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(54) Title: FAP-ACTIVATED ANTI-TUMOR COMPOUNDS

(57y Abstvact: The invention relates to a prodrug that is capable of being converted into a drug by the catalytic action of human
fibroblast activation protein (FAP), said prodrug having a cleavage site which is recognised by FAPq, and said drug being cytotoxic

or cytostatic under physiological conditions.

i nvention rel ates



The present invention relates to the field of tunor treatnent by

adm nistration of a prodrug that is converted into a dr 25 the %ite of
the tunor. In particular, the invention relates to prodrugg Pr:éy be
converted i R{@®y @71?.] jug by the catalytic action of FAPct, their manu- facture
and pharmaceutical use. 10 Background and prior art The hub@TEFG420b] ast
activation protein (FAPa) is a M 95,000 cell surface nol ecul e origi- nally

identified with nonocl onal F19 Ret et al. (1988) Proc.
Natl. Acad Sc!. USA 85, 3 I%Pﬁﬁquﬁ(ew Cancer Res. 53,
3327-3335). The FAPa cDNA codes for a type II |nt egral nmenbrane protein
with a |large extracellular domain, trans-nenbrane segnent, and short
cytoplasmc tail (Scanlan et al. (1994) Proc. Natl. Acad Sci. USA 91,
5657-5661; PIYf AR ehkin FAPA shows 48 % am no acid sequence 20 identity to
the T-cell acti'vation antigen CD26, al so known as di peptidyl peptidase IV
(DPPI'V; EC 3.4.14.5), a nenbrane- bound protein with di peptidyl peptidase
activity I FAPa has enzymatic activity and is a
menber of thegiséesz(?}{lg e e“tt"é‘trslate%ﬁ" the QFH’ Pyt“"tfﬂ‘ﬁafﬁléﬁﬁ byedg@istiatomef acprodrugal f or
enzymatic fthanmtmmn@tiﬁt&ﬂd D2 fhe: sit ane over assay
reveal ed that, FAPg. di mers g%e abl eg\tet(‘)dﬁ?:ngzlio\f ﬂ%aEICMIQ?“ fon “Jatggt

ani no- 4- t r PFA%HSS Sy Resanvertied int@h jruptby o andynio adtidn diHARGT SRELR g
counarin, aRghdMRr ph cZutﬁ:Qi' -4-trifluoronethyl coumarin dipeptides (WD
97/ 34927) . FAPa |s selective y expressed in reactive stronmal fibroblasts of
many hi 8t ol ogi cal types of human epithelial cancers, granulation tissue of
heal i ng wounds, and nalignant cells of cer 30 tain bohe and soft tissue
sarconmas. Normal adult tissues are generally devoid of detectable FAPa,
but some fBedkgroumdsea@bipPal tissues transiently express the molecule. In
contrast, nost of the common types of epithelial cancers, including >90%
of breast, non-smal | -cel | 1 4 October 2003 WD 00/ 71571 2 PCT/ EPOO/ 04261

| ung, and 'g@p%ﬁﬁtﬁg} bfé@{ it [ef0) active stromal fibroblasts
(Scanl an et al ., o a% 15%?%1 el @%!'93 Aﬁ?%{’@% s eurlase soinalnprigiew y
f or med ‘4 urfshly @pmd we@smbrmploﬁzd mibody nABY Bt (Rekigeeki i 3%%@82?%& P
i nter posqu pe}%n Hbe It %nﬁ .capill argl endot hel rum and t’he
fo 3110-3114; Rettig ef al. (1993) Cancer Res. 33, 3327-3335). The FAP«
cDNA codes for a type II integral membrane protein with a large extracellular domain,
trans-membrane segment, and short cytoplasmic tail (Scanlan er al. (1994) Proc. Natl.
Acad. Sci. US4 91, 5657-5661; WO 97/34927). FAPq. shows 48 %

amino acid sequence
2 identity to the T-cell activation antigen CD26, also known as dipeptidyl peptidase TV

(DPPIV; EC 3.4.14.5), a membrane-bound protein with dipeptidy! peptidase activity
(Scanlan et al., loc. cit.). FAP« has enzymatic activity and is a member of the serine prote-
ase family, with serine 624 being critical for enzymatic function (WO 97/34927). Work us-
ing a membrane overlay assay revealed that FAPo dimers are able to cleave Ala-Pro-7-

5 amino-4-triffuoromethyl coumarin, Gly—Pro-7-amino-4-triﬂuoromethyl coumarin, and Lys-

Pro-7-amino-4-trifluoromethyl coumarin dipeptides (WO 97/34927).

FAPa is selectively expressed in reactive stromal fibroblasts of many histological types of

human epithelial cancers, granulation tissue of healing wounds, and malignant cells of cer-
s tain bone and soft tissue sarcomas. Normal adult tissues are generally devoid of detectable

FAPa, but some foetal mesenchymal tissues transiently express the molecule, In contrast,

most of the common types of epithelial cancers, including >90% of breast, non-smali-cell



basal aspect of malignant epithelial cell clusters (Welt at al. (1994) J
Adin. Oncol. 12(6), 1193-1203). Wiile FAPa+ stronal fi br-[qploafts ?P f ound
in both primary and netastatic car- cinonas, the benign and 6%’% (gehant
epithelial lesions tested (Welt et al., loc. cit.), such as fibroadenonas
of the breastOaWd 5ol orectal adenomas, only rarely contai neE#@eotosist omal
cells. Based on the restricted distribution pattern of FAPc in nornal
tissues and its &mi for expression, in the supporti ?18 stroma of nmany
I

mal i gnant  t UReALd clprertpl carcinomas, contgin HAPpareactivy Stremd iBwblssts (SebBlanane been
| nitiated i menat) Vs PAPLIEBIAR AL fphOkAR, BHEL ANTEIICIELL ot oc

al ., | )
cit.). For new cancer therapies based on cytotoxic or |f8mHP%ﬁs, a
maj or consi HESt selian compartmpnt dnterpesedtbatveeh Breapmort dapillam GRdothNiuinRE G Ng t he

ef ficacy of -] il b and/ S Cl the toxicity for
normal ti ss%agég%:& E: ﬁ%ﬁ’%"ﬁy’?@?‘ g%llgéé%a# cecl:sféuossetr%tweéf %3&2?9?45 ggjlf”né’ﬂ@dsbz(ﬁ),_
speci fi cit ylig8-120%oWhile BABe" skiokral fitgotalitk 4re eHuaeir KM Frichaty bl HOLIR. Ll Ssues,

trigger nechanis can be desi.gned so that the toxic agents syntche5| sed in
their pr odr(filbo%ars’qﬁﬁg@fg"\f‘@sng'gp%eplth@ﬁh’éﬂ% tested (Weltgheh lomdit Whecleas

requi red, nEbréddedonhad of 1He bERARGRA eMSrekiab P Bi oche
Phar macol . 55, 247 2§2). Triggeri nlg rar‘eidﬁgﬁrégn@gfn&?w %%I?aﬁlgg}\g?‘t%é’mgxogenous

70 fact or s GlitBased onjthgwestspted Ristmbetiinpattemarf B dge ironrsmelelskuss and fagh@LS, such
as enzynmes aht.bedies uStdfd I ion in _cancer tissyes. Another concept,
RN AR L it SR T R b B R iR i

that has been further e lenzynme
pr odr ug # héatefed' mALPDBMREYe been initanéd ib patjents wiech etk art@loca®indmal éﬁ?ﬁ% et
(Huennekensal(;z)%%)) Trends Biotechnol. 12, 234-239; Bagshawe ('11 94) din.
Phar macoki et -°“277 368-376; Wang at al. (1992) Cancer Res. 52, 4484-4491;
Sperker at 25 al. (1997) din. Pharmacokinet. 33(1), 18-31). In ADEPT, an
anti body directed at a tunor- associated antigen is used to target a
speci fic edPyReY Fahcttkerniprdrsedioneytofirc ennytostatio dais ¢ majorZynBdEAMEY foS a

TS AR R AR W 12 B S5 B Mo anes
or to fwree rewang feroxicitydiut mamel tisslear thd dytadox EGFYytoshiit bgdts b GloMddke et ween
{1 ssuds. oo PER RBBPEtlief mdreShe Rontinan pomal Wemorea: meckiims or
of ‘the AEC (Banshane. |oearto ety B ke o S bk BmeBOEr |
fraction &" ?r%ia‘é'dﬁl"‘fﬁt?%%@r"é‘@r%@éﬁéf nqtidly nahgeneaigusAEQeb{Radehat @ 9bgynOr
tissue andgidfieh SHBIAULE) 5.5,52437-2%2%-1ggeerfng2moeg§amvsgsQno:a/y ?nlcﬁléé either exogenoué
»  factors such as light or chemicals or endogenous cellular factors, such as enzymes with re-
stricted expression in cancer tissues. Another concept, that has been further elaborated, is
called “antibody-directed enzyme prodrug therapy’ (ADEPT) or ‘antibody-directed cataly-
sis’ (ADC) (Huennekens (1994) Trends Biotechnol. 12, 234-239; Bagshawe (1994) Ciin.
Pharmacokinet. 27, 368-376; Wang ef al. (1992) Cancer Res. 52, 4484-4491; Sperker ef
= al. (1997) Clin. Pharmacokinet. 33(1), 18-31). In ADEPT, an antibody directed at a tumor-
associated antigen is used to target a specific enzyme to the tumor site. The tumor-located
enzyme converts a subsequently administered prodrug into an active cytotoxic agent. The
antibody-enzyme conjugate (AEC) binds to a target antigen on cell membranes or to free
antigen in extracellular fluid (ECF). A time interval between giving the AEC and prodrug
s allows for the AEC to be cleared from normal tissues so that the prodrug is not activated in
the normal tissues or blood. However, some disadvantages of ADEPT are related to the
properties of the AEC (Bagshawe, loc. cit.). For example, in humans, only a small fraction

of the administered dose of the targeting AEC binds to tumor tissue and the remainder is



3 PCT/ EPOQ 04261 distributed through body fluids fromwhich it is cleared

with significant tinme delays. Even very | ow concentratian f .un d
enzyme can catal yse enough prodrug to have toxic effectgi Igéfcé%égﬁﬁgsna

and normal Egh w9l [res are much greater than those of tunor ECF. The AEC
may al so be I munogenic, thus preventing repeat adm ni straPCOBPOGAR2GIBNY 5
i nstances. The International patent applications WD 97/12624 and WO

97/ 14416 di gck; i - tides | di ng the. fall.owi ta- and

noxamapti detEaRed B BRRSRS iy s Dt A id G et b getpo s en

hAr g- Tyr - G YErBEmM Rmodntratiamuf Lshongd e e caap&am}sseeﬁtﬁa@ﬁgfod b §fehg, 70
te

recogni zed %ﬁ: S%E:Ot eol%ﬂt{l&call " cl eaved by free prost ech i &X8nt | gen
(PSA) and thera- pEtt Piesmaqed permah ECE velgmes 418 erueh ajeatgathes thofe cfugkior

ol i gopept i ABSE.amkk KBOWhy 16 ba REHiddzed lgGe2genL s These
ol i gopepti de conjugates yv\,hi ch corrpor%ies% ﬁ%&&%ﬁ@@%ﬁ%&bﬁ%}'ﬂﬂ%& B ERmhe

noi ety ate W¥¥E; for treatment of prostate cancer only. 77 The probl em
underlying the present invention was to provide methods and neans for im
proving normal tissue tolerability of cytotoxic or cytostatic agents with

known ef f i CBisylntemgtionabpatent bpyiastiona WO® 901 262488 WO 9548516 AQuDeSglLosure of
the i nvenU@QS%i&e iﬁrﬁf?ﬁ i.nvention relates to enzyme-activatedoahti - t unmor
conpounds. Tn paf’lf1 2 HIFAY" O HRePenfan puhisxans P BHOBEQRD NP d i ligmdtinat hape capabl e

of being cOryvati-ger-$etPRo Ay Bid-5&- i acti.on of endogenous
fibrobl ast activating prot ?gﬁygl pha (ﬁ%"*@h@“ﬁ%‘%" Iﬁlggpqg@er;Cﬁs,m@re cancer
tissues’ Prefo8Rassi and protpplpipaliiclestved befrgrestatt spaoifie nhtien PSAGARMY £ of being
converted jofifQ atalyti.c action of FAPa, sai'd prodrug having
a cl eavage plsei te‘g\?\ﬂ?gﬁ%?é{méﬁe&ggéﬂ%aé %ﬁucgﬁéé?peﬁﬁ‘%ﬁ% knon therbesutig oy t ot oxi ¢
or cyt ost atcViotaxigaignss. Tirne oligopeytids comjeires vl SoRlpAL a‘%?%}ast%?@giuaﬂ gns. 30 In

] g" shall mean a chem c¢&l" €8fpound t hat

t he cont extsen%fe thés inv%ﬂth on, a "dru
may be ad- " RISt BY ¥ WU T et obprostalesanesr emly.ai d in the treat ment of
di sease. In particular, a drug is an active pharnacol ogical agent. 1 4

Cct ober 209,}3] ) .
13 ¢ problem underlying the present invention was to provide methods and means for im-

proving normal tissue tolerability of cytotoxic or cytostatic agents with known efficacy

against a broad range of tumor tissues.

28

Disclosure of the invention

The present invention relates to enzyme-activated anti-tumor compounds. In particular, the
invention provides prodrugs that are capable of being converted into drugs by the catalytic

25 action of endogenous fibroblast activating protein alpha (FAPa) shown to reside in human

cancer tissues. Preferably, a prodrug of the present invention is capable of being converted

info a drug by the catalytic action of FAPuq, said prodrug having a cleavage site which is
recognised by FAPq«, and said drug being cytotoxic or cytostatic against cancer cells under
physiological conditions.

Je

In the context of this invention, a “drug” shall mean a chemica] compound that may be ad-

munistered to humans or animals as an aid in the treatment of disease. In particular, a drug is

an active pharmacological agent.



WO 00/ 71571 4 PCT/ EPOO/ 04261 The term "cytotoxi c conmpound” shall nean a
chem cal conpound which is toxic to living cells, in particular a drug
that destroys or kills cells. The term"cytostatic conpount'OLersr200%ean a
conmpound that suppresses cell gromh and nultiplication and thus inhibits
the pro- |iPVe8F158h of cells. Exanples for cytotoxic or cy&psb@is
conpounds suitable for the present invention are anthracycline derivatives
such as doxorubicin, analogs of nethotrexate such as nethothrexate,
pritrexinme, trimetrexate or DDVP, nel phal an, anal ogs of cisplatin such as

ci splatin, « : ' | atinu r_carboplatjn, anal ogs of purines
and pyrim g%é# ?ﬂ%&gacsor@ﬁ 'z(aar)’bslﬁﬁl!e'fqe%?e ° a{cf? PO ‘?Ia%l?‘?}l 1§ F9¥ to living

6- t hi oguanidie in partiuiian ahignbatalestoyd @0 XIS OIS TREGET “cHBSta B\ B35S st Ner
chenot her a g“ticrﬁﬁﬁﬁtﬁ such as 9- aninogﬁgptothe0|n, ]

D, L- ani nogitt 6tH hat SERERES el srovRY andvet Eakmafien andithus ighdits t1@ pro-

m t oxant r diferatigyslceiRNBERAR TR Heotods agl g tine
podophyl | ot oxi.n, bl eonmy- cin 5??%axoﬁ+&&§£%#$g$ ﬂ?ﬁggﬁﬁﬂgﬁftﬁﬁﬁﬁmg conpound
that, on aBYRPHPHIE abthycling denvaiinge susb as Hexrirgidin, coalogsws neitoireRite SRE abol i C
processes. ] Lve col pgi cal .agent.. In par- ticular,
a prodrug rpgﬂgﬁ%?gg&gsmg?ggﬁ Hg rxlf'éa’. Orﬁgﬁwgmglgﬁga&?na&gg%@smﬁm as

i nvent i on,cisphngM2160MAFS] bis(platimich) craatboylati€ S6alea6todh@Kics af pﬁ)ﬂ-ﬁ)dﬁésat ic than
the drug it .is conyerted.into u gn_t e catalytic action of "FAPa. The

h
expert knoWd FeVREYE: SIS arartidipec otiesienas. diprdsrabise oo 20 pound, see
e.g. exaneex@oRahRin) andinalyps sldtRer(chdRGRrapeutib AR su . 65, 55-63). Pref-
erably, the prodrug is at |east three tines fes cytotoxic as conpared to
the drug idugampothgsy IhLaminpglutethimide, girsshapgng pyrosdtitiie, aitogytioxi ¢ under
physi ol ogi i . : : m.cal .25 co und. which is
cyt ost at i éﬁ %&ia@%g’t g?@ﬁ F%ﬁgﬂu%ﬁ%ﬁ’r{%ﬁ?%’fm PR po&B%’ﬁoﬁoﬁmeP?q‘bul ar a
conpound tchartiiolls cells or inhibits proliferation of cells within a
l'iving human or animal body. A "prodrug having a cl eavage site which is
recogni sed by FAPa" shall nmean a prodrug 30 which can act as a substrate
for the edrprmirig” shlthasnta)eoRiboln¥iBat, b adiahikr ngymatic activity
of FAPa can _cabal yse cl eavagieJ of a coval ent %;gh’gﬁ%ﬁ‘tht E&pcﬁ%ﬁlrcﬁfgcoﬂhder
physi ol ogiVeSiBAPY BERERICIPRIFSSseRyeloedavames of adike phagmacalogithl dgemdin gahe pr odr ug

I's conver tigflar! £pRdkB % H5llirsor of a drug. In the context of the present invention, the pro-

drug is significantly less cytotoxic or cytostatic than the drug it is converted into upon the

catalytic action of FAPa. The expert knows methods of determining cytotoxicity of a com-

2  pound, see e.g. example 6 herein, or Mosmann (( 1983) J. Immun. Meth. 65, 55-63). Pref-

erably, the prodrug is at least three times less cytotoxic as compared to the drug in an in

vitro assay.

A “drug being cytostatic or cytotoxic under physiological conditions™ shall mear, a chemical
»  compound which is cytostatic or cytotoxic in a living human or animal body, in particular a

compound that kills cells or inhibits proliferation of cefls within a living human or animal
body.

A “prodrug having a cleavage site which is recognised by FAP«” shall mean a prodrug

2 which can act as a substrate for the enzymatic activity of FAPa. In particular, the enzymatic
activity of FAPe can catalyse cleavage of a covalent bond of the prodrug under physiologi-
cal conditions. By cleavage of this covalent bond, the prodrug is converted into the drug,

either directly or indirectly. Indirect activation would be the case if the cleavage product of



either directly or indirectly. Indirect activation would be the case if the
cl eavage product of 1 4 Cctober 2003 WO 00/ 71571 5 PCT/ EPO /104261 the FAPa
catal ysed step is not the pharmacol ogically active agent | Ltqbey

undergoes a_ further reaction step, e.g. hydrolysis, to becone actlve. Mor e
preferably, Whe 7y éavage site of the pgodr ug i s specificadyermgeoan sed by
FAPa, but not by other proteolytic enzyhes pres- ent in the human or ani nal
body. Al so ferabl y, .t he, cl eava ite is specifically recognised 3 by
FAPmM but HsE Ay Brdeebiter iseomzyag@@aml@%ﬂr aqtive hgawbitselfibuBtidemlochp dy
fluids, espgfkdtehdtionRt hvdl f refe enbodi nent, the
prodrug is stable in eﬁzéghay %%)ﬁlér%b%o% B?Fwygg ore BTFEﬁ%g’sH\?sdan%e\ﬁm@n

bi ol ogi cal g psedrig/is Smﬁaaliyyemgmspd b;sma ot :dﬁbﬁ@&@bﬁr@teoﬂ?rﬁ@éxﬁgr@g{}é’ms_ in an

invitro a rrled 7. herein, nore
pr ef er abl ygnctrqrﬁlntrhg%f"ﬁlgh T a?ﬁrﬂ‘? Q‘ﬂﬂ" E‘V’yt frepavagehi lm%l@ally haeogms&dr ug are

still peesbnFAPq) bat sby pﬂc@ecﬂ mnﬁﬁﬁgs kb Sh R Gy 4 | aspe af ter
8 h at 37C The cl ea\lwgaﬁ Si t% shoul d %m)st pre%(g}la%?"al Ody ggi‘:l F‘?eﬁlaﬁ%r PAPa.
In a pref ef! b prefereedc f’é’-@dﬁ@@t shetmomgprstabkm ﬁlasnll.a' BfHel bd¥e r esi due

which is |#R i.C dru via an arni de bond. An
exampl e of tgﬁegrﬁggégsﬁﬁ}@%qg&%%l uve p@t lfﬁ%tpé ﬁ‘i‘td’géﬁté(?tatﬁwfaefmbly,cat al yse

the cl eavalg@n@fwtraa;;espascdrrmdtmndn H)ﬁfn‘pﬁeﬁhet'elﬁ@ nferd @RASRA! mATI F'e‘%e agi,d residue
of the peptij 15 bly L-proline, and The eyEdY oxi ¢ or

ra-
cytostatic c%ﬁ%aé‘\gﬂé’ "'19 F"«? r&‘Eﬁ“r’;S‘&i‘\!?r%?s’0 offi radmgewﬂlj:ﬂ#&’emﬁfwgﬁhm on to

free drug, txdmrtd&ﬂamﬁfgan sd; eoRdhdd e preferred are
conpounds t fat show at Veglst 20%%%§3§rh§fiﬁgtﬁe¢%58%t§¥% Sitq uld ragshndar d
condi t i onsPreERpRiR benesifig fertiARee dn apwfeedpoboiisertt the ciedvaye ale cbRB8les 20 50%

conver si o bRk and rd conditions. In this context,
st andar d co}rjll(ilﬁl1 Jl’?lﬁg‘%;‘ylg?helggggldr% Cgté’ PE I SRSt UK ¥i3,3p sl boad.dirssol ved i n

50 mM Hepeegar@m f)%tius cl50is rdoxdxalbin-peptide. cnjugdte. Fabulily ARESRELRLIB0LL" S M
and i ncub tg QO n%ﬁg@FAPa (see exanple 4 ours
Rel ease o W fsamingl agnQacH fﬁ@éllfafsf t EIJB@IT m{he:ﬂlsj me&marrpl e 5.

25 Pr efseralyII_y-prohhu;amg;geﬁt,tdx&v&rawo%ugggnz;&og§dto a conpound of formula (I)
= .

Preferred compounds show at least 10% conversion to free drug, under standard conditions
listed below. More preferred are compounds that show at least 20% conversion to free
drug, under standard conditions. Even more preferred are compounds that show at least

22 50% conversion to free drug, under standard conditions, In this context, standard condi-
tions are defined as follows: Each compound is dissolved in 50 mM Hepes buffer, 150 mM
NaCl, pH 7.2, at a final concentration of 5 uM and incubated with 100 ng CDSF AP, (see

example 4) for 24 hours at 37 °C. Release of free drug by CD8FAP« is determined as de-
scribed in example 5.

i)

Preferably, the present invention relates to a compound of formula (I)

\
N Cyt'
Ra/ \{b/LL'f\J/ Yt (I)

R* R’
or a pharmaceutically acceptable salt thereof, wherein
R represents an amino alkanoyl, an oligopeptidoyl, in particular a di- or tripeptidoy! group,
so the N-terminal amino function of which may be attached to a capping group;



| b RR4 or a pharmaceutically acceptable salt thereof, wherein R

represents an am no al kanoyl, an oligopeptidoyl, in partl cul g
tripeptidoyl group, 30 the N-term naI am no function of V\%Cgcﬁ% bB%
attached to a capping group; 0 Ra~N ~"C (1) 1 4 Cctober 2003 V\D 00/7.1571 6

PCT/ EPOO 0420100R157and Rb together with the interjacent N Gqg 4Eﬁgrm an
optionally substituted, optionally berfzo- or cycl ohexano- conden

7-menbered _saturated or unsaturated heterocyclic ring, in which one or tvvo
CH2 gr oups Rasgd B togetirs mréphm@dad;yt IN#6; groupfor,an Bﬁudn&l[!}rsasﬂiﬂtﬁt%d Rptionally

C, -C6-al k t d 3 t t

Che r oot an e 8 EHoaRHORens B Vo M B Fia 3R A S ptirase aetpéoé%iie?hit |
:\12 Oa[C(e¥L ylS mmmhmlgnwdrtwemz@odpshraghu@ BélieBlabedlby @ YD oM [ 2, 3, 6-tri deoxy-
1- hexahydrg‘ 5“)§Tiész%‘fq‘ﬁ%?léﬂyQBC‘(‘W@PW&%’&fW&ﬁWrﬁéﬂ hoxy-6, 1 1-di oxo- 1-

napht hagenyght Tep@és@rhﬁthehsl&é@f@@ﬁ@@%&%ﬂ@ﬁoﬁat%lchmk @dm i nam ide;, and ,a .
N2- acet yl - L- honoar Xq-L tyrosyl - L- gl utam nyl etyl-L-Beryl-N-[2,3,6-tri

deoxy- 1- 0- Ve th es;’f(sﬂ%)f 2,3,4,6,1 1

- hexahydr ong.zeath3-. [.,,f &)@gﬁ){ﬁ 305%@[?-@{“9“% acet F%F#o@ gtr&gx%’ 11-

di oxo- 1- napht hateny T 3 X0- xop% oot L-OHSI S, ﬁ%)m de are
excl uded. LR3M4 1 i-baskiadros3 ﬁrlé#tahyd%dcya?r-&lyﬂrla RPN Ry-8f1 Ifcg(g,%ui a

wherein R ar rmul a Cg-B- A or D, ,, nwhch
Cg r e:or esenatpg“hawﬂqﬁfﬁ“ﬁ%ﬁ%ﬁ%ﬁ\ﬂ*%ﬁ%&ﬁﬂﬁn@wg@% §’§ﬂcgc§ ed fromt heI gr ou:o
consi sts IN 1R5hdakh X » . wherein R5 is
an opti onaﬂ Ig’-"J“(.)ﬁ:ft)éubstl ta{uét%;@é C,IEQ—;QSC%1 LR?UM%@QL °C -%gf%{)gﬁzﬁ:%‘smdﬁ {§r al kyl or
het er oar yI I Eﬁvﬁﬁ) 2,58, 6pl! dresshyBioy3, @é%@w&m&ée(ilydrpxyiaeansﬂ)awme{aoajr.anyl

(R) - H2NCH(&R) r'naﬂfha&%wma-th}’xo-hGXOpyranos- 3-yl]-L-prolinamide

are excluded.

15 Particularly preferred are those compounds of formula I, wherein R! is a residue of formula
Cg-A, Cg-B-A or Cg-(D)o-B-A, in which
Cg represents a hydrogen atom, or a capping group selected from the £roup consist-
ing of R*-CO, R*-0-CO-, R*-NH-CO-, R*-S0,- or R*-, wherein R° is an optionally
substituted C;-Cs-alkyl, C3-Cs-cycloalkyl, aryl, aralkyl or heteroaryl group;

20 preferably Cgis an acetyl, benzoyl, D-alanyl, (R)-tNCH(CH;)-, or H_NCOCH,CH,-
substituent or another capping group for the protection of the N-terminal amino func-
tion;

A, B'and D each independently represent moieties derived from amino carboxylic ac-
ids of the formula -[NR®-(X),~CO}- wherein X represents CR'R® and wherein RS, R7

2 and R® each independently represent a hydrogen atom, an optionally substituted C;-
Cs-alkyl, C3-Cs-cycloalkyl, aryl or heteroarylgroup, and pis 1, 2, 3, 4, 5;0or
A, B and D each independently represent moieties derived from cyclic amino carbox-

ylic acids of formula



substituent or. another capping group for the protection of the N-term nal
am no func- tion; A B 'and D each independently represent peti derived
from am no carboxylic ac- ids of the formula -[N%-()Op-?:dgoc\kz@@éé%X
represents CR7R8 and wherein R6, R 23 and R8 each independently represent
a hydr ogenw&adis7an opti onal |y substi t,}lt ed Cl - C6-al kyl, rc3a@sodaydal oal kyl ,
aryl or heteroarylgroup, and pis 1, 2, 3, 4, 5; or A, B and D each

i ndependently represent noieties derived fromcyclic am no carbox- ylic
acids of forruhegein 4 COctober 2003 WO 00/ 71571 7 PCTI EP00/ 04261 wherein R9

represents ClRﬁgP%!*e%%'%;@%JkY@LQ Ho(zar%m is an integer froml to 10, q is -0,

1 or 2;and r e preferred are those conpounds of

fornmula |, whelsdnintBfer fildm BaadioRl each i nde- pendently represent a hydrogen
atomor CH3-, CH3CHZ2-, CH2CH2-, (CH3)2CH, CH3CH2CH2CH2-, (CH3)2CHCH2-,
CH3CH2CH( CH3) 15 O bpR3s#8d  HOCH2-, CH3CH(OH)-, CH3CH( OH) CH2CHe-
HOCH2 CH2 CH2CHRs 0. HANCH2CH2CH2-,  H2NCH2CH2CH2CH2-, 10 H2NCH2 CH( OH) CH2CH2- |
H2NC( =NH) NHCH2CH2CH2-, HSCH2-, CH3SCH2CH2-, HOOCCH2-, HOOCCH2CH2-

H2NC( =0) CRrthermpgrprefayad-petipbresonyoundsanf formyla Idwhergin BE R \dnd RE Badhyisdeohexyl
phenyl , p.J j COmH. LN Ror S, if R
i s other %%lgﬁn}lﬁ,r%?%gwﬁhggﬁ %r%g%oerr z%?;& I%EP%G %ng%@@bgﬁ, if pis

o “The. b Rt ruErt s o Are L Hase eomods ol of ml e CH O he
het er ocycﬁﬁ%ﬁﬁoﬁg&ﬁ%&fﬁﬁkﬁﬁ'@z%%d HZHQ@‘HH&I]%J@HC}&C&@&@&E& ituted
by R2 andafREHdrRoB Oy, RSt e r a hydrogen or
hal ogen at%ﬁ? ozrmg g%l-%—-halr}%ﬁ C1- CGl-ca y%ell%i’r?ioésdgﬁ Q%%%@g}gﬁ(yl am no,

C1- C6- al KaRPC B, BIOOGTH CElha  HoNG(HO I Ho- BdC(FO CRRCH O byrlzyl, GdraB- al koxy
car bonyl ,drg{gj_gbgzﬁar bonyl, C3-C3-cycloal kyl, aryl, or het- eroaryl group.

CH,-

CH,-
AN N
« 3
NH N
H

15 cyclohexyl, phenyl,
p is 1, and wherein the configuration at CR'R®can be R or S; if R” is other than H, then R®
is preferably H; R°® is preferably H; if p is greater than one, R” and R? are preferably H;

Another preferred embodiment of the present invention are those compounds of formula I,
2 wherein the heterocyclic ring formed by R*, R® and the interjacent N-C is substituted by R?
and R?, wherein R? and R® each independently represent a hydrogen or halogen atom or a
C1-Ce-alkyl, C-Cs-alkylamino, di-Cy-Cs-alkylamino, C;-Cs-alkoxy, thiol, Ci-Cs-alkylthio,
0xo, imino, fomyl, C,-Cs-alkoxy carbonyl, amino carbonyl, C3-Cs-cycloalkyl, aryl, or het-
eroaryl group.
25
Unless indicated otherwise, the simple stereoisomers as well as mixtures or racemates of the

sterecisomers are included in the invention.

"Cr-Ce-alkyl" generally represents a straight-chained or branched hydrocarbon radical hay-

se  ing 1 to 6 carbon atoms.



25 Unl ess indicated otherwi se, the sinple stereoisoners as well as m xtures
or racemates of the stereoisoners are included in the |Qv§§ Lcﬁ)n'ZOO?;
"Cl-C6-al kyl " generally represents a straight-chained or br nelel

hydrocar bon radi cal hav- 30 ing 1 to 6 carbon atons. 1 4 COctober 2003 WO
00/ 71571 8 WOPNMABEOOD/ 04251 The term "optional |y substit ut eeltEmonsed

her ei nabove or hereinbelow with respect®to a group or a noiety refers to a
group or noiety which may optionally be substituted by one or several

hal ogen atons, hydroxyl, am no, Cl-C6-alkyl-am no, di- Cl-C6-al kyI -am no,

Cl 5 C6-al y - CONH2, -
L%y 1 i bRl s P oSN R S R B, S0
be identi Cg'bup b10a maetyaaietshera gfduptir fcddte which mﬁoﬁtﬁinklg'\/ﬂe@@)sﬁ&@éd%b%e may be
ment i oned ‘y of exanp thyl, ethyl, propyl,_ 1-nethylefhyl

(i sopropyl 9° Seﬁﬁ%ﬁbg? %%‘Pﬁ;‘b"f:{fz’ggyar““% Crestilivhamipgldi- CriCoraligil-pminhyCet hy| |

- pent V. &m0 gL bt ks S0l bdditebrd, 1o i oty pro-
pyl, 1,2--di net rohz di et hyl pfopyl’, 1-ethyl propyl hexyl ,

1- met hyl eNH@(—Néﬂ\%b 3-9# @@iﬂaw agl, r@ehﬁyﬂomkﬁub$tgtueatsrrsﬁﬁc}zInpgrbt:)dent:cal

1, 1- dlnet I thyl butyl, 1,3-dineth 15 yl butyl,

2, 2-di met %"gg%‘{“}e‘%’, é-ﬁg&‘%t hyl butyl, 3,3-dimethylbutyl, 1-ethylbutyl,

2ethy|buty| 1, 12tr|rrethylpropyl 1,2,2-trinethyl propyl, 1-ethyl- |

-met hyl pro nd I -et h nmet hyl - opyI HOCH2- , CH3CH( O—I)

CH3CH( OH) cﬁé@@’ Wl"“e WeFRISOeRle. | H2NCH2 CH2CH2 CHR- |

H2NCH2 GH( OH) CHZCHZ- H2 NC( =NH) NHCH2CH2CH2- , HSCHZ- CH3SCH2CH2- HOOCCHZ-
HOOCCH2CH2-, 20 H2NC( =0Q) CH2-, H2NC(=0 CHZCHZ- benzyl par a- hydroxy benzyl ,
CH2 CH 25 Mpthmethyl,lgowl l-methylethyl (isopropyl), butyl, I—methylpropyl 2-methylpropyl,

1,1-dimethylethyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbuty!, 1,1-dimethylpro-
pyl, 1,2~dimethylpropyl, 2,2-dimethylpropyl, 1-ethylpropy!, hexyl, 1-methylpentyl, 2-meth-
ylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimeth-
s ylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethyibutyl, I-ethylbutyl, 2-ethylbutyl,
| 1,1,2-tAmethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl and 1-ethyl-2methyl-
propyl, HOCH,-, CH; CH(OH)-, CHsCH({OH)CH,CH,-, HOCH,CH,CH,CH,-,
H,NCH,CH,CH;-, H,NCH,CH,CH,CH,-, H,NCH,CH{OH)CH,CH,-,
HNC(=NI)NHCH,CH,CH,-, HSCH,-, CH;SCH,CH,-, HOOCCH,-, HOOCCH,CH,-,
»  HNC(=0)CH;-, H;NC(=0)CH,CH;-, benzyl, para-hydroxy-benzyi,
CH,-

N
S o« S
NH N
H

If a C;-Cs-alkyl group is substituted, the substituents are preferably hydroxyl, amino, di-

CH,-

methylamino, diethylamino, thiol, methyl-thiol, methoxy, ethoxy, =0, =NH, -CHO, -
»  COOH, -COOCH;, -COOCH,CH;, ~CONH;, -NHC(=NH)NHj, cyclohexyl, phenyl, benzyl,
para-hydroxy-benzyl,



If a Cl-C6-al kyl group is substituted, the substituents are preferably
hydr oxyl, am no, di- nethylam no, diethylam no, thiol, t -t.hi ,

met hoxy, ethoxy, =0, =NH, -CHO, - 000H, - COOCH3, COOCH%%‘*&%% 03

- NHC(=NH) NH2, cycl ohexyl, phenyl, benzyl, para-hydroxy-benzyl, 1 4 Cctober
2003 WO 00/Y28%%58r N 9 PCT/ EP00/ 04261  f C, -C6-al kyl is poiysbdolossed with
aryl or heteroaryl, Cl-C6-alkyl is preflerably Cl, nore pref- erably a

met hyl ene group. 8 The terns "am no al kanoyl " and "ol i gopepti doyl "
including "di- or ?fipeptidoyl" ascﬁsed her ei nabove or herei nbel ow with
respect to radi cat R describqqa adfcal in which an anmino acid or an

ol i gomer cd Singjup tao 12, ﬁﬁggerably 2 or 3 amno acid noieties is
attached i Hy té”the(ni ogen atom of the heterocyclic ring via an
am de bond. *™a A person of ordiﬁary skill i'n the chem stry of am no acids
and oligopeptides will readily "appreciate that certain am no acids may be
repl aced by other honol ogous, isosteric and/or isolectronic am no acids
wherein the biological activity of the original am no acid or oligo-

pepti de hdfChEealkplansbatitadd wiiraryrod hétbdalyl, @1-CsRB5! RipRAMIAEULA ?‘% d
nodi fi ed natur al Eﬁ am no acids may also be utilized to repFace he

cor r espondr g HAEEOY I &Moo aci d- Thus, for exanple, tyrosine may be

repl aced by 3-iodotyrosine, 2- or 3-methyltyrosine, 3- fluorotyrosine. The
term "capping group” as used herei nabove or hereinbelow with respect to a
group a whihgfkerng “amipgalleneyt’ and feligpemidaylh aicluding ¢ dig entripemio@l af h@gani no

al kanoyl i Li Qu f radical Rl defipes a group or noiety
ahi oh 1 edagsa bR IR B3 Bed o e it artde brbricabomounds. of

t he presentidionwesligoser éympirseg apto 0B, Iﬁéfeﬁm?’a%fg%ﬂdgﬁﬁﬁﬁoie%iiscﬁta@ﬁe% pr esent
ui t abl e cappi ng groups

in the blood pl of . war m bl ooded. ani mal s. Su [
i ncl ude c%? “ﬁ@@ﬂ‘&ﬂ@%?fef%@fgﬁ?/he-t@e%&@n%ﬁ Yiapwghide bond.
C6- Cl8rparyl - C1- C10- al kyl sul fonyl .

A person of ordinary skill in the chemistry of amino acids and oligopeptides \ﬁll readily
appreciate that certain amino acids may be replaced by other homologous, isosteric and/or
isolectronic amino acids wherein the biolagical activity of the original amino acid or oligo-
peptide has been conserved upon modification. Certain unnatural and modified natural

15 amino acids may also be utilized to replace the corresponding natural amino acid. Thus, for
example, tyrosine may be replaced by 3-iodotyrosine, 2- or 3-methyltyrosine, 3-

fluorotyrosine.

The term “capping group” as used hereinabove or hereinbelow with respect to a group

0 which is attached to the N-terminal nitrogen atom of the aming alkanoyl or oligopeptidoyl
group of radical R' defines a group or moiety which reduces or eliminates the enzymatic
degradation of the compounds of the present invention by the action of amino peptidases
which are present in the blood plasma of warm blooded animals. Suitable capping groups
include C,-Cy alkanoyl, Cs-Cig-aryl-C,-Cyg-alkanoyl, Cﬁ-Cm-aryl—CI-Cm-alkylsulfonyl.

2 Such capping groups also include hydrophilic blocking groups, which are chosen upon the
presence of hydrophilic functionality. Such capping groups increase the hydrophilicity of the
compounds of the present invention and thus enhance their solubility in aqueous media.
These hydrophilicity enhancing capping groups are preferably selected from hydroxylated
alkanol, polyhydroxylated alkanoyl, hydroxylated aroyl, hydroxylated arylalkanoyl, polyhy-



~23 Such cappi ng groups al so include hydrophilic blocking groups, which are
chosen upon the presence of hydrophilic functionality. qﬁ?)? ping gr oups
i ncrease the hydrophilicity of the conpounds of the preseht’4 &RPYHN and

t hus enhance their solubility in agueous nedia. These hydrophilicity

enhanci ng caapéordsygr oups are preferably selected from hydrl,%&ll,gt;,@%
al kanol , pol yhydroxyl ated al kanoyl, hydPoxyl ated aroyl, hydroxyl ated

aryl al kanoyl pol yhy 1 4 Cctober 2003 WD 00/ 71571 10 PCT/ EPOO/ 04261
dr oxy! at ed desxgited a9, Yol R BddedlylakatbR| et F@gene @@bmeél sﬁﬂ@s gl Fso'
oa

gl ycosyl ates, sugars and crown ethers. gen aI’Iy
representsa%“%/%rPWBeW?Hr ocar bon radical having 3 to 8 car bon 3 atons which
may optionally be substituted by one or several hydroxyl, am no,

Cl- C6-al kyl - am no, di- Cl-C6-al kyl-am no, Cl-C6-alkyl, Cl - C6- al kyl oxy,
thiol, Cl- (‘ﬁr@# chrloqllml”ogenm@ly repidénts.q@piD, hyd©EEkHN Pammﬁng 3 @00EHR6H3,

CO\IHZ - tituents ical to
one anot her or%‘%ﬂ%% 10na$¥/39 %th}l(%?:§ ecorrsfﬁeéa!h\l\‘/g' ﬂgeaﬂugfé%él%éﬁ‘@{/e and
hﬁr ei nbel owamitof di- C%S‘pelkyl -dnind, K- cgraﬂ@l? @%&ﬂ@loxpymgacaug.aﬁp[ ﬂnlggegger Wi th
the interjacent era represents a 3 to 7- nenbere
preferably ﬁﬂ] %}J'}b FQ@I%’EF%Q rﬁiﬁoﬁﬁéﬁﬁt 1CONEr NHE(VENHG, pichadoger em  con-
tai ni ng onguysiit6ROSRhisH ALY @é‘i@e&ﬁ&l't@ﬂﬁ’é dnbthbr OF difer@fdi ti onal het er oat ons
selected fromthe group of nitrogen, oxygen and sulfur, which may be

substituted by one or several hal ogen 15 atons or Cl-C6-al kyI

Cl- C6- al kyk mno - al kox t hi

al kyl t hie o %é(%l%%irchghnoénzrsg?ecﬁl#%}a% erem C%vrv t%tn TYSpecéﬁ?ﬁ"S g&%]IprB]WF[

C3- Cs-cycl bﬁngddeadigether vw:th tlhaehteijmnitw Cgroubpogenemm eprefanys et dentical to
tio- nally may be benzo- or

one anot her o ebq %/\/n E
cycl ohexanB’CE‘B‘?ﬁ‘i&ﬁE Jablyte A VE‘FFQP‘?‘P‘H@%C @F%chﬁ@f@gémtwa@e— tidine
or are der {ayf@h dnkAMoged stbinand bpticiatly Bbi ya&&%@l%ﬁ%&%ﬂfe&% mQX ' di ne,

t hi azol e, isoxa 10 zole, pyrazole, i mdazole, indole, benzim 4876
i ndazol e, &ynp atmiroren, yettandiswidyr, whiclamanbe sglbatuqzted w,bsne qursefeen hﬂdg@r e

azetidipe, Al A r Opy I ridine,..he

hydr o- 1F a%@%%%fe)bl gﬁct lygiréf 9‘%@?{& S dafé‘ﬁ‘y b?IEl:F % Hf“ﬂ & “Ef such

het er ocycl alkylthnongxo $minobioiit Gﬁéd-,alkbk;ecashdnylt ar’mue lairﬁoﬁ?{l QJsﬂIsQ:fyabﬁbﬂiyap]ﬂEt hyl ,
ethyl, pro JI 1- net Ieth SISO roggé%n 1-nmeth E

2-net hyl pr%yplff eroafyl grqupFrYIHeh IHFI‘ THE FD Otharrﬁrrﬁjb&e‘?i’it’r?ﬁfiﬁé é?ﬂilfl"ro

di et hyl - anhditg mal bé Bénzo@%@&ibhéxﬁi@éondé@&d"@&&x heBdrB&¥o rirgehlQ prafedi b - COOCHS,

- COOCH2CH3, _or - CONH2.
fidine or are derived from a fully or partially hydrogenated pyrrole, pyridine, thiazole, isoxa-

»  zole, pyrazole, imidazole, indole, benzimidazole, indazole, pyridazine, pyrimidine, pyrazin
group. Most preferred are azetidine, pyrrolidine, 3,4-dehydropyrrolidine, piperidine, hexa-

hydro-1H-azepine, octahydroindole, imidazolidine, thiazolidine.

If such heterocyclic ring is substituted, the substituents are preferably methyl, ethyl, propyl,

»s  1-methylethyl (isopropyl), butyl, 1-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl, hydro-
xyl, amino, dimethyl-amino, diethyl-amino, thiol, methyl-thiol, methoxy, ethoxy, -CHO, -
COOH, -COOCH;, -COOCH,CH;, or -CONH,.

“Aryl” generally represents an aromatic ring system with 6 to 10, preferably 6 carbon atoms
2 which may optionally be substituted by one or several hydroxyl, amino, Ci-Cs-alkyl-amino,

di- C-Cg-alkyl-amino, C;-Cs-alkyl, C,-Cs-alkyloxy, thiol, Cy-Cs-alkyl-thio, -CHO, -COOH,

~-COOCH;, ~-COOCH,CHj3, -CONH,, or halogen substituents, which may be identical to one

another or different, and which optionally may be benzocondensed. Aryl substituents may



"Aryl" generally represents an aromatic ring systemwith 6 to 10,
preferably 6 carbon atonms so which may optionally be su #ltuted bg one or
several hydroxyl, am no, Cl-C6-alkyl-am no, di- Cl-C6-al %tﬁt}%
Cl C6- al kyl , C1- 6- al kyl oxy, thiol, Cl-C6-alkyl-thio, -CHO - COQON,

- NP - CcoNH2, or hal ogep substituents, \/\hiW’ER&?/U‘B@
|dent| cal to one another or different, and which optionally my be

benzocondgps r vl 4 ber 00/71571 11

PCT/ EPOO/ %fg%rﬂéyé%vfe er a%ﬂ ﬁéﬂ%{‘ ”%}(-F%F O[%S %’P\gepheB‘Bé Warr Blpi-es bei ng
phenyl, 2- Mdﬁ:wyer@bawﬂ:oxﬁmhérwr%n@bmwl 2—a141mlayr¢16@<ya- @ﬂﬁ&)ﬂhem 1.

4- am no- phenyl, 2-am no-phenyl, 3-am no-phenyl. [I'f aryl is substltut ed, the
substituents are preferably nmethyl, ethyl, propyl, 1-nmethylethyl

(i sopr Opyll}'azypi'églyﬂsntu{ed ﬁ@%tﬁ%h@l‘é%ﬂepr@f&ﬁﬁl& l?r)éhﬁf th%ﬂhf)rogryl -meﬂ{ﬂ‘éﬁbﬂl ol ethyl,

hydr oxyl, ani no, met hyl - am no, diethyl-am
met hoxys  disapepyD, b@lﬂbl-mmopﬂ mtbla)rollyt@oel@@lh@ethﬂr hyd@@iy@mirdotHet er oar y| "

general |y < ) 0z renb t| c heter cl.J ing system
10 cont a, riAARASERAE dRupihd T TRREN Bi: wiSy S P i rogen
oxygen, orC@OCHur—COﬂﬂ}ﬁﬁHg,,rmyCONmonaI |y be substi tut ed by one or several
hydr oxyl, am no, Cl-C6-al kyl-am no, di- Cl- C6-al kyl -am no, Cl-C6-alkyl,
Cl1- C6- al kyI oxy, thiol, Cl-C6-alkyl-thio, -CHO -COON, - COOCH3, COOCHZCHS
- CONH2, Or“ﬂ%ﬁ:lr Mg él‘ékhﬂ% l‘ép‘x"e%@ﬁ@a SW@'IGQeHBE’re@Qroh'Qﬁ@ﬁét%@é cflcpm?%sgrsteanm her or
di fferent, and i Ch optional be benzocondense (i

substi tue rmstamglgriety dee@ﬁ‘@ﬂt@[m yldgﬁdd@m Ishe QF olup oﬁmfrugean@iygm( or elifar, vtrthcthop hene,

di d | f
PUr s, OBy SIS o) Sl o DogpLuran
pKI’I m di neCe-atiyi- ammn,eCI Chalhﬁz@i-ca]?lkylaw aﬁ&l Cfﬂ{-aﬂaﬁqtgad@mmegogmﬁm ne,
t hymi ne, roar is substituted, the
su)t;stl tue (i{)@ﬁ §PQ§E§§%‘P ycf%?g{bh ‘Pn‘a&gﬁ??“ gtﬁ\"‘?ﬂ’ffyw ich Mgy ppigienticat teyane
(i sopr opylahethWrMkiferdnt, HRE RiCAPRYhally %a?ﬁé géﬁkwoﬁz@éﬁked ﬂleteljcaﬂ Eﬂ?ﬁfiﬂé’%? thyl,

hydroxyl, am - no, dimethyl-am no, diethyl-amno, thiol 1ol,

met hoxy, a@ayessferablybrylerivepm furagopgrgle, m@@h@ﬁmne (Bhlam@dﬁbl?azo]es 'Resi due

f t t hat.,th d. H2N- Cyt
ohi on'7 s ptdle S GAE SRR C HTBANNMenTRANE tiiAihlR ROTRT Bt () i s
ei t her cypefidaxine, pydmidine p@hzind, chinizithd, pyrafie, fldheDRleting) \vaadiRg thyifie, a

cytotoxic or ,cytostatic conpound in a subse- uent ste
y cytosine, urach P g P

= If heteroaryl is substituted, the substituents are preferably methyl, ethyl, propyl, 1-methyl-
ethyl (isopropyl), butyl, 1-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl, hydroxyl, ami-
no, dimethyl-amino, diethyl-amino, thiol, methyi-thiol, methoxy, ethoxy, -CHO, -COOH, -
COOCH;, -COOCH,CHj, or -CONH,.

s “Residue of a cytotoxic or cytostatic compouﬁd” means that the compound HyN-Cyt’,
which is released upon cleavage of the amide bond shown in formula (I), is either cytotoxic
or cytostatic itself, or may be converted into a cytotoxic or cytostatic compound in a subse-

quent step.

5o In the latter case, -Cyt’ may be a residue of formula -L-Cyt"”, wherein L is a linker residue
derived from a bifunctional molecule, for instance a diamine H;N-L’-NH,, an amino alcohol

H,N-L’-OH, for example p-amino-benzyl alcohol (PABOH), an amino carbonate, for ex-

ample



30 In the latter case, -Cyt' may be a residue of formula -L-Cyt", wherein L
is a linker residue derived froma bifunctional noleculs, 1“9%r0bi E}ﬁh@?ce a -
di ami ne H2N-L'-NH2, an am no al cohol H2N-L'-OH, for exanp E)-a? - benzyl
al cohol (PABOH), an ami no carbonate, for ex- anple 1 4 Cctober 2003 WO

00/ 71571 12wR@®7EP00/ 04261 O 4 COH or aH unnat ural am no cecbhexisliz; acid. |f
-Cyt' is of fornmula -L-Cyt", the conpo Ad H2N- L'-Cyt" is generated by the
enzymati c cl eavage of the am de bond shown in fornula (1). The conpound
H2N-L' - Cyt" may be cytotoxic or cy tic itself or the linker residue s
cl eaved off fromCyt" in a SuHS¢ ep, rel #asing the cytotoxic or
cytostatic agent. For exanple, N-L'-Cyt" may be hydrol ysed
under physiological conditions into a conmpoun gi2N-L' - OH and the cytotoxic
or cytostatic compound H Cyt", which is the active therapeutic agent (In
the foll ow 39_.3,@,(- i 118 tth Oyt t.x .y and only
the term \Il_moflgmlljrglg%‘ya]‘l glgﬁgtg?‘ﬁ L a%%dl_lﬁc‘&?’ggoga%@?c%? ; ﬂ".e%&?'lﬁ%l% HN-

phar maceut L&A s genseqiedailyl the eaymaticofleavage of repoidedmnd havhn forgsRIL). | Nvent i on

include th nvent i l, n-toxic . salts formed.fromnon-toxi.c i norganic

or organi c%g?:l&gnsgogﬁ%r zeg“a'rrd}}P pl&¥ é%Tﬁﬁo?BﬂV@ﬁ?ﬁtr%ﬁétfdﬁ%ﬁEet ‘Gdprresidus s i ncl ude

those fronclened gfifiom Enl’dsa substyuag stepdelomlizthe dytdode bloyidHHE QP HoE

sul furic, sulfam.c, @hosphori c, nitric and the |like, and the salts pre 1s

pared fronPGBmiE carpRrdditnl avta seayibe hygplprdairer, phsidleient eondglopsol i c,

stearic, | a@dkGomgBRhd FLN-LFDH &ld the cftbtblib Gr cRSGRAI o mgfplls.'cgtn g‘{ﬂ&@x | aceti c,
I '[PI uoroa { "% nd the

glutam c, benzoic, salicylic, sulfanilic, oxalic- ¢
l'i ke. Pref ereitvedomprountasent(f Ge fallowing, anlp thehioseCof is iomfbebdtACRL andE N- - Cyt

X-Y R4 20 Cyt”, and only the term L is used for both L and L, for simplicity).

10
The pharmaceutically acceptable salts of the compounds of the present invention include the
conventional non-toxic salts formed from non-toxic inorganic or organic acids. For exam-
ple, such conventional non-toxic salts include those from inorganic acids such as hydrochlo-
t¢ acid, hydrobromic, sulfiric, sulfamic, phosphoric, nitric and the like; and the salts pre-

15 pared from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, maleic, phenylacetic, glutamic, benzoic, salicylic, suifanilic, oxalic-

trifluoroacetic and the like.

Preferred compounds of formula I are those of fomula IA

R g
Nv)k 1A)
Rifg‘ ot |
X—Y Rr*

20

wherein R?, R®, RY, Cyt’ are as defined hereinabove,

R! represents an amino alkanoyl or oligopeptidoyl group, and

X-Y represents CHR™CH,, CR*=CH, NH-CH,, CH,-NH, -CR%-, CH,-CHR?-CHj; with the

proviso that R' represents an amino alkanoyl, di- or tripeptidoyl group or R represents an
s oligopeptidoyl having more than three amino acid moieties which does not contain a Gln-

Ser amino acid sequence, in the event that X-Y represents a CH,-CH, group,



wherein R2, R3, R4, Cyt' are as defined herei nabove, R represents an anino
al kanoyl or oligopeptidoyl group, and X-Y represents CHRZ CR? \

CHz, CH2-NH, -CR2-, CH2-CHR2-CH2; with the proviso that Qﬁwa 8t s an
am no al kanoyl, di- or tripeptidoyl group or R represents an

ol i gopept i M¥QPUHENI ng nore than three ﬁnlno acid nDIetIESPGWEmadwES not
contain a G n- Ser amno acid sequence,” in the event that X-Y represents a
CH2- CH2 group. 1 4 Cctober 2003 WO 00/71571 13 PCT/ EPOO/ 04261 Preferably

t he a car BRseferablyihent carben atymlof &lea:mhwnm adidrresidusieracgnic,deeol (B/S)icorfi- of

bar t) cul s ianet BReaRia Bl FondaR didh, i o el I Stppineag the
conf i gur atd, gfbcantodta df§3)ltonﬁ%§£tktﬁt N ?ﬁts H A theRdert $halRP isiGTLiiSis ﬁFe‘?JrQ-r a- bly
in trans position. s to preferably represent a hydrogenh atomor a

nmet hyl , eﬂﬁ&mtﬁﬁﬁﬁﬁﬁpn i sopropyl, phenyl, nmethoxy, ethoxy or hydroxy
group, nost preferably a hydrogen atom R4 is preferably a hydrogen atom
or a nethyl ethyI propyl, isopropyl or phenyl group, nost preferably a
hy- droge®R aRo;nmfeﬁbtytrepradeatd lyydpus@ﬁ etonest acoetiyd,atitd pedpyf, eroptdpal, bl{kn?lr e

selected fromthe for e Al r H
1S Oyt (t) %h gﬂwf Rfcy(,%ffmp’ st preg'era%fy a hyﬁrogen atomSR is preferabl gyt (W
hydrogen atom or a methyl, ethyl, propyl, isopropyl or phenyl group, most preferably a hy-

drogen atom.

1

Particularly preferred compounds of formula IA are selected from the formulae IA1, IA2,

IA3, 1A4 and TAS
T
N\/U\N/CW' (IA1)
H

(L};

R’ 0
Q%HN/CW (1A2)

\ )
N7)1\N/C)/“t (IA3)
Lo
15 N

RO

NSO (1A4)
[

T

N\E‘/[Lﬁ,cw (145)

HN-Cyt’ is preferably an anthracycline derivative of formula II



(1A2) (1A3) (1A4) (1 A5) H2N-Cyt' is preferably an anthracycline derivative
of formula Il 1 4 Cctober 2003 WO 00171571 14 PCTI EPOO/ 0426} %Séi,seri%gSR\
represents Cl-C6 al kyl, Cl-C6 hydroxyal kyl or Cl-C6 al kanoyl oxy C, -

al kyl, in particu- lar nethyl, hydroxynethyl, diethoxyacetoxynethyl or

but yryl oxynp bytis7iRd represents hydrogen, hydroxy or Cl - GhdgiQsde | N
particul ar nethoxy; one of R and RR ridpresents a hydrogen atom and the
ot her represents a hydrogen atomor a hydroxy or tetrahydropyran-2-yl oxy
(OTHP) group. Paricularly prefherrasHare thedfoll ow ng conpounds of formula
Il: RRIR R Gyt CH2O OCH3HOHdpxor upi ci n CHIPCH3HOHdaunor ubi ci n

CH2 OHOCH3 OHHepi r ubi ci n LA3HHEOHN]af SR 1 GHOCH3HOTHPTHP
CH2 OHOCH3HHesor ubi ci n ‘wm@@ gikidet or ubi ci n

SHZOCOARLEHRHOA 10 Most preferred is doxorubicin
(Dox). Other cytotoxic or{ cytfstatfic reddues Cyt' may be derived for

CH2OHHHOHC ar m nor ubi ci

exanpl e from net hot rexat & t rOnet @tate, pyritrexi m (8) 10-

di deazat et r ahydr of ol at epyri net am ne, tifimethoprim 10-propargyl -5,

8- di deazaf ol ate2, 4- di am no- 5MB /A @&l or opheyl ) - 6- met hyl pyri ni di ne,

am nogl ut et hi m de, goreserelitn, s1S| el phal an, chl oranbucil, anal ogs of

ot her chenot herapeutic agents RUchNEs 9- ani nocantothecin (for exanpl es see
e.g. Burris HA, r, d. and S. M Fields (1994). "Topoi

wherein
R* represents C;-Cg alkyl, C-Cs hydroxyalkyl or C;-Cs alkanoyloxy C,-Cs alkyl, in particu-
Jar methyl, hydroxymethyl, diethoxyacetoxymethyl or butyryloxymethyl,

s RYrepresents hydrogen, hydroxy or C;-C; alkoxy, in particular methoxy;
one of R° and R represents a hydrogen atom; and the other represents a hydrogen atom or a
hydroxy or tetrahydropyran-2-yloxy (OTHP) group. -

Paricularly preferred are the following compounds of formula II:

R® R R° Rf cﬁ

CH,0H OCH; H OH doxorubicin
CH; OCH, H OH daunorubicin
CH,OH OCH; OH H epirubicin

CH; H H OH idarubicin
CH,0H OCH; H oTHP  THP

CH,0H OCH; H H esorubicin
CH,OCOCH(OC;Hs), OCH; H OH detorubicin
CH,0H H H OH carminorubicin
CH,OCOCH; OCH; H OH

w0
Most preferred is doxorubicin (Dox). Other cytotoxic or cytostatic residues Cyt’ may be
derived for example from methotrexate, trimetrexate, pyritrexim, 5,10-
dideazatetrahydrofolatepyrimetamine, trimethoprim, 10-propargyl-5,8-dideazafolate2,4-
diamino-5(3°,4’-dichloropheyl)-6-methylpyrimidine, aminoglutethimide, goreserelin,

s melphalan, chlorambucil, analogs of other chemotherapeutic agents such as 9-

aminocamtothecin (for examples see e.g. Burris HA, 1. d. and S. M. Fields (1994). “Topoi-



1 4 October 2003 WO 00/ 71571 15 PCTI EPOO 04261 sonerase | inhibitors. An
overvi ew of the canptothecin analogs. [Review ." Hematol. On- col. din.
North Am 8(2): 333-355; lyer, L. and M J. Ratain (1998) ¢ (debidrizoat
pharmacol - ogy of canptothecins. [Review] [137 refs]." Cancer Chenother.
Phar macol . wZoeipp! ©:  S31-543.) 3 In fornula (1), Cyt' mayrRbsthdls 2

bi ol ogi cal effector nolecule which eitlher directly or indi- rectly effects
destruction of tumor cells, like for exanple TNFc . Preferred exanples of

am no car Qélﬁéflaéeq uﬁﬁ’dttGFS MQ%MEWtﬂéﬁnﬁtot@cm%ﬂﬂoé@ W] B 465 1 O Tived

are glycine (Qy), or the D- or, nore preferably, the L forms of al ani ne
(Al a), vakeinelin.\Naris Ar. éﬁZf): Bis- ;51593;»61‘ L. smd My & Bagair (1I98§) “@hmwlahamohe (Phe),

st B au MRS S A FRIL L 5

aspartatl s3nsusl) (Asp), glutamc aC| d (du), asparagine (Asn), glutam ne
(dn), praline (Pro), trans-4-hydroxy-proline (Hyp), 5-hydroxy-Iysine
(Hyl), *norleucine is (N e), 5-hydroxynorleucine, 6-hydroxynorleucine (Hyn),
or ni t hi nerf Gihula Ay AV BEH BiGlogiCARIIotorRRRAN I HH mer(d?ﬂaeay oridhdft am ne
(dn), cyclohexyldl ani ne (Cha), ?hl oni ne- S-oxi de (M

13- cycl opr&wﬂybﬁdcardestalc@@paﬁtumpecttﬂs, like dercsiarapl¢ TNEW, or hom) serine (Hse).
Preferred conpounds have the general formula (1), wherein the Aunit is
derived fromala- Zo nine, valine (Val), |eucine (Leu), isoleucine (lle),
phenyl al aPtdi'@re(i Bﬁﬁﬁpiestdf%ﬁxﬁiorbirbfoi[}lfc)amdﬁ ¥R v&mham,( B, ram)i,D SIS RiyR a6 Cy's) |

nmet hi oni ne serine (Ser threonine (Thr), lysin (Lys) aarginine
(Arg),hi §Y¢dcﬁf?|él}’%1ﬂf &iy). axtha &6imeora ereferblss ghe LG a%ql%fur&dﬁéa,( g |

asparagi n Eﬁn% r -proline
(Hyp) , W@ﬁ?@é‘i}e ys rtﬁ% i @ %8?%%:4332}[6? e gfﬁj"'% 9%& uci ne,

6;} hydlr oi(ynsgstdu@l(iéiysjﬁaméthifvm)lse (I_dah),l sbtgwr(éel(),@hml))mn@mvlm)/ llysza &w}(;mgzmgé g¢fagne (Chg),
en in t ani . GV xyl al ani ne \

oth ot noe@in Fid et CBenh Ao G0N e Al Bhins. ) euci ne

(Tle) or t@ﬂppr&ﬂé (me) érhi&&) hydrastst prolineElyy), piglieky-Beina (81, Ressickenpounds of

formula (1 wherein ;s a group selected 30 fromthe fornmulae (1) to
(34): 1 4 éwgromgewegg—pﬁgmorleucme (Hyn), omithine (Omn), cyclohexylglycine

{Chg), phenylglycine (Phg), glutamine (GIn), cyclohexylalanine (Cha), methionine-S-oxide

{Met), B-cyclopropylalanine (Cpa), tert.-leucine (Tle), or homo-sérine (FHse).

Preferred compounds have the general formula (f), wherein the A unit is derived from ala-
2  nine, valine (Val), leucine (Leu), isoleucine (Ile), phenylalanine (Phe), tyrosine (Tyr), tryp-
tophan (Ttp), cysteine (Cys), methionine (Met), serine (Ser), threonine (Thr), lysine (Lys),
arginine (Arg), histidine (His), aspartatic acid (Asp), glutamic acid (Glu), asparagine (Asn),
glutamine (Gln), proline (Pro), trans-4-hydroxy-proline (Hyp) , 5-hydroxy-lysine (Hyl),
norleucine (Nie), 5-hydroxynorleucine, 6-hydroxynorleucine (Hyn), ornithine (Om), or cy-
13 clohexylglycine (Chg), phenylglycine (Phg), glutamine (Gin), cyclohexylalanine (Cha),
methicnine-S-oxide {(Met(0)), B-cyclopropylatanine (B-Cpa), tert.-leucine (Tle) or homo-

serine (Hse).

Particularly preferred are those compounds of formula (I), wherein R’ is a group selected

s from the formulae (1) to (34):



16 PCTI EPO0/ 04261 H Chg(1)H Tl e(18) H Lys(2)H Hyl (19) H N e(3) H Hse( 20)

H Al a(4) Cg-d y(21) H Hyn(5)Cg- Nl e(22) H Pro(6)Cg- Val (23) H- Phg(7) Cg- Met ( 24)
H d n(8) H Xxx- Lys(25) H-trans-Hyp(9)H Xxx-Hyn(26) H Val (1L0)d¢tdber2808(27)

H Cha( 11) H Xxx- H s(28) H- Met (12) H Xxx- Met (29) H- Nva( 13) H Xxx- Al a( 30)

HMt(O(1
1 Te( 16) O

%x ., ] Xxx-Ala-dy (33

- 31) HB- 15) Cg- Xxx Al a- G y( 32
AV P )f%g Ser?l?) gg-(iéa)%")‘%é‘é@"@’gl“2?134)

wherein Cg represents a hydrogen atomor a capping group selected from

benzoyl ox

bonyl, phenyl a
benzylaniﬁ%@%gbonyl; Xaa rep

and

tyl, phenyl et hyl sul f onyl
Ffiﬁsents a r'ré’rjé‘?y de s rived f&m an anino

carboxyl i qragé d, preferably ggl ected fogniﬁhe group naturpranino ac- ids,
in particular fromthe group consisting off Ala, Pro, Tyr, ‘Phe, His, Ser,
Thr, Hyp e Lys: and mis & integer [Hifm 1 to 6. Prefer2®d cappi ng
groups Cg mpneg acetyl (Ac), spgcinimdyl~(Bue), D-ala benzyl oxycar- U
bonyl (Cbz or Z2), or nacronn‘gcules su:ﬁéggfpolyethyﬁéké gl ycol, Preferred
ant hr acyclH-Blgnpr odrugs are t® conpound€gdiie fornmula || 1 (#2)Cct ober 2003 WO
00/ 71571 HPPCT/ EP00104261 R
-Pro (6) Cg-Val (23)

H-Phg (7) Cg-Met (24)

H-GIn (8) H-Xxx-Lys (25)

H-trans-Hyp %) H-Xxx-Hyn (26)

H-Val (10) H-Xxx-Pro @27

H-Cha (i1} H-30oc-His - (28)

H-Met (12) H-Xxx-Met (29)

H-Nva (13) H-Xox-Ala (30)

H-Met(O) (14) Ceg-Xxx-Hyn Gy

H-B-Cpa (15) Cg-Xxx-Ala-Gly (32)

H-1le (16) Cg~(Xo00)-Xxx-Ala-Gly (33)

H-Ser (17 Cg-(Xaa),-Xaa-Gly 34

wherein

Cg represents a hydrogen atom or a capping group selected from benzoyloxycarbonyl,

phenylacetyl, phenylmethylsulfonyl and benzylaminocarbonyl; Xaa represents a moiety de-

rived from an amino carboxylic acid, preferably selected form the group natural amino ac-

ids, in particular from the group consisting of Ala, Pro, Tyr, Phe, His, Ser, Thr, Hyp and

Lys; and m is an integer from 1 to 6.

Preferred capping groups Cg are acetyl (Ac), succinimidy! (Suc), D-alanyl, benzyloxycar-

io

bonyl (Cbz or Z), or macromolecules such as polyethylene glycol.

Preferred anthracycline prodrugs are the compounds of formula OT



Rl ONH N1- "Ra Rb wherein Ra, R6, R Ra, Rc, Rf and R are as defined

her ei nabove. Mst preferred conpounds of the invention are doxorubicin
derivatives of formulae (M) to (IDF): OH (111A). s 1 44 @xitaizerr02903 WO
00/ 71571 18 PCT/ EPOQ 04261 OH (111B) OH (111C) 0 OH (111D) 0 1 4 Cctober
2003 WO 00/wdoohsh9 PCTI EPOO 04261 OH OH (1 UUF) If the papdyfshiolary O
Cg-(D)mB-A of fornmula (1) contains twdy or nore sul fur atonms, the conpound
of the invention may contain one or nore disulfide bonds. One cl ass of
cytotoxic or cytostatic conpadnds Q#ii ch mayD be used for the present
invention has a primary am ng function whijgh is available for formation of
an am di c bond as sho

(i

wherein R*, R*, R®, R%, R%, Rf and R! are as defined hereinabove.
Most preferred compounds of the invention are doxorubicin derivatives of formulae (IIIA)

- to (IIIF):

(j\;BNH nay
N
H
@\/0 N\/& o :
e



formula (1), l|ike doxorubicin. In this case, a linker nolecule L is not
necessary. If a cyto 10 static or cytotoxic conpound does not have such an
am no function, such a function may be <created in such la; comedndoby way
of chem cal nodification, e.g. by introducing or con- verting a functional
group or ag}qﬁhln a linker nolecule to the conmpound. A linker nole- cule
may also b 9 QEV ed between the oligegeric part (i.e. tﬁ81@5?¥1@bnpr|5|ng
the amino 1 4 Qctober 2003 WD 00/ 71571 20 PCT/ EPOO/ 04261 car boxylic
residues) and the cytostatic or cytotoxicgpaidy of the compound of the
invention to ensure or optimse cleavage of Jthe amffle Q$¢d bet ween t he
oligoneric part and the cy- totoxic 513 ATt a |inker

nol ecule is present, i.e. in conpou H¥ structure L-Oyt'
the bond between L and Cyt' is prefergblyyanyamd or ester bond. In a
preferred enbodi nent, such a linker nmolecol edHs ﬁyﬁrolysed of f the
cytostatic or CytOtOXIC conpound under pﬂg | ogi cal conditions after the
enzymati c cl eavage and thus the free cytos 20 or cytotoxic conpound is

generated. In any case, the conpound t ifjnvention must, ve t he
property of being cleavabl e upon the I e action of FABZ and, as a
direct or indirect copseqgenc on{thﬂ clffeavage, rel easing under
physi ol ogi cal conditi M *QPAE o cytotoxic compound. In a further
aspect, the present i nti oH at es to a prodrug that is capable of being
con- verted into a drugjby the 6%talyt|c action of FAPa, said prodrug
havi ng a cl eavg git® ich is recogni sed by FAPa, and said drug being
cytotoxic or ' kati c under physiologi rs cal conditions. Such a prodrug
preferably conpr ses an oligoneric part conprising two or nore am no
carboxylic residues and a cytotoxhc @y cytosgatic part, wherein the
C-termnal amno carboxylic resi m||g§ﬂErIC part is a 3- to

7- menbered natural or unnat Jo~daci d, preferably D or
L-proline, or D or L-hydro : H@*C ternlnal car boxy function
is linked to the cytotoxic or cytwst. i cXpgrt by an am de bond ~o which may
be cleaved by the catal ytic aoseam ofoHFABa. The ol i gomeric part is

preferably a peptide. Preferably o i goneric part conprises two,
three, four, five, siXx, even elg I ne, ten, eIeven or twelve am no

carboxylic aC|d re5|d prﬁ erably t wo, three W&  four anino
car boxylic residues. na hi no function is preferably protected

by a capping group.

0
(D)
HO_NH



The conpounds of the invention may be synthesized by processes known in the
art (E.  Winsch, Synthese von Peptiden, in "Mthoden der organi schen

Chemi e", Houben-Weyl (Eds. E. Muller, O Bayer), Vol. XVi dRastierRoand 2,
Georg Thienme Verlag, Stuttgart, 1974). For exanple, the conmpounds could be
synt hesi zed in a block synt hetic fashion by conden 30 sa&bﬁﬁw§&4tge

term nal éﬁ?ﬂ%?ﬁ function of the oligmneric part, wherei BL H or an
activation |leaving group, with the am no group of the cytotoxic or
cytostatic nolecule HZN- Cyt' resulting i@ ampam de dormation. 1 4 Cct ober
2(U"', WD 00/71571 R Ra/N 21 R N + H2N - HX1 PCE; POO/ 04261 N , Cyt,
R1HRIf alinker residue (L) is rpg ., L e ol i goneric part and
the cytotoxic or cytostatic agent t vs?% can be done in the

sane nanner. Rb H RS R Rai N R
Meﬁsﬂ
HiE
Hd (HiE)

77\\0%
(IHiF)

If the part Cg-B-A or Cg~(D)x-B-A of formula (I) contains two or more sulfur atoms, the

s compound of the invention may contain one or more disulfide bonds.

One class of cytotoxic or cytostatic compounds which may be used for the present invention
has a primary amino function which is available for formation of an amidic bond as shown in
formula (), like doxorubicin. In this case, a linker molecule L is not necessary. If a cyto-

n  static or cytotoxic compound does not have such an amino function, such a function may be
created in such a compound by way of chemical modification, e.g. by introducing or con-
verting a functional group or attaching a linker molecule to the compound. A linker mole-

cule may also be inserted between the oligomeric part (i.e. the part comprising the amino



+ H2ZN-cyt' - HXI NL, OH +X | OC-Cyll ---f - HXI N _ L, NHZ + XICC-Cyt' H
-HXI RN Ra/ NFL HYt, R NRat RN Rat 0 NOACyt, HN,L,NCyt" If the
cytotoxic or cytostatic bears a carboxy function for the atQastarenv3to the
oligoneric part, the linker nolecule can be an imne or an am no al cohol
and the bl Q% Sy hesis of such conmpounds can be carried out in a simlar
way by react? 8'3f the activated XOC-Cyg' to with either RFENY Xy or the
am no conponent. R~ o Ra~-NNL X a~-N N.,L OIC

carboxylic residues) and the cytostatic or cytotoxic part of the compound of the invention
to ensure or optimise cleavage of the amide bond between the oligomeric part and the cy-
totoxic or cytostatic part. If a linker molecule is present, i.e. in compounds containing the
structure L-C'yt’, the bond between L and Cyt’ is preferably an amidic or ester bond. In a

s preferred embodiment, such a linker molecule is hydrolysed off the cytostatic or cytotoxic
compound under physiological conditions after the enzymatic cleavage and thus the free
cytostatic or cytotoxic compound is genérated. In any case, the compound of the invention
must have the property of being cleavable upon the catalytic action of FAP« and, as a direct
or indirect consequence of this éieavage, releasing under physiological conditions a cyto-

1o static or cytotoxic compound.

In a further aspect, the present invention relates to a prodrug that is capable of being con-
verted into a drug by the catalytic action of FAP«, said prodrug having a cleavage site
which is recognised by FAP«, and said drug being cytotoxic or cytostatic under physiologi-

15 cal conditions. Such a prodrug preferably comprises an oligomeric part comprising two or
more amino carboxylic residues and a cytotoxic or cytostatic part, wherein the C-terminal
amino carboxylic residue of the oligomeric part is a 3- to 7-membered natural or unnatural
cyclic amino acid, preferably D- or L-proline, or D- or L-hydroxyproline, and the C-
terminal carboxy function is linked to the cytotoxic or cytostatic part by an amide bond

20 which may be cleaved by the catalytic action of FAP«. The oligomeric part is preferably a
peptide. Preferably, the oligomeric part comprises two, three, four, five, six, seven, eight,
nine, ten, eleven, or twelve amino carboxylic acid residues, more preferably two, three, or
four amino carboxylic residues. The N-terminal amino function is preferably protected by a
capping group.

25
The compounds of the invention may be synthesized by processes known in the art (E.
Wiunsch, Synthese von Peptiden, in “Methoden der organischen Chemie”, Houben-Weyl
(Eds. E. Miller, O. Bayer), Vol. XV, Part 1 and 2, Georg Thieme Verlag, Stuttgart, 1974).
For example, the compounds could be synthesized in a block synthetic fashion by conden-

»  sation of the terminal carboxy function of the oligomeric part, wherein X may be OH or an
activation leaving group, with the amino group of the cytotoxic or cytostatic molecule HLN-

Cyt’ resuiting in an amide formation.



RH Y+ HOCt'" RhHYytj - HK1 O If the cytotoxic or cytostatic reagent
has a hydroxy function which is suitable for the cou- pling to the
oligomeric part the linker residue may be an ami no carbdxylogomeindand a

bl ock synthesis can be done simlarly. rs If necessary, other functional
groups in wbeomsyts Cyt', L, hydroxyproline, A B and D pbtePsoissal | not
react during the assenbly of t he targ@ nol ecul es may be protected by
suitable protecting groups: Suitable protecting groups are well known from
the state gf theyart (P.GM Wits, "Prot tiveOgroup S.jn organic

synt hesi s", \Joh VWIey and Sons Inc., New k_8491). These protecting
groups are, euxlat _t hg,NeAgytof _t_he.syntRhéS| 4 Cctober 2003 WO

00/ 71571 ‘22 Pt/ EPOO/ 042671 By vvay..q;b exanpl egﬁnl , useful am no-protecting
groups may include, for exanple, Cl-Cl0 al kanoyl groups such as fornyl,
acetyl dighl ke,

G0 0 al forea fae) Aot (il Pt an e bl o foetdiel, |

but oxy caragsniths blbensyyihesiyerarbodaye intBOBMe nfanassr eny| met hoxycar bonyl, and the
like. Most_;preferred is fluorenyl methoxycaghbonyly (FMOXC). SU|tabIe

car boxy- prBtect ng grou S nay |nclude for anple CE-GiO al kyl groups
such as ﬂg C6- C17 enzyl,

4- nethoxy%enz J Ulph nyrﬁeb yl; trh henyﬁ t Ayl , Hqu renyl tri-(Cl-C10
al kyl)silyl or (Cl C10 al kyl) - dlaryIS|IyI such as trineth 10 ylsilyl,
dimethyl -tert-bgtylsilyl, diphenyl-tert-butg Sl|b| and r@lated groups. To
achi eve suﬁk esfer-, or anide formations, it,%f F ary to activate

t he car bogy imchf .bg%yl|c acld § htdwc attack of an
amne or alc I, 0 be an agk1vat|on vou or | eaving group which
is suitable to be substltuted by an am no group is This activation can be
done by cqﬁVers on of the carboxylic acid IR ag acid Iorlde or acid
fluoride orpnby Zonversion of the carboxyllc |d (nto_a actlvated ester,
for instagce NN hy d¥exysutod-niyri dyt—est eg/or Ja pH nt 1 udibphenyl ester.
Anot her net hael of "activation is theHkransfornglion |nto a symetrical or

unsym"ret rical anhydride. Alternatively, the for-
If the cytotoxic or cytostatic bears a carboxy function for the attachment to the oligomeric

part, the linker molecule can be an imine or an amino alcohol and the block synthesis of
such compounds can be carried out in 2 similar way by reaction of the activated XQC-Cyt’
w  with either the hydroxy or the amino component.
R\ 0 R‘\ 0

\I/U\ \ﬂ/ + Ho—Cyt R"”N\fb)]\ﬁ/L\ﬂ/O\C“'

- HX' R o

If the cytotoxic or cytostatic reagent has a hydroxy function which is suitable for the cou-
pling to the oligomeric part the linker residue may be an amino carboxylic acid and a block
synthesis can be done similarly.

15
If necessary, other functional groups in the units Cyt’, L, hydroxyproline, A,- B and D which
shall not react during the assembly of the target molecules may be protected by suitable
protecting groups: Suitablé'profeéting groups are well known from the state of the art
(P.G.M. Wauts, “Protectwe groups. m orgamc synthesis”, John Wiley and Sons Inc., New

20 - York 1991). These protectmg groups are removed at the end of the synthesis.



mation of the am de- or ester bonds can be achieved by the use of in situ
coupling reagents 20 |ike

benzotri azol e-1-yl -oxy-tris-pyrrolidi no-phosphoni um hexaf kunstephesphat e
(PyBOP) (E. Frerot et at., Tetrahedron, 1991, 47, 259-70)

1,1' -carbon zol e (CDI ) (K. Akaji et al., THL 35, 315-18),
2- (1H benzo?’lolqiazoﬁilzl 1-yl)-1,1,3,3-tetraaet hyl uronium tet Fé?’?ﬂ“(?fogzﬂbrate
(TBTU) (R Knorr et al., THL 30, 1989, 1927-30), 1-(nesitylene-2-sul-

Loms ) 3 ity o Ll B B ARl BN DR el T

31, 1990, 701 0 an alternativ Si 8
mol ecul es |alrkatid’fbglgepﬁemeh aa‘mmlm,l a&etﬁ/l Qlclﬂmnad@@l awpieghBBetethylhaamtyb pndy st ep
manner stargti g cPEs- 0o tﬂé’ st epwi se condenpsati on reactions

t th
of the resp¥ct ’v(g‘ nﬁﬁ@f’rﬂcs AR FRROONH BIR PSSR 45/ Tp f or med by

R, kb 30 a.n@xjrda&onyltwmm@airbﬁﬁyC(EID@pﬂuorb@Idexyﬁaﬂlb@@l Bfidthé BRe. ®ost
hydr oxyproline, A B and D. For the condensation reaction the sane above

ment i oned @&gﬁephbﬂ%?’ﬁ@?féh%wtl?éyﬁgﬁ Q®d. Since the units L,

prol i ne/ hydroxyproline, A B and D are at |east bifunctional nolecul es
contain- ing an amno- and (at least the units A, B, D, and the cyclic
amino acid Sgit@lqﬁafb(@mwt@ﬁnﬁarouns mamclc;fﬂfeforzmlﬂ!\@:{mi 1B Bloup8such as

PCT/ EPOQ 042 r 0 n.particyl ar

proline/ hycrﬁeg‘i pr o‘?"nﬂé§el‘l‘el carbox ajrﬁﬁﬁ Smh % ger%ﬁlegﬁiﬁhﬁéy%%ﬂﬁ%@@ﬁrgapﬁ be

bl ogkedI by t@hm;;hhahaﬂ,l mr@S/DUP(CCRG)) aflkplbsﬁl_r/l drﬂéclt-tlﬁ antﬁ]l)idmﬁh@nsueftﬁ ?]s ibRth- B0C
car boxylic ctio i 0 no groups the group

or pref&ra¥s 'rﬁlyd"flﬂg‘/l Eﬂﬁﬁ)ﬂa@@&ﬂ%@*ﬁﬁpﬂﬂh@ eérgr‘f‘ﬁ’é coupl i ng reaction

the ami no protecting group s has to be rem)ved and the coupling with the
next Fnoc- or Boc-protected unit can be car- ried out. If necessary, other
f unct i onal Tgegtgys sueh estse argmide foymationy, it mayde agashsary tapbtinatedbe chrbcgnybup f or ned

by Ra, Rb | ar Ilne A B
and B uhi chpgl e pp SR SRR ket bk B s oD 8 X R Pl e rmy
be pr ot ect edivation gmuptcabémmgrgm@mhmgs guiabip so be‘l’dﬁbﬁﬁutﬁd! by &cirhilgg@upups are

r enoved at he end of E’ﬁﬁ n- 10 thestjé %&@a% groups .as defined in the
cont ext %ﬁ%on(qa? A SEMEERALOLALe GF Fihintogpaeig shioride ¢rar t i cul ar
when the Ia&d fidMdb 6F B9 mk,émaﬂbmee@fb&gfwhél&m&%rﬂacmtéd és&rafgﬂﬁﬁanéeg th' S

| atter case the protecting group is not renoved as it is a part

tar get nol BWHExysapgiEmidybestrior ¢ eprjaflucraphenybestergAnpthermethogd dﬁectazdntads af t er
the |ast apRQGRRRNVidCa Gttt §r DERER BRI AN IEPEOkECT €d-

mation of the amide- or ester bonds can be achicved by the use of in situ coupling reagents
2 like benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexaﬂuorophosphate (PyBOP)

(E. Frerot et al, Tetrahedron, 1991, 47, 259-70), 1,1’-carbonyldimidazole (CDI) (K. Akaji

etal, THL, 35, 1994, 3315-18), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

tetrafluoraborate (TBTU) (R. Knorr et al., THL, 30, 1989, 1927-30), 1-(mesitylene-2-sul-

fonyl)-3-nitro-1H-1,2,4-triazole (MSNT) (B. Blankenmeyer-Menge et al., THL, 31, 1990,
s 1701-04).

As an alternative to the block synthesis the molecules in the general formula (I) can be as-
sembled in a step by step manner starting at the right hand side by stepwise condensation
reactions of the respective monomers Cyt’, L, the cyclic amino acid group formed by R*, R®
5o and the interjacent N-C group, in particular proline or hydroxyproline, A, B and D. For the
condensation reaction the same above mentioned coupling methods can be applied. Since
the units L, proline/hydroxyproline, A, B and D are at least bifunctional molecules contain-

ing an amino- and (at least the units A, B, D, and the cyclic amino acid group formed by Ra,



20 The step by step synthesis is outlined in the follow ng schenes. The
second schene is ex- enplary as the linker residue as well as the Cyt'
resi due may contain other functional groups as indicat eﬁéi@ctbﬂsé@ogghene

(see above): PGOPGH HNc R/Nz ~16 HN'C -} Ra/ A~ - PG ~h PGA
UU HA %PGhwnBe |- 'Ot' RA/INNG HR-PG HXNIcytP Cct ober
WD 00/ 71571 24 0 0 r~ H2N--cyt' 0 PG&ANH | LxX PG NH - M’Oﬁsﬁ PG -

H2N' L' J~-N~C. H

Rb and the interjacent N-C group, in particular proline/hydroxyproline) a carboxy group,
the amino group needs to be blocked by a protecting group (PG) prior to the activation of
the carboxylic function. For the protection of the amino groups the group BOC or prefera-
bly the group FMOC can be applied. After the coupling reaction the amino protecting group

s has to be removed and the coupling with the next Fmoc- or Boc-protected unit can be car-
ried out. If necessary, other functional groups in the units Cyt’, L, the cyclic amino acid
group formed by Ra, Rb and the interjacent N-C group, in particular hydroxyproline, A, B
and D which shall not react during the assembly of the target molecules may be protected
by suitable protecting groups. These protecting groups are removed at the end of the syn-

i thesis.

Capping groups as defined in the context of formula (I) may also serve as protection

groups, in particular when the last (N-terminal) amino carboxylic acid unit is added. In this

latter case the protecting group is not removed as it is a part of the target molecule, Alter-
s natively, the capping group may be added after the last amino carboxylic acid unit has been

coupled and deprotected.

The step by step synthesis is outlined in the following schemes. The second scheme is ex-
emplary as the linker residue as well as the Cyt’ residue may contain other functional groups

22 as indicated in this scheme (see above):

PG 0 . Pa O Hooo -
N HN=C N Oyt N oyt
R R N — g N
RE - HX : R" -PG RE H
PG—A\\ o H-A\ O
PG-A-X Ra/Nj)LN/Cyt' a/N\‘I/U\N’Cyt‘
H — R
-HX R" -PG Re 1
R o

\
N Loyt
SRS
R



pG o RrNYkX PG b -- PCT/EPCa04261 Gyt' NL fVv~t R~ NY RHRa Y CY.
-PGRONLNRL Ra/NH yN ,Ct. Ro O Accordingly, a further aspect of
the invention is a process for the production of a conpouhdoyctebefornmul a
(1), characterised in that a conpound of the general formula (V) R S 10
Ra/ N (V) Mbgrein Rl, Ra and Rb are as defi'ned hereingbove, X

represents OH, OfF a leaving group whigh is suitable to bECEEWYR#Lt ed by a
am no group, is reacted with a conpound HN(R4)-Cyt', wherein Cyt' is the
resi due of a cytot ox'hﬁ\l Q. CY- o
—Cyt 8]
PG-NH. /u\ PG-NH._ ,lL oyt —— .
S L7y o My )Lﬁ,cn

Accordingly, a further aspect of the invention is a process for the production of a compound

of formula (I), characterised in that a compound of the general formula (V)

|
N
Ra/ \KU\X‘l (V)

wherein R', R* and R® are as defined hereinabove, X* represents OH, or a leéving group
which is suitable to be substituted by a amino group,
is reacted with a compound HIN(R")-Cyt’, wherein Cyt’ is the residue of 2 cytotoxic or cy-
tostatic compound, and R? is as defined hereinabove.
7
Preferably, X' within formula (V) is a leaving group, for example -Cl, -F, N-hydroxysuc-
cinimidyl, pentafluorophenyl, or a carboxylate. Alternatively, X' may be OH, and condensa-
tion is achieved by the use of an in situ coupling reagent, for example benzotriazole-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 1,1'-carbonyldimidazole
s (CDD), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetraffuoroborate (TBTU), or
1-(mesitylene-2-sulfonyl)-3-nitro-1H-1,2,4-triazole (MSNT).

A further aspect of the invention is a process for the produetion of a compound of formula

(D), characterised in that a compound of the general formula (VI)

\
N 1
Ra/ \EHLY (V)

20



tostatic compound, and R4 is as defined hereinabove. Preferably, X
formula (V) is a |eaving group, for exanple -C, -F, N hydroxysuc-

ci ni m dyl,

reagent,

hexaf | uoro

e (PyBCP) , 1,1 ~-carkonyl di mi dazol e i s PEEHBFIe/04261

Wi thin

pent af | uorophenyl, or a carboxylate. Alternati ¢abgiobefbooBy be
OH, and condensa- tion is achieved by the use of an in situ coupling

| e benzotriazole-l-yl- oxy-tris-pyrrolidino-phosphoni um
oBsBE AT

2- (I Hbenzotriazole-1 yI) 133tetranethyluroniumtetrafluoroborate
(TBT[T), 0 1- Slt vene ntrol 4trL zole(I\/SI\IT) A
(TTLD):  Shereb RN SO R| bb gt Hdge Lt apale (M8
conmpound Qhkef fsidué, and K )e; })re@mg O 6 4 Redng oﬁpamcans@mmbme%e@ubsEi{ﬁ%‘edgener al

formula (M) R.1 N Ra

20 0 O1 4 October 2003 WD 00171571 25

PCT/ EPOQ/ b aaminp grogp AT Rhydrﬂ‘y%fﬁ'éP’Rb are as defined inclaiml, Y
represent %Srl:a&;%m MY %hrﬂiﬂ{ Préotrlcv)\htglﬁ% gsmd%@ca@nghe%nr reggnts OH, or

a | eaving group which |s sui t
hydr oxy gresidps of scytaee edcmadmca;ompmmiu nd H2N- Cyt'

HO- Oyt

conpound. Preferably, X2 within fornmula (VI) is a |eaving group, for

e substitute

wherein Cyt' is the residue of a cytotoxic or cytostatic

exanpl e - Gfeferatfy, MRvighihr oy B4I0T) & arlemr@/gmupowite@irﬁ OLOPLe NhydrQysift-
car boxyl at e, AIternatlveI .. X2 may OH and, condensa- tion is achi eved by

the use ofinigHdyl megﬁaﬂ%?f%ﬁarh 9ig qaé)&gﬂﬁfte Ahwat'érﬁl&r?é paye{bend eondersal -yl 10
oxXy-tris- gyt £Qkiidied gy Rﬁ%e?&%‘:%ﬂd‘&?ﬁﬁﬁ&g%@@%ﬁhﬁ:?%%&e bR ote-1-91-

1,1 -carbonyl di m dazol e
benzot»i agxi- Empysrbl)dum ghoSpl®aiugt reaafbtonyfhospiaie (PYRQR)y i -conbsambhiiraiti€-oleTBTU) , or

WGl Rt SRl BB L Sa sttt R Sl et TR Gt of

§-gméditylenshanlfayipo sest 1HA 2 hataeleq®™mmnd of the general fornula

1--(mesit
aspect of
formul a

(VI 1)
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A further aspect of the invention is a process for the production of a compound of formula

(D), characterised in that 2 compound of the general formula (VII)

{
N 2
r* \([LY (Vil)

wherein R', R* and R are as defined hereinabove, Y? is of formula L-OH or L-NH;,
wherein L is a linker residue,

is reacted with a compound X*OC-Cyt’, wherein X may be OH, ora leaving group which
is suitable to be substituted by a amino group or a hydroxy group, and wherein Cyt’ is the

residue of a cytotoxic or cytostatic compound.

Preferably, X° of the compound X*OC-Cyt’ is a leaving graup, for example ~Cl, -F, N-hy-
droxysuccinimidyl, pentafluorophenyl, or a carboxylate. Alternatively, X may be OH and
condensation is achieved by the use of an in situ coupling reagenf, for example benzotri-
azole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 1,1'-car-
bonyldimidazole (CDI), 2-(1H-benzotriazole-1-yl)-1,1,3 3-tetramethyluronium tetra-
fluoroborate (TBTU), or 1-(mesitylene-2-sulfonyl)-3-nitro-1H-1,2,4-triazole (MSNT).

y an amno group or a
or with a conpound



R 10 Rb wherein R, R and Rb are as defined herei nabove, Y2 is of
formula L-OH or L-NH2, wherein L is a linker residue, is reacted with a
conpound X30C-Cyt', wherein X3 may be OH, or a |eaving dgrbumtetrebo320 is
suitable to be substituted by a am no group or a hydroxy group, and wherein
Cyt' is the residue of a cytotoxic or cytostatic conmpound. Preferably, X3
of the conp¥BAUIXBOC-Cyt' is a | eaving,group, for exanpl e"CIFFION4S! N hy.-
droxysucci ni m dyl, pentafl uorophenyl, or a carboxylate. Alternatively, X
may be OH and 25 condensation i s achi eyed by éhe use of an in situ coupling
reagent, fOMrEREIPEE obida yentian igg progess fqfthegirgductips ot campoped afommds phoni um
hexaf | uor o ﬁﬁ%ﬁ . ' L) ] : :

2- (I H benz@?&gzo ee(flﬁié%%?cocfb%&ng}%g?%%? %@#ﬁ%ﬁ?gﬁsf@g&@awtﬁ%o rate
(TBTU), oruplthé omspouyd efieatuls (i) flxfyre pacd-cnipling stepH-il may be necessapli@refdBNT) . 1 4
Oct ober 2003 .00/71%&%.FCT/EF00104261 26 A further aspect of the

i nvent i on %0k BEY It PER8 pr oduct i on of a conmpound of formula (1),
characterised in that a conmpound H2ZN-Cyt' is condensed stepwi se with the
units making up_ the conpound of fornula (f). %efore Saqh coupling step, it
may be neceewklingly 8 firthepgwectof fredviertiqnig2 Brases 'eEe PrPdusiigs eht compound

Accor di ngl aﬁf?&élial{ﬁ)t, DSk a A REEh (R alchBpdutd ©PiHe RBndra frmiIq&eRs for the

production o cofrpound of formula (1), characterised in that a conpound

of the general formula (VIIIPGPG Il (VMIIl1) Rb wherein PG is a protecting
group, and the other substi tu%pts ave the neaning as described ra before,
v X' (vil)
R o

wheréin PG' is a protecting group, and the other substituents have the meaning as described
o before, |
is reacted with 2 compound HN(R®)-Cyt’, wherein Cyt’ is the residue of a cytotoxic or cy-
tostatic compound;
the protecting group PG’ is then removed and the resulting compound of formula (VITIA)
0

HN\(LkN/CytI (V!”A)
as’
R b [ 4

R R

s is subsequently reacted with a compound PG*-A-X*, wherein
PG? is a protecting group, and X* represents OH, or a leaving group suitable to be substi-
tuted by an amino group;
and further coupling steps are carried out, if necessary, until the complete compound is ob-
tained.

0

PG' and PG* may be, for example BOC, or preferably FMOC .

Accordingly, a further aspect of the invention is a process for the production of a compound
of formula (1), characterised in that a compound of formula PG*-N(R*)-L-COX?, wherein

»s PG is a protecting group, and the other substituents have the meaning as described before, ‘
is reacted with a compound of formula Y*-Cyt’, wherein

Cyt’ is the residue of a cytotoxic or cytostatic compound; and Y* represents H,N or HO;



is reacted with a conpound HN(R4)-Cyt', wherein Cyt' is the residue of a
cytotoxic or cy- tostatic conpound; the protecting group PG is then
removed and the resulting conpound of formula (VIIIA) OTHNOSabeR20odB R4
Cyt' (MI1I1A) is is subsequently reacted with a conpound P&-A- X4, wherein
P& is a W&%B%qg.}lng group, and X4 represents OH, or a l?’@f}ﬁ}%/&E up
suitable to be Substi- tuted by an am-no group; and.further coupling steps
are carried out, if necessary, until the conplete conpound is ob- tained.

]0O PG and P be or .exanpl e BOC . or pteferabl ' cordingly, a
further atg%@%ecg?aé’ gRad Fhv@ﬁ?ﬁ“&%nq?‘?daan rﬂa)ecrgggmfgocf)m? %%%6%{“%ﬁ Bf a
conmpound is efactkd kit h@ofnpdundoftsralagvied in that a conpound of fornula PG3
N(R4) - L- COX3, wherein 25 PG3 is a protecting group, and the other
substituents have the neani fgGas d¥scribed before, is reacted with a
conmpound of formula Y4-Cyt', ere t'" is the residue of a cytotoxic or
cytostatic compound; and Y4arepr¥sents H2N or §l) 1 4 Oct ober 2003 WO
00171571 PCTI EPOQ 04261 27 the grotecting group PG3 is then renoved; and
the resulting compound HN(R4)-L-Y4-Cyt' is reacted with a conpound of

formul a (e plotechifz grbupPGVislheh rBfoveliAfd Me@EsaRing BEnSHuAY Bf Bfauth s then renoved
and the resulting conpound of forrruloa 0

H
N U]
e \KLLr;]—L—Y"—Cyt
b 4

R R

is then reacted with a compound PG*A-X*, wherein

PG! is a protection group, and X* may be OH, or a leaving group suitable to be substituted
by an amino group;

and further coupling steps are carried out, if necessary, until the complete molecule is ob-

10 tained.

A further aspect of the invention is a process for the production of a compoun& of formula
(D), characterised in that
a compound of formula PG*-N(R*)-L-Y°, wherein
s PG’ represents a protecting group, Y* represents OH or NH; and the substituents have the
meaning as described before,
is reacted with a compound of formula X’0C-Cyt’, wherein
Cyt’ is the residue of a cytotoxic or cytostatic compound and X’ is OH or a suitable leaving
group; )
»  the protecting group PG’ is then removed; and the resulting compound HNR*)-L-Y3-CO-
Cyt’ is reacted with a compound of formula {VIII)
pG" O

\
N 1
nve jb)kx (VI

R

the protecting group is then removed and the resulting compound



HNL-Y4 Cyt' Ro RA s is then reacted with a conpound PG4- A- X4, wherein
PG4 is a protection group, and X4 may be OH or a leaving group suitable to
be substituted by an am no group; and further coupling Ist epsobareocarried
out, if necessary, until the conplete nolecule is ob- 10 tained. A further
aspect of t ' tion is a process for the production o nd of
formula (I ,ogﬁﬁfgcterised in that a ggnpound of fornulaé?ﬁ%ﬁﬁﬁgﬁy-L-YS,
wherein is PG represents a protecting group, Y5 represents OH or NH2 and
the substituents have the neaning g describgd before, is reacted with a

conpound of fornmula XSOC-Cyt', Mhergln Cyt' i§ the residue of a cytotoxic
or cytostatic conpound and X5 ¥ a, suj e leaving group; 70 the
protecting group PG5 is thenq?éno ed; nd T he ré@&lting conpound

HN(R4) - L- Y5-CO- Cyt' is reacted wkPh aRtonpound of fornula (Viii) PG 0-1
(MIU) the protecting group is thepn renoved and the resulting conpound 1 4
Qct ober  2083hepgrayd pithacopgpnE RG- 446 wherei8 Ra/ H N O

PG’ is a protecting group, and X* represents OH, or a leaving group suitable to be substi-
tuted by.a amino group;

s and further coupling steps are carried out, if necessary, until complete molecule is obtained.

Another aspect of the present invention are the novel intermediate compounds of formula

VHOIA
O

) HN\I)'LN/CW (ViliA)
a
R b 4

R R

»  wherein R, R®, R* and Cyt’ are as defined hereinabove.

The compounds of the invention are intended for medical use. In particular, these com-
pounds are useful for the treatment of tumors which are associated with stromal fibroblasts
that express FAPo and which are generally not optimally treated with available cytotoxic

s and/or cytostatic agents. Tumors with this property are, for example, epithelial cancers,
such as lung, breast, and colon carcinomas. Tumors, such as bone and soft tissue sarcomas

which express FAPo, may also be treated with these compounds.

.Consequently, another aspect of the present invention are pharmaceutical corﬁpositions

20 comprising a compound of the present invention and optionally one or more suitable and
pharmaceutically acceptable excipients, as exemplified in: Remington: the science and
practice of pharmacy. 19th ed. Easton : Mack Publ., 1995. The pharmaceutical compasi-
tions may be formulated as solids or solutions. Solid formulations may be for preparation of
a solution before injection. Preferably, the pharmaceutical compositions of the invention are

s solutions for injection. They may be administered systemically, e.g. by intravenous injection,
or topically, e.g. by direct injection into the tumor site. The dosage will be adjusted ac-
cording to factors like body weight and health status of the patient, nature of the underlying

disease, therapeutic window of the compound to be applied, solubility, and the like. It is



NL.-Y it, Cf Ro R4 is then reacted with a conpound P&2-A X, wherein P&
is a protecting group, and X4 represents OH, or a leaving group suitable to
be substi- tuted by a am no group; S and further couplinigisiepssrapgzcarried
out, if necessary, until conplete nolecule is obtained. Another aspect of

the presentydoamesrii on are the novel internedi ate conpounggygipedRsdul a
VIITAHN RRmRb i14 R Cyf' re whereiSR, Rb, R4 and Cyt' are as defined

her ei nabove. (VII1A) The conpounds of the invention are intended for

medi cal  USgpinlihe BRMdIEM ) ' Qd J E s -1 reat nent
of tunor sﬁhinéh are agsoii-jz)tl!hgt{”E dﬁ\?\n'staﬁj g:?g%g:ag@?@gag% zgiasgxom?&é@%ess FAPs

and whi chgates fayenamps. Ithe dnse wiprefeedbinbetin thetrange Wiotnhl Ozoglinf &bl 3 0ayy/mt,oxi ¢ 15

and/ or cytostat.i . Junors with this property are, for exanple,
epithelia Utcagsﬁchl g’?&q(gs%u%hdo essr?aﬁfloﬁ,ap%?g%%?} and col on carci nomas. Tunors,
such as bone and soft tissue sarcomas which express FAPa, may al so be

treated wi,th these conpounds.. Consequently, . apother aspect of the present
i nvent Fop%?%&'ﬁa&rﬁégg%ta?&?&ﬁ Oféb“r’rﬂﬁﬁﬂf yFdion ?GQ%WFFS?W“&C‘ ebWpdund of the
present i yiah iile BrRFarid APk LARIcAoMBEGichUbE @b tearAls Al apceutical Iy
accept abl e excipients, as exenplified in: Remngton: the sciencé and

practi ce Bertisivapieaanasperoefihe thvediondme methbd kf trabment 00@Bcer, doenpokiag adiceut i cal
conposi - tj . : s _sol j. or. sol utjons. lid formul ati ons
oy be 1 of PRI AR LN LE ARl iRl b BR R eBrad apFy .t ne
phar maceutient dndicaivpotiudoihs tredtmesoficanes) spatficallye 25 sol utions for

i njection. They may be adm nistered systemcally, e.g. by intravenous

injectfon, or topically, e.g. by direct injection into the tunor site. The

dosage wi §j berididdfieatiofith&ial Girdiboia idcRRiiia et G ROMYeE] 1Rl .@nd heal th
status of the patient, nature of the underlying diSease, therapeutic

wi ndow of t he keskypeutaenticovgsan plarilesdgasisis| kil Endopetrizsh ¢vartee, testioglar,l t is 1 4

Qct ober 2003 esophageal, prostatic and renal origin;

2) Bone and sofi-tissue sarcomas: Osteosarcoma, chondrosarcoma, fibrosarcoma, ma-
5 lignant fibrous histiocytoma (MFH), leiomyosarcoimna;
' 3) Hematopoietic malignancies: Hodgkin’s and non-Hodgkin’s lymphomas;
4) Neuroectodermal tumors: Peripheral nerve tumors, astrocytomas, melanomas;

5) Mesotheliomas.

20 Also included are the treatment of chronic inflammatory conditions such as rheumatoid ar-
thritis, osteoarthritis, liver cirrhosis, lung fibrosis, arteriosclerosis, and abnormal wound

healing.

A further aspect of the invention is a method of treatment of cancer, wherein a prodrug is
2 administered to a patient wherein said prodrug is capable of being converted into a cyto-

toxic or cytostatic drug by an enzymatic activity, said enzymatic activity being the expres-

sion produc{: of cells associated with tumor tissue. Preferably, said enzymatic activity is the

proteolytic activity of FAPq.,

s One method of administration of the compounds is intravenous infusion. Other possible
routes of administration include intraperitoneal (either as a bolus or infusion), intramuscular
or intratumoral injection. Where appropriate, direct application may also be possible (for

example, lung fibrosis).



WO 00/ 71571 PC / EPOO/ 04261 29 within the know edge of the expert to adjust
dosage appropriately. For doxorubicin conju gates, for exanple, the dose
will preferably be in the range from 10 ng/nz to 1350 ng/ §Dctoddtzoas so

hi gher or | ower doses nay be appropriate. s Accordingly, a further aspect
of the present invention is the use of a conpound of the in- vention in the
pr epar at i owW@$0/7asiphar maceut i cal corrpos'&i on for the treathBvEPO@I4263aNCer .
Furthernore, an aspect of the invention is a nmethod of treatnment of cancer,
conprising ad- mnistering an effective anount of a pharnaceutica
conposition of the invention to a pa- tient. Indications include the
treatnent of cancer, specifically, 'a i) The treatnent of epithelial
carcinomas including breast, lung, colorectal, head and neck, pancreatic,
ovari an, bl adder, gastric, skin, endbimiresal, ovarian, testicular,
esophageal , prostatic and renal origin; 2) Bone and soft-tissue sarconas:
Ost eosarcoma, chondrosarcoma, fibrosarconma, ma- |ignant fibrous

hi stiocyto - [ : " hetli Lgnangi es;

odgki nt s AR o GRS of EHARRE AR RBad ol ARG BPRASL CholRUbERRR Gy 22

Per i pher al DoefAr@iyt{LjrBreDoastbiciay dfemeybatien sith paified FAPmMZEsofulien pomas. 20

Al so incl uded an&»%ﬁg &{e tnentlof chronic inflammatory conditions such as
r heunat oi dar 2 RSB RESEUPPRCi tis, |iver cirrhosis, lung fibrosis,
arteriosclerosis, and abnormal wound healing. A further aspect of the
invention is a _nethod of treatnent of cancer, wherein a prodrug is 23
adni ni st erfdg¥ed- Redustionpfdoxpapisinytoapdeiiy by gpriggarian @%Fb%f@wglc@fto FéPng
convert,pdglg&y&l@pe?még. gge(j,,&mgfcé;yt ostatic drug by an enzymatic activity,

said enzymatic activity being the expres- sion product of cells associated

with tunor tissue. Preferably, said enzymatic activity is the proteolytic

i Vi . FAR X. 30 Ox d.of 1 ni [ f ds i
i avenod e AP SPBR I KL B o ST Geo o EAEATFBRAF nol ude

i ntraper i tdaReabicingiepitRIconggfte I EIEPOExprd3EilSHPINE0 cldnk BRORE GBlsR pardiial
intratunoral injection. Where appropriate, direct application nay al so be
possi bl e (HBY080 gsllsndeseexampls$ £ i brosi s) .
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Figure 4: Plasma stability of N-Cbz-Gly-(L)-Pro-Doxorubicin and N-Cbz-(L)-Pro-(L)-Ala-

Gly-(L)-Pro-Doxorubicin in mouse and human plasma. See example 9.

Figure 5: Demonstration of FAPa enzyme activity and confirmation of its apparent mo-

2 lecular weight in human tumor tissue samples. See Example 12.

One skilled in the art will appreciate that although specific reagents and reaction conditions
are outlined in the following examples, modifications can be made which are meant to be
encompassed by the scope of the invention. The following examples, therefore, are intended

»s  to further illustrate the invention and are not limiting,



1 4 October 2003 WO 00/ 71571 30 PCT/ EPOQO 04261 Figures Figure 1. C eavage
of doxorubi ci n-peptide conjugates by FAPa. Chromatograns for ZGP- Dox
(Z-Avy-(L)-Pro-Doxorubicin) after incubation with purifijed GARCD8:EUSi on
protein (A), or with buffer (B). See exanple 5. Figure 2: Reduction of
doxorubicin cytotoxicity by conjugation of doxorubicin to FAPa- 1Q

cl eavabl e Wep¥71dds. See exanple 6. Figure 3: Denonstr ati BAI/BPIOEEDt oxi city
of doxorubicin released from FAPa-cl eavabl e doxor ubi ci n-pepti de conjugates
by FAPa-expressi ng HT1080 cl one 33 cells versus parental HT1080 cells. See
exanple 8. Is Figure 4: Plasma stafiXamglest N- Coz- G y- (L) - Pro- Doxorubi cin
and N-Cbz-(L)-Pro-(L)-Ala- dy-(L)-Pro-Doxorubicin in nmouse and human

pl asma. See exanple 9. Figure 5: Denonstration of FAPa enzynme activity and
confirmation of its apparent no- 1Q | ecular weight in human tunor tissue
sanpl es. See ExanB 12. One skilled in the art wll appreciate that

al though &peerleile J"é&ﬁ'é‘rﬂ’é‘eéﬁ‘(‘&sPJ@%‘PF’&‘\‘-“E@?\’HF&‘F%S are outlined i n the

fol | ow, ngNeélgi@hffro-ﬂPertlb?ﬁlt | X205 WPR) W v f'o?‘?l(.)n\?\p er r suc—

enconpassed he scope the inventio
t her ef or eclmauck: (ﬂmn@mﬂé&] nmsol t werk wweighed outlahdlptac@ftie at?.hecﬁ—mmecﬂ\bmtmm ﬂmad are not

[ SRR PR SR RO SRR PRl E> B ©
N-Cbz- G Y4 tboeerin bh reb Bath NDidy2to fxytcBibedi(mid®( 78 g 0.30 n3#sTRhy acﬁ@&iaJ\F hydr oxy

suc- cinimde (44 ng, 0.37 mol) were \A/elghed out andp\&l_aced in a

neck- r oundl %ﬁ@lﬁwaﬂMdlmﬁﬁWPﬁmfﬁﬂQ r Byespluting woestisisd a @ifoéﬁOhvhiitger mam de
(20 m) was added and the flask was cooled to O Cin an ice bath.

Di cycl ohexyl carbodiimde (78 ng, 0.37 mml) was added as a 1 m solution

i n NN-di nﬁbmrutﬁcinﬁﬁl’h(ummQ:hmndea&Weighadd&oatvﬁaimiu:ﬂaatnamstﬁbfaoandzgﬂacedi nutes, fo

Doxor ubi Cliépr}ilé'%ini(tr]éggn. %N—%&l’&li‘om V?e (gms né Rf,tl\? dﬁ‘so\é}o%yleWyltmmne (?ﬁ u.lI stir bar

and pl ace
0.19 mmol) were added to the vial with stirring. The doxorubicin solution was added via

syringe to the peptide solution, and the vial was rinsed with an additional 2 ml of N, N-di-
;s methylformamide. The ice bath was removed and reaction mixture was stirred.for approxi-

mately 48 hours at room temperature.

The reaction solution was extracted with ethyl acetate (500 ml). The ethyl acetate was
washed with of 10% aqueous citric acid solution (250 ml), saturated aqueous sodium bicar-
2 bonate (250 ml) and brine (250 ml) sequentially. The organic extract was dried with anhy-
drous MgSQ,, and the solvent was removed with a roto-evaporator. The product, which
was rich in DMF contaminant, was chrdmatographed on a C-18 reversed phase flash col-
umn with 8:2 methanol : water as the eluent. One orange spot, rf = 0.3, which fluoresced
under long wave UV light was isolated. The methanol was removed with the roto-evapo-

s rator and the last traces of solvent were removed with the high vacuum pump overnight.

N-Cbz-Pro-Ala-Gly-Prao: N-Cbz-Pro-Ala (5 g, 15 mmol) and carbonyldiimidazole (2.43 g,
15 mmol) were placed in 2 250 ml, 3-neck round bottom flask under an argon atmosphere.
Anhydrous tetrahydrofuran (50 mf) was added and the solution was stirred at room tem-

s perature for approximately 45 minutes. Rigorous evolution of a gas (CO,) was observed.



under dinitrogen. NN D nethyl formam de (3nml) and NN-dii sopropyl et hyl arni ne
(33.11, 0.19 mol) were added to the vial with stirring. The doxorubicin
sol ution was added via syringe to the peptide sol ution,? amuttédes 2002l was
rinsed with an additional 2 m of NN-di LS nethylformam de. The ice bath
was renoved and reaction m xture was stirred-for approxi- mately 48 hours
at room t eNSeHFTie. The reaction sol gati on was extract ed PRIIEROEAR6I] acet at e
(500 mM). The ethyl acetate was wash d with of 10% aqueous citric acid
solution (250 m), saturated aqueous sodi um bi car 20 bonate (250 m ) and
bri ne (25081tAi2sypasHe flesktvrasvejghed G- BTIOQQGHI:H@k@r%E;t15MEO1HrT@dhydrbffuranhy-

drous MyS d ROr a

product , %Pﬂgﬂﬁ v]f/algglrm%?haﬁ?%hﬁ%coﬁ@ﬁ%&%&me{e%ﬁg%dﬁ% ese? ‘88 w&f‘l a C 18
reversed ptiasbfof bexstal mipbites.uiie lmﬂehaltha? diveived mak addewwaesynm tb e Rtiuent . One
or ange spo . whi ch fl e | ong. wave ht was

i sol at ed. ‘fe P?Pé@ﬁéh%ﬁ‘%a’g‘gr ?/\EFSI?PVFﬁ %[W“EBf‘Ffézg% andnd t he

| ast tracesoeafided@d ﬂﬁ&btz%dq)ep@dw@ bd h the hi gh vacuum punp over ni ght.

N Cbz-Pro-Al a-dy-Pro: N-Cbz-Pro-Ala (5 g, 15 ntnol) and

carbonyl diimidazole (2.43 g, 15 mnol) were placed in a 250 m, 3-neck
round bot t@otdtaskoldRes gm%ég I dr of uran
(50 m) was agded gnd thgéglo H%?on msﬁg(%}ﬂe‘r?n@glmﬁwﬁggl%ﬁ?eaﬂd%ﬁ%rature for
appr oxi matinyngiBenivag cegiousRingomtsud v.mne)pmczpnmf: o’fheare@asn e e vaseger ved. 1

4 Cct ober 00/7 573 | EPOCY 04 2 Into a,separate flask was

wei ghed a% tggrég mi Figys C(_g““"fﬁﬂq‘aﬁ pnd ef%'i”?t VHP giflrastate(B0Gad). and

NN- di i sopm@y&lﬁtabahtamcﬂﬂm Was @dshell witB Qatlianadlaludtas Beasae BRfof RHosA) ut i on
was stirred for .several mnutes. The material that dissolved was added via

syringe t 8% reedatt jbring G309 qnihanst anfsiros Me$ Qerding ity asetateaa remevsd ¢hithsol ved i n
a mni w%@ﬂé@v&ﬁr&t%%d 383 B oﬁl‘?es?gﬁj?@u&%&@@ﬁﬁ%&{)&%‘lggct sr'#)l de via
syringe. The reaction solution was stirred oveérnight at 'room etature
(15 hours¥atand in the norning there was copious amounts of white
precipitate. The reaction m xture was washed wth 10% aqueous citric acid
solution (300 M) and.extracted with ethyl acetate (500 m). ,o0 The ethyl

acet at @ eYhe aode aibsf tth*(&;d—Btbma Siat-Proad €H, @gumﬂﬁolbm@ﬂlb@ft%% Skt i on (300
anhydrous MgSO4. The et hyl acetate

m) and drlggdlpﬁnth brlge(B mT) %
was r emovEY ( in § pRund Bptiom rAE §psk s piagsdin3n gmbjentdemprirgiure veater oi |
whi ch gaveapaf ngcﬂﬁﬁrpﬁ)bdr&ﬁtﬁars%fﬁrtlgﬁ '(?ﬁf’rﬁ)%s added cautiously. The solution was

stirred for 3.5 hours after which time 1 N HCI solution (12 ml) was added. The solution

was concentrated on the roto-evaporator and a few more drops of 1 N HCI was added until
2o the pH is approximately 1.5 with pH paper. The water was removed with the vacuum

pump to give an oil, which was recrystalized slowly from ethanol.

N-Cbz-Pro-Ala-Gly-Pro-Doxorubicin: N-Cbz-Pro-Ala-Gly-Pro (180 mg, 0.38 mmol} was

dissolved in anhydrous N, N-dimethylformamide (15 ml). 1-Hydroxybenzotriazole {51.3 mg,
s 38 mmol) and dicyclohexylcarbodiimide (78 mg, 38 mmol) were dissolved in 1 ml each of

N, N-dimethylformamide and added to the peptide as solutions. The reaction mixture was

stirred at room temperature for 45 minutes.

Doxorubicin"HCI (116 mg, 20 mmol) was weighed into a separate vial and dissolved in

e N, N-dimethylformamide (3 mi). N,N-Diisopropylethylamine (34.8 yl, 20 mmol) was sy-
ringed into the vial containing the doxorubicin, and the contents were stirred for several
minutes to ensure complete dissolution. The doxorubicin solution was added via syringe to

the activated peptide. The solution was stirred for 48 hours at room temperature.



data. is The crude oil of the N-Cbz-Pro-Ala-Gy-Pro-OCH3 (5g, 12 mmol) was
di ssolved in netha- nol (20 m) in a round bottom flask. The flask was
pl aced in an anbient tenperature water bath. 1 N Sodi urh hyahtsberdeosol uti on
(12 rnl) was added cautiously. The solution was stirred for 3.5 hours
after whi C&gtohfgﬁgll,l N HCO solution (12 m) was added. The_sol uti on was

e

concentrat éd on roto-evaporator and a few nore dropsPEFERO4GEE was
added until 70 the pHis approximately 1.5 with pH paper. The water was
removed with the vacuum punp to give an oil, which was recrystalized

slowy from ethanol. N Cbz-Pro-Al a-Qd y-Pro-Doxor uhi cin:
N- Cbz- Pr oTh¢ prodiy wRs ext(at@0 with, etiy] 3@tater(d |) andasasheti wwistol 0 diqidbug Bifydr ous

N, Ndi net hyl. 15, m ). 1- b triazole, (51.3 ny, 38 |
N e e LBt P A R T e Wt o
of N, N- dierttell kd ©f SIBGH 1 rABvaARREr { Thd REWRERk IR0 AHHEP bei_l%tn%_ The

ut es

reaction mxture was stirred at roomtenperature for 45 mn .
Doxor ubi cY§ifadiPhpsesdicagel, wiicherye pn aeassadongveaye iU Bucgessiop apaierfwi (835 and

di ssol vedrj J 2 rggm - NN- Di i sopropyl et hyl am ne
(34.8 p.| Thé%@a%}}%\h%\gﬁég@f%%e |%ﬁ£ﬁ%@%?'al cont ai ni ng the doxorubi cin,
and the contents were stirred for several mnutes to ensure conplete

di ssol ution. The doxorubicin solution was added via syringe to the
activated peptide. The solution was stirred for 48 hours at room

t enper at ummﬂeg;m%@laﬁbnzppﬁpm stdodell 1835 PCT/ EP00104261 The product was
extracted vm'th_ethﬁ‘ acetate (2 1) and washed with 10 % aqueous citric

aci d s®l uMapmalissost fines expresing racambinaat BARe werperepared. Edpo§iteckaradmized Wi t h
MySO™4 and o t r.at ' - ratQr. The .0il was
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| ong wav eand\Cefl|Gultnres, d3ragnsstpatig, &ermbnyy ufide? the acdesgorf nundler PERIGUSCC gas/e

satisfactory characteri | data. FExanpl e 2: Preparation of

FAPa- expr‘é’esréimnab“?aé% I M%gz%{ 'IS%H%Q"E%W’H{%@H@XIBF LNt Fronbi nant
FAPa wer empepa@raioessys HF 1aB6v:f by Bansmess wes tlr@sfe&édi@itw)&mmew ai | abl e
fromthe D?I\/%zgge;r man Col | ection  of M croorganisns and Cell It ur es,

Br aunsthwot ARBRA diniercit ising thekipplorptinTnethedt acospipg MOGe 3BByfic-wer e
i g e _ OFF’ / T .y .
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FAP. 38 vdEb@ug/(\Beneticin) and thereafter maintained in medium containing Geneticin. Individ-

ual colonies of resistant cells were picked, grown to confluence in 10 ¢m tissue culture petri
dishes and tested for FAPx expression in an immunofluorescence assay using the FAPo-

= specific monoclonal antibody F19, as described (Garin-Chesa ez al. (1990) Proc. Nat!
Acad. Sci. USA 87(18), 7235-7239). The parental HT1080 cell line showed no detectable
FAPa expression in this immunofluorescence assay, while one clone, referred to hereafter as

HT1080 clone 33, was positive for FAPa.

25 Similarly, human embryonic kidney 293 cells, widely known and available from American
Tissue Type Collection (Rockville, MD), were maintained in a DMEM containing 10% fetal
bovine serum in an atmosphere of 95% air and 5% CO,. Cells were transfected with a
FAPa. expression vector, pFAP.38 using calcium phosphate transfection as described (Park,
J.E., Chen, H. H., Winer, J., Houck, K. A. & Ferrara, N. (1994). Placenta growth factor.

s Potentiation of vascular endothelial growth factor bioactivity, in vitro and in vivo, and high
affinity binding to Flt-1 but not to Flk-1/KDR. J. Biol. Chem. 269(41), 25646-25654).

Transfectants were selected and analyzed as described above for FAPa expression. The



rs 97/34927, Scanlan et al., loc. cit.) using the Lipofectin nmethod
according to the manufac- turer's instructions (G bco/BRL). Transfectants
were selected for resistance to antibiotics (200 ug/ m Gersdtted y):nand
thereafter maintained in mediumcontaining Geneticin. Individ- ual col onies
of resistanfoghiss were picked, grown to confluence in 10 ‘?[r?ti ssue culture
petri dishes and tested for FAPc expre®ision in an i munoft15r%80Eshce assay
usi ng the FAPa- specific nonoclonal antibody F19, as described (Garin-Chesa

et al. (199@kenial 290.celNtd showbl A8l dSEitabliBAP SLpiddion. 7@@@&3&319%%%*9&4%@ ent al

HT1080 cell _line showed no detectable FAPa expression Ih

i munof | uorBE AR Vasuss FARpaskivene cl one, referred to hereafter as HT1080
clone 33, was positive for FAPa. .25 Simlarly, human enbryoni c ki dney 293
cells, widely known and avail able from Anmerican Tissue Type Coll ection
(Rockville, MD), were nmaintained in a DVEM containing 10% fetal bovine

serumin a phere.of. 95% gir and 5% CO2. Cells were transfected wth a
FAPa expr es%sx?%’ng\?‘e%?% f"%%ﬁ(%ﬂgawrﬁﬁ'%'dﬂﬁ%ﬁeﬁ%%ﬂﬁé transfection as

descri bed Rt kxpresion fvas efan@ied ifltheltT1080 B84 HT 080 c'l&@@g’celﬁz Mtabs Fﬁ_r rara, N
(1994). P ggent..a rowh factor. 30 Potentiation of vascular en&g‘f elial

growt h f acCBlEHMENEeRGTRHAtIONS AN fluptpgzaplly Warepetformed eekettialiin as adsédtriit y bi ndi ng

to Fit-1 buangts 3 i,0].. em., ( 5646- 25654) .

Tr ansf ect agga; wer fépgsgg# 'gocr{’cgg[la%# glhge%zt'elc?@a)s ﬁcfegsg)?‘i %@0%%@33%18?0 gy

expr essi on33 Tle weremeteiobibally 1900 dGHIDS-iefildni4DREHRRAGAAI 36k L2KaNt al 293
cell line o det.ect.abl.e FAP xpr.ession. One clone, referred to
here- aft e?@%\gﬁgﬁg@ ificglta\,c\elggw{gw%@gﬁtagg@dy QLS wouse Igtih pativady o of FAPa
expr essi onndgatitercanisslePrecifit € werk bBIRS ifr AR EXMESSI Ry Ihed in the
HT1080 and 1080, cl one gIB celtlars.. NEtlabc?%i C Ig-éﬁesﬁéhﬁ%@bf%%mm&%mﬁ

i munopr eci{hrte S drslroplingests (avdeseribed by Laemeli (S70)oVartwd 223@89), 580-685)as

descri bed g(fatkne : j |1 ol ef . (2), 137-150).
HT1080 and RT1g8% %?@lglsgégg%% u?@%‘r% me e&ﬁ%ﬁ%hgﬂ]-@%pﬁ%ﬁ i}iﬁF{]ﬁP‘i"h

35S- met hi ofHicaEAPDptatsigeNo FaRt paattis vok deteasitle mabdracts 6F th@pRental FIT1080

aea megar Ve b B P e B IEPL Doi 1 od | n sampl e buffer and
separated by sodi um dodecyl sulfate gel el ectrophoresis (as described by
Laemm i (1970) Nature 227(259), 680-685).
Example 4: Soluble recombinant FAPq
A soluble recombinant form of FAPo. protein was prepared as follows. A ¢cDNA encoding
2 the extracellular domain (ECD) of murine CD8a: (Genbank M12825), consisting of the N-
terminal 189 amino acids of CD8«, was ligated to a cDNA encoding the extracellular do-
main of FAP« {(amino acids 27 to 760), generating a fusion protein construct, FAPmCDS,
similar in structure to the CD8a-CD40 ligand fusion protein, as previously described (Lane
et al. (1993) J Exp. Med. 177(4), 1209-1213). The cDNAs were verified by sequencing
25 and inserted into the pVL.1393 vectar. Transfection of SO cells and amplification of the
resulting recombinant baculovirus were performed as described (O'Reilly (1994) Baculovi-
rus Expression Vectors: A Laboratory Manual, Oxford Umiversity Press, New York). The
culture supernatant of High Five cells infected with recombinant FAPmCDS baculovirus for
four days was collected and cleared by ultracentrifugation. FAPmCDS fusion protein was
2 purified from such supernatants using an anti-FAP« monoclonal antibodj} immobilized on
activated agarose beads (Pierce Chemical, Indianapolis, IN, USA). The culture supernatant

was passed through the antibody affinity column and eluted by pH shift using 0.1 M citrate



Fl uor ographi c analysis of the resulting gel confirmed that the HT 1080
clone 33 cells pro- duce FAPa protein. No FAPa protein was detectable in
extracts of the parental HT1080 is cells nor in inmunopriegicdtesom t h
nmouse g3 . Exanple 4: Sol uble reconbi nant FAPa A sol ubl e reconbinant form
of FAPa protein was prepared as follows. A cDNA encoding 20 the

extracel | W&°°Y#§Mai n (ECD) of nurine g§Ba (Genbank ML282BJT/ERMSMA4Z6EL i ng of
the N term nal 189 am no acids of CDBa, was ligated to a cDNA encoding the
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doxor ubi ci or ubi pti de con ates were detected b
of's niM ngl sequent?y & IuPe% in aqueous so{utlgn Lefore being applied to the HPLC

column.
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The ability of soluble recombinant FAPa enzyme to release free doxorubicin from doxoru-
bicin-peptide conjugates was examined. Doxorubicin-peptide conjugate stock solutions S
mM) were diluted with Hepes-buffered saline pH 7.4 to a final concentration of 50 to 100
#M. Twenty pl of the resulting solution was mixed with 50 i of purified FAPmCDS fusion

2 protein (approximately 20 ng) described above and 30 pl Hepes-buffered saline, pH 7.4.
The mixture was allowed to incubate at 37° C for 1 day and release of free doxorubicin was
measured in the HPLC assay described. Areas under each peak were quantified using the
software package above and the initial value was set to 100%. The rate of release of free
doxorubicin was measured by the appearance of a peak with the same retention time as free

5o doxorubicin under these HPLC conditions. The areas under each peak were used to calcu-
late the relative amounts of free doxorubicin to doxorubicin-peptide conjugate. Integration
of peak areas fo determine percent cleavage was carried out using the Millennium 2010

chromatography software package above. As seen in the chromatograms for ZGP-Dox {N-



fluorescence (excitation, 475 rim em ssion, 585 nn) using a Waters 474
fluorescence de s tector. Injection, solvent delivery, data acquisition,
and data analysis were all perforned using the MII ennitum@idser 2003
chromat ogr aphy software package (Waters Corp., MIford, MA,  USA).
Substances to be.tested were first dissolved in dinet hyI sul foxi de at a
concent r at MShW78¥15 nM and subsequent lsg dil uted in aqueoBETEBMNMRGN bef or e
being applied to the HPLC colum. 20 The ability of sol ubl e reconbi nant
FAPa enzy i iy f oru-,bicin-pepti
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Example 7: Release of free doxorubicin by cell-bound FAPa
The ability of celi-bound FAP« enzyme to release free doxorubicin from doxorubicin-pep-
20 tide conjugates was examined. Each conjugate was dissolved in serum-free cell culture me-
dium at a final concentration of 1 xM. Ten milliliters of this solution was added to confiu-
ent monolayers of HT1080 or T 1080 clone 33 cells in 10 cm tissue culture dishes for 19
hours at 37° C. The media were removed and release of doxorubicin measured as described
in Example 5. The FAP-expressing cell line, HT1080 clone 33, converted 81% and 43% of
s the ZGP-Dox (N-Cbz-Gly-Pro-Doxorubicin) and ZPAGP-Dox (V-Cbz-Pro-Ala-Gly-Pro-
Doxorubicin) conjugates to free doxorubicin, respectively. The parental HT1080 cell line
converted only 9% of ZGP-Dox to free doxorubicin under the same conditions. Little or no
detectable conversion of ZPAGP-Dox to free doxorubicin by the parental HIT1080 cell fine
was observed under these conditions.
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243), were seeded in 96 well plates (Greiner Scientific) at a density of
1000 cells / well. Serumfree cell culture nmedia containing various
concentrations of free doxorubicin or equival ent nolar ichoeetefr abdpns of
doxor ubi ci n- pepti de conjugates were added to the cells. Four days |ater,
cell nunmber was determ ned using an automated CASYTM cell counter rs
(Scharfe YRMEF®HH, Reut!lingen, Gersmny). The results HERMEA in Figure
2. Exanple 7: Rel ease of free doxorubicin by cell-bound FAPa The ability of
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Killiny cokorashevindehsi®ive cells was deternined. K562 cells, available
from Anerican Type Tissue Culture Collection, Rockville, M), USA (ATCC
Nunber: CCL-243), were seeded in 96 well plates (Geiner Scientific) at a
density of 1000 cells / well. Serumfree cell culture nmedia containing 1 pM

doxor ubi ci.n- igle conj t e ,was ded t.0 HT1080 or HTI OGSO clone 33 cells
di shes fgl?m"%geo%o}ﬂ?ssm aaf%éjggé? d‘f’ﬁ’é'"%g' igP 1;\/'\%"rcé”gfué' Ved and rel ease of
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vwas det erSfivrddr HEMRE anSHIRie RenRIingAsyaPicisrneptids fongatesigha paiceis t s ar e
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Ju9 times indicated at 37° C. The results for ZGP-Dox and ZPAGP-Dox in mouse and human

plasma are shown in Figure 4.
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Example 10: FAPc-catalyzed cleavage of selected 4-methoxy-p-napthylamide-peptide
conjugates
To identify preferred FAP« peptide substrates, oligomers composed of natural and/or un-
natural amino carboxylic acids were synthesized and coupled to Proline-4-methoxy-p-

»»  napthylamine (Pro-MNA) using methods known to the art (E. Wiinsch, Synthése von Pep-
tiden, in Methoden der organischen Chemie, Houben-Weyl (Eds. E. Miiller, O. Bayer), Vol.
XV, Part 1 and 2, Georg Thieme Verlag, Stuttgart, 1974).

Synthesis of Pro-Pro-4-methoxy-A-naphthylamide:

30
Boc-Pro (32 mg, 0.15 mmol), 2-(1H-benzotriazol-1~yl)-1,1,3,3-tetramethyluoronium tetra-
fluoroborate (53 mg, 0.15 mmol) and Pro-4-methoxy-B-naphthylamide hydrochloride (46
mg, 0.15 mmol) were dissolved in anhydrous N,N-dimethylformamide/ tetrahydrofuran 1:1



The plasma stability of doxorubicin-peptide conjugates was neasured using
nmet hods de ns scribed in Exanple 5. Sanpl es containi ng doxorubi cin-peptide
conjugates (at a concentra- tion of I M were incubatedii{ddigpresence of
10% (v/v) nouse or human plasma for the tinmes indicated at 37 C. The
results for ZGP-Dox and ZPAGP-Dox in nouse and human plasma are shown in
Figure 4. MO ®4HIhl e 10: FAPa-catal yzegd cl eavage of sel eBEEEP00/04261
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dissolved LD N net h rroljdone . 7 nol ar) s, added and the m xture was
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r ot 0- evapekahidf nifided. e CRJe PHRAUNATasPui B BiGRepafhtild mrérs e (10 m)
and extracted 3 tines with water. The organic | ayer was w th anhy-

drous Na2SRplyisgaiacetnaitslefwagarieradient. Thapraducheryesatise czﬁcnrmammr@@rcatammhe

resi due w??sd 553 ved in trifluoroacetic acid/dichloronethane (1;4, 25

m ) and allowe Ifo eact for 1 hour. The solvent was renoved wth a

r ot o- evaporator and the resulting oil was dried with a stream of nitrogen.

2ppl vi ng. ORBEEE e Dt Pophies PR on Fsesoi it CYoguBhGR it fetor y
anal yti cakegfiié BidsPdMms, Inc.) using the 355 nm excitation /405 nm emission filter set. Enzyme
+s  kinetic parameters (Michaelis-Menten Ky, and keat values) were calculated using methods
known to the art (see for example, Yun, S. L. & Suelter, C. H. (1977). A simple method for
calculating Km and V from a single enzyme reaction progress curve. Biochim. Biophys.
Acta 480(1), 1-13.) with FAPo enzyme derived from membrane extracts of the 293-1/2
transfected cells in Example 2.
20
Table I: Ky and keat values for FAPo-catalyzed cleavage of selected 4-methoxy-p-
napthylamide (MINA)-peptide conjugates

Substrates K Keat KoKy
[uM] 5] | x10°Mts?

Chg-Pro-MNA 75 33.7 71.6
Hyn-Pro-MNA 69 274 35.7
Pro-Pro-MNA 154 495 32.1
Val-Pro-MNA 95 2717 29.2
Met-Pro-MNA 127 279 22.0

Arg-Pro-MNA 278 50.6 18.2
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Lys- Pr o- MNA 530@"%’% I e- Pro- 313288,

Mct(O)—Pro-MNA 378 269 7.1
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i)

13

Chg = cyclohexylglycine, Hyn = 6-hydroxynorleucine, trans-Hyp = trans-4-hydroxyproline,

Met{O) = methionine-S-oxide

Example 11: Specificity of MNA-coupled peptides for FAPo versus DPP-IV

Among the known prolyl-specific serine oligopeptidase family members, the most closely

related enzyme to FAPa« is DPP-IV. Since active DPP-IV is found in plasma and on many

different cell types, optimization of the relative (optional) selectivity of prodrug peptidics

for FAPa compared to DPP-IV is necessary to reduce undesirable conversion of the pro-

drug at sites other than the tumor (e.g., in the plasma). To identify peptides specific for

FAPq, cleavage of MNA-coupled peptides by FAP« was compared to the ability of DPP-IV

to cleave the same peptide conjugates. Release of free MNA was measured as described in

Example 9. Results are shown in Table 2.

Table 2: Comparison of cleavage selectivity of MNA-peptide conjugates by FAP« and

DPP-1IV.
Cleavage specificity
FAP DPP IV
Ala-Pro-MNA + "
Z-Gly-Pro-MNA + N
Z-Pro-Ala-Gly-Pro-MNA + -

20

+ indicates the enzyme was able to cleave the substrate

- indicates lack of cleavage




Met (O) - Pro- MNA37826. 97.1 Ser-Pro- MNA87228. 33. 3 PCT/ EPO0/ 04261 Chg =

cycl ohexyl gl yci ne, Hyn = 6-hydroxynorl eucine, trans-Hyp =
trans-4-hydroxyproline, Met(O = nethionine-S-oxide s Exampteet2003
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phosphate- butf ek ed sad e pHA 4. Vells were. then rinsed with wash
buffer (PBS 61 (VgﬂTween ?&Fﬁgﬁiﬁﬁf@aﬁﬂrﬂgfwg@s included breast (%, X), colon

(®), colon metastasized to the liver (), and lung cancer (a,0). Extracts were added to F19-

coated plates and incubated for 1 hour at room temperature. The unbound material was

removed, wells were washed thrice with wash buffer, and FAP enzyme activity was as-

sayed using 100 p! Ala-Pro-AFC as described (WO 97/34927) for one hour at 37 °C. The

15 first two Concanavalin A fractions of each extract were measured and each value individu-
ally plotted. Background fluorescence (as measured using control antibody-coated plates)

was subtracted from each value,

Independent biochemical confirmation of FAPo enzymatic activity and its apparent mo-

2 lecular mass in tumor extracts were obtained by labelling the aforementioned tissue extracts
with “C-labelled diisopropylfluorophosphate (DFP; NEN-DuPont, Cologne, Germany).
DFP is known to bind covalently and irreversibly to active site serines of many serine prote-
ases, thereby preventing further catalysis (Hayashi, R., Bai, Y. & Hata, T. (1975). Further
confirmation of carboxypeptidase Y as a metal-free enzyme having a reactive serine residue.

3 J. Biochem. 77(6), 1313-1318; Wahlby, S. & Engstrom, L. (1968). Studies on Streptomy-
ces griseus protease. II. The amino acid sequence around the reactive serine residue of
DFP-sensitive components with esterase activity. Biochim. Biophys. Acta 151(2), 402-408).
"“C-DFP labelling of FAP« immunopurified from a tumor (T) corresponding to colon sam-
ple @ from Figure 5a is shown in Figure 5b. Sodium dodecy! sulfate polyacrylamide gel

32 electrophoresis (Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Narure 227(259), 680-685) and subsequent autoradiogra-
phy (Park, J. E., Draper, R. K. & Brown, W. J. (1991). Biosynthesis of lysosomal enzymes

in cells of the End3 complementation group conditionally defective in endosomal acidifica-
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fluoracetic acid / acetonitrile gradient. Identity and homogeneity of peptides were confirmed
2 by high pressure liquid chromatography and mass spectral analysis. The oligopeptides that

were prepared by this method are shown in Table 3.

Table 3: Oligopeptides.

Z-Gly-Pro-OH
Z-Pro-Ala-Gly-Pro-OH
Fmoc-Pro-Ala-Gly-Pro-OH
Fmoc-Chg-Pro-OH
Fmoc-Nle-Pro-OH
Fmoc-Hyn-Pro-OH
Fmoc-Pro-Pro-OH
Fmoc-Ser-Ala-Hyn-Pro-OH
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Hy-Pro-OH Z-Pro-Al a-3 y- Pro- CH

Iﬁfﬂx—%ﬂﬁeﬁﬁ@ﬁmﬁﬁ’@ﬂﬂg Pr o- OH Froc-

Fnoc- Pr o-
PCT/ EPOO
G y-Ser-A

ﬁggm%ger%’“ a=Hy=Pro—CH-1

Aan-@Argd P-ValGhlo-OH

a- Nl e- pro- OH Fnoc-
Glu-Asn-Arg-Lys-Val-Pro-OH

Ser-Glu-Asn-Arg-Lys-Val-Pro-QH

Ala-His-Met-His-Pro-OH

Tyr-Ala-Phe-His-Pro-OH

Ser-Tyr-Ala-Phe-His-Pro-OH

Leu-Asn-Leu-Tyr-Met-Pro-QOFH

Gly-Ser-Ala-Glu-Pro-OH

Gly-Gly-Ser-Ala-Glu-Pro-OH

Gly-Gly-Gly-Ser-Ala-Glu-Pro-OH

Nl e- Pro- OH Fnoc- Hyn- Pro- OH
Cct ober 2U0;. wo oonl571 42

$er - Al a- Chg- Pro- OH

Z is benzyloxycarbonyl

Fmoc is 9-fluorenylmethoxycarbonyl
Chg is L-cyclohexylglycyl

Nle is L-norleucinyl

3

Hyn is L-6-hydroxynorleucinyl

Example 14: Preparation of Fmoc-Pro-Ala-Gly-Pro-Dox
Fmoc-Pro-Ala-Gly-Pro-OH (44 mg, 0.078 mmol) was dissolved in anhydrous N, N-

HY

dimethylformamide (10 ml) and pH was adjusted to 7.5 by N,N-diisopropylethylamine. N-

hydroxysuccinimide (1 M in DMF, 78 pl, 0.078 mmol) was added and the mixture was

cooled in an ice bath. Under stirring, dicyclohexylcarbodiimide (1 M in DMF, 87 pl,

0.087 mmol) was added and the solution was stirred at 0°C for 1 h.

Doxorubicin*HCl (25 mg, 0.043 mmol) was dissolved in 20 ml anhydrous DMF and N,N-

15

diisopropylethylamine (8.2 pl, 0.048 mmol) was added. This mixture was syringed to the



Gy-dy-Ser-Ala-GQu-Pro-OHdy-Ay-Gy-Ser-Ala-Gu-Pro -OH S

er-d u-Asn- Arg-Lys-Val -Pro-CH d y- Tyr - Ser - Ar g- Met - Pr o- CH
An-Ay-Tyr-Ser-Arg-Met-Pro-OH Gy-A@y-Ay-Trp-Pro-OH 14 October 2003

Asn- Arg- Lys-Val - Pro- OH G u- Asn- Arg- Lys- Val - Pro- OH

Ser-Q3 u. -Asn- Arg-Lys-Val -. Pro-OH Al a- Hi s- Met-Hi s-Pro-OH Tyr

Al a- Phe- HVQ #3570H S er - Tyr Al a- Phe- Hiz s- Pro- OH Leu- Asn-R@E@EPH)IL2Het - Pr o- OH
A y-Ser-Ala-3 u-Pro-OH Gy-G3y- Ser- AIa GQu-Pro-OHGdy-dy-dy- S

er-Ala-d I YL hoxycar bonyl
Chg is Lagtf;'g e(ar?gg% :rﬁe lbe?&%&a@éﬁ nor )glt?an o @mtﬂ&lb%&&&h r"vc%sqs/r‘lorl euci nyl
Exanpl e lédfoPn&par atlon of Frmoc- PraAl a-G y- Pro Dox

Froc- Pro- Al a-d 0. 078 mol di ssol.ve anhydrous N, N
o i et e o TRL HRaEier TS SEih e B et g Frcpereies R HPLE on

NN-di i SORTIQﬁl‘ﬂngfa@’dd@éﬂt %atéﬁac@%ﬂ&ﬂé%ﬁ@qw&ﬁhgﬁcéﬁh aMdi n DMF, 78 gl, 0.078

nmol ) was added and the mixture was cooled in an ice bath. Under stirring,

di cyclohddaplydeal BEEG 3R0¥e ESIMH 11 1AM BY-I]); 61987 nmol ) was added and the
solution was stirred at OC for 1 h. Doxorubicin*HCl (25 ng, 0.043 mmol) was
di ssolved in 20 m anhydrous DVMF and N,N- is diisopropylethylamne (8.2 |,
0. 048 mmuixampéis] 5a dRdepdralion o HiPxd-diaeGlyaRroslax nged to the 1 4 Cctober 2003 WO
00/ 71571 F?n%cgcﬂ_élgggg(grgpared in Example 14, 44 mg, 0.040 mmol) was dissolved in ‘

THF/diethylamine (2:1, 20 ml) at 0°C and stirred for 2 h. The solvent was removed and the

1 product was purified by preparative RP-HPLC on C18 using a gradient of water/acetonitrile
with 0.1% trifluoracetic acid.

Analytical HPLC >90 %; ES-MS 866.6 [M+H]", 452.4

s Example 16 Preparation of H-Chg-Pro-Dox
Fmoc-Chg-Pro-OH (46 mg, 0.096 mmol) was dissolved in anhydrous N,N-
dimethylformamide .(10 ml) and pH was adjusted to 7.5 by N,N-diisopropylethylamine. N-
hydroxysuccinimide (1 M in DMF, 96 ui, 0.096 mmol) was added and the mixture was
cooled in an ice bath. Under stirring, dicyclohexylcarbodiimide (1 M in DMF, 107 i,

20 0.107 mmol) was added and the solution was stirred at 0°C for 1 h.
Doxorubicin*HCI (31 mg, 0.053 mmol) was dissolved in 20 mi anhydrous DMF and N,N-
diisopropylethylamine (10 pl, 0.059 mmol) was added. This mixture was syringed to the
activated peptide. The reaction was allowed to warm up to room temperature and was stir-
red for 48 h.

s The solvent was then removed and the product was purified by preparative RP-HPLC on
C18 using a gradient of water/acetonitrile with 0.1% trifluoracetic acid.
The lyophilized product was dissolved in THF/diethylamine (2:1, 20 ml) at 0°C and stirred
for 2 h. The solvent was removed and the product was purified by preparative RP-HPLC on
C18 using a gradient of water/acetonitrile with 0.1% trifluoracetic acid.

. Analytical HPLC >90%; ES-MS 780.2 ((M+H]");366.4

The following table shows the peptide-doxorubicin conjugates which have been prepared

analogously and includes cleavage data by FAP (after 20h).



activated peptide. The reaction was allowed to warmup to roomtenperature
and was stir- red for 48 h. The solvent was then renoved and the product
was purified by preparative RP-HPLC on Cl18 using a gradifegkigber 2003

wat er/ acetonitrile with 0.1%trifluoracetic acid. Analytical HPLC >90%
ES-M5 1110.5 ([M+Na] +); 674.4 Exanple 75: Preparation of

H Pr oAl a- @o/soPiszi Dox Fnoc- PAGP- Dox (p4'4epar ed i n Exanpl e etdmEpdohoarg, 0. 040
nunol ) was dissolved in THE/ diethylamne (2:1, 20 mM) at OC and stirred
for 2 h. _The solvent was renoved and the 1a product was purified by

pr epar at {¢%¥e %p- HPLC on C18 usi ng a gradient of water/acetonitrile wth
0.1%trifluoracetic acid. Analytical HPLG >99 ' ES- M5 866.6 [ MtH] +, 452. 4
1s Exanpl e 16 Preparati on of H ChgPro- Dox0o "@0 g-Pro-OH (46 ng, 0.096

mol ) was di ssolved in anhydrous N, N di net hydKor mam de (10 nl) and pH was
adjusted to 7.5 by N, N-diisoprapylgt hyl & bydr oxysuccinimde (1 Min
DMF, 96 }il, 0.096 nmol glwas a%ded’- t he xure was cooled in an ice
bat h. Under stirring, dim exyi¢ar pdHOmM OMin DV, 107 p.l, -~a
0.107 mml) was added and the;sof uty was s) ed at 0OC for | h.

Doxor ubicin*HCl (31 ng, 0.0 mol ) was s pd in 20 m anhydrous DVF
and N, N- diisopropylethylamne (10 pl, 0.059%-r was added. This m xture
was syringed to the activated peptide. Thé&F€action was allowed to warm up
to roomtenperature and was stir- red for 48 hw~ggs The sol vent was then
removed and the product was purified by preparative RP-HPLC on C1S using a

gr adi ent—@df-—wat—eﬁ—aee{—frgﬁ—ﬁ—i—e—w—(—h 0.1%trifluoracetic acid. The
l'yophi | i|%ed product wad“Hi¥E8FOEd iln THE/ diethylamine (2:1, 20 m) at OC

and stifqred for 2 h. Thapsol vent was renoved and the product was purified
by prepgrative RP-HPLClon.. C18 usifg a gradient of water/acetonitrile with
0.1% t ril F1@¥r aceti c aci|d95%0 Anal ytli cal HFLC >90% ES-MS 780.2 ([ MtH +);
366. 4 The BBt W0 tajtgssiows t1g pepti de- doxor ubicin conjugates which
have be¢n _prepare anal ogously and includes cl eavage data by FAP (after
20h) . 1]BmGcfobeia-B93 [we500171571

H-Pro-Ala-Gly- ca. 11%
H-Chg- > 95%
H-Nle- > 95%
H-Hyn- >95%

Z is benzyloxycarbonyl, Fmoc is 9-fluorenylmethoxycarbonyl, Chg is L-cyclohexylglycyl,
s Nle is L-norleucinyl, Hyn is L-6-hydroxynorleucinyl

Example 17 Preparation of N—Cbz—GIy-Pro—Me&ukaIan

JO]\ O O

Oy A
SESAS!

0~ “OH N(CH,CH,CI),

N-Cbz-Gly-Pro-OH (22 mg, 0.072 mmol) was dissolved in anhydrous N,N-

o dimethylformamide (8 ml) and pH was adjusted to 7.5 by N,N-diisopropylethylamine. N-
hydroxysuccinimide (1 M in DMF, 72 pl, 0.072 mmol) was added and the mixture was
cooled in an ice bath. Under stirring, dicyclohexylcarbodiimide (1 M in DMF, 67 pl,
0.67 mmol) was added and the solution was stirred at 0°C for 2 h.

Melphalan (14.7 mg, 0.048 mmol) was dissolved in 30 ml anhydrous DMF and N,N-



44 PCTI EPOO/ 04261 Table 4 RC eavage by FAP Z-Ay-> 95% Z-Pro-Ala-G3 y-> 95%
Fmoc- Pro- Al a-G y-> 95% H Pro-Ala-3y-ca. 11% H Chg-> 95% H N e-> 95%
HHyn-> 95%' OH Z i s benzy[oxycarbonyl, Fnoc is 9-fl uorénybaripBpzysar bonyl,
Chg is L-cyclohexylglycyl, Neis L- norI eucinyl, Hyn is

L- 6- hydr oxynorl euci nyl Exanple | 7Preparation of N- Cbz-d y-Pro-Mel phalan 0
000 -OH-" -N(CHCH2Cl )2 N Cbz-dy-Pro-OH (22 ng, 0.072 mmol) was

di ssol ved WP 8f/lrous NN, o di met hyformani de (8 m) ERHEPHHHL adj usted
to 7.5 by N, N-dii sopropyl et hyI amne. N hydroxysuccinimde (1 Min DW, 72
91, 0. 072 J3uaprdpyWasy g&i d.47@ il WaLaddes Thﬁm&wﬁ s?{'ﬂl%e&?o figt h. Under
stirring, di cycl ohexyl carbo iimde (1 Min DVF, 67 O. was added and
the sol ut mhvam@ee'tldqf Llireagtion @as ghovgedrio woen gh i r@ﬁm(tmneratn@ and w@e18irnmmol ) was
di ssol vedorhlg i anhydrous DMF and NN 1 4 Cctober 2003 W 00/ 71571 45
PCTI EPOO %’ dii sopropyl ethyl am ne (12.3 gl, 0.072 mol) was added. This
m xt ur e wkhesylvent gasl then renmered au:tuhvatoddctp'apipbd&d bTIpeepmaamRR}Hma?Sonal | oned to

varm up, t OCIrsou%{rTl]gtaegnﬁleegl? of wzger?acetow?ﬁe th 0719 uoracetlc ﬁcutl]

Analytical data: HPLC > 90%, ES-MS 593.0 ((M+H]").



The solvent was then renoved and the product was purified by preparative
RP-HPLC on C18 using a gradient of water/acetonitrile with 0.1%
trifluoracetic acid. Analytical data: HPLC > 90% ES- MS1508\cthoef bbdd +). WO
00/ 71571 1. A conpound of formula (I) R 1 Ra/N 4 Cctober 2003 46

PCT/ EPOO/ 6 ims N'Cyt Ro R4 (1) or a pharmaceutically acceptable
sal t thergﬁé,&o/mfei n R represents a*? esi due of formula C%C%(,EP%{Q%%A or
Cg-(DmB-A, in which Cg represents a capping group selected fromthe group
consisting of R5-CO, R5-O- CO, R5-NH-CO, R5-SO2- or R5-, wherein R5 is an
optional |y substituted Cl- 10 C6-al kylCl#@s- C8- cycl oal kyl , aryl, aral kyl or
het eroaryl group; A is derived fromL-proline, glycine, L-norleucine,

L- cycl ohexyl gl yci ne, L-S- hydroxynorl euci ne, L-6-hydroxynorl eucine,

L- 5- hydr ody| §spmpourid-of fgfimmilad) or L-1ysine; and B and D each independently
represent noieties derived frgm amyo carboxylic acids of 15 the formula
-[NR6- (X) p-CQO - wherein X repnesentjs CR7R8 and wherein R6, R7 and R8 each
i ndependently represent a hydmdge mCyin opt i onah y substituted

Cl- C6-al kyl , C3- C8-cycl oal kgl, a ell heteroaryl gr8lp, and p is 1, 2, 3,
4, 5; or B and D each independengly mgpresent noieties derived fromcyclic
am no carboxylic 20 acids of formnmula wherein

5 or a pharmaceutically acceptable salt thereof,
wherein
R’ represents a residue of formula Cg-A, Cg-B-A or Cg-(D),,-B-A, in which

Cg represents a capping group selected from the group consisting of R°-CO, R>-O-
CO-, R*-NH-CO-, R*-SO,- or R*-, wherein R® is an optionally substituted C-
10 Ce-alkyl, C3-Cg-cycloalkyl, aryl, aralkyl or heteroaryl group;
A is derived from L-proline, glycine, L-norleucine, L-cyclohexylglycine, L-5-
hydroxynorleucine, L-6-hydroxynorleucine, L-5-hydroxylysine, L-arginine, or
L-lysine; and
B and D each independently represent moieties derived from amino carboxylic acids of
15 the formula -[NR®-(X),-CO]J- wherein X represents CR'R® and wherein R®, R7
and R® each independently represent a'hydrogen atom, an optionally

substituted C;-Cg-alkyl, C3-Cg-cycloalkyl, aryl or heteroarylgroup, and p is 1,

2,3,4,5;0r
B and D each independently represent moieties derived from cyclic amino carboxylic
20 acids of formula
R’
H H h
HzQ\ (CHz)q
N
4 CO-
wherein

R’ represents C-Cg-alkyl, OH, or NH,,
m is an integer from 1 to 10;
25 q is 0, 1 or 2; and

T is0,1or?2;



RO represents G -C6-alkyl, OH or NHS, mis an integer from1l to 10; 25 q
is 0 1lor 2, and r is O, 1 or 2; 1 4 Cctober 2003 WO 00/ 71571 47

PCT/ EPOO/ 04261 Ra and Rb together with the interjacent NLCogtpdp2dey m an
optional Iy substituted, optionally benzo- or cyclohexano-condensed 3- to
7-menbered saturated or unsaturated heterocyclic ring, in which one or two
CH2 group¥VR®/7db%b be replaced by NHH/0 or S, 5 R4 repres@hT/EPW/O‘l?ﬁl

Cl- C6-al kyl, C3-C$-cycloal kyl, aryl or heteroaryl; and Cyt' represents the
residue of a cytotoxic or cytostatic conpound: 2_ A conpound of formula I
according to B?@Hdrﬁ{ "ttogethrsvaihrihe Inerfaeene NoC eoduipdormt amgoritionatizdsubstituted, Ra, Rb

and the [t er] acento oGy esiPaf Lot B8 a0 73 7 WLALOLER. ARG, RO each

i ndependently represe ogen om or
Cl- C6- al kyl am no, d!satﬁﬂa{e@&e&lr@bl&ﬁﬂ:rrg)m @mlﬁ)GneaéMe/mﬁHZtgnmqismay also be

Cl- C6- al kyl thi o, oxo Cl- C6- al koxy carbonyl, am no carbonyl,
C3- Cs- cycl oal kyl , QPCC?&YMI(S%STy group. 15 3. A conpound of formula IA

R 18 NOtR*X - -ré’pleébnwr@@ Ry, B2Cs-BRrlod B&@br hétéﬁ)a@ﬂi #efined in any
of the precedl ng claims, and X-Y represents =CH, NH- CH2,
CH2- NH, - CR2- CYCHp- tsppeserts- e resrlug of ACEBWB%GY@FWF%W%H%D‘]' ‘Al R |

2. A compound of formula I according to claim 1, wherein the heterocyclic ring formed by
10 R? R® and the interjacent N-C is substituted by R? and R3, wherein R? and R® each
independently represent a hydrogen or halogen atom or a C-C¢-alkyl, C;-Cg-alkylamino,
di-C;-Cs-alkylamino, C;-Cs-alkoxy, thiol, C;-Cg-alkylthio, oxo, imino, fomyl, C;-Cs-

alkoxy carbonyl, amino carbonyl, C3-Cg-cycloalkyl, aryl, or heteroaryl group.

15

3. A compound of formula IA

;
o
NvJJ\ (1A}
RS/Q N—Cyt
X"“"Y R4

wherein Rl, Rz, R’ . RY, Cyt’ are as defined in any of the preceding claims, and
X-Y represents CHR?*-CH,, CR’=CH, NH-CH,, CH,-NH, -CR*-, CH,-CHR®-CHo.

20
4. A compound of formula [A1
R" O
\ \/u\ I
N : N/Cyt (A1)
Cion
wherein R' and Cyt’ are as defined in any of the preceding claims.
25

5. A compound selected from the formulae 1A2, IA3, IA4 and IAS5



Cyt' (1Al) wherein R and Cyt' are as defined in any of the preceding
clainms. 25 5. A conpound selected fromthe fornulae 1A2, 1A3, |A4 and IA5 1
4 Cct ober 2003 WO 00/ 71571 WE PCT/ EPO0/ 04261 (1A2) (I A3) Kbﬁﬂ%eﬂzé’@
S5wherein R and Cyt' are defined in any of the preceding clai ms 6. A
conpound or?i ng to any of the preceding clains wherein a group

sel ected orrrul ae (21), (22) %nd (34): 10 Cg-Qy (PEWEP ﬂﬁé (22)
Cg-(Xaa)m Xaa-Ay (34) wherein Cg represents a hydrogen atom or a cappi ng
group selected from benzoyl oxycarbonyt, phenylacetyl, phenyl nethylsulfonyl
and benzyl am nocarbonyl; 15 la répresents a noi ety der| ved froman am no
carboxylic acid; and mis aan nt er/f@ﬁm lto ?IA2§| 48 Cyt' Cyt'

V"' ~~NiCYt' | < "N
| &

oy
\HLN/CW (1A3)
ClLF
N
Ry
2\,/“\«03’" ha)
s H

1

O

5 wherein R and Cyt® are defined in any of the preceding claims.

6. A compound according to any of the preceding claims wherein R' is a group selected
from the formulae (21), (22) and (34):
10

Cg-Gly ] 2N

Cg-Nle (22)

Cg-(Xaa)m-Xaa-Gly (34)
wherein

Cg represents a hydrogen atom or a capping group selected from benzoyloxycarbonyl,
phenylacetyl, phenylmethylsulfonyl and benzylaminocarbonyl;
15 Xaa represents a moiety derived from an amino carboxylic acid; and

m is an integer from 1 to 6.

1. A compound according to claim 6 wherein the amino alkanoic acid moieties exist in the

20 (L)-configuration



R O 7. A conpound according to claim®6 wherein the am no al kanoic acid
noi eties exist in the 20 (L) -configuration 1 4 October 2003 WO 00/ 71571
49 PCT/ EPO0/ 04261 8. A conpound of any one of claims 1 tiq 6(;1-0%&2@}31

H2N- Cyt' is an anthracycline derivative. 5 9. A compound of claim8
selected fromthe formulae (111A), (HM, (111E) and (1111F): 0 OCH 0 OH
(I11TA) OHWPI00B)I511 4 Oct ober 2003 WO 089 71571 50 PCT/ EPO0/ CRIZBEP@A426ll| E)
OHOve OOHO (II'I'F) 5 10. A conpound of any one of the preceding clains
for nedical use. 11. Pharmaceutical conposition conprising a conpound
according to any one of clains 1 to 10 9, and optionally one or nore
“pharmaceutically acceptabl e excipients. 1 4 October 2003

8. A compound of any one of claims 1 to 7, wherein HN-Cyt’ is an anthracycline derivative.

9. A compound of claim 8 selected from the formulae (ITIA), (IIIB), (INE) and (I1IF):

N
@\/0 H\/l§

HO {H1B)



WO 00/ 71571 51 PCTI EPOO/ 04261 12. Use of a conpound according to any one of
clains | to 9 in the preparation of a phar naceutical conposition for the
treatment of cancer. 5 13. A process for the productioniof Oaigberpoesid of
any one of claims | to 9, characterised in that a conpound of fornula (V)

R | Ra,N‘éﬁ) Rb wherein R, Ra and Rb are as defined in claiml1, Xl

repr esent VOH0/ 735713 | eaving group which is suitable to be RGHEPPYA26d by a
am no group, 10 is reacted with a conpound HN(R4)-Cyt', wherein Cyt' is the
residue of a cytotoxic or cy- tostatic conpound, and R4 is as defined in
claimi1. 14. A process for the production ¢f a®@b d of any one of
clainms 1 to 9, characterised in 15 tha ‘ forooHa (VI) RO 1
Ni a/ YY (V1) Rwerein R, Ra and Rp : “hp claiml, Y
represents L-COX2, wherein L is a |Ii dre_and X2 represents OH, or
itated by a am no group or

hee
a leaving group which is suitable to bei?2

0 Isub
a hydroxy group, is reacted with a conﬁ@ﬂﬁ&’H

9t
pQHoy®' or with a conpound
HO Cyt', wherein Cyt' is the residue of am fc or cytostatic
conpound. 0 25 15.4focess for the productio conpound gfgyany one of
claims | to 9, charactierised in that cbniou H of fornmula (VRI) 14
Oct ober 2003 0 N
H
H/kn/N\/go O
NH 0
SAA

HO (HIF)

10. A compound of any one of the preceding claims for medical use.

11. Pharmaceutical composition comprising a compound according to any one of claims 1 to

10 9, and optionally one or more pharmaceutically acceptable excipients.



WO 00/ 71571 52 PCT/ EPO0O/ 04261 Rb wherein R-, Ra and Rb are as defined in
claiml1, Y2 is of fornula L-OH or L-NH2, wherein L is a linker residue, is
reacted with a conpound X30OC-Cyt', wherein X3 may be OHT bDciobefaudnNg group
which 5 is suitable to be substituted by a am no group or a hydroxy group,
and wherein %& is the residue of a cytotoxic or cytostatic conpound. 16.
Process foVWOt®é/157bducti on of a conmpoudd of any one of cl ai RETEPP0461
characterised in that 10 a conpound of formula (MI11) PG (VIII) Rb wherein
PG is a protecting group, and the other substituents have the neani ng as
descri bed BeVes @, a dompoembiceordiigtth any cremiclands HM( Ri)thpieparatidresfeiphacyt ' i s

t he residue . Le Qr o1 t ost.atl ¢c conpound; the protecting group
PG 1o then DessuE bEREN foaTord Pef G ISR of formul a (Vi vay O 1N
N-Cyt (MIVA) Ra Ro R4 is subsequently reacted with a conpound P&- A- X4,
wherein P& is a protecting group, and X4 represents OH, or a |leaving group
suitable to be 20 substituted by a am no group; and further coupling steps
are carsri ad. Akocets fore paiastion df Atcbmpbiltf df@ng&ét(ﬁ‘ POl cheraciefdeaiiped. 25
17. Process for the production of a conpound of any one of clainms | to 9,
char act er i sefi2iarommupdoidsrputd of fornul a PG3- N(R4)-L- COX3, wherein 1 4

Cct ober 2003
N
e X (V)
b

wherein R', R* and R” are as defined in claim 1, X! represents OH, or a leaving group
which is suitable to be substituted by a amino group,
10 ~ is reacted with a compound HN(R*)-Cyt", wherein Cyt’ is the residue of a cytotoxic or cy-

tostatic compound, and R* is as defined in claim 1.

14. A process for the production of a compound of any one of claims 1 to 9, characterised in

I5 that a compound of formula (VI)
rR" O
\
Nj)]\ 1
o/ Y (Vi)
R b

R

wherein R', R* and R® are as defined in claim 1, Y' represents L-COX?, wherein L is a
linker residue, and X> represents OH, or a leaving group which is suitable to be
20 substituted by a amino group or a hydroxy group,
is reacted with a compound H;N-Cyt’ or with a compound HO-Cyt’, wherein Cyt’ is the

residue of a cytotoxic or cytostatic compound.

25 15. Process for the production of a compound of any one of claims 1 to 9, characterised in that

a compound of formula (VII)



WO 00/ 71571 53 PCT/ EPO0O/ 04261 PG3 is a protecting group, and the other
substituents have the neani ng as described before, is reacted with a
conpound of fornmula Y4-Cyt', wherein Cyt' is the residud obcbeybed:oxi c or
cytostatic conpound; and Y4 represents HZN or HO 5 the protecting group
PG3 is then renoved; and the resulting conmpound HN(R4)-L-Y4-Cyt' is

react ed vmeO@,ﬂgﬁpound of formula (V1ks) PG 0 1 (Vill) AbpdRRpsset tlng
group PG is then renoved and the resuFtl ng conpound of for Tyﬁ @6?-12%?

Cyt' Ilib R4 10 is then reacted with a conmpound PX4- A- X4, wherein PA is a
protection group, and X4 may be.OH ©or a |eaving group suitabl e to be
substituted by a am no group; d fyyther coupling steps are carried out,

i f-necessary, until the conpl et e is obtained. 15 18. Process for
the production of a conpoundg®f fdrmulh (1), char®®erised in that a
conpound of formula PG5-N(R4)-L-M8, wherein PG5 represents a protecting
group, Y5 represents OH or NH2 and the substltuents have 20 the neaning as
descri bed bef sherein R, Rbanst Ricarevas defined pvgheomld Yo fis fformulal XBOor GNEL, wher ei n

Cyt' is the r%br@iﬁ%@al%k&é’&%@@“ c or cytostatic conpound and X5 is OH or a
suitable | eaving gro

is reacted wnth a compound X?0OC-Cyt’, wherein X may be OH, or a leaving group which
5 is suitable to be substituted by a2 amino group or a hydroxy group, and wherein Cyt’ is the

residue of a cytotoxic or cytostatic compound.

16. Process for the production of a compound of any one of claims 1 to 9 characterised in that

10 a compound of formula (VIII)

PG\ k O
a/N\()in (Vlﬂ)
R Lo

wherein PG' is a protecting group, and the other substituents have the meaning as
described before,
is reacted with a compound HN(Rd)-Cyt‘, wherein Cyt’ is the residue of a cytotoxic or
15 cytostatic compound;

the protecting group PG' is then removed and the resulting compound of formula (VIIIA)
O

R? [
b 4

R R

is subsequently reacted with a compound PG*-A-X*, wherein
PG’ is a protecting group, and X* represents OH, or a leaving group suitable to be
20 substituted by a amino group;
and further coupling steps are carried out, if necessary, uﬁtil the compiete compound is

obtained.

25 17. Process for the production of a compound of any one of claims | to 9, characterised in

thata compound of formula PGP-N(RY-L-COX3, wherein



the protecting group PG5 is then renoved; and the resulting conpound
HN(R4)-L-Y5-CO 25 Cyt' is reacted wwth a conmpound of fornmula (VIII) PG Q
1 (VM) 1 4 Cctober 200 3 H N Ra PCT/EP00/ 04261 Ot T NdctobeBEGy | 0 Rb
R4 is then reacted with a conmpound P&2-A- X4, wherein P& is a protecting
group, and X4 represents OH, or a |leaving group suitable to be 5

substi t ut egon/AsaM no group; and-furt@gr coupling steps argc-faiphhBshaqut .
i f necessary, until conplete nolecule i'S ob- tained. WO 00/ 71571 the

protecting group is then renoved and the resulting conpound 19. A conpound

of for mle_a VHp&3 10, f)’r%'tec‘:ﬁ?g/ orbg, andiHBVuRE sdodifub A have the meaning as described

before,
is reacted with a compound of formula Y4—Cyt’, wherein

Cyt’ is the residue of a cytotoxic or cytostatic compound; and Y* represents H,N or HO:

5 the protecting group PG’ is then removed; and the resulting compound HN(R*)-L-Y*-Cyt’
is reacted with a compound of formula (VIII)
PC?' O
N
e \()kx‘ (VI
Rb

the protecting group PG' is then removed and the resulting compound of formula

H O
N#L
Ra/
b

R R

N—L—Y%:-Cyt
| 4
10 is then reacted with a compound PG*-A-X*, wherein
PG" is a protection group, and X* may be OH, or a leaving group suitable to be
substituted by a amino group;
and further coupling steps are carried out, if necessary, until the complete molecule is
obtained. |

15

18. Process for the production of a compound of formula (I), characterised in that a compound
of formula PG*-N(R*)-L-Y?, wherein
PG’ represents a protecting group, Y represents OH or NH; aﬁd the substituents have
20 the meaning as described before, |
is reacted with a compound of formula XSOC-Cyt’, wherein
Cyt' is the residue of a cytotoxic or cytostatic compound and X is OH or a suitable
leaving group;
the protecting group PG’ is then removed; and the resulting compound HN(R*)-L-Y*-CO-
25 Cyt’ is reacted with a compound of formula (VIII)
PG' Q

\
N\'/“\ 1
a” X (Vi
R o]

R



wherein Ra, Rb, R4 and Cyt' are as defined in claiml.
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the protecting group is then removed and the resulting compound

y 0 0
N 3§
R’ J}I—L—Y Cyt
rR® R

is then reacted with a compound PGZ—A—X4, wherein

PGlisa protecting group, and X* represents OH, or a leaving group suitable to be

5 substituted by a amino group;

and further coupling steps are carried out, if necessary, until complete molecule is ob-

tained.

19. A compound of formuia VIIIA

R* b I,

wherein R*, R®, R* and Cyt’ are as defined in claim 1.

10



