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SH - CALI CHEAM CI N DERI VATI VES FI ELD OF THE | NVENTI ON Thi s

ir 3scri bes processes for the converge amcin
de and sim |l ar anal ogs using bifunct

i medi at es. BACKGROUND OF THE | NVENT am ly
of irial and antitunor agents known co

ce ns or the LL-E33288 conplex, are d No.

4,9/0,198 (1990). The conpounds contain a nmethyltrisulfide that can be
reacted with pREYCEEIES FORTINE SONVERSENT ISYINTHESS OMCARIGHEAMCIRAME ti e

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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D|scussed herein is a process to prepare calicheamcin derivatives of

- F “1): zi Ar QSp-S-S-W  Fornula (1) wherein: Zis selected from
t ) consisting of ALkl is a branched or unbranched al kyl ene chain of
y arbon atons; Sp 1 is selected from-S-, -0-, -CONH, -NHCO, and

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

] /l ene optionally substituted with one, two, or three groups

[ antly selected fromalkyl of 1 to 6 carbon atons, al koxy of 1 to 5

carbon atons, thioalkoxy 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,
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nis an integer fromO to 5, R is a straight or branched alkyl of 1 to 5

( aitons optionally substituted by one or two groups of -OH, al koxy of

- arbon atons, thioalkoxy of 1 to 4 carbon atons; Sp is a straight or
| 1-chain divalent or trivalent alkyl radical of 1 to 18 carbon atons,
( or trivalent aryl or heteroaryl radical, divalent or trivalent

( <yl of 3 to 18 carbon atons or heterocycloal kyl radical, divalent or
1 1t 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' of

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,
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reacting a carboxylic acid of the fornrula HO wth a nercapto conpound
" “ormula H2Qr-Sp-SH in an al cohol solvent in the presence of an al kyl
ic acid, al k2CO2H where alk2 is 1 to 4 carbon atons at about 200 to
about 1 to 24 hours, wherein Alkl, Sp', Ar, Z1, Q and Sp are as
above, to produce a bilinker-carboxylic acid of the formula,
the nmercapto conpound and carboxylic acid are present in a ratio of
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

M<Oo~NO0O0®

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
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Al leSp SH where Z is hereinbefore defined; d. reacting the

t “ar-activated ester fornmed in step. vmth amethyltrithio antitumor . -
a ic CH3-S-S-S-W in the presence of a base or an organic base with a.
m ‘ithio antitunor antibiotic CH3-S-S-S-W in an inert organic sol vent
t ‘ate an activated ester of the formula bel ow, wherein the

t ar-activated ester in step ¢ and the CH3-S-S-S-W are in a ratio of
3 1d 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
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ZI k1 Splr--ArP-Sp-S-S-VW Fornmula (1) wherein: Zis selected fromthe

g nsi sting of Akl is"a branched or unbranched al kyl ene -chain of 2 to
6 1 atons; Spl is selected from-S-, -0-, " -CONH, -NHCO, and -NR -;
Z or alkyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or '

1 1yl ene optionally substituted with one, two, or three groups

| lently selected fromalkyl of 1 to 6 carbon atons, al koxy of l1tob
c itons, thioalkoxy of 1 to 4 carbon atons, hal ogen, nitro, -

or

2

g

1

P b 0 ) BB Ronvated eGSRy and i @Q@H%zargﬁuﬂﬂor SRR

, 7- napht hy’fF@l’éhéa(ibtlonal |y substituted with one, two, three, or four
roups i ndependently selected fromalkyl of 1 to 6 carbon atons, al koxy of
to 5 carbon atoms, thioal kgxy of 1 to 4 carbon atoms, hal ogen, 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',
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R is a straight or branched alkyl of 1 to 5 carbon atons optionally

< " uted by one or two groups of -OH, alkoxy.of 1 to 4 carbon atons,

t )>xy of 1 .to 4 carbon atons; Sp is a straight or branched-chain

C or trivalent alkyl radical of 1 to 18 carbon atons, divalent or

t it aryl or heteroaryl radical, divalent or trivalent cycloal kyl of 3
t ar bon atons or heterocycl oal kyl radical, divalent or trivalent aryl-
. .. ‘oaryl -al kyl (Cl1-018) radical, divalent or trivalent cycloal kyl- or

het er ocycl I ent

unsaturgt eg)(ghgsjl"ccﬁ% %(F’q'g? @%'I@%ﬂ(&ﬁ%vﬁf é Hc%eteroaryl S

furyl, dth'fw'hs- metﬂatl 18+, feH- y1 8- nw-lzisnys+27mhwhdemdmnohauy oxazo: yl,
rimdin r Falolefe n or

Bﬁenam nyIy %ﬂ?ﬂt é]‘?Pel ?w g'“es é'fpyrqygﬁx%snlﬁd?p% %Wéel%c can°b Wﬁ%fﬂt |yonal ly

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;
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conprising the steps of: a. reacting a carboxylic acid of the formula HO

W r capt o conpound of the forrmula H2Q Sp-SH in an al cohol solvent in
t nce of an al kyl carboxylic acid, al k2CO2H where alk2 is 1 to 4

C ons at about 200 to 70C for about 1 to 24 hours, wherein A k" ,

S Z1, Q and Sp are as defined above, to produce a

b carboxylic acid of the fornula, wherein the nercapto conpound and
C.. __. c acid are present in a ratio of about 1.2:1 ZI HOAl k1SplArQ Sp SH
b. |solat|ngthe bi i nker-carboxylic acid of step (a); .G, reactingthe

i solated bilinker-agoboxylic acid of step (b) with CH3-5JS-S-W. in the

ani ¢ hase W th a 1 0 ant g} gor

N\ i nert drgaﬁlc S o reacting the

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

presence of ase 0
antibiotic C%B

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


ipos
Rectangle


ZI Akl Spi ArO Sp-S-S-W An additional process includes preparation of
~===-="=of Formula (1): Formula (1) Zis selected fromthe group
j of ALkl i-s a branched or unbranched al kyl ene chain of 2 to 6
ys; Spl is selected from-S-, -0-, -CONH-, -NHCO, and -NR -; Z1
Ukyl of 1 to 5 carbon atons; Ar is 1,2-, 1,3-, or 1,4-phenylene
' substituted with one, two, or three groups independently
romal kyl 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

/|\
)LAIk“\Sp“Ar Q—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;
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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

.0 "~y substituted with one, two, three, or four groups independently .
S fromalkyl of 1 to 6 carbon atons, al koxy of 1 to 5 carbon atons,
t vof 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,

- | SOOR , -S(CH2)nCOOR , -0(CH2)nCONHR, and -S(CH2)nCONHR ; n is an

i rom0O to 5, R is a straight or branched alkyl of 1 to 5 carbon

a ionally 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 thioalkoxy of 1 to 5 carbon atons;and Q
fromthe group consisting of -NNHCO,
and -NO-; conprising the steps of: a. r| id
ula 00 HOwith a nmercapto conpound of t
solvent in the presence of an al kyl car
iIs 1 to 4 carbon atons at about 200 to
e oy v ein 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
SpArQ SpcaerI-An 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 sten (2a): r reartina the
- " linker-carboxylic acid of step (b)

scinimde, 2,3,5,6-tetratl uoropheno

101, 2,4- dinitrophenol, or N-hydroayour voucur i uce 1o ciie

1, 3- dicycl ohexyl carbodii m de (DCC),
1wyl am nopropyl) - 3-et hyl carbodiimde (EDClI), or
, i ni mdyl 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 heteroary! 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
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a ienlgting the activated ester of step (d) and purifying to yield
Is of Formula (1) ZI , Formula (1) = The processes i nclude a
1g of step conprising the use of a reverse phase high perfornmance
>hr omat ogr aphy having a nobil e phase of about pH 7.0 to 9.0 foll owed
1or mal phase chronmat ogr aphy. The processes include: alkl is 3
aitons; sp' is -0-; Z1 is nethyl; Ar is unsubstituted | ,4-phenyl ene;
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;
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RIS 2 REls 2 RoEis Q2H5; RS’ is -Q(M P Ple mathul: and 7 ie

-~ =----35ses include but are not limted
s, and Spl -is an oxygen atom 1
kIl is an al kyl ene of 3 carbon

Rais H;
Q is NNHC(O)-;
[(VaVal¥oly
R L]
1° o
N
Rs~ .
R 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.
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atons. The processes include but are not limted Z1 is alkyl of 1 to 3

c atoms. .~ - .. The.processes include but are not linmted Ar is 1,2-,
1 1, 4- phenyl'ene, or 1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 1,7-, 1,8-, 2,3-,
2 2, 7- napht'hyl i dene. The processes include but are not limted Ar is
1 1yl ene. The processes include but are not limted Qis -NNHCO .

T cesses include but are not limted Sp is straight or branched-chain
d - or trivalent alkyl radical of 1 to 12 carbon atons. The
processes incl : l4J, 4l ol hgRta O Kt -chai n

di val ent or trr‘\e}g g'lrdl’tke%ﬁreg "P:ﬂ?dgdjlu(%fee'gcftﬁ%ntb%Aggs{:g'rhligha héroﬁg.%ﬂ eg}c?l’ g@esses

i ncl ude but,2aried-nbé-119mi 1.8d lithel & chod 65 8 a&marhthyig8®anol . 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 Spo |"ArQ Sp-S-S-W  wherein: Zis selected fromthe group consisting
is a branched or unbranched al kyl ene chain of 2 to 6 carbon atons;
selected from-S-, -0-, -CONH, -NHCO, and -NR -; 21 is H, or alkyl
5 carbon atons; Ar is 1,2-, 1,3-, or 1,4-phenylene optionally
sgted with one, two, or three groups independently selected from
1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons, thioal koxy of
carbon atons, hal ogen, nitro, -COOR, -CONHR , -0(CH2)nCOOR1,
- S( CH2) nC@n CONHR CHZ) NOONHR  or a 1,2-, 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 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
1 to 4 carbo 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) radival ent or trivalent
S8 g

cycl oal kyl - or Het& kytNOg|,land (€10 N@: divalent or
Alk1 is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;

radical of 2 to 18

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

‘Nret hyl i m dazol yl ,

oxazol yl,

is furyl

t hi enyl
pyri m di nyl,

N- et hyl pyrrol yl .

qui nol yI ,

i soqui nol yl ,

or phenazi nyl

and wherein if Spis a

it can be additionally substituted by dial kylamno of 1

carbazoyl, am nocoumari nyl,
t radical
bon atons, alkoxy of 1 to 5 carbon atons,

hydr oxy,

or al kylthio of

arbon atons groups;
r brom ne atom RS
hydr ogen, branched or unbr%%

2'to 10 cafBBA" 2R WheEl

het er oar yl
3- (N- et hyf
5- ( Nret hyl 8

W is RS is -CH3, -C2H5,

or -CH(CH3)2; X is an

is a hydrogen or the group RCO wherein Ris

al kyl ene of

hed, al k f
Fo8% B Gl i e RS AR PR v 1 1YY €
(G -05) grmethylimidazolpleoxazolyt, pyrimidiryh tuinolyk. jsoquinkiyl, N-mettyBarkpzoylp wher ei n

4- carben atoms, Rydroxy, o8 alifyithimbfy1 to SHeartien at®dms gtoupss- |

lini‘hror Ofﬁwﬁiﬁ'@l,%? pg%rléifny?érfﬁ'\]vﬂérr?inﬁf S;lpfs agr_l'ivélgi_wﬁaﬁifal, Rcabe
‘E%?Bg’/?%‘is,ﬁ“é‘é"! By tialkgpmitely g Beroos. atoms. alkoxy of 1 850y i m di nyl

6-, 7-, or

groups optionally substituted by one

2-, 3-,
8-isoquinolyl, all aryl and heteroaryl
or nore hygp@xy, am no, carboxy, halo,

nitro,

(C1-C3) alkoxy of 1 to 3

carbon atons,

or thioalkoxy of 1 to 5 carbon atons;and Qis selected from

the group consisting of -NNHCO, -NNHCS-, - NHNCONH, -NNCSNH—, and - NGO ;
reacting a carboxylic acid

conprising the steps of: a.

Rt| is
R,O OCH;

OCH,

OR,
R3 is
CHj

RgorR; is Hor

the f

ormul a

or H;
Rs OCH,Z
WASANS
orH; Ryis CHy o orH;
OCH, OH

‘Rs5 is -CH3, -C2oHs5, or -CH(CHg3)2;

X is an iodine or bromine atom;
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with.a nmercapto conpound of the fornmula H2Q Sp-SH in an al cohol solvent in
sence of an al kyl carboxylic acid, al k2ZCO2H where alk2 is 1 to 4
atonms at about 20 to 70C for about 1 to 24 hours, wherein A kI, Sp',
and Sp are as defined above, to produce a bilinker-carboxylic acid
“ormul a Z1 HOAl k1"--SpQ Sp-SH b. isolating the bilinker-carboxylic
step (a); <c. reacting the bilinker-carboxylic acid fromstep (b)
resence of a base or an organic base with CH3-S-S-S-W in an inert
uryain v solvent to generate a bilinkernmethyltrithi o conpound of the fornmula
zi |?? A'Q Sp-S-S-W d. reacting the isolated bilinker-nethyltrithio
conpound oRs59s @dydrogeniar theNsroup BLODs wherein Riislhydrage), brahwched oaf | uor ophenol ,

R by oxy s G afictes ol bt § &0 5 fbon, o, Ahibhe A6 carin stoms: et 98 f i e
(DO, 1- (B SREDPY PlaMSn 8 §€6 11N ) anl-alkyi(Ce433) SEruPrPUR heteraryt or or ) :
N N et ﬁ;ﬁ%‘%tdr;%a@{%ﬁ%? S whErelroB | RMnERBL 21 & P2 o 11
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)

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

preparation of trifunctional |inker internediates, of the. fornula
Spl-Ar----LQ Sp-SH wherein: Akl is a branched or unbranched
chain of 2 to 6 carbon atons; Spl is selected from-S-, -0-,

-NHCO-, and -NR -; Z1 is H, or alkyl of 1 to 5 carbon atons; Ar is
3-, or 1,4-phenylene optionally substituted with one, two, or three
ndependently sel ected from al kyl of 1 to 6 carbon atons, al koxy of
1 1o o carbon atoms, 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
Il'y substituted with one, two, three, or four groups independently.
d fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
oxy of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,
nCOOR , -S(CH2)nCOOR , -0(CH2)nCONHR , and -S(CH2)nCONHR ; n is an
fromO to 5, R is a straight or branched alkyl of 1 to 5 carbon
ptionally 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
o "k2CO2H, where alk2 is 1-to 4 carbon atons at about 20 to 70C for

to 24 hours, wherein Alkl, Sp', Ar, Z1, Q and Sp are as defined
o0 produce a bilinker-carboxylic acid of the fornula b. isolating
nker-carboxylic acid of step (a); c. reacting the isol ated
-carboxylic acid of step (b) with N hydroxysuccini m de,
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 &ledti golositl iy thelpresdnaa lof 46 alkfn@uRglicasd, T COyHE wiese be used
for any o eule B Pefthol BBl Boll 26715 764 BPLEL1 B4 Holir?AKerdRRCT &

si gni fi cané gon )
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
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

4
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whether or not a termis elaborated or discussed herein. The use of
5 anywhere in this specification, including exanples of any terns

>d herein, is illustrative only, and in no way linits the scope and
of the invention or of any exenplified term Likew se, the
m is not limted to the exanpl es presented. The terns, "about"

‘oxi mately" shall generally nmean within 20 percent, preferably
LO percent and nore preferabl y within 5 percent of a given val ue or

I anyge. 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 co o "7 ein which satisfy the

-of the heteroato not intended to be limted
nner by the perm f organi ¢ conpounds.
al kyl neans a str.. ... _ i ewieiiew - ..yl Oof 1 to 18 carbon atons,
y 2 to 5 carbon atons, 1 to 4 carbon atoms or 1 to 3 carbon atons.
'nmbodi ments of the invention the termalkyl is nethyl The
hol 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

et funct! onal iR -SlBHRe: RGP S8 I Bede BF pehfsfl SEXARE 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 am,ne, Moy aﬁfctmtxﬁ'&g %r%mc@e%ﬂh%ﬁﬁ\)@nﬁaﬁ |th5‘ﬁete%:ﬂ5ms

di et hyl etthene am ne, Ndllsoprgﬁﬁg% rr(k trib am ne or

tripropyl a qtf@sdhtﬁoqetﬁ‘r'f‘ﬂ’é‘r‘“eﬁyf’[ﬂ?@ ft PRHRRANY; Qﬁ"ﬁ‘?@ P) with

di i sopr opy#sliyeatsi of erdabidodmpobindedencribed péreini widch satist thgivplencies ptli ne,

nyr oxi do, B oo, TS SR i iride 0B 1Ay ST FEar anahel b Be T eD

DESCRI PTI CReTOissilgesyaiitugnisey organic compeungs.ocess for the pr eparation of
calicheam cin derivatives of Formula | and tri and bifunctional I|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 Akl Spl'Ar 0-Sp-S-S-W6 In accordance with Schene I, a
c acid 1 wherein Alkl, Spl, Ar and Z1 are herei nbefore defined,
U S. Pat.No. 5,773,001, which is hereby incorporated herein by
, are condensed with mercapto conpound 2 where Sp and Q are
ore defined in an alcoholic solvent with a boiling point of |ess
t 100 Cin the presence of an al kyl carboxylic acid in a about 5%
_ __id at about 20 to about 70 C for about 1 to about 24 hours, to

af ford bil &&K& F\ﬂsrobéa%gl Q- tﬁlﬁétqyl?br ﬁ-nr (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@ tshrmer-ia@tvam 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

generate t rrvciwekannachbt MAiteto@B8iaM éhrmhﬁteﬁarii fofms tHeasidRen 541060 thillkegr oup
consi sting heC acid 3

react | e r
with a couﬁﬁg‘fvﬁ'ted el '"saﬁgﬁmggg F’?eaﬁ'" %tl lfeIﬂcar @?elrnr‘% Aip or
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 inerb¥ %?%Ft'%%ﬂﬁa&m‘d?“(ﬁ%é V‘@Pfeéitélkorﬁpt AN %"d Z s Berinhgfase 500, .
N, N- di met hybfiedyadith deeréddvb compeuhil 2 &cdofding torsthémen, igteattdd with nker act i vat ed

ester 4. The. trilink ctli ed [ o te renmoval of the
vol atile sSﬁ%yrI] 'Q’ g{”f'?u?r taH 'E%cu?' ﬁstfnggreﬁ§n$e%§$%tbylg ahno'ﬁrggﬁ' phase

chr omat ogr diphsthylfermamideiDMDab pbout -6 efferdsintenmediatg T whighdpfurther

Trilinker - aghierRb 88 rififkéactivatsd bbteps bpe@&t.&dwmm @bﬁ@dm'mm&t al carbonate

whi ch | h di
£ o "6 B pabitark B Pt e RS A TR Ehor S ik R e Sra U
refl ux. Fuhydrexyaufasudcmimige in the mmnmﬁaBtdeyblot\emlqaﬂmﬂlmm DRB)ed 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.léhxlhacet onrtrile 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
~ y condensation of carboxylic acid 1 wherein Alle, Spl, Ar and Z1
bef ore defined, with mercapto conmpound 2 according to schene |
with nethyltrithioantitunor antibiotic 5 in the presence of
ine in N, Ndi net hyl f ormam de (DMF) at about -5C affords
te 7 which is further converted to trilinker-activated ester 6 by
ith 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'

(®) 21

)]\AIW\Sp"\ArJ\Q—Sp—S-S-W !

7

HO

O Z1

/lLAlk’“Sp‘\ArJ-*Q—Sp—s-s-w '

]

Formula (I)

Z

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

27


ipos
Rectangle


6 Fornmula (1) The foll ow ng exanples are presented to Illustrate
( :nbodi nents of the present invention, but should not be construed .
i ng the scope of this invention. Those:skilled in the art wll
\ inder stand that known variations of the conditions of the follow ng
\ ve procedures can be used to prepare these conpounds. Exanple 1
| acid. 3-nercapto-3-nethvl-.24(E)-1-14-(4-hvdroxv-4-
( /) 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

met hanol is rapldly dfed 0j911g [4.1 mml] of 4-(4-
LLeqwed by an additional 10 ml of nethanol
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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m xture of 3-nethyl-3-nercapto-butanoic acid hydrazide (4.0 g, 27 nmol),
et yl phenoxy) - butanoic acid (5.0 g, 22.5 mmol ) and acetic acid (7.5
met hyl al cohol (75 nL) is heated at about 45 C.for about 7 h. The
is allowed to cool to roomtenperature. The white solid (7.12 g,
coll ected on a Buchner funnel and washed with MeOH (2x10 niL). | H
BO-d6): 6 (ppm) 12.14 (s, 1H), 10.37 and 10.21 (s, 1H), 7.74-7.70
, 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,

A7cnﬂ—sb>

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 poelhvdagide | ydr azi de (Exanple 1 or
2) and 0.22 g [1.89 mmol] of N-hydroxySUCC|n|n1de is added 10 m of N, N
di met hyl f or mgm de, foll owed by the rapid addition of 0.70 g [3.65 mmol] of
1-(3- dimeth Ianinoqropyl)-B-ethylcarbodiinide hydr ochl ori de and the
m xture stig wom tenmperature for 3 hours. The reaction m'xture is
concentrateéd in vacuo qo 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 (MgSH4). The/organic |ayer is
evaporated in vacuo to gi N 01 I e ue crlystal lized from et hyl
acet at e- hexane affording 0.21 g 6?¥?ﬁé§?ﬁ?W5mggﬁ 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
YT
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A m xture of butanoic acid, 3-mercapto-3-nethyl-,24(E)-144-(4-hydroxy-4-
<y)pheny|]ethy||dene]hydra2|de ( Exanpl:es: 1 or 2) (3.69 g, 10.48
1d N-hydroxysuccinimde (1.386 g, 12.05-mmol) is suspended in
(60 m.), DCC (2.482 g, 12.05 nmol) in dioxane (30 nL) is added
> over 15 min. The mxture is stirred at roomtenperature for 24 h.
sipitated dicyclohexylurea is filtered off and washed with di oxane
). 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 '- byl 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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Rut anni ¢ gci d. 3-nmercanto-3-net hvl -. 2f (E) - 144- (4- hydr oxv- 4-
xv) ohenvl | et hvl i denel hvdr azi de condensed with N-acetvl-LL-E332881, 11
irring solution of N-acetyl-LL-E33288 y (200 ng, 0.142 mmol) in 10
onitrilel/ethyl acetate (1:1) at -5Cis added in 1 m aliquots every
a solution of butanoic acid,
pt o- 3- et hyl -, 2-[ (E) - 144- ( 4- hydr oxy- 4-
Xy) phenyl ] et hyl i dene] hydrazi de (150 ng, 0.43 mml) (Exanples 1 or 2)

in 10 M aRkOMHid ﬂéa@tf &*M&Eur@%ﬂ%w&d(t&wam vdokh t@ﬁlpﬁ}atﬁréldﬁﬁfk‘!i}re@fﬂr”e The
solution is stirred rs at g:lafter t he lcfhewhngmd on of the

but anoi ¢ zRqYt 3 howrs, Jgstvg}%les are evaporated in vacuo to a resi Is stored
net hyl -, 2- é(rEe)zet. [d tielrelidde ixgddéd @60biLdf ethy) atetats fflioived by staregeipar azi de _
sol uti on. EJ(\;SB&St RS ?ﬂ@v&@w%&ur&@m&e&h HEHS YRy abdlahe 1 es! due is

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 Bt0g bhsilica gbl. 1 TS dollrin gleliited withdi-5%andthphatcdhobinredty) oxv1- 4-

oxobut oxyl Y I 288vi |
To a sti rr?ér‘}'?aq '%’Q})Sndz%f %J taﬁ%sla% } @%pggﬂ"%?gs &%mgWﬁY‘L‘W144-(4-
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 hyI am nopr opyl ) -ethyl- car bod| i m de (160ng 0 835rrrm| )

Fol | ow ng tBgtang 'z: gt f4-K : 3¢,
acetoni tril eoké_bdt&@mvh@ Aioh 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

H.CO

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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--ArQ Sp-S-S-W Formula (1) wherein: Zis selected fromthe group
g of Akl is a branched or unbranched al kyl ene chain of 2 to 6
ons; Spl is selected from-S-, -0-, -CONH-, -NHCO-, and -NR -; ZI
al kyl of 1 to 5 carbon atonms; Ar is 1,2-, 1,3-, or 1,4-phenylene
y substituted wth one, two, or three groups independently
fromalkyl of 1 to 6 carbon atons, alkoxy of 1 to 5 carbon atons,
y of 1 to 4 carbon atons, halogen, nitro, -COOR , -CONHR ,

-U(UHZ) NWOOR , - 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 g 5 carbon atons,

t hi oal koxy of 1 toB S 2810 he ?OX Dhydrokps’ CO\IHR'

- 0( CH2) nCOOR oxobwipxsiphengiiethylideng hpdravis :ngs.:.u'c h NeacatphtAcE332 '

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 unsaturat ‘ "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-
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JRR CH2 RS is -CH3, -C2H5, or -CH(CH3)2; X is an iodine or
rom R5' is a hydrogen or the group RCO, wherein R is hydrogen,

or unbranched al kyl of 1 to 10 carbon atons, al kylene of 2 to 10

onms, aryl of 6 to 11 carbon atons, a (C6-Cl1l) aryl-al kyl (G -05)

a heteroaryl or heteroaryl-al kyl (cl-c5) group wherein heteroaryl
d as 2- or 3-furyl, 2- or 3- thienyl, 2- or 3-(N-nethylpyrrolyl),
r 4-pyridinyl, 2-, 4-, or 5- (Nnethyllmdazolyl) 2-, 4-, or

5- oxazol yl

5 A0 4! ea B oy o RN "y o s, oo Btgfafr,

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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MCSLLP

CLAIMS

1. A process to prepare compounds of Formula (I):

)7\ L
J\

7 Alk'—Sp"—Ar" SQ—sp—S-s-W'
Formula (1)

wherein:

Z is selected from the group consisting of

Q 3 F R F
SO;Na
—0 > —0 , —0 , —O F,
Y o] F F F F
O,N

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 is selected from -S-, -O-, -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,
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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),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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is

CH, f;
\ .
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CH; o
X Rs’ o)
R, is orCHj; R,is N or H;
/
R,O OCH, Rs  OCH;
OCH;,
RﬁooR
7
R, is orH; R,is CHs o or H;
HO
CH; o OGH
3 OH
(o]
|
H,CO co—§
Rgis Hor
H
H,CO N
OCHj
¢
CH,
H4CO co—%
R7is Hor
H
H,CO N
OCH,
O
CH,

R5 is -CH3, -C2H3, or -CH(CH3)2;
X is an iodine or bromine atom;

Rj5'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 (C¢-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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-,
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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
Q 0

)LAIK1\Sp1\ArJ]\ 21

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, 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

(0] Z1
JN
HO)J\And\Spﬂ\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 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’-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-dimethylformamide

(DMF) to generate a trilinker-activated ester of the formula
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(0] Z1
)J\And\sw\ArJ\Q—sp—SH

where Z is hereinbefore defined;

z

d. reacting the trilinker-activated ester formed in step c 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 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
J\
Z)J\AIH\SN\N Q—Sp—S-S-W'’
e. isolating the activated ester of step (d) and purifying to yield antitumor antibiotics of
Formula (I)
(0] Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W’.
Formula (I)
2. The process of claim 1 wherein the purifying of step (e) comprises the use of reverse

phase high performance liquid chromatography having a mobile phase of about pH 7.0 to 9.0

followed by normal phase chromatography.

3. A process according to claim 1, wherein
alk' is 3 carbon atoms;

Sp' is —O-;

Z' is methyl;

Ar is unsubstituted 1,4-phenylene;
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Sp is 4 carbon atoms;

Rsis H;
Q is NNHC(O)-;
[VavaVaVy

R '

A 0

N

Rs”
R, is H3CO ;
[VaVaVaVs
H3C o]
HO
Ry is HyCO OH ;
R5 1S C2H5;
Rs” is —=C(O)-R;
R is methyl; and
Z1is
O
g_ON
0]
4. A process to prepare antitumor antibiotics of Formula (I):
O Z1
Z)LA|k1\Sp1\AFJ\Q—Sp—S-S-W’
Formula ()
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wherein:

Z is selected from the group consisting of

Q Q R F R F
SO;Na
_O ’ —O f _0 y _0 F y
o o] F F F F
O,N
—O0 NO, ,and —O NO, .

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 1s selected from -S-, -O-, -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', -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),CONHR', and -S(CH2),CONHR';

n is an integer from 0 to 5;
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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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is
CH, ;r
R4S
AN 0"
OR,
CH; o
X .f:; RS o)
R, is orCHj; R,is N or H;
/
R,O OCH, Rs  OCH;
OCH,
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R¢O
OR;
R;is
CH; (o)

Rg is H or

R7is Hor

R5 is -CH3, -C2Hs, or -CH(CH3)2;

X is an iodine or bromine atom,;

R5'1s 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 (C4-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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

. (o)
or H; R, is CH;
4 HO
OCH,
H,CO co—g
H
HyCO N
OCH,4
0
CH,
H,CO CO—E
H
H,CO N
OCHj3
o
CH,

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

)J\Alk1\8p1\ArJ]\ 21

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, 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

(0] Z1
JN
HO)J\AIW\SN\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 methyltrithio antitumor

antibiotic CH3-S-S-S-W’ in the presence of a base or an organic base 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’-disuccinimdyl
carbonate in an inert solvent containing 0-50% N,N-dimethylformamide (DMF) and purifying to

yield antitumor antibiotics of Formula (I)

O Z1
)J\Alk1\8p1\ArJ%Q—Sp—S-S-W’_
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5. The process of claim 4 wherein the purifying of step (e) comprises 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.

6. A process according to claim 4, wherein
alk! is 3 carbon atoms;

Sp' is —O-;

Z' is methyl;

Ar is unsubstituted 1,4-phenylene;

Sp is 4 carbon atoms;

Rsis H;
Q is NNHC(0O)-;
[VaVaVaVg
R L}
X 0
N
R~
R, is H3CO ;
NV, V. Vs
H3C o}
HO
R4 is HyCO OH ;
R5 1S C2H5;
Rs” is —C(O)-R;

R is methyl; and
Z1is
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O
§—ON
O
7. A process to prepare antitumor antibiotics of Formula (I):
O Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W
Formula (I)
wherein:

Z is selected from the group consisting of

Q o R F R F
SO;Na
_0 ’ —o , —0 ’ _0 F y
o o] F F F F
O,N

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 1s selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;

Zl is H, or alkyl of 1 to 5 carbon atoms;
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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),CONHR', and -S(CH2),CONHR";

n is an integer from 0 to 5;

R' s 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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is
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CH; o
R4S OCH,;
OH
CH; o
X Rs' o)
R, is orCHj; R,is N or H;
/
R,O OCH, Rs  OCH;
OCH,4
YW WAWANS
RﬁoOR
7
R, is orH; R,is CHs o or H;
HO
CH; o OGH
3 OH
o
|
H,CO co—§
Rgis H or
H
H,CO N
OCHs
¢
CH,
H4CO co—g
R7is Hor
H
H,CO N
OCH,4
0
CH,
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R5 is -CH3, -C2Hs, or -CH(CH3)2;
X is an iodine or bromine atom,;

R3'1s 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 (C4-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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

O 0
)J\Alk1\8p1\ArJ]\ 71

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, Q, and Sp

are as defined above, to produce a bilinker-carboxylic acid of the formula,

(0] Z1
)J\Alk1\8p1\ArJ%Q—Sp—SH

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

HO
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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-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
)J\And\sw\ArJ\Q—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

0] Z1

J\
)LAIK1\Sp1\Ar Q—Sp—S-S-W'’

z

e. isolating the activated ester of step (d) and purifying to yield antitumor antibiotics of
Formula (I)
(0] Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W’"
Formula (I)
8. A process according to claim 1, wherein

alk' is 3 carbon atoms;

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

Sp is 4 carbon atoms;

Rsis H;
Q is NNHC(0O)-;
[VaVaVaVg
R L}
X 0
N
R~
R, is H3CO ;
[VaVavaVg
H3C o}
HO
. H
Ry 1s 30 OH ;
R5 1S C2H5;

Rs’ 1s —C(O)-R;
R is methyl; and
Z1is

)

—on
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0. A process according to claim 1, wherein Alkl is an alkylene of 2 to 5 carbon atoms, and

Sp1 1S an oxygen atom.

10. A process according to claim 9, wherein Alkl is an alkylene of 3 carbon atoms.
11. A process according to claim 1, wherein zlis alkyl of 1 to 3 carbon atoms.
12. A process according to claim 1, wherein 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.

13. A process according to claim 12, wherein Ar is 1,4-phenylene.

14. A process according to claim 1, wherein Q is -NNHCO-.

15. A process according to claim 1, wherein Sp is straight or branched-chain divalent or

trivalent alkyl radical of 1 to 12 carbon atoms.

16. A process according to claim 15, wherein Sp is straight or branched-chain divalent or

trivalent alkyl radical of 1 to 6 carbon atoms.

17. The process according to claim 1, wherein the alcohol solvent is methanol.

18. The process according to claim 1, wherein the inert solvent is acetonitrile.
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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
)
g_ON
0]
22. A process to prepare trilinker-activated esters of the formula:
O Z1

J\
)J\Alk1\8p1\Ar Q—Sp—S-S-W’

Z
wherein:

Z is selected from the group consisting of

Q 0 R F R F
SO;Na
_0 ’ —o , —0 ’ _0 F y
o o] F F F F
O,N
—o0 NO, ,and —O NO, .
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Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 is selected from -S-, -O-, -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', -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),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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is

53



MCSLLP

CH; o
R4S OCH,;
OH
CH; o
X Rs' o)
R, is orCHj; R,is N or H;
/
R,O OCH, Rs  OCH;
OCH,4
YW WAWANS
RﬁoOR
7
R, is orH; R,is CHs o or H;
HO
CH; o OGH
3 OH
o
|
H,CO co—§
Rgis H or
H
H,CO N
OCHs
¢
CH,
H4CO co—g
R7is Hor
H
H,CO N
OCH,4
0
CH,
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R5 is -CH3, -C2Hs, or -CH(CH3)2;
X is an iodine or bromine atom,;

R3'1s 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 (C4-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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-, -NHNCONH-, -NNCSNH-,
and -NO-;

comprising the steps of:

a. reacting a carboxylic acid of the formula

Q 0
)J\Alk1\8p1\ArJ]\ Z1

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, Q, and Sp

are as defined above, to produce a bilinker-carboxylic acid of the formula

(0] Z1
)LAIK1\Sp1\ArJ\Q—Sp—SH

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

HO
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c. reacting the bilinker-carboxylic acid from step (b) 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 a bilinker-methyltrithio antitumor antibiotic of the formula

)OJ\ z!
J\
HO Alk'—sp'"—Ar" Sq-sp—s-s-W’
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 (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
J\
)J\Alk1\8p1\Ar Q—Sp—S-S-W’,

z

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

and Sp1 is an oxygen atom.

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

0 Z

Z/II\AIk1—Sp1—ArJ§Q—Sp-SH

wherein:
Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 is selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;

z1is H, or alkyl of 1 to 5 carbon atoms;
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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),CONHR', and -S(CH2),CONHR";

n is an integer from 0 to 5;

R' s 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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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

Q Q R F R F
SO;Na
—0 i , —O , —O F,
o o] F F F F
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O,N
—o0 NO, ,and —o NO,

comprising the steps of:

a. reacting a carboxylic acid of the formula

O 0
)J\Alk1\8p1\ArJ]\ 21

with a mercapto compound of the formula

HO

H2Q—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 Alkl, Spl, Ar, Zl, Q, and Sp

are as defined above, to produce a bilinker-carboxylic acid of the formula

O Z1

BN

HO)J\Alk1\Sp1\Ar Q—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-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% DMF to generate trifunctional linker intermediates, of the formula

O Z1

)J\And\sw\ArJ\Q—Sp—SH_

z
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25. The method of claim 1, wherein step c. comprises reacting the isolated bilinker-carboxylic

acid with N-hydroxysuccinimide in the presence of DCC at ambient temperature in dioxane.

26. The method of claim 1, wherein the methyltrithio antitumor antiobiotic CH3-S-S-S-W’
comprises N-acetyl-LL-E33288 v,".

27. A process to prepare compounds of Formula (I):

(@) Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W’
Formula (1)

wherein:

Z is selected from the group consisting of

Q Q R F R F
SO;Na
—0 i , —O , —O F,
o o] F F F F
O,N
_OONOZ , and —OONOZ .

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

Sp1 1s selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;
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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-, 1,5-, 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' s 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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is
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CH; o
R4S OCH,
OH
CH; ¢
X Rs' o
R, is orCHj; R,is D‘ or H;
R40 OCH, Rs  OCH;
OCH,
R3is H;
: CH o )
R, is 3 or H;
*®  Ho
OCH; 4,

R5 is -CH3, -CoHs, 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 (C4-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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

61



MCSLLP

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 0
)LAIK1\Sp1\ArJ]\ 71

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, 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
JN
HO)J\AIW\SN\N 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 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’-disuccinimdyl carbonate in an inert solvent containing 0-50% N,N-dimethylformamide

(DMF) to generate a trilinker-activated ester of the formula

O Z1
)J\Alk1\8p1\ArJ%Q—Sp—SH

where Z is hereinbefore defined;

z
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d. reacting the trilinker-activated ester formed 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 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.

(@) Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W’
e. isolating the activated ester of step (d) and purifying to yield antitumor antibiotics of
Formula (I)
O Z1
Z)J\Alk1\8p1\ArJ%Q—Sp—S-S-W’

Formula (I)

28. A process to prepare antitumor antibiotics of Formula (I):

)OJ\ 71
k

7 Ak'—Sp'—Ar Q—Sp—S-S-W’
Formula (I)

wherein:

Z is selected from the group consisting of
Q 0 R F R F
SO;Na
—0 » —0 , —O , —O F,
o o] F F F F
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O,N

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 is selected from -S-, -O-, -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', -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),CONHR', and -S(CH2),CONHR';

n is an integer from 0 to 5;

R'1is 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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C1-Cg) 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, aminocoumarinyl, or phenazinyl and wherein if Sp is a trivalent radical, it can
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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, f;
RS
HO
OR,
CH; o
X L]
Rs o)
Ry is orCH3 R,is N or H;
/
R,O OCH, Rs  OCH;
OCH;
R3is H;
; CH O .
R 3 or H;
4% Ho
OCH; OH

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

R5' s 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 (C4-C11)

aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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-,
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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 0
)J\Alk1\8p1\ArJ]\ 71

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, 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
JN
HO)J\AIW\SN\N Q—Sp—SH
b. isolating the bilinker-carboxylic acid of step (a);
C. reacting the isolated bilinker-carboxylic acid of step (b) with a methyltrithio antitumor

antibiotic CH3-S-S-S-W’ in the presence of a base or an organic base 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’-disuccinimdyl
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carbonate in an inert solvent containing 0-50% N,N-dimethylformamide (DMF) and purifying to

yield antitumor antibiotics of Formula (I)

0]

Z1
J\
)J\Alk1\8p1\Ar Q—Sp—S-S-W"

z

29. A process to prepare antitumor antibiotics of Formula (I):

O Z1
J\
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W
Formula (I)

wherein:

Z is selected from the group consisting of

Q 0 R F R F
SO;Na
_O ’ —O , —0 ’ _0 F y
o o] F F F F
O,N

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 1s selected from -S-, -O-, -CONH-, -NHCO-, and -NR'-;

Z!l is H, or alkyl of 1 to 5 carbon atoms;
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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),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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;

W’ is
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CH,
RS
OH
CH; o
X
R, is ‘frr\) orCHj; R,is
R0 OCH;
OCH;
R3is H;
CH 0 .
R 3 or H;
' Ho
OCHj OH

R5 is -CH3, -C2H3, or -CH(CH3)2;

X is an iodine or bromine atom;

MCSLLP

(o]
OCH;,
Rs'
Dlj o or H;
Rs OCH;3

Rj5'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 (C¢-C11)

aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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
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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

Q 0
)J\Alk1\8p1\ArJ]\ Z1

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, Q, and Sp

are as defined above, to produce a bilinker-carboxylic acid of the formula,

O Z1
S
HO)J\AIW\SN\N 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 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

O Z1
)LAIK1\Sp1\AFJ%Q—Sp—SH

where Z is hereinbefore defined ;

z
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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

0]

Z1
J\
)LAIK1\Sp1\Ar Q—Sp—S-S-W’

4

e. isolating the activated ester of step (d) and purifying to yield antitumor antibiotics of
Formula (I)
O Z1
BN
Z)J\Alk1\8p1\Ar Q—Sp—S-S-W’.
Formula (I)

30. A process to prepare trilinker-activated esters of the formula:

0]

Z1
N
)J\Alk1\8p1\Ar Q—Sp—S-S-W’

Z
wherein:

Z is selected from the group consisting of

Q Q R F
SO;Na
-0 a® , —O , —0 F,
o o] F F

71



MCSLLP

O,N

Alk! is a branched or unbranched alkylene chain of 2 to 6 carbon atoms;
Sp1 is selected from -S-, -O-, -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', -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),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-C1g) radical,
divalent or trivalent cycloalkyl- or heterocyclo-alkyl-alkyl (C-Cg) 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, 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;
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W’ is
CH,
RS
OH
CH; o
X Rs' o)
Ry is orCHj R,is N or H;
/
R4O OCH, Rs  OCH;
OCH;
R3is H;
; CH O .
R 3 or H;
4 is HO
OCH; OH

R5 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 (C4-C11)
aryl-alkyl (C1-C5) group, or a heteroaryl or heteroaryl-alkyl (C1-C5) 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
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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)
)J\Alk1\8p1\ArJ]\ 71

with a mercapto compound of the formula

HO

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 Alkl, Spl, Ar, Zl, Q, and Sp

are as defined above, to produce a bilinker-carboxylic acid of the formula

0] Z1
J\
HO)J\AIW\SN\N Q—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 methyltrithio antitumor antibiotic CH3-S-S-S-W’ in an inert organic solvent to

generate a bilinker-methyltrithio antitumor antibiotic of the formula

(0] Z1
J\
HO)J\AIk1\Sp1\Ar Q—Sp—S-S-W’
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
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(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

J\
)J\Alk1\8p1\Ar Q—Sp—S-S-W"

z

31. The method of claim 1, for preparing compounds of the following formula:

o}

)J\/\/O
Z (0]
N S
= \”MS/ \W'

comprising the steps of:

a. reacting a carboxylic acid of the formula

)J\/\/O
HO

with a mercapto compound of the formula

75



MCSLLP

NH,NH 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, to produce a bilinker-carboxylic acid

of the following formula:

0
Mo
HO 0
N M
Z Sy SH
H
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-
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}

)J\/\/o
4 o}
N
/ \HMSH

2

d. reacting the trilinker-activated ester formed 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 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 and the
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temperature of the reaction is <5°C and wherein the methyltrithio antitumor antibiotic CH3-S-S-

S-W’ comprises N-acetyl-LL-E33288 y,":

.

0

MO
Z (0]
N S
= \HMS/ \W.

isolating the activated ester of step (d) and purifying to yield antitumor antibiotics of the

formula:

32.

33.

34.

35.

36.

0]

MO
z o)
N S
= \HMS/ \W.

The method of claim 31, wherein the carboxylic acid and mercapto compound are present

in a ratio of about 1.2:1.
The method of claim 31, wherein the alcohol solvent is methanol.
The method of claim 31, wherein the alkyl carboxylic acid is acetic acid.

The method of claim 31, wherein the isolated bilinker-carboxylic acid is reacted with N-

hydroxysuccinimide in step (c).

The method of claim 35, wherein at least a 3 fold molar excess of N-hydroxysuccinimide

1s used.
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37. The method of claim 31, wherein the isolated bilinker-carboxylic acid is reacted in the

presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) in step (c).

38. The method of claim 31, wherein the inert solvent is acetonitrile or dioxane.

39. The method of claim 31, wherein the inert organic solvent is acetonitrile.

40. The method of claim 31 wherein the purifying of step (e) comprises the use of reverse
phase high performance liquid chromatography having a mobile phase of about pH 7.0 to

9.0 followed by normal phase chromatography.

41. The method of claim 22, for preparing compounds of the following formula:

0]

comprising the steps of:

a. reacting a carboxylic acid of the formula:

)J\/\/O
HO

with a mercapto compound of the formula:
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NH,NH 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, to produce a bilinker-carboxylic acid

of the formula:

0
Mo
HO o
N M
" SH
H
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with a methyltrithio antitumor

antibiotic CH3-S-S-S-W’ in the presence of a base or an organic base in an inert organic solvent
wherein CH3-S-S-S-W’ comprises N-acetyl-LL-E33288 y,', to generate a bilinker-methyltrithio

antitumor antibiotic of the formula:

0]

MO
HO O
N S
/ \HMS/ \W.

d. reacting the compound 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 (EDCI), or N,N’-disuccinimidyl carbonate in an inert solvent containing 0-
50% N,N-dimethylformamide (DMF) and purifying to yield antitumor antibiotics of the

following formula:
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43.

44,

45.

46.

47.

48.

49.

50.
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The method of claim 41, wherein the carboxylic acid and mercapto compound are present

in a ratio of about 1.2:1.

The method of claim 4, wherein the alcohol solvent is methanol.

The method of claim 41, wherein the alkyl carboxylic acid is acetic acid.

The method of claim 41, wherein the bilinker-carboxylic acid and CH3-S-S-S-W’ in step

(c) are in a ratio of 3.3:1

The method of claim 41, wherein the inert organic solvent is acetonitrile.

The method of claim 41, wherein the compound of step (c) is reacted with N-

hydroxysuccinimide in step (d).

The method of claim 47, wherein at least a 3 fold molar excess of N-hydroxysuccinimide

1s used.

The method of claim 41, wherein the compound of step (c) is reacted in the presence of 1-

(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) in step (d).

The method of claim 41, wherein the inert solvent is acetonitrile or dioxane.
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51. The method of claim 41, wherein the purifying comprises the use of reverse phase high
performance liquid chromatography having a mobile phase of about pH 7.0 to 9.0

followed by normal phase chromatography.

52. The method of claim 7, for preparing compounds of the following formula:

N )J\/\/O
\O (0]

comprising the steps of:

a. reacting a carboxylic acid of the formula

)J\/\/O
HO

with a mercapto compound of the formula

0

NH,NH SH
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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, to produce a bilinker-carboxylic acid

of the following formula:

o

Mo
HO 0
N M
= Sy SH
H
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with at least a 3 fold molar excess

of N-hydroxysuccinimide, in the presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(EDCI) in an inert solvent containing 0-50% N,N-dimethylformamide (DMF) to generate a

trilinker-activated ester of the formula:

0
0}
N o
\OM o
© N M
= \” SH

d. reacting the trilinker-activated ester formed in step ¢ in the presence of a base or an

9

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 below and the temperature of the reaction is <5°C
and wherein the methyltrithio antitumor antibiotic CH3-S-S-S-W’ comprises N-acetyl-LL-
E33288 v,
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o]
(6]
N MO
\O (0]
/\” S/ \W'

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

formula:

0]
(0]
N MO
\O (0]
= \H S/ \W'

53. The method of claim 52, wherein the carboxylic acid and mercapto compound are present

in a ratio of about 1.2:1.
54. The method of claim 52, wherein the alcohol solvent is methanol.

55. The method of claim 52, wherein the alkyl carboxylic acid is acetic acid.

56. The method of claim 52, wherein the inert solvent is acetonitrile or dioxane.

57. The method of claim 52, wherein the trilinker-activated ester and CH3-S-S-S-W’ in step

(d) are in a ratio of 3.3:1

58. The method of claim 52, wherein the inert organic solvent is acetonitrile.
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59. The method of claim 52 wherein the purifying of step (e) comprises the use of reverse
phase high performance liquid chromatography having a mobile phase of about pH 7.0 to
9.0 followed by normal phase chromatography.

60. The method of claim 4, for preparing compounds of the following formula:

6]
(e}
N )J\/\/O
\O (0]
0 M S
S/ \W'

comprising the steps of:

a. reacting a carboxylic acid of the formula:

)J\/\/O
HO

with a mercapto compound of the formula:

NH,NH 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 the mercapto compound and
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carboxylic acid are present in a ratio of about 1.2:1, to produce a bilinker-carboxylic acid of the

formula:
0
Mo
HO o
N M
Z Sy SH
H
b. isolating the bilinker-carboxylic acid of step (a);
c. reacting the isolated bilinker-carboxylic acid of step (b) with a methyltrithio antitumor

antibiotic CH3-S-S-S-W’ in the presence of a base or an organic base in an inert organic solvent

wherein CH3-S-S-S-W’ comprises N-acetyl-LL-E33288y," to give a compound of formula:
0

MO
HO o)
N s
P \HMS/ \W.

b

d. reacting the compound of step (c) with at least a 3 fold molar excess of N-
hydroxysuccinimide in the presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI)
in an inert solvent containing 0-50% N,N-dimethylformamide (DMF) and purifying to yield

antitumor antibiotics of the following formula:

O
(0]
N )J\/\/O
\O O
/\” s
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64.

65.

66.

67.
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The method of claim 60, wherein the alcohol solvent is methanol.
The method of claim 60, wherein the alkyl carboxylic acid is acetic acid.

The method of claim 60, wherein the bilinker-carboxylic acid and CH3-S-S-S-W’ in step

(c) are in a ratio of 3.3:1

The method of claim 60, wherein the inert organic solvent is acetonitrile.

The method of claim 60, wherein the inert solvent is acetonitrile or dioxane.

The method of claim 60, wherein the purifying comprises the use of reverse phase high
performance liquid chromatography having a mobile phase of about pH 7.0 to 9.0
followed by normal phase chromatography.

The method of claim 24, for preparing trifunctional linker intermediates of the following

formula:

)
)

N MO
o o)
; P4
= \H SH

comprising the steps of:

a.

reacting a carboxylic acid of the formula:
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)J\/\/O
HO

with a mercapto compound of the formula:

NH,NH 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, to produce a bilinker-carboxylic acid

of the formula:

Mo
HO (0]

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

c. reacting the isolated bilinker of step (b) with N-hydroxysuccinimide in the presence of 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) in an inert solvent containing 0-50% N,N-

dimethylformamide (DMF) to generate trifunctional linker intermediates of the formula:
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