbamate (8). A solution of 7 (34 ng, 0.06 nmol),

4- Met hy1- 1- pi per azi necar bonyl chloride hydrochloride (15.9 ng, 0.08
mol ), allyl alcohol (80 uL) and anhydrous pyridine (80 uL) in
CH2C12 (5 mM) was stirred 16 h at roomtenperature. Purification of
the crude product was perforned on silica gel eluted with 2% to 10%
MeOH in CH2Cl12to obtain 8 (41.3 ng, 78% . 1HNVR DMSO d5) 811.73 (s,
1H), 10.38 (s, 1H), 8.18 (bs, 2H), 8.08 (s, 4H), 8.02 (d, IH J=8.4
Hz), 7.83 (d, J=8.4 Hz, 1H), 7.60 5 (t, 1H J=8.4 Hz), 7. 56 (d,
J=8.4 Hz, 1H), 7.50 (t, J=8.4 Hz, 1H), 7.47 (d, 1H, J=8.4 Hz), 7.24
(s, 1H), 4.89 (t, 1=10.8 Hz, 1H), 4.58 (d, 1H, 1=10.8Hz), 4.45 (m
1H), 3.97 (dd, 1H, J=10.8 Hz), 3.91 (dd, J=11 Hz, 1H), 3.77 (bs, 2H),
3.47 (bs, 2H), 2.63 (s, 3H), 2.47 (bs, 2H), 2.40 (bs, 2H), 2.25 (s,
3H) .
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Compound 10: To a solution of 8(11.35 ng, 0.016 mmol) and 9 (17 ny,
0.032 10 mmol ) in 5% acetic acid in dry methylene chloride (2 m,
pre-dried over nolecule sieves) was stirred 10-15 mn at 25 C. The
sol vent was renoved and was further dried in high vacuo overnight.
The formation of hydrazone was checked by anal ytical HPLC2) (Nova Pak
C18, 51.tm 3.9 x 150 mmcolumm). eluted at 1 m/mn (acetonitrile/20
mM of ammonium formate, pH 7) with a gradient: 10%to 100% anmoni um
formate in 10 mn 15(Retention tinme: 6.93 mn). The hydrazone 10 was
finally purified b rBQp HPLC (SyPyter Prep C18, 7inu, 19 x %50 mm
colum), eluted af (acetdnitrile /20 mv Q HN=Fme

formate, pH 7) wilk adl 1 10% 007 % acet on| |n fs’
mai nt ai ni ng 795(;“5cet oni in 3. %1&0 nit

mn (Retention tinmne: 2%.1ﬁrrin), t@gn’? 0(1 9 calcd
for C55H62Br N9012 (M+H) mz 20112104 foumd 11 1 1 E‘kartpl e 10

NHr HO H" Nv..7-NFnoc 6,..r0y0-1,..) 0 HO2N'-s5i 0 2 l

o * NH
(\NJLO ‘ N g)
A o~

Br. HN Q, !—IN
\ ....L 5
OO O,
N (5) O \/\N/U\/\ J{
N (3) }\
‘/\N O o]

Compound 19. Compound 10 (25mg, 0.033 mMoles, 2HBr Salt)) was reacted
with compound D of Example 5 (21.5 mg, 0,043 mMoles) in 2.5 mL DMF in the
5 presence of HATU (16.5 mg, 0.0433 mMoles) and TEA (10-15 uL) for 45 minutes. The

solvent was evaporated and crude purified by reverse phase HPLC to give 25 mg of
Compound 17. (71 % yield). MS: 1067.0. Compound 17 (0.0187 mMoles) was
deprotected with 5 % piperidine in DMF (3 mL) in 45 minutes. The solvent was
evaporated and the residue washed with diethyl ether to give 18 (MS: 845.2). To a

10 Solution of 0.00935 mMoles of 18 in 3 mL DMF was added Mal-dPEG4-NHS ester (10
mg, 0.019 mMoles) in DCM 1 mL, followed by TEA (5 pL). After 30 minutes the
solvents were evaporated and the crude purified by Reverse Phase HPLC to give 5.2 mg
of pure Compound 19 (MS: 1243.2, 1266.8 and 1281.2)
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ONH2 (NHO H-H Nyz-N O HOO 6 Compound (3). A solution of
HBr salt 1 (12 ng, 0.016 mml) (see conpound 10 5 of Exanple 6) and 2
(25 mg, 0.032 mml) in DWW (1.5 nmL) was treated with

di i sopropyl et hyl am ne (11uL, 0.064 mol) and was stirred at 25C under
nitrogen for 48 h. The solvent was renoved and crude _product was
purified by Prep HPLC to afforded 3 (6.4 ng, 30%. MS: calcd for
C64H67Br b1100, 13 (MtH) mlz 1216. 18 found 1216. 40. Conpound (4).
To a solution of TEA salt 3 (6.4 ng, 4.9 unol) in DW (1 nlL) was
added with pilsmpite (50uL) and the reaction mixture was stirred at
25 C under 5 nitrogen for 15 InM AThe sol vent was renoved and crude

product was purified by Prep HPLC #e¢a ede4 (3.8 ng, 66% . M5
cal cd for C64H67Br NLOO10 (M+H) m Z 994! f ound_994. 80,
Compound (6). A sol utj of “BEA salt 4 (3 ﬁﬁ;_;} 2 I“ i nebVF (1

m.) was added with § », 6.4 unol) and piperidine £L0u
reaction rﬁXtu:Tg)Qagj\l rfed at 25 Ceunder ‘”it[gQE}\%Q @ O mm The
sol vent was renoved afd crwde product was purifi@dtby®Prep HP "
yield 6 (3.4 ng;"~71% . Ms: calcd for C57H33Erb112016 (MH) Iy
1393. 35 found 1393.60. o[ (an-5®
T 14, R=Bc
4 15 R-H

18

a SOClp, CHClp 100% b TFA, CH,Cl, 100% € 44, pytidine, CHoCly 67% d TFA, anisale, GHaCly 100% e 14, HATU
DMF, DIEA g% f piperidine, DMF 98% g 2% DMF in CHCly, DIEA, N-succinimidyl-4-maleimidobutyrate 53%

Compound 11: To a solution of 3 (236 mg, 0.86 mmol) in soluticn of toluene (10
5 mL) was added 1-methyl-2-pyrrolidone (502 pL., 5.13 mrmol), The mixture thus obtained
was cooled to Q°C, Then thioenyl chloride (502 pL, 2.58 mmol) in toluene (4 mL} was
added and the resulting solution was stirred at 0°C for 10 minutes. The solvent was
removed and the product was used immediately without further purification for the
following step (252 mg, 100%).
10
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Exanpl e 11
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15
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25
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NH Oy NH2 HN.1 HHz C 000 NA.../Nj NO 1---r HOHHH

Compound 13: To a solution of 12 (137 mg, 0.27 mmol) in dichloromethane (3
mL) was added TFA (6 mL). The resulting solution was stirred for 20 minutes. The
solvent was co evaporated twice with toluene in vacuo. The residue (171 mg, 100%) was
used without further purification immediately for the next step.

Compound 14: To a solution of 13 (171 mg, 0.27 mmol) in dichloromethane (6
mL) was added pyridine (0.6 ml) and 11 (159 mg, 0.54 mmol) at 0°C. The mixture thus
obtained was stirred at 0°C for 1 hour. The solvent was evaporated and the residue was
purified by semi-preparative HPLC to give compound 14 as a white solid (152 mg, 72%).
'H NMR (CD;0D) & 1.54 (s, 9H), 2.91 (s, 3H), 3.00-3.60 (m, 8H), 3.72 (m, 1H), 3.99 (m,
1H), 4.31-4.50 (m, 3H), 6.94 (s, 1H), 7.05 (m, 1H), 7.13 (d, 1H), 7.45 (m, 2H), 7.68 (d,
1H), 7.75 (s, 1H), 7.86 (d, 1H), 8.23 (s, 1H); LC-MS (ES*) 563 (M+H-Boc) *, 607 (M+H-
56) ¥, 663 (M+H) *, 686 (M+Na) *, 701 (M+K)*.

Compound 15: To a solution of 14 (198 mg, (.25 mmol) in dichloromethane (2
mL) was added anisole (0.2 mL) and TFA (0.8 mL). The resulting solution was stirred for
20 minutes. The solvent was evaporated in vacuo. The residue (201 mg, 100%) was used
without further purification for the next step.

Compound 16: To a solution of 15 (143 mg, 0.25 mmol) in DMF (3 mL) were
added 10 (197 mg, 0.25 mmol), diisopropylethylamine (218 pl, 1.25 mmol) and HATU
(95 mg, 0.25 mmol) at room temperature. The mixture thus obtained was stirred for 2
hours. The solvent was evaporated and the residue was purified by semi-preparative
HPLC to give Compound 16 as a white solid (252 mg, 69%). '"H NMR (CD;0OD) § 1.06
(d, 3H), 1.14 (d, 3H), 1.60 (m, 2H), 1.81 (m, IH), 1.90 (m, 1H), 2.25 (m, 1H), 2.91 (s,
3H), 3.05-3.25 (m, 6H), 3.40-3.70 (m, 8H), 3.70 (d, 1H), 3.85 (d, 1H), 4.00 (m, 1H), 4.19
(t, 1H), 4.30-4.50 (i, 5H), 4.65 (in, 1H), 7.02 (s, 1H), 7.28-7.50 (i, 8H), 7.60 (m, 2H),
7.70 (d, 2H), 7.76 (d, 2H), 7.87 (m, 3H), 8.03 (s, 1H), 8.25 (bs, 1H); LC-MS (ES™) 1203
(M+H)*, 1227 (M+Na)*, 1243 (M+K)".

Compound 17: See the preparation of 28 in Example 3 for general Fmoc
deprotection procedure, Deprotection of 16 (235 mg, 0.16 mmol) gave 161 mg of 17
(98%). The residue was nsed without further purification for the next step, LC-MS (ES")
983 (M+H) ", 1005 (M+Na) ¥, 1021 (M+K) ",

Compound 18: To a solution of 17 (48 mg, 0.049 mmol) in 20% DMF in
dichloromethane (1 ml.) were added diisopropylethylamine (34 plL., 0.19 mmol) and N-

succinimidyl-4-maleimidobutyrate {21 mg, 0.073 mnol) at room temperature, The
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A oyN2no.Th H,, CHN'.0f O Hs riO NH) Nr (0O O HN)
Compound A (0.033 niwles, 2HBr salt) (see conpound 10 of Exanple 6)
was reacted with Conpound B (45 ng, 0.054 mwbles) in 2.5 nL DVF in
the presence of 20 HATU (20 ng, 0.054 nwl es) and TEA (15-20 gL) for
50 minutes. The solvents were evaporated and the Crude was purified
by Reverse phase HPLC to give 10 ng of Conpound C (21 %yield). M5
1405. 6, 1427.8 and 1444.6. Exanple 12:

mixture thus obtained was stirred for 2 hours. The solvent was evaporated and the residue

was purified by semi-preparative HPLC to give compound 18 as a white solid (36 mg,

53%). 'H NMR {CDsOD) 8 1.10 (d, 3H), 1.15 (d, 3H), 1.61 (m, 2H), 1.80 (m, 1H), 1.91

(m, 3H), 2.25 (m, 3H), 3.01 (s, 3H}, 3.12-3.24 (m, 6H), 3.47-3.65 (m, 10H), 3.84 (d, 1H),

5 3.90(dd, 1H), 4.34 (m, 1H), 4.62-4.80 (m, 4H), 6.82 (s, 2H). 7.17 (s, 1H), 7.46 (d, 2H),
7.50 (m, 1H), 7.60 (m, 1H), 7.76 (d, 2H), 7.93 (m, 4H), 8.07 (s, 1H), 8.25 (bs, 1H); LC-
MS (ES*) 574 (M+2H/2)*, 1148 (M+H) *, 1168 (M+Na)*, 1186 (M+K)*.
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Frnoc- OSuDees- Marti nFnoc, 0 123 Synthesis of 2: 1.44 G ans
(0.015 Moles) of the HCl salt of 2-am noethanol (1), 5.0 grans (0.018
Mol es) of Fnoc-succinimde (2) were dissolved in 20 nL of
acetonitrile 5 and 20 nL of 10% aqueous potassi um carbonate sol ution
in a round bottomflask and stirred at roomtenperature for 30

m nutes. The reaction was quenched with a 10 %citric acid solution
and concentrated to renove the acetonitrile. The aqueous |ayer was
extracted 3 tines with 30 nL of ethyl acetate and the organic |ayer
was washed wiktanipléfhe twice with 20 nL. Al though the conpound was
pure enough it was.Qurified over 10 silics gel Jth 2-5 % MeOH in DCM
to give 2.5 grans 23n 64 %yield. ¥nthesi s of 3: 1.3 grans
(4.58 mwbl es) of 2 @ al | oned t:0 stir pl. of di chlporonethane in
t he presence 295 gr&ss (5 © mvol es) db-Martin reagént in a
round bottom ™ask for 2 khours. The crude reaction m xture was
purified over silica gel el ut,j‘ng with 20-50% of ethyl acetate. To
give 1.06 grans of the al dehy MBzz Y0 yi el d. 15M51-1= 281.8
tert-butyl 4-am nob, oat-eFnic HE i ne4 Synthe of~4: 1.5 grams
(3.77 mvbl es) of "rullnewer E)Fg vedbn of DMF in a
round bottom f K ch was adgded 7 g | es) of EDC,
0.61 grams (4. | es) BF DOM._Wer e theﬁmﬁ@hd owed
by the 20 addition 0.88 gr ans (4 5 mvbl es) of t-butyl obenzoat e
and a catalytic armuq‘rj_ggf ®pper chloride. The reaction tEi‘rPEFBWas
allowed to stir overnight e solvents were evaporated an T fie" Crude
product purified over silica gel with 5 to 10 %NE@,R{\'ln DCI\/Ito give 2

grans of 4.in 92 %yield. W =({H - Synthesis ®f 5 and 6: 205
nmg (0.36 mwles) of corrpound 4 reated with 3 of a solution
of 2.5 %piperiding in a,m(f nut es. The gct-l og m xture was
concentrated to dryness and i nsed '%}1@' nk) tw ce and
then with diethyl T NHR

26, R = Fmoc
h[ o 27 man

NH

O .‘:——Cl O=<NH2
P be _5

—_—
/N\) O ¢ N
HiN- H \/\

ZI

2 R \cﬂ)/\/O\/\o/\/O\/\ON N\I(\,?
29 R = Y\/\ﬁ
Q
o}

a Hy, Pd/C, methanol, CH,Cl. 98% b allyl alcohol, pyridine, CH,Clp, 4-methyipiperazine-1-carbonyl chloride 72% c
SOCl,, CHyCly 100% d TFA, CH,Cl, 100% e 11, pyridine, CHaCly 87% f TFA, anisole, CH,Cl, 106% g 10, HATU,
DMF, DIEA 88% h piperidine, OMF 98% i 20% DMF in GH,Cl,, DIEA, MAL-dPEG,-NHS ester {28, 609%} or N-
succinimidyl-4-maleimidcbutyrate (29, 519%)

Compound 21: A solution of 20 (520 mg, 1.22 mmol) and palladium on charcoal
5 (100 mg) in methano] and diclhoromethane (2 and 4 mL) was placed under hydrogen
atmospheric pressure at room temperature. The mixture thus obtained was stirred at room

temperature overnight. The palladinm was filtrated and the resulting solution was
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5 ether (20-30 nmL.) twice. The free anine 5 was dried under high
vacuum and reacted in the next step without any further purification.
W = 352.2 167 nmg (0.42 mwbles) of Frnoc-Citruline were
dissolved in 6 nL of DMF. 160 ng (0.42 mvbl es) of HATU were added.
Conmpound 5 (0.35 mwbl es) prepared above was dissolved in 2 nL of DWW
and added to the above solution of Fnoc-Citruline and 10 HATU. 146 uL
(1.05 mwol es) of triethylamne were added to the reaction m xture and
allowed to stir for 1.5 hours. The sol vent was evaporated and the
crude puri fi edndsytraRete dymesPiagiee HeteC stlal @00mg, 1939) il IﬁMRdﬁiﬁp@Dhﬁjlﬁm n

78 % yield.

190510 Mdm, 153t g3, o W S0 M o
deprotect ed i(m 8al-Spfbs.2H3 4583 &-i8dB & 1H).m | ar to the synthesis of
conpound 5 to gi V@oxzpodﬁhﬂ 909 solutlon o@?ﬁ@@(ﬁ]ﬂg I%OWOIEMQECHBM%Q% os

reducti ve-am nation of conpound ove

are
o oo M Ee dded AR 6 ML iyt Kot Tamaep saad Bettdm

f2 |5 Ssk agg E:gqjé mlecméngn;@xma@@malg,b?g ?mfo@' mwsimaymﬁsflb%laﬁ@lwh% @lzig@f
ng es (0] SO . um acet at e ound
m\bl es) was JUPSE FBPFIEE oEushe e sdrenh e et"ﬁ@‘ﬂ“‘é‘sﬂ‘}i‘ fheﬁa“%afe% Piffed

m xture was yiserhigaepatati@EIFIAT to 3Ge BdrMbh@E22 68 wiille solid (509 mg, 72%). 'HNMR
(DMSO-dg) 1 1.50 {5, SH), 2.21 (s, 3H), 2.36 (s, 2H), 2.42 (s, 2H), 3.42 (s, 2H), 3.78 (s,
16 2H), 3.90 (m, 1H}, 3.98 (m, 1H), 4.08 (in, 2H), 4.14 {m, 1H), 4,22 {m, 1H), 7.42 {t, 1H),
7.58 (t, 1H), 7.82 (d, 1H), 7.88 (m, 1H), 7.92 (d, I[H); LC-MS (ES™), 460 (M+H) *, 483
(M+Na)*, 499 (M+K) *.
Compound 23: To a solution of 22 (250 mg, 0.43 mmol) in dichloromethane (3
mL) was added TFA (6 mL). The resulting solution was stirred for 20 minutes. The
15 solvent was co evaporated twice with toluene in vacuo. The residue (256 mg, 100%) was
used without further purification immediately for the next step, LC-MS (ES™)} 360 (M+H)
¥, 383 (M+Na) ™, 399 (M+K) *.
Compound 24: To a solution of 23 (256 mg, 0.43 mmol) in dichloromethane (8
mL) was added pyridine (1.6 mL) and 11 (252 mg, 0.86 mmol) (see Example 7) at 0°C.
20 The mixture thus obtained was stirred at 0°C for 1 hour. The solvent was evaporated and
the residue was purified by semi-preparative HPLC to give compound 24 as a white solid
(213 mg, 67%). 'H NMR (CD;0D) & 1.54 (s, 9H), 2.87 (s, 3H), 3.00-3.60 (m, 8H), 3.79
(m, 1H), 3.89 (m, 1H), 4.31-4.48 (m, 3H), 6.91 (s, 1H), 7.08 (m, 2H), 7.43 (m, 2H), 7.65
(d, 1H), 7.74 (s, 1H), 7.84 (d, 1H), 8.23 (s, 1H); LC-MS (ES") 518 (M+H-Boc) ¥, 562
25 (M+H-56)7, 619 (M+H)*, 641 (M+Na)*, 657 (M+K)*,
Compound 25: To a solution of 24 (50 mg, 0.08 mmol) in dichloromethane (2
mL) was added anisole (0.2 mL) and TFA (0.8 mL). The resulting solution was stirred for
20 minutes. The solvent was evaporated in vacuo. The residue (60 mg, 100%) was nsed
without further purification for the next step. 'H NMR (CDs0D) & 3.01 (s, 3H), 3.40-3.60
30 (bs, 4H), 3.79 (m, 2H), 4.02 {m, 2H), 4.32 (m, 2H)}, 4.73-4,90 {m, 3H), 7.26 (m. 2H), 7.51
(m, 1H), 7.63 (m, 2H), 7.77 (d, TH), 7.94 (d, 1H), 8.30 (s, 1H).
Compound 26: To a solution of 25 (60 mg, 0.08 mmol) in DMF (2 mL.) were
added 10 (53 mg, 0.08 mmol), diisopropylethylamine (59 pL., 0.4 mmol) and HATU (26
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(1.0 mwbl es) sodi um cyanoborohydri de was then added. The reaction
m xture was allowed to stir at ice bath tenperature for 20 m nutes
and then at roomtenperature for 1 hour. The reaction m xture was
concentrated and purified by reverse phase HPLC to give 5 150 ng of
desired product 8 in 51 %yield. Mu = 774.4 Q..NH2 HN TFA:DCM 8
HO 9 HN Synthesis of Acid 9: 33 ng (0.045 niwl es) of 8 was
treated with 3 nL of a 2:1 m xture of DCM TFA for 25 m nutes. The
sol vent was evaporated the residue was titrated with diethyl ether
two tines andng fdSetrndy at rayeemphirgoarihe chixtilla ¢hus ebtihtd wg saedddod? Wass.

?l(ri‘i(teds 'g-gpu nﬁ%g%%t gﬁ? %\%‘iﬂ&f%&%a\ar%a&e {'ﬁ_?ilg%eg?%rp%liﬁéhdbycs%lrrﬁ—ipxggarﬂﬂe h@L& Qg
give compound 26 as a white solid (66 mg, 69%). 'H NMR (CD;0D) 8 1.06 (d, 3H), 1.14
(d, 3H), 1.60 (m, 2H), 1.82 (m, 1H), 1.95 (m, 1H), 2.25 (m, 1H), 2.95 (s, 3H), 3.05-3.25
5  (m, 6H), 3.40-3.70 (m, 8H), 3.85 (d, 1H}), 3.90 (m, 1H}, 4.06 (m, 1H), 4.20 (m, 1H), 4.30-
4.70 (m, 6H), 7.02 (s, 1H), 7.28-7.50 (m, 8H), 7.60 (m, 2H), 7.70 (d, 2H), 7.76 {m, 2H),

7.87 (m, 3H), 8.03 (s, LH), 8.25 (bs, 1H); LC-MS (ES™) 580 (M+2H/2)*, 1159 (M+H) *.

Compound 27: See the preparation of 28 in Example 3 for general Fmoc
deprotection procedure. Deprotection of 26 (66 mg, 0.05 mmol) gave 44 mg of 27 (98%).

10 The residue was used without further purification for the next step, LC-MS (ES") 937
(M+H) ", 959 (M+Na) ".

Compound 28: To a solution of 27 (23 mg, 0.024 mmol) in 20% DMF in
dichloromethane (1 mL) were added diisopropylethylamine (16 pL, 0.09 mmol) and
MAL-dPEG,4-NHS ester {18 mg, 0.036 mmol) at room temperature. The mixture thus

15  obtained was stirred for 2 hours, The solvent was evaporated and the residue was purified
by semi-preparative HPLC to give compound 28 as a white solid (23 mg, 60%). "H NMR
(CD;0D) & 1.09 (d, 3H), 1.15 (d, 3H), 1.60 (m, 2H), 1.82 (m, 1H), 1.95 (m, 1H), 2.30 (m,
1H), 2.45 (t, 2H), 2.51 (¢, 2H), 2.97 (s, 3H), 3.10-3.25 (m, 6H), 3.46-3.70 (m, 24H), 3.75
(t, 4H), 3.85 (d, 1), 3.90 (m, 1h), 4.10 (m, 1H), 4.50-4.70 (m, 4H), 6.78 (s, 2H), 7.04 (s,

20 1H), 7.34 (m, 2H), 7.45 (m, 1H), 7.50 (m, 1H), 7.71-7.79 (m, 2H), 7.90 (m, 3H), 8.04 (s,
1H), 8.25 (bs, 1H); LC-MS (ES") 668 (M-+2H/2)*.

Compound 29: To a solution of 27 (31 mg, 0.033 mmol) in 20% DMF in
dichloromethane (1 mL} were added diisopropylethylamine (22 plL, 0.13 mmeol) and N-
succinimidyl-4-maleimidobutyrate (14 mg, 0.049 mmol) at room temperature. The

25  mixture thus obtained was stirred for 2 hours. The solvent was evaporated and the residue
was purified by semi-preparative IIPLC to give compound 29 as a white solid (32 mg,
51%). 'H NMR (CD;OD) & 1.09 (d, 3H), 1.15 (d, 3H), 1.62 (m, 2H), 1.84 (m, 1H), 1.92
(m, 3H), 2.25 (m, 3H), 2.97 (s, 3H), 3.12-3.25 (m, 6H), 3.39-3.68 (m, 10H), 3.85 (d, 1H),
3.93 (dd, 1H), 4.08 (m, 1H), 4.50-4.67 (m, 4H), 6.80 (s, 2H), 7.03 (s, 1H), 7.34 (m, 2H),

30 7.44 (m, 1), 7.50 (m, 1H), 7.72 (d, 2H), 7.77 (d, 1H), 7.90 (m, 3H), 8.04 (s, 1H), 8.25
(bs, 1H); LC-MS (ES™") 552 (M+2H/2) *,
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1011 : 2TFA Synthesis of 11: 20 ng of 10 (0.032 niwl es) was
treated with 3 nL of a 2:1 mixture of DCM TFA for 5 mnutes. The

sol vent was evaporated the residue was titrated with diethyl ether
two tine and the ether |ayer discarded. The resulting TFA salt of

am ne 1511 was dried under high vacuum for several hours and carried
on to the next step. Ms5+1=519 CI, 0 11:2TFA 12 Synt hesi s of
12: Am ne 11: 2TFA prepared above was dissolved in 3 nL of DVF and
transferred to a flask containing acid 9 foll owed by the addition of
20 g (0.045 Egemiled of BOP and 100 ulL of diisopropyl anine and
stirred at roomtenperature for 2 5 hours. The crude reaction mxture

was concentra d andypur i,f Led by eversw HPLC to giveq of
desired conpoqupj?jln ﬁﬁzgﬁiﬁl . 6,TF¥REM27 = @fﬁﬁ
4
TBTUWOMF HO;C N
1 2 3
5 tert-butyl 5-(4-acetylbenzamido)-1H-indole-2-carboxylate (2). A solution of

rert-butyl 5-amino-1H-indole-2-carboxylate (220 mg, 0.94 mmol), 4-acetylbenzoic acid
(155 mg, 0.94 mmol) and TBTU (303 mg, 0.94 mmol) in DMF (6 mL) at 4 °C was
treated with diisopropylethylamine (329 uL, 1.89 mmol) and stirred 40 min at 0~5 °C.
The solvent was removed under vacuo. The crude product was chromatographed on silica

10 gel eluted with 1% MeOH in CH,Cl; to give 2 (350 mg, 98%). '"HNMR DMSO-dg)
811.66 (bs, 1H), 10.34 (s, 1H), 8.09 (d, 1H, J=8.8 Hz), 8.07 (s, 4H), 7.55 (d, 1H, J=8.8
Hz), 7.41 (d, 1H, J=8.8 Hz), 7.03 (s, 1H), 2.63 (s, 3H), 1.56 (s, 9H).

5-(4-acetylbenzamindo)-1H-indole-2-carboxylic acid (3). A solution of 2 (350

mg, .92 mmol) in methylene chloride (4 mL) was treated with TFA (4 mL) and stimed

15 15 min at room temperature. The solvent was rmoved and the residue was further dried
under high vacuo to give 3 in almost quantitative yield. 'HNMR DMSO-dg) 8 12.92 (bs,
1H}, 11,74 (bs, 1H), 10.33 (s, LH), 8.04 (d, 1H, J=8.8 Hz), 8.06 (s, 4H), 7.52 (d, 1H,
J=8.8 Hz}, 7.38 (d, 1H, J=8.8 Hz), 7.06 (s, 1H), 2.63 (s, 3H).

[‘ ~Cl ~Cl
B Ha, Pd-C s 1) 4N HCI in EtOAC
O N O N HO

BnO HO 2} 3/EDC
Boc Boc

[EEN

20

N Ct
1} 25% NaOMe N {N /
m MeQHOMF DCM

2} 4N HBr in E!OAc

N o 0
,N
7 8
TFA Br o
- H 0
Hz”w‘\/ﬁo’\%“nf\? H ‘N’N\rf\"’*/\“)lv\ﬁ‘j
8 O N N O *oH o /
- T
5% AcOH in DCM rFNTo O N
N H
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Synthesis of 13 and final conmpound 14: 35 ng (0.029 mvbl es) of 12 was
treated with a 4 nL DVF contai ning 100 uL of piperidine for 15

m nutes. The sol vent was evaporated and the resulting am ne 13 was
titrated wth 10 nL hexanes followed by 10 nL diethyl ether (2x)

dri ed under hi vacuum and can-led on to the next step with any
S5futther purification. W = 996.0, tn/2z = 498 0. 029 mwol es of
13 prepared above was dissolved in 2 nL DW followed by the addition
17 nmg (0.06 mwbles) of comercially available 15 and 32 uL of

di i sopropyl am ne. The resultlng reaction m xtldre was stirred at room

tenperature for 1 Jg Izggbg) SOlov&d! S 60em§\5 ﬁfea% 70! pl- 6%350‘5%5:[ Tile

reaction m xture puri reverse ase usi ng aceton
and wat er wi tMe@CEGIEHAS ilﬁ@l)\?‘@ﬁ @Eahﬁﬁj lwac!lﬂ!lfo( ﬁﬁiﬁDTlZﬂSI@@l)‘fmaSm*ftﬂs WEEA

salt in 52 % Ac@& hder¥B: atrrl\ﬁélbere 03—]1@900@17 andls @ at‘2§%q"0127 h. E‘%@Mti@n Hﬂ%ﬁtule

15Synt hesi s of conmpound solution of 1 (350 ng, nmmol) in
di chl or onet hatfs %‘%e%}_’)c’“%bagd’éf‘o@é’ecﬁﬁi )(Eh%sﬂ3"e“t‘f‘ﬁéiemé‘é"lﬁlllli Y%‘@O sol ution
was stiffed f@frorddogiphubeslica EHQ1usalwi@ O AFSxQOBYERAE €l nid, blrst ol uene

for the noxt  SME IS LSSl A7 a2 Rh B8 W b blch B dBE e £y ©"
(0.82 mmuol) |(hrsdif¢)hM5"@,riél; FeeBeH ) 37261 ) t, mg—&@lﬂe)dmcy(rm dHﬂG?(%ﬁnnﬂEm and
10 (0.98 20 ?ﬁe bel ow) at OC. The m xture thus obtai ned was

stirred at 0O hour. The sol vent was evaporated and the residue
was puri fled by Heafsﬁ'»Bl;Eﬁlbh'dpbgﬂaﬁhylum & dl(350mg. §dImremiingINUti@ldnwi t h 5%

385/5‘?”?: . ' n NcRﬁt?J&L rnqa;*@maﬂai att(@s%M@Deﬁﬁr@%ﬂ%@ﬁﬁnwek&&&?%e (417 my,

4.15 (t, 1|_Dlemqve@5nd(vfaq ftg_'qhﬁr drigd @ h(@ vaclsH)‘m 4dy, 'Qo;the fﬁsldma‘; agdyled §- (f bS

1H), 7. 03 ( daaCétjhb)GnZBanIltﬁ)) (Igdmdoﬂetﬂembzxﬁﬂ:h&d@ | (Mg,@?‘)l mrmol Ykdd EDB6n ( m
3H), 7.70 (d, 211) 65

(s, 1hy: LCES PRoing s Fosompiian g AR S Ao HASES o ROk Shpound
3: A sol uts Oﬂm@ferrﬁaw{cﬁ;l Elg!ﬂ]a(:u& Chrofmalgiapiang spich b eluginvan23 % hroEoAal
hydrogen at meabhan i UEes Beal® o BRFEL PR IRE P BRARF am s
obt ai ned was 986 (s &), 418 0 & E(pSHAMR &, Obe 788 GhtH. JFhe Hppl Sadi i was
gi ve. compound =5 59 uhy 1T our (176 AR L A PRERPIERY o)
(s, OH), 3.46%tH), 45§ B1.9610&k). 42Rym, )0 (@d. 1H114!0.841250.84 (BOI=(in
2H), 6.980 Hg, 1H), 2.63 (s, 3H).
seco-CBI (Br)-Indole (7). To a solution of 6 (35.5 mg, 0.066 mmol) in

anhydrous DMF (1 mL) was added 60% NaH (5.3 mg, 0.13 mmol) at 0°C and was stirred

for 15-30 min. Solvent was removed under high vacuo. The crude product was

chromatographed on silica gel eluted with 3% MeOH in CH.Cl, to give cyclopropane (31

25 mg, 94%). The resulting cyclopropane was treated with 4N HBr in ethyl acetate (3 mL)

and the reaction mixture was stirred 15 min. The solvent was removed under vacuo.

Chromatography on silica gel eluted with 2-8 % MeOH- CHaCla to obtain 7 (34.5 mg,

96%). "'HNMR DMSO-ds) §11.73 (s, 1H), 10.43 (s, 1H), 10.36 (s, 1H), 8.18 (s, 1H), 8.08

(s, 5H), 7.92 (s, 1H), 7.83 (d, 1H, 3=8.4 Hz), 7.55 (t, 1H, J=8.4 Hz), 7.51 (t, J=8 4 Hz,

30 1H),7.45(d, J=8.4 Hz, 1H), 7.19 (s, 1H), 4.80 (t, J=10.8 Hz, 1H), 4.55 (d, 1H,
J=10.8Hz), 4.26 (m, 1H), 4.0 (dd, 1H, J=10.8 Hz), 3.86 (dd, J=11 Hz, 1H), 2.63 (s, 3H).
Carbamate (8). A solution of 7 (34 mg, 0.06 mmol), 4-Methyl-1-piperazine-
carbonyl chioride hydrochloride (15.9 mg, 0.08 mmol), allyl alcohol (80 ul.) and
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10(s, 1H), 7.20 (d, 1H), 7.30-7.45 (m 4H), 7.60 (d, | H, 7.70 (d, |
H, 7.85 (bs, 1H), 8.20 (d, 1H); LCMs (ES) 436 (M+H 56)+; 493 (M-H)
+. Synt hesi s of conmpound 4: To a solution of 3 (350 ng) in

di chl oronmet hane (3 nL) was added TFA (3 nl). The resulting solution
was stirred for 20 m nutes. The sol vent was coevaporated with tol uene
(twice) in vactto to yield conpound 4. The solid 15was used wi thout
further mification for the next step. Synt hesi s of conpound 5:
To a suspension of 4 (300 ng, 0.59 nmmol) in acetonitrile (10 nmL) was
added DBU (440hykous pyrgred$oll) in Ol sl prired b6 biniromn twaperstvier red f or

30 mi nutes. TMﬁ%w@mea\@eﬁpﬁo\a@&% eBfmied omﬁ&agemﬁem&% RNof xture
was di ssol ved in dichl oronmethane (50 nl) and washed with saturated

sodi um bi car BYHE & CEREltaRbt $@hS ang Hier HMGR RYSK) YiL7R (9 Dn&0-3nd
dried over angyeneus (NaBBH0s & 4H) s.@dd amd 1-sengsny. eﬁ(deJisurHiem regyiced

t i d I lid (200 09 [1i NWMR
PonsoD) a5 sit HS AR 508 « B b, P T At 0 s Wi, 18 L) o e
(1 ol_léj, |7|—|23,O ?t o724k, QH), @rep (t2}=+)108?lz,1151),(zd58 (A HH, 171028z d45 &)L, 3. 94@id( tH,

304" (i 4TSRS d-Hoch 35 Sbfie 70 347 B g Bl w0 Fediimouna

10: To a susp?éh,s’«i@r(baaﬂmeﬁﬁ@[s BhHni t r oi ndol e- 2- car boxyl ate 30(Acros, 10

0 oiz. 7 L)1 Sl A SREORAP L1 08B0 (FBL) 69

anhydrous net hano cros, 100 niL
act i vat edl&armion) lﬂéwcﬁﬁ)ac%asdry agddene cmmder@aémwoﬁ ieghioxar gotecylgigeves)

stirred at roERERANES &l £ 25NDEhe IR e %véd%d FadMirthef BiGealifRigh | ON
was conpleted when FL is no | onger being consu The reaction

m xture was f“PT“P@?’@EI‘g]ﬁnH]etﬁl”l@a‘F‘i“I"tfPH@DW“ 6%%-“@@@/ aupligal ﬁ?&cdﬂﬂ‘é’ﬂ

unde; hi gh vaeugns, tspm?/a &% t50eh l:@wim:i)e@metu& 1 &umlid h&tﬁnltfﬂéﬂbﬂm ofl 0
purification. To a soluti ellowr in 5 methano 15
o a0l ut FBRRBR e A Rk i ot Gy et

reaction M xt(RetentinasmeedBadn)aTheddrizoho10 \@abérnmll}ghhﬁedTHy@rdmem ysi s was
c_orrpl et ed bagggmﬁ‘%) Ith ﬁ’ll ¥9§ P30 Th@ohrl egcélﬁté)d] atnb E/mme(ac\/\%mtrqe} ted

with water ( oneent rate i vacuum hanol .
The resul t ed mMiammemivmormsts. PHI mﬂh W;l‘@fheIE“th%cto (P as@nitdly in ZDmgn,

aqueous | ayer, a\ﬁ@zﬁmﬁ‘é}?(ﬁé ;tck:t%ﬁiitlﬁ@in@'ﬁun 7‘6%%{ 1@@9&&%%@4 min (Retention
time: 26.1 min), to give 10 (14.7 mg, 82%). MS: caled for CssHgaBriNgO12 (M+H) m/z
20 1121.04 found 1121.1,
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10 solution. The resulted nm xture was again extracted with Et0Ac
(3X150 nL). The organic |l ayers were conbined, dried over anhydrous
MySO4 and concentrated under vacuumto yield brown solid 9 (9.7 g,
82% . 9 is used in next step without further purification. To a
solution of 9 (2.16 g, 7.84 mml) in anhydrous DCM (Acros, 60 nL) and
1- net hyl - 2- pyi Tol i done (Fluka, 5.03 nL, 52.32 nmmol), SOC 2 (Al drich,
1.9 nL, 15 26.16 mmol) was added. The reaction m xture was stirred at
OC for 0.5 hr and at roomtenperature for 0.5 hr. The reaction

m xture was démaoefelfated and dried on high vacuum for overnight to
yeield 10. Small amount of 10 wag fgheated wi th nmethanol and
triethylamne to formthe nethyll_gster, ich was used for HPLC

anal ysis to check the conpl e(L' ég b he rmation of acetyl chloride.
20 Synt hesi s of CorrpoungN\l,h: To Y ensi on of 2-am noet hanol
hydrochl oride 25(Aldrich, 5g. 51.25"m#l ergn acetonitrile (80 ni),
and Na.2C33 (Al drich, 10% 80 nL), “Fnoc-CSu (Bathem 17.28 g, 51.25
mmol ) was added. The reaction m xture was stirr/,ed* at room tenperature
for 2 hr and HPLC anal ysi s showed]the reactjon: Leted. The
reaction mxture was diluted wth|water® RLY “and crude product
was collected by filtration. The oi?'d was dizsol ved in Et0Ac (500
m.) and the resulted organic |ayef was 30 washed with HCl sol ution
(1% 2x150 nL), sat. NaHCO3 sol ution (2x150 fyNfand brine (1x150 nl).
The organic | ayer was concentrated to yield Fte solid 13 (13.9 g,
95%, which was used for next step w thouty fdrdher purification. To a
solution of 13(13.9 g, 4972 mm ig/@ﬁ%~mmmos, 150 ni),
Dess-martin periodi naneQ (F7708g. 8 P) added. The reaction
m xture was stirred atNreor Pure §Qr 4 hr. HPLC anal ysis
showed the reacti on s conmpPet®d. The reaction m xture was | oaded on
flash col um chronat ograph and purified with 10-50% Et OAc i n hexane
to yield white 5solid 14(12.1 g).}

Piperidine/DMF
Oy NH,

N
0O =

[£-3

O
Qo H *I’\?
tri’ \B/\/O\/"o"\/ox/‘-of\va/\,N Y
o O
[

OYNHz
NH

S

O
H H H N
NT[/\N NY\,O\/\O/\,O\/\OAVNY\,?\'/\?
YO.. /(j o H o) 0]
@)

Oy
ol “Lré
N SR TFA
H 6

Compound (3). A solution of HBr salt 1 {12 mg, 0.016 mmol) (see compound 10
5  of Example 6) and 2 (25 mg, 0.032 mmol) in DMF (1.5 mL) was treated with

diisopropylethylamine (11uL, 0.064 mmol) and was stirred at 25 °C under nitrogen for 48
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O 15 R=Fnmoc R=H 1- 21, R=t-butyl R =H 5Synthesis of conpound
22: To a solution of N cFnoc-L-Citruline (Fluka, 10 g, 25.16 mmol),
tert-butyl 4- am nobenzoate (Fluka, 5.84 g, 302 mmol), N-(3-

di met hyl am nopropyl) - N - et hyl carbodi i m de hydrochl oride (Fluka, 5.79
g, 30.2 mml), 1-hydroxybenzotriazole (Chem | npex, 4.08g, 30.2 nmmol)

i n anhydrous DMF (Acros, 100 ni), CuCl2 (Aldrich, 4.05 g, 30.2 mmol)
was added. The reaction m xture was 10 stirred at roomtenperature
for overnight. HPLC analysis showed the reaction was conpl eted. The
reacti on m xthiiThe sstvsntean cervedanéd udapdodneirviee durifipd W Prlap BPDAG adfiodiied\dt er .
The organic |@yefe Y@p) M@?Jﬁﬁgf%l?Iﬁ;%El;Noﬂ)‘%oggTdHfrﬂ/QQQﬁtirsfi* & 153,491 €l d

brown residue 15 as crude product, ution of above menti oned
crude product 15 Cpmasdddeliaa pitor alciFdssalt § 464 me.)%,2 ysiobdr PHIFé mL)

(Aldrich, 7 mi 48 waﬁg@aﬁdi;m%unsaﬁ@&}ieq&cmwﬁm Wi StirfkeR af1si g ehy at
roomtenperature ffgr 15" mm HPLC anal ysi s showed the reaction was

conpl et ed.” THETISELIOF { ORI BEsplv et Wasremdsd anth orugle @epdugh o2t pEifFe Bitke was
purified on IRRLoeBeriddd .S ngCdAINMISMalch f10-C20%RMRLOF Ak H) 1/z08M4 The
desired pr OdlfJ‘LCt d:%g‘? dal uted at 14% nmet hanol in DCM The fractions of
desired prod &t & combi ned and concentrated under hi gh vacuumto
yi el d brown sol i dC6pquad3e). 4 sclB83n3YYEA Fadr 453.8 algui .2 amolpin IMIF WGnI()6vab g,

18.86 mol) i T
et ot -2 py BB (59 g B a8 bypect il Tk B seon misae v,
(BaChem B 23tined 2183 hunderofitogonafer Hfuiedlhe Ffeent wathand pridscrude erodess
Stirred at | opELLRURS) BLUEPLER yida bl HELExARR, kalsroshER %,

d oth I ne (A(idrlch,

reacti on was conpl et ed. e reaction m xture, pipell

7 m) was add¥at) mire Paaciorsin M-t ure was stirred at room tenperature
for 0.5 hr. HPLC anal ysis 25 showed the Fnbc protecting group was
conpl et ed remigle 1The reaction m xture was concentrated and the
residue was purified on 120 g Conbi Flagh col um with 0-20% net hanol

in DCM The fractigons™of desired pr odg’ct was conbi ned and
concentr at ed o % " T
Sk »@5 O e o
N, N N O O
- o N HO. H H H )\
I Q
|

o
B

T

L% ﬁ}\ nap

o

A N R ‘ J
P

HN

C o o]

Y
15 o]

Compound A (0.033 mMoles, 2HBr salt) (see compound 10 of Example 6) was

reacted with Compound B (45 mg, 0.054 mMoles) in 2.5 mL DMF in the presence of

20  HATU (20 mg, 0.054 mMoles) and TEA (15-20 pL) for 50 minutes. The solvents were

evaporated and the Crude was purified by Reverse phase HPLC to give 10 mg of
Compound C {21 % yield). MS: 1405.6, 1427.8 and 1444.6.
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under high vacuumto yield yellow solid 18 (7.4 g, 87%. To a
solution of 18 (7.4 g, 16.48 mml) and 14 (4.63 g, 16.48 muol) in
anhydr ous net hanol (Al drich, 175 mmol), sodium acetate (Al drich, 20
g) was added. The reaction m xture was stirred at OC for 1.5 hr. To
this reaction m xture, NaBH3CN (Aldrich, 1.55 g, 24.72 mml) was
added. The reaction 5 m xture was stirred at roomtenperature for
overni ght. HPLC anal ysis showed the reaction was conpl eted. The
reaction m xture was concentrated and then worked up with Et 0Ac and
wat er. The orlipanipte I25yers were conbi ned, washed with brine and
concentrated. The reS|duqmm@g9purk£|ed onOQZQ%gMQQUblEh§§h colum
with 0-10% methan™~PH DOM—_The f ractyons of desi+ed prodfict] were
conbi ned and concentrated 10 under high vacuumto yield browh solid

19(7.1 g, 60% .1 To a solutiomp of 19 (6.7 g, 938 pmol) in
anhydr ous DVF (Acrosfl 120 % piepridine (Aldric 6 nL) was added.
The reaction m xt Byuhetisef &t §44@amuo. ‘?15&i‘ﬁlﬁtsé%}éerfé@léFlFEOff’oﬁml@e@aW(1) HPLC

anal ysis s hOVﬁﬁgridﬁkﬁ(OlOE@-DIbllebf PSc- @&rminﬁiteezj welkli@sd1@aGH 20001 BE acbibiki@ilenas

concentrat d an ue was 0 I|zdvv|th acetonitril e and
water to y| g?gOVEPf %Q%%%F?"&P‘ﬁﬁ“\'l\%t ﬁgfﬂateﬁ Pﬁ“i”l“&ﬁfw%‘ﬁbmmm flaskpad 5

sol ution of conpicyRdmaénicasstfve3BmkienVbd n)aactlnramsmndmhédlmwal 10 %aﬂmd
(Al drich, 1. 8! abe zo 1 N, -
t et ramet hyl ur éggélﬂt?ﬁ%(a %? @ mh”)@%{gé‘%’ove i@cegﬁg e a 50 an‘%l’ﬁ1 Fous DI\/F
(Acros, 50 mniextracid 3Nmgé wisloFtobyl eeltvhaydﬂamanﬂathé Algdm layey wwzeheddrd@d to
adj ust pH valgige Qficeldi@ 26%ﬁ.cp\lt% }mhé(Ldﬁ'; urﬁiqwaggﬁjé %ug}”?%a éﬁlﬁﬁé

m xture was stirred at room tenperatu anal ysi s
showed t hE r s8ict sdiithas % MspHdr BEM trpize 2.6 g oh 2 i 6% vieldwas

concentrated and s)lmeegsmmes g}@ﬁs(ﬂlseWM)&Q&ZQIMM%B@%&O' um

with 10-20% ne hanol sired gro uct was eluted out at
14- 16% met harf Of‘ﬁ‘wﬁi@j\ﬂ mﬁ*ﬁ@leﬁna%?f 2orisanyr(-§ @qlapoifresiatin fageat in 2
conbi ned and lmnwwmslednmmdﬁsr Thd c@ﬁﬁe\f@@tﬁhﬂlﬁ‘ﬂnhﬁleWaede‘lbe\teEmEﬁl ed 21

DO (aar o5, 3tting 0 Rl dicliilhe e 76 if 1 otonfgfife ide 4 fasshons

m xture wes M3 f=r2:8d8at room tenperature for 0.5 hr. HPLC anal ysi s
showed the reaction was conpl ete Hze reaction m xture was yy
concentrated and the |yophilized Wr{\' acetonitrile and Wat%(r to yield

white solid 22(4.9 g, TFA salt). ynt hesis of Conmpounds” To a
solution of 22 (50 ny, O. 83 mml) [N 5 @physlicpss DM (Acros, 1 nl),
0- (7-azabenzot Hazo 1- - N‘ - tetranet hyl uroni un*,{} drich,
28.4 ny, 0.075 added Tﬁej]'ﬁFNWal ue of rea%tl m ¥t ule was
adj usted to over 8 by addi ng DI EA (Al ridiceh). The moxt 76 was

stilted at rogmt F erature for 0.5 hr and HPLC an Iy35| showed t he
reacti on was corrﬁ 8 Af 68 2 mgmoc@itipermol ) was added and pH val ue

of reaction mixt L@ﬁtﬁ@?@ofjrpatlgja%ﬂrasa(gihl}lmges)to?F%X?Emglmlgx\zfe%%gs'sﬁ%d%?A

The reaction m xture was roomtenperature for another 0.5

hr and HPLC afﬁaqf%ﬂ%ln%@\nééottﬂhbﬂﬂéb@pﬂm%@ame%@mlwﬁé5 mMifidesy efact i on

m xture was GpRCEHL %r%@éisliﬁlq@l@q)lafﬁbBtVéﬁalﬂb@b@ﬂﬂw&bﬁxe:{-Qﬁé(ﬂﬂdﬁo%@% the
stirred with PBS huffer & di at ech %

H=7
The suspeflsi affiiRad-Figrams LA ot w4 e ke & AEVER SOPREd | n
met hanol . Theoppesdalotigs] TEOkkkkibOMixABSwas allowed to stir overnight The solvents were

evaporated and the crude product purified over silica gel with 5 to 10 % MeOH in DCM
to give 2 grams of 4 in 92 % yield, M*' =574
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15concentrated with silica gel and the slurry was purified on 4 g
Combi Fl ash colum with 10-20% et hanol in DCM The right fractions
was concentrated and |yophilized in acetonitrile and water to yield
whi te powder Conpound 24 (45 ng, 45% NWVR (CD30D) 8 1.10 (d, 3H)
1.15 (d, 3H), 1.62 (m 2H), 1.89-1.94 (m 4H), 2.25 (m 3H), 3.80 (m
2H), 3.50 (t, 2H), 3.60 (m 3H). 3.84 (d, IH, 4.00 (dd, 1H), 4.20
(m IH), 4.65 20(m 1H), 4.72 (m 2H), 6.83 (s, 2H), 7.18 (s, 1H
7.37 (t, 2H), 7.50 (m 3H), 7.75-7.81 (m 3H), 7.97 (d, 2H), 8.06
(s, 1H), 8.20 (d, 1H), 8.83 (dH 1H); LG M (ES) NHwviH) 999
(MtNa) +. Synt hesi s of Cbnp8 8723: " To a sol ution k.22 (500 ng, 0.7
mmol) in DM (6 5 nL) were mdiﬁg di i sopropyl et hyl amine (250 uL, 1.4

mmol ) and HATU (27&bpagine0. 7 | fm&icit @AM t enper at ure. 6he M xture
-mhutes—T

=0

t hus obt ai nedgwas -rred fQ The sgl vint fwa gorated
and t he resi due was purl by:f | ash chromato phﬂT/?HS| |cdmﬁel
and eluted wth 15% n dMfehioro 0 ¢ive the desired

conpound. This sol B Yas added s Wy to a solutidon of 5 (40

ng, 0.11 nmol) in 20%4-nmethyl - 10 2-pyrrolidone in di'chl oronet hane

(2 m) at roomtenperature. The m xture thus obtajnedofagHstirred for

2 hours. The desired conﬁ%und precipitated by addrtion of 6 m of

di chl oronet hane. $hgneBlbt 9%@@'20@11%?&@36 Ih}\abreato@e*omﬂéﬁmg%a@@m@e@%ﬁ 3be
Qr

used wi thout further purificatiagn t he next step ( ny,
Ct herwi se t hé™ho88 FEn Rbs> FReriiBdingsMs BP‘éﬁﬁarTB? feRRioppPeT w m
ammoni um f or nsaﬁdambsta‘dftemyﬁa@& bl iri@sed withiadxaah Res0ahONWicE hld@Yentvath bfengl ve

51y 016 el ) B T g syvs Gregundes iz ey anglglactet nf

3.80 (m 2H) neesfbawaha@ar(yrfpnmnﬂmmamamt’m:ss:zzl) 3.55 (t, 2H), 4.55

E r2nS 2 &DH) 7. 48?7458&("‘%?0 3 %@"Q}‘g%%f? (’#'ﬁé"cf%k%? “’%. %"E gd i“?i%’ f’fYD)‘.Jlg'elE? ﬁ?
111). 8 10 ( sng @HP mMplasBofEATU e addest. BmES) STAES (ukplel) prepeBRatontNa) +.
20 Exanple 1dg dﬁ%ﬁ%@ﬁ% &viE 3 HHHabedo Fﬁeﬂ;‘!ﬁre kR %ﬁFrﬁochnr&lQﬂ)gH&iJ nd 3:

A sol ution of 4-nethoxy-2-nap hth¥lan1ne

gl aci al atket iABLI4oph (]GOSiﬁll)/IO]aﬁ hwrlélﬁweme@ a&%ﬂe (hevedpaipRMINUIGANHL

48% OIWlas rgflaum(éi tblﬁﬁfhﬁll\ﬂ%ofu@rl‘hﬂ(s)@\éenm&m pora@Brt the @hdeSAMMDY Edi)l m&)
was dilute etate t ter an
triethyl am nge(%h“’%th )Hp%g?r“ég%i‘abg%d“g #L@Z‘I(OEG‘P%HM Héaﬂ‘érimg gw‘Mth-e
organi ¢ | ayer7sshewad™ w698t arting material and a new nuch | ower spot

(Rf =0.1). The sol vent snegnoved under reduced pressure and the
product 10 was dried undg vaccum t o yiedd the |ﬁﬁeﬁﬁed|ate

4- hydr oxy- 2- naphthylan1ne ich was mﬁe t he H¥gxt step wit hout
any purlflcagi To a sol . on of 4- hydr y-2- napit hy] am ne in
di oxane (10 }fﬂk Mt) _and di -1 d|-tert “W(l ﬁar oma%e
(1.149 g, 5.27 eatt Jon m xture uxH erfI\12
for 4 h. TLC (4: he ane/ethyl acetate) s d o startg ng nater al
and a new hi gher spot (Rl= O : 0 N
NH2 8 O)\NHQ
15 Synthesis of 7 and 8: 280 mg (0.38 mMoles) of compound 6 was deprotected in

3 mL of 2.5 % piperidine similar to the synthesis of compound 5 to give 7. M*! = 509
Compound 8 was synthesized by reductive-amination of compound 3 with 7
prepared above. 0.38 mMoles of compound 7 were dissolved in 6 mL of methanol in a
round bottom flask and cooled to 0°C over an ice bath followed by the addition of 250 mg
20 (3.0 mMoles) of sodium acetate. Compound 3 120 mg (0.43 mMoles) was added to the
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15 reaction mxture was diluted with ethyl acetate (50 nL) and washed
with water. The aqueous | ayer was extracted with ethyl acetate (2 x
50 nL) and the organics were conbi ned and washed with brine. The
organics were dried over anhydrous Na2SO4, filtered and concentrated
under reduced pressure to yield N-(tert-butyl oxycanonyl) - 4-0-
(tert-butyl oxycarbonyl)-2-naphthylam ne (2, 80%yield) as oil. To a
solution of 20 conmpound 2 in acetone (10 nL) was added NaCH sol ution
in water (10 mL, 1 M. The reaction mxture was stirred at room

t enper at ur e fabpvediagy mid gletresulfihgregofiod mblpraney sktrérdt 0%t 20 rehugh 68vagd no

starting mat - ne 0 1.Qn.: i I s
oxtr act ed wi (0o P sREal B apRRke ol ATt a2
aqueous | ayerallpuel textinabice eth tanpdiatere oy R0 mbratea el thed 20850 tMP)BraavmﬁDt he
organi cs wer qmwa%hegac%ﬁ RixRd mco&@;&t@i@d ﬁnﬂﬁﬁﬁeﬂmm{sg Hﬁas‘%\h
concentrated. The residue was puri I ca ge rm WI th
10- 20% et hyl ]é{%ét“é’féeslf‘ﬁlm@)égﬁén?bqweé‘iﬁdcoﬁﬁoﬁnd 3 (181 ng, 53% as
an oil. Synthesis of conpound 4: A sol ta of conmpound 3 (5g, 19.3
mml ) in anhydrous DMF (50 ml) under nijfrogen atnosphere was treated
wi th benzyl bromi de (4 10g, 23.1 nol esﬁ" pot assi um carbonate (3.7 g,
27 nol es) and tetrabutyl anmoni um i odi de(;b\rrg 0.01 nmol es). The
reacti on m xture wasyst{.héyed at roomte”‘perat reror 8anc The
reaction m xtgre wa.s_concentrated u Li% pr ss

Chr omat ogr aphi ¢ separation (4x " i 0% % Et 0 c hexane

gradi ent elution) provided pure cgnpound 4 (5J48 g, 83% as a cream
powder. NWR (CDC13, 400 MHz, ppn’) 8.22 @d, MH J=8.1 15Hz, C5-H), 7.68
(d, 1H, J=8.2 Hz, C8-H), 7.3-7.5 (m 8H, CbNC6H C7H CI—|2C5H3)
7.06 (d, 1H, J=1. 6.62 (br s, I'H Nh) S,

OCl - 12( C6H5), 1. 5%“’("?8*39%";%3%( &Has %045 mMoles) e’%"f%é@%‘%‘i "th ?t:léhﬁ%%?nh 5:
To a 1000 n rﬁ;@tufe@ébamwnfok aﬁlﬁlneﬂgrrﬁ@eg;eiéug%abe@p&ﬁm thbﬂagld@dlgabglgﬁtb‘:gggr
septum was co oun es) . an .

mL) . The cl ear” n@éjllqelﬁ' E%F"ﬂ%%ﬁ Uéé E‘g%ﬁ‘éa‘ dt”ﬁa‘g%n%@ 6\{ t’ﬁgéc'%yvasid&‘é bat h
under a nit r ogéan high nEsh &ir sevept Footsuahesitkdfoori the @t tep( ASTE71gm 0. 0005
nmol es) was added to the geaction and the solution wascgtirred for 10
m nut es. N-1odosucci dé (10 gm 0.0446 nol es) (Was di\_ssol ved in THF
(50 nl) and added f &} eaction Py caprmnptm (a Y gxipately 1 hr).

The sol ution was sj\l r nh the i Pe-gtaath—f“or trned 25NH;

br owni sh. Rermfcf\uki@e pat h ayrd L warmto np
nitrogen for 1\;\5)hr TLC ¢2: eXane/ DCV) &h\y\)ed no steft At eri al
and a new hi gher spot . React i'on was quenched Wi th saturat e NaHCOB
(200 nl) and a white solid formed. After stirring the solution for 10
m nutes, EtO0Ac (200 ni'Y and water (100 m) were added'td fhe

reacti on. The agu®mtissikafydr 20@ag of XA (0062 axt¥lolks )t wis EtDACwi(h23 mLﬂ:ﬂﬁz m) and

t he organl CS i nd . racted with The
organi cs wer é’ﬁ %F:égdsgver Aﬁ%%‘af‘?’“%?'ﬁ?‘%‘r"’e" " Wabﬁvagglﬁ%%ﬁte ra g%wabq%‘)“ted
vacuumto a cdthidiethybtiether bvartinseoingl dhe efﬁhéil)@t)ﬁlbﬂd}dwa%pmuhingéiﬁ’ﬁxbylt cfGininen
chr omat r ogr aRiY,abgiedUnder f gmem@fmlamaq YR ek o bofhhekQEpoOUnd 5

14 79 as, a brown solid
( gm A MS*'=519
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Synt hesi s of compound 6: To a 250 m round bottom fl ask equi pped with
stir bar and nitrogen inlet were conbined conmpound 5 (8.4 gm 0.0177
nol es) and anhydrous DMF (125 ni). The yel | ow orange sol uti on was
cooled to O Cwith an ice/salt bath under a nitrogen atnosphere. NaH
(60% 2.22 gm 0.0554 noles) was added to the 5 reaction in one
portion. The solution turned cloudy and a gas was forned. The
reaction was stirred in the ice bath for 15 m nutes and then the ice
bath was renoved and the solution was stirred for another 15 m nutes.
cis/trans-1, 3-Di chl oropropene (5.3 m, O. OWN%I es) was added to the
reaction by syringe, The reaction was sti rréﬁvi\)qimder nitrogen at room
tenperature for 3 ands turned a cl oudy bro TLC (4:1 10

Hexane/ Et 0Ac) showedny Starting material and a newll owers,spo The
reacti on was ' ,*gﬂ h %2(%5%\6\th oﬁayer—%&%—-
extracted w t(kriegnhyl acg}w x 10 and”t hefor gani cs were
washed with Brine (2 x 50 ml). The orgahics werg-dried over MySO4,
filtered and concentrated under vacuumto a br il. The product
was purified by col t"dTF&hr omat ogr aphy usi nge 1: Hexane as el uant
to yield (E/2)-tert- 15Butyl

4- (benzyl oxy) - 1- i odonapht hal ene- 2- y1(3- chl or gal | yDcar bamate (6) (9
gm 93% as a yellow oil. Synthesis of co urfd 7: To a 500 M three
necked round bottom fl ask equi pped with stitNbar, tenperature probe,
refl ux condenser and nitroge@\i nl et were conbinegd conpound 6 (9 gm

0. 0164 nol es), tol uene (2007\m %, 2, 2'-azohi sk2= JFmepi oni trile)
(0.15 gm 0.0009 nol es)o & ﬂl j butyl tii n dr\g/d\dﬁ' (3.5 mH, 0.0056

nol es) (by syri nge)E\NUKB W Ile t hrough the solution for 15
m nutes and then thg reacti onswds ted to 80w€C under nitrogen.
After heating at 80 T for 15 mi ndtes, tri butylotJi\mzhydride (1.5 m,

0. 0056 nol es) was added to the reactionmzby syringe. After heating for
anot her 15 m nutegtrihutyl.tin. hydrj 1.5 0. 0056 npl es

added to che 25 rSubieRShs RN hobape Pope Do ioyelly S ok BRor
tributyltin hydringlerddio @ fladk cofaififgaidibioBeyedwa sheaddigeh of 00 tp€d.045act i on
by syringe. L YLt L ge. D M,
0. 0204 nol esm}ﬁges%tzéa%f&gg%ﬁlggfﬁge@ lé%giél![nﬁ %egm@lt?%!ri gtgg&?ngﬁ]g?%@%eﬁ& t hen
al l owed t & cdoirs.fle pradeeicierpaixirayas comrer@aled a9 rEriOuidyvesesn elassHBved no
starting mat e 5iad 359R0oreMeNMBRRI 1290 % yEREMROLWMIF N, MBS 602
concentrated under vacuumto a yellow oil'._The oil 30 was purified by
col umm chromat ogr aphy using as el uant 100%)Hexane to 5% Et OAc/ Hexane

to 10% Et 0Ac/ Hexane to give, a pale yellow solid. The soli 15
recrystallized pif,é,}m,ehe (\§LOO m, 45 C for 30 pm copl edi PR Er
A th yield ¢

for 2 hr, collReeted— ati o, drie Uﬂlﬁlfi acyu
Yd) as a,wh splid. |/ C
y O b DMF-DIPEA
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71 S The racem ¢ conmpound 7 was dissolved in DCM (50mg, 1 m ). The
solution was then diluted with hexane (9 m ). The solution was then
| oaded onto a Chiralcel OD prep colum (10 mcron, 20 x 250 mm and
separ at ed usi ng hexane/isopropanol (99:1, 15 m/mn). The anal yti cal
colum (Chiralcel OD, 0.46 x 25 cm 20 mcrons) gives a 10 retention
time of 10.6 mn for 1 (99:1 hexane/IPA, 1 m/mn, 15 mnute run).
NVR(1H, CDC13, 400 MHz): d 1.61 (9H, s, C(CH3)3); 3.44 (1H, t, J
25 Hz, CHCH2-N); 3.9-4.0 (2H m d - CH-CH); 4.12 (1H, t, J = 26 Hz,
CH CH2-N); 4. 25 ( yathesis ofjPangiinglepmpomdig: (33 pg (80290nMdpizs) ebHB)yas

(8H, t[@ate@w@f'gll e SME gngxlﬁﬁag’Efa uf 3t &ﬂeﬂdmgfor‘iS fmn%tl.s |’1|%e so@eQLHS)

7.5
(1H, d, = Hz, Gals
f NH2 O wab evapo;ated and the Iesultmg amine 13 was tltlated with IO rnL hexaneb followed by

7.2
8.3
N, |
10 mL diethyl ether (2x) dried under hi vacuum and cairied on to the next step with any
5  further purification. M= 996.0, m/2z = 498
0.029 mMoles of 13 prepared above was dissolved in 2 mL DMF followed by the
addition 17 mg (0.06 mMoles) of commercially available 15 and 32 uL of diisopropyl
amine, The resulting reaction mixture was stirred at room temperature for 1 hour. The
sclvents were evaporated and the crude reaction mixture purified by reverse phase HPLC

10 using acetonitrile and water with 0.1% TFA to give 21 mg of 14 (MED-2500) as its TFA
salt in 52 % yield. MS: M*' = 1159.47, m/27 = 580.2.

Example 13:

N 1. TFADCM
N 2. 10, Pyridine
—rr—r—————

)%D,NHZ HO M

15 Synthesis of compound 2:To a solution of 1 (350 mg, 0.82 mmol) in
dichloromethane (3 mL) was added TFA (6 mL). The resulting solution was stirred for 20
minutes. The solvent was coevaporated with toluene (twice) in vacuo. The residue was
used without further purification for the next step. To a solution of this Boc deprotected
material (0.82 mmol) in dichloromethane (8 mL) was added pyridine (2 mi) and 10 (0.98

20  mmol, see below) at 0°C. The mixture thus obtained was stirred at 0°C for 1 hour. The
solvent was evaporated and the residue was purified by flash chromatography on silica
gel and eluted with 5% methano] in dichloromethane to give compound 2 as white foam

(417 mg, 90%). 'H NMR (CDsOD) & 1.55 (s, 9H), 3.46 (t, 1H), 3.90 (dd, 1H), 4.15 (t,
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20Synt hesi s of Conmpound 2: To a solution of Fnoc-Val-OH (200 ng, 0.59
mmol e) and tert-butyl-4-am no benzoate (114 ng, 0.59 nmole) in
solution of 5% DVF in DCM (5 nL) was added HATU (224 ng, 0.59 mmol e)
fol | oned by addi ng diisoproopyl et hylam ne (410 uL, 2.36 nmole) at
roomtenperature. The reaction m xture was stined for 30 mnutes. The
sol vent evaporated and the residue was purified by flash 25col um
chromat ography on silica gel eluted with 5% nethanol in

di chl oronet hane. The resulting product was dissolved in 5% pi peridine
in DVF and waldDst¢(dH)- 4 (@, d@%ﬁ@@e@*ﬁt@?ﬁbﬁ &F). 703 (4. Aldx 48 (d8olent

was renoved imwm:m} 51@171@@7!5 lsg NE *7f85 1 sﬁﬁ(gn gepagative
HPLC to obtaln 2 o Kl 5 @Q }gyz H}?s, "1‘(5

149
7.91(d, 2H), 5. 18} C /%% X% D @%é“ FA 1H), 2.12 (br 2H) |
1.47 (s, 9H), 1 19yr(tlﬁs1s3ﬁ)omp@ul&l43 (zm;ofﬁldh of 05 RENOBmbNEid paBlivkBon
ound D125 iy SRR Pho R oSS et
0. 51 mol e), aanehplehric amgxnm@pyobxﬁttelmplemmm@hejzﬁlx@&E&Smhaamé’d 0 stifdl aeJooinn
sol ution of ﬁe{%@%gur«!: Qvema%u('lﬁe }Tél)ac%lﬁm Wassitil rsatu gi\«}iéh%rlea%tcl)o m n tes The

sol vent evaporated in Vv e puri by *f1 ash
col utm chr omeserRgntagtidyo drmness tlolgoracgmoum ihfzse\dutmfoam (B%Ingaﬁdi%htﬂ NMR
di chl oronet h I3y d f
depr ot ect i onatgt% ?ﬂ)rbel 5’2?%‘(@»%9{&3 ﬁétph% 9%%@%%6@%9%!{}/4%@%% ﬁ%ﬁeﬂgdl ne
in DMF at it odmiﬁéﬁﬁéﬁfhﬁﬂi é.3pars 1o, 4ﬁi),r'17|.ﬂ0é$ THEA) Wt Hva S5 lsnidviedl20®i n

vacuo. Crude |ppqaugis (E@E/RQQMM@ lgy3 +rpD+pr eparative HPLC to obtain
3 (146 ny, 79% [1-1 rfg 2br s, 1H), 8.09 (br, 1H),

7.91(d, 2H), 7. 583(11(ghe512 PB cemgoryxgl At' o alspbutloxgof§435(0rﬁlg) 1q.1}1chlozorge3ha{1¢ﬂ3 1H) ,
2.25 ( b r, 2Hmi)lvaddddesTFRAH) mL)lTl?eQEb{lﬂmg Hdtion waslintdBor Zdthinu@s, $6e (M
3H). C 6H26N304 MS: 363. 22 f ound Mt1=264. 01.

solvent was coevaporated with toluene (twice) in vacuo to yield compound 4. The solid
15 was used without further purification for the next step,

Synthesis of compound 5: To a suspension of 4 (300 mg, 0.59 mmel) in
acetonitrile (10 mL) was added DBU (440 pL, 2.96 mmol). The resulting solution was
stirred for 30 minutes. The solvent was evaporated in vacuo. The reaction mixture was
dissolved in dichloromethane (50 mL) and washed with saturated sodium bicarbonate.

20 The organic layer was washed with brine and dried over anhydrous Na,SQy, filtered and
concentrated under reduced pressure to yield compound 5 as a yellow solid (200 mg,
90%). "H NMR (CD50D) & 3.55 (m, 1H), 3.75 (m, 2H), 4.45 (m, 2H), 5.49 (s, 1H), 6.85
(dd, 1H), 6.97-7.01 (m, 2H), 7.15 (d, 1H), 7.25 (d, 1H), 7.40 (t, 1H), 7.60 (t, 1H), 8.10 (d,
1H); LC-MS (ES®) 356 (M+H) *; 379 (M+Na) *; 394 (M+K)".

) Hy/Pd ) . H al
& NO, 3 7 NHBoc¢ = OWD/NHBDG S—“O% )\@
M&OH
& eOH, (Bac)0 4 A HiN S Y

25

Synthesis of Compound 10: To a suspension of ethyl 5-nitroindole-2-carboxylate
30 (Acros, 10 g, 42.7 mmol), di-tert-butyl dicarbonate (10.24 g, 46.97 mmol) in anhydrous
methanol (Acros, 100 mL), palladium (Aldrich, 10% on activated carbon, 400 mg) was
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35 Synt hesi s of Compound 5: To a solution of conpound 3 (146
ng, 0.4 mmole) and sodium acetate (98.4 ng, 1.2 mole) in dry

met hanol (5 mL.) was added conmpound 4 25(135 ng, 0.48 nmmole) at 0-5 C.
The reaction m xture was kept stirring for 20 m nutes. Sodi um
cyanobrorhydride (76 ng, 1.2 mol e) was added to above sol ution. The
resulting reaction mxture was stirred for another 10 m nutes and was
allowed to warmto roomtenperature for 1 hour. The reaction solution
was then concentrated and purified by sem -preparative HPLC to obtain
5 (230 ng, 7794ed The repgyrn mpEOYae)irg! 4 ropmyteypperagure yndyr Hapalhepn fqrigrhr. | H) |
7.91(d, 2H), ﬁ}e%eﬁdﬁma@&'@mple?ednﬁwﬁﬁ 1s%b|)onngez bé%&dﬁsun&h‘b ThefeadGor( kel 1) ,
7.28 (m 2H), é Ef 3.54 (m 1H),
3.08 (t, le)wasﬂltgi Tnfj thqilb\ate »Zasggncemateﬁlaﬂd diigd c?h@lsva(:wn toz'l_q}d 1. 47
(s, 9H), 1. 29e(i6ly resitile 8 Bithibdt fitRer Bilifipatioh). 192 sbMionHlyelloGIEH4BAD6 (VS
628. 33), und M- 9.45. N.-a.... .11 TN, . --.. -11

NTEA DOV 71 TR P P gsofipg %%ﬁibﬁaf%ﬁ\l%é“[s%?‘ﬁéﬁsé‘d%ﬁd- &fpound

5: A sol uti onesfiobmikimR: way he@edhi cTTbie)vemiabt. Thertidnsghiswiat boripfeddDEhdd
(1:2,2 n) fa Iﬁ e J 414 vacuo,
further drie d’gnﬂy%l/sa?ll}e169518§911x\{1?9tv§sd¥ﬁ ;egwafwgt% é&ﬁ%r‘eaggtl on (76.8
ng, 98.4%. PR A (@NBOML?ITIQVCI@&EEJI( Tipe, resylted]spllyion Gas2xtfdated s,
g—g') ZED 097( gnghJEjfé)\%ﬂ(E%&g) ”[%mlc%legm @a@el(vas &(gg‘lgiéd E#HZQ lﬁrddddigé_g(HS(% 95
3.75 (m hdll)solusorBJh% Wﬁvltﬂﬂmewwgw extrzﬂyd Wtzh @f@AGtGXléQP)U the33 (m
111), 2.20-2. 02@11&[1)({ ers e corhbinddl, diikd 0361-lﬂhgdrlausllq!gff(man@@ncen@atgﬁurﬁéﬁ 311).

C32H36N406  ( IY’ECUUI?]?K% ylzcl%)b;own ‘iolldd 9 &4 7155, é]-2‘75)

purification. To a sclution of 9 (2.16 g, 7.84 mmol) in anhydrous DCM (Acros, 60 mL)
and 1-methyl-2-pyrrolidone {(Fluka, 5.03 mL, 52.32 mmotl), SOCI; (Aldrich, 1.9 mL,

15 26.16 mmol) was added. The reaction mixture was stirred at § °C for 0.5 hr and at room

is used in next step without further

temperature for 0.5 hr. The reaction mixture was concentrated and dried on high vacuum
for overnight to yeield 1¢. Small artount of 10 was treated with methanol and
triethylamine to form the methyl ester, which was used for HPLC analysis to check the

completion of the formation of acetyl chloride.

20
HN O _FmocOSu o~ _OH Dess-Martin FmooHN"
HCI NaaCO:.,
13 14

Synthesis of Compound 14: To a suspension of 2-aminoethanol hydrochloride
25 (Aldrich, 5 g, 51.25 mmol) in acetonitrile (80 mL), and Na,CO; (Aldrich, 10%, 80 mL),
Fmoc-OSu (BaChem, 17.28 g, 51.25 mmol) was added. The reaction mixture was stirred
at room temperature for 2 hr and HPLC analysis showed the reaction completed. The
reaction mixture was diluted with water (500 mL) and crude product was collected by
filtration. The solid was dissolved in EtOAc (500 mL) and the resulted organic layer was
30  washed with HCI solution (1%, 2x150 mL}), sat. NaHCGQ; solution (2x150 mL) and brine
(1x150 mlL.). The organic layer was concentrated to yield white solid 13 (13.9 g, 95%),

which was used for next step without further purification. To a solution of 13 (13.9 g,
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TFAH".. O HH" f 0 HO HOP ei Nnte...-1Acye --CIH O H IH 050N 1 (-00
N44-0 0 -N-.}0 N2TFA H IS 78 Synthesis of Conpound 8: To a solution
of compound 7 (25 mg, 0.033 nmole), 5 and HATU (13 ng, 0. 033 nmmmole) in
DVF (1.5 nl) was added diisoproopyl ethyl anmine (23 uL, 0.13 nmole) at
room tenperature. The reaction mxture was stirred for 30 20 m nutes.
Sol vent was renoved in vacuo. Crude product was directly submtted
for purification by seni-preparative HPLC to gain 8 (33.3 ng, 76%.

C60H62C1N908 gl\/B: 1077.44), found M+1=1078.31. H N' 0 HC31) 5%
pi peri dine i ol) in anhydrous DCM (ACROS, 150 mL), Dess-martin periodinane (27.08 g,

63.85 mmol) was added. The reaction mixture was stired at room temperature for 4 hr.

HPLC analysis showed the reaction was completed. The reaction mixture was loaded on

flash column chromatograph and purified with 10-50% EtOAc in hexane to yield white
5 solid14 (12.1 g).

15, R = Fmoc
16,R=H

17, R = Fmoc

§NH
H L
o N = P 18,R=H
\}’O);/Q, Z)r\ﬁﬁw—m

14 § 19, R = Fmoc

NaBH,CN H % o 20,R=H
\‘/Oyg TR
o NHR

10
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-CiNirNy,nAO ON HP 2)rig0 r" NxooN. 1l o N2TFA..0-11.",-"A2TFA HoO 9
810 25Synt hesi s of Conpound 10: Conpound 8 (33 ngy, 0.025 mol e) was
deprotected using 5% piperidine in DVF (I nmL) at roomtenperature for
10 m nutes. The reaction m xture was concentrated in vacuo and the
crude product was rinsed with ether (5 nL x 2) without further
purification. The resulting product was reacted with 9 (11 ng, 0.038
nmmol e) in the presence of diisoproopylethylamne (6.6 uL, 0.038
mmol e) and DMF (1 nlL) for 3 hours. The reaction m xture was
concentrated and purified by sem.- I@parative HPLC to gain 10 (24 ny,
75% . C53H59CI N1009 ( Ms: 1014.45?, ound 5 Mr1=1015. 02. OveMe
00.,-0Ac o' OHDBUOO OyCCI 3 -" NH Ac y it AcAcCf. OAc
Trlchloroacetonltrlle AcO '. OAc

o O m& AR

21, R = t-butyl
22, R=H

5 Synthesis of compound 22: To a solution of No-Fmoc-L-Citruline (Fluka, 10 g,
25.16 mmol), terr-butyl 4-aminobenzoate (Fluka, 5.84 g, 30.2 mmol), N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (Fluka, 5.79 g, 30.2 mmol),
I-hydroxybenzotriazole (Chem-Impex, 4.08 g, 30.2 mmol) in anhydrous DMF (Acros,
100 mL), CuCl; (Aldrich, 4.05 g, 30.2 mmol) was added. The reaction mixture was

10 stired at room temperature for overnight. HPLC analysis showed the reaction was
completed. The reaction mixture was concentrated and worked up with EtOAc and
water. The organic layer was washed with brine and concentrated to yield brown residue
15 as crude product. To a solution of above mentioned crude product 15 in anhydrous
DMF (Acros, 140 mL}), piperidine (Aldrich, 7 mL) was added. The reaction mixture was

15  stirred at room temperature for 15 min. HPLC analysis showed the reaction was
completed. The reaction mixture was concentrated and the residue was purified on 120 g
CombiFlash column with 0-20% methanol in DCM. The desired product was eluted at
14% methanol in DCM. The fractions of desired product were combined and
concentrated under high vacuum to yield brown solid 16 (7.34 g, 83.3%). To a solution of

20 16 (6.6 g, 18.86 mmol) in anhydrous DMF (Acros, 100 mL) and 1-methyl-2-pyrrolidone
(Fluka, 25 mL, 188.6 mmol), Fmoc-Val-OSu (BaChem, 8.23 g, 18.86 mmol) was added.
The reaction mixture was stirred at room temperature for 2 hr. HPLC analysis showed
the reaction was compieted. To the reaction mixture, piperidine (Aldrich, 7 mL) was
added. The reaction mixture was stirred at room temperature for 0.5 hr. HPLC analysis

25  showed the Fmoc protecting group was completed removed. The reaction mixture was
concentrated and the residue was purified on 120 g CombiFlash column with 0-20%

methanol in DCM. The fractions of desired product was combined and concentrated
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QAcOAcQAc 123 Synthesis of Conpound 2: 1 gram (2.66 mvbl es) of nethyl
1,2,3,4-tetra-O 10 acetyl-p-D-gl ucuronate conmpound (1) was dissol ved
in1lm DVF and 4 nL THF in a round bottom fl ask. 400 pla of Benzyl
am ne was added to the flask and the reaction m xture was stirred
overni ght. The Sol vent was evaporated the product was purified over
silica gel with 10%to 50% Et hyl acetate in Hexanes. This gave 600 ny
of (2) as light green oil. 67%yield. NVR H NW (400MHz, DWVSO- d6):
.5 (d, IH, 853 (m1H), 1565.28(m 1H), 84.9 (t,1H), 84.74 (m
1H), 84. 38 ( dinderijech v&3ug (wyidiHyellog@bolgbl817 96, {73, Togdnti@yaitl €t 5 1688

Conpound 3: ﬁ%olmd(ﬁ@?& MRk EShoHln aﬁﬁx;mymhsn% (&Wh %§ﬁl gées%gim My

di chl oronet hane i n round bottom fl ask. 66.54
was added folwma‘\lwht%) ¥aeddedo T hefeactiop griygyre (vabzbtuzrecwm@&rléfm To

trichl or oacetpiichdtioh Brixt D NBEREY {QBridKI P@SJ%QtL m%mai) LavwRided @hs fehdtioh OF
1-2 hours._The reaction 20 was nonitored C wth phosphonol ybdi c

acid staimr B TRYas Hiried A PP A edey %(H§1g8‘or1?6’|L€ﬁ‘éalisﬁéh%“éﬂd\F@nt was
evapor at ed anehcfiénoghdebmpiarsd. P ichécd hnwae wad doh&atrged and e wsikbd lﬁﬁvuhd
col umm was p d wth 0.1% TEA i n hexanes. ct s elute
Cih o ro BOSDRT HiyInc e R e RER Be sy 00 e #5006 yi el 4)
of conmpound (c8)centraded.7 THe biduatas purdiod o101 20H| CoNViFl(sH Odivinte witHVBI% d6) :
810.08 (s, . A3 (o 5 .2 1 2H
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15  yield yellow solid 20 without purification.
To a solution of compound 20 (assume 8.40 mmeol), malimido butyric acid

(Aldrich, 1.85 g, 10.08 mmol), O-(7-azabenzotriazo-1-y1)-N, N, N°, N"-
tetramethyluronium (Aldrich, 3.83 g, 10.08 mmol} in anhydrous DMF (Acros, 50 mL), N,
N-diisopropylethylamine {(Aldrich) were added to adjust pH value of the reaction mixture

20 over 8. The reaction mixture was stirred at room temperature for 0.5 hr. HPLC analysis
showed the reaction was completed. The reaction mixture was concentrated and the
residue was purified on 120 g CombiFlash column with 10-20% methanol in DCM, The
desired product was eluted out at 14-16% methanol in DCM. The fractions of desired
product were combined and concentrated under high vacuum to yield white solid 21 (4.7

25  g.85%). To a solution of 21 (4.7 g, 7.17 mmol) in anhydrous DCM (Acros, 30 mL), TFA
(Fisher, 30 mL) was added. The reaction mixture was stirred at room temperature for 0.5
hr. HPLC analysis showed the reaction was completed. The reaction mixture was
concentrated and the Iyophilized with acetonitrile and water to yield white solid 22(4.9 g,
TEA salt).
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-10 QC. The tenperature was gradually allowed to rise to -5 QC and
stirred at this tenperature for 1 hours and then at 0 QC for half an

hour .

were added at 0 QC and the tenperature was allowed to rise to room

tenperature. Stirring was continued for 2 hours. The solvent was 10

3 equivalents 226 'IL (1.8 mwles) of boron trifluoro etherate

evapor at ed and product was purified by reverse phase HPLC to give 250

mg (0.45 mwbl es) of conpound (5) (75%vyield base on conpound 4).

550.0

m\vbl es) conpo
sol ution of 32
DCM fol | onwed I

Synthesi s of Conmpound 7: To a solution of 20 ng (0. 07

W

y in 2 mL of anhydrous DCM at 0 QC was added a .
(0. 048 mwbl es) ].1? oppound 5 in 2 nL of anhydr ol ‘
@f 4m@m1|L.fB pyridine at 0 C. ~Lhe reagzysdf

a

mxture was stirr O | s tenper &t ur e 5“m nut pro
was pur|f|ed by reverse phase HPLC to (R") ﬁbﬁgbhnd 7 (84 %
yield). W 808 and M+ENal= 830 eS|s f Cowpound

8: Conpound 8 was prepared either as |t HC1 salt mnth 4

solution in dioxane or its TEA salt with 33% TEA solut|0ﬂ> n DOW The

reaction was nonitored by HPLC until conplete. The sol vent was

evaporated and the product dried overnight under H vacuum and used
in the next steap

s ;such. M1 = 708.2 o0.).."N H2 0 onCl

24

Synthesis of Compounds 24: To a solution of 22 (50 mg, 0,083 mmol) in
5  anhydrous DMF (Acros, 1 mL), O-(7-azabenzotriazo-1-yI)-N, N, N°, N’-
tetramethyluronium (Aldrich, 28.4 mg, 0.075 mmol) was added. The pH value of

HC1

reaction mixture was adjusted to over 8 by adding DIEA (Alrdich). The reaction mixture

was stirred at room temperature for 0.5 hr and HPLC analysis showed the reaction was

completed. 4 (68.2 mg, 0.14 mmol) was added and pH value of reaction mixture was

10 again adjusted to over 8 by adding DIEA. The reaction mixture was stirred at room

temperature for another 0.5 hr and HPLC analysis showed the coupling was completed.

The reaction mixture was concentrated under high vacuum and the residue was stirred

with PBS buffer (Mediatech, Inc, pH=7.4, 10 mL) for 0.5 hr. The suspension was filtered

and the solid collected was dissolved in methanol. The resulted solution was

15  concentrated with silica gel and the slurry was purified on 4 g CombiFlash column with

10-20% methanol in DCM. The right fractions was concentrated and lyophilized in
acetonitrile and water to yield white powder Compound 24 (45 mg, 45%) 'H NMR

(CDs0OD) 8 1.10/(d, 3H), 1.15 (d, 3H), 1.62 (m, 2H), 1.89-1.94 (m, 4H), 2.25 (m, 3H),
3.80 (m, 2H), 3.50 (t, 2H), 3.60 (m, 3H), 3.84 (d, 1), 4.00 (dd, 1H), 4.20 (m, 1H), £.65
20 (m, 1H), 4.72 (m, 2H), 6.83 (s, 2H), 7.18 (s, 1H), 7.37 {t, 2H), 7.50 (m, 3H), 7.75-7.81
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HN. L, HF11H HO 58 0-OMCI AcO QAc HN 0 10 Synt hesi s of Conpound
10: 31 ng (0.04mwbl es) of Compound 9 in 2 nL DVF was preactivated
with 15.5 ng (0.04mwbl es) HATU and DI PEA (enough to ensure the pH was
7.0, 21 pL, 0.12nmWles) for 20 mnutes in a round bottomfl ask. A
solution of 10 30 ng (0.036 mwbl es) of TEA salt of Conmpound 8 in 1 niL
of DMF was then added to the above flask foll owed by the addition of
14 1 A (0.08mwl es) of DIPEA. The reaction m xture was allowed to stir
for 3 hours followed by evaporation of the solvent and purification
by reverse pHhasaHPETU G 2H)g$.0esH) NG00, 1. SBEA 161x| LIC-MIS (%' PToaMI-+H)
conpound 10 nn%ggmﬁgyaeld W = 1348.8 1511 Synt hesi s of
Conmpound 11: of " conpound 10(0. 02 mwbl es) was deprotected by
stirring in 2 5 m. of MeOH and 4 ML of 2N NaOH solution for 5 hours.
The reaction ni xt ttehesigof Gempeundi2dedo pielrfion0eid C0RwE L. hraoD dsRME (6

through reyergeg W@&(ﬂe@&i&&&@ylﬂhﬂﬁmyag@ nl.0t D 3ol e sia1ef bbhedeubl e
TEA salt of conmpound 11

mmol) at room temperature, The mixture thus obtained was stirred for 30 minutes. The
solvent was evaporated and the residue was purified by flash chromatography on silica
gel and eluted with 15% methanol in dichloromethane to give the desired compound. This
solid (81 mg) was added slowly to a solution of 5 (40 mg, 0.11 mmol) in 20% 1-methyl-

10 2-pyrrolidone in dichloromethane (2 mL) at room temperature. The mixture thus obtained
was stirred for 2 hows. The desired compound precipitated by addition of 6 ml of
dichloromethane. The yellow solid was filtrated, dried and could be used without further
purification for the next step (86 mg, 8§29). Otherwise the residue was purified by semi-
preparative HPLC (20 mM ammonium formate buffer solution, pH=7 and acetonitrile) to

15  give Compound 23 as a white solid. "H NMR {CDs0D) 8 1.02 (d, 6H), 1.62 {m, 2H), 1.70
(t. 1H), 1.75-1.95 (m, 5H), 2.05 (m, 1H), 2.25 (t, 3H), 3.80 (m, 2H), 3.10-3.30 {m, 4H),
3.35 (m, 2H), 3.55 (t, 2H), 4.55 (2s, 1H), 4.60-4.70 (m, 2H), 6.77 (s, 2H), 7.07 (s, 1H),
7.15-7.20 {m, 2H), 7.40-7.50 {m, 3H), 7.60 (m, 1H), 7.75 (d, 2H), 7.95 (d, 1H), 8.10 (s,
1H), 8.15 (d, 1H); LC-MS (ES™) 940 (M+H) ¥, 962 (M+Na)",

20
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5986.6 12 Synt hesi s of Compound 12: 17 ng of the double TEA
salt conmpound 11 (0.014 mwbles) was reacted with 5.1 ng (0.018nbl es)
of commercially available N- 10 succinimdyl 4-nmaleimdobutyrate in 3
mL DMF and 12.2 pL (0.07 mwles) of D PEA for 1 hour. The sol vent was
evaporated and 14 ng (0.011nmWbl es) of the TEA salt of the desired
conmpound 12 were obtained after purification by reverse phase Prep

HPLC ( 76%vyield). W = 1151.8 Exanple 17: 1. 5 Synt hesi s
of Conpound 2: To a solution of Fnoc-Leu-Al a-Leu-OH (200 ng, 0.37
nmol e) and t dexapnpted: 4- am no benzoate (114 ng, 0.59 mMmmole) in

I

solution of 5%5 . el was addeg AT@ 24 .ng. 0.0 f
ol e) fol l o SA&EEE o”SpyJ.eJ.hy fﬁ\fﬁ il G0 @
at room tenperatlire. The reactigp e troe tirred for 30 m nut&s

The sol vent evaporhted and the resi due was puﬁWfled by flash cqu
chromat ography on silica gel eluted with 5% net hanol in

di chl oronet hane. The resulting product was dissolved in DMJ TFA (1:
10 mL) and the m xture was stirred at 10 roomtenperature for 90

m nutes. Solvent was renoved in vacuo. Crude product was preci gid'de d

with ether to yield 2 (206 ng, 80 9. Synt hesi s of Conpound 4:
To a solution of conpound 2(20.6 ng) in DVF was added HATU (10. 3 )
and the resulting reaction m xture was stirred for 10 m nutes q

tenperature followed by 3 (20ng) diisoproopyl ethylam ne (23 ulf C

room owxi

1 cl P
| I i
NaH

sepAIE- ooy s gl
o\@ \/@

6

Synthesis of compound 3: A solution of 4-methoxy-2-naphthylamine (230 mg,
5 1.33 mmol) in glacial acetic acid (9.6 ml.) and hydrobromic acid in water (16 mL, 48%)
was refluxed under Nafor 4 h. A small amount of sample (0.1 mL) was diluted with ethyl
acetate (0.5 mL), and then water (0.5 mL) and triethylamine (0.1 mL) were added. TLC
{20:1 DCM/methanol) of the organic layer showed no starting material and a new much
lower spot {(Rg=0.1). The solvent was removed under reduced pressure and the product
10 was dried under vaccum to yield the intermediate 4-hydroxy-2-naphthylamine which was
used for the next step without any purification. To a solution of 4-hydroxy-2-
naphthylamine in dioxane (10 mL} was added TEA (1 mL) and di-tert-butyl dicarbonate
(1.149 g, 5.27 mmol). The reaction mixture was refluxed under N, for4h. TLC (4:1
hexane/ethyl acetate) showed no starting material and a new higher spot (R;=0.55). The
15  reaction mixture was diluted with ethyl acetate (50 mL) and washed with water, The
aqueous layer was extracted with ethyl acetate (2 x 50 mL) and the organics were
combined and washed with brine. The organics were dried over anhydrous NaSQ,,
filtered and concentrated under reduced pressure to yield N-(tert-butyloxycarnonyl)-4-O-
(tert-butyloxycarbonyl)-2-naphthylamine (2, 80% yield) as oil, To a solution of
20 compound 2 in acetone (10 mL} was added NaOH solution in water {10 mL, 1 M). The
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15t enperature. The reaction m xture was stirred for 60 m nutes.
Sol vent was renoved in vacuo. Crude product was directly submtted
for purification by sem -preparative HPLC to gain 4 (28 ngy, 76%.
Synt hesi s of Conpound 5: Conpound 4 (28 ng) was deprotected using 5%
piperidine in DWW (1 nL) at roomtenperature for 10 m nutes. The
reaction mxture was concentrated in vacua and the crude product was
rinsed with ether (5 nL x 2) without further purification. The
resulting product was reacted wth N-succinimdyl-6-nmaleimdo
hexanoat e ( 10easgdn minturdeas pireg ehwen dtdmpdialusoior oopighe t T @rtiHeeang/EhyuL )
and DM (1 Mobel@snchdd QU iirind kB 4 R0 10X i CribaSichRAL AL ed and
purified by sem-preparative SHPLC to gain 5 (17 ng). : 1100),
found Mr1=11CrtrEieanphethylpeettp &fmild erd wahesioahprager. Bhearesnpagswes by SEQ
| D NO 15) OQ',Kterte'd v@t@@@ﬂ acetate (2 x 50 mL) and the organics were washed with brine, dried
Frnoc- Pro- Leu- d y- Leu- Leu- OHFnoc- Pro- Leu- d y- Leu- LeraN 2 TFAJDC\VR
H3C 5  overanhydrous Na;S0O, and concentrated. The residue was purified on 10 g silica gel
colurnn with 10-20% ethy! acetate in hexane to yield compound 3 (181 mg, 53%) as an
oil.
Synthesis of compound 4: A solution of compound 3 (5g, 19.3 mmol) in
anthydrous DMF (50 ml) under nitrogen atmosphere was treated with benzyl bromide (4
10 g, 23.1 moles), potassium carbonate (3.7 g, 27 moles) and tetrabutylammonium iodide(70
mg, (.01 mmoles). The reaction mixture was stirred at room temperature for 8 h. The
reaction mixture was concentrated under reduced pressure. Chromatographic separation
(4% 10 cm Si0;, 10-20% EtOAc-hexane gradient elution) provided pure compound 4
(5.48 g, 83%) as a cream powder. "H NMR (CDCls, 400 MHz, ppm) 8.22 (d, 1H J=8.1
15 Hz, C5-H), 7.68 (d, 1H, J=8.2 Hz, C8-H), 7.3-7.5 (m, 8H, C1-H, C6-H, C7-H,
CHaCeHs), 7.06 (d, 1H, J=1.1 Hz, C3-H), 6.62 (br s, 1H, NH), 5.23 (S, 2H, OCH,(C¢Hs),
1.55 (s, 9H, GC(CHas)3).
Synthesis of compound 5: To a 1000 ml round bottom flask equipped with a stir
bar and a rubber septurn was combined compound 4 (13 gm, 0.0372 moles) and THF
20 (300 ml).The clear yellow solution was cooled to -20° C with a dry ice bath under a
nitrogen atmosphere. p-Toluenesulfonic acid (0.10 gm, 0.0005 moles)} was added to the
reaction and the selution was stirred for 10 minutes, N-Todosuccinimide (10 gm, 0.0446
moles) was dissolved in THF (50 ml) and added to the reaction by cannula
{approximately I hr). The solution was stirred in the ice bath for 2 hr and turmed
25  brownish. Removed ice bath and let warm to room temperature under nitrogen for 1.5 hr.
TLC (2:1 Hexane/DCM) showed no starting material and a new higher spot. Reaction
was quenched with saturated NaHCQj; (200 ml) and a white solid formed. After stirring
the solution for 10 minutes, EtOAc (200 ml) and water (100 ml) were added to the
reaction. The aqueocus layer was extracted with EtQAc (2 x 100 ml) and the organics
30  were combined and extracted with brine (100 ml). The organics were dried over MgSQO,,
filtered, and concentrated under vacuum to a dark red-brown solid. The solid was
purified by column chromatrography using 2:1 Hexane/DCM as eluant to yield
compound 5 (14 gm, 79%}) as a brown solid,
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Synt hesi s of Compound 2: To a solution of Fnoc-Pro-Leu-dy-Leu-Leu-CH
10 (SEQ I D NO 15) (200 ng, 0.27 mmole) and ter-butyl-4-am no benzoate
(114 mg, 0.59 nmole) in solution of 5DV in DCM (5 nL) was added
HATU (224 ng, 0.59 mmol e) followed by addi ng diisoproopyl et hyl am ne
(410 uL, 2.36 nmmole) at roomtenperature. The reaction m xture was
stirred for 30 mnutes. The sol vent evaporated and the residue was
purified by flash col um chromat ography on silica gel eluted with 5%
15nmet hanol in dichl oronethane. The resulting product was dissolved in
DMC/ TFA (1:1, 10 fynthesis @f compomidid:(Tioa 20fm] rovid hotiem Anskregwpret! evith stirduur e

for 90 mi nut esq SRk ekt WeRS oM BTV HpHRES S, xg&%{hmqlemﬁd S \i6us
product was precipitated with ether to yie

Synt hesi s of W¥RpBGAAY: Fhe ydloy-osegsoiugan wb %@ﬁ%‘@&’n@ “2‘(14'21‘3?((;1"‘“ bath049

nol ) in 20 DRiferWagrogdt@soshitid) Mazxqﬁmh 2neh, b DA} Lisngadieagt | on
m xture Waﬁs stirred for 10 _mnutes at roomtenperature followed by 3
S

(40 ng) JREEELY P’éetwan?‘??ewg%’ Hingd devdy grsa 828 peiPiatedr &he gkon

reacti on m Xtwhs emwasn @&t ice baglfol Dﬂ’mﬁaﬁtemmlﬂﬁe&ﬂme iGohwent rep@sed Qv ed

under vacuum S irect.l S mtted or
Sal;l}g on was stme%q‘or aQ tﬁ)er"fg W%s %s/z‘écgmr% 321D1 ]gglowﬁgene %‘Sf hesi s

purification T IhrepdratTve
of Conpound 5.05Cbmples)mds 2Hd¢BS theggacivadydppizet Betredtionsy R gtirkoupdeper di ne

in DVF (1 m), eJﬁ?Mﬁ%ﬂ%@%&ﬂgfggh;%ﬁhﬁ‘r@ch& hifStowd LA @ACt 1 On

m xture was concentrate er vacuum an crude product was
rinsed wi tth disene/EtGAgrshowed Yo giprtipgomaterialzndaaiew pryvel mot;éifhpmqﬂloifhés

resulting pr Q;qé}féﬁed%& WaRREAE chiyvhda o%k‘ﬁ?&%&‘bﬂﬁééteoﬁwumhﬁ'awt
hexanoat e (10 rrg in the presence o ||sfb(§roo yl et hylam ne (1 uL)

and 10 DVF ( TOR{) apdihe srepiicsrere wanked R Orrod xmPxtlliride freanieorsechied at ed
and purified Joa MU, -MEeRP asddbohdtstrdddlibdd 9a@ah o a‘Sblé&I%mgI)he phoWiRt wis296) ,

];]9 ug(rjm(';m-,il QZ%H%}QBI & 19 1%@5%25 D&,?l;sg Isl BEME%X ne as edluan:t to yu:l(? (E?Zc)) Irg }-I on

15  Butyl 4- (benzyloxy) -1-iodonaphthalene-2-yl(3-chloroallyl)carbamate (6) (9 gm, 93%) as
a yellow oil.

Synthesis of compound 7: To a 500 ml three necked round bottom flask
equipped with stir bar, temperature probe, reflux condenser and nitrogen inlet were
combined compound 6 (9 gm, 0.0164 moles),toluene (200 ml), 2,2’ -azobis(2-

20 methylpropionitrile) (.15 gm, 0.0009 moles) and tributylitin hydride (1.5 ml, 0.0056
moles) (by syringe). Nitrogen was bubbled through the solution for 15 minutes and then
the reaction was heated to 80° C under nitrogen. After heating at 80° C for 15 minutes,
tributyltin hydride (1.5 ml, 0.0056 moles) was added to the reaction by syringe. After
heating for another 15 minute tributyltin hydride (1.5 ml, 0.0056 moles) was added to the

25  reaction by syringe. After a farther 15 minutes, tributyltin hydride (1.0 mi, 0.0037 moles)
was added to the reaction by syringe. The total amount of tributyltin hydride added was
5.5 ml, 0.0204 moles. The reaction was heated at 80° C for 30 minutes and then allowed
to cool to room temperature, TLC (10% EtOAc/Hexane) showed no starting material and
a new higher spot. The solution was concentrated under vacuum to a yellow oil. The oil

30  was purified by column chromatography using as eluant 100% Hexane to 5%
EtOAc/Hexane to 10% EtOAc/Hexane to give a pale yellow solid. The solid was
recrystallized from hexane (100 ml, 45 C for 30 min, cooled in fridge for 2 hr, collected
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0.37 nmmol e) and ter-butyl-4-am no benzoate (114 ng, 0.59 mMmmle) in
solution of 5% DVF in DCM (5 nL) was added HATU (224 ng, 0.59 mmol e)
foll oned by addi ng diisoproopyl et hyl am ne (410 uL, 2.36 nmole) at
roomtenperature. The reaction mxture 20 was stirred for 30 m nutes.
The sol vent evaporated and the residue was purified by flash colum
chromat ography on silica gel eluted with 5% nethanol in
di chl oronet hane. The resulting product was dissolved in DMJ TFA (1:1,
10 nL) and the m xture was stirred at roomtenperature for 90
m nut es. Sol Veyiiltrajes driedryderdagupmy/yiel coOpernd 7 %+ brgre i 0has]d pexwidiet at ed
with ether tqeyield 2 (190 ng, 72%. 5Synthesis of Conpound 4: To a
sol ution of conpound 2(20 ng) in DVF was added HATU (13 ng) and the
resulting reaction mxture was stirred for 10 m'nutes at room
tenperature followed by 3 (25ng) diisoproopylethyl anjne (22 ulL) at
roomtenperaturegi The reaction m xture was stirred ;7 60 m nut es.
Sol vent was reno%ed |n vacuo Crudefproduct was dirett subm tted
¥

prepar o] gal n 4 (z | 60%) .
aﬁég ?gj%g%%g @ tef u$ing 5%
) at roomterrperature for rFmaAut €8. The

i i , centrated in vacuo and the cr q%@uct was
rinsed with ether© X 2) wthout further purificati he
resulting product was reacted with N-succininmdyl-6-maleinmdo 15
hexanoate (8 ng) in’the presence of diisoproopylethylafine (12 ul)
and DMF (P L) for 3 hours. The reaction mixture was concentrated and
purified by semn - Pieaframigcpiecvspl @at ¢ssglpcic DCM GOrmg,) L mlp. Ve sqladpp)was

found Mr1=11Gin dmhﬁlez&e (mm WEEALuB6h s dleh Wddd SAkQICHYBLE @ B8 { O
Ant i bodi es 20For dr azogség &’6‘?’ Thi s exanpl e descri bes reactl on

condi ti ons arf8 “Wﬁf JHEPY BRI HNgE ARG PPIoPHIRES Yol ecul e
of the i nventmlesin) Diptangftschl apluiri GCck BIQOM OB 2FeoUBmicBHg Rivasa spacer s,
reactive nct.i and.the |ike a

targeti ngIdzjlgeIEﬁt 5 ms&mgqﬁg%&%ﬂgﬂ ' |(%nlshe§%n )mgt hodrépgtgslrr@réuq%fr” '3 w&{%%ed to
be exenpl ary Gﬁﬂly%}i‘dﬂmi b1 @t §, AgCHOBha#4 dplpr. bachs, GHCHe R 3Wead | ng
drug- |1 nker 270l eekneer)0 AR 00U A%ACE SRS Ailcmcy  The

COI’]] ugatl on net hO eSCI’I b erei ase on |1 n 1 on free

t hi ol groups %6 @the Akthbedy: Hht- %@@hmr @é‘éizr%ﬂssé‘aioHls)y%ﬁh(éﬁ o iz,
anti body W t ke 2rj. gi3nag i ol e, d,@l;) owed by reaction of the
drug-1inker nolecule with an active maleinide group. Initially the
ant i body Yo he conj.ugat ed was buffer exchanged into 0.1M phosphate
buffer pH 8. GX88Rd?t ai ni ng 50mM NaCl, 2M DTPA, pH 8.0 and .
concentrated to~5-40 ng/nj . Thi ol‘htl%géjfvas achi eved throughfaddi ti on
of 2-i ni not hikek angltotfiedant i body amount of 2-i m notk(i of aNe: t o
be added was d@teh'rrinm prel i mAary—experrnent s and_v ed from
anti body to anti body. t he prel? &t reerdpe @RYer i ment 37(3 itration of
i ncreasing 1 2

20 Synthesis of Compound 2: To a solution of Fmoc-Val-OH (200 mg, 0.59
memole) and tert-butyl-4-amino benzoate (114 mg, 0.59 mmole) in solution of 5% DMF in
DCM (5 mL) was added HATU (224 mg, 0.59 mmole) followed by adding
diisoproopylethylamine (410 ul, 2.36 mmole) at room temperature. The reaction mixture
was stirred for 30 minutes. The solvent evaporated and the residue was purified by flash

25  column chromatography on silica gel eluted with 5% methanol in dichloromethane. The
resulting product was dissolved in 5% piperidine in DMF and was stirred at room

temperature for 10 minutes. Solvent was removed in vacuo. Crude product was purified
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anounts of 2-im nothiolane was added to the anti body, and foll ow ng
i ncubation with the antibody for one hour at roomtenperature, the
anti body was desalted into 50mM HEPES buffer pH 6.0 using a Sephadex
0-25 colum and the nunber of thiol groups introduced determ ned
rapidly by reaction with dithiodipyridine (DTDP). Reaction of thiol
groups 5with DTDP resulted in liberation of thiopyridine which was
nmoni tored at 324nm Sanples at a protein concentration of 0.5-1.0
mg/ M were used. The absorbance at 280nm was used to accurately

det er ni ne t hebycenigeetaratitd BRLOb oprint2d149 mg 81%ke’ B ENB (@MSCB.GIBMS sa@m, an

al i quot of e t (5mM
ot ook sol ut i aih G per's O o 157 hifv et ah Mhiatenall Lethioh ank
sanpl es of bulffdm, okt mﬁlsi)DTdHEth@s Vet é9?a18$é0unﬁwﬁal9édlal ongsi de.
After 10 m nutes, absorbance at 324nm was neasured and the nunber of
thiol s present quant Bt*&t/ed usi ng an extl nction coefficient for

t hi opyri di ne of 198(Q Typicagl ly a thiolation |evel jotythree

thiol groups per Odv—le s desired™ Kor exanple, wth one N ,H’,
particular antifg thi s was achreved—througtr addi ng a 15 %/r\r’dl a
15excess of 2z{mYnot hi ol ane fol | oweek Byidnbaiat i on at

tenperaturg for 1 hour. Antibody to be conjugated was7(h efore

i ncubated with 2-imreothiolane at the desired nolar ratid and then
desalted into conjugation buffer (50nM HEPES buffer pH 6.0 contai ni ng
5nM gl yci ne, 3% Geyntlesio bf Gevapa@nd/BDARA)tionTdi@ (t49ing @5 edmok], Embakhlanas

mai nt ai ned Ol‘bﬂ Q‘%sﬂ’%@ lLisl dm‘&%}@) gﬂ‘i”@‘?f%?ﬁg E)E‘k?ll‘ﬂ%le Igttlc\r &??51)9(%%/1%&&1?111% he

guantitated as descri er’verifica
nunber of 1& hi(@15:L; 704 setalekid solptina ofp fadpME inlREM bbb wisetiveferdtni ng an

active nal ei rﬁlgﬁeggmu@vmgvaagg@ﬂm%ma amd &Qleqdma%u@m%ﬁaqﬂ%&um ol .
The conj ugatl on reaction was carried out in C%é; ation fer al so

contai ni ng a PioRAICEEFNCR siFasd drebVitndh erfhgick ha@ﬁ f%@clﬁiﬂﬂtmét her

(or a suitablpgsdatitag Midkdly bRy B gprotedBol g Pia Mtecttnlg rddp u»@rch waker
stock sol ution wa col § et her,
élnu{eﬁ

i.ssaql ve 0°/eth|en
S0 o ot hyl B SRS AR DR Fooan SRR Fos  eBPUR on
was addedidi rieedchy Chde ploguct hnniuaﬁerbyammqﬂ;atwitho hatﬁmenmmhg

et hyl ene gly dj r i.ng ratlon
to 5% or prgﬁ%’ I%@oﬁﬁnM%%EﬁS&gﬁl %lgtgﬁér(b‘ lght allﬁc} 2% gg?{(ﬁg
concentr at i or3.76f(m10%6 334y, emezgl% gmaH) di2gwirhgH), e4hernH) f1aol(aws 1bp
addition to ol at an The
conj ugation ?eé ioé@%gﬁ!# MS Bé’oﬁ;ﬂ]f G h/g?a ure for 2 hours
wi th m xing. Follow ng |ncubat| on the reaction mx was centrl f uged at
14000 RPM for 15 minyt €5  dhd the pH was™agdjusted to 7.
purification was Nj ﬁgﬂ“@z Purification of conj u N\/\ Jl
achi eved t hrough onmat gr hphy ustng—a—ntmer™ of jugame
can be purifiedysing size-exclusion chromatograph a Sephacryl
5200 col ugn pPe- egui i brated with 50mM HEPES buf}f(eropH 7.2 cont &Ai ng
5mM gl yci ne, 50mM NaCl3 and 3% gl ycerol . Chromat ography wass carri ed
out at a linear flowrate of 28 cmih. Fractions 5 containing
conj ugate were cﬁjnd@bledﬁCqmmhe(MS:amia mio&nﬁcroaxp@dld 3A14t6afg1auhmealley
purification be a ou hro h
Gondi 1§ ons. VAT ¥ RERAN: P 1 RRE ol SEARRNAG MG MBS PRy 1 o
each case2> FdF3Saneabipd elmOEh%thtﬁo@yT@n cﬁgtt@omcmwr!e kfrpeactmgcfm 2ﬁ IRINYES
applied to a

%oéﬁ’m?ﬁ%‘&&ﬂ%&ﬁ%ﬂé%@k%ﬁ%%% 1dEAb gebyk Eblﬁ%H“’i‘h'é'FeP S% ng

gl ycine, 3%yl ycer ody conjugate was el ute
a gradi ent ofreaction nuxruxe was stirred for another 10 minutes and was allowed to warm to room

temperature for 1 hour, The reaction solution was then concentrated and purified by semi-

preparative HPLC to obtain 5 (230 mg, 77%). 'H NMR {(DMSQ-dg) 8 8.2 (br, s, 1H), 8.09
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100-1M NaC in equilibration buffer. Fractions containing the

conj ugate were pooled, the pH was adjusted to 7.2 and the sanple
concentrated as required. For peptide |inkers: This exanple
descri bes reaction conditions and net hodol ogi es for conjugating a
drug-linker nolecule of the invention (optionally including other
groups, such as spacers, reactive functional groups and the like) to
an l1l5anti body as a targeting agent, X4. The conditions and

nmet hodol ogi es are intended to be exenplary only and non-limting.

O her appr oache$H), 3P 1{dod]) it @ridgD dr Tdd. 2HnKEYS (ddHad\ 38 éw, 31D, Baft (mhaid) es
are known in ifQqaid.445 (m, 1H)Tb¢s &P@HPQ@E thrlI-H%td@Q(jzﬁ)e§§{ gﬁﬁ @i N

is based on introduction free thiol ant | t hr ough

reaction of |y8iHh#s2-f by Hﬁ) ant lbb?ﬁi)yl %i(fﬂh%@ {)H (ﬁbi’“ﬁ] 69%1(% 3H20 foll owed
by reaction of,fheocdiMs-dBBRetuiNiecyteiad th an active nal ei m de

group. Initially the\g.ntl body to be conj ugat ed Was\}) er e changed
into 0.1M phosphat & B\Eﬁ Iﬁ nt aji.ai ng 50niYl Z‘i‘% TP pH
8.0 and concentré - 108 nﬁ Thi-etat i o i eved 1 r. dgh
addition of 2-b oth| ol ane to “anti bOdyHO e anount of

2-i m not hi®l affe 20 be added was determned inQrelim nﬁf‘y experl ment s
and varies 25from antibody to antibod In_the prelifi

experiments, a tiPYupesisal Grmpoyad 854 plytionasiims - lifqn?'ﬁleﬂd'?%ﬁo&bﬁ‘ﬁ‘e was

added to the vaﬂlt"lrm@ﬂw (&.@ rmlfbmsnnngmnmlaaw@mmévbpdl&i@i iaRdch®ody for
one hour at ro ure

ant i body was des ed jnt omM
CErEe but for DR Beh S M Saan e AR D3R i eSS AN B ol
t hi ol groups NMRIDHSOeK) Tiatssir 1eH), 8.ap, YHHY.09 @adH),Tm1w, ki, 7.84 (d,

resul ted i n 1FDe o g b By arr e st o A5t £ G B anm
Sanpl es at a J5dmel ), THhoe tHY, A0B GrRHf2. 81 (5 2H), Q.36 gh nifH) VE0e2. 255 2H)T he
absor bance at 2795%9%%"1’3151 AMsﬁ% (#1% (ﬂn%ﬁ{ ﬁ(%e({vﬁf 5,08, ({Elgd M1=573.38

concentration en an a each

sanple (0.9ml) was incubat ed V\M/I’w *d DTDP (5nmM stoq:r
et hanol) for 10 ut@s at mﬂ"émﬁé’ ure. Bl aok § er Hupfg

al one plus DT 2] nC’ubat%d al ongsi 0 m nutes

absor bance at,Né& nrrbmﬁprreasur ed and the Noﬁgjl?oer &@Tgiﬂhl ol s _present
guantitated usingmran éxtinction coefficient for tmn opyri dffié of
19800M 1. 1%Typically a thiolation level of three thiol groups per

anti body is desired. F3r exanple, with one Pal’tl cul ar a#ti body this
was achi eved t hr otiiihesis af Goneund 85 §o asohsion el eoreend 7625 me. OB hotieled| ane

fol l oned by lmalhﬁtrUQ[B 85,00 9MbIe R eMAL (W5 e1h Qhas z;ddapdifsoprtﬁ&fﬁ?l'etlﬂﬂg%nteo be
conj ugated was_t erefore i ncubated with 2-im nathiolane a

desired nol artt ¥t P67 BHY' perPRiETRIt e TRrG-BmtarPoRBLfrd? (50mm
HEPES buffoer nghhité. $hivent was removed in vacuo. Crude product was directly submitted for

purification by semi-preparative HPLC to gain 8 (33.3 mg, 76%). CooHs2CINgOs (MS:
1077.44), found M+1=1078.31.

H> 0 i Y}
B0y JDL 1} 5% piperiding in DMF “{‘N”\[”“‘NM
hew o %’ic' H p 0 H
Ly o H H E—— N
E%\ @N(@ 4,0 o r(}N oy ’
rND N 0 o - o N
Wy 2TFA q OJK/\,?Q § 2TFA
9
8 10
25 Synthesis of Compound 16: Compound 8 (33 mg, 0.025 mmole) was

deprotected using 5% piperidine in DMF (I mL} at room temperature for 10 minutes. The

reaction mixture was concentrated in vacuo and the crude product was rinsed with ether
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10 contai ni ng 5nM gl yci ne, 0.5% povi done (10k) and 2nM DTPA). The
thiolated material was maintained on ice whilst the nunber of thiols
i ntroduced was quantitated as described above. After
verification of the nunber of thiols introduced, the drug-1linker

nol ecul e cont ai ning an active mal ei m de group was added at a 3-fold
mol ar excess 'per thiol. The 15conjugation reaction was carried out in
conjugation buffer also containing a final concentration of 5% DVSO
(or a suitable alternative solvent). Commonly, the drug-1linker stock
sol ution was @misohwadoyt frthooysitkaiet Bld resdting pseders wasercted aith 9i(blnmg. o
antibody, they @ikl Ml jr %]@s'anawdlﬁgﬂea?ﬁthgﬁﬁﬁ&ys S8, bhb@s Inmoeb AHagshr

anti body, which _has enoug} rin
concent r at i orfl ) fodfowst 1ps waipr BEde Vi f@%ﬁﬁpw‘dta%wn@m w@'emzo

containing a pflépeﬁlweq@megmﬁo @2 nfaf 75¥0% IEEN, Jo thowe tl. Ly, ragdi tion to
an equal \;5? g\qe % i ol ated anti body. The conjugation reaction
was i ncubat ed 8 YR tenperature for 2 hours with m xing. Follow ng
i ncubation the reaction mx was centrifuged and filtered through 0.2
m cronet er filsewmleiBurificati on of conjugate was achi eved through
chromat ogr aphy 94si ng 25 a nunber Q8¢ net hods. Conj ugat eo¥an be

purified usi %ﬁj’m' usi on aphy msu a Se @%@@3
col um pre-equi Libriat ed wth~50mV.IHEBES buffer—pH 7.2 calnt aj niypg 5mM
gl yci ne, 50mvRaCT afd¥ 0. 5% povicBon (Cipﬁk)Tnch@hﬁe@mtlleg‘FQph a8
carried out at a Pfhear flow rate of*28 cmh. Fractions c ai ni ng
conjugate were coflected, pooled ar% concentrated. Alternatdvely
purification can be achieved throu i on- exchange 30 chr orrat r aphy.
Condi tions vary fPutiesiaef Goegoupd 29 henpddgs aivtpleed methyl %@6@?‘% zed in

each casejg FQEetﬁ)ﬁaﬂ@lueuroﬁfgchMd e Wals meuv&glatlwmmmmmmw
applied to an SP- tﬁ)(Hfgﬁlarose col pre-equilibrated i n 50nV HEPES,

5mM gl yci ne, "BF808 %ﬁ@%&eﬁ@mﬁaﬁww 5’35 aﬁﬁ@i ‘9 He flpddyd befptigat e was
el uted usi ng niix@feadk afifed O¥erQeht Mhb8Everk Was S apdkdtddafedsrédae vhblfmflﬁfed a¢erpH

i i yzed agaihet o RPAET D Y PGB ot BebE AT RB

cont ai ni ng 5neMeg by 67 Rejeld BIMRE INGVIR (A00BIHZ, BRSO ohd, (H)OE)3 (rr51H)

recbost oaio Btk Tsbl & PR B L Thy sy 000 Lot DS Bmmy o

| abor atory procedsynéesis MCenioBid 35@0&@@10& rMAGPSTicOmpddddl@pivas NY)

bet 6- 8 el I i ght
Frank wi th 2 o 57 Sl SulThL AR SR AN B VTS, ' o2,
nmouse. M ce Wlewaeiididdaloandbintbasidition of 526 miuthd7snNdieseef di mensi onal ly
USI ng an el tetl&Q)pdaget&{i’tl depﬁ{e }é&%&l%]%%@d’l¥ ﬁlﬂ!\)}BF{O S'hpﬁl' ?’?4‘191}-]4 Gﬁ'ﬁ BE-EHZ{B‘RI.

vol unes were cal cul ated as g ce wt tunors
aver agi ng?R200vahirgniigesddy Mhhdviipiesahdmplbdie nﬂ@éﬁtwemag@r Sdipisthe Fhpgiomvese

were dosed i RbAHRRE e kORI Wokabd Pﬁﬁn&ﬁbﬂ &lb%unﬁe%o& Qﬂ%angep ahi ygat ed

i sotype control antibod r cytotoxin- ugat ed anti
yp column was packe)cll w?th 0. lg' TEA in hexaneq he%loduct was e]uted with 5% to 50%

ethlyl acetate in hexanes to give 600 mg (70% yield) of compound (3). M =4770
M = 499 0, H1 NMR (400MHz, DMSO-d,): 810.08 (s, 1H), 56.48 (broad, 1H),

25 8543 (t, 1H), 85.20 (m, 2H), 84.32 (d, 1H), 33.63 (s, 3H, Me), 31.98-1.96 (9H, 3 x AcO).
C13 NMR (100 MHZ, DMSO-ds): 8170.2, 170.1, 169.8, 1674, 158.2, 92.3, 90.5, 70.5,
69.5, 68.9, 53.48, 21.0, 20.8, 20.8,
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15 CD70 HuMAb 2H5 on Day 0. Each group contained 7 mice. The
foll owi ng cytotoxins were studi ed: NH2 Conpound A Compound B
Compound C Conmpound D

Synthesis of Compound 5: 344 mg (0.72 mMoles) of compound 3 and 200 mg

{0.6 mMoles) of compound 4 were dissolved in anhydrous DCM in a round bottom flask
containing dry molecular sieves, The flask was placed over a NaCl/ice bath at -10 °C, 30

5  pL (0.24 mMoles) of boron trifluoro diethyl etherate was added to the reaction mixture at
-10 2C. The temperature was gradually allowed to rise to -5 °C and stirred at this
temperature for I hours and then at O 2C for half an hour. 3 equivalents 226 pL (1.8
mMoles) of boron trifluoro etherate were added at 0 2C and the temperature was allowed
to rise to room temperatore. Stirring was continued for 2 hours. The solvent was

10 evaporated and product was purified by reverse phase HPLC to give 250 mg (0.45

mMoles) of compound (5} (75% yield base on compound 4). M* =550.0

EAS

5 6 7

[s1e]

Synthesis of Compound 7: To a solution of 20 mg (0.07 mMoles) compound 6
in 2 mL of anhydrous DCM at ) °C was added a solution of 32 mg (0.048 mMoles)

I5  compound 5 in 2 mL of anhydrous DCM followed by addition of 400 pL of pyridine at 0
2C. the reaction mixture was stirred at this temperature for 15 minutes. The product was
purified by reverse phase HPLC to give 33 mg of compound 7 (84 % yield). M*' = 808
and M"™ = 830

NH;
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NH 0.).'"NH2 Conpound E Conpound F  Conpound G Table 1 is a sumary
of the dosing groups based on mml e of Toxin (Conpounds 5 A-G . Table
1. Study Sunmary G oup Dose (Toxin gnole) Vehicle 11' SD Matching
0.1 vol 2

Synthesis of Compound 8: Compound 8 was prepared either as it HCI salt with
4 molar HCI solution in dioxane or its TFA salt with 33% TFA solution in DCM, The
reaction was monitored by HPLC until complete. The solvent was evaporated and the

product dried overnight under Hi vacuum and used in the next step as such, M* =708.2
OYNHz
HNL
mf\N»&iﬁl\/\N,Fmoc
NH, "o r@ 5 H H
© 9

ZI
=

10
Synthesis of Compound 10: 31 mg (0.04mMoles) of Compound 9 in 2 mL. DMF

was preactivated with 15.5 mg (0.04mMoles) HATU and DIPEA (enough to ensure the

pH was 7.0, 21 pL, 0.12mMoles} for 20 minutes in a round bottom flask. A solution of
10 30 mg (0.036 mMoles) of TFA salt of Compound 8 in 1 mL of DMF was then added to

the above flask followed by the addition of 14 pL {0.08mMoles) of DIPEA. The reaction

mixture was allowed to stir for 3 hours followed by evaporation of the solvent and

purification by reverse phase HPLC to give 31 mg of the TFA salt of desired compound

10 in 59 % yield. M*' = 1348.8

15 11
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CD70.1 0.1 IP SD 0.1 3 CD70.1- Cnpd A
SD 0.01 5 CD70.1- Cmpd B WSD 0.1 6 CD7
CD70.1- Cnpd CIP SD 0.01 8

IP SD 0.1 4 CD70.1- Cnpd A IP
0.1- Cnpd CIP SD 0.1 7

Synthesis of Compound 11: 30 mg of compound 10 (.02 mMoles) was
deprotected by stirring in 2.5 mL of MeOH and 4 pL of 2N NaOH solution for 5 hours.
The reaction mixture was neutralized with acetic acid and passed through reverse phase

HPLC to give 17 mg (0.014mMoles) of the double TFA salt of compound 11. M =

5 986.6
Ox_-NH,
0. _OH HN
HO,, L C
! O 0
H 3 H N
HO H N \H/\N \//\N)]\/\/E?
N H O

12

Synthesis of Compound 12: 17 mg of the double TFA salt compound 11 (0.014
mMoles) was reacted with 5.1 mg (0.018mMoles) of commercially available N-

10 succinimidyl 4-maleimidobutyrate in 3 mL DMF and 12.2 pL (0.07 mMoles) of DIPEA
for 1 hour, The solvent was evaporated and 14 mg (0.01 1mMoles) of the TFA salt of the
desired compound 12 were obtained after purification by reverse phase Prep HPLC ( 76%
yield). M*! = 1151.8
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CD70.1- Cnpd DIP SD 0.1 9 CD70.1- Cmpd D IP SD 0.01 10 CD70. 1- Cnpd
EIPSDO.11I CD70.1- Crmpd F IP SD 0.1 12 CD70.1- Cmpd GIP SD 0.1
Figure 1 shows the mean tunor vol une versus days past dosing and
Figure 2 10 shows the nedian tunor volune versus days past dosing.
Ef fi cacy, based on these experinents, appears to be in the follow ng
decendi ng order Conpound D > Conmpound A > Conpound F > Conpound B >
Compound C > Conpound E> Naked CD70. 1/ Conpound G Figure 3 shows
percent body wei ght change versus days past dosing.
Example 17:
1. @Rol‘:
HN

O CH
Fmoc-Leu-Ala-Leu-OH - Fmoc—Leu—Ala—LeU/‘LH’Q)L

1 2. TFA/DCM 2
0L
A NH
LA ¢ | BATU, DIEA
N o

2TFA 3 H Leu
hd
" F HQ °
0 N
A O (o}
TN O 7
AN I,

/ 1. piperide
0 o,
2 3
(s 2 O
R !l CH, ° °
N N

N HSC‘K Hacd\
HyC ~ )‘\/@— C i{ = Hj\/\f?;g

5
Synthesis of Compound 2: To a solution of Fmoc-Leu-Ala-Leu-OH (200 mg,

0.37 mmole) and ter-butyl-4-amino benzoate (114 mg, 0.59 mmole) in solution of 5%

5 DMFin DCM (5 mL) was added HATU (224 mg, 0.59 mmole) followed by adding
diisoproopylethylamine (410 uL, 2.36 mmole) at room temperature. The reaction mixture
was stirred for 30 minutes, The solvent evaporated and the residue was purified by flash
column chromatography on silica gel eluted with 5% methanol in dichloromethane. The
resulting product was disselved in DMC/TFA (1:1, 10 mL) and the mixture was stirred at

10 room temperature for 90 minutes. Solvent was removed in vacno, Crude product was
precipitated with ether to yield 2 (206 mg, 80 %).

Synthesis of Compound 4: To a solution of compound 2(20.6 mg) in DMF was
added HATU (10.3 mg) and the resulting reaction mixture was stirred for 10 minutes at
room temperature followed by 3 (20mg) diisoproopylethylamine (23 uL} at room

15 temperature, The reaction mixture was stirred for 60 minutes. Solvent was removed in
vacuo. Crude product was directly submitted for purification by semi-preparative HPLC
to gain 4 (28 mg, 76%).
Synthesis of Compound 5: Compound 4 (28 mg) was deprotected using 5%

piperidine in DMF (1 mL) at room temperature for 10 minutes, The reaction mixture was
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B. Conmpounds A, F, HJ 786-0 (ATCC Accession No. CRL-1932)
cells were expanded in vitro using standard | aboratory procedures.

Mal e CBI 7. SCI D m ce (Taconic, Hudson, NY) between 6-8 weeks of age
were inplanted subcutaneously in the right flank wwth 2.5 mllion
786-0 5 in 0.2 m of PBS/ Matrigel (1:1) per nouse. Mce were wei ghed
and nmeasured for tunors three dinensionally using an el ectronic
caliper twice weekly after inplantation. Tunor vol unes were

cal cul ated as height x width x ength. Mce with tunors averagi ng 200
mB wer e r andwndepieated imyasug andgherpante pryrent prss rifivewvith cther (Rerlex Howitdut

i ntraperi t oneglley piMiRlioR Be Y&if ﬁodu%a@?é&&k&‘wﬁmlsﬁ&ﬂnﬁg 1"\456%1&{81‘%10 on

control anti body or cyt ot oxi n-conj ugated anti -

Day 0. Each d¥stipateGAme) Hder mespice af woonawpqhblwgtléywﬂémﬁ%ﬂw@r)e
st udi ed: GoNMPRMAITIA reactichHHANRAME Sonkentrale@ RGUAGdy NihiGipRagnrd |

5  HPLC to gain 5 (17 mg). (MS: 1100), found M+1=1101

Example 18: (peptides in example 18 encompassed by SEQ ID NO:15)
1 2 i
(0]
Fmoc-Pro-Len-Gly-Leu-Leu-OH . choc-Pm-Len-Gly-L,eu-i,r:*.u/i ﬁ

1 2. TFA/DCM

i %I>
HATR, DIGA
N L{Q l

P
27FA Len-Leu-Gly-L.

is cl Q \([’(
F H
- NJOLo » 3__[@“ 0
NS R
Hoo oy
/ 1. piperide
_<3

g\_i?}_(j@’ p n"“ﬁ? °Hs°j

Synthesis of Compound 2: To a solution of Fmoc-Pro-Leu-Gly-Leu-leu-CH

10 (SEQID NO:15) (200 mg, 0.27 mmole) and ter-butyl-4-amino benzoate (114 mg, 0.59
mmole) in solution of 5% DMF in DCM (5 mL} was added HATU (224 mg, 0.59
mmole) followed by adding diisoproopylethylamine (410 L, 2.36 mmole) at room
temperature. The reaction mixture was stirred for 30 minutes. The solvent evaporated and
the residue was purified by flash column chromatography on silica gel eluted with 5%

15 methanol in dichloromethane. The resulting product was dissolved in DMC/TFA (1:1, 10
mL) and the mixture was stirred at room temperature for 90 minutes. Solvent was
removed under vacuum and the erude product was precipitated with ether to yield 2 (190
mg).

Synthesis of Compound 4: To a solution of compound 2(42 mg, 0.049 mmol) in

20 DMF was added HATU (20 mg) and the resulting reaction mixture was stirred for 10
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Compound J 10Table 2 is a summary of the dosing groups based on mmol e
of Cytotoxin (Conpounds A, F, HJ). Table 2. Study Summary G oup
Dose (Toxin p,nmole ) 13 Vehicle 1P SD 14 CD70.1 0.1 IP SD 0.03 15
CD70.1- Cnpd A IP SD 0.005

minutes at room temperature followed by 3 (40 mg) diisoproopylethylamine (35 uL) at
room temperature, The reaction mixture was stirred for 60 minutes. Solvent was removed
under vacuum and the crude product was directly snbmitted for purification by semi-
preparative HPLC to gain 4 (33 mg).

5 Synthesis of Compound 5: Compound 4 (33 mg) was deprotected using 5%
piperidine in DMF (1 mL) at room temperature for 10 minutes, The reaction mixture was
concentrated under vacuum and the crude product was rinsed with ether (5 mL x 2)
without further purification. The resulting product was reacted with N-succinimidyl-6-
maleimido hexanoate {10 mg) in the presence of diisoproopylethylamine (12 ull) and

10 DMF (1 mL) for 3 hours. The reaction mixture was concentrated and purified by semi-
preparative HPLC to gain 5 (15 mg). (MS: 1296), found M+1=1297

Example 19:

9

1. "
o)
Hzn|©)L o] @ﬁ
Fmoc-Ala-Asn-Leu-OHl —— Fmoc-AIa—Asa-Lcu/"
, 2. TRA/BCM
%) li{xm.mm
N o
A
2TFA 3 H .
N.. _Leu-Asn-Ala-Fmoc
hd
=€l " e
c A N
Saae GV
N & N
H 4
/].pipurid:
o]
> goj\/\’Q
]
CH
Hac—ﬂ :
_al CH, “:{\
O T Y\Nﬁl\‘r i/\,
H 5 H
N o
2 Iy
}\"0 NH;
N o ﬁ 5

15
Synthesis of Compound 2: To a solution of Fmoc-Ala-Asn-Leu-OH (200 mg,

0.37 mmole) and ter-butyl-4-amino benzoate (114 mg, 0.59 mmole) in solution of 5%
DMF in DCM (5 mL) was added HATU (224 mg, (.59 mmole) followed by adding
diisoproopylethylamine (410 uL, 2.36 mmole) at room temperature. The reaction mixture

20 was stirred for 30 minutes. The solvent evaporated and the residue was purified by flash
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16 CD70.1- Cnpd A IP SD 0.01 17 CD70.1- Cnmpd A 113 SD 0.03 18 CD70. 1-
Cmpd HIF SD 0.005 19 CD70.1- Cnpd Hff' SD 0.01 20 CD70.1- Cnpd H P
SD 0.03 21 CD70.1- Cmpd | I P SD 0.01

10

15

20

25

30

column chromatography on silica gel eluted with 5% methanol in dichloromethane. The
resulting product was dissolved in DMC/TFA (1:1, 10 mL) and the mixture was stirred at
room temperature for 90 minutes, Sclvent was removed in vacuo. Crude product was
precipitated with ether to yield 2 (190 mg, 72%).

Synthesis of Compound 4: To a solution of compound 2(20 mg) in DMF was
added HATU (13 mg) and the resnlting reaction mixture was stirred for 10 minutes at
room temperature followed by 3 (25mg) diisoproopylethylamine (22 uL}) at room
temperature. The reaction mixture was stirred for 60 minutes. Solvent was removed in
vacuo. Crude product was directly submitted for purification by semi-preparative HPLC
to gain 4 (21 mg, 60%).

Synthesis of Compound 5: Compound 4 (23 mg) was deprotected using 5%
piperidine in DMF (1 mL) at room temperature for 10 minutes, The reaction mixture was
concentrated in vacuo and the crude product was rinsed with ether (5 mL x 2) without
further purification. The resulting product was reacted with N-succinimidyl-6-maleimido
hexanoate (8 mg) in the presence of diisoproopylethylamine (12 ul)) and DMF (1 ml.) for
3 hours, The reaction mixture was concentrated and purified by semi-preparative HPLC
to gain 5 (10 mg). (MS: 1101), found M+1=1102.

EXAMPLE 20: Conjugation of Drug-Linker Molecules to Antibodies

For hydrazone linkers: This example describes reaction conditions and
methodologies for conjugating a drug-linker molecule of the invention (optionally
including other groups, such as spacers, reactive functional groups and the like) to an
antibody as a targeting agent, X*. The conditions and methodologies are intended to be
exemplary only and non-limiting., Other approaches for conjugating drug-linker
molecules to antibodies are known in the art,

The conjugation method described herein is based on introduction of free thiol
groups to the antibody through reaction of lysines of the antibody with 2-iminothiolane,
followed by reaction of the drug-linker molecule with an active maleimide group. Initially
the antibody to be conjugated was buffer exchanged into 0.1M phosphate buffer pH 8.0
containing 50mM NaCl, 2ZmM DTPA, pH 8.0 and concentrated to 5-10 mg/ml.
Thiolation was achieved through addition of 2-iminothiolane to the antibody. The amount
of 2-iminothiolane to be added was determined in preliminary experiments and varies

from antibody to antibody. In the preliminary experiments, a titration of increasing
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22 CD70.1- Cnpd F IP SD 0.01 23 CD70 |- Cnpd J IF SD 0.005 24 CDr0. 1-
Cmpd .1 1P SDO0.01 25 CD70.1- Cnpd J |P SD 0.03 Figure 4 shows
t he nean tunor vol une versus days past dosing and Figure 5 shows the
medi an tunor vol unme versus days past dosing. Efficacy, based on these
5 experinents, appears to be in the follow ng decendi ng order
Conmpound J/ Conmpound C> Conpound H > Conpound 0/ Conpound | > Naked

CD70.1. Figure 6 shows percent body wei ght change versus days past
dosi ng. EXAMPLE 22: Tunor-Activated Activity on LNCaP and 786-0
Cells amounts of 2-iminothiolane was added to the antibody, and following incubation with the

antibody for one hour at room temperature, the antibody was desalted into 50mM HEPES
buffer pH 6.0 using a Sephadex G-25 column and the number of thiol groups introduced
determined rapidly by reaction with dithiodipyridine (DTDP). Reaction of thiol groups
5  with DTDP resulted in Jiberation of thiopyridine which was monitored at 324nm.

Samples at a protein concentration of 0.5-1.0 mg/ml were used. The absorbance at 280nm
was used to accurately determine the concentration of protein in the samples, and then an
aliquot of each sample (0.9ml) was incubated with 0.1 ml DTDP (5mM stock solution in
ethanol) for 10 minutes at room temperature. Blank samples of buffer alone plus DTDP

10 were also incubated alongside. After 10 minutes, absorbance at 324nm was measured and
the number of thiols present quantitated using an extinction coefiicient for thiopyridine of
19800M ™.

Typically a thiolation level of thiee thiol groups per antibody is desired. For
example, with one particular antibody this was achieved through adding a 15 fold molar

15 excess of 2-iminothiolane followed by incubation at room temperature for 1 hour,
Antibody to be conjugated was therefore incubated with 2-iminothiolane at the desired
molar ratio and then desalted into conjugation buffer (50mM HEPES buffer pH 6.0
containing SmM glycine, 3% Glycerol and 2mM DTPA). The thiolated material was
maintained on ice whilst the number of thiols introduced was quantitated as described

20  above.

After verification of the number of thiols introduced, the drug-linker molecule
containing an active maleimide group was added at a 3-fold molar excess per thiol. The
conjugation reaction was carried out in conjugation buffer also containing a final
concentration of 5% ethylene glycol dimethyl ether {or a suitable alternative solvent).

25  Commonly, the drug-linker stock solution was dissolved in 90% ethylene glycol dimethy}
ether, 10% dimethyl sulfoxide. For addition to antibody, the stock solution was added
directly to the thiolated antibody, which has enough ethylene glycol dimethyl ether added
to bring the final concentration to 5%, or pre-diluted in conjugation buffer containing a
final concentration of 10% ethylene glycol dimethyl ether, followed by addition to an

30  equal volume of thiolated antibody.

The conjugation reaction was incubated at room temperature for 2 hours with
mixing. Following incubation the reaction mix was centrifuged at 14000 RPM for 15

minutes and the pH was adjusted to 7.2 if purification was not immediate. Purification of
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Adherent cells, LNCaP (prostate carcinonma) and 786-0 (renal cell
carcinoma), obtained fromATCC, were cultured in RPM nedi a

cont ai ning 10% heat inactivated fetal 5 calf serum (FCS) according to
ATCC instructions. On the day of the study the cells were detached
fromthe plate with a trypsin solution. The collected cells were
washed and resuspended at a concentration of 0.25 or 0.1x106 cells/m
in RPM containing 10% FCS for LNCaP and 786-0 cells, respectively.
100 pl of cell suspension were added to 96 well|l plates and the pl ates
wer e i ncubat ewnjigate Bashdusved thougl ¢hounatdgeapletsing amombat kEmehods.dldnimgateg
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were then lncwpgqyééo]f@ﬁmﬂﬁo%amwm RtHea 8t 2 fifkadifwl hik oPFs Moﬁacmm
pC / m3Ht hym di he and i ncubated for an additional 72 hours.

pl ates werd IFRPYBEEEYIEAR NG e st tharpled i yRnsenssater pAkgmgtiyely Pl"é’tﬁrcﬂi?ént s)

i’;lnd count ed QﬁnBeﬁﬂﬁ%ﬁﬁlﬂoﬁ@ﬁ@n@bﬂﬁﬁge@ﬂ%ﬂﬁ@@mﬂlﬁo%ncﬁtﬁm@@d’rﬁlffﬁh@ﬁnbody
ogistic curves were fitted to. the 3H m di ne i ncorporation . as a
fuscti on of | db Gt e hie) Kl R B b OFPdr BarBle R e B

val ues. The lregiigthig watiippbs tb bi $B8cphobsetchiemyu areiequilibrawd inBOGYF MHRESE OXi N

?ggjpgg,?lt \e/Z| 3‘%7\& gﬁr}ag%.%%?lg’ IO]WQ iboﬁf?oinhlgate w%? ellzz]te% uglnggglagerﬁ%¥ I's,
LNCaP/ Pr okt a"[(éll\gﬂ\‘ﬂ@mc@ddmﬂpmbléfeﬂ'uﬁmisnsl CnntgﬁmﬁhNkwg@@Afet@N@lﬁﬁ the

xenogr af t StL{ﬁywﬂé’aa&]uﬂ(%rtgQQthﬁwfpglcl)&\Q?ﬁategi%Qw@%Z SC D mice were

each subcutaneously i1 njected wt I on cells and 1 mllion
prostate stroma cB¥peptide BrkersCCThis @gmplealfistibst rptpn Sendiigpeand

Vil ker svi | | e, mditRolopd thiebosivakihea dlmlmeﬁﬁwgmwmv@n&n;’opﬁbnm

PBS/ Matri gel D Bi oscience) at the flank region. Mce were
wei ghed and d“é‘é‘?ﬂ%gé’&e’?%f’upf RO bl{"‘ﬁ%é‘?a‘&f}"ﬁé‘ﬁ‘éﬁl‘l&ﬁ‘aﬂf‘i‘lg s ditdikgyio an

el ectroni 5 cahiipeay as&ftm@ﬂﬁlg aguaekl* yr}afcbﬁtlohﬁmidaﬁﬂﬁﬂdlég’bs aEEumfded/@Iba nes
wer e cal cul at ed as

aver agi ng 50 AHE W ?rgy ?“qﬁ‘(ﬁ%()rlﬁmu Oﬁ'ter aplilg C?‘? é_g’tc%‘ﬁ%an&ar% %&Ulfff seven

nm ce on Day -niolenids triantéodiey e knogatinatie arnt r avenously wi th vehi cl e,

anti body, or antlﬁgctx%s%l}ig; @g& a%%ﬂbéﬁ%%% leﬁa%woqllmgdsc%oﬂ Qﬁm@ageﬂng

regi men described in Te udies were termnated at Day
62. 30 Tabl er®ps Pdwiapgpody thsa;gf[)emﬂe@of lysiwgs ef theTamabady Mithdtiminothislang ody

g/ kg) Vel clegiowd BPeaction of the drug-linker molecule with an active maleimide group. Initially
the antibody to be conjugated was buffer exchanged into 0.1M phosphate buffer pH 8.0
containing 50mM NaCl, 2mM DTPA, pH 8.0 and concentrated to 5-10 mg/ml.

Thiolation was achieved through addition of 2-iminothiolane to the antibody. The amount
of 2-iminothiolane to be added was determined in preliminary experiments and varies

25  from antibody to antibody. In the preliminary experiments, a titration of increasing
amounts of 2-iminothiolane was added to the antibody, and following incubation with the
antibody for one hour at room temperature, the antibody was desalted into 50mM HEPES
buffer pH 6.0 using a Sephadex G-25 column and the number of thiol groups introduced
determined rapidly by reaction with dithiodipyridine (DTDP). Reaction of thiol groups

30  with DTDP resulted in liberation of thiopyridine which was monitored at 324nm,
Samples at a protein concentration of 0.5-1.0 mg/ml were used. The absorbance at 280nm
was used to accurately determine the concentration of protein in the samples, and then an

aliquot of each sample (0.9ml) was incubated with 0.1 ml DTDP (5mM stock solution in
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anti-PSMA IP SD 30 anti-RG1 IF SD 30 anti-EDB IF SD 30
anti-CD70-Toxin I P SD 0.03, 0.1,

10

15

20

25

30

ethanol) for 10 minutes at room temperature, Blank samples of buffer alone plus DTDP
were also incubated alongside. After 10 minutes, absorbance at 324nm was measured and
the number of thiols present quantitated using an extinction coefficient for thiopyridine of
19800M™.

Typically a thiolation level of three thiol groups per antibody is desired. For
example, with one particular antibody this was achieved through adding a 15 fold molar
excess of 2-iminothiolane followed by incubation at room temperature for 1 hour.
Antibody to be conjugated was therefore incubated with 2-iminothiolane at the desired
molar ratio and then desalted into conjugation buffer (50mM HEPES buffer pH 6.0
containing SmM glycine, 0.5% povidone (10k) and 2mM DTPA}. The thiolated material
was maintained on ice whilst the number of thiols introduced was quantitated as
described above.

After verification of the number of thiols introduced, the drug-linker molecule
containing an active maleimide group was added at a 3-fold molar excess per thiol. The
conjugation reaction was carried out in conjugation buffer also containing a final
concentration of 5% DMSO (or a suitable alternative solvent). Commonly, the drug-
linker stock sclution was dissolved in 100% dimethyl sulfoxide. For addition to antibody,
the stock solution was added directly to the thiolated antibody, which has enough DMSO
added to bring the final concentration to 10%, or pre-diluted in conjugation buffer
containing a final concentration of 10% DMSOQ, followed by addition to an equal volume
of thiolated antibody.

The conjugation reaction was incubated at room temperature for 2 hours with
mixing. Following incubation the reaction mix was centrifuged and filtered through 0.2
micrometer filter. Purification of conjugate was achieved through chromatography vsing
a number of methods. Conjugate can be purified using size-exclusion chromatography on
a Sephacryl 5200 column pre-equilibrated with 50mM HEPES buffer pH 7.2 containing
SmM glycine, 50mM NaCl and 0.5% povidone (10k). Chromatography was carried out
at a linear flow rate of 28 cm/h. Fractions containing conjugate were collected, pooled
and concentrated. Alternatively purification can be achieved through ion-exchange
chromatography. Conditions vary from antibody to antibody and need to be optimized in
each case. For example, antibody-drug conjugate reaction mix was applied to an SP-
Sepharose column pre-equilibrated in 50mM HEPES, SmM glycine, 0.5% povidone
(10k), pH 5.5. The antibody conjugate was eluted using a gradient of 0-1M NaCl in
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0.3 anti-PSVMA-Toxin IP SD 0.03, 0.1, 0.3 anti-RG 1-Toxin I P SD 0. 03,
0.1, 0.3 anti-EDB-Toxin IF SD 0.03, 0.1, 0.3 Figure 8 depicts
the nedian increase in tunor volunme for the seven mce in each of the
16 different groups studied. As indicated in the top |left graph,
anti-RG 1 and anti- 15 ED-B naked anti bodi es had no inhibitory effect
on tunor growth. Anti-PSMA naked anti body had sonme anti-tunor growth
effect. However, this anti-tunor effect was markedly increased upon
conjugation of cytotoxin to the anti-PSMA anti body. Antitunor
activity si mdqeitibmipntbiniier abfH § heRdonjiigeatiewd caririiizshiyconjogaemwere pooled

i nternal i zi ng 2Bk SN MRS rRRSRIY SekMGH Johr ﬁfsﬁé@ e i 7. ﬂanta%ﬁ&g' ve

anti bodi es to non- |nternaI|Z|ng ant1 gens were 20conj ugat ed
cyt ot oxi n. Thedéelyengy [l ekm¥dYaghpddy % prytdop@dORnt i - t unor act|V|ty of
cyt ot oxi ns

5 EXAMPLE 21: In Vivo Studies
A. Compounds A-G
786-0 (ATCC Accession No, CRL-1932) cells were expanded in vitro using
standard laboratory procedures. Male CB17.SCID mice (Taconic, Hudson, NY) between
6-8 weeks of age were implanted subcutaneously in the right flank with 2.5 million 786-O
10 in 0.2 ml of PBS/Matrigel (1:1) per mouse. Mice were weighed and measured for tumeors
three dimensionally using an electronic caliper twice weekly after implantation. Tumor
volumes were calculated as height x width x length., Mice with tumors averaging 200
mm’ were randomized into treatment groups, The mice were dosed intraperitoneally with
PBS vehicle, cytotoxin-conjugated isotype control antibody or cytotoxin-conjugated anti-
15 CD70 HuMAb 2HS on Day 0. Each group contained 7 mice.

The following cytotoxins were studied:
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can be nedi ated by anti bodies to non-internalizing antigens as well
as to internalizing antigens such as PSMA. Figure 9 depicts the
medi an body wei ght change for the seven mice in each of the 16

di fferent groups studied. As LNCaP tunors cause cachexia in mce,

i neffective 25treatnments (resulting in uncontrolled tunmor grow h)
woul d be expected to lead to weight loss. This result was observed in
mce treated with vehicle or naked anti bodi es, presumably due to
tumor growm h. As the nouse nodels used in this study are

i rrunnunoconproni sed, they would not bejexpected to controm t
grow h via a robust ADCC response, SUCIN oL +gshanse.

wi th naked anti-PS ﬁtibody.Hl ontlr 30m ce treated th O
ant i body-drug conja s had ¥ Iomest body wei ght ri ght after

dosi ng, indi catt I ses we tested 0.03-0.3 were well

tol erated. Thenfdct tha ice in the conjugate groups gained
wei ght points to alleviatign of cachexia due to controlled tunor
grow h. Efficacy Agai nst LNCaP Tumgpspdund 8Cl D M ce A LNCaP

xenograft study was performed as follows: 120 CB17.SCID nige were
each subcut aneousl y ™ ectgp wth 2.5 mllion LNgaP c ‘Fi esus nded

in 0.2 nm of PBS/I\@ : (1 1) (BD Bi osm_lyce)__,%l pon.
Mce were weig sured for tunors fheige done ally>u5|ng

an el ectronic_ |p r on le af terQj gntatlon Turor vol unes
wer e calculated as heigh (?xggyn il Mce with tunors
averaging 80 nmmB were randon Zed 13 tre

Oggnt groups of seven
mce on Day -1 and nmice were treated intravenogstye with vehicle,

anti body, or antibody-cytotoxin conbﬁgate QCC rdlng to the dosing
regi men described in Table 2 on Day ies were 10 term nated at

Day 55. Tabl e 4: gi§%§?:gf SCLD M ce Dose (Toxin pnole, Antibody

mg/ kg ) Vehicle |
N o HY H 0 ¢
/}'—(D/ Tr\ /\QN,LLT\K\N"\/NT(\{O NJ'I\/\NJ{
0

N H 0O H

Compound F
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anti-CD70 IF SD 30 anti-PSMA IP SD 30 anti-RG1 IF SD 30
anti-CD70-Toxin | F SD 0.03, 0.1,

NHQ
IR RN O
o]
Compound G
Table 1 is a summary of the dosing groups based on mmeole of Toxin (Compounds
5 A-G).
Table 1. Study Summary
Group Dose {Toxin pmole)
1 Vehicle IP SD Matching 0.1 vol
2 CD70.1 0.1 IP SD 0.1
3 CD70.1- Cmpd A IP SD 0.1
4 CD70.1- Cmpd A IP SD 0.01
5 CD70.1- Cmpd B IP SD 0.1
6 CD70.1- Cmpd C IP SD 0.1
7 CD70.1- Cmpd CIP SD 0.01
8 CD70.1- Cmpd D IP SD 0.1
9 CD70.1- Cmpd D IP SD 0.01
10 CD70.1- Cmpd E 1P SD 0.1
11 CD70.1- Cmpd FIP 8D 0.1
12 CD70.1- Cmpd G IP SD 0.1

Figure 1 shows the mean tumor volume versus days past dosing and Figure 2

10 shows the median twmor volume versus days past dosing. Efficacy, based on these
experiments, appears to be in the following decending order Compound D > Compound
A > Compound F > Compound B > Compound C > Compound E > Naked
CD70.1/Compound G. Figure 3 shows percent body weight change versus days past

dosing.
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0.3 anti-PSMA-Toxin IF SD 0.03, 0.1, 0.3 anti-RG 1-Toxin |IF SD 0. 03,
0.1, 0.3 Figure 10 depicts the nean increase in tunor vol une
for the eight mce in each of the 13 different groups studi ed.
Simlar to the LNCaP/stroma nodel, anti-RG 1 naked anti body had no
inhibitory effect on tumor grow h. Anti-PSVMA naked anti body had
25sonme anti-tunor growth effect. The anti-PSMA anti body's anti-tunor
effect was markedly increased upon conjugation of cytotoxin. A
simlar, but unexpected, anti-tunor activity was observed when

non-i nt er nal i Bi Ggn@annds RE, H-Ant i body was conj ugated to cyt ot oxin.
These results fur SRR

cyt ot oxi ns can be%rfkg%l(at edh%é&s%ﬁ?‘f Obé%f 19«%&11;%%{3 r'fﬁ g%eﬁa“’%'%mg
antigens. 30 W@@mélama@e@mt@@ healré @il ARCHoulire (Karapht Hedvam §&) bctweemhe
seven mice | Is- @@9&19 Qtf ag& Q@re%@plgﬁédfq%cﬁtgﬁeogﬂ)oﬁl% @B%‘n?q’nhf‘gnﬂﬁbrmf&%% out

above, LNCaP tunors cause cachexia in m ce. an hi s cachexi a

resul ted i vidPgml of Ge¥Mawseik b peyaepse dlicg waie W@aheé e mpastigddagrumors
anti bodi es, phresumBRNalAULinG o HAGHAASATer WD WedlyAENmBRtadAC fuhbr t he
ability to rmu t a rob ‘é’ﬁf‘% response tothll\r)lt ernﬁll i zed anti bodi es.
In contrast, u&nés VHESE ag helg £x x leng 1ce with tumors averaging 200
mm® were randomized into treatment groups. The mice were dosed intraperitoneally with
PBS vehicle, cytotoxin-conjugated isotype control antibody or cytotoxin-conjugated anti-
10 CD70 HuMAb 2H5 on Day 0. Each group contained 8 mice.

The following cytotoxins were studied:
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anti body-drug conjugagtes had their | owest body weight right after
dosing, indicating that all doses we tested 0.03-0.3 were well
tolerated. The fact that the mce in the conjugate groups gai ned
wei ght points to alleviation of cachexia due to controlled tunor
growt h. Efficacy Against Large LNCaP Tunors in SCID M ce 5The
activity of anti-PSMA-cytotoxin was next denonstrated in SCID mce
bearing very large LNCaP cell tunor xenografts. LNCaP cells (2.5
mllionin 0.1 m PBS+0.1 m MatTigel/nouse) were inplanted
subcut aneously into male SCID mce, and when tzgﬁbs reached an
average size of 310 npR gr oyps of 8 mice wer® ated by ip
injection of a singl d dgse o either anti-PSMVA- F%otoxm at either
0.1 or 0.3 nol/kg bbd 15 wei ght. In addition, N\a control group was
injected with v ? al one Tunnr vol unes and i ghts of nice mere
t the

recorded throuéEZy cou hH st N chgaaa allo tq,

proceed for app 60 day® pR si : subts,gi Hst r at d in

Figure 12, denonstrated that a srfgl edcdose of the ti-PS 0N
r;é

conjugate was efficacious in mce even when starting mﬁthkbery I'a

tunmors. 15 Exanple 23. Tunmor growth inhibition in vivo by 0
anti-CD70-cytotoxin Thi s exanEIe denonstrates the efficacy of
anti-CD70-cytotoxin in two xenograf toRER¥BIE of kidney cancer. The

cytotoxin conjugate is conprised of the&ﬁ@%o anti body linked to the
foll owi ng cytotoxin conpound: NH 200 P%{The activity of

anti - CD70- cyt ot oxi n was denDnstrate | D n1ce bearlng A498o
xenografts. A498 c B\(S n1II|on | §%>

N
Matrigel TM nousg) ,an@e usl y | nto S&D ng/é\e' and
when tunors re N v si ze of 110 mB, groups of 8 mce were

treated by i pnNDj ectia S|ngle dose 25o0f either

anti - CD70- cyt ot oxi n at O.Hnnl/kg body weight. In addition, a control
group was i njected with vehicle alone. Tunor volumes (LWH 2) and

wei ghts of mce were recorded throdghesindi he course of the study,
whi ch was all owed to prqceed for approximtely 60 days post dosing.
The results are shown i gyret 13. These results |ng cat & t hat the §

anti - CD70-cytotoxin 60 it¢ i s efficacious agai _jl’ 71?%%57‘
denonstrate the Lﬂlt [ _anti-CD70-cytotoxin 6ﬂ§ }Eﬂ cel | )~J
xenografts, 2.515 Caki -l _cells,in 0.1 gl and O 1 n

Mat ri gef f m petc-ibuse vere ik nt ﬁ;g%izsgy ieto SC1D m ce

and when tunors reached an avet ize N —groups of 8 mce
were treated by ip injection of a singlée d5Se of eithefy anti- CD70-
cytotoxin at 0.03, 0.1 or 0.3pnol/kg body weight. In adgition,

control groups were injected with either vehicle alone?P or an isotype
control antibody linked to the CytOEpXI

oun .Tl
10 Table 2 is a summary of the dosing groups based on mmole of Cytotoxin
(Compounds A, F, H-J).
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10 doses of 0.1 and 0. 3pnol/kg. Tunor volunes (LWH 2) and wei ghts of

m ce were recorded throughout the course of the study,

whi ch was

all owed to proceed for 61 days post dosing. The results are shown in
Figure 14. These results denonstrate that the anti CD70 anti body al one

and the isotype control
of the tunmors in this experinent,

conjugates have little

effect on the growh

whereas the anti-CD70-cytotoxin

treated mce clearly show 15dose-dependent anti-tunor efficacy.
Exanpl e 24. Tumor growth inhibition in vivo by anti-CD70-cytotoxin
Thi s exanpl e denonstrates the efflﬁd@wﬁﬁﬁma&mmmﬁiﬂo cytotoxin in two

xenograft nog
cells in nudé
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al one, anti-CD70 ?1@&1% 9%3%&%%& tu% or vo% ngey\Q%us days past dosing and Figure 5

shows the median tumor volume versus days past dosing. Efficacy, based on these

experiments, appears to be in the following decending order Compound J/Compound C >

Compound H > Compound G/Compound I > Naked CD70.1. Figure 6 shows percent

body weight change versus days past dosing.
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control antibody cytotoxin conjugate at 0.3 gnol/kg body weight as a
si ngl e dose. Tunor vol unes (LW2/2) and weights of rats were recorded
t hroughout the course of the study. The results are shown in Figure
16. These results show that the CD70 anti body alone has little effect
on tunor grow h, and the isotype control conjugate shows no effect on
tumor 15 growt h. However, the anti-CD70-cytotoxin conjugate shows a
mar ked anti-tunor effect. Tunor regression was achi eved. Therefore,
the anti - CD70-cytotoxin conjugate shows an anti-tunor effect in
mul ti pl e specERAMPPBRAch of the patent applications, pat ent s,

publicati ons, Lﬁﬁ@-&gﬁbﬁfadﬁﬁw iy e ABGHARRL S ioned or referred to
1 e &

in this specification 1s ei n I ncorporate % reference inits
entirety, to the éﬁwné%ﬂléﬁﬂcag(H“fbti‘é’a?eﬁmpﬁ@i)law 6P (rpat esftcarcinoma),

application, @atRitremRAdRd ¢at tofreddNRPaL rh&ﬁa&)h'tlginln%h@ﬂ h%wm%d 0as
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si tuation, et Bl 30@|nM &mg‘ﬁ(}:&rhlﬁﬂn&lf of 'ﬁ%nﬁﬁé’ Zif) RE Q%@(ﬁ:ﬁ to NG PGP @el&t qf Or

steps, to the objective, spirit and scop present |nvention.

Al'l such nodiPgtesaereches Iw@tqdﬁ?féjﬁd'@ﬂ%tpéhﬁe‘”% }[OWII ﬁf fﬂlﬁ’@ nEHEp&-Hymidine

cl ai ms_appendadinb@khel for an fddRiohs 7@1&,11950 "’fﬂ&b‘lﬁk@s Wire ﬁzh\?estfe@{isrﬂgl a6 XA
(L4)p-F-(L1) m-FDV\,hS%EIn LI is immol ative linker;” mis an

i nteger 0, 1,7%vesty (Papkarg m‘tS‘fme@“) Tﬂd c%““éf"“l"f‘ﬁl?éﬁkmélérﬁbpf"?it Fepngrefour
struct urets a paddpitdlodistid cves were fitted to the *H-thymidine incorporation as a function of

drug molarity using Prism software to determine ECso values. The logistic curves fitted
for the various antibody-cytotoxin conjugates and their resulting ECsp values, in LNCaP
and 786-0O cells, respectively, are depicted in Figure 7.
Efficacy Against LNCaP/Prostate Stroma Coculture Tumors in SCID Mice

20 A LNCaP xenograft study was performed as follows: 120 CB17.5CID mice were
each subcutaneously injected with 2 million LNCaP cells and 1 million prostate stroma
cells {cat# CC-2508, Cambrex Bio Science Walkersville, Inc, Walkersville, MD)
resuspended in 0.2 ml of PBS/Matrigel (1:1) (BD Bioscience) at the flank region. Mice
were weighed and measured for tumeors three dimensionally using an electronic caliper

25  once weekly after implantation. Tumeor volumes were calculated as height x width x
length/2. Mice with tumors averaging 50 mm® were randomized into 16 treatment groups
of seven mice on Day -1 and mice were treated intravenously with vehicle, antibody, or
antibody-cytotoxin conjugate according to the dosing regimen described in Table 1 on
Day 0. Studies were terminated at Day 62.

30
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wherein AA" is one or nore nenbers independently selected from
the group consisting of natural am no acids and unnatural a-am no
acids; cis an integer from1l to 20; L2 is a self-inmmolative |linker;
ois Oor 1; L4 is a linker nenber; pis 0 or 1; X4 is a nmenber
sel ected fromthe group consisting of protected reactive functional
groups, unprotected reactive functional groups, detectable |abels,
and targeting agents; and D conprises a structure: wherein
the ring systemA is a nenber selected fromsubstituted or
unsubstituted aryl, substitutedabdy3: JresiobsfiGIDtMIck het er oaryl and
substituted or unsubstituted het erocy lLoal |(\I| groups, E_and G
are nmenbers indegendently sel ected f r pResei(Taxirhgnele, dnéibiodyrmg/ke)
unsubstituted al ljcyt- mel[pg edorprsubstTtuted-teterovatkyt], a
het eroatom a sinfgle bon and G are joined to forma ring system
sel ected from substi tume@SMﬂIB%’ubsti futed aryl, ¥ubstituted qr
unsubst i thted hetret Ua'gu}&*j"f SbJQLi tt-et—or—tmsthst+t-ut-ed
het erocycl oal kyl ;f X is a nenber selected fromO, and NR23;
1223 is a nenber |sel echredEIﬁBmD-l substituted or agnsubstituted al kyl,
substituted or ufstbstit-tut-ed *“'ca. H——aRe—aeH= R3—

menber sel ected ﬂrorﬁ"f‘ﬁgjﬁar 836 Misi sk ng of (Dt‘%)(?‘i’gﬁ', NHR"

wherein R' is a fenhets-PSEWerskRAPEDOM [ he group,3omsiost | Ng of
substituted all cH vasubstitut-ed all/ll sUbstii-tt-edheteroal y| ,

oot Tortorer ST

unsubstitlt ed hefer o‘ﬁ‘l“f&ﬁ I- Tﬁﬁﬁg’p%sphat es, di %s‘bhgﬁes

tri phosphates, sqntamltmq@gytpsﬁ,( 0)[I21212T3 0,021 ®), 98212, C{UOYINR"' R13,
P(0) (OR12) 2" c(o CHRI2R13__SRI2 and S RI12R13R14

-I-f\'_\f'\
>
o

Figure 8 depicts the median increase in tumor volume for the seven mice in each
of the 16 different groups studied. As indicated in the top left graph, anti-RG-1 and anti-
15  ED-B naked antibodies had no inhibitory effect on tumor growth. Anti-PSMA naked
antibody had some anti-tumor growth effect. However, this anti-tumor effect was
markedly increased upon conjugation of cytotoxin to the anti-PSMA antibody. Anti-
tumor activity similar to that of the conjugated antibody to an internalizing antigen was
observed when the previously ineffective antibodies to non-internalizing antigens were
20 conjugated to cytotoxin. These results establish that the anti-tumor activity of cytotoxins
can be mediated by antibodies to non-internalizing antigens as weil as to internalizing
antigens such as PSMA.
Figure 9 depicts the median body weight change for the seven mice in each of the
16 different groups studied. As LNCaP tumors cause cachexia in niice, ineffective
25  treatments (resulting in uncontrolled tumor growth) would be expected to lead to weight
loss. This result was observed in mice treated with vehicle or naked antibodies,
presumably due to tumor growth. As the mouse models used in this study are immnuno-
compromised, they would not be expected to control tumor growth via a robust ADCC
response, such as in response to treatment with naked anti-PSMA antibody. In contrast,
30 mice treated with antibody-drug conjugagtes had their lowest body weight right after
dosing, indicating that all doses we tested 0.03-0.3 were well tolerated. The fact that the
mice in the conjugate groups gained weight points to alleviation of cachexia due to

controlled tumor growth.
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in which R", R13, and 1214 are nenbers i ndependently selected fromH,
substituted or unsubstituted al kyl, substituted or unsubstituted

het er oal kyl and substituted or unsubstituted aryl, wherein R" and R’
together with the nitrogen or carbon atomto which they are attached
are optionally joined to forma substituted or unsubstituted

het erocycl oal kyl ring systemhaving from4 to 6 nenbers, optionally
containing two or nore heteroatons; R4, R4', R5 and RS are nenbers

i ndependently sel ected fromthe group consi sti ng of H, substituted

al kyl , unsubskEfficacy dgaiabtiyNCaPslvpsrs (38 Miry/| |,  unsubstituted aryl,
substituted heter aaiytp xb Mﬁ%&H%H&EQerﬁE & cXJss Iﬁ%ﬁ%étﬁ%mm

het er ocycl oal kyl , unsubs ut ed rocyc al ogen
- NC(0)R15, CEfloyRRIBRIeY lrweéwr@é m@emm@g’ ceéﬂwspemﬁsn 0. @migf_NRla
and 0( CH2) N( Ghi3)utrid (BRNYBBBiRAGERE) PAE Fafkfreditth, NIk werbReigind oRD"

together with the carbon atons to which they are attached, are joined
to form a SubBEFteh BHUErs r iRty gsivg A clarqniqpliss once weekly after

het er ocycl oallkmlanmcmg Tsmsit»emﬂaawlagaicfuumﬁlh&@tﬁwmnbghghfz.\mgkwﬂ nis
an integer froml q3 ndeEen entll}{l sel ect ed
fromH, substti"‘ﬁ’ﬂf8‘61"‘%}’@398’&}1)%"?13{%]‘["8‘8”5‘1 RO ‘fgﬁj‘B?‘Eﬁ‘tO &G Spn mice on
unsubsti t ut edbdyet erdositdkydre n@tdd&ttnabambﬂ@r vairh umslubﬁtﬂi:ddy,toe eht@bdghcytotoxin
substituted ar ubst ar e substituted
het er ocycl oalﬁg)}#&%eggl Ialh%g'?l?etéét% %me%crilésgﬂsog ?‘ﬁﬁpggoge})&c}d i Ter ei n
R15 and 1M016 terogetederDaisth the nitrogen atomto which they are

attached are optionally joi nedTgrbgj q;oghgoissl@ﬁtmgyt ed or unsubstituted

het er ocycl oal kyl rRg—systemhav-re—f S L FEABersS, "F =gnal | y
containing two o nore heteroatons; ose (Topimpmple, Aptibpdimeand of R4
, RA', R5 and RS Tinkgega@taug tq 12, It present, or to F, jand
conprises R27 R28—.RLS __R2JR2Q
anti-CD70 IP SD 30
15
anti-PSMA IP SD 30
anti-RG-1 1P SD 30
anti-CD70-Toxin IP SD 0.03,0.1,0.3
anti-PSMA-Toxin IP SD 0.03,0.1,0.3
20 anti-RG-1-Toxin 1P SD 0.03,0.1,03

Figure 10 depicts the mean increase in tomor volume for the eight mice in each of
the 13 different groups studied. Similar to the LNCaP/stroma model, anti-RG-1 naked
antibody had no inhibitory effect on tumor growth. Anti-PSMA naked antibody had

25  some anti-tumor growth effect. The anti-PSMA antibody’s anti-tumor effect was
markedly increased upon conjugation of cytotoxin. A similar, but unexpected, anti-tumor
activity was observed when non-internalizing anti-RG-1 antibody was conjugated to
cytotoxin. These results further confirm that the anti-turnor activity of cytotoxins can be
mediated by antibodies to non-internalizing antigens.

30 Figure 11 depicts the median body weight change for the seven mice in each of
the 16 different groups studied. As pointed out above, LNCaP tumors cause cachexia in
mice. Again, this cachexia resulted in weight loss in mice treated with vehicle or naked
antibodies, presumably due to increased tumor growth and lack of the ability to mount a

robust ADCC response to internalized antibodies. In contrast, mice treated with
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wherein v is an integer from1 to 6; and each R27, R27', R28,
and R28 is independently selected fromH, substituted or
unsubstituted al kyl, substituted or unsubstituted heteroal kyl,
substituted or unsubstituted aryl, substituted or unsubstituted

het eroaryl, and substituted or unsubstituted heterocycl oal kyl ;

R6 is a single bond which is either present or absent and when
present R6 and R7 are joined to forma cyclopropyl ring; and R7 is
CH2- X1 or -CH2- joined in said cyclopropyl ring wwth R6, wherein Xl
is a | eavi ng yHendp-drugrcozivgsiiay id dheiridwest bogy weight pgtbfte desaig intligine gfat

2. The conpoung {afes Gk @ik d.03- %Weﬁ'»ﬂ:ﬂ%lﬂ?t@d t'ﬁl@fﬁtﬁly&ﬁe%@e 1n|t_ﬂ% M‘A;@éa%' n z
is a menber selected from0O, S a wher el n menber

sel ect ed f r or8IP4Ps giiisd eight ROmtP al&Fﬁ@&%{f Ffeca%fdduarwptwl% B’§10F gavéd or

unsubsti t ut eCEfﬂ@ic?'A@ﬁhl"ﬂUarge@Ma@CMmors in SCIRMiké H, substituted or
unsubstitut ed Iom§ alké] ¥E$ CO2R8, wherein R8 is a menber
sel ected ftom gro é)e CHHG o5yt W“C%tﬁ‘B’é‘f‘ MRS PR Rted BYSHB 85t ut ed
allcyl, NR9 thealiﬂggbﬂillzﬁ?éfﬂ,N(’c’uﬂ?d:elﬂaﬁlm xenoglaﬂsl’LNﬁiﬂP(éElllng 5 afiiokRin AT Ml
nenbers i nde dﬁq 54 ﬁe cte

mous e implanted s catlﬂteto E SIItuJed
2l kyl and subd BT el PRy e B S e o
substituted atteylunors repbadbis bidrage eice dfodi@mnal &yips ofs fikke weempouis if
claim1, wher; i E&lopo%ng%%ses Lt %EIQDS]\/B?—cytotoxm at either 0.1 or 0.3 pmol/kg body
10 weight. In addition, a control group was injected with vehicle alone, Tumor volumes and
weights of mice were recorded throughout the course of the study, which was allowed to
proceed for approx. 60 days post dosing. Results, illustrated in Figure 12, demonstrated
that a single dose of the anti-PSMA-2460 conjugate was efficacious in mice even when
starting with very large tumors,
15
Example 23. Tumor growth inhibition in vive by anti-CD70-cytotoxin
This example demonstrates the efficacy of anti-CD70-cytotoxin in two xenograft

models of kidney cancer. The cytotoxin conjugate is comprised of the CD70 antibody

Wﬁ?

}\NHg
g

The activity of anti-CD70-cytotoxin was demonstrated in SCID mice bearing
A498 mmor xenografts, A498 cells (5 million in 0.1 ml PBS and 0.1 ml Matrigel™/

linked to the following cytotoxin compound:

20

mouse) were implanted subcutaneously into SCID mice, and when tumors reached an
average size of 110 mm3, groups of 8 mice were treated by ip injection of a single dose
25 of either anti-CD70-cytotoxin at 0.1umol/kg body weight. In addition, a control group

was injected with vehicle alone. Tumor volumes (LWH/2) and weights of mice were
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wherein Z is a nmenber selected from0, S and NR23 wherein Ra nenber
selected fromH, substituted or unsubstituted substituted or
unsubstituted heteroal kyl, and acyl; R 1 is H substituted or
unsubstituted | ower alkyl, C(O)R8, or CO2R8, wherein R8 is a nenber
sel ected from NRORm and COR9, in which R8 and Rl are nenbers

i ndependently selected fromH, substituted or unsubstituted al kyl and
substituted or unsubstituted heteroalLkyl; 1211 is H, substituted
or unsubstituted |l ower alkyl, or C(0O)R8, wherein R8 is a nenber

sel ect ed fr oneddRBRIrenshiouORe couirse oflie ethdy, which wRllawell tRprogaee farenber s

i ndependent | yap&%klﬁﬁk%ofdﬁﬁrﬁbﬁdoﬁlﬁb@ﬁe rEsldftseﬂe Sowh Mgﬁ 3t "ﬁlgsg 1@!11@/ | and

substituted or unsubstituted heteroal
substituted ORdigifsitssheiantCRA0-Fotesin @ﬂfwrte éreffm@%gswwwcamer

het eroal | cyl or cya&@ndaﬁtmael tk&?éﬁwt dn&mo-@:drbmgrn GNDB Lk BRI 2.5
unsubstltg# l(i{w%r aﬁwﬁ%& g tuted | et eroal kyl . 4. The
conpound of CPUPRCES herty el URRS pnd &1 ! Maperttipecmapie s ePettabl o by
a protease expbRes@dsly Mhtd SOTDmitd, Siﬁluﬂl.en tumors reached an average size of 130 mma3,

groups of 8 mice were treated by ip injection of a single dose of either anti-CD70-

cytotoxin at 0.03, 0.1 or 0.3umol/kg body weight. In addition, control groups were

injected with either vehicle alone, or an isotype control antibody linked to the cytotoxin at

10 doses of 0.1 and 0.3umol/kg. Tumor volumes (LWH/2) and weights of mice were

recorded throughout the course of the study, which was allowed to proceed for 61 days

post dosing. The results are shown in Figure 14. These results demonstrate that the anti-

CD70 antibody alone and the isotype control conjugates have little effect on the growth of

the tumors in this experiment, whereas the anti-CID70-cytotoxin treated mice clearly show

15  dose-dependent anti-tumor efficacy.

Example 24. Tomor growth inhibition iz vive by anti-CD70-cytotoxin
This example demonstrates the efficacy of anti-CD70-cytotoxin in two xenograft
modeis of kidney cancer, 786-O cells in SCID mice and Caki-1 cells in nude rats. The
20 cytotoxin conjugate is comprised of the CD70 antibody linked to the following cytotoxin

H...H«‘P

)\NHz
O

The activity of anti-CD70-cytotoxin was demonstrated in SCID mice bearing 786-
O tumor xenografts. 786-O celis (2.5 million in 0.1 ml PBS and 0.1 ml Matrigel™/

compound:

\\

25 mouse) were implanted subcutaneously into SCID mice, and when tumors reached an

average size of 170 mm3, groups of 6 mice were treated by ip injection of a single dose
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5. The compound of claim4, wherein the protease is a | ysosonal

pr ot ease. 6. The conpound of claim1l, wherein the amno acid
in (AA1)O | ocated closest to the drug noiety is selected fromthe
group consisting of: Ala, Asn, Asp, Ct, Cs, Gn, Qu, Ay, Ile,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val. 7. The
corrpound of cI aim1, wherein (AAl)O is a peptide sequence sel ected
fromthe group consisting of Val-GCt, Val-Lys, Phe-Lys, Lys-Lys,

Al a-Lys, Phe-Cit, LeuCt,Ct, Phe-Ala, Phe-N9-tosyl-Arg,

Phe- N9- ni t r o-dagfi-CPHecRtexi 3t 9 005pnRiyEg bady evelghis In adilijiorPh ecriipkgroup was

beu /flSaAnguLeﬂ&}e%dg@ Jcﬁ'i%le 2l Tﬁk@l V}JELTS (;Nr\@q/ d%d@l gh&SﬁP%SEQ gé%%d\'@

NO 3). 8. THeoednpohatguiss o clnearw 1Them@herenhqwmmvteslsvallleh@iewlter

Val - Lys. dem%mtla-tgﬂiaptﬁmmoqumﬁ}xﬁi‘cml]x]gatevi@%@dcﬁu&%Z]mtB%Il’cmﬁgls and
R28' are independently H or |ower alky .. The_ conpound of

claim1, wherein P pdsmonstrate that efﬂcfiy copidde BBﬁﬁ%ﬁd‘“’EﬁPkﬂP%ﬁl% a
wher ei n R15 i:&ndgdramddeMi thealideyht.was tested. InliBis mbd& nG@TRe Woid 1lﬁ1.f)larﬁéda| m 1,

thereLn e COMBICLL S colSHE 20 WL RP ooty B b naat T
is a self-i mredchadiave@vdragakies ¢f 100 mm3, groups of rats were treated by ip injection of a
single dose of either anti-CD70-cytotoxin at 0.3umol/kg body weight. In addition,
10 control groups were injected with vehicle alone, anti-CD70 antibody alone, or isotype
control antibody cytotoxin conjugate at 0.3 pmol/kg body weight as a single dose. Tumor
volumes (LW%2) and weights of rats were recorded throughout the course of the study.
The results are shown in Figure 16. These results show that the CD70 antibody alone has
little effect on tumor growth, and the isotype control conjugate shows no effect on tumor
15  growth, However, the anti-CD70-cytotoxin conjugate shows a marked anti-tumor effect,
Tumeor regression was achieved. Therefore, the anti-CD70-cytotoxin conjugate shows an

anti-tumor effect in multiple species,

20 Each of the patent applications, patents, publications, and other published
documents mentioned or referred to in this specification is herein incorporated by
reference in its entirety, to the same extent as if each individual patent application, patent,
publication, and other published document was specifically and individually indicated to
be incorporated by reference, The present patent application also incorporates herein hy

25  reference U3, Provisional Patent Application Serial No. 60/882,461.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention and the appended claims. In addition, many

30  modifications may be made to adapt a particular situation, material, composition of
matter, process, process step or steps, to the objective, spirit and scope of the present
invention. All such modifications are intended to be within the scope of the claims

appended hereto,
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CLAIMS

What is claimed is:
1. A compound of the formula

X4"{' {Lq\!p *F"——{LEJM’}‘“D

wherein

L} is a self-immolative linker:

m is an integer 0, 1, 2,3, 4, 5, or 6;

I 18 a linker comprising the structure:

==

&

g taaly (Lz—

wherein

AA' is one or more members independently selected from
the group consisting of natural amino acids and unnatu-
ral ci-amino acids;

¢ 18 an integer from 1 to 20;

L7 is a self-inumolative linker;

ois0orl;

1.* is a linker member:

pisQOorl;

X* is a member selected from the group consisting of
protected reactive functional groups, unprotected reac-
tive functional groups, detectable labels, and targeting
agents; and

12 has the structure:
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RJA

R-i
X Z Rjr
RS
wherein
Z i3 a member selected from O, S and NR*?
wherein

R** is a member selected from H, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted heteroalkyl, and
acyl;

R' is H, substituted or unsubstituted lower alkyl, C{(O)RS,
or CO,R®, wherein R® is a member selected from group
consisting of substituted alkyl, unsubstituted alkyl,
NR’R'® , NR°NHR'?, and OR®

in which R® and R'® are members independently selected
from H, substituted or unsubstituted alkyl and substi-
tuted or unsubstituted heteroalkyl; and

R? is H, substituted alkyl or unsubstituted lower alkyl,

X is a member selected from O, S and NR?%;

R? is a member selected from the group consisting of
(=0), SR, NHR" and OR'!,

wherein R'" is a member selected from the group consist-
g ot H, substituted alkyl, unsubstituted alkyl, substi-
wted heteroalkyl, unsubstituted heteroalkyl, monophos-
phates, dipbosphates, triphosphates, sulfonates, acyl,
C(ORR??, C(O)OR'?, C(O)NR'?R"?, P(O)OR*?),,
C(O)CHRM? R, SR*? and SiR'ZR!R*4,
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in which R*?, R*, and R** are members independently
selected from H, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted heteroalkyl and substitated or
unsubstituted aryl, wherein R'* and R'® together with
the nitrogen or carbon atom to which they are attached
are optionally joined to form a substituted or unsubsti-
tuted heterocycloalkyl ring system having from 4 to 6
members, optionally containing two or more heteroat-
oms;

R* R*, R® and R are members independently selected
from the group consisting of H, substituted alkyl, unsub-
stituted alkyl, substituted aryl, unsubstituted aryl, sub-
stituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halo-
gen, NO,, NRPR'®, NHC(O)R'S, OC(O)NRR!®,
OC(O)OR™, C(O)R"?, SR'?, OR'®, CR'*=NR*¢, and
O(CH,),,N(CHj),, orany adjacent pair of R*, R*, R and
R”, together with the carbon atoms to which they are
attached, are joined to form a substituted or unsubsti-
tuted cycloalkyl or heterocycloalkyl ring system having
from 4 to 6 members,

wherein
n is an integer from 1 to 20;

R'* and R'® are independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted
heterocycloalkyl, and substituted or unsubstituted pep-
tidyl, wherein R'> and R'® together with the nitrogen
atom to which they are attached are optionally joined to
form a substituted or unsubstituted heterocycloalkyl
rng system having from 4 to & members, optionally
containing two or more heteroatoms;

wherein at least one of R*, R¥, R® and R* links said drug to
L', if present, or to F, and comprises
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\:‘){ R2T R Ri5

'-‘?' R.?,S’

wheremn v is an integer from 1 to 6; and

each R*,R*", R** and R** is independently selected from
H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, and substi-
tuted or unsubstituted heterocycloalkyl;

R® is a single bond which is either present or absent and
when present R® and R” are joined to form a cyclopropyl
nng; and

R is CH,~X" or —CH,— joined in said cyclopropyl ring
with R, wherein

X' is a leaving group,

or a pharmaceutically acceptable salt thereof.

2. A compound of the formula

X.%_{_ {L#);.J _"Fm{]-f’ )2l V)

wheremn

L} is a self-immolative linker;

mis an integer O, 1, 2, 3,4, 5, or 6;

I 15 a linker comprising the structure:

SAAT N LY

207



aryl, substituted or unsubstituted heteroaryl, and substi-
tuted or unsubstituted heterocycloalkyl;

and s and t are independently integers from 1 to 6;

pis i;

X? is a member selected from the group consisting of
protected reactive functional groups, unprotected reac-
tive functicnal groups, detectable labels, and targeting
agents; and

1D comprises a structure:

RS

wherein the ring system A is a member selected from
substituted or unsubstituted aryl, substituted or unsub-
stituted heteroaryl and substituted or unsubstituted het-
erocycloalkyl groups;

B and G are members independently selected from H,
substituted or unsubstituted alkyl, substituted or unsub-
stituted heteroalkyl, a heteroatom, a single bond, or E
and G are joined to form a ring system selected from
substituted or unsubstituted aryl, substituted or vasub-
stituted heteroaryl and substituted or unsubstituted het-
erocycloalkyl;

X is a member selected from O, S and NR??;

R** is a member selected from H, substituted or unsubsti-
tuted alkyl, substituted orunsubstituted heteroalkyl, and
acyl;
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R *is a member selected from the group consisting of
(=0), SR, NHR"" and OR'?,

wherein

R is a member selected from the group consisting of H,
substituted alkyl, unsubstituted alkyl, substituted het-
eroalkyl, unsubstituted heteroalkyl, monophosphates,
diphosphates, triphosphates, sulfonates, acyl, C(O)
RPRY C(OYOR'?, C{ONR'*R!?, P(O}OR'?),. C(O)
CHR'*R™, SR'? and SiRPRYMR M,

in which

R'?, R and R'*are members independently selected from
H, substituted or unsubstitwied alkyl, substituted or
unsubstituied heteroalkyl and substituted or unsubsti-
tuted aryl, wherein R'? and R'? rogether with the nitro-
gen or carbon atom to which they are attached are
optionally joined to form a substituted or unsubstituted
heterocycloalkyl ring system having from 4 to 6 mem-
bers, optionally containing two or more heteroatoms;

R* R*, R¥ and R™ are members independently selected
from the group consisting of H, substituted alkyl, unsub-
stituted alkyl, substituted aryl, unsubstituted aryl, sub-
stituted heteroaryl, unsubstituted heteroaryl, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl, halo-
gen, NO,, NR'"R'S, NHC(O)R'?, OC(O)NR'’R'S,
OC(OYORY, C(O)R'®, SR*?, OR'?, CR*>=NR'®, and
O(CH,),, N(CH,),, or any adjacent pairof R*, R*, R* and
R®, together with the carbon atoms to which they are

attached, are joined to form a substituted or unsubsti-
tuted cycloalkyl or heterocycloalkyl ring system having
from 4 to 6 members,

wherein

n is an integer from 1 to 20;
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R** and R'® are independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted
heterocycloalkyl, and substituted or unsubstituted pep-
tidyl. wherein R'® and R'® together with the nitrogen
atom to which they are attached are optionally joined to
form a substituted or unsubstituted heterocycloalkyl
ring system having from 4 to 6 members, optionally
contaimning two or more heteroatoms;

R® is a single bond which is either present or absent and
when present R® and R7 are joined to form a cyclopropy]
ring; and

R” is CH,—X' or —CH,— joined in said cyclopropyl ring
with RS, wherein '

X' is a leaving group,

wherein at least one of R*, R*, R, R¥, R!?, R!® links said
drug to L', if present, or to F;

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2, wherein the compound is
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YO YN

wherein r is an integer in the range from  to 24.

4. The compound of claim 2, wherein D has the structure:

R—h

211



wherein

Z is a member selected from O, S and NR*?

wherein

R* is a member selected from H, substituted or unsubsti-
tuted alkyl, substituted or unsubstitited heteroalkyl, and
acyl;

R*' is H, substituted or unsubstituted lower alkyl, C(Q)R?,
or CO,R®, wherein R® is a member selected from the
group consisting of substituted alkyl, unsubstituted
alkyl, NR°R'°, NR°NHR°, and OR®

in which R? and R'® are members independently selected
from H, substituted or unsubstituted alkyl and substi-
tuted or unsubstituted heteroalkyl; and

R? is H, substituted alkyl or unsubstituted lower alkyl.

5. The compound of claim 2, wherein D has the structure:

¥

R-’&

X Z R;ii

RS

wherein

Z is a member selected from O, 8 and NR**

wherein

R?® is a member selected from H, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted heteroalkyl, and
acyl;

R' is H, substituted or unsubstituted lower alkyl, C(O)R¥,
or CO,R® wherein R® is a member selected from NR°R
10 and OR®,

in which

R? and R'® are members independently selected from H,
substituted or unsubstituted alkyl and substituted or
unsubstituted heteroalkyl;

R! is H, substituted or unsubstituted lower alkyl, or C(O)
R®, wherein R® is a member selected from NRPR!® and
OR?,
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i which

R® and R'® are members independently selected from H,
substituted or unsubstitwied alkyl and substituted or
unsubstituted heteroalkyl;

R! is H, substituted or unsubstituted lower alkyl, or C(O)
R¥, wherein R?® is a member selected from NR*R!? and
OR?,

in which

R” and R'” are members independently selected from H,
substituted or unsubstituted alkyl and substituted or
unsubstituted heteroalkyl;

R* is H, or substituted or unsubstituted lower alkyl or

unsubstituted heteroalkyl or cvano or alkoxy; and

R? "is H, or substituted or unsubstituted lower alkyl or

unsubstituted heteroalkyl,

6. The compound of claim 2, wherein (AA") . is a peptide
sequence selected from the group consisting of Val-Cit, Val-
Lys, Phe-Lys, Lys-Lys, Ala-Lys, Phe-Cit, Leu-Cit, Ile-Cit,
Trp, Cit, Phe-Ala, Phe-N"-tosyl-Arg, Phe-N°-nitro-Arg, Phe-
Phe-Lys, D-Phe-Phe-Lys, Gly-Phe-Lys, Leu-Ala-Leu, Ile-
Ala-Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ. ID NO: 1),
(-Ala-Leu-Ala-Len (SEQ. ID NO: 2) and Gly-Phe-Leu-Gly
(SEQ. I3 NO: 3).

7. The compound of claim 2, wherein (AA")_., is Val-Cit or
Val-Lys.

8. The compound of claim 2, wherein s and t are indepen-
dently 1 or 2.

9. The compound of claim 2, wherein R* is H or lower
alkyl.
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