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SYNTHES| S OF CALI CHEAM CI N DERI VATI VES FI ELD OF THE | NVENTI ON ~ This
i nvention describes processes for the convergent synthesis of calicheam cin

derivatives, and simlar anal ogs using bifunctional i onal
| i nker internedi ates. BACKGROUND OF THE | NVENTI ON “Mﬂ\ IN w mlﬂ‘ ent famly
of ~anti bacterial and antitunor agents known collectively as the

calicheam cins or the LL-E33288 conpl ex, are disclosed i R2F s.—Patent No.
4,970, 198 (1990). The conpounds contain a nethyltrisulfide that can be

reacted with pRpCEEIHES PORTINE SONVERGENT ISYTHERS OPChEIGHEAMZIRAME time

I ntroduci ng a functional group such_as.a hédrazi de or simlar nucl eophile.
Exanpl es of this reaction with t heDERIAHYERi cins are given in U S. Patent
-No. 5,053,394. U.S. Patent No. 5,770,701 is directed to a process for

prepari ng Igfb?drﬁ@LNrWEmdiu sul fide conpounds of the LL-E33288 conplex. A
| i nker, 4-(4-acetyl-p enoxys butanoic acid, is condensed with calicheamcin
N-acetyl ganma djpet hyl. hydrazide to afford the carboxyli.c acid-hydrazone
which is furthe%ﬁ'@ﬁ@&“ﬂﬁ?ﬂéﬁﬁgﬁd‘?%Még? RPTVeERS 8’"3?43%5 ehe 0su estor

( N- succi ni ralithesmicin dérivalivess ané aidylaf analagsnjsinghifupetionat andatrifunstienal

bi omacr onoljigkdtiftermediates. Pr €vi ously di scl osed synthetic nmethods for
constructing calicheamcin derivatives are conplicated by nultiple

cal i cheam ¢J LAl ' t eps having | ow overall yields. The
cal i cheam ﬁ"'ﬂ:&gi&é%ﬁ @pimwﬁ-@oﬁoxi c, and when already part of a
synthetic target necessitates increased safety precautions which nust be
observed duri ng Thgmoirit familyof antbastgrial andantiganerragents knoymrollectively @sch of
t he synt hetthg cAlicResmicihe ®r el LIVES3 288 AT xD R \iskissed inBl SiRhterit Neewer st eps

|49y, Wl 6 P el RAREA ol e
with appropriate thiols to form disulfides while at the same time introducing a
functional group such as a hydrazide or similar nucleophile. Examples of this
reaction with the calicheamicins are given in U.S. Patent No. 5,053,394. U.S. Patent
No. 5,770,701 is directed to a process for preparing targeted forms of disulfide
compounds of the LL-E33288 complex. A linker, 4-(4-acetyl-phenoxy)butanoic acid,
is condensed with calicheamicin N-acetyl gamma dimethyl hydrazide to afford the -
carboxylic acid-hydrazohe which is further treated with N-hydroxysuccinimide to give
the OSu ester (N-succinimidyloxy) which is ready for conjugation with a chosen
biomacromolecuie.

Previously disclosed synthetic methods for constructing calicheamicin
derivatives are complicated by multiple calicheamicin containing synthetic steps
having low overall yields. The calicheamicin moiety is inherently toxic, and when
already part of 'a_ synthetic target necessitates increased safety precautions which
must be observed during manipulation and puﬁﬁcation of the products of each of the
synthetic steps. The claimed process provides a method of fewer steps involving the
calicheamicin moiety with increased yields.
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Di scussed herein is a process to prepare calicheam cin derivatives of

. Formula, (1): zi Ar QSp-S-S-W Fornmula (1) wherein: Zis selected from
the group consisting of Alkl is a branched or unbranched al kyl ene chai n of

2 to 6 carbon atons; Sp 1 is selected from-S, -0-, -CONH, -NHCO, and

-NR -; Z1 is H, or alkyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or

1, 4- phenyl ene optionally substituted with one, two, or three groups

i ndependently selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5

carbon atons, thioal koxy of 1 to 4 carbon atons, hal ogen, nitro, -COOR ,

- CONHR ﬁ@% MGNZOCR -0( CH2) nCONHR' d -S(CH2 CO\IHI T
or a1, 2 Q&uﬂg\m HIE'II@‘/Q‘I'? 1, 7- ( )n2 3- 2 gn or( "
2, 7- hthld t || bsti t ut ed t f
o ouper | ndopendBReRPRadTaReP S?@%ﬁ%sas%m%p%“?ca-cﬁsa@cﬁm*”ee > al Koxy of

1 to 5 car bormudd (rs, thioal koxy of 1 to 4 carbon atons, halogen, nitro,
-COOR, -CONHR, -0(CH2)nCOOR , -S(CH2)nCOOR , -0(CH2)nCONHR , and

- S( CH2) nCONHR' ; 9 7!
Z/ll\Auo\sw*ArJ\Q—Sp—s-s-W'
Formula (1)
wherein:

Z is selected from the group consisting of

F

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
sp' is selected from -8-, -O-, -CONH-, -NHCO-, and -NR'-;
21 is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR', -CONHR',
-O(CH2),COOR', -S(CH2),COOR', ~-O(CH2),CONHR", and -S(CH2),CONHR’ or a
1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,



nis an integer fromO to 5, R is a straight or branched alkyl of 1 to 5
car,bon atons optionally substituted by one or two groups of -OH al koxy of
‘1 to 4 carbon atons, thioalkoxy of 1 to 4 carbon atonms; Sp is a straight or
br anched- chai n dlvalent or trivalent alkyl radical of 1 to 18 carbon atons,
divalent or trivalent aryl or heteroaryl radical, divalent or trivalent
cycl oal kyl of 3 to 18 carbon atons or heterocycl oal kyl radical, divalent or
trival ent aryI or het er oaryl -al kyl (Cl1-Cl18) radical, divalent or trivalent

cycloalkyl a 8 ' r divalent or
trival ent nmnat egfdﬂﬁyl br adl% ﬁ%kz&%%B)Ségﬁghh%?gm wherein

het er oar yl -O(SHZQHQ(DNHRhlaadyS(Cl-RQ)ﬁeohMmyr rolyl, pyridinyl,

Nrret hyl i m dazol ylI oxazol yl,. pyrimdinyl, quinolyl, i soqui nol yl ,

N- et hyl car bazoﬁ Qﬁt Lgmrl nyl, or phenazinyl and wherein if Sp is a
trival ent P& egef ro0Zn* %% addi tional |y substituted by dial kyl amino of 1
to 5 carbon atons, al koxy of 1 to 5 carbon atons, hydroxy, or alkylthio of

1 to 5 car Bos astgight gF w@pghed/@lkylgf 1 ¢H cankgn ia@mw'onawsﬂwte byrgreres) 2 X
is an IOdlbe%{b armowawosngfRﬁmb&rbanawﬂwmlwwtdnatawarboR%myWer ein R
anched or

i s hydrogen, unbranched al kyl of 1 to 10 carbon atons, al kyl ene
of 2to 10s§g98{§ .aﬁtoama,%\éh-cﬂ%m%.sa@enu ﬁsngmm Adtca| efi%gérb

aryl -al kyl rou et er oar eroar¥ -al ky Cl 05) group
wher ei n heet@rr&a#yﬁlengord@ﬁ'ﬂ@@rﬁyQetemar!;ra%md'vaient@r riy! a'%?!&'ﬂﬂ'

3- ( N- et hy By 1 8 @hpbdh atoins oPheter@cyclodibyi adiiday, ldivaient ofitrivalent aryl- or

o (Nrr?t hyl h%ﬂ?a%@laYlly}z(CFC;;g radic3l, d algﬁ?&qmlglen%yclo kyl- %:het%facﬁ:]]c?éﬂhig? di nyl,

qui no )
8 i sogui nolagkyl (CqLd:m)rrgdhcaimddlvateatawlyélergmsatsrabgnélbylabdnyalsﬂﬂw f8uted by one

g;r gg:]ea{]ggér Xérat 3 ,efﬁﬂ gé)f'(ga_fy't'% ugyl ¢ {Ftﬂ{ﬂgNéﬁ%ﬁ’g%’}i‘?@ ‘ggﬁﬁ‘ gg{ éct gdBf rom
t he group owﬂwlmdazglybfoxamwmwmdlwmmqul iBIDHOENH- N-methiHiegbioyl,and - NO- ;
conpri si Ng g ficahmBRAn or phenazinyl and wherein if Sp is a trivalent radical, it can be

additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1to 5

carbon atoms, hydroxy, or alkylthio of 1 to 5 carbon atoms groups; '

W’is
CH,
R1s%
OH
H3 WA A A
X
Rs
Ry is ,\’r\r orCHj; Ryis ;'4 o or H;
R4O OCH3 Rs OCHS
OCH,



a. reacting a carboxylic acid of the fornula HO wth a nercapto conpound
of .the formula H2Q-Sp-SH i n an al cohol solvent in the presence of an al kyl
carboxylic acid, alk2CO2H where alk2 is 1 to 4 carbon atons at about 200 to
70C for about 1 to 24 hours, wherein Alkl, Sp', Ar, Z1, Q and Sp are as
defined above, to produce a bilinker-carboxylic acid of the formula,

wherei n the nercapto conpound and carboxylic acid are present in a ratio of
about 1.2:1 b. isolating the bilinker-carboxylic acid of step (a); c.
reacting the isolated bilinker-carboxylic acid of step (bl Wth an at |east
a 3 fold nolar exc®&s N- hydr oxysucci ni m de, 2, 3,5, 6-t¢trafl uorophenol,
pent af | uor opgepol , 4 enol , A-ginitr ) or H:
N- hydr oxysul ??)Euc@ng' i deol.N\t he ?)rr%-le'seﬁdégg of HP oyl ohexyl e Mbodi i mi de
(DCC), 1-(3-dinethylam nopropyl)-3-ethyl carbodii P 53( 1), or

N, N - di succi ni ndyl carbonate %n an inert solvent containing 0-50%

N, Ndi net hyl f or mar ni de (DVF)_tBb.generate a trilinker-activated ester of the
formula zi

CHIO Al co__§
Rg or Ry is H or
s CH,0 n—H
o OCH,
CH,

Rs5 is -CH3, -C2Hs5, or -CH(CH3)2;
X is an iodine or bromine atom;

R5' is a hydrogen or the group RCO, wherein R is hydrogen, branchéd or
unbranched alkyl of 1 to 10 carbon atoms, alkylene of 2 to 10 carbon atoms, ary! of 6
o 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-Cs) group, or a heteroaryl or
heteroaryl-alkyl (C1-Cg) group wherein heteroaryl is defined as 2- or 3-furyl, 2- or 3-
thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazolyl), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 8-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, ali aryl and heteroaryl groups
optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms; and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula

1 o O

/ILA|k1\Sp1\ArJI\Z1

HO



Al k1Q Sp-SH where Z is hereinbefore defined; d. reacting the
tri.linker-activated ester formed in step wicth-a nmethyltrithio antitumor . -
antibiotic CH3-S-S-S-W in the presence of a base or an organic -base with a.
methyltrithio antitunor antibiotic CH3-S-S-S-W in an inert organic sol vent
to generate an activated ester of the fornula bel ow, wherein the
trilinker-activated ester in step ¢ and the CH3-S-S-S-W are in a ratio of
3.3:1 and the tenperature of the reaction is s 50C. 0Z1 e. isolating the
activated ester of step (d) and purifying to yield antitunor antibiotics of
Formula (I) )1...." A kl--Spl--Ar-Sp-S-S-W Z Formula (1) An

addi ti onal ik gqﬁecrgaﬂbggﬁ,?g% PRSI et hod of preparing antitunor
antibiotics of Fornmula (I):
H,Q—Sp—SH

in an alcohol solvent in the presence of an alkyl carboxylic acid, alk?®CO,H where
alk? is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein
Alk*, Sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula, wherein the mercapto compound and carboxylic acid are present
in a ratio of about 1.2:1

O z1
/u\A!k“Sp'\ArJ\Q—Sp—SH

b. isolating the bilinker-carboxylic acid of step (a);

HO

c. reacting the isolated bilinker-carboxylic acid of step (b) with an at least a 3 foid
molar excess of N-hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol,
4-nitrophenol, 2,4-dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI), or N,N'-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) to generate a trilinker-activated ester of the formula

O Z1

/U\Alk“Sp‘“Ar/kQ—sp—SH

4

where Z is hereinbefore defined;

d. reacting the trilinker-activated ester formed in step with a methyltrithio antitumor
antibiotic CH3-S-S-S-W' in the presence of a base or an organlé base with a
methyltrithio antitumor antibiotic CH3-S-8-S-W’ in an inert organic soivent to generate
an activated ester of the formula below, wherein the trilinker-activated ester in step ¢
and the CH3-S-S-S-W’ are in a ratio of 3.3:1 and the temperature of the reaction is <
5°C.

O

21
/l\
/"\Alk“SN\Ar Q—Sp—S-S-W*

4



ZI k1 Splr--ArP-Sp-S-S-VW Fornmula (1) wherein: Zis selected fromthe
graup cepnsisting of Akl i's'a branched or unbranched al kyl ene ‘chain of 2 to
6 carbon atons; Spl is selected from-S-, -0-, -CONH, -NHCO, and -NR -;
Zl is H or alkyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or '

1, 4- phenyl ene optionally substituted with one, two, or three groups

I ndependently selected fromalkyl of 1 to 6 carbon atons, al koxy of l1tob
carbon atons, thioalkoxy of 1 to 4 carbon atons, hal ogen, nitro, -

S G g T i AL

2, 7- napht hWF@rm\éa 6bt lonally substituted with one, two, three, or four
groups i ndependently selected fromalkyl of 1 to 6 carbon atons, al koxy of
1 to 5 carbon atons, thioal kgxy of 1 to 4 carbon atons, halogen, nitro,

-COOR, -CONHR , -0(CH2)n , -S(CH2) n , -0(CH2) nCONHR' , and
-S(CH2)NnCONHR' ; n is an intgqer fromOto ;
7 Alk1~—Spi~—Aar Q—"'Sp—s-s-w-_
Formula (1)

An additional process discussed includes a method of preparing antitumor
antibiotics of Formula (I):

/ﬁ\ 21
J\

7 Alk'~—Sp1—Ar Q—Sp—S-S-W’
Formula (1)

wherein:

Z is selected from the group consisting of

_QNOZ and —Ob—noz ;

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;

]
-

Splis selected from -S-, -O-, -CONH-, -NHCO-, and -NR"-;
ZlisH, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR'’, -CONHR',



R is a straight or branched alkyl of 1 to 5 carbon atons optionally
substituted by one or two groups of -OH, alkoxy.of 1 to 4 carbon atons,

t hi oal koxy of 1 .to 4 carbon atons; Sp is a straight or branched-chain

di valent or trivalent alkyl radical of 1 to 18 carbon atons, divalent or
trivalent aryl or heteroaryl radical, divalent or trivalent cycloal kyl of 3
to 18 carbon atons or heterocycl oal kyl radical, divalent or trivalent aryl-
or- heteroaryl -al kyl (Cl1-018) radical, divalent or trivalent cycloal kyl- or

e 0 S EHhcodh i GOl BB A et |

furyl, dt hi ?323"153- ﬂEtﬂB‘J 18+, feH- .V‘l 8- Q}G—lzilﬁnbm?mhwnddnedmhohaﬂy oxazol yl,
pyri mi di ny

I
phenazi nyi 8 %ﬂ?ﬂt é]‘?Pel ?w g'“es é'fpyrqygﬁx%snlﬁd?p%r %Wéel%c canocowﬁgcrl1?l>/onaﬁlry
substi t ut et eagarumraaﬂomsaa*w off1 to &@rﬁomaoberﬁhm&m ot) leok garben atoms. 5 car bon

at ors, hydﬁéllii%en ﬂrtroalédbhhl).@oﬂhnl -DRCA R RIOBR %(QPE),QI@@RS W is CH RS

is -CH3 ; 'S an|(9d|ne bromne atom R5' is a
hydr ogen otO{Ch)sFONHRREad -Si¢dthGONHRS hydr ogen branched or unbranched
al kyl of 1 to 10 carbon atons, al kylene of 2 to 10 carbon atons, aryl of 6

to 11 carbpis s @ er%,@,%@l) aryl -al kyl (C1-05) group, or a heteroaryl or
heteroaryl al kyl ("Cl1- 05) group vvherel n heteroaryl is defined as 2- or

2 L;P: ljl nyﬁ ISrf s:iraigtht or lPr%gé n% F’ 1 Sﬂl\% ﬁ%PX' Wné%%lzlly subsgtﬁteﬁ bgl qne or
3-, 5-, or tvmwpwmprw lalkoRy ¢ of Bto 4 qarborsatorr@, thicalkoxy of sifqﬁlcﬁmoplatorm- 1- 3,
4-, 5-, 6-, 7-, or 8- |squ|nonI all aryl and heteroaryl groups optlonally
substi tut edphtya Gﬁagmormr&hbd-dhﬁhyﬂwawﬁi potrivalantetkyy radicall of 1 tu 18 earb¢rC1- C3)

s sel ot el R A EROCE P En B pbllistfy Ky terk Ry ERRPAREIGI o7
- NNHCSNH- , 34a1{38 cagbon atoms or heterocycloalkyl radical, divalent or trivalent aryl- or
heteroaryl-alkyl (C1 -C1 g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-
alkyl (C4-C4g) radical or divalent or trivalent unsaturated alkyl radical of 2to 18
carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be

additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1 to 5
carbon atoms, hydroxy, or alkylthio of 1 to § carbon atoms groups;

W'is
R;3
O
A~ e
R4S
1 %\ - OCH,
OR,
Ha WAL AN
X
R L]
Rqis ' ,\“f or CHy; Rjis ﬁs ° or H;
/
R40 OCH;, Rs OCH;
OCHj;



conprising the steps of: a. reacting a carboxylic acid of the formula HO
w t.h a prercapto conpound of the formula H2Q Sp-SH in an al cohol solvent in
the presence of an al kyl carboxylic acid, alk2CO2H where alk2 is 1 to 4
carbon atons at about 200 to 70C for about 1 to 24 hours, wherein Al k"
Sp', Ar, Z1, Q and Sp are as defined above, to produce a
bi i nker-carboxylic acid of the fornmula, wherein the nercapto conpound and
carboxylic acid are present in a ratio of about 1.2:1 Zl F[AIleplArCLSp_SH
b. isolating the bilinker-carboxylic acid of step (a); .G, reacting t he
i sol ated bilinker-agoboxylic acid of step (b) with CH3-SJS-S-W. in the
presence of ase o] ani c e th a PTIM o ant nor
antibiotic CgB n |nef$ drgaﬁlg S : reactlhguthe
conpound of step (c) W t least a 3 fold notPGH:egeess of
Nhydr oxysucci ni m de, 2, 3,5, 6-getrafl uorophenol, pentafluorophenol,
4-ni trophenol, 2,4- dinitrogh nol, or N-hydroxysul fosuccinimde in the
presence of 1, 3- dicycl ohexyl'carbodiim de (DCC),
1- (3-di net hyl am nopr opyl ) - 3- ethylcarbodllnlde (EDCl), org N, N -di succi ni ndyl
carbonate in an inert solvent contafhlafh 3¢ (V30 | f or mam de ( DVF)
and purifying to yield conpounds of Formnul :

RgorR;is Hor

R5 is -CH3, -C2Hsg, or -CH(CH3)2;
X is an iodine or bromine atom;

Rg' is a hydrogen or the group RCO, wherein R is hydrogen, branched or

unbranched alky! of 1 to 10 carbon atoms, alkylene of 2 to 10 carbon atoms, aryl of 6
to 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-Cs) group, or a heteroaryl or
heteroaryl-alkyl (C4-Cs) group wherein heteroaryl is defined as 2- or 3-furyl, 2- or 3-
thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazoly!), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups
optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms;and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula

o 0o

)LNK1-‘SP1 \“AI'/ILZ'l

HO



ZI Akl Spi ArO Sp-S-S-W An additional process includes preparation of
conpounds of Formula (1): Formula (1) Zis selected fromthe group
consisting of Alkl i-s a branched or unbranched al kyl ene chain of 2 to 6
carbon atons; Spl is selected from-S-, -0-, -CONH-, -NHCO, and -NR -; Z1
is H or al kyI of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or 1,4-phenylene
optionally substituted with one, two, or three groups independently
selected fromalkyl of 1 to 6 carbon atons, al koxy of 1 to 5 carbon atons,
t hi oal koxy of 1to4carbon t halogen nitro, -COOR, -CONHR ,

- 0( CH2) nCOMEh @ meraapls) GRRiRgYn ggfgs BONHR , and - S(CH2) nCONHR  or a

H,Q—Sp—SH

in an alcohol solvent in the presence of an alkyl carboxylic acid, alk’CO,H where
alk?is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein
AlK", sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula, wherein the mercapto compound and carboxylic acid are present
in a ratio of about 1.2:1

O 21

/u_\Alk"\Sp1\ArJ\Q—Sp—SH

HO

b. isolating the bilinker-carboxylic acid of step (a);

" ¢. reacting the isolated bilinker-carboxylic acid of step (b) with CH3-S-S-S-W’ in the
presence of a base or an organic base with a methyltrithio antitumor antibiotic CHs-S-
S-5-W' in an inert organic solvent;

d. reacting the compound of step (c) with an at least a 3 fold molar excess of N-
hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol, 2,4-
dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimefhylaminopropyl)-3—ethy|carbodiimide
(EDCI), or N,N'-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) and purifying to yield compounds of Formula (I)

O 21

)LAM\Sp‘*Ar/kQ—Sp—S-s-W' .

An additional process includes preparation of compounds of Formula (1):

z

O Z1
/|\
Z/H\Alk'~3p1‘Ar Q—Sp—S-S-W
Formula (1)

wherein;



1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene
. optionally substituted wwth one, tw, three, or four groups independently .
selected fromalkyl of 1 to 6 carbon atons, al koxy of 1 to 5 carbon atons,
t hi oal kow of 1 to 4 carbon atons, hal ogen, nitro, -COOR, -CONHR ,

-0(CH2) nCOOR' , -S(CH2)nCOOR , -0(CH2) nCONHR, and -S(CH2)nCONHR ; n is an
integer from0O to 5 R is a straight or branched alkyl of 1 to 5 carbon
atoons optionally substituted by one or two groups of -OH, alkoxy of 1 to 4
carbon atopgs, thioal ko of arbon atons; Sp is a straight or

br anched-c%?é%ﬁt?fg%r%'ﬁﬁx%gmwce'&?'éwp % kyl radical of 1 to 18 carbon atons,
divalent or trivalent aryl or heteroaryl radical, divalent or trivalent
cycloal kyl of 3 to 18 carbon atons or heterocycl-oal kyl radical, divalent or
trivalent aryl-qor heterogryl-alkyl (Cl-£18) gadical, digvaleng or trivalent

cycl oal kyl - or terocycl dy al kylg yaal Kyl "\ C1-A18) rad| ca\ or/dival ent or
trival ent unsat ed al k I c“aNI of 2 3 car bon at wher ei n
het eroaryl is© vt N- nettyPpy . pyT F,

Nmret hyl i m dazol yI~, oxazol vyl pyrimdinyl, M —Ad
N- et hyl carbazogl , ami nocgumarinyl, or pgenazigyl ingif Spis a
trivalent radical, it can be additionally substjtuted by di al kylam no of 1
to 5 carbon atons, al koxy of 1 to 5 carbon ataty, hydroxy, or al kylthio of
. ' -CH(CH3)2; X is an

1 to 5 carbon atoms gro W is RS is -CH3. -
i odi ne or brom ne atom \S a hydrogen or th Rﬁ) wherein Ris

\ hon #ns, al kyl ene of
(C6-C 1) aryl-alky)

hydr ogen, brancheaQst stNQk kyanch—TO
2 to 10 carbon atons, 6 to 11 carbon ato

(C1-05) group, or a heteroaryl or heteroaryl-al kyI (Cl 05) group wherein
heteroaryl is defined as 2- or 3-furyl, 2- or 3- thienyl, 2- or

3- ( N- et hy laplris albydnchea or ulbranchied4ikyleniedthaipl of 22e 6 odrhonatoms;

5- ( Nrret hyI i mdazolyl), 2-, 4-, or 5-oxazolyl, 2- 3-, 5-, or 6-pyrimdinyl,
2-, 3- Ore 8-4ui I 1- -, 6-, 7-, or

8- |squ| nolsyl 'ssﬁq?deacrzglr?mansd ﬁgelt edrtggayl g{r;;gu'ps o-bfl dnal I y substi t ut ed by one

or nore hydroxy, am no, carboxy, halo, nitro, (Cl 3)
z1is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR', -CONHR',
-O(CH2),COOR', -S(CH2),COOR’, -O(CH2),CONHR', and -S(CH2),CONHR' or a
1,2-, 1,3-, 1,4-, 1,6-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyi of 1
to 6 carbon atoms, alkoxy of 1 to 5§ carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR', -CONHR', -O(CH2),COOR’, -S(CH2),COOR,
-O(CH2),CONHR', and -S(CH2), CONHR";

n is an integer from O to 5;

R'isa straight or branched alkyl of 1 to 5§ carbon atoms optionally substituted by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thioalkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent ary! or heteroaryl radical, divalent or trivalent cycloalkyl of
3 to 18 carbon atoms or heterocycloalkyl radical, divalent or trivalent aryl- or
heteroaryl-alkyl (C1-C1g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-
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al koxy of 1 to 3 carbon atons, or thioal koxy of 1 to 5 carbon atons;and Q
. is selected fromthe group consisting of -NNHCO, -NNHCS-;—-NNHCONH;
-NNHCSNH-, and -NO-; conprising the steps of: a. reacting a carboxylic acid
of . the formula 00 HOwith a nmercapto conpound of the fornula H2Q Sp-SH in
an al-cohol solvent in the presence of an al kyl carboxylic acid, alk2CO2H
where alk2 is 1 to 4 carbon atons at about 200 to 70C-for—abeut—tteo24
hours, wherein Alkl, Sp', Ar, Z1, Q and Sp are as defined above, to
produce a dikyl {(Cyer gXradicabor|divaleat betrvblehtihsbrated alkylratica)df Alts 18z 4] . st
Sp ArQ -Sp-SH - . -

carbon atoms, wherein heteroaryi is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-

methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be
additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1 to &
carbon atoms, hydroxy, or alkylthio of 1 to 5 carbon atoms groups;

W' is
CH, 0]
R,S%\ OCH,
HN
on ANV
H3 L om0 oy o
X ;‘.r‘r ES' O
R, is orCHj3; Ryis y or H;
R4O OCH;3 Rs OCH;
OCH,
Rs
OR
R; is ' l orH; Ry is :H?' o or H;
CHa OCH; @&
CH;0 co——§
Rs or R7 isHor ﬁ
CH;0 n—H
o OCH;
CH,

Rs5 is -CH3, ~-C2Hs, or -CH(CH3)2;
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b. isolating the bilinker-carboxylic acid of step (a); c. reacting the
i sal ated bilinker-carboxylic acid of step (b) with;an at | east of : o
Nhydr oxysucci ni mi de, 2,3,5,6-tetratl uorophenol, pentatl uorophenol, T
4-ni trophenol, 2,4- dinitrophenol, or N hydroxysul fosuccinimde in the
presence of 1, 3- dicycl ohexyl carbodiimde (DCC),

1- (3-di nmet hyl am nopropyl) - 3-et hyl carbodiimde (EDCl), or

N, N - di succi ni nrdyl carbonate in an inert solvent containing 0-50%

N, Ndi met hyl formanmi de (DVF) to generate a trilinker-activated ester of the
formul a zXis amjopipe ogromipe@ategl.s where Z is hereinbefore defined ; d.
reacting the trilinker-activated ester in step c in the presence of a base

Gener at e al dt A addeh B FREIPRED bfbifR i Bibod, BRRchedof vEnt 10

z.). Al k1" - uiphhcohed kaiky) ef JptoI0Baron atoms, alkylene of 2 to 10 carbon atoms, aryl of 6
to 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-C5) group, or a heteroaryl or
heteroaryl-alkyl (C1-Cs) group wherein heteroaryl is defined as 2- or 3-furyl, 2- or 3-
thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazolyl), 2-, 4-, or §-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyi, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups
-optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)
alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms;and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula

9 o
/u\AIk1‘8p1\Ar/u\z1

HO
with a mercapto compound of the formula
H,Q—Sp—SH
in an alcohol solvent in the presence of an alkyl carboxylic acid, alk?CO,H where alk®
is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein Alk’,

Sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic acid of
the formula,

O 21

/”\AIK"Sp"Ar/‘\Q—Sp—SH

b. isolating the bilinker-carboxylic acid of step (a);

HO

c. reacting the isolated bilinker-carboxylic acid of step (b) with an at least of N-
hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol, 2,4-
dinitrophenol, or N—hydrbxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

12



e. isolating the activated ester of step (d) and purifying to yield
conpoungds of Formula (1) ZI , Formula (I) o The processes include a
purifying of step conprising the use of a reverse phase hi gh performnce

| i quid chromat ography having a nobil e phase of about pH 7.0 to 9.0 foll owed
wi th a normal phase chronmat ography. The processes include: alkl is 3
carbon atons; sp' is -0-; Z1 is nethyl; Ar is unsubstituted | ,4-phenyl ene;
Sp-is 4 carbon atons; IR3 is H Qis NNHCO)-;

(EDCI), or N,N’-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) to generate a trilinker-activated ester of the formula

(o] Z1

/H\Alk“Sp“ArJ\Q—Sp—SH

where Z is hereinbefore defined ;

z

d. reacting the trilinker-activated ester in step c in the presence of a base or an
organic base with CH;-S-S-S-W' in an inert organic solvent to generate an activated
ester of the formula

0 z1

J\
/”\Ano\sw*—Ar Q—Sp—5-S-W-

e. isolating the activated ester of step (d) and purifying to yield compounds of

z

Formula (1)
o} 21
/l\
Z/H\Alk“Sp“Ar Q—Sp—S-S-W-"
Formuila (1)

The processes include a purifying of step comprising the use of a reverse
phase high performance liquid chromatography having a mobile phase of about pH
7.0 to 9.0 followed with a normal phase chromatography.

The processes include:
alk’ is 3 carbon atoms;
Sp' is —O-;
Z' is methyl;
Ar is unsubstituted 1,4-phenylene;

Sp is 4 carbon atoms;

13



RRiS 2 RA1ls 2 R5is CH5, RS is -C(0)-R R 1Is nethyl; and Z is

The processes include but are not limted to-A-kl is . an alkylene of 2 to 5
carbon atons, and Spl is an oxygen atom The processes include but are not
limted ALkl is an al kylene of 3 carbon '

Rais H;
Q is NNHC(O)-;
[(VaVal¥oly
R L)
1° o
N
Rs™ .
Ry is H3CO ;
(Va¥a¥, Vg
H3C 0
HO
R4 is HsCO OH ;
Rs is CaHs;
Rs' is —C(O)-R;

R Is methyl; and

Zis

0O

§—on
O

The processes include but are not limited to Alk? is an alkylene of 2to 5

carbon atoms, and Sp1 is an oxygen atom.

The processes include but are not limited Akl is an alkylene of 3 carbon
atoms.

The processes include but are not limited Z1 is alkyl of 1 to 3 carbon atoms.

14



atons. The processes include but are not limted Z1 is alkyl of 1 to 3
carbon atons. .° - ..The processes include but are not limted Ar is 1,2-,
1,3-, or 1,4-phenylene, or 1,2-, 1,3-; 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-,
2,6-, or 2,7-naphthylidene. The processes include but are not limted Ar is
1, 4- phenyl ene. The processes include but are not limted Qis -NNHCO.

The processes include but are not limted Sp is straight or branched-chain
divalent or trivalent alkyl radical of 1 to 12 carbon atons. The

rocesses incl ‘ ], dn il bJhta O -chain
gi valent or tr ?‘&gﬁ g'lrdl’tke%reg "P:ﬂ?dgdqu(%fee'gcftﬁ%ntbg A?s{:grhggha_héroﬁg%ﬂ eg}c?l’ g@esses
i ncl ude but.2arlS@-nbé-11m L\éd 1thel & chot 65 81 dmarhthyligd™8anol. The processes

include but are not limted the inert solvent is acetonitrile. The
processes i ncl utige piocesses inthidel butratecubt silmitgd Ac B hdphenyderseci d i s aceti c aci d.
The processes include but are not imted the inert organic solvent is

acetoni trile. THg. BIRESSS HoildeDut dR: tlime@ g8t -NNHEDSd Z is 1-ON
Di scussed herein is a process to prepare trilinker-activated esters of the

forml a: The processzels include but are not limited Sp is straight or branched-chain

divalent or trivaient alkyl radical of 1 to 12 carbon atoms.

The processes include but are not limited Sp is straight or branched-chain
divalent or trivaient alkyl radical of 1 to 6 carbon atoms.

The processes inciude but are not limited the alcohol solvent is methanol.
The processes include but are not limited the inert solvent is acetonitrile.

The processes include but are not limited alkyl carboxylic acid is acetic acid.

The processes include but are not limited the inert organic solvent is
acetonitrile. '

The processes include but are not limited Z is

0,

§—on

0O

Discussed herein is a process to prepare trilinker-activated esters of the
formula:

o] 21
/u\Alk“Sp1\Ar/|\Q-—Sp—S-S-W'

¥4

wherein:
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ALkl Sp |"ArQ Sp-S-S-W  wherein: Zis selected fromthe group consisting
. of \Alkl, is a branched or unbranched al kyl ene chain of 2 to 6 carbon atons;
~Spl is selected from-S-, -0-, -CONH-, -NHCO, and -NR -; 21 is H, or alkyl
of 1 to 5 carbon atonms; Ar is 1,2-, 1,3-, or 1, 4-phenylene optionally
substituted with one, two, or three groups independently selected from
alkyl of 1 to 6 carbon atons, al koxy of 1 to 5 carbon atons, thioal koxy of
1 to 4 carbon atons, halogen, nitro, -COOR, -CONHR , -0(CH2)nCOORL,
-S(CHZ)n CONHR CHZ) nCO\IHR' or alz?2, 1,3, 1, 4-,
1, 5-, slée}ecgécﬁ_{%)‘%ezg@w cﬂ"%g'"gé’& 7-napht hyl i dene optional Iy
substltut ed with one, two, three, or four groups i ndependently sel ected
from al kyl of to 6 carbgn atons, al kogy of }:to 5 carbon atons,

t hi oal koxy of 1\o 4 carb at o hal og&p, tro, -COOR CONHR'
-0(CH2) nCOOR 2)n 3(h,'|§|2)n R and - S(CH2 HR ; nis an
I nt eger from‘g » = stra-l-g nGhet—4 +—tFo, 5 car bon

by one or t oXy of 1to 4

carbon atons, I oal koxy 1 to 4 carbo ; Spis ght or
branched-chain di valent or trivalent alkyl radical of 1 to 18 carbon atons,
divalent or trivalent aryl or heteroaryl radi®&\, divalent or trivalent
cycloal kyl of 3 to 18 ca atons or heterocyclalkyl radical, divalent or

trivalent arylor hetergé al kyl (G -C18) radi
cycl oal kyl - or het&o kytNOg|,land (€10
: radical of 2 to 18

val ent or trival ent
N@z dival ent or

a C
Y
R ()

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
splis selected from -S-, -O-, -CONH-, -NHCO-, and -NR'*;
21 is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR', -CONHR',
~-O(CH2), COOR, -S(CH2),COOR’, -O(CH2)nCONHR', and -S(CH2),CONHR' or a
1,2-, 1,3-, 14— 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR’, -CONHR', -O(CH2),COOR', -S(CH2),COOR',

-O(CH2),CONHR', and -S(CH2),CONHR';
n is an integer from 0 to 5;

R' is a straight or branched alkyl of 1 to 5 carbon atoms optionally substituted by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thioalkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalkyl of
3 to 18 carbon atoms or heterocycloalkyl radical, divalent or trivalent aryl--or
heteroaryl-alkyl (C1-C+g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-

alkyl (C1-C1g) radical or divalent or trivalent unsaturated alky! radical of 2to 18
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~carbon atons, wherein heteroaryl is furyl, thienyl, Nnmethylpyrrolyl.

pyrid dinyl, Nmethylimdazolyl, oxazolyl, pyrimdinyl, quinolyl, isoquinolyl,
N- et hyl car bazoyl, am nocounmarinyl, or phenazinyl and wherein if Sp is a
~trivalent radical, it can be additionally substituted by dial kylam no of 1
to 5 carbon atons, al koxy of 1 to 5 carbon atons, hydroxy, or alkylthio of
1 to 5 carbon atons groups; W is R5 is -CH3, -CH5, or -CH(CH3)2; X is an
iodine or bromne atom R5" is a hydrogen or the group RCO wherein Ris

5
hydr ogen, branched or_ unbranched, alk of Q rhon 0 al kyl ene of
2'to 10 caf¥BH 2PgRs WhaRY) heg?rogryf 'c');f'i'%l' éhé?rgiirﬂ’ﬁegr%ﬁp?ﬁgwegﬁéTENér yl - al kyl -
(G -05) grmethylimidazolpleoxazolyt, pyrimidiryh tuinolyk. jsoquinkiyl, N-mettyBarkpzoylp wher ei n
geE EI\EIf (gg{ Kl ?l'nfnror Ofﬁ!ﬁiﬁ'@l,%? pg%néﬂny?éiwﬂérreinaf S;lpfs agrrivélghﬁam;:al, #ta®be
. yl pyr - - pyr.i di ny
5- ( Nmet hyl # '&5%{?89/9%‘35,"‘%’! b’ﬁd'?ﬁ)‘)ﬁ'?"g{)%fé§8lr}'§ﬂafb°£'-%t°@§: a'@‘:—”‘,y B ®8Spyrini dinyl
2-, 3-, 4-carben atbms, Rydroxy, o8alyithimbfd to Scartien atdms gteypsh-, 6-, 7-, or
8-isoquinolyl, all aryl and heteroaryl groups optionally substituted by one
or nore hygp@xy, am no, carboxy, halo, nitro, (Cl-C3) al koxy of 1 to 3
carbon atons, or thioal koxy of 1 to 5 carbon atons;and Qis selected from
the group consisting of -NNHCO, -NNHCS-, -NHNCONH-, - WCSNH , and - NGO ;
conprising the steps of: a. reacting a carboxylic acid the formul a

Ry
Ry is rr‘f orCHjy; Ryis ﬁ\m or H;
/

RO OCH; Rs OCH;,
OCH;4
ReQor :
7
Ryis orH; Ryis Hc"'?» o orH;
CH;
OCH, OH

: CH30 co__g
Rg or Ry is H or I:(
8 CH.0 N—H

‘Rs5 is -CH3, -C2oHs5, or -CH(CHg3)2;

X is an iodine or bromine atom;
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wi th-a nmercapto conpound of the fornmula H2Q Sp-SH in an al cohol solvent in
t he presence of an al kyl carboxylic acid, alk2CO2H where alk2 is 1 to 4
carbon atoms at about 20 to 70C for about 1 to 24 hours, wherein A kI, Sp',
Ar, Q and Sp are as defined above, to produce a bilinker-carboxylic acid
of the fornmula Z1 HOAl k1"--SpQ Sp-SH b. isolating the bilinker-carboxylic
acid of step (a); c. reacting the bilinker-carboxylic acid fromstep (b)
in the presence of a base or an organic base with CH3-S-S-S-W in an inert
organi c solvent to generate a bilinkernethyltrithio conpound of the fornula
zi J??2 APQ Sp-S-S-W d. reacting the isolated bilinker-methyltrithio
conpound oRs59s @dydrogeniar theNsroup BLODs wherein Riislhydrage), brahwched oaf | uor ophenol ,
pent af | uor - i - dini
N- hydr oxysﬁﬁ}gﬂﬁlgglaﬂn'fﬁnbfj{e%f)ﬁ@%%@'b%@g“éng“é’r']S'}é %E’n@. %%F@#"o st 24t ¥ i ni de
(DCC), 1- (B earberyptomsn 8 dCa1In) al-alkyiCe435) grruprptie heteraryl or or .
N, N -di sucgi@idaiilal 8 bp whBrelil fdtbrosRh i&idine® L 31 & P, 2103
N, Ndi et hyl f or mam d@{%if 8 generregd:e arotBJi iéi nk'gr- activate 'e%t er of the
formul a thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-

methylimidazolyl), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,

or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups

optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms;and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NHNCONH-,

-NNCSNH-, and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula

o o

/ILA|k1\Sp1\ArJLZ1

HO'
with a mercapto compound of the formula
H,Q—Sp—SH
in an alcohol solvent in the presence of an alky! carboxylic acid, alk’CO.H where
alk? is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein

Alk', Sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula

O Z1

)LAIk"Sp*\Ar/]\Q—Sp—SH

HO

b. isolating the bilinker-carboxylic acid of step (a);

c. reacting the bilinker-carboxylic acid from step (b) in the presence of a base or an
organic base with CHz-S-S-S-W’ in an inert organic solvent to generate a bilinker-
methyltrithio compound of the formula

18



zi AIkI--Spi----Ar.,-QSp-S—S—V\'/r : Presented herein is a process

for. the preparation of trifunctional |inker internediates, of the. formula
zi Aikl-Spl-Ar----LQ Sp-SH wherein: Akl is a branched or unbranched
al kyl ene chain of 2 to 6 carbon atonms; Spl is selected from-S-, -0-,

-CONH-, -NHCO-, and -NR -; Z1 is H, or alkyl of 1 to 5 carbon atoms; Ar is
1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three
grooups i ndependently sel ected from al kyl of 1 to 6 carbon atons, al koxy of
1 to 5 carbon atons, thioalkexy of 1 to arbon at ons, hal ogen, nitro,
-COOR , -CONHR , -O(CHZ)n : S(CHZ)n -0(CH2) nCO\IHR‘, and
-S(CHZ) NCONHR or a

Alk1~—gp1—Ar Q—Sp-—S-S-W’

d. reacting the isolated bilinker-methyltrithio compound of step (c) with N-
hydroxysuccinimide, 2,3.5,6-tetraﬂuor6pheno|, pentafluorophenol, 4-nitrophenol, 2,4-
dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDC), or N,N'-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) to generate a trilinker-activated ester of the formula

O 21

/l\
/ll\Alk1\Sp1\Ar Q—-Sp—S-SW' _

z

Presented herein is a process for the preparation of trifunctional linker
intermediates, of the formuila

P i
z Alk'—3 p‘—Ar/l\Q—Sp-SH

wherein:

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
splis selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;

21 is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, ~-COOR', -CONHR',
-O(CH2)RCOOR, -S(CH2)nCOOR', -O(CH2),CONHR', and -S(CH2),CONHR' or a
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1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene
optiionally substituted with one, two, three, or four groups independently.
selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
t hi oal koxy of 1 to 4 carbon atoms, halogen, nitro, -COOR, -CONHR ,

-0( CH2) nCOOR , - S(CH2) nCOOR -O(CHZ) NCONHR , and -S(CH2)nCONHR ; n is an
I nt eger fromO to 5 R is a straight or branched alkyl of 1 to 5 carbon
at-ons optionally substituted by one or two groups of -OH alkoxy of 1 to 4

carbon ato t oxy, af t carbgn a traj ght or

br anched- Cﬂgl’ﬂ :gr ggTK' bg t1:7|v 3a ?gyf’régd?a@’g&'% e"f‘fpiq%iycar bon at ons,
di val ent osubstifuted with ong, yWwo, dhreheore‘poragryhpsrladbmldenﬂﬁ seigated from afkyl ofdl ent

cycl oal kyl 40 féba&at%%scam o @5 é él"ﬁé rs%mgikaa,tm mr@é?asa.h atorsy @l ent or

trival ent ar het er oar ent or trivalent

cycl oal kyl t'a'BQe'h@t@'océ Ro- épk‘!]'lR' -Q( Z)nF@B'%:rl%(lcg'ghl%FP Ror dival ent or

trivalent | @g%t)l ﬁﬁRaIalﬁul_S C8bNMR-2 t0 18 carbon atons, wherein
heteroaryl 1 'Pé(lb t hi enyI @-‘I\yF)ﬂet Hﬁ pyr r ol yl, pyridinyl,

Nmret hyl i m dazol yl oxazol pyrimdinyl, qui noI yl, isoquinolyl,

N- net hyl caFEFaQ'bWegeéfFPW&%Lﬁmrl nyl, or phenazinyl and wherein if Sp is a
trivalent radical, it can be addit i onal ly substituted by dial kylam no of 1
to 5 carboR iataca’maigmmmmcnﬁd dkyl of $tacB cdrban atoomssoptienaliyssupstitotedadylopetani o of

1to5 carwﬁgb mléné@b%méeérssﬁ Gnls! mggﬁaymw&am%mg of

- NNHCO- conprising t eps of . reacting a
car bOxy1 10 g35] € Rlight ch R il s RGBT Sl Ko O 1 o

atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalkyl of
3 to 18 carbon atoms or heterocycloalkyl radical, divalent or trivalent aryl- or
heteroaryl-alkyl (C4-C43g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-

alkyl (C4-C1g) radical or divalent or trivalent unsaturated alkyl radical of 2to 18

carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be
additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1 to 5

carbon atoms, hydroxy, or alkylthio of 1 to 5 carbon atoms groups;

Q is selected from the group consisting of -NNHCO-, -NNHCS-, and -NNHCONH-;

Z is selected from the group consisting of

R F R F
303N a
—O » —O y T » — F
o o] F F F F
O

—0 NO, ,and —o NO:
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H2Q Sp-SH i n an al cohol solvent in the presence of an al kyl carboxylic
aci.d, al k2CO2H, where alk2 is 1-to 4 carbon atons at about 20 to 70C for
about 1 to 24 hours, wherein Akl, Sp', Ar, Z1, Q and Sp are as defined
above, to produce a bilinker-carboxylic acid of the fornula b. isolating
the bilinker-carboxylic acid of step (a); c. reacting the isol ated

bi | i nker-carboxylic acid of step (b) with N hydroxysuccini m de,
2,3,5,6-tetrafl uorophenol, pentatl uorophenol, 4-nitrophenol,

2,4-dinitr § dr oxysul fosuccinimde in the presence of 1, 3-

di cycl ohexg‘lr’}@'g'%@ogdﬁ“.gr%’ gr}%'DCC) ,

1- (3-di net hyl am nopropy1l) - 3- et hyl carbodiim de (EDClI), or N, Nl-di succi ni ndyl
car bonat e Anreastingacerbosylipacid ebhedermulay 0- 50% DVF to generate

trifunctional |inker internediatgs, of the forpula 21 1....,"

Al Kkl --Sp."---ArQ Sp-SH . Thdjterns used i this specification
generally have their ordinary negQings in the jart, wthin the context of
the invention, and in the spe@’%@bﬁ?@ﬂ‘%ﬁerez&aoh termis used. Certain

terms are di scussed below, or elsewhere in the specification, to provide

addi t i onal wijniadaercaptpsormipeupd althe farowta i n descri bi ng the conpounds,

- conpositions, and nethods of the iﬁl\éﬁmsi o_nsﬁnd how t o make and use them
Moreover, it will be appreciated t the same thi ng can be said in nore

than one Wayan Sledtsd golesrtl iy theddrbsdnaa lof H6 alkpn@eRgelicadd, SHKTCOYHE wiiese be used

for any ongyor, fipr .ol of e Ll TR AF US55 BPLLR1 B ol BHershECT 2
signifi canéé o Be %”f aced ugon
Alk', Sp*, Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic

acid of the formula
0O Z1

/H\Alk"“Sp"\ArJ\Q—Sp—SH

HO
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with

N-hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol,
2,4-dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropy!)-3-ethylcarbodiimide
(EDCI), or N,N'-disuccinimdyl carbonate in an inert solvent containing 0-50% DMF to
generate trifunctional linker intermediates, of the formula

O z1
/”\Alk“"Sp"“'ArJ\Q—Sp—SH _

The terms used in this specification generally have their ordinary meanings in the

4

art, within the context of the invention, and in the specific context where each term is
used. Certain terms are discussed below, or elsewhere in the specification, to
provide additional guidance to the practitioner in describing the compounds,
compositions, and methods of the invention and how to make and use them.
Moreover, it will be appreciated that the same thing can be said in more than one
way. Consequently, altemnative language and synonyms may be used for any one or
more of the terms discussed herein, nor is any special significance to be placed upon
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whether or not a termis elaborated or discussed herein. The use of
exanpl es anywhere in this specification, including exanples of any terns

di scussed herein, is illustrative only, and in no way linmts the scope and
meani ng of the invention or of any exenplified term Likew se, the
invention is not limted to the exanpl es presented. The terns, "about"

or "approximately" shall generally nean within 20 percent, preferably
wit hin 10 percent and nore preferabl y within 5 percent of a given val ue or

range. as .u h t group, as
def i ned ab\'ff(}%tﬁerh%f\ﬂnna %fﬁ"8>y? Fnat?‘iaf%' ‘ﬁ"sa?c?hér ed t e'%gf&c?) ea%"lﬁé'e?

"t hi oal koxgﬁywhefelnsthls@paﬂf%ﬂtlmodpclgqlltmpx%tﬁplﬁ%ﬂfl ydermudiseupsad 59131"1;#5 r adi cal
attached tfg&eiQe only. an-Ehﬁ oS4V lindtsihé scdﬁéféﬂd&néé}uﬁd'l@f théld'lv%ﬁilorﬂir dFat ur at ed
aliphatic gro ng strai ht chain atﬁ%b} ‘?EO@E @nched chain
al kyl gr ouﬁ%ye’%/"&" (Lgﬁw&,ss‘?cf BN [0t Lntes to samgles cycl oal kyl
groups, angresgatedal kyI substituted aI kyl groups. In an enbodi nent a
straight chain or branched chain al kyl has 6 or fewer carbon atons in its

backbone. Therrte%m\s aéA‘dUt"or@aﬁbrbﬁmu?e%dsﬁélpg\ﬁxeeéuyaﬁemhwm@efbbam cal nane.
The term "ar an ar omat

def be
substit ut ef" rat?txgt}lag‘ttqttﬁ' Wc’r&r% 1!853 g‘%gtpc?nﬁ'pn ?B%ﬁn b\ Re)it3 Iyand

i ncl ude pheamgke. and napt hyl . The term ‘aryl ™ aI so includes polycyclic ring
systens having two or nore rings in which two or nore carbons are comon to

two adj oi ni NOrHd tBEH “dikdX§” & 0SS Ker8in Téfefed ah atmgwua ad défmatabave of the

carbocycli¢ rings _is aro '(tfa 3 ottlaer “ argeltpée ‘J:]Q kyl s,

| there he fi ]
cycl oal kenﬁ?\ﬂng 98?%%?!"@{{& pa 3“%?8? CFPT oxy | - CO2H
radi cal .  group asTHeSned having A sidfunradisal attagh@d theéﬁfters to an at om of f1 uori ne,
chl orine, brom ne, or iodine. The term "heteroaryl” refers to a 4 to

10 menber ed i terin tokylT ReferéhtoCiier fadigals br waturated iafiphatidegroaps includiogir

het er oat og%traﬁhp&ta‘ﬁ.[ g%m%ggit%h Ghallfhik I%?gl.% 8¥]c{lden@l ﬁé( és%éﬁ@? #}Bu&ne to

t hree fus one r
charact er &hyl @hﬂtlh-lt% cyclegjkyl 97@@@(- c?&'ﬂo%'qalﬁ' ﬁ?ﬁ‘é‘“ﬁ?d @yl EFuRE- YepBct ed

frO{n t he greg%dm?ﬁl %tdtﬂégbhi)ﬁtac?n oNbré}{&ﬁeclg)chh%{k&Bﬁ?d gloi*%\ﬁéfrft[ﬁ&)dhfat?ﬂhe [l 39
SYyS emmay at ura ne PArtl a sat urate aqr u salturate
Each ring Hb'ﬁ'i)‘??cé‘gé"? nf'eeetef'B ?e'gﬂ eysed aH’ﬂ??ea}srﬁ e erhogt' h"4s used
her ei n neafhederuianti isdefingd as & alematic calroeydit meiaty ppd mayberpplistidted and
I ncl ude f oy raﬁama{.ﬁtéa' tArngg%Supsqaeoafmo 13'afbn, at&h?%ﬁ@fd&&de%nﬂ%h@m um The

term"nitro" - NO2. The term "substituted" is contenplated to
i ncl ude al I“aB@'b"fn"%h?itE'l"e "y aisp dnflies PolYCYHIIG SRS SYRIEME SEMIY WP AT FO 0ad
aspect, theingsinwisish tWwoeorgubret darbmstase odmmog amtwo adjoiping mishgs Kthe ringearecycl i ¢

and cycli CaqQEaH g&.ﬁmeégt%t\ep?tmarmtaeqmggssca,«angt.éeégr%ml.ér;;mgaromatl c

and nonaronatl c subst| tuent organi ¢ conpounds he perm ssib

subst i t uentcan@gfygealkyis %F'ORBP@V'%rWC'PﬂEYWM"WPrB’VFF erent for appropriate
organi ¢ conpounds. For purposes of this invention, the heteroatons such as
ni trogen may havGarboygrisdefinesidsst iGQuhhtaglicahd/ or any per mi ssi bl e”

The term “halogen” or “halo” refers to an atom of fluorine, chlorine, bromine,

or iodine.

The term “heteroaryl” refers to a 4 to 10 membered ring structure, which ring
structure includes one to four heteroatoms. A heteroaryl comprises a heterocyclic
ring system of one to three fused rings, in which at least one rtng may have an
aromatic character and contains 1 to 4 heteroatoms the same or different selected
from the group consisting of S, N, and O. The remaining rings of the ring system
may be fully unsaturated, partially saturated, or fully saturated. Each ring comprises
three to ten members. The term “heteroatom” as used herein means an atom of any
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substituents of organic conpounds described herein which satisfy the
val.enci es.of the heteroatonmsi:-This invention is not intended to be linited
in any .manner by the pernissible substituents of organic conpounds.

The ‘term al kyl neans a straight or branched alkyl of 1 to 18 carbon atons,
preferably 2 to 5 carbon atons, 1 to 4 carbon atoms or 1 to 3 carbon atons.
In sone enbodi nents of the invention the termal kyl is nethyl _ The

t erm al cohol sol vent neans nethanol ethanol and the like with a b0|I|ng
poi nt of |ess than about e refers to an al

ot | ned. alRIoBeNRr AT CabeR PLCERgen AR L AT HIS ANCRPR: KOGk ane can
be br anchedlifar, phodpoaus; laed selediuoan have 2-18 carbons. Anbient tenperature is
about 25C. Inert solvent or inert organic solvent describes a

sol vent that W{ie RfhRiGE" MBaE 0, f orm a coval ent bond in the steps to
prepare conpounds of Formula (1), trilinkeractivated esters or

el functtonal U ElmBlR iR Bl Ehdipaea 1 (BRHe B pelrisl <EEG Of an
inert solvent or 1nert Mo ch as but- not
linited toofanf@artmmmpcvtmdét HW at,e@tiaseeqt.lthgprma%lh|s@;b§}mmﬁfeorgamc

N, N-di met hadrh uﬂamr@mdeta%w@mﬁdwéw aﬁncm@?muaéncheet@abédyut@n%n inert.
sol vent An inert orgsan.l. soI vent 1S

For | exanp) e R8vdh wPRLC b0 Aonararval v defEone 3 pRPplriamasEn
or gani ¢ bapermissifiesulstiteptscanrbexineydrandire ant fecsanhe ahdifferentides

triethyl amoe Dot aﬁfctmtxﬁ'&g %r%mc@e%ﬂh%ﬁﬁ\)@nﬁaﬁ |th5‘ﬁete%:ﬂ5ms

di et hyl et hyl enedi am ne, N-di | sopr o trib am ne or
tripropyl agﬁqq@sgntaoqqglrrp%?a\qe,{yp[ﬂyg &Bﬁﬁ?‘t‘ﬁ%ﬂ'ﬂ%’pﬁﬂﬂ Qﬁ"ﬁ‘?@ P) with

di i sopr opys$uitstitpleatsiof erdabidsdmpoiindsedéndibed péreini widch datisit thelvplencies otli ne,
2,6-di-ter t | netal
hydr oxi de, %Qﬁﬁ%oéoﬂﬁ H%E:sgr dgﬂgﬁlg r@{turﬁ’{ deﬁ't@ﬁe I"‘%I'tgﬁll calysrgﬁ'gihteglbﬁglliéTAl LED

DESCRI PTI CReTOissilgesyaiitugnisey organic compeungs.ocess for the pr eparation of
calicheamcin derivatives of Fornmula | and tri and bifunctional |inker

[ er redi at s 3L Wl diol AL SBALAN At lor 88 L] e U ighe PLesent

i nventi on are descri oW ng reac erres SCHEME
| 0 HO preferably 2 to 5 carbon atoms, 1 to 4 carbon atoms or 1 to 3 carbon atoms. In some

embodiments of the invention the term alkyl is methyti.

The term alcohol solvent means methanol, ethanol and the like with a boiling
point of less than about 100°C,

Alkylene refers to an alkyl, as defined above, which is a diradical, rather than
a radical. An alkylene can be branched or unbranched and can have 2-18 carbons.

Ambient temperature is about 25°C.

Inert solvent or inert organic solvent describes a solvent that will neither react
or form a covalent bond in the steps to prepare compounds of Formula (1), trilinker-
activated esters or trifunctional linker intermediates as described herein. An example
of an inert solvent or inert organic solvent may be mixtures such as but not limited to
acetonitrile/ethylacetate (1:1)), dichloromethane, N,N-dimethylformamide,
tetrahydrofuran, dioxane or acetonitrile. An inert solvent may contain 0-50% N,N-
dimethylformamide. An inert organic solvent is for example acetonitrile, ethyl acetate
or dichloromethane.
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ZI  H2Q Sp-SH 2

An organic base is for example an alkylamine base which includes
triethylamine, N,N-diethyimethylamine, N,N-diethylaniline, N,N-
diethylethylenediamine, N,N-diisopropylethylamine, tributylamine or tripropylamine
and further include dimethylaminopyridine(DMAP) with diisopropylethylamine (DIEA),
N-methylmorpholine, N-methyipyrrolidine, 2,6-di-tertbutyl-4-methytpyridine or
pyridine. A base is an alkali metal hydroxide, alkali metal carbonate or alkali metal
bicarbonate.

DETAILED DESCRIPTION OF THE INVENTION

The process for the preparation of calicheamicin derivatives of Formula | and
tri and bifunctional linker intermediates useful in the preparation of said derivatives of
the present invention are described in the following reaction Schemes | and |l.

SCHEME |
o .
/”\ JOI\ H,Q-sp—sH z
2 A
e g1 —
HO AlK'™Sp'Ar z' HO AkT—sp—Ar \Q—Sp"SH
1 3
ZH
o} z1
Z/ILAlk“Sp“ArJ\Q—Sp—SH
4
CH;-S-S-S-W'
s
o} Z1
/k
Z/II\AIk1\Sp1‘Ar Q—-Sp—S-S-W'
6

In accordance with Scheme |, a carboxylic acid 1 wherein Alk', Sp', Ar and Z!
are hereinbefore defined, found in U.S. Pat.No. 5,773,001, which is hereby
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HO

Ar 0-Sp-SH Alkl--Spl--Arb-Sp-SH 4 CH3-S-S-S-W 5

incorporated herein by reference, are condensed with mercapto compound 2 where
Sp and Q are hereinbefore defined in an alcoholic solvent with a boiling point of less
than about 100° C in the presence of an alkyl carboxylic acid in a about 5% acetic
acid at about 20° to about 70° C for about 1 to about 24 hours, to afford bilinker-
carboxylic acid 3 wherein Alk’,Sp’, Ar, Q, Sp and Z' are as defined above.

Bilinker-carboxylic acid 3 is reacted with N-hydroxysuccinimide, 2,3,5,6-
tetrafluorophenol, pentaflucrophenol, 4-nitrophenol, 2,4-dinitrophenol, or N-
hydroxysulfosuccinimide in the bresence of 1,3-dicyclohexylcarbodiimide (DCC), 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI), or other carbodiimide or N,N’-
disuccinimdyl carbonate in an inert solvent such as dichloromethane,
tetrahydrofuran, dioxane, or acetonitrile containing 0-50% DMF or DMF to generate
trilinker-activated ester 4 where Z is selected from the group consisting of

SO;Na

-QNOZ ,and —O NO, .

For example, reaction of bilinker-carboxylic acid 3 with a coupling agent, such
as 1,3-dicyclohexylcarbodiimide(DCC) or 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, and N-hydroxysuccinimide or other comparable
carboxyl-activating group in an inert solvent, such as N,N-dimethyiformamide (DMF),
tetrahydrofuran, dioxane or acetonitrile, leads to the formation of a trilinker-activated
ester 4, such as the N-hydroxysuccinimide ester described herein. Preferred is N-
hydroxysuccinimide, DCC at ambient temperature in dioxane. A preferred solver:nt
mixture is acetonitrile containing 0-50% DMF. Reaction of the bilinker-carboxylic
acid_3 with N-hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-
nitrophenol, 2,4-dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI), or other carbodiimide in an inert solvent such as dioxane or acetonitrile
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ZI ALkl Spl'Ar 0-Sp-S-S-W6 I n accordance with Schene |, a
carboxylic acid 1 wherein Alkl, Spl, Ar and Z1 are herei nbefore defined,
found in U S. Pat.No. 5,773,001, which is hereby incorporated herein by
reference, are condensed with mercapto conpound 2 where Sp and Q are

her ei nbefore defined in an al coholic solvent with a boili ng point of less
than about 100 Cin the presence of an al kyl carboxylic acid in a about 5%
acetic acid at about 20 to about 70 C for about 1 to about 24 hours, to

afford bil &&K& F\ﬂsrobéB")&bl Q- tﬁlﬁétqyl?br ﬁ-nroeﬁ (lﬁMAFla{C a b ihéAfBer on?ﬁ aEiﬁlﬂméll are as

defi ned above. er-car 3 1S reacte

N- hydr oxy seetvpigdimstrs 4. X f@ thlinker-petivated| qsi&ﬂrdm@@rv@l isolated by remeya ehtbeol |

4-ni troph e?&éhle dolderits @hdl If@rtH%e aoduﬁedcuy rbliarsls exisitial pisasewhroratdgraphy bfe
presence O

dic iJqude (DCC), 1-
(3-di net hy?’éfﬁeﬁc?b'PB%&Y?'- - ?“I‘\ s Sg; imde (EDCl), or other carbodiimde
or N, NI di succi ni_ndyl carbonate | n an inert solvent such as dichl oronet hane,

t et r ahydr of ur apTrilinkgkapiivatestestard:is first raactedwithy an lkalymetabearbenate Whichhve t o
gener at et rrvciwekannachbt MAiteto@B8iaM dhrmh?téarii fofms tHeaidRfn 541060 tiilkegr oU 8 5
consi st ng reactl O r | C acCl
with a couﬁﬁg‘fvﬁ'ted e '"saﬁgﬁmgggkygeaﬁm %tl lfeIﬂcar @?elrnr,%fc teRa o

1- (3-di net Wllmsatspf tmykgr-as;twaé@dmte@i msu maﬁsﬁ@thigaatlwmremﬂaeﬂc S8l

N- hydr Oxysas&dtnisﬂoqﬁ awma& B.ge.ne%maﬁtae.leeersap Bestshitrie N¥§Ebtﬂ/3t&ré%!8?6' n an
inert solvent, such N, N-

f or mam e"&’ﬁ%% etrah ofurﬁ
di oxane or WhEEING '?"Fl Isé’ ‘?‘reédé] ISGq"ﬁéNf%Fr'?ﬁﬁ' fQye dgfined. n ?”'%fc T vat ed :
ester 4, sucdtylll-EBE288-h)isltheprefened ethytiAtheahiiumdbe antibidtied. Resfetrad isPr ef er r ed

i s Nhydroxys t r eferred
sol vent " m S PacdboTh BEerohlye 3t 2RIPLEE ObGIRAY 84 HhcBplc balte T/ 18t ey
bi | i nker - c alkghmetal cadongteavhigh WGNTWHF@MQ%&@FWWH@- in acetonitrile at abOUt

2,3,5,6-tepr@f i uorophenol, pentafl uorophenol, 4- nitrophenol,
2, 4-di ni trophenol , or N—hydroxysul fosucci nimde in the presence of 1, 3-

di cycl ohexyl car | @%r) .

1- ( 3-di net hyl amg‘%g ropq’%é - '%Sftt]:eé?% cfeac“ EF:]B'&r carboxyhc%grepg'z-aerdbodl i mde
in an |nerpy§em%ﬁ?tl%rueﬂ¢a&°xum@mémereaté¥< rﬁpt AN @d Z s Berinhgfase 500, .
N, N- di met hybfidyaith deeréddvb compewhil 2 &cdofding torsthémen, IQf'eeﬁ:tédwith nkeracti vat ed

ester 4. The, tr.i.link cti ed r o} renmoval of the
vol atile sSﬁ%yrI] 'Q’ g{”f'?u?r taH 'E%cu?' ﬁstfnggreﬁ§n$e%§$%tbylg Kor r%gﬁ phase

chr omat ogr diphsthylfermamideiDMDab pbout -6 efferdsintenmediatg T whighdpfurther

Trilinker - ggherdbi sl trififkélactivatsd bstepé bpe@&t.&dwmm @bﬁ@dm'mm&t al carbonate

whi ch i ncl he sodi
St of "t r B i PrPene e s B R R 4 bR i e O
refl ux. Fuhydroxysufasudcmimige in the mmnmﬁaBtdeyblot\emlqaﬂmﬂlmm (DRt ester 4

wi th met hy k4 GinhdibAainopIEy)-308thyicirBdiide {L&o@ww&he}é&bb&wﬁae bF‘ﬂN or gani ¢
sol vent, pr ef er, a.g}?\{, acetonl rile gﬁves ac Al kI,

201 VN DRl Sibagate W el e e TIME 30 spReHedE el s
Nacet yl-1- lhdﬁiﬁmﬁéd pteferablytby chramiatogrephyretaifprd antitimorartibioticeef Eorowisi oti c 5.
Preferred g, the reaction in acetonitrile at about 0C. Optionally an

organi c base may replace the alkali nmetal carbonate which preferably
includes triethylamne, in acetonitrile at about OC
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As further described in Schene |11, reaction of bilinker-carboxylic 3
prepared by condensation of carboxylic acid 1 wherein Alle, Spl, Ar and Z1
are hereinbefore defined, with mercapto conmpound 2 according to schene |
is reacted with nethyltrithioantitunor antibiotic 5 in the presence of
triethylamne in N, Ndi nethyl formam de (DWF) at about -5C affords
intermediate 7 which is further converted to trilinker-activated ester 6 by
reaction with N-hydroxysuccinimde, 2,3,5,6-tetratl uorophenol,

pent af | uor ophenol , 4-nitrophenol, 2,4-dinitrophenol, or

Nhydr oxysul f osucci nimde i 1 resence of 1, 3-dicycl ohexyl carbodii m de
(DCC), 1- (3-dinethyl am no§?HE&5°L'3- et hyl carbodiinmide (EDC), or other
carbodiimde or N, N - disuccininmdyl carbonate in an inert solvent mxture

of DVF and acefonitrile whickt is then purified preferably by chromatography
‘to afford anti tunor antibigLLis of Formula (1). SCHEME Il HOzi "--Ar :

CH,-S-S-S-W'

3
(@] 21
o
Ho)]\AIW\Sp‘\Ar Q—Sp—S-S-W'
7
(@) Z1
Z/H\Alk’“Sp‘\ArJ-*o—Sp—s-s-w -
g 1
Formula (I)

The following examples are presented to illustrate certain embodiments of the
present invention, but should not be construed as limiting the scope of this invention.
Those skilled in the art will readily understand that known variations of the conditions
of the following preparative procedures can be used to prepare these compounds.

Example 1

Butanoic acid, 3-mercapto-3-methyl-.2-[(E)-1-[4-(4-hydroxy-4-
oxobutoxy)phenvllethviidenelhydrazide
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6 Fornmula (1) The foll ow ng exanples are presented to Illustrate

certain, enbodi nents of the present invention, but shoul'd not be construed .

as limting the scope of this invention. Those:skilled in the art wll

readi |y understand that known variations of the conditions of the follow ng

preparative procedures can be used to prepare these conpounds. Exanple 1

But anoi ¢ acid. 3-nercapto-3-nethvl-.24(E)-1-14-(4-hvdroxv-4-

oxobut oxv) phenvl | et hvl i denel hvdr azi de To a stirred mxture of 0.5

g [3.4 mol] of 3-nethy -3-gergapto-butanoic acid hydrazide in 5.0 m of
nmet hanol is rapidly-adfled 0§911g [4.1 mml] of 4-(4-

acet yl phenoxy) - but anoj LLewed by an additional 10 ml of nethano

and 1.5 nml of aceticZacid and stiffring continued for 24 hours. The reaction

m xture is filtered and the sol L washed with 100 i of nethanol to give

0.78 g of the title conmpound as a so Exanpl e 2 Butanoi c acid,

3- mer capt 0- 3- net hyl -, 2- 1( E) - 1- 14- (4- hwge 5 OH
oxobUtoxv)ohenvIIetthidenelhvdrazide :

To a stirred mixture of 0.5 g [3.4 mmol] of 3-methyi-3-mercapto-butanoic acid

hydrazide in 5.0 ml of methanol is rapidly added 0.91 g [4.1 mmol] of 4-(4-
acetylphenoxy)-butanoic acid followed by an additional 10 m! of methanol and 1.5 ml
of acetic acid and stirring continued for 24 hours. The reaction mixture is filtered and
the solid washed with 100 mi of methanol to give 0.78 g of the title compound as a
solid.

Example 2

Butanoic acid, 3-mercapto-3-methyl- 2-[(E)-1-{4-(4-hydroxy-4-
oxobutoxy)phenyllethylidenelhydrazide

OH
o/\/\“/

A mixture of 3-methyl-3-mercapto-butanoic acid hydrazide (4.0 g, 27 mmol),
4-(4-acetylphenoxy)-butanoic acid (5.0 g, 22.5 mmol) and acetic acid (7.5 mL) in
methyl alcohol (75 mL) is heated at about 45 °C for about 7 h. The mixture is
allowed to cool to room temperature. The white solid (7.12 g, 90%) is collected on a
Buchner funnel and washed with MeOH (2x10 mL). * H NMR (DMSO-dg): 5 (ppm)
12.14 (s, 1H), 10.37 and 10.21 (s, 1H), 7.74-7.70 (m, 2H), 6.97-6.95 (m, 2H), 4.04 (t,
2H), 3.09 and 3.04 (s, 2H), 2.66 (s, 1H), 2.41-2.37 (t, 2H), 2.22 ar;d 2.20 (s, 3H),
1.97-1.93 (m, 2H), 1.8 (s, 3H), 1.47 (s, 3H). MS: 375 (M* + Na).
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A m xture of 3-nethyl-3-nmercapto-butanoic acid hydrazide (4.0 g, 27 nmol),
4- (.4- acet yl phenoxy) - butanoic acid (5.0 g, 22.5 nmol ) and. acetic acid (7.5
m.) in nethyl alcohol (75 nL) is heated at about 45 C for about 7 h. The
m xture is allowed to cool to roomtenperature. The white solid (7.12 g,
90% is collected on a Buchner funnel and washed with MeOH (2x10 niL). | H
NVR (DMSO-d6): 6 (ppm 12.14 (s, 1H), 10.37 and 10.21 (s, 1H), 7.74-7.70
(m 2H), 6.97-6.95 (m 2H), 4.04 (t, 2H), 3.09 and 3.04 (s, 2H), 2.66 (s,
1H), 2.41-2.37 (t, 211), 2.22 and 2.20 (s, 3H), 1.97-1.93 (m 2H), 1.8 (s,

3H), 1.47 (s, 3H). Ms: 375 (M + Nafxammegnp| e 3 Butanoic acid,
3-mer capt o- 3- et hvi - . 2- 11F) - 1- 14- 14- 112 5-di oxo- 1-pyrrolidi nvfloxvl 4-
oxobut oxyl 1 et qﬁ 1 J 249 [1.42

mol] of b ]
[ (E) - 144- (4- hydr oxy- 4- ox oo pltensig BNeINVIHAZde | ydr azi de (Exanple 1 or
2) and 0.22 g [1.89 mmol] of N-hydroxysucm ninmde is added 10 m of N, N-

di mathylforngmd%followed by the rapid addition of 0.70 g [3.65 mmol] of
1- (3- di methyl am norTropyl)-B-et hyl car bodi i m de hydrochl oride and the

m xture stig wom tenmperature for 3 hours. The reaction m'xture is
concentrated in vacuo tIo a residue which is partitioned between ethyl

acetate and water. The at ed. organi c | ayer i\ washed with water,
sat urated sodi um chl dri de dried (MySH). The/organic |ayer is

evaporated in vacuo to gi N 01 I e ue criystallized from ethyl
acet at e- hexane affording 0.71 g %W d as a colorless solid.
Exanpl e 4 Butanoic acid.

3-nercapt o- 3-net hvl - . 2-f (E) - 1- 1444- 112, 5- di oxo- £- pyrrolidinvl)oxvl-4-

oxobutoxvinhenviIethvlldenelhvdra2|de
To a mixture of 0.5 g [1.42 mmol} of butanoic acid, 3-mercapto-3-methyl-,2-

[(E)-1-[4-(4-hydroxy-4-oxobutoxy) phenyl]ethylidene]ﬁydrazide (Example 1 or 2) and
0.22 g [1.89 mmol] of N-hydroxysuccinimide is added 10 ml of N,N-
dimethylformamide followed by the rapid addition of 0.70 g [3.65 mmol] of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and the mixture stirred at
room temperature for 3 hours. The reaction mixture is concentrated in vacuo to a

residue which is partitioned between ethyl acetate and water. The separated organic
layer is washed with water, saturated sodium chloride and dried (MgSO,). The
organic layer is evaporated in vacuo to give an oily residue which crystallized from
ethyl acetate-hexane affording 0.21 g of the title compound as a colorless solid.

Example 4

oxobuto henyllethylidene]jhydrazide

e
>
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A m xture of butanoic acid, 3-mercapto-3-nethyl-,24(E)-144-(4-hydroxy-4-
oxobut oxy)phenyl]et hyl 1. dene] hydr azi de (Exanpl:es: 1 or 2) (3.69 g, 10.48
mmol ) and N-hydroxysuccininide (1.386 g, 12.05-«mol) is suspended in

di oxane (60 mL), DCC (2.482 g, 12.05 mmol) in dioxane (30 n.) is added
dropwi se over 15 min. The mxture is stirred at roomtenperature for 24 h.
The precipitated dicyclohexylurea is filtered off and washed w th di oxane
(2X10 nmL). The filtrate is concentrated to about 50 nL and while stirring,

t 250 L |
\Igﬁcﬁ;teﬁ funnel) Al %ﬂpe %'%' $&13t| %%-%-%eﬁﬁl Zﬁﬁéﬁ f@k"@%&&_&n ?oom
t enper at ur exobmpw)nf@nmthyedmﬁ]mxﬂraztdea(ﬁiémplﬁﬁdwf@@3 fRp. A48 mreolhand ure i s
heat ed at ﬁ%ﬁrdwtudc.rnhdeﬁeae gS92.05 hifol) nb%%géhﬂ&b irpdig el (66 kA DEG00 i)

i s added. mxtuels N COO |d|s

col | ect ed Li' "'PBr'fh anrtﬁaéﬁéﬂ")\ﬁ‘ ?ﬂ‘?eé‘o‘frﬂp‘f'ﬁio ‘fx%“ %n dried in
_ vacuo to afn‘ixl\nrd i$ bireur atdoerh terhperhturefor g lhe The memmtattesi @}QquQhemU@G is
- 709 . gideeg 6ﬁgné gostﬁedlt)vrth E?é%r’ikpg X108 nﬁ.‘)t 'ﬁ@ﬁlﬁa@% Qencentrated to about

3 rrercaoto di‘oxo-1-ovrr.oli | oxv1l-4-

oxobut oxyl aawwewww § H&%Wﬁtﬁﬂr(%éq wk) Eéﬂﬂ%s@tﬁ (GsHingw, gk‘é?‘a’t dif| - E33288y2
To a sti rredleetﬂduin #BucHned furmdbl, wabhed witmwate] (2(E0amb), endidried in3rames atipt 0- 3-
nmet hyl - ;
oxobut oxy] enyﬁdeeté}%thfé gé%h'?ﬁggggﬁdésg?gé@mﬁm%bmé% 4ﬁn? m')?urgclzset onitrile
i s added Ohegtgdgtpaq’ G"ﬁ'ht'theFa@P s@b@P&ﬁ%?Wéﬁ'&P@'ﬁ'&ﬁ)&%“bb Feded-ng at
]gelnt l e ref huyg n’ﬁllﬁhae]ts it coole@ab @k t®for 2MIThe fﬁﬂ&nat—:uuaetamh & ehcmfeedl Th ?
iltrate ig copled t tio o]

N acetyl - LIEgh sgnodvin o 3P (Bebitldnfhetin B3 stple'ng oL e

addi tion o%amEBaﬂat\ult"&ﬂ&ddi”é’)&lgr]@%g NS A50HMES Por about 1.5 hours. The
reaction mxture is allowed to warmto roomtenperature and stirred for
about 3 hours. The volatiles are evalrgor.aé eg in vacuo to a residue which is
stored in a freezer. To the residue d 25 ml of ethyl acetate

foll oned by storage in a freezer for about 1 hour. The reaction mxture is
filtered angigccldyb. AGELALS AKARLIANA 10t £5ilhe MibRImixpLeso! ved
in 10 m of acetat e anc 1 acolurm of silica gel.
The col umm i sexgbutoxyphenviethvidenelidr '- i Oflelede gi ve
0.322 g of the de5| red product haV| ng 65. 27% purity as determ ned by HPLC.
Exanpl e 6 Butanoi g acid.

3- mer caot o-g- et hii - . -1.4f4-r (2, 5-di oxo-1- pvrrolidi nvfl oxvl- 4-
oxobut ohe nydl efhylT zi'de rLensed with N-acetvl-LL-E33288y11
A sol ution<{of |butanoic acids i

3- ner capt o- 3*nerhyl -, 2-[ (E) - 144 - [

yl ) oxy] - 4- oxob ut oxy] ph enyl] etfyli dene] hy¥
(Exanple 4) in CHBCN(lOO ‘m_} i

sol ution of Nacetyl - 33Z288&
0-5 C. The mxture is t
| ce-bath. The sol vent entsred and the repidue is purified on a silica
gel colum el utt $ CrH2C12- MeOH t
(340 ng, 54% &

[~]

To a stirred solution of 0.505 g [1.12 mmol] butanoic acid, 3-mercapto-3-
methyl-,2-[(E)-1-[4-{4-[(2,5-dioxo-1-pyrrolidinyl)oxy]-4-
oxobutoxy]phenyl]ethylidenelhydrazide (Example 4) in 50 mi of acetonitrile is added
0.123 g [1.16 mmol] of sodium carbonate followed by heating at gentle reflux for 1
hour, cooled to room temperature and filtered. The filtrate is cooled to -15°C and a
solution of 1.4969 g [1.1 mmol] of N-acetyl-LL-E33288 v+ in 6 mi of acetonitrile added
slowly by dt’opwise addition over 20 minutes and stirring continued for about 1.5
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But anoi ¢ acid. 3-nercanto-3-nethvl-.2f(E)-144-(4-hydroxv-4-

... oxobut oxv) ohenvl | et hvl i denel hvdrazi de condensed with N-acetvl-LL-E332881, 11
" To'a stirring solution of N-acetyl-LL-E33288 y (200 ng, 0.142 mol) in 10
m acetonltrlle/ethyl acetate (1:1) at -5Cis added in 1 m aliquots every
10 min a solution of butanoic acid,

3-ner capt o- 3-net hyl -, 2-[ (E) - 144- ( 4- hydr oxy- 4-

oxobut oxy) phenyl ] et hyl i dene] hydrazi de (150 ng, 0.43 mml) (Exanples 1 or 2)
in 10 M atRrONThd ﬂéa@tf &*M&Eur@%ﬂ%w&d(t&wam ¥dohh t@ﬁlpﬁ}atﬁréldﬁﬁfk‘!i}re@fﬂr”e The

solution is stirred rs at -5C after the I&a ch L on of the

but anoi ¢ R34t 3 hoyrs, Jgstvg}%les are evaporated in vacuo to a residue which is stored in

net hyl -, 2- é(rEe)zet. [d tielrelidde ixgddéd @60biLdf ethy) atetats fflioived by staregeipar azi de _
sol uti on. EJ(\;SB&St 1mrr¢n@v&@f.&m&urg@m&% HEHSWiR aBdlateh® T esi due 15

purified onas Ica gel colum eluting wt 2- MeOH to afford the
“product ofevEReraishioRA @sweavf\m ig disgelyedin 1I9E§“'1‘€f§§‘y( Reetateyand,appligdtod Byt anoi ¢
acid. 3- megoh@ni of Btogbhsilica gel. 1TAE doldrin Islellittd withdi-5%mméthphvaladhobinity) oxv1- 4-

R T L L PP

hydr oxy- 4- URb@ut oxy) phenyl Jet hyl i dene] hydrazi de with N-acetyl-LL- E33288y1l|
(100ng, 0.059mmol) in 0.5 nL of DVFeamfpiée8 nt. of acetonitrile at 25C Is
added Nhydroxysucci ni m de (236rrg, 2. 05mm|) and

1- (3-di net hyl am nopr opy! ) - et hyl - car bod| i m de (160ng 0 835rrrm| )

Fol | owi ng tButancidatidoBrme s: gt f4-K : 3¢,

acetoni tril eoké_bdt&@mvh@ q%eﬁ ﬁ;sﬂd&emuééa @ﬁﬁNtm, |-¢_Elé§3'2§ IDVF
solution is &dded tOo 3 ML Of Stirring water grving a preciprtate. The
precipitate is filtered, dried and purified on a silica gel columm eluting

with CH2C 2- isofdfopyl al cohol giving the product of the exanple (53ny,

5099 obt ai i ) MS: 1780 (M +1) What is clainmed is: 1. A

process to/prepare conpoun f Forw Z1
0

H,

ocH,

ocn,

H,CcO

A solution of butanoic acid, 3-mercapto-3-methyl-,2-[(E)-1-[4-[4-[(2,5-dioxo-1-~
pyrrolidinyl)oxyl-4-oxobutoxy]phenyl]ethylidene]hydrazide(450 mg, 1 mmol)
(Example 4) in CHaCN (100 mL) containing EtsN (0.35 mL) is treated with a solution
of N-acetyl-LL-E33288 v,' (500 mg, 0.355 mmol) in CHzCN (100 mL) at 0-5 °C. The
mixture is then stirred for another 1 h while cooling with a ice-bath. The solvent is
removed and the residue is purified on a silica gel column eluting with CH2Cl>-MeOH
to afford the product of the example (340 mg, 54%) as a white solid. MS: 1780 (M* +
1)
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Al Kl--Spi--ArQ Sp-S-S-W Fornula (1) wherein: Zis selected fromthe group

;... consisting of Alkl is a branched or unbranched al kylene chain of 2 to 6
.carbon atons; Spl is selected from-S-, -0-, -CONH-, -NHCO, and -NR -; ZI

is H or alkyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or 1,4-phenylene
optionally substituted with one, two, or three groups independently
selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
t hi oal koxy of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,

-0(CH2) nCOOR , - S(CH2) nCOOR -O(CH qu and - S(CH2) nCONHR or a 1, 2-,
1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1, 8-, 6-, or 2, 7-naphthylidene .
optionally substituted with one, tvvo three or four groups independently
sel ected from al kyl 5% #% E%; QZ %E? 1X( E' Q 5 carbon atons,
t hi oal koxy of 1 toB S 2810 he ?OX Dhydrokps’ CO\IHR'

- 0( CH2) nCOOR oxobwipxsiphengiiethylideng hydraridecapdensed with NsacatohLd <E332 '
integer fromO to 5; R is a straight or branched al kyl of 1t05carbon
atons optional}y substituted by one or two groups of, alkoXy of 1 to 4

car bon atom,ny of 1 to 4 carbon atonms; Sp is a straight or

br anched- charh nt radi cal of 1 to 18 carbon at ons,
di valent or trivalent ary ] hent or trivalent
cycl oal kyl of 3 to 18 carbon At OnTs % R@ radi cal, divalent or
trivalent aryl- or heterog (13 &l , ©ivalent or trivalent
cycl oal kyl - or Cl ¢ R 3 adj cal or dival ent or
trival ent unsat urateg ‘ "I atons, wherein
heteroaryl is fury!, pyridinyl,

Nmret hyl i m dazol yl , qui nol yl, isoquinolyl,

N- et hyl car ha enazinyl and wherein if Spis a
trival ent mnatH |y substituted by dial kylam no of 1

to 5 carbon at®®nsé al koxy of 1+ rbon atonms, hydroxy, or alkylthio of
1 to 5 carbon atons groups;

op4  pyrim di nyl
@@coumar i nyl Tn

I
-
o
®
>
o
®
®
o
=1
—

s

To a stirring solution of N-acetyl-LL-E33288 y,' (200 mg, 0.1_42 mmo}) in 10
ml acetonitrile/ethyl acetate (1:1) at -5°C is added in 1 mi aliquots every 10 min a
solution of butanoic acid, 3-mercapto-3-methyi-,2-[(E)-1-[4-(4-hydroxy-4-
oxobutoxy)phenyl]ethylidenelhydrazide (150 mg, 0.43 mmol) (Examples 1 or 2) in 10
mi acetonitrile/ethyl acetate (1:1) and 0.06 ml triethyl amine. The solution is stirred
for two hours at -5°C after the last addition of the butanoic acid, 3-mercapto-3-
methyl-,2-[(E)-1-[4-(4-hydroxy-4-oxobutoxy)phenyljethylidene]hydrazide solution.
The solvent was removed under reduced pressure and the residue is purified on a
silica gel column eluting with CH.Cl,-MeOH to afford the product of the example as a
white solid. MS 1684 (M* +1)

Example 8

oxobutoxylphenyllethylidenelhydrazide condensed with N-acetvI-LL-E33288111

To a stirring solution of butanoic acid, 3-mercapto-3-methyl-,2[(E)-1-[4-(4-
hydroxy-4-oxobutoxy)phenyljethylidenelhydrazide with N-acetyl-LL-E33288y,'
(100mg, 0.059mmol) in 0.5 mL of DMF and 1.8 mL of acetonitrile at 25°C is added N-
hydroxysuccinimide (236mg, 2.05mmol) and 1-(3-dimethylaminopropyl)-3-ethyl-

32



W is ORR CH2 RS is -CH3, -C2H5, or -CH(CH3)2; X is an iodine or
brom ne atom R5' is a hydrogen or the group RCO wherein R is hydrogen,
branched or unbranched al kyl of 1 to 10 carbon atons, alkylene of 2 to 10
carbon atons, aryl of 6 to 11 carbon atonms, a (C6-Cll) aryl-alkyl (G -05)
group, or a heteroaryl or heteroaryl-al kyl (cl-c5) group wherein heteroaryl
is defined as 2- or 3-furyl, 2- or 3- thienyl, 2- or 3-(N-nethylpyrrolyl),
2<, 3-, or 4-pyridinyl, 2-, 4-, or 5- (Nnethyllmdazolyl) 2-, 4-, or
5-oxazol yl n

8- qui nol yl ba%?d'ﬁde 51560@9 681‘25'9%@) n}:gﬁovwéq ﬂ% adg%orl},i tﬁglsoﬁ%tlo 1%3"5?9/?”%(1

het er oar y| oge boyrsat@ptC.ombe agetenitsits svwe@wden@dupemﬂeesmmndxwe am no,

car boxy, h?ésfagm igN© sollrfick i63kdéd 1623 L sﬂrnﬁ&w%té?@f\)ﬂ@b BieRiPiateCFrnkhi 0al koxy

of 1 to 5 car atons; and QIS selected fromthe g consi sting of
_NNHCO-, - Rfgqedate is fitgredygried anfqugiiad on a sifica 9%01“%%?4) EWHRCHEd=st eps of :

|sopropyl alcohol giving the product of the example (53mg, 50%) obtained as a white
solid. MS: 1780 (M" + 1)
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a.reacting a carboxylic acid of the fornula 00 _
HO.' Alkl"---Spl"--Arl-Z1 with a nmercapto conpound of the formula H2Q Sp- SH

" in an al cohol solvent in the presence of an al kyl carboxylic acid, alk2C2H ..

where alk2 is 1 to 4 carbon atons at about 200 to 70C for about 1 to 24
hours, wherein Alkl, Sp', Ar,Q and Sp are as defined above, to produce a
bi i nker-carboxylic acid of the fornmula, wherein the nercapto conpound and
carboxylic acid are present in a ratio of about 1.2:1 b. isolating the

bi I'i nker - cgrbox Iliic id of step (a); c. reacting the isolated
biIinker-Mﬂ of step (b) with an at least a 3 fold nolar excess
of N hydroxysuccinimde, 2,3,5,6-tetrafl uorophenol, pentafl uorophenol,

4-ni t rophehol , 2 proagissita preparerrempoonds\efifiatmulayBul f osucci nimide in the
presence of 1, 3-dicycl ohexyl carbodil m de (DCC),

1- ( 3-di met hyl am nopr opyl ) - 3-Qet hyl car bodi i de (EDCl), or

N, N - di succi ni nrdyl carbonate]lin an inert ¢olvent containing 0-50%

N N-di met hyl f or mami de (DMVE eaer ate i 1inker-activated ester of the
formula zi Akl S1 ArQZ.Sp-SHAg‘ A Na-sp @Q.ﬁ'

Formula (I)
wherein:

Z is selected from the group consisting of
R F R F -
S0O;Na
—o [] _o y — ’ — F »
o o F F F F
O, :
——t%—<j>'mo2 ,and —O NO,

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Spl is selected from -S-, -O-, -CONH-, -NHCO-~, and -NR'*-;
ZlisH, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independentiy selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to § carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, ~COOR', -CONHR,
-O(CH2)RCOOR', -S(CH2),COOR', -O(CH2),CONHR', and -S(CH2),CONHR' or a
1,2-, 1,3-, 1,4-, 1,5, 1,6+, 1,7-, 1,8+, 2,3~, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR', -CONHR', -O(CH2),COOR', -S(CH2),COOR,
-O(CH2),CONHR', and -S(CH2),CONHR';

nis an integer from 0 to 5;
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where Z is hereinbefore defined; d. reacting the trilinker-activated ester
formed .in step ¢c with a nethyltrithio antitunor’antiobiotic CH3-SS-S-W in
the presence of a base or an organic base with a nmethyltrithio -antitunor
antibiotic CH3-S-S-S-W in an inert organic solvent to generate an
activated ester of the fornmula bel ow, wherein the trilinker-activated ester
in step ¢ and the CI—|3 S—S—S—W are in aratio of 3.3:1 and the tenperature

of- the reaction is e.isolating the activated ester of step (d) and
urifyin
gp o) S)[:/) S(::] é&ﬁ% ?ljafgmm %\ zagﬁaq,hp’l fgrfko g%‘gglfl O#tz)ﬂ{srﬂﬂti@nélly)subsﬁuéh tﬂ/oneurl fying

of step (ehwograpms @fe@Htﬁ oxsef ‘b‘P‘l’@f@?%émﬂﬁa@@%%h%éf‘?ﬂ)Pﬁ@ﬁBétqmﬁqw d
chr omat ogr aphy havi ng a nobil e phase of about pH 7.0 to 9.0 foll owed by

normal - phagg ; cHLEUBAIbAMNHed-cRain AvBIAE S RvAGR UK ARidaPor! @ 18 darbdi1er €i N
atoms, divalent or trivalent aryl or heteroaryl' radical, divalent or trivalent cycloalky! of
3 to 18 carbon atoms or heterocycloélkyl radical, divalent or trivalent aryl- or
heteroaryi-alkyl (C1-C14g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyi-

alkyl (C4-C1g) radical or divalent or trivalent unsaturated alkyl radical of 2 to 18

carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
amlnocoumarlnyl or phenazinyl and wherein if Sp is a trivalent radical, it can be
addltionally substituted by dialkylamino of 1 to & carbon atoms, alkoxy of 1to 5
carbon atoms, hydroxy, or alkylthio of 1 to 5 carbon atoms groups;

W'is
CH,4
R‘*"%
OH
H3 NI
X
R L
R, Is 1.\"'rr“ orCHj3; R,ls h,ls © orH;
/
R4O OCH; Rs  OCH,
OCH,
WA
R?or
7
R, Is orH; R, is :“3 o or H;
CH,
OCH; [l
dn
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alkl is 3 carbon atons; Sp' is -0-; Z1 is methyl; Ar is unsubstituted

1, 4- phenyl ene;

Sp is 4 carbon atons; R3 is H Qis NNHC(0)-; R5 R2 isH3CO

R4 ISR is C21-15, R5' IS -C(0)-R" Ris nmethyl; and Z is.

. CH30 co_;._i
RgorR;isHor
CH,0 n—H
o OCHj,3

CH,

Rs5 is -CH3, -C2Hs5, or -CH(CH3)2;

X is an iodine or bromine atom;

Rs5' is a hydrogen or the group RCO, wherein R is hydrogen, branched or

unbranched alkyl of 1 to 10 carbon atoms, alkylene of 2 to 10 carbon atoms, aryl of 6
to 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-Cs) group, or a heteroaryl or

heteroaryl-alkyl (C1-Cs) group wherein heteroaryl is defined as 2- or 3-furyi, 2- or 3-

thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazolyl), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups
optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms; and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;

comprising the steps of:

a.

reacting a carboxylic acid of the formula

9 0

/l‘\Alk1\sp1\Aerz1

HO

with a mercapto compound of the formula

H,Q—Sp—S&H
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O 4. A process to prepare antitunor antibiotics of Formula (l1): z1 Akl Sp,
"--oArQ.Sp-S-S-W  Fornula (1) wherein: Zis selected from.the group

consi sting of Alkl is a branched or unbranchéd al kyl ene chain of 2 to 6
carbon atons; Spl is selected from-S-, -0-, -CONH, =NHCO, and -NR -; Z1
is H or al kyI of 1 to 5 carbon atons: Ar is 1,2-, 1,3-, or 1,4-phenyl ene
optionally substituted with one, two, or three groups independently
selected fromalkyl of 1 to 6 carbon atons, al koxy of 1 to 5 carbon atons,

t hi oal koxy of carbon at ons ‘
- 0( CH2) ncAR j‘mtah(stf% ‘?%&ﬁ“’es(? E?I?%{t%%ﬁa%oéﬂ' ac%%ﬁ)%ﬁ?\lﬁ or a 1,2-,
1,3-, 1,4- QlkSls 1 tb 4Garbah gtoms &t abqutzp?,to 700 C@or, abput D to24hpurs hwhereiane

opti onal I'y gailgghi Aﬂ&ecb VMthSrpé'l'@’astdéﬁneJ SBAE; to%oméra &rr%paarbaﬂiﬁeendent ly
sel ected from al kyl car bon atons, al kox car bor} at ons,

t hi oal koxy 26/ °ithF6°rm%%mﬁe'ﬁf'@n@er°ﬁﬁtP§QEW°”?ﬁ F?%Xarg@@ﬁﬁac'd
- 0( CH2) nCOhA ratio 8f &b nGOOR 1

0 Z1
J\
HO)J\AIk“Sp"Ar Q—Sp—SH
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with an at leasta 3

fold molar excess of N-hydroxysuccinimide, 2,3,5,6-tetrafluorophenal,
pentafluorophenol, 4-nitrophenol, 2,4-dinitrophenol, or N-hydroxysulfosuccinimide in
the presence of 1,3-dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide (EDCI), or N,N’-disuccinimdyl carbonate in an inert solvent
containing 0-50% N,N-dimethylformamide (DMF) to generate a trilinker-activated
ester of the formula

o]

z1
/l]\Alk1‘~Sp1\Ark\Q—Sp—SH

where Z is hereinbefore defined;

z

d. reacting the trilinker-activated ester formed in step ¢ with a methyiltrithio
antitumor antiobiotic CH3z-S-S-S-W’ in the presence of a base or an organic base with
a methyltrithio antitumor antibiotic CH;-S-S-S-W' in an inert organic solvent to
generate an activated ester of the formula below, wherein the trilinker-activated ester
in step ¢ and the CH3-S-S-S-W' are in a ratio of 3.3:1 and the temperature of the
reaction is <5°C.

o] Z1

/"\Alk1‘Sp1‘ArJ\Q—Sp—S-S-W'

e. isolating the activated ester of step (d) and purifying to yield antitumor
antibiotics of Formula (1)

Z

37



-0(CH2) NnCONHR , and -S(CH2)nCONHR' ; n is an integer fromO to 5; R is a
str.ai ght or branched al kyl of 1 to 5:carbon atons optionally substituted by
one or two groups of -OH alkoxy of 1 to 4 carbon atons, thioal koxy of 1 to
4 carbon atons; Sp is a straight or branched-chain drvalent or trival ent

al kyl radi cal of 1 to 18 carbon atons, divalent or trivalent aryl or

het eroaryl radical, divalent or trivalent cycl oal kyl of 3 to 18 carbon
at-ons or heterocycl oal kyl radical, divalent or trivalent aryl- or

het er oaryl -al kyl (Cl1-C18) radical, divalent or trivalent cycloal kyl- or

het erocycl o-al kyl - al kyl (C -Cl18) radical or divalent or trivalent
unsaturated alkyl radical o2 2 to 18 carl®n atons, wherein heteroaryl is
furyl, thienyl, N-methylpyr IyI pyridinyl, Nmethylimdazolyl, oxazolyl,
pyrrnldrnyl qurnonI is 1yLS1N‘ 6g 5h Zo¥} , am nocounarinyl, or
phenazi nyl and mherern i £ Sp is a trrvalent radi cal , It can be addrtronally
substituted by dial kylami no of 1 toFbrmodakipn atons, al koxy of 1 to 5 carbon
atoms, hydroxy, or alkylthio of 1 to 5 carbon atonms groups; W is CH2 R5
IS -CH3 -C2H5, or CH(CH3)2 Xis an iodine or bromne atom R5 is a

hydr ogen or the wherein R is hydrogen branched or unbr nched
al kyl of 12to 18 Fhe ardssn at G 1 WhRiginahe PLRVIRGIGE Siep (ELGIRIIeRS Hrse of 6

to 11 car bme%eqﬂ‘&a,semldh%rt&manuerlmhrdadhkgrhat(:@fhpﬁﬁha\gmg)amobale paaﬂeedferoaryl or
het | - defi ned 2-
Sef ﬁ:oary gark*ypé“‘?# g%)ff’ r"°§'r“%|\l?q‘r?§§r?yf°5'$r r%rFE}'i’S T -?Sor o

4- pyrrdrnyl 2-, 4-, or 5- Nnethylrntdazolyl) 2-, 4-, or 5 oxazol yl, 2-,
3-, 5-, or 3- pyA RiPeRSHAccording tgclaimg 1, whereing_ | 7. " or 8-quinolyl, or 1-, 3-,
4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups optionally
substi t ut edlkb}'smnwbomatmrse hydroxy, am no, carboxy, halo, nitro, (Cl-C3)

al koxy of 1 to 3 carbon atons, or thioal koxy of 1 to 5 carbon atons;and Q
i's sel ectegpffsamyt he group consisting of -NNHCO-, -NNHCS-, - NNHCONH-,
-NNHCSNH-, and - NGO ;

Z' is methyl;
Ar is unsubstituted 1,4-phenylene;

Sp is 4 carbon atoms;

Ry is H;
Q is NNHC(O)-;
[V aVaV, Vg
R ]
1° o
N
Rs”
Ry is HaCO ;
AN
HsC o)
HO
HaCO
Ry is 8 OH ;
R5 is Csz;
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conprising the steps of: a.reacting a carboxylic acid of the formula wth
a nercapto conmpound of the formula H2Q Sp-SH in an al cohol solvent in the
presence of an al kyl carboxylic acid, al k2ZCO2H where alk2 is 1 to 4 carbon
atons at about 200 to 70C for about 1 to 24 hours, wherein A kl, Sp', Ar,
Z1, Q and Sp are as defined above, to produce a bilinker-carboxylic add of
the formula, wherein the nmercapto conpound and carboxylic acid are present
inaratio of about 1.2:1 b. isolating the bilinker-carboxylic acid of
step (a); G, _r&?ﬁgé,ng the isolated bilinker-carboxylic acid of step (b)
with a methyItTTYHI 0 antitunor antibiotic CH3-S-S-S W in the presence of a
base or an_organic base with a nethyltrithio antitunor antibiotic

CH3- S S- S- s Methyh ander t organi c solvent; d. reacting the conpound of step
(c) with an at least a 3 fold nolar excess of Nhydroxysuccini m de,

2, 3,5, 6-tekisaf | uorophenol, pentafl uorophenol, 4-nitrophenol, 2,4-

di ni trophenol, or N hydroxysul fosuccinimde in the presence of 1, 3-

di cycl ohexyl car bodi i m de (DCC),

1- (3-di net hyl aninopropyl ) - 3-et hyl carbodiimide (EDCl), or N, N -disuccinindyl
carbonate in an N\nert sol vent containing 0-50% N, Ndi net hyl f or mam de ( DVF)

and purifying toA+~eld antitunor antibiotics of Formula (1)
—ON
|
O
4, A process to prepare antitumor antibiotics of Formula (1):
O z1
/I\
Z/”\Alk1"8p1_“Ar Q—Sp—S-S-W’
Formula (1)
wherein:

Z is selected from the group consisting of

R F R
. SO;Na
—o + —Ol [ ’ - F,
o o F F F F
0O,
—O—@—NOZ ,and — NO; .

Ak is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
spl is selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;

Z1is H, or alkyl of 1 to 5 carbon atoms;
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z'" Akl Spl"ArQ Sp-S-S-W . 5.The process of claim4 wherein the
purifying of step (e) conprises the use of a reverse phase hi gh performance
| i qui d chromat ography having a nobile phase of about pH 7.0 to 9.0 foll owed
wi th a-normal phase chronmat ography. 6. A process according to claim4,
wherein elle is 3 carbon atons; Spl is -0-; Z1 is methyl; Ar is
unsubstituted 1, 4-phenylene; Sp is 4 carbon atonms; R3 is H Qis NNHCO)-;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alky! of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon

- atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR', -CONHR",
-O(CH2)nCOOR', :5(CH2)nCOOR', -O(CH2),CONHR', and -S(CH2),CONHR' or a
1,2-, 1,3+ 1,4-, 1,5-, 1,6+, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR', -CONHR', -O(CH2),COOR’, -S(CH2),COOR',
-O(CH2)hCONHR', and -S(CH2),CONHR’;

n is an integer from 0 to &5;

R’ is a straight or branched alkyl of 1 to § carbon atoms optionally substituted 'by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thioatkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalky| of
3 to 18 carbon atoms or heterocycloalkyl radical, divalent or trivalent aryl- or
heteroaryl-alkyl (C1-C4g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-
alkyl (C4-C4g) radical or divalent or trivalent unsaturated alkyl radical of 2 to 18
carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyi, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be
additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1t0 5
cérbon atoms, hydroxy, or alkyithio of 1 to 5 carbon atoms groups;

W'is
CH,
R1S%
OH
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R5" I NR5 R2 isH3C0 R4 is

and Z is

Hi

X
R, is " orCHjy Ryis

 R4O OCH,
OCH,4

R . NMASAAS ‘
6
OR,
R, is orH; Ryis Sw orH;
CH; OCH; &y

B O VY

OCH;,4

Pz

CH,0 CO—§
Rgor Ry is Hor '
e CH, 0™ N1
o OCH,
CH,

Rs is -CH3, -C2Hs, or -CH(CH3)2;
X is an iodine or bromine atom;

Rs5' is a hydrogen or the group RCO, wherein R is hydrogen, branched or
unbranched alkyl of 1 to 10 carbon atoms, alkylene of 2 to 10 carbon atoms, aryl of 6
to 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-Cs) group, or a heteroaryl or
heteroaryl-alkyl (C1-Cs) group wherein heteroaryl is defined as 2- or 3-furyl, 2- or 3-
thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazolyl), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups
optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms;and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;
comprising the steps of:

reacting a carboxylic acid of the formula
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Zl Ar QSp-S-S-WFornula (1) wherein: Zis selected fromthe group
consi sting of Alki is a branched or unbranched al kyl ene chain-of 2 to 6
carbon atons; Spl is selected from-S-, -0-, -CONH, -NHCO, and -NR -; -Z1.
is H or alkyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or 1, 4-phenylene
optionally substituted with one, two, or three groups independently
selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
t hi oal koxy of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,

-0(CH2) nCOOR', -S(CH2)nCOOR . -0(CH2) nCONHR , and -S(CH2) nCONHR' or a 1, 2-,
1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1, &, 2,3-, 2,6-, or 2,7-naphthylidene
optionally substituted with one, |fwo, three, four groups independently
selected fromalkyl of 1 to 6 ¢ on atons, alkox of 1 to 5 carbon atons,
t hi oal koxy of 1 to 4 carbon mo6ns, Malogen, Ahitrd, -COOR , - CONHR ,

-0(CH2) nCOOR', -S(CH2)nCOOR , -0(CH2)NnCONHR , and -S(CH2)nCONHR ; n is an
integer frQihQ mércapto ddmpobind dtittiefofilila0r branched al kyl of 1 to 5 carbon
atons optionally substituted by one or two groups of -OH, alkoxy of 1 to 4
carbon atons, thioal koxy of 1 to 4 BArn¥ar&tons;

in an alcohol solvent in the presence of an alkyl carboxylic acid, alkk?*CO,H where
alk?is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein
Alk', Sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula, wherein the mercapto compound and carboxylic acid are present
in a ratio of about 1.2:1

o} Z‘I
/|\
HQ/U\AIW\Sp"\Ar Q—Sp—SH
b.  isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with a methyiltrithio

antitumor antibiotic CH5-S-S-S-W’ in the presence of a base or an organic base with
a methyltrithio antitumor antibiotic CH,-S-S-S-W’ in an inert organic solvent;

d. reacting the compound of step (c) with an at least a 3 fold molar excess of N-
hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol, 2,4-
dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI), or N,N'-disuccinimdy! carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) and purifying to yield antitumor antibiotics of Formula ()

(o] 21

/u\AIk““Sp“Ar/kQ—Sp—S-S-W' ]

5. The process of claim 4 wherein the purifying of step (e) comprises the use of

Z

a reverse phase high performance liquid chromatography having a mobile phase of
about pH 7.0 to 9.0 followed with a normal phase chromatography.
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Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1
to 18 carbon atons, divalent or trivalent aryl or heteroaryl radical, . -
divalent or trivalent cycloal kyl of 3 to 18 -€arbon atons or v
hgt erocycl oal kyl radical, divalent or trivalent aryl- or heteroaryl-alkyl
(C1L -C18) radical, divalent or trivalent cycloal kyl- or heterocycl o-al kyl -
al kyl (Cl1-C18) radical or divalent or trivalent unsaturated al kyl radical
of. 2 to 18 carbon atons, wherein heteroaryl is furyl, thienyl,

N- et hyl pygrol yl, ILdi : i olyl, oxazolyl, pyrimdinyi,

qui nol ylI , %Soqubﬁgﬁ%?%ghgﬁépﬂ$$§éﬁﬁg9@§ éﬁaninocounarinyl, or phenazi nyl
and wherein jf Spis a trivalent radical, it can be additionally

substi t ut eﬂ'kL‘?:acﬁaé‘P?{Wtaﬁ\sho of 1 to 5 carbon atons, al koxy of 1 to 5 carbon
atons, hydroxy, or alkylthio of 1 to 5 carbon atons groups;. W is 0 R2
C H2 R5 isSpUsI3O-- C2H5, or -CH(CH3)2; X is an iodine or bromne atom R5'
is a hydrogen or the group RCO, wherein R is hydrogen, branched or-

unbr anchedzbiskydth@f Ito 10 carbon atons, alkylene of 2 to 10 carbon atons,
aryl of 6 to 11 carbon atons, a (C6-C 1) aryl-alkyl (G -05) group, or a
het er oar yl 42 -05) group wherein heteroaryl is defined
as 2- or 3Af§r%§55%ﬂﬁgéhg%ﬁplgﬁ% 2- or 3-(N-nethyl pyrrolyl), 2-, 3-, or
4-pyridinyl, ,2-, 4-, or 5-(Nnethylimdazolyl), 2-, 4-, or 5-oxazolyl, 2-,
3-, 5-, orgB-_'ﬁas‘/FF’PPaiaFﬂW%; 2-, 3-, 4-, 5-, 6-, 7-, or 8-quinolyl, or 1-, 3-,
4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryi groups optionally
substi t ut eRsiHone or nore hydroxy, ami no, carboxy, halo, nitro, (G -C3)

al koxy of 1 to 3 carbon atons, or thioalkoxy of 1 to 5 carbon atons;and Q

i s sel ectediBINNACK®-;gr oup consi sting of -NNHCO, -NNHCS-, - NNHCONH ,
-NNHCSNH-, and - NGO ;

[(VaVa¥, vy
R ¥
N o
N
Rs”
Rsis : H3CO :
[VaV,oVaVg
H3C o
HO
R4 is HsCO OH ;
Rs is C2H5;
Rs' is —C(O)-R;

R is methyl; and

2is

Q

§—on
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conprising the steps of: a.reacting a carboxylic acid of the formula wth
a mercapto conpound of the fornmula H2Q Sp-SH i n an al cohol .solvent in the
presence of an al kyl carboxylic acid, alk2CO2H where alk2 is 1 to 4 carbon
atoms at about 20 to 70C for about 1 to 24 hours, wherein A kl, Spl, Ar,
Z1, Q and Sp are as defined above, to produce a bilinker-carboxylic acid
of the formula, b. isolating the bilinker-carboxylic acid of step (a);
c.-reacting the isolated bilinker-carboxylic acid of step (b) with an at

| east of Nhydroxysuccinimde, 2,3,5,6-tetrafl uorophenol, pentafl uorophenol,
4-ni trophenol, 2,4- dinitrophenol, or N hydroxysul fosuccinimde in the
presence of. 1, 3A pdicegs loprepsitecantitunbriantibletids@EEprmula (1):

1- (3-di net hyl am nopr opyl ) - 3- et hyl carbodiim de (EDCl), or N, N -disucci ni ndyl
carbonate in an inert solvenp containing Q150% N, Ndi net hyl f or mam de ( DVF)
to generate a triIinker-achted ester C)J\the formula z1 Q Sp-SH where Z

i s hereinbefore defined ; N
) Q—Sp—S-S-W

Formula (1)

7 AlK1—=gp'—Ar

wherein:

Z is selected from the group consisting of

R F 5 F
03Na
—O » =0 y — , — F,
o o F F F F
0>

Alk' is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;

spl is selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;
21is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR’, -CONHR',
-O(CH2),COOR', -S(CH2),COOR', -O(CH2)hCONHR', and -S(CH2),CONHR' or a
1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 o 5 carbon atoms, thicalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR’, -CONHR', -O(CH2),COOR', -S(CH2),COOR,
-O(CH2)hCONHR', and -S(CH2),CONHR'";

n is an integer from O to 5;



d. reacting the trilinker-activated ester in step ¢ in the presence of a
base or, an organic base with a nethyltrithio antiitunor antibiotic
CH3-S-S-S-W in an inert -organic solvent to generate an activated ester of
the formula z1 Alkl S 1Q Sp-S-S-W e. isolating the activated ester of
step (d) and purifying to yield antitunor antibiotics of Fornmula (1) Z1
Akl Qsp-S-S-W. Fornmula (I) 8.A process according to claim1l, wherein
al-kl is 3 carbon atonms; Sp' is -0-;

R' is a straight or branched alkyl of 1 to 5 carbon atoms optionally substituted by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thioalkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalkyl of
3 to 18 carbon atoms or heterocycloalky! radical, divalent or trivalent aryl- or
heteroaryl-alkyi (Cq-C14g) radical, divalent or trivaient cycloalkyl- or heterocyclo-alkyl-

alkyl (C1-Cqg) radical or divalent or trivalent unsaturated alkyl radical of 2to 18

carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methyicarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be
additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1 to §
carbon atoms, hydroxy, or alkyithio of 1 to 5 carbon atoms groups;

W’ is
CH,
R‘ls%
OH
Hy
X '
Rs o
R;is orCHj3; R;is N or H;
s
R4,O OCH, Rs OCH;,
OCH,
YWYV
RsTor
7
R;is orH; Ryis :H:i o or H;
CHj
OCH3; &
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Z1 is nmethyl; Ar is unsubstituted 1, 4-phenylene; Sp is 4 carbon atons; R3
Is'H Qis NNHC(0)-; R2is ) Rdis-. RoEis C1-15; RS is -C(0)-R

CH30 CO—§
RgorRyisHor
s GH,0 n—H
o OCH;,
CH,

Rs5 is -CH3, -C2Hs, or -CH(CH3)2;
X is an iodine or bromine atom;

R5' is a hydrogen or the group RCO, wherein R is hydrogen, branched or

unbranched alkyl of 1 to 10 carbon atoms, alkylene of 2 to 10 carbon atoms, aryl of 6
to 11 carbon atoms, a (Cg-C11) aryl-alkyl (C1-Cs) group, or a heteroaryl or
heteroaryl-alkyl (C1-Cs) group wherein heteroaryl is defined as 2- or 3-furyl, 2- or 3-
thienyl, 2- or 3-(N-methylpyrrolyl), 2-, 3-, or 4-pyridinyl, 2-, 4-, or 5-(N-
methylimidazolyl), 2-, 4-, or 5-oxazolyl, 2-, 3-, 5-, or 6-pyrimidinyl, 2-, 3-, 4-, 5-, 6-, 7-,
or 8-quinolyl, or 1-, 3-, 4-, 5-, 6-, 7-, or 8-isoquinolyl, all aryl and heteroaryl groups
optionally substituted by one or more hydroxy, amino, carboxy, halo, nitro, (C1-C3)

alkoxy of 1 to 3 carbon atoms, or thioalkoxy of 1 to 5 carbon atoms;and

Q is selected from the group consisting of -NNHCO-, -NNHCS-, -NNHCONH-,
-NNHCSNH-, and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula
)OL i
HO Ak'——spl—Ar v

with a mercapto compound of the formula

" H,Q—Sp—SH _
in an alcohol solvent in the presence of an alkyl carboxylic acid, alk?CO,H where
alk?® is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein

Alk', Sp', Ar, Z*, Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula,
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Ris nethyl; and Zis 9.A process according to claim1, wherein Alkl is an
al kylene of 2 to 5 carbon atons, and Spi is an oxygen atom 10. A process
according to claim9, wherein Alkl is an al kyl ene of 3 carbon atons. 11. A
process according to claim1l, wherein ZI is alkyl of 1 to 3 carbon atons.
12. A process according to claim1, wherein Ar is 1,2-, 1,3-, or

1, 4- phenyl ene, or 1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or
2:.7-naphthyliderie. 13. A process according to claim112, wherein Ar is

1, 4- phenyl ene. 14. A process gccording to c{sai m 1, wherein Qis -NNHCO.
15. A process according to clafjm 1, wherein%Sp is straight or

branched-chai n divalent or trilkalent al kyl j@dical of 1 to 12 carbon atons.
16.- A process accordi ng t et ai mAksT~SafietAsi n §-Sps-SH rai ght or
branched-chain divalent or trivalent alkyl radical of 1 to 6 carbon atons.
17. The pr Becessisalaling Henjlinker-carhpxylic acitoéstepr{ak he al cohol sol vent is

nmet hanol . 18. The ,ﬁ)roce.ss according to claiml, wherein the inert solvent

i s acet oni €ri | ereacting the isolated bilinker-carboxylic acid of step (b) with an at least of N-

hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol, 2,4-

dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI), or N,N’-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) to generate a trilinker-activated ester of the formula

(0] Z1

)]\Nk’\Sp""‘Ar/kQ—Sp—SH

where Z is hereinbefore defined ;

Z

d. reacting the trilinker-activated ester in step ¢ in the presence of a base or an
organic base with a methyltrithio antitumor antibiotic CH3-S-S-S-W’ in an inert
organic solvent to generate an activated ester of the formula

O z1
/I\
z)l\Alk“Sp“Ar Q—Sp—S-S-W-
e. isolating the activated ester of step (d) and purifying to yield antitumor
antibiotics of Formula (1)
(0] z1
Z)]\AIIUNSp‘\ArJ\Q—Sp—S-S-W' .
Formuia ()
8. A process according to claim 1, wherein

alk' is 3 carbon atoms;

Sp'is —O-;
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19. The process according to claim11, wherein alkyl carboxylic acid is
acetic.acid. 20. The process according to claim1l, wherein the inert
organi c solvent is acetonitrile. 21. A process according to claim1,
wherein Zis 0 FN)r 22. A process to prepare trilinker-activated esters of
the formula: z' SPI-Ar QSp-S-S-W wherein: Zis selected fromthe group
consisting of ALkl is a branched or unbranched al kyl ene chain of 2 to 6
carbon atons; Spl is selected from-S-, -0-, -CONH-, -NHCO, and -NR -; Z1
is H or akk%lmq{_‘ I_1 to 5 carbon atons; Ar is 1,2-, 1,3-, or 1, 4-phenylene
optionally sB08T ™Y'uted with one, two, or three groups i ndependently
selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
t hi oal koxyAbfs @Sﬂéﬁtwt%ﬂﬂo?{‘e&t’@ﬁ%i, hal ogen, nitro, -COOR , -CONHR ,
-0(CH2) NCOOR , -S(CH2) nCOOR' , -0(CH2)NnCONHR , and - S(CH2) nCONHR  or a

Sp is 4 carbon atoms;

R3 is H;

Q is NNHC(O)-;

Rz is HaCO

HayC Io)
HO

H3CO

R4is OH ;

R5 is Csz;
Rs' is —C(O)-R;
R is methyl; and

Zis
(@)

S—on

O

o. A process according to claim 1, wherein Alklis an alkylene of 2 to 5 carbon

atoms, and Sp1 is an oxygen atom.
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1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene

~_optionally substituted with one, two, three, or four groups independently . .

selected fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
t hi oal koxy of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR

-0(CH2) nCOOR' , -S(CH2) nCOOR , -0(CH2)nCONHR , and -S(CH2)nCONHR ; n is an
integer fromO to 5 R is a straight or branched alkyl of 1 to 5 carbon
atons optionally substituted by one or two groups of -OH, alkoxy of 1 to 4
carbon atons, thloalkoxy of 1 to 4 carbon atons; Sp is a straight or

br anched- ch@i n Ai RraFess aggording o |ckaim %mmremaﬁklas apr alkylepe P8 cearbom at ons,
di val ent opiohig. val ent aryl or heteroaryl radical, divalent or trivalent
cycloal kyl of 3 to 18 carbon atons or heterocycl oal kyl radical, divalent
or trivalent aryl- or heteroar (C1 i cal valent or
trivalent d¥clo IH(?‘FeSS@FC‘PfQWQr%E'?E'M whergin Z FEW' dfél“’él‘?f PLRIPES  or
divalent or trivalent unsaturated al kyl radical of 2 to 18 carbon atons,
wher ei n hefldr oafyarogessfagegrdingtto clainy 1, wherestAtys i2r.rioB-yor 1.4vpheaylens, or

Net hyl i m 4a3z0f ¥J, 1,40%p80h\-, 1 ﬂyﬁlamzisﬁyls. o QI0RApHthylib&RsIui nol yl

N- net hyl carbazoyl ani nocoumarinyl, or phena2| nyl and wherein i f Spis a
trival ent di cal L di al kyl am no of 1
to 5 car boﬁlgat oi m&%sl? a%go'%&g?ggia carljf)é‘e'ﬁg?%llwh%%ﬂwg%/, or al kylthio of
1 to 5 carbon atons groups; W is R5 s - or -CH(CH3)2; X is an
i odi ne or Bfoni ﬁepra??ﬁﬁacR@'d'W9§°&'aﬁ9&rUB%'ﬁ'"c9 it H?—!-Nﬂpﬁhp RCO, wherein Ris
hydr ogen, branched or unbranched alkyl of 1 to 10 carbon atons, al kyl ene of
2 to 10 carbon &tmaesssacgprding t@ClaiInllwmrplncﬁpatS@rﬁightarQreml'@ﬁiq\aMryI - al kyl

(C1-05) grQWBlenPBrtﬁvé'l@ﬁt%fll%@F hca%fmt@r&%aﬁataﬂnkyl (C1-05) group wherein
het eroaryl is defined furyl, 2- or 3- th| enyl, 2- or

3(N—rrethy| yrr i nyl

5- ( Net hyl i E,I da% (#ro?:%ss af’cord A{igt Ialr'gQ§ng‘t%erF|¥ Sp 1% stralght orgnranched é:hayri mi di nyl
2-, 3-, 4- divglent grtrivaient ailfylaadq@mfm gplﬁ,casbornatorrg- 4-, 5-, 6-, 7-, or
8-isoquino|y|, all aryl and heteroaryl groups optionally substituted by one

or nore hydroxy Thaiprosess agcddoiny to K801, wieréin the A1doHeB soloéritaxpetfandl. t 0 3
carbon atons, or thioal koxy of 1 to 5 carbon atons; and

18. The process according to claim 1, wherein the inert solvent is acetonitrile.

19. The process according to claim 1, wherein alkyl carboxylic acid is acetic acid.

20. The process according to claim 1, wherein the inert organic solvent is

acetonitrile.
21. A process according to claim 1, wherein Z is
O,
E—ON
o]

22. A process to prepare frilinker-activated esters of the formula:

(o] Z1

)I\AIH\Sp‘\ArJ\Q—Sp—S-S-W'
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Qis selected fromthe group consisting of -NNHCO, -NNHCS-, -NHNCONH,
-NNCSNK-, and -NO-; conprising the steps of: a.reacting a carboxylic acid-
of the formula HO wth a nnercapto conpound of the fornmula H2Q SP-SH in
an al cohol solvent in the presence of an al kyl carboxylic acid, alk2C®2H
where alk2 is 1 to 4 carbon atons at about 200 to 70C for about 1 to 24
hours, wherein Sp', Ar, Z1, Q and Sp are as defined above, to produce
a-bilinker-carboxylic acid of the formula HO 2z' Ar 0-Sp-SH

wherein:

Z is selected from the group consisting of
R F K F
SO;Na
—0 s —Q y — ’ —— F . s
o o F F F F
O,
- —O—ONOZ ,and — NO,

A1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;

sp! is selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;
Z1is H, or alky! of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR’, -CONHR",
-O(CH2),COOR', -S(CH2),COOR', -O(CH2),CONHR', and -S{CH2),CONHR’ or a
1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR', -CONHR", -O(CH2),COOR', -S(CH2),COOR’,

-O(CH2)hCONHR', and -S(CH2),CONHR";
nis an integer from O to 5;

R' is a straight or branched alkyl of 1 to 5 carbon atoms optionally substituted by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thioalkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalkyl of
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b. isolating the bilinker-carboxylic acid of step (a); <c¢. reacting the
bi i nker -carboxylic acid fromstep (b) in the presence of a base or an -
organi c base with a methyltrithio antitunmor antibiotic CH3-S-S-S-W in an
inert organic solvent to generate a bilinker-methyltrithio antitunor
~antibiotic of the formula d.reacting the isolated bilinker-nmethyltrithio
antitunor antibiotic of step (c¢) with N hydroxysuccini m de,
2,-3,5,6-tetrafl uorophenol, pentafluorophenol, 4-nitrophenol,

i g-yg; i { " QRN BletioPbiobhs/bs HefirusyildayHaiclr Biatent & dilbert'aiicgce of 1. 3-

1- ( 3- di mtgﬁﬂﬁ@ﬁmﬁéﬁﬂdﬁw‘:ﬁ@ iER) ivalens ar triveleat eyelaaisvl- o5 helgragvelgraliici ni ny |
carbonate Lp38,Iicdig) fadk ¥eaibaleHr divalenbuiisanitateld i FRiidaY bf StdvpdT de (D'VF)
to gener até]en)f’;lztldt3 <%ﬂll%?lter act i vaat e eét er 8'% the f odr}*r?u | a

ALkl Sp , tarborQatsps,; 8h&rei heteR3ryl ibHuryp thiersd, N-anettylpirmadyl.tryridingi Nr 17, V\,her e| n
Akl is ann@mwmafonaf oxazof, DyRGIRN q%HBH}F iscRfhofib N- h\%tlﬂfba%éﬁﬂn atom  24.

A process for g aration.of trif nal |inker internediates, of the
formul a V\mfn@p?pm rinyl, or phenazinyl and whereln |f plsatrlvalent radical, it can be

additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 1 to 5
carbon atoms, hydroxy, or alkylthio of 1 to 5 carbon atoms groups;

W'is
CH;,
R*’*%
OH
Hs WAASLAAAAA
X
R v
R, is ‘.\"'r“r orCHg3; R,ls ,.',5 o or H;
/
RO OCH; Rs OCH;
OCH,3
RePoR,
R, is { orH; Ryis CH o or H;
CHs OCH;
cmo o}
RgorRy;isHor :@:
CH,0 n—H
CH,
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ALkl is a branched or unbranched al kyl ene chain of 2 to 6 carbon atons; Spl
is selected from-S-, -0-, “CONH-, -NHCO, and.-NR -; Z1 is H, or alkyl of
1to 5 carbon atons; Ar is 1,2-, 1,3-, - or 1, 4-phenylene optionally
substituted with one, two, or three groups independently selected from

al kyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons, thioal koxy of
1*to 4 carbon atons, halogen, nitro, -COOR, -CONHR, -0(CH2)nCOOR ,
-S(CH2)NnCOOR , -0(CH2)nCONHR , and -S(CH2)nCONHIT or a 1,2-, 1,3-, 1,4-,
1,5, 1,6-_ 1,7-, 1,8-, 2,3-, 2,6-, or 2,7-naphthylidene optionally

subst i t ut eB51§ 1GHBE2HER “CHIFHED2: or f our groups i ndependently sel ected
fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,

t hi oal koxy_of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,

- 0( CH2) ncoﬁﬁ?“!%(wghﬁma‘,mmb(mz) NCONHR , and -S(CH2)nCONHR ; n is an
integer fromO to 5; R is a straight or branched alkyl of 1 to 5 carbon

atoms opti ﬁg%%yawa%hi&meeg}oaya ,“%Béimigﬁwege,efb;ar%dekkpxy of 1to 4

carbon ato t hroal"koxy of"1 to carbon atons; Sp 1s a straight or
br anched- chattranchedalieathof bio 1 carbereatoms) alryleneief 2tg 1Q¢arhon gtons, eyt ofch at ons,

di val ent oo 41 takBbeBlond®, ¥|(CRICHFbRA-GRVINE11CH) igealp, oflh ialepddrylar tri val ent
cycloal kyl of 3 to 18 carbon atons or heterocycl oal kzl2 radi cal , dival ent or

trival ent BeigreandalkybiG-Ga) grourwherein keteroan) isdeiined BS 2053 UMl 2 31 i val ent

tcyfsl o?I k%/l thi&{yl,fiebfé-gl‘]}fﬁttﬁ?@}rkd{ ) zlel,ldﬁyér 4@69lmlséﬁb-,r4gp&r®m—or di val ent or
rival ent unsaturate radi cal o o carbon. af o rejn

het er oar yl "]ezh)ﬁﬁ'ﬁ't‘ ,C"V[)fé-e yPr ﬁx?@“yé'pé'r ‘rs'olof/ ',pyBWci')'Ml'%1 ???4-,\9,*_1%_,6}-,

Nmet hyl i mi dag-quipblyl, ox dz @ y4-, 5p§+ i7riad Brigdquinghil, redil ayyl and hetproaryl groyps

N- et hyl C%B@&ag,l{ sutFt s Hﬁébﬂ(}?ﬁ&e rdi) CalARb N rb SR ndBERRbYCicaP 1S a

n
trivalent radical, 1t can be additionally substitutéd by dialkylarm no of 1
to 5 car boalkaxweis! toad carkgn gioms. pothpalkexpeh! et awbonptamsrnd or al kyl t hi o of

1 to 5 car ko saleeid8 fnPtheirosp tsnskthg 6t NNHCON-NKBCS: OMPINTIISHSt | ng of
- NNHCO- l\mﬁ@ ancglj N}!\'HCOVH-; Zis selected fromthe group consisting of
ANESH o 6N

conpri si ng g

comprising the steps of:

a. reacting a carboxylic acid of the formula

Q o)
/II\NK‘$Sp1\N/II\Z1

with a mercapto compound of the formula

H,Q—Sp—SH
in an alcohol solvent in the presence of an alkyl carboxylic acid, alk?’CO,H where
alk? is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein

Alk', Sp', Ar, Z', Q, and Sp are as defined above, to produce a bitinker-carboxylic
acid of the formula

HO

)(])\ i
J\
HO Alk*—sp!—Ar" Sq—sp—SH
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the bilinker-carboxylic acid from step (b) in the presence of a base or

an organic base with a methyitrithio antitumor antibiotic CHs-S-S-S-W’ in an inert
organic solvent to generate a bilinker-methyltrithio antitumor antibiotic of the formula
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a.reacting a carboxylic acid of the formula HO wth a nercapto conpound
of the fornmula H2Q Sp-SH in an al cohol solvent in the presence of an al kyl
carboxylic acid, al k2CO2H, where alk2 is“1 to 4 carbon atons at about 200
to 70C for about 1 to 24 hours, wherein Alkl, Spl, Ar, Z1, Q and Sp are as
défined above, to produce a bilinker-carboxylic acid of the fornula b.
| €ol ating the bilinker-carboxylic acid of step (a); <c. reacting the

i sol ated bilinker-carboxylic acid of step (b) with Nhydroxysucci ni n de,
2,3,5, 6-tetrafl uorophenol, pentafluorophenol, 4-nitrophenol, 2,4- .

di ni trophenol, or N hydroxysul fosuccinimde in the presence of 1, 3-

di cycl ohexyl car bodi i m de ( ), A

1- (3-di net hyl am nopr opyl ) - 3- gt hyl car bod| i fide (EDClI), or NeN -disuccinl ndyl
carbonate in an inert solv % E,\é: generate
trifunctional Iinker int# medi a?égts-aé of th g | a 6’% ZSpl ' Ar Q Sp- SH

d. reacting the isolated bilinker-methyltrithio antitumor antibiotic of step (c) with
N-hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4-nitrophenol,
2,4-dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCY), or N,N'-disuccinimdy! carbonate in an inert solvent containing 0-50% N,N-
dimethylformamide (DMF) to generate a trilinker-activated ester of the formula

O z1

/ILA|k1‘Sp1‘Ar)\Q—Sp-S-S-W' .

23. The process according to claim 17, wherein Alk1 is an alkylene of 2to 5

¥4

carbon atoms, and Sp* is an oxygen atom.

24, A process for the preparation of trifunctional linker intermediates, of the
formula

i Z1
z AIk’—Spi—Ar/I§Q—Sp-SH

wherein:

Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp‘l is selected from -8-, -0O-, -CONH-, ~-NHCO-, and -NR'-;

Z1is H, or alkyl of 1 to 5 carbon atoms;

Aris 1,2-, 1,3-, or 1,4-phenylene optionally substituted with one, two, or three groups
independently selected from alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 5 carbon
atoms, thioalkoxy of 1 to 4 carbon atoms, halogen, nitro, -COOR', -CONHR',
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A

-O(CH2),COOR', -S(CH2),COOR', -O(CH2),CONHR', and -S(CH2),CONHR' or a

1,2-, 1,3-, 14-, 1,5-, 1,6-, 1,7-, 1,8, 2,3, 2,6-, or 2,7-naphthylidene optionally
substituted with one, two, three, or four groups independently selected from alkyl of 1
to 6 carbon atoms, alkoxy of 1 to 5 carbon atoms, thioalkoxy of 1 to 4 carbon atoms,
halogen, nitro, -COOR', -CONHR', -O(CH2),COOR', -S(CH2),COOR",

-O(CH2)nCONHR’, and -S(CH2),CONHR';
nis an integer from 0 to 5;

R’ Is a straight or branched alkyl of 1 to 5 carbon atoms optionally substituted by one or
two groups of -OH, alkoxy of 1 to 4 carbon atoms, thicalkoxy of 1 to 4 carbon atoms;

Sp is a straight or branched-chain divalent or trivalent alkyl radical of 1 to 18 carbon
atoms, divalent or trivalent aryl or heteroaryl radical, divalent or trivalent cycloalkyl of
3 to 18 carbon atoms or heterocycloalkyl radical, divalent or trivalent aryl- or
heteroaryl-alkyl (C4-C4g) radical, divalent or trivalent cycloalkyl- or heterocyclo-alkyl-

alkyl (C1-C1g) radical or divalent or trivalent unsaturated alkyl radical of 2to 18

carbon atoms, wherein heteroaryl is furyl, thienyl, N-methylpyrrolyl, pyridinyl, N-
methylimidazolyl, oxazolyl, pyrimidinyl, quinolyl, isoquinolyl, N-methylcarbazoyl,
aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can be
additionally substituted by dialkylamino of 1 to 5 carbon atoms, alkoxy of 110 &

carbon atoms, hydroxy, or alkylthio of 1 to 5§ carbon atoms groups;

Q is selected from the group consisting of -NNHCO-, -NNHCS-, and -NNHCONH-;

Z is selected from the group consisting of

K F K F
SO;Na
—O » —O y —U O ] I F ,
o o F F F F
. 04

—o0 NO, ,and —o NO2
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h ]

comprising the steps of;

a. reacting a carboxylic acid of the formuia

o 0
/“\Alk1~3p1'~Ar’u\z1

with a mercapto compound of the formula

HoQ—Sp—SH
in an alcohol solvent in the presence of an alkyl carboxylic acid, alk’CO,H, where
alk? is 1 to 4 carbon atoms at about 20° to 70°C for about 1 to 24 hours, wherein
Alk', Sp', Ar, Z', Q, and Sp are as defined above, to produce a bilinker-carboxylic
acid of the formula

HO

O Z1
Ho)j\ Alk'—sp'—Ar" SQ—sp—sH
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with N-

hydroxysuccinimide, 2,3,5,6-tetrafluorophenol, pentafluorophenol, 4#nitrobhenol, 2,4-
dinitrophenol, or N-hydroxysulfosuccinimide in the presence of 1,3-
dicyclohexylcarbodiimide (DCC), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI), or N,N"-disuccinimdyl carbonate in an inert solvent containing 0-50% DMF to
generate trifunctional linker intermediates, of the formula

O Z1

/”\Alk1‘Sp1\ArJ\Q—Sp—SH .

Z
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