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Field of the invention

The present invention relates to the field of tumor treatment by administration of a prodrug
that is converted into a drug at the site qf the tumor. In particular, the invention relates to
prodrugs which may be converted into a drug by the catalytic action of FAPq, their manu-
facture and pharmaceutical use.

Background and prior art

The human fibroblast activation protein (FAPa) is a M; 95,000 cell surface molecule origi-

55 nally identified with monoclonal antibody (mAb) F19 (Rettig ef al. (1988) Proc. Natl. Acad
Sci. USA 85, 3110-3114; Rettig ef al. (1993} Cancer Res. 53, 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). FAPo. 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-

»  amino-4-trifluoromethy! 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
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met ast at | ¢ carelie-designed so that the toxic agents synthesised in their prodrug or inactive forms are
rendered active when and where required, notably in the cancerous tissues (Panchal (1998)
Biochem, Phamzacal 55, 247-252). Triggering mechanisms may include either exogenous
»  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 et al. (1992) Cancer Res. 52, 44384-4491: 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
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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.



very |l ow concentrations of unbound enzyne can catal yse enough prodrug to
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s A “prodrug” shall mean a compound that, on administration, must undergo chemical con-

version by metabolic processes before becoming an active pharmacological agent. In par-
ticular, a prodrug is a precursor 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, 35-63). 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
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is converted into the drug, either dire th'or indirectly. Indirect
activation would be the case if the cleavage product of 1 4 October 2003 WO

00/ 71571 5r£%d%5ﬂ96191ﬂ2 %w at least 10% conversion to free drug,

listed below. More preferred are compounds that show at least 20% conversion to free

under standard conditions

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 wM and incubated with 100 ng CD8FAP, (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;



the FAPa catal ysed step is not the pharnacologically active agent itself

but undergoes a further reaction step, e.g. hydrolysis, 0 tive.
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conver si on_t gthf(ree &EPE‘% E’é r standard condjtions |isted below. More
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context, siEntfirig2-o8dil-hexahyreo-ho.d2-drettydrreat 3ebydrotyzous)- 1Eaethogpepeund is

di ssol ved dide ) i el , at a final
concentratllon o%ﬁ%ﬂM a %u ; eé‘%goépganfgg h&'%ﬁ%ﬁe(see exanple 4) for
24 hours are&cid@l. Rel ease of free drug by CD8FAPa is determined as de-

scribed in exanple 5. 25 Preferably, the present invention relates to a
conmpound of forrmula (I) R | b RR4 or a pharmaceutically accept abl e salt

L her eofs, _uhalcelarly FefcfreP@IRSE SofBoubil AfFoRRT Wk 104 | oE;
particular,a di-_or tripeptidoyl group, the N-term na am i’:rnctlon
of whi ch r%y&bég -Bra gtk éiDﬁuoB"&v %W%thg gr oup,

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



0 Re~N ~"C (1) 1 4 Cctober 2003 WO 00/7.1571 6 PCT/ EPOQ 04261 R and Rb
together with the interjacent N-C group form an opt| onal I Y g)u?)}le %@é
optionally benzo- or cycl ohexano-condensed 3- to 7- ere (P%9%d or
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repl aced byawe7i@ior S, R4 represents H, C -C6-al kyl, C3vcraywedqadikyl, aryl
or heteroaryl; and 3 Cyt' represents the residue of a cytotoxic or
cytostatic c ound, wth the proviso that, ‘

N2- acet yl - gif gi nyl - L-tyrosyl -L-gl utam nyI -L-seryl-N-[2, 3,6-tri deoxy-
I-O-[(1 S, 3 o :

1- hexahydr o- ?‘Sr é‘féf“r i‘%ycfr%?&-%%ﬁ’bxyacet yl)-10- et hoxy-6, 1 1-di oxo-1-
napht hacenyl ]m:ssdnpiitagerlﬁohykﬁrmexopyranos 3-yl]-L-prolinamide; and ,a
N2-acetyl -L a L-tyrosyl -L-glutam nyl -L-Beryl -L-Beryl-N-[2,3,6-tri
deoxy- 1- 0- [(‘ln@gg@?aﬁ 2,3,4,6,1 1

- hexahydr o- 3,95 82 44, hydroxy 3 (hydr oxyacetyl)-i O- net hoxy-6, 11-

di oxo- 1- napht hacepﬁ‘] al pha. - L- | yxo- hexopyr anos- 3 yI7] L- proli nam de are
excl uded. Furthepagre ipesferaed ape thoet eompstindsraf fermulad, wherpio RAR anfl RE @sdhihde- | |

wh I whi ch
&t epr ooteat ) PSS Bloch SO 8 orf drcl B Cd B Hom ¢ e Sr oup
consi st - CH@MCEEEHQD(CEB&(IH(%,,C}R@H}HEK@IQ ROHE; H@'CI-B50 ﬁ? n R5is

et of oary @%&9358%‘&%53359%% . s e - ©

(R) - H2NCHESER,CH(O t ng group for
the protecti on of( {—I%e N-term naI am noH%%'%gHz Hﬁ}% %Sﬁgﬁgﬁb each

i ndependeﬂ@p@%pmﬂzﬁﬁzeﬁzb@(ﬂ@)@%ﬁMﬁO}ﬂHﬁﬁzcaerb@b(yimmyac- i ds of
the formy %}}5@ (X)p-CQ - wherein X represents CR7R8 and wherein R6, R
23 and R8 C ndependently represent a hydrogen atom an optionally
substi t ut ed Cl - @ds-al kyl, C3-Cs-cygloal kyl, aryl or heteroarylgroup, and p
is 1, 2, 3, 4, 5 or A B and D 1 independently represent noieties
derived f C am no ca

L o U

Iz

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.



ylic acids of fornula 1 4 Cctober 2003 WO 00/ 71571 7 PCTI EPOO/ 04261 wherein
RO represents Cl-C6-al kyl, OH, or NH2, mis an integer fjrﬁg}th oﬁ%@ qis
O, L or 2;and r is O, 1 or 2. Furthernore preferred are t SOPELAEUNds of
formula I, wherein R, R and Rl each inde- pendently represent a hydrogen
atom or CH3WOOGHBOH2-, CH3CH2CH2-, (CH3)2CH, CH3CH2CH2Gr&rEro0odds) 2CHCH2- ,
CH3CH2CH( CH3) -, (CH3)3C, HOCH2-, CH3 OH)-, CH3CH(OH) CH2CH2-, :
HOCH2CH2CH2CH2-, H2NCH2CH2CH2-, H2NCH2CH2CH2CH2-, 10 H2NCH2CH( OH) CH2CH2- ,
H2NC( =NH) NHCH2CH2CH2-, HSCH2-, CH3SCH2CH2-, HOOCCH2-, HOOCCH2CH2-,

H2NC( =0O) NC(.=0). CH2.CH n ara-hy- droxw-benzyl, 15 cycl ohexyl,
phenyl , ﬁgﬂfagj}%oﬁléﬁégﬁ%?%e%gsﬁp ?1&3@3?(%68?%?@@3&%%}&#5%&@aor S, if R
i's other tgaump btainbiety tBers tb 3 gphufce madidty which Rey bstiopalBfte sattidtdd byidhe P 1S
greater than onei, R and R are preferably. H Another pref errpg enbodi ment
of the pre¥efyers!glonsn Apms hedrerdsaind fydurde-gnme, it G-alkyl-amipoyfer ei n t he
het er ocycl ¢Lailhiiagly ftRib I i n hnicgygracesi C is substituted
by R2 and R%,vaj”llg}r,’ei ng%cgﬁd@%{g“dgggﬁ %g‘%—éﬂ’dgﬁ{q}s ggpré’sent a hydrogen or
hal ogen at SHCGTNEINEG] - ©6CatycidalkyCaryber hétkrphmhiuhsituedis-, Ghichirag bk jdeatitano,

C1- Co6- al ko%ydnetamtf?ér’orﬁ:ﬂfegg' al kylthio, oxo, imno, fonyl, Cl-C6-al koxy
carbonyl, amno car bonyl, -C3-cycl oal kyl, aryl, or het- eroaryl group. 25
Unl ess indicated otherwi se, the sinple stereoisoners as well as m xtures or

racemat es Qf ftl@gﬁ st er eoi sogers are included in the invention.
" Cl1- C6- all k@fa'o B 'I°§S &) PR e e d bE WRRPEf¥ETRIFai ned or branched
hydr ocay bon radi cal hav- 30 ing 1 to 6 carbon atons. 1 4 Cctober 2003 WO

00/ 71571 8 PCT/ EPO0/ 04251 The term "optionally substituted" as used
her ei nabovidetdyl, ¢tbylehrapsd| lomethyiethyl @sopropy).tbutyh T-methylprapyl, 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

CH,-

It a C1-Ce-alkyl group is substituted, the substituents are preferably hydroxyl, amino, di-
methylamino, diethylamino, thiol, methyl-thiol, methoxy, ethoxy, =0, =NH, -CHO, -

»  COOH, -COOCH;, -COOCH,CH;, ~CONH;, -NHC(=NH)NHj, cyclohexyl, phenyl, benzyl,
para-hydroxy-benzyl,



group or a noiety refers to a group or noiety which may optionally be
substituted by one or several hal ogen atons, hydroxyl

Cl- C6-al kyl - anmi no, di- Cl-Cé-al kyl-anino, ClL 5 06-al kyl - 02£Qﬂ?%¥%?903
Cl-C6-al kyl -thio, =0 NH, -CHO, -COON, -CONH2, - NHC(=NH) NH2,,

C3- C3- cycl O¥PRY1157Iary| | or heteroaryl gybstltuents whi chropyprtigadsient i cal
to one another or dlfferent The follow ng radicals nay be nentioned by way

of exanpl e: Qg et hyl , propyl 1- net hyl et hyl (i sopropyl), butyl,
1- et hyl propyl , Hethylpropyl dlnethylethyl n- pentyl,

1- net hyl but t hyl but yl | butyl, 1,1- dlnethytpro- pyl ,
1, 2--dinet ﬁ 2, 2- d| rre?ﬁ@r\r?ropyl 1-et hyI propyl, hexyl,

1- net hyl pek Hh- pen 3 nethylpentyl 4- et hyl pentyl ,

[
1, 1-di et hylBttyl, 1, 2- dlnethyl utyl, 1,3-dinmeth 15 yl butyl,
2, 2-di net hyl butyl, 2, 3-di nethylbutyl, 3,3-dinethy|buty|, | - et hyl butyl,
2-ethyl butyl, 1, 1, 2 trlnethylpropyl 1,2,2-trinmethyl propyl, 1-ethyl- |
-nmet hyl propyl and | -ethyl-2net hyl - propyl HOCH2-, CH3CH( CH) -

CH3CH( OH) GFEGEZ—alkylhmblé’tﬁhﬂd]vﬁﬁldiyl héteNGiD @ﬁ;gdg b@}@%&
H2 NCH2 CH( O—Qb H2NC( =NH) NHOH2 LR OLE - 2%“’ bref,

HOOCCH2 CHZ ﬁgﬂﬁf W2-, H2NC(=0) CH2CH2-, benzyl, para- hydroxy benzyl
CH2 CH 25 or NJ 11 2 If a Cl-06- al kyl group is substituted, t he
substituents are preferabl hydroxyl am no, di- methylam no, diethylam no,
thiol, metigtermpiasmino plsanepk\and & Hmnwﬁdcﬂ” im:Nﬂlng “@EHAY, tripefiRYE’ as LLPCHS,

pmi %ﬁ?‘@g%f hergih@icl%l Lél reSpﬁé%C Lohe dfiqg'l-}le g%;:idlch?gt%tmlzh an amino

acid or an oligomer comprising up to 12, preferably 2 or 3 amino acid moieties is attached
C-terminally to the nitrogen atom of the heterocyclic ring via an amide bond,

10
A person of ordinary skill in the chemistry of amino acids and oligopeptides wtll 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-



PCT/ EPOO/ 04261 1f C,-C6-al kyl is substituted with aryl or heteroaryl,
Cl-C6-al kyl is preferably Cl, nore pref- erably a nethyl en rqup, The
terms "am no al kanoyl" and "ol i gopeptidoyl"” including "dﬁ-g(gg:tc%%rﬁgé%i doyl "
as used hereinabove or hereinbelow with respect to radical R describe a
radical in woew@m amno acid or an ol igoner conpri si nngg‘,E?,@m],gm
preferably 2 or 3 anmino acid noieties il§ attached Cterninally to the
nitrogen atom of the heterocyclic ring via an am de bond. !'a A person of

ordi nary sktdxylaiet atdy pelyRfrshayedQiyl @RANRA, fOjHS IRB Lyl & £tia§'§§g§¥yf A
readily appreciat tﬁat certain amino acids may bé replaced By other
honol ogous,‘mﬁ[%rSg’f‘@ € and/or isolectronic anmno acids wherein the

bi ol ogi cal activity of the original amno acid or oligo- peptide has been
conserved upon nodification. Certain unnatural and nodified natural as

am no aci dSCarhy Cagleatkbegeanerally reprtsents ayeljyl hydwcarhen rdicaldsponaling cabddir al  am no

aci d- Thus Lo I osi,n be repl aced, by  3-i.odqf yrosi pe, 2- or

3 et hyt 't y PSR RER o P S et 8% SR BSORG Btp e e

her ei nabovemb, tieCeCrbikyioming, (h-Cseikiyk C-OsQlkglogy, akipl, &, Thialibi-ths, apt ached to

the N-term itrogen_atom of the am no al kanoyl or oligopeptidoyl group
Rit @018k g R, “clop B o e BB NS o isger. ¢ ho

of radical

enzymati C ssgfhadalyam fby i8R URIh M LIBFREGSENt | nvention by the
action of amino peptidases which are present in the blood plasma of warm

bl ooded ani mal s. Suitable capping groups include Cl-Cho al kanoyl,

C6- G s-aryk - -al l. ' -C18- anyl -C1-C10-al kyl sul fonyl . ~23 Such
cappi ng gr o%%gm%c s%ﬂ{lé]ﬁa?%‘ied }ﬁ% ra(%:?)‘f"ﬁ alnfiéerﬁ’%% ‘Fr%t%d?%ﬁ%g? I‘W#‘l’:ﬁ famed chosen
upon the by Bandde todettey dithpitv ihtefackntne G o genyralySepiRsRBA3 f07-9r oups

i ncrease themp%/{dcg op%li | ci t¥ of the gcgg@ounds,of the present invention and
thus enhanBEMPHED PrEgrtibits Pt §F §-MeBBEbI- et heterpryche Hpdvspmiconci ty
enhanci ng gai dhe nBfdRuPSoRAd BpESaNRDbY2 mh%&%&&%&ﬁ&g& %f?;ttﬁf

al kanol, pol yhydroxylated al kanoyl ,” hydroxyl ated aroyl, hydroxyl ated

ar yl al kanogfoup poniijegenjoxygerandiseifurpghigh meybOmbREEEd byl OneREFAERD BA62EA6 1

droxyl ated ~_Po ydAr px - al kanpyl. olyet hyl en | ycol,
gl ycosyl at %tgﬁlgét%bgﬁswhgﬁeﬁ%&g?ﬁ{éﬁé és'a&g&@qb—kﬁg}lﬁ(ﬁéf’ %"éeﬁéﬁﬁl ly
r epr esent salkyithid, oxd) yrino,cfamplo )-Cadikos} caftsnyingnido tabényt; @ mycloalkyl, aryl,

or heteroaryl groups, which may be identical to one another or different, and which optio-

- nally may be benzo- or cyclohexano-condensed. Such heterocyclic rings are preferably aze-
tidine 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



3 atons which nmay 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- ail

Cl - C6- al kyl oxy, thi ol, C-Cs-alkyl-thio, =0 =NH, - @éﬁf-@bef

- COOCH2CHS3, -NHC( =NH) NH2, or hal ogen substltuents , Which may be
i denti cal t%og%és"dnot her or different. 11V "Heterocyclic riGigErig8+26sed
her ei nabove and herei nbel ow wi th respect to the group formed by Ra and Rb

h C [ 3 7-
hevber od, RS bR O A b B P R B e B PR RN £ (7 ng
system cdwdrcbcwphmyg 4cydronyiphays A-atissphengl, DRmindpRkY, 3lanfio-ghaggi t i onal

het eroatons selected fromthe group of nitrogen, oxygen and sudl fur, which
may be substituted by one or several hal ogen 15 atons or Cl-Cé6-al kyI

Cl- C6- al kyfeam lggubsmuteglth@@ﬁt% 1K¥ht§'a}erﬂ?efet%ly R E@B‘Iyprogﬂi Plnett g? gﬁ |

al kyl t hi o, oxo, imno, fonyl - C6-al koxy ca bonyI" no ¢
C3- Cs- cycl sabiepyl), bat‘yyll-metbylpmrleimlwlprqwbddsdlmaﬁhylcﬂhylnhgdrdnql |adm1;| cal to

one anot he r

cycl ohexanc{)m‘g&l g’ nség%ﬂgh%'ﬁﬂﬁ ﬁ{;r oc?@mtga’rlf‘%g%wy?tgﬂ’ér m(?’a%%ze- tidine
or are derGO@AH;, r-dMHﬂHl;,;orgttomu ally hydrogenated pyrrole, pyridine,

t hi azol e, isoxa 10 zole, pyrazole, imdazole, indole, benzimdazole,

i ndazol e, pyridazine, pyrimdine, pyrazin group. Mst preferred are

azet i di ne,«pRyk s giiRRuly Ropfesd@hy 419 @UJirfeﬁJbbr@!i B®mafid i?é?érb%’ Fle[an%yét T <uch

hydr o- 1H-azepi ne, octahydroi ndole, imdazolidine, thi
het er oeyc Iqontaw.lngd to$ hetebeatomusetagtedifto the Beup Dﬁmttbgname’gm, ef aﬂﬁublwhacmat hyl ,

St oty o B aptiodahy b SE AR bDibne bt ROBRORNaksL, S o1 CrralE-Hieb ﬁf’ﬁb

d| et hyI arg.srutkyl-tdine) ;- @pmhyul E€1-0i- enkylofgetmaxa,-cgmammo -CEIdD-coogpOH, - COOCH3,
I ener.a represents an aromatic rin system

with 6 Wé%%ggébéﬁzﬁ} g noF, alﬂﬁ%" Sl@gﬂtb\ﬁ’ﬂ%whﬁwabb% 1%#&1&115@0@3 Y

subst i t ut gdathdr & AETRd saﬁxed}@h %60 Wlay b@HAH2
Cl - C6- al kyl Oam no, Clnt C6- al yIOB %Bay OX;?%%%H%K%H@SH ﬁ%erftgt hi o,

- CHO, #COmNy pr mdenvmm%e py@d&momnemn@gemmszmursimmm s, which

may be id l. Lffer |onlIy may be
benzocond R‘take:(gg ﬂag‘foq Bmt%ﬂ%@g g htﬁerﬁ? %d%:'tb’c%zéW %”\aﬁ[’%@ﬂ?‘fgwf 11

PCT/ EPOO/ wac&imb@yprmﬁm ﬁjzrhgane;lehmmﬁné pyiEne) SN leniné, GLBifie hyaxRNpPl es bei ng
phenyl , ﬁgﬁdroxy Ehenyl 3- hydroxy-phenyl, 4-hydroxy-phenyl,

4- am no- pREASHS Y2 no- phenyl , 3-am no- phenyl If aryl is substituted, the
substituents are preferably nethyl, ethyl, propyl, 1-nethylethyl

(|sopropyl butyl, | nethKIpro yI 2- nethylpropyl 1, 1 -dinmethyl ethyl,
hydr ox¥l , emjiryl is substituted, the substituents are preferably methyl, ethyl propy!, 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



di met hyl - am no, diethyl-am no, thiol, rret hyl -t hi ol , nmet hoxy, ethoxy, -CHO
-COOH, - COOCH3, -COOCH2CH3, or -CONH2. "Heteroaryl" genqr{igcxb Bpg ents a
5 to 10-nenbered aromatic heterocyclic ring system 10 con ?ﬁé

het er oat ons sel ected fromthe group of nitrogen, oxygen, or sulfur, vvh| ch
may opti onaMowess7substituted by one or1 several hydroxyl , p@EFBw4261

Cl- C6- al kyl -am no, di- Cl- C6-al kyl - ﬁo Cl- C6-al kyl , Ci1-C6-al kyl oxy,
thiol, Cl-C6-alkyl-thio, -CHO -COC]\I - COOCH3, -COOCH2CH3, - CONH2, or

hal ogen substituents, which may be tical to one another or different,
and which optionally may be bHN sed, Hegferoaryl substituents 13 may
preferably be derived from furane, ol e,0 ophene, pyridine, thiazole,

i soxazol e, pyrazole, imdazole, benzofuran, t yjanapht hene, indol e,
benzi m dazol e, indazole, quinoline, pyridazine, pyri m di ne, pyrazine,

chi nazol i ng i Reur urlal Ry uracil.
16 17 het o e o e Qe Pimle D OVE” e PTGy

ethyl, propyCyt'is g@‘termd bydhhgﬂzmatsmhamgel of thetauuc}el bondl shmtnhy Ifmmlaxl)

2- met hyI pr yl et .dr 0X di. met - am no,

di et hyl - amﬁ%k" B H2 CM Q%Icﬁ?%%#ﬁ& °Séat“ﬁ6t§‘§1f°f%&ﬁ4tﬂkef _ COOCHB,
- COOCH2 GH3 clemted oﬁ}@dHQCyt] dni R&@tqﬁlﬂﬁ sﬂ.’fp réleftg Qb toBE oLt RRLBhbdnt. %FPOU nd"
nmeans that the conpound which is released upon cl eavage of the

ani de bonde’éqmﬁﬂtheﬁo?‘B?‘FFﬂlI”&Nci}'/)CYt ' dnayibe fgdrolysadgindss Rhysielpgien) corgitions ¢ it sel f
or may be GENYedhRfnd n_Lacﬁyarmttﬂébﬁo@;uc%yaﬁémwc% B RILRG) DidtpSeDs e

quent step. 30 In the [atter case, - Cyt be ar
-L-Cyt", wHemetive therapsutic dgeniddn the Ssllovire, onlethe\xem Eytbinueedfof honl Ciro ard

nol ecul e, - n m o al cohol H2N-L' - OH,
for exanpl 69{ gﬁrﬁs{%\%gﬁ%{lﬁd@ egﬁ%ﬁ%omwﬁgﬁ " carbonate, for ex-
anpl e 1.4 Oct ober 2003 V\D 00/ 71571 12 PCT/ EPO0O/ 04261 O 4 OH or an unnatur al
am no carb Cc_aci f or mul Cyt", the _compound H2N-

oy S meRti ey bl phielhe crumabettr Hwiieaiononsehons | n
for nul a ( | $onventidBal GOARREH I d B Nndd fréal hon-FoRIE RS gaid S R¥nS Rlds B Q4R 1 C

itself or the linker residue ) )
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

1
R o
N (18)
Ra,,ﬁ_ N—Cyt
X—Y iy

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,



s cleaved off fromCyt" in a subsequent step releasing the cytotoxic or
cytostatic agent. For exanple, the conpound H2N-L'-Cyt" h | ysed
under physiol ogical conditions into a conmpound H2N-L' - C]—ilngx)(f%ﬁ]r%%@g?ot oxi c
or cytostatic compound H Cyt", which is the active therapeutic agent (In
the foll owW@00/HATly the term Cyt' is used for both Cyt' arch/Efgidzsr and only
the termL is used for both L and L', Tor sinplicity). !'0 The
pharmaceutically acceptable salts of the conpounds of the present invention
i ncl ude t Reefergblfiviearnt Fasbal atomf thexcydicsalitosacidorsibe if racemindie- 6RARVS) confer gani ¢
or organic_acids. For.exam e, ~such conventional non-toxic salts include
those froMT 18?’9'%%?8“5?5%%’50%(5&16"35”% %Hb%ﬁ’a&“’“faﬂx pﬁ‘%rﬂ',mdmlog‘ﬁfeﬂ%@,

sul furic, @ehchrbtem isRJ_FS&)RJ‘éﬁﬁ%ﬁaﬁd?ﬂahﬂR?ist’ﬂ!dn%ﬂé?évéd_t"&%{tRaﬁ‘b}lhﬁsﬁ?ek&g_ pre 1s
pared from organic acids such as acetic, propionic, succinic, glycolic,
stearic, IbAinit@nspagition. tartaric, citric, ascorbic, maleic, phenylacetic,
glutam c, benzoic, salicylic, sulfanilic, oxalic- trifluoroacetic and the

| i ke. Preferred conpounds of formula | are those of formula A RL E N-Cyt'

X-Y R4 20 RinBY micferally, refRBsenRabydBydeh ammeorasmetil atied] phepyk isophpyie pheyl,
represents_an am no al kapoyl or oligo j dqyl, group, d X-Y represents
CHR2- CH2, mtﬁwotﬁﬁo’éﬁgﬂhmqs%’%%%w@ﬁ%@?;%PW@‘W 2provi so
that R rwa@gmtm@ﬁamm_e%K?%yi, isoftopyl OF phdn{IReRly, AR pret by aﬁg- R
represents an 13 oligopeptidoyl having nore than thfree amno acid noieties
whi ch doedlregsh a08ht ain a G n- Ser anino 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 the a carbon atom of the cyclic am no acid

resi due i Partmglerly preferreé coropoupl &)fonmitd 1A arguelatéddiom thesomuteTan alsy of (S)
confi gur atliég%4i n gﬁ)arti cularly prefererred enbodinent, the a carbon atom
is of (S gj‘ﬂ? fion and R2 is H In the event that RZis OH it is
prefera- bly in trans positiggn. '

<‘§|/\./U\N/Cyt' (IA1)

! H

g
Cui

R' O

\ )
N%N/CW (1A3)
Lo

15 N

RO

Ny N (1A4)
L7

T

N\E/[LE’CW (IAS5)

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



to R2, R3 preferably represent a hydrogen atomor a nethyl, ethyl, propyl,
i sopropyl, phenyl, nethoxy, ethoxy or hydroxy group, nostj Qr@ét%atﬂo&a
hydrogen atom R4 is preferably a hydrogen atomor a nethyl, € <DSJ’I,
propyl, isopropyl or phenyl group, nost preferably a hy- drogen atom
Parti cul ar lyopgrakarred conpounds of fornmula | A are sel eCtﬁﬁé/ﬂog} e
formulae 1A, 1A2, 1A3, I1A4 and IAS R4ON N, Cyr (W H IS Oyt EQZMI Cyt'
R ONNCGCyt'" H((IA2) (1A3) (1A4) (1 A5) H2N-Cyt' is preferably an

ant hracycline derivative of fgrmulgHll 1 4 (october 2003 WD 00171571 14
PCTI EPOO/ 04261 wherein represents Cl - al kyl, Cl-C6 hydroxyal kyl or
Cl - C6 al kanoyl oxy C, - \ LATP L %c met hyl , hydr oxynet hyl ,

di et hoxyacet oxymet hyl @w ; M4 represents hydrogen, hydroxy
or Cl-C6 al koxy, in parW 3 ) one of R and RR represents a
hydrogen atom and the otjher fleprelsent g™ hydrogen atomor a hydroxy or

t et rahydr opyr an- 2-yl oxy (FﬁTHPO) gratp. @aricularly prdilerred are the
fol |l owi ng conpounds of fornul %ﬁell' o

R™—
RT NH,

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-Z—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-



R RIR R Cyt CH2O OCH3HOHdoxor ubi ci n CH3OCH3HOHdaunor ubi ci n

CH2 OHOCH3OHHepi r ubi ci n CH3HHOHI dar ubi ci n CH2 OHOCH3HOTHPTHP

CH2 OHOCH3HHesor ubi ci n CH2OCOCH( OC2H5) 20CH3HOHdet or ubi ci nf 4 October 2003
CH2OHHHOHcar mi nor ubi ci n CH2ZOCOCAHIOCH3HOH 10 Most preferred i s doxorubicin

(Dox). O h@fp dapiot oxic or cytostatic residues Cyt' nay bgcﬂ%ﬁd/o‘é% for
exanple fromnethotrexate, trinetrexatld, pyritrexim

di deazat et r ahydr of ol at epyri nmetam ne, trimethoprim 10 propar gyl -
8- di deaz aE&h&&s%amﬂubxﬂfsaml RQervied of/t‘he &mgmt&emhﬁu s) n@vmt] et r@ﬁi' ne,

am nogl utet hi m de, goreserelin, 1S nel phal an, chloranbucCil, anal ogs of
ot her chen®'t Génr. d{%{htAﬁc Sé@eﬂﬁ%3ﬁ,ll‘mrels a@““aﬂn%l&ﬁﬁ&%)h‘é@hmpatlﬁmmmhrml es see

oof 571" v Syt s 0 s mpn Rt PR e ” ™

canpt ot heggnsahnl ogs. [Review ." Hematol - col. din. North Am 8(2):
333-355; lyer, L. and M J. Ratain (1998). CI I ni cal pharnmacol - ogy of
canpt othecins. [Review] [137 refs]." Cancer Chenother. Pharmacol. 42 Suppl:

S31- 343. ) 13rokhuth o, r@yt’emﬁﬂ Also @atblolﬁg)éal afreforfoiduli vHiQikal du%f:tflfcﬁilf?& mol ecul e

which either directly or indi- rectly effects destruction of ‘tunor cells,

li ke for &c&yrp‘ft@tsTdﬂEtmcno:Ppﬁthmm edlls dika figrl egamplé THFxno car boxyl i ¢ aci ds from
which the A, B, and D units nay be de- 'o rived are glycine (Ay), or the
D- or, nore preferably, the L-forns of alanine (Ala), valine (Val), I|eucine

(Leu), i splegifddRRarh 1ésaﬁf,amma,ejatsﬂoajn@rabmefr6ﬂhﬂﬁch thy AOB] 3@ If Unifs)mayttieip: Ophan
(Trp), cystel ne (. rret hi onine (Met), serine (Ser), threonine (Thr),

| ysi new ( Ly¥gd araglgﬁlm X% 2145 D- opjmaqre erfféabéﬁﬂﬂse)bf%ﬁaﬁ:%]ﬂqed%i ligeasp) |
1 ane- 4- n§ b Y E'Te“m%‘ié‘ﬂﬁ Ry st R 00, 7 il
cysteine (Cys), methionine (Met) serine (Ser), threonine (Thr), lysine (Lys), arginine (Arg),
histidine (Pﬁs), aspartatic acid (Asp), glutamic acid (Glu), asparagine (Asn), glutamine
(Gln), proline (Pro)}, trans-4-hydroxy-proline (Hyp), 5-hydroxy-lysine (Hyl), norleucine
s (Nle), 5-hydroxynorleucine, 6-hydroxynorleucine (Hyn), omithine (Om), 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):



is (Nle), 5-hydroxynorleucine, 6-hydroxynorleucine (Hyn), ornithine (Qm,

cycl ohexyl gl ycine (Chg), phenylglycine (Phg), glutamne (dn), . :

cycl ohexyl al ani ne (Cha), nethionine-S-oxide (Mt), 13-cyélompsenypoaani ne

(Cpa), tert. -leucine (Tle), or homp-serine (Hse). Prgfferred f:orrpgunds have

t he general a (1), wherein the A unit is derive roma 0 ni ne,

val i ge (Val‘yégq'/euéi nt(a %Leu) , i soleuci (I'le), phenylal arf’cﬁé‘q‘%@ﬁé .

tyrosine (Tyr), tryp tophan (Trp), cysteine (Cys), nethionine (I\/Et) serine

(Ser), r ine (Thr), lysi %(Lys), arginine (Arg), histidine (Hs),

aspartatlﬁgzggd (Asp), glut ahc acid (¢ t?}q? aspar agi ne ( A4RY), gl utam ne

(Gn), pragipe (Pro), trans 42)hydr oxy- qu[{)Hne (Hyp) , (11? oxy- | ysi ne

(Hyl), norleucine (Nle), 5-h droxynorl euci ne, hydroxyn euci ne (Hyn),

orni thine H®d), or cy zs cl b%exyl gl yciHelsgthg) , phenyl gl y2d)ne (Phg),

gl utam ne ! cycl ohexyl a %nl ne (Chaj, et hioni ne( ﬁoOXI de (Met(O),

B- cycl oprop;%1 al anl ne (13- Cpa¥ tert. -1 Pu%i e (Tle) or - serine (Hse).

Particul atl¥lypreferred are tl§se conpolgdllof formula (1), 2mherein R is a

001 71571 F5PRCTI EP00) 04261 HBng(1) i+ T{ GV 1t Lys(2) H“thf’%ﬁé) e
71571

RIP{a(3) H HeppRd) H- Al a(4) Cg- Gm(gl) H Hjog-8<e0- N e(22) H- Prefy6) Cg- Val (23)

H Phg(7) Cg- Met (24) H A n(8)H—Xxx-Lys(2_% Htrans- Hyp(9)H->?x>2 Hyn( 26)

H Val ( 10) H-5k- Pro(27) H Chaf®1) H Xxx- HSPE8)ys H Met (12) H X&%- Met ( 29)

H Nva( 13) k- a( 30)  H et (g9) (14) Co- Mopxe i 31) (26)
H-Val (10) H-Xxx-Pro @27
H-Cha (1) H-Xoox-His C(@28)
H-Met {12) H-Xsox-Met (29)
H-Nva (13) H-Xxx-Ala (30)
H-Met(O) (14) Cg-Xooc-Hyn €h))]
H-B-Cpa (15) Cg-Xoxx-Ala-Gly (32)
H-Tle (16) Ce- (X0} r-X0cx-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-
s tived 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—

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

Preferred anthracycline prodrugs are the compounds of formula OT



H B- Cpa( 15) Cg- Xxx Ala-dy(32) HI1le(16)Cg-(Xxx),,] Xxx-Ala-dy (33)

H Ser(17)Cg-(Xaa)m Xaa-A@y (34) wherein Cg represents a hydrogen atomor a
cappi ng group sel ected from benzoyl oxycarbonyl, phenyl dcétGdiober 2003

phenyl nmet hyl sul f onyl and benzyl am nocarbonyl; Xaa represents a noiety de s
rived fromwooe@nksno carboxylic acid, preferably selected lﬁ@f,ﬂ.[;o}a%wr oup
natural amino ac- ids, in particular f¥omthe group consisting of A a, Pro,
Tyr, Phe, H's, Ser, Thr, Hyp and Lys; and mis an integer from1l to 6.
Preferred capping groups Cg ape ac#iyl (Ac)) succinimdyl (Suc), D alanyl,
benzyl oxycar- U bonyl (Cbz o Dl ecul es such as pol yet hyl ene
gl ycol, Preferred anthrgcyshine af e~hhe conpounds of formula 11 1
4 Cct ober 2003 WD 00/ 7 Z@0HR R ONH N1- “Ra Rb wherein
Ra, R6, R, Ra, Rc, Rf .. s ed herei nabove. Most preferred
conpounds of the inventid s o derivatives of formulae (MA) to
(IDF): OH (111A). s 1 4RCctdber ZNO3 @O 00/ 71571 18 (MET/ EPOO 04261 OH
(r1upy o

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



(111C) 0 OH (11ID) 0 1 4 Cctober 2003 WO 00/ 71571 19 PCTI EPOQ 04261 COH CH
(T1UUF) If the part Cg-B-A or Cg-(DmB-A of forrmula (1) contains two or
nore sul fur atons, the conpound of the invention nmay cdnd @obyeneo®s nore
di sul fide bonds. One class of cytotoxic or cytostatic conpounds mhich may
be used for, _the present invention has a primary amno function which is

avai | abl e W&Oolf"'&?}mtl on of an amdic pgnd as shown in f&6FHEFYOEe Ilke
doxorubicin. In this case, a linker nolecule L is not necessary. If a cyto
10 static or cytotoxic conpound does not haveysuch ap am no function, such
a function may be created in such a conp %Penica
nodi fi cation, e.g. by introducing or ¢ o onal group or
attaching a |inker nolecule to the éﬁ*nole- cule may al so
be inserted between the.oligoneric pa" &vpart conprising the am no
1 4 October 2003 WO 00/ 71571 20 PCT/ E carboxyllc resi dues) and the

cytostatic or cytotoxic part of the conpo 0 he invention to ensure or
opti m se cl eavage of the am de bond betmeen ol i goneric part and the cy-
totoxic or cytostatic part. If alin kp ule is presenty in
conpounds containing the tructure He bond bet wee and Cyt' is
preferably an am dic or es'er on a preferred enbodi nent, such a

| i nker nolecule is hyﬂip» S t@statlc or cytotoxic conpound
under physi ol ogi cal C-'\ItIOﬁ ter the enzymatic cl eavage and thus the

free cytostatic or cytqQtoxic co ound is generated.- In any case, the
conpound of the Nyweno on® nust have the property of being cleavabl e upon
the catalytic ! on of FAPz and, as a direct or indirect consequence of
this cl eavage, rel easi ng under physiological conditions a cyto- static or
cytotoxic conpound. In a further @spegf, theppresent invention relates to a

prodrug that is capable of being

F/\\) (e
A
)
HN N 0

0
(D)




verted into a drug by the catalytic action of FAPa, said prodrug having a
cl eavage site which is recogni sed by FAPa, and said drug being cytotoxic
or cytostatic under physiologi rs cal conditions. Such al prodsteg 2008f er ably
conprises an oligomeric¢c part conprising two or nore am no carboxylic
residues and a cytotoxic or cytostatic part, wherein the Ctermnal amno
carboxylié”?gypa e of the oligoneric part is a 3- to 7-n§§géﬁggk%§tural or
unnatural cyclic amno acid, preferably D- or L-proline, or D or

L- hydroxyproline, and the C term nal carbexy driunctiom is linked to the
cytotoxic or cytostatic part by an am_de pond ~o whith be cl eaved by
the catalytic action of FAPa. The ol#g0g ' ¥S_preterably a peptide.
Preferably, the oligoneric part cong i b four, five, six,
seven, eight, nine, ten, eleven, or fe amn ng ﬁarboxylic acid residues,
nore preferably two, three, or four amend canbo ic residues. The
N-term nal amno function is preferably phﬁ by a capping group. 25
The conpounds of e invention nmay be synt ] by proce&g&s known in the

art (E. Winsch, hese von PeptidefiTyi g Met hoden der o ni schen
Chem e", Houben-Weyl \_(Eds, E. Mille N ), Vol. XV, Part 1 and 2,
Georg Thiene Verlag, Stuttgart $r4) { Fhr exanple, the conpounds could be

1
synt hesi zed in a bl ock ﬁ*Lérﬁhﬁh#DB By conden 30 sation of the
term nal carboxy functioN ofHt hdi ol i goneric part, wherein X nay be OH or an

activation |l eaving group; wth the ani no group of the cytotoxic or
g;/ﬁ

cytostatic nole t'" resulting in an amde formation. 1 4 Cctober
2(U', WO 00/71 R 21 R\ N + H2N--Cyt - -HX1 PCTI EPO0/ 04261 N , Cyt,

Me77\\o7'
(1tF)

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



R1HRIf alinker residue (L) is required between the oligonmeric part and
the cytotoxic or cytostatic agent the block synthesis can be done in the
same manner. Rb H RS R Rai NRN Ra/ + H2N-cyt' - HKDdwbber 2088 +X |
OC-Cvyll ---f - HXI N L, NHZ + XIOCC-Cyt' H-HXI RN Ra/ NFL HYt, R

N Rat R N
WO 00/71571 20 PCT/EP00/04261

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.



Rat 0 NOACyt, HN ,L,NCyt' If the cytotoxic or cytostatic bears a carboxy
function for the attachnent to the oligoneric part, the |linker nolecule
can be an inmine or an anino al cohol and the bl ock synt hédsé Dadberguch
conpounds can be carried out in a simlar way by reaction of the activated
XOC- Cyt' twowtis7iei t her the hydroxy or_ the am no conponepermefRongdzséR a~N NL
X a~NN,LOIC RH Y+ HOCyt' RhZH Y ytj - HXL O If the cytotoxic or
cytostatic reagent has a hydroxy function which is suitable for the cou-
pling to tﬂﬁ oligoneric part the linker r&gi dueQmay be an am no carboxylic
acid and a blo synthesis can be done sinylarly. &g |f necessary, other
functi onal sx'n theHLNu-@;q Ot L, laydr oKypr Tine, A B and D which
shal | nothea b during t he assenhlyxwof the taPget 'nol ecul es may be

prot ected by itabl e protectlng groups: Suitable protectlng groups are
vel | kno"‘f?afhﬁl%'?'réshﬁe glﬁ ?e\%@ﬁ'ecf ﬁ'h@w@Jntthe 61%0@6% pa\ﬂﬂatrﬁ:thé'@{d% %&E@Up s.jn
organi ¢ synthesis", | ey and Sons Yor

protecti n@egtrtb@blgclamthpsﬁwéndanemﬁbe @mmﬁmttrhe synt hesis. 1 4 Cct ober
2003 WO 00 7157 22 PCT/ EPOO/ 04261 By way o exagple only, usefu

am no- pr ot tln groups1nay i nclude, for ex | e, Ci CJOH al kanoyl groups
such as foy ich oacetyl, pro Ihexanoyl, and
the |ike, Rél- C)Hlk ycafbgﬁglggnd C17 kyIUx cgrbonyl groups such
as tert butoxycarbonyt, benzyloxycar onyI (BOC f I uorenyl nmet hoxycar bonyl ,

and the i e Mast preferred is fluorenyl nﬁ hoxy)car bonyg (FMOC). Suitable
car boxy- pro ejc}ui]g _groups may i ncl ude, for Narrpl e E:E 9@ aI kyl groups
b

such as a/

R N”TOH | x'oc—cyr R T N
s - HXO R
R1\ o Ri\ o o
L N L
Ra/Nj)Lﬁ/ "~.r\”_'2 +X10C—Cy[‘ - . Ra/ %ﬁ/ \ﬁ/u\cytr
R® - HX R®

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\ o] R‘\ o

\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.



met hyl, tert-butyl, decyl; C6-Cl7 aral kyl such as benzyl, 4-nethoxybenzyl,
di phenyl nethyl, triphenylnethyl, fluorenyl; tri-(Cl-Cl0 al kyl)silyl or
(C1-C10 alkyl)-diarylsilyl such as trimeth 10 ylsilyl, 14 October2003
dinmethyl -tert-butylsilyl, diphenyl-tert-butylsilyl and related groups. To
achi eve suc - or amde formations, it may be necess g .activate
the car bonyP’O%g}r'%EIp of the carboxylic agid for a nucl eoph?ﬁf’@%‘]ﬁf(’f’ﬁbk of an

am ne or alcohol, i.e. Xto be an activation group or |eaving group which
is suitabl g, ta.be ,&H&&I 190010 B I5Y Bhay b3l Bi Tgg_gﬁiv i@n can be
done by co%\yergi on 0 tﬁlj’lgg%ﬁoxyl |n% acli g?nLEbg ah a%:“uygr Cc orPlﬁg&‘é © acid

fl uoride orlkbyoybgnovessiioms fofmyl eetybdititorgddetyl, poiptbnyin 8 3-dethyietkinogt el est er
for instancge dr oxysuccini m.dyl ester or, a pentafl yorophenyl ester.
Anot her rret%heol%e’o&g%f‘ilk\?’é‘géﬁ%ﬁnxl %“ﬂzﬁé"tarrazlﬁg(:f’%?%%’lo%o‘fﬂ’?rsﬁc S&ifmet ri cal or
unsynmet r i ¢aloxgaiipdyl] skazyldytabaat (BECY fludrbgimdloxycabdrl afd tht (L. dpdsde- or
ester bonds can he achieved by the use of in situ coupling reagents 20 |ike

benzot r i*az ®reeredyy fupgsnyimsthoiarbagyl GMY-)phosphoni um hexaf | uor ophosphat e
(PyBOP) (E. Frerot et at., Tetrahedron, 1991, 47, 259-70),

1,1 -carbonyl dimdazole (CDI) (K Akaji et al., THL, 35, 1994, 3315-18),
2- ( 1H benz Sutibkzatbexi-piatycting gro8pgmueineladre farpkamnia iCur6ho dlktl gafupsiachhor at e

TBT R _Kno I THL ~ 30 989, 1927- 30 1-(nmesityl ene-2-sul -
oyl - Pt e gpoy P Banot Aiches baEIF sheiiefol ddsbreton . r
31 l, 19 |9 0, _trﬁpﬂlEl?]erﬁ)&hﬂ,Zﬂuoreﬁ?lg aiv(@lce lal;tﬁlbéilyle)r {O-Ch @.lkbl%-gfhlﬂgﬁl_jﬁ[&h}@@i tﬁmte{gﬁ‘ t
nol ecul es ip, the eral formi can be as- senbled in a ste ste
manner &t aﬁgibardh %ﬁﬁﬁ@'k’?téiﬁ'tlyrr’uﬁléﬂﬁg‘gﬂﬁégwg& é‘}ﬂ/ﬁeg‘@dcgé?fﬂ’énsati on preZlcti oﬁs

of the respective nononers Cyt', L, the cyclic amno acid group forned by
R, kb 30 and the interjacent N-C group, in particular proline or
hydr oxypr ofipaehieva sugh sgigr o amitisrformtasions; & el e aedesmryrie activatrthe trebswine above

nent i oned ! . j i . uni ts

¥ ol i oy hy BB oL A8 TEOBACEE R 4aG BRI S qcdraf Bairk F abPlsh S %4 bt es
cont ai n- i agivationgmoupoer leanihg (gaduplvetdst is Stigbld o bessubstinBed By arbdifind p@ugycCl i C
am no aci d_grou f.ormeg gg Ra, 1 4_Cctoper 2003 V‘@,OO/?lS,?l 23

PCT/ EPOEY 045 S5HHBHGR 1 PR ACHe Ry s epcsion b o4giomtls, 20idintgap epd shiande or

prol i ne/ hy g& OHMRIIE b Bedondersiah BERY caHOHMe acid Mt M UG QHP, BRRtd:Q e
bl ocked by_a protecting ?roup (PG)éf{)rlor to the activation of the

car boxyl i cNFhiyA@rygecinimgiy! estrs opr genseiuiosnpherty! estrs. Andthes mepthodies atthvetigrioup BOC
or prefera ol g P L er e_coupl, i reaction
the anino f_ohre gljtaae{sgérﬁ%té&{g@%gapgs ggcg{]%'h@eﬂ r eérif}ﬁ%&ejacirmﬁ%ﬂ%t ﬁ“‘etprg%thvﬁﬁ i %ﬁ Ig‘?%l’t h the

next Fmoc- mationBdthepumidec ot edertbonds cabe behiaved by the ask it sitl douplR@esspaity, Ot her

Functi 0221a| lﬂgrbg%§ﬁajz&e:[ 1bﬁ—o%]jtx%sgpy%ﬁildiho-lf)host;JpgniL?rg %éxiaﬁug"(%h%gph%% (%yBOP)
(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,



group formed by Ra, Rb and the interjacent N-C group, in particular

hydr oxyproline, A, B and D which shall not react during the assenbly of
the target nolecules may be protected by suitable protetctimgossroaps. These
protecting groups are renoved at the end of the syn- 10 thesis. Capping
groups as qghgpRsyi n the context of formula (1) may al so {&§IMBaRSe
protection groups, in particular when23he |last (N-termna am no
carboxylic ‘acid unit is added. In this latter case the protecting group is

not renoveglh & th inte¥jaderPRLE nguphﬁ%at&@ﬁl@ﬁ%roﬁﬂlﬁﬁﬂ%m[ﬁe} £tarlogib LPVGl y, the

cappi ng group may be added after the |ast am no carboxylic acid unit has
been coupheamigagrenpmestsde beblockxy bynerateeinaigioupt Bf) ayerith dsiastivationnf | i ned in

e R S o S
i ndi cat ed binttelgreipsiiOOraf besppiitd Adler tHe@o@liRGSredctidn the amikb pidtecting goupN ' C - }
E?i:yt H Cw tcﬁa%e@%@@ﬂ%ﬂoﬁpﬁﬁgﬂﬁﬁm ne;% l*Jmoc- c%l}ﬁoc-protectecll lg;mt c:alr_l| b|§ carl? “HX

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} 0

\
N Loyt
SRS
R



WO 00/ 71571 24 0 0 r~ H2N--cyt' 0 PG NH I LxX PGNH - ,L,%Cyt' -
H2N L' J~-N-C. H pG o RTNYKX PG b -- PCT/EPCR04261 “Gyt' N L fV~ t
Y RHRal YC. -PGRONL NRL Ra/NH yN,6 Cyt. Rb Dilpaessti-ngly, a

further aspect of the invention is a process for the production of a

conpound
formula (

18

i3

20

P
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PG -
R~ N~

f a (1), characterised in that a conmpound of the general
W R, P

O Q O

HZN-—Cyt
PG-NH\L/U\X o PG-NH\L/I'LH/CW' ?G—.— HzN\LJLN/CYL
H

- HX R o PG
0
R1l H
N ~L N
—_——— Ra/ H Y Cyt
R" e}

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 leaving 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.

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
(CDI), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (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)
R" O

\
N 1
Ra/ \EHLY (V)

R



Ra/ N (V) Ro wherein Rl, Ra and Rb are as defined herei nabove, X
represents OH, or a leaving group which is suitable to be substituted by a
am no group, is reacted with a conpound HN(R4)-Cyt', whet éimciédydr'2008 t he
residue of a cytotoxic or cy- tostatic conpound, and R4 is as defined

her ei nabove, Preferably, X wthin formula (V) is a leavin roup, for
exanpl e - AYOUEBIN hydr oxysuc- cini midyl, pent af | uor opheR§HE ?ﬂ’““gﬂ
carboxylate. Alternatively, X1 may be OH, and condensa- tion is achieved by
t he use of ,an. i

i K 1 | i azol e-1 -yl -
oy~ 1115~ BYFPBIN R A RR RERE | oS ep R @R (PYSIOL B8 1

* - car bony lighertedidag)|agd K3 repkdants OH, or a leaving grOUﬁ: which is suitable to be substituted
2- (I Hbenzotriazole-1-yl)-1,1, 3, 3-tetramet hyl uroni umtetrafl uoroborate

(TBT[T), BYanamippgoup of @ RElroxysiiP#ny| ) - 3-nitro- 1 H 1,2, 4-triazol e (MSNT). A
further a : | ' is ]y .Qn.of a
conpound ?3318 £ oerdqrrijltﬁam( f)B Mﬁﬁg\?gﬁ Z)rr ?gtgg%?ﬁ@%Jg?E %Gggh‘g%éjﬁg% 9{15% gener al
formul a (AsiduiRof dcytdpxiRay cyRgtaic @othpdundct ober 2003 WO 00171571 25

PCT/ EPOQ/ 04261 wherein R, R and Rb are as defined in claiml, Y
represents L-COX2, wherein L is a |linker residue, and X2 represents OH, or
a | eavi ngpgrasty, wtiivathin gkt (ahise [evidpeyrou) SdriekaniRel-CIOYF, aphyard:Houcgr oup or a
hydroxy group, is reacted with a conpound H2N-Cyt, or w tha conpound

HO Oyt ', wiRisHdLPeaiptiuorpphenyleor aragiogylate ohltgnatiyelyt 5 ey bsrOH padeandense-
conpound. g far i 4 hi-n : | | . u for

excanpl o 7 By R, ek K PR P

car boxy| abxy-trisipysolnd-pesghonidh esgfliuseorBkhate (BB ORINS A -carbonyldimidazole

(CDI), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetraflioroborate (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 production of a compound of formula

15 (I), 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
2 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
25 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).



tion is achieved by the use of an in situ coupling reagent, for exanple
benzotriazole-1 -yl 10 oxy-tris-pyrrolidi no-phosphoni um hexafl uor ophosphat e
(PyBOP), 1,1'-carbonyldimdazole (CDI), 2-(1H 1 4 October 2003
benzotriazole-I1-yl)-1,1,3,3-tetramethyluroniumtetrafluoroborate (TBTU), or
1--(nesityl ene-2- sulfonyl) 3-nitro-1H1,2,4-triazole (MSNT). A further
aspect of tW@WHFEntion is a process fﬂar the production ofCHERIYARBUND of
formula !'s (lI), characterised in that”"a conpound of the general formula
(M1) R 10 Rb wherein R, R_and Rb _are as defined hereinabove, Y2 is of
formul a L-&ffrder aspagtof the jpyeptiands & Pogess frithaqrpdycties o fecompsundaidoreily t h a
compound dfherised MR 2 éﬁoﬁmhzﬂecy% cBHidefisel SRYNROWAR Bl Gling 20 1S
suitable t & SubStitute B a amno group or a hydroxy group, and wherein
Cyt' is thq:the esnmhued of foan‘dy(btﬁnfwrcemhooynlmstﬂapal itmewbgmuerdary B sfrevabl y, X3
of the co | eavi ng group, for exanple -d, -F, N-hy-
droxysucc eﬁmggﬁ@%{i’ffe{&?%henyl or a carboxylate. Alternatively, X
may be OH and 25 condensation is achieved by the use of an in situ coupling
reagent, for exanple henzotri- azole-1-yl-oxy-tris-pyrrolidino-p hosg)honl um

hexaf | uor opsfeElet & friepeyprct of the lnyegtion | B RAPCERS AT daeigPductiemps 2 compoun

2- (| Hbenz .?,fa?a ciharahokisha ﬂvtﬁat%chﬁb&ﬁﬁ%?ﬁﬂélgéﬁé?ﬁ'f&mutaqm) fluoroborate
(TBTU), or fylene-2-sulfonyl)-3-nitro-1H1,2,4-triazole (MSNT). 1 4
Cct ober 2003 WO 00/ 71571 PCTP&P00164261 26 A further aspect of the
invention is a process for theg,production of a conpound of fornmula (I),
characterised in that a coqpetnayf2NeCyt' is con@éilsed stepwise with the
units making up the corrpand of féormula (f). Before each coupling step, it
may be necessary to renpbve a protecting group PG if. present. 5

Accor di ngl Wperds baf iR oL G l@f aﬁdnﬁe biRYS0bdARnlshath RE RREHTE {:UesdBE
producti on o{ a conp und rmula (1), characterised in that a conpound
of the :genefat, fornula (MII1) PG O

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;



I (M11) Rb wherein PG is a protecting group, and the other substituents
have the neaning as described ra before, is reacted wwth a conpound
HN(R4) -Cyt', wherein Cyt' is the residue of a cytotoxic oy Oejpbet p8IRALI C
conpound; the protecting group PG is then renoved and the resulting

conpound Qf la (MIIITA) 0O HN Ra/ RL 13 "R4 Cyt' (VI ISl
subsequent %59?7215;(1:',[ ed with a conpound £G&2-A- X4, wherein ngﬁ)l?‘lpgﬁ?%h%r ot ecting
group, and X4 represents OH, or a |leaving group suitable to be substi -

tuted by an_am no group;s;and further | i ng steps ar ied. out, if
necessar yt,ﬁ'3 BrREseHD %Qu%gﬁpFélfeg r‘é%%guaﬁ@?#%e%@lgtcgfnﬁ%lﬂg PW’ RPGz may
be, for exaipke wBRe coRpodef &irmblay VEROC. Accordingly, a further aspect of
the invention is a process for the production of a compound of fornula

(I'), characterised in that apﬁérrpo nd of fornula PG3 N(R4)-L-COX3, wherein
25 PG is a protecting group, pnd e ,other substituents have the meaning
as described before, is rgactedyWi t® a conpoutitof fornula Y4-Cyt',

wherein Cyt' is the residue of gytotoxi c or cytostatic conpound; and Y4
represents H2ZN or HO, 1 4 Cctober 2003 WO 00171571 PCTI EPOQ 04261 27 the

prot ect i ngle PoPdéAndSPdup PGt ReMenreibeadnd tledesulting easpduni BEfosREROUNd
HN(R4)-L-Y4-Cyt' 1Is reacted with aocorrpound of formula (MIl) PG 10

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



(Vill) R6 the protecting group PG is then renoved and the resulting
conpound of fornmula O HNL-Y4 Cyt' Ro R4 s is then reacted with a
conpound PG4- A- X4, wherein PG4 is a protection group, arid: Xttopey2bes OH, or
a leaving group suitable to be substituted by an am no group; and further

coupling stgpgeddssy carried out, if necessary, until the clg%@é‘g?rgfl ecul e

I's ob- 10 tained. A further aspect of 28he invention is a or the
production of a conpound of formula (I), characterised in that a conpound
of formula PG5-N(R4)-L-Y5, wherein is PG reppesents a prot ecting group, Y5

represents OH or NH2 and the sugstitjuents havg the neaning as descri bed
before, is reacted with a corrp})N d f‘O—rT‘ﬂHﬁﬁK%—th’ wherein Cyt' is
the residue of a cytotoxic or*cyt stat']lcl'co ou and X5 is OHor a

suitabl e | eaving group; 70 the prBted®ing group PG is then renoved; and
the resul ti né; cgg)ouqd HN(R4) - L-Y5-CQ- Cyt' is reacted with a conpound of
formul a (\isithen reagtedvith a opmgpund RGpASEewhéreig group is then removed and the

resul ting ErRQYWAeching b OR300 3O AR of 4RI E GHLERORE 04261128 Re/
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



H NO NL.-Y it, Cf Ro R4 is then reacted with a conpound P&-A X
wherein P& is a protectlng group, and X4 represents OH, or a |eaving group
suitable to be substi- tuted by a am no group; S and furt hesciedRbbdg steps
are carried out, if necessary, until conplete nolecule is obtained. Another
aspect of hhﬂmplﬁfent invention are the novel internedi apergempRLds of
formula VIIITAHN RamRb i14 R Cyf' e wherein R, Rb, R4 and Cyt' are as
defi ned herei nabove. (VIIIA) The conmpounds of the invention are intended
for nmedic Al he

treat ment a%t%lm N gfﬁ% egsté E%?gtdg% ?@H@?‘?%ﬁglgr e ol'fl"ggc{“ 0 a
express FBPSS &rexunple theadase yilhpreferably bede theparigeniiiomyl Otmgimf 61 340tde/mai | abl e
cytotoxic fald ¢ ent s ynors with this property are, for.
exanpl e, EﬁqﬂéggmgéﬁgcrS“Imgucﬁpgbp?ung, breast, and col on carci nonas.
Tunors, such as bone and soft tissue sarconas mhich express FAPa, may al so
be treate%\9 é ehcogroundﬁFE Consequent | anot her aspect of the
present i AM7EN ‘i“%lﬁ’ B Rshel present ByeheR fsttf‘?)‘i’% ot 3 goTRRAWAR PEthadf-a conpound
of the prosfbh id MY FRbir@bndtd pARMILARMCANERDSsIRI fgpﬁl@trﬁé’l hlEl?tQJfEar%Qrd
pharmaceutical ly acceptabl e excipients, as exenplified m ngton: the
sci ence ahdrthegneret incgepast ofthe inverdipn islompihedioftastramt of ddherk, deuiprisingd &85. The
phar maceu be fo Iated .as i ds or sol utions.
Solid for Mrﬁﬁ%mg%gg fr%r%;t/w%%&'?&% OP@ harmas eué%'tj TMpogitign Pfs tﬁl F BKBOPS? &PFnj ect i on-
Preferablymnuhﬁcahﬁsﬁﬂuawmbuaﬁn@mnﬁoﬁmktoﬂ&ﬁmﬂhﬁhe invention are 25
solutions for injection. They may be adm ni stered systemcally, e.g. by

i ntravénous injection, or topically, e.g. by direct injection into the
tunor sit g) hlhﬁﬂﬁb‘iﬁﬁh‘ﬁt 8 dplthdB1 AAditksiR SheRflingHRLS Iﬂxg% tc‘é}lofr Iq[e§d Lige body

wei ght an alth status of the patient, nature of yl ng
neck, pancreatic, ovarian, bladder, gastnc skin, endometrial, ovanan, testicular,

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).
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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,
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Chromat ograns for ZGP- Dox (Z-dy-(L)-Pro-Doxorubicin) af#edctobeubati on
with purified FAPCD8 fusion protein (A), or with buffer (B). See exanple
5. Figure 2: Reduction of doxorubicin cytotoxicity by conjugation of

doxor ubi ciMOPH7IFAPa- 1Q cl eavabl e peptides. See exanpl e BCTEPU§G4261 3:
Denonstration of cytotoxicity of doxorubicin released from FAPa-cl eavabl e
doxor ubi ci n- pepti de conjugates by FAPa-expressing HT1080 clone 33 cells
versus parental HT1080 cells. See@(ﬂmﬂeé 8. Is Figure 4: Plasma stability
of NN Cbz-Ad y- (L) - Pro- Doxorubi cin and N-Cbz-(L)-Pro-(L)-Al a-

@ y-(L)-Pro-Doxorubicin in nouse and human plasma. See exanple 9. Figure 5:
Denonstrati on of FAPa enzynme activity and confirmation of its apparent no-
| Q | ecul ar, wei ght in human tunor tissue sanples. See Exanple 12. One
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and pl aced ! selutporria MVdbnatlyifhorantds. f Thegrlutionwas stiarediat ¢ og & 40apihytdy ous
NN- di met hyl f or mami de (20 m) was added and the flask was cooled to 0 Cin
an ice bath. Dicycl ohexylcarbodiimde (78 ng, 0.37 nmmol) was added as a 1
m  sol ut i Doxarmbi®iNEGfEChyE, fronothwhsieeighdddnts @l vidl iwath awensll stiribar &d @dce® C for 40

m nutes, fo Daxorubi c (100 ighed jnto.a yial with a
smal | sti ?ﬂdﬁlé?]lm rﬁaerbﬁg&ﬁmeghygomrggﬁde%))ang\%,SN-\(%esogmpy e%hy amine (¥f!? pl,
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
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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
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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.
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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
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Ceneticin. Individ- ual colonies of resistant cells were picked, grown to
confluence in 10 cmtissue culture petri dishes and test éddigser EARPC
expression in an inmunofl uorescence assay using the FAPa- specific
monocl onal @RbkPRAYy F19, as described (Garin-Chesa et al. (1 90% Proc.
Nat|. Acad Sci. USA 87(18), 7235-7239)34 The parental HT1B8E* 026} | ne
showed no detectable FAPa expression in this inmunofluorescence assay,
whil e one ¢henal 293etkifemotved heagadt 3 ositive
for FAPa. (p 5 Simlarly, hurraﬁ(_?eﬁbr ytgén’f%ﬁf(? neégggggheggﬁes?éf%\%gi? gerﬁ'nown and
avai | abl e PHERS Aftst/Pcwes FARwrasisiviype Col | ection (Rockville, MD), were
mai ntai ned in a DMEM contai ning 10% fetal bovine serumin an atnosphere of
95% air and 5% CO2. Cells were transfected with a FAPa expression vector,
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nmouse | gd . :

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
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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-



of 5 mM and subsequently diluted i n aqueous sol ution before being applied
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retention time as free 30 doxorubicin under these HPLC conditions. The
areas under each peak were used to calcu- late the relative anounts of free
doxor ubi cin to doxorubici n-peptide conjugate. Integration of peak areas to

det er mi ne ;»@tﬁ i < US| NQ . I ni ym 2010
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Cbz-d y- Pr.o- or upi gi shown in figure 1, the doxorybhicin-peptide

con ugar 0 118 BEPALSAbaRPR Ao (Bt maibes AEaR CERONORHMBRRE on i t h

purified FAPaGIGatfvesdonbrubicitsehsitiveetlls witRieleBhifd 110562 kiR aRblalibRoLONI Ugat €
was not altered by incubation with buffer. 5 Exanple 6. Reduction of

cyt ot o¥i ciAmEigEn Es diseisi CUlirafyolieetign. Bagkvils, MB, PRA{ATCENabbe: CPbpt | des. The
ability o p I : | e i cti of
doxor ubi ci&‘r‘\ﬁ?ﬁ@m%ﬁgg@/ﬁgg 3‘{@3’2‘? ésggé%’&eg g Plgflﬁgd&% %tnh'lsclle%i %{%'g)tfgg(?(f%eﬁ%‘gaget er m ned.
K562 cel | Seruanfizgelcalbtwtufe media daditaluieg varians doppantriiios wf freddxoreidiobd ect i on,

Rockvill e er.; .243) ,...were seeded | 6 Il plates
(G ei ner 5%4}%}1651 %JI??% é-aﬁf%% 5%3“?‘%“1’6’6%“@&?@”%%6 ?adgggmﬁf?%e cel |
cul ture nediralagdaeacel menbeawisleserniiee ailhd & iubitsatef CAS TR GPeafphi ci n or
equi val en% gorlgeg concentrations of doxorubicin-peptide conjugates were
added to f¥8arfepem Regtlipgen, Gegnany) eThe rpgulip e shipya néiawed.ned usi ng an
aut omat ed CASYTM cell counter rs (Scharfe System GibH, Reutlingen,
Germany). The results are shown in Figure 2.

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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shown in figure 3. Exanple 9: Plasnma stability of doxorubicin-peptide

conj ugateé Th eplﬁsnne f‘%%m,’{lsf’i :Fo(?-fﬁbigx%?-(p% ICI né’Q%?tl de conjugates was

measur ed “USI g et Sanpl es cont ai ni ng

doxor ubi ciHe-phepk Btdﬁlz@@iﬂﬁu:gﬁﬁlﬂ&n-@aﬁnda calqag‘amtvmmehsu@ﬂ Wingmdodwaee i ncubat ed
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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, Synthese 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
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anal yti cagnodﬁgsgsé]%_ and mass spectra). Release of free MNA fromthe
pepti des was the asured in a Cytofluor fluorinmeter (Per- Septive

Bi osystens, Inc.) using the 355 nmexcitation /405 nmemssion filter set.

Enzyne , s_ki net | ters (M.chaelis-Menten . K. angd k val ues) were
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single enzyne reaction progress curve. Biochim-Biophys. Acta 4380(I),
1- 13. ) s wi kineticARmameters (Mickiehi-Yedieh Karandigbraiuse) wert cdofaeddsitgheetis- 112

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.
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Table I: Ky and keat values for FAPo-catalyzed cleavage of selected 4-methoxy-p-
napthylamide (MINA)-peptide conjugates

Substrates K Keat Keat/Km
[uM] [s"] x10° M 57

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




transfected cells in Exanple 2. 20 Table 1: K and k,_af values for
FAPa- cat al yzed cl eavage of sel ected 4-net hoxy-p- napthyl am de (MNA)-peptide
conj ugat es Substrat eskKnKzatK,,;/KM ~ rr [sl1] X104[ MLs1] TLYMctober 2003
Chg- Pro- MNA7553: 771. 6 Hyn- Pro4- MNA6927. 439. 7 Pro- Pro- MWNA15449. 532. 1

Val - Pr o- MNQ@2E415729- 2 Met - Pro- NNA12727 922.0 Arg-Pro- MNA2/8RQ.fks2 1 4
Cct ober 2003 WO 00/ 71571 39 trans-Hyp- 3Br 0- MNA25437. 914. 9

A n- Pro- MNA27340, 514. 8 Al a- Pro- MNA2

67/35. 713. 4 Lys-Pro- MNA53057. 110. 8

| | e- Pr o- NNA4BHE-HyB- P&JMIIAO) Pr 254NA37826. 97. 1 $48- Prq- MNA87228. 33. 3
PCT/ EPOO/ *yEag-yere—Hyh-=—6-hydigxynor | euci ne,
trans- Hyp e, ﬁ?g'ts( O rlrﬁrﬁhl oni ne- S-oxi de s Exanpl e
11: Speci PeprTgey ror FAPR versus DPP-1V Anong the
known prolyl-specific sering oligopeptidase famly mgnbers, the nost
closely [ el atigd-PeoMhid to FAPS3G s [DPB7N. 5 ncd0Actie DPP-1V is found in
pl asma ane—en—Rgy A 43 12.6 88 |

Met(O)-Pro-MNA 378 269 7.1

Ser-Pro-MNA - 872 283 33

i)
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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
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extract were geasured and each val ue indi vi du-
sayed using 100 pt 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




ts del 430A automated peptide synthesizer. Deprotection and renoval of the
ol igopeptide fromthe resin support were achieved by treatnent with
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tri- fluorat@¥cid / acetonitrile gmadient. Identity X6A/ERBHMBEneity of
pepti des were confirnmed 20 by hlgh pressure | i qui d chromat ography and nass

spectral fRa VRl q;rgl(j}gopep[ rdes that re prepared by this nethod are
shown in Table 3. Tab 3. _Aigopeptides. Z-Gy-Pro-OH Z-Pro-Al a-d y- Pro- OH

Frmoc- Pr o- ﬁm@w@@hﬂmﬁhﬁc Chg Pr o- OH Fnoc-|Nl e- Pr o- OH Fnoc- Hyn- Pr o- OH
Froc- Pr o- Pro-0H e 'f) Ala—Hya—Pro—oH-1+4-{Cct ober 2U0;. wo oonl571 42
PCT/ EPOQY (B8l u'gé‘?‘ Ha Nl e- pro- OH Froc- Ser - Al a- Chg- Pr o- OH

G y- Ser - Al@y-GipséAa g o Y-S er- A a-d u- Ar o- OH
Ay-Ay-GQy=-Ser-Ala-Gu-Pro_ -O4 S er-d u- Asn-lArg- Lys- Val - Pro- CH
Ay-Tyr-S ﬁIYﬁbgGlVb‘ier-l?d@G@—P@@HG y- Tyr-Ser Ar{g- Met - Pr.o- OH

Ser- G o - RO AL B PABTSOB: Al o o Mot [H 5. Pro-cH Tyro o
Al a- Phe- H@y-7§0SédtArg-Met-Pro-OH
GIn-Gly-Tyr-Ser-Arg-Met-Pro-OH
Gly-Gly-Gly-Trp-Pro-OH
Asn-Arg-Lys-Val-Pro-OH
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

- Pro- OH

Z is benzyloxycarbonyl
Fmoc is 9-fluorenylmethoxycarbonyl
Chg is L-cyclohexylglycyl
Nle is L-norleucinyl
s Hynis 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-

w  dimethylformamide (10 m!) 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*HCI (25 mg, 0.043 mmol) was dissotved in 20 ml anhydrous DMF and N,N-

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



S er-Tyr-Al a-Phe-H s-Pro-CH Leu-Asn-Leu-Tyr- Mt -Pro-OH
Ay-Ser-Ala-@u-Pro-OH dy-Ady-Ser-Ala-G@u-Pro-OHdy-Ady-dy- S

er-Ala-d u-Pro-OH Z i s benzyl oxycarbonyl Fnoc is 9-fl uoriehydmidnarggar bonyl
Chg is L-cycl ohexylglycyl Me is L-norleucinyl Hyn is L-6-hydroxynorl eucinyl
Exanpl e 14: Preparation of Fmmoc- PraAl a- d y- Pro- Dox

Froc- Pr o- AYQ031§7ipPr 0- OH (44 ng, 0.0783mml ) was di ssol vé’d:T(ﬁ?O%{WVdrous N, N
ro dimethyl formam de (10 m) and pH was adjusted to 7.5 by

NN-di i so L t a 0.078
mol ) Wag3L a dédgj Eyc!f ?‘h%%%a%lﬁ%qﬁ&%éﬁg%%wgmﬁ%gﬁﬁ%&%u%dﬂ%@ “stirri ng,
di cycl ohexd/focd8 bodiimde (1 Mn DM, 87 |, 0.087 mmol) was added and the
sol ution s stirreq at OC for h. Doxorub| *HCl (25 0.043 nmol ) was
G 550l vod T ROB S S yeaoed Sphike RindoR R PRtied WRiByt E?ﬁﬁl&wme (8.21,
0. 048 MMk WS a t offitSr/ Abe kIS wRD, 19 trifiBRgeticacihe 1 4 Cctober 2003 WO
00/ 71571 43 P / POO 04261 activated peptide. The reaction was allowed to

war m up tAnalytieahFRPE Ae0Ns: ESME A 10A EMTNED); 6%t for 48 h.- The sol vent 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.

Anal yti cﬂxahﬁm&%%arﬁﬁnl\@ILMAﬁz-G{ymud}m@ 674.4 Exanple 75: Preparation

of H ProA a- -Pr.o- Dox C- red i np 14, 44 ny, 0.040
nunol ) ?O&Tgfg%'f' 2l rﬁpar%E/PdP‘? 5? ’ﬁ%eoo @8‘”?13 @Ssa{‘%@ and stirred
for 2 h. ﬁﬁ&dl&ﬁhﬂﬁﬂb (mszcnﬁlqaw@ ﬁﬂ@tutr&ﬁforiﬂ THOGEH W FerdVel hEhe LY
preparative RP-HPLC on C18 using a gradient of water/acetonitrile wth

0. 1% tori W@@p@%@tnwﬁa@bﬁprmﬁaﬂyt LEpp €18 gamngs gesmmfs’@@er@cqtmw@r 452. 4
1s Bxanplg 1 ftemarakliomtet H Chgpfo Dox

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.

w  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).



Frnoc- Chg-Pro-OH (46 ng, 0.096 mmol ) was dissol ved in anhydrous N, N

di met hyl formam de (10 nl) and pH was adjusted to 7.5 by

N, N- di i sopropyl et hyl ami ne. N- hydroxysuccininide (1 M i Diiob862063 , 0. 096
mmol ) was added and the m xture was cooled in an ice bath. Under stirring,
di cycl ohexyl carbodiimde (1 Min DW, 107 p.l, ~a 0.107 mmmol) was added and
t he sol ut maywomessistirred at OC for | 414 Doxor ubi ci n* HCl pc3&poan4zd). 053 nmol )
was dissolved in 20 mM anhydrous DMF and N, N- diisopropyl et hylam ne (10 pl,
0.059 mm] ), was added. This m xture was syringed to the activated peptide.
The reactf¥h*was all owed to warm up to roomtenperature and was stir- red
for 48 h. ~s The solvent was then renoved ang-the product was purified by
preparative RP-HPLC on C1S using a gradi®en
0.1%trifluoracetic acid. The |yophilized prpe

THE/ di ethylam ne (2:1, 20 ml) %t e ansd SOER

renoved and the productrWas pufj fi y preppedti ve RP-HPLC on C18 using a
gradi ent of water/acetoni tyw4e wWytdd 0. O pragetic acid. 30 Anal yti cal
HFLC >90% ES-Ms 780. 2 ([NQ—!]/‘*);‘?,G -4{The fo}4w ng table shows the

pepti de-doxorubi ci n conj ugatés whi ch ha
i ncl udes cl eavage data by FAP (after 20h).
PCTI EPOO/ 04261 Tabl e 4 RO eavage by FAP Z- @%
Fnoc-Pro-Ala-Gy-> 95% H Pro-Ala-Gy-ca. 11%
H Hyn-> 95% "' OH

4 -ﬁggober 2003 wo 00171571 44
% Z-Pro-Ala-dy-> 95%
Ghg-> 95% H- Nl e-> 95%

R’ Cleavage by
FAP
Z-Gly- > 95%
Z-Pro-Ala-Gly- > 95%
Fmoc-Pro-Ala-Gly- |> 95%
H-Pro-Ala-Gly- ca. 11%
H-Chg- > 85%
H-Nle- > 95%
H-Hyn- > 85%

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 0

©/\O AP
O LR

0" “OH N(CH,CH,C1),

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-



Z is benzy[oxycarbonyl, Fnoc is 9-fluorenyl net hoxycarbonyl, Chg is

L-cycl ohexylglycyl, MNe is L-norleucinyl, Hyn is L-6-hydroxynorl euci nyl
Exanpl e | 7Preparati on of N-Cbz-dy-Pro-Mlphalan 0 0 01Q@ ocfdder 5003
-N(CH2CH2Cl )2 N-Cbz-Ay-Pro-OH (22 ng, 0.072 mmol) was dissolved in
anhydrous NN ,0 dinmethylformam de (8 m) and pH was adjusted to 7.5 by

N, N-di i sopropyl et hyl am ne. N hydroxysuccinimde (1 Min DVE 72 gl, 0.072
nmol ) was X@@Hlﬁhd the mixture was ¢&doled in an ice bat"ﬁ'.”EWéPé?“?sti rring,
di cycl ohexyl carbodiimde (1 Min DWF, 67 0.67 nmol) was added and the

sol uti on VigoprdpyletiSthnide Q€300 @r2Mnmblp kphalded Thikdnitiu Dy ) was

di ssol ved in P%oﬂy[m@gnh d((ri’ou.s}mDIVF andMEIN 1 4 Cctober 200?%%%%%%%71 45
PCTI EPOQ Guirereddieptidsp L bpiphetion yras gligyeed(to svagn yp to gomempaighie apdsaagtded. Thi s
m xture wagqpyhbhoged to the activated peptide. The reaction was allowed to
warmup to roomtenperature and was stir- red for 24 h. The sol vent was

t hen r enoVEwd salmeht twze then oniemsed wabthp pradiitedhs pyrifeddy areptratiee IMRHAPCGon  C18

e ol LSRN ALl B sy 20t e 20
conpound fnafy@iedrdhea: KP)C >B0%, ESRas Nogo@ou-aigy. 2003 46 PCT/ EPOO/ 04261
Clainms N'Cyt RbR4_(I) .



5 or a pharmaceutically acceptable salt thereof, wherein R represents a
residue of formula Cg-A, Cg-B-A or Cg-(DmB-A, in which Cg represents a
cappi ng group selected fromthe group consisting of R5-@Q ORfpter 263 ,
R5-NH CO-, R5-SO2- or R5-, wherein R5 is an optionally substituted Cl- 10
C6- al kyl, - 8- | oal kyl, aryl, aralkyl or heteroaryl group; A is derived
fromL- pro\%rpg%léﬁci ne, L-norl eucine, 44 - cycl ohexyl gl yci ne, P T@-POO"O“%I
hydr oxynor | euci ne, L-6-hydroxynorl euci ne, L-5-hydroxylysine, L-arginine, or
L-1ysine; and B and D each independently represent noieties derived from
amino carboxylic acids of 15 the forfaff#es-[ NR6- (X) p-CO - wherein X
represents CR7R8 and wherein R6, R7 and R8 each independently represent a
hydrogen atom an optionally substituted Cl-C6-al kyl, C3-C8-cycl oal kyl,
aryl or hdt epsamppoupdsfipornadadIp is 1, 2, 3, 4, 5; or B and D each
i ndependent|y represent noietipes degyived fromcyclic amno carboxylic 20
acids of fornmula wherein RO hepregents G -C6-alkyl, OH or NHS, mis an
integer from1l1l to 10; 25 q is 2Cdnd r is a 1 or 2; 1 4 Cctober
2003 WD 00/ 71571 47 PCT/ EP0Q?04261 Ré,\'and Rb togeth )r with the interjacent
N-C group forman optionally subgtity‘ed, optionally benzo- or
cycl ohexano-condensed 3- to 7-nenbered saturated or unsaturated
het er o8ycl i corrai phgrmacputighily becopiablosalt there@h2 gr oups may al so be repl aced by
NH, 0 or S, p R4 represents H Cl-C6-al kyl, C3-C$-cycloalkyl, aryl or
het er oaryl ; and Cyt' represents the residue of a cytotoxic or cytostatic
conpound: 2_ R'conpepesknefa ksidmbidoimis CarAdidpgB 0o &, IB-AMiewEich t he
het erocyclic ping formed b to Ra, Rg[ an%gt he inter|acent G I s
Subst i tuted bGERD JRERES RNRPEE A R SURCHAOB g Eroup Lonsitmg of K-, R*0-
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;



i ndependently represent a hydrogen or hal ogen atomor a G -C6-al kyl,

Cl- C6- al kyl am no, di-Cl-C6-al kyl am no, Cl1-C6-al koxy, thiol,

Cl- C6-al kylthi o, oxo, imno, fonyl, Cl-C6- al koxy carbonyi ocesepgomar bonyl ,
C3-Cs-cycl oal kyl, aryl, or heteroaryl group. 15 3. A conpound of formula I A
R 10 N—%t' X --Y R4 wherein Rl, R2, R3, R4, Cyt' are as defined in any
of the pr @45t ai ns, and X-Y reprébents CHR2-CH2, CR2RSH/ERpPG451
CH2-NH, -CR2-, CH2-CHR2-CH2. 20 4. A compound of formula Al R | Cyt'
(I1'Al) wherein R and Cyt' are as defined in any of the preceding clainms. 25
5. A conpoundR&eidRttegetherovith theintasianerit deC pagip fomaan ppibnaliydsubsBukd4 Oct ober
2003 WD 00/ 71571 . 0 I I erein R and
Cyt' are defined }AEOPEI%QE‘:&? Iéuoé%%r@ééée%%[)go'éng%)ﬁ%é gégk'%%%%ﬁdﬁ%%e{%tg%?ﬁi ng to
any of the precedi ngisathatathewheyelicridg, in whiah gnocpwselBGires nfagraisbibe

formul ae (21), ( 22)r38129ed(b%%ﬁ, OorsS,

5 R* represents H, C-Cg-alkyl, C3-Cg-cycloalkyl, aryl or heteroaryl; and

Cyt’ represents the residue of a cytotoxic or cytostatic compound:

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
N
R ge j)J\rlq—Cyt' (1A)
XY 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



10 Cg-Ady (21) Cg-Ne (22) Cg-(Xaa)m Xaa-Gy (34) wherein Cg represents
a hydrogen atom or a capping group selected from benzoyl oxycar bonyt,

phenyl acetyl, phenyl nethyl sul fonyl and benzyl am nocar bonyd pcldheXagos
represents a noi ety derived froman am no carboxylic acid; and mis an
integer from1l tg 6. H48 Cyt' Cyt' IV."" ~~NCYt' I R O 7. A conpound
accor di ng"’?@ 08 é??ﬁ 6 wherein the am ndt&l kanoi ¢ aci d nmoi et iFEsI/BRIUQ426h t he
20 (L) -configuration 1 4 Cctober 2003 WO 00/ 71571 49 PCT/ EPO0/ 04261 8. A
conpound of any one of claims 1 to 7, wherein HZN-Cyt' is an anthracycline
derivative. 5 9. A conpound &' cl m 8 selected fromthe formul ae (111A),

(HM, (111FE) and (1111F): O @4_ (Id;%A) CH (|IA2?) 1 4 Cctober 2003
i i
R'" 9
\ 1
N NN (1A3)
v
N
R
Ny SN (IA4)
L7
Toe
Y N vt (1A5)
: H
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



WD 00/ 71571 50 PCT/ EPO0/ 04261 OH (I1IE) OHOw OOCH O (Il11F) 5 10. A
conpound of any one of the preceding clains for nedical use. 11.

Phar maceuti cal conposition conprising a conpound accor difngokesapyo@ne of
claimse 1 to 10 9, and optionally one or nore pharmaceutically acceptable
excipients. 1 4 October 2003 WD 00/ 71571 51 PCTI EPOO/ 04261 12. Use of a
conpound ¥EAOHIIAGl to any one of clainss!l to 9 in the prepkhGI/EBI/GF264 phar
maceuti cal conposition for the treatnment of cancer. 5 13. A process for the
production of a conpound of any one of clains | to 9, characterised in that
a conmpound of formula (V) R | Ra,N{V) Ro wherein R, Ra and Rb are as
“defined in claiml, X1 represents OH or a leaving group which is suitable
to be substituted by a am no group, 10 is reacted with a conpound

HN( R4) - Cy18. , Avb@pind ofyiy oreSofichimd £8 THudhefin B YIyOTiOXA SnthracRYine 8@Hhald. C
compound, and R4 is as defined in claim1. 14. A process for the production
of a conpound of any one of clains 1 to 9, characterised in 15 that a
conmpouRd of formula (VI) R

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

N
@\/0 H\/l§

HO (HIB)



1 N a/ YY (V1) Rwhherein R, Ra and Ro are as defined in claim1l, Y
represents L-COX2, wherein L is a linker residue, and X2 represents OH, or
a leaving group which is suitable to be 20 substituted By acpen20gy oup or
a hydroxy group, is reacted with a conmpound H2N-Cyt' or with a conpound
HO Cyt', wherein Cyt' is the residue of a cytotoxic or cytostatic
conpound. YOPY 71571 Process for the prodlcti on of a conpound@HEBPRO426é of
claims | to 9, characterised in that a compound of forrmula (VII) 1 4

Oct ober 2003 WD 00/71571 52 PCT/ EPOO/ 04261 Rb wherein R~-, Ra and Rb are as
defined in claiml1, Y2 is of formula L-CH Herein L is a |inker
residue, is reacted with a conpound X3Q 3aomy be OH or a
‘yya am no group or a
a2’ cytotoxic or

ugti op~af a conpound of any
PHcoffpound of formula (V1)

hydr oxy group, and wherein Cyt' is the
cytostatic conpound. 16. Process for the priod
one of claims | to 9 characterised in t84¢ 9o
PG (VI1l) Rob wherein PG is a protecting grmaary, t he ot her substituents
have the neaning agn.described before, is regftedwi th a conggynd

HN( R4) - Cyt ', wherein Qyt' is the residle pfHa dytotoxic or 15 cytostatic
conpound; the protecti grqup PG is ed and the resulting
H
conpound of formula (VI ’J\H/N\V/L§o 4
0

)
N
NH H
o

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.



O HN N--Cyt (VMIVA) Ra Ro R4 is subsequently reacted with a conpound
P&2-A- X4, wherein P& is a protecting group, and X4 represents OH, or a
| eaving group suitable to be 20 substituted by a am no igr ogibeangod urt her
coupling steps are carried out, if necessary, until the conplete conpound
is obtained. 25 17. Process for t he production of a conpound of any one of
clains | tWOPV/ PRt acteri sed in thataStonmpound of formul a PCT/EP00/04261
PG3- N(R4) - L- COX3, wherein 1 4 Cctober 2003 WD 00/ 71571 53 PCT/ EPOO/ 04261
PG3 is a protecting group, and the other substituents have the neani ng as
descri bed 12b¥oefe componmbarendingi to hnyporeofisbimsl 1 6f 9 inchapieparydon(fta’ phamher ei n
is the t XL.C_or tostatic conpound; and Y4
represents u%ﬁ-if)gﬁjp%ltf%'fort% kreat ﬁtg%ﬁ?!gﬁf) PG3 is then renoved; and the
resul ting conmpound HN(R4)-L- Y4 Cyt' is reacted with a conmpound of formla
(Vi) PG 01 (Vill) Ab the protecting gr oup PG is then renoved and the
resul ting compound of formula O HN L-Y Cyt" lib R4 10 is then reacted
with ascormomrwooemoﬁm&ﬁmdmmrnmceﬁaﬁom oA 2Ry SRSl AMs UEPY Rhardftehigéd ifey be

OH, or a leaving group suitable to be
_ that a compound of formula V)

I
Raxij)J\x‘ (V)

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)



substituted by a am no group; and further coupling steps are carried out,

i f-necessary, until the conplete nolecule is obtained. 15 18. Process for
t he production of a conpound of forrmula (1), characteridedocbehatoa
compound of formula PG5-N(R4)-L-Y5, wherein PG5 represents a protecting
group, Y5 represents OH or NH2 and the substituents have 20 the nmeani ng as

descri bed wefgprAas7i s reacted with a cogpound of fornula X5%1@E¥>(')0/04Y%zrei n
Cyt' is the residue of a cytotoxic or cytostatic conpound and X5 1I's or a

suitabl e | eaving group; the protecting group PG is then renoved; and the
resul ting conpound HN(R4)-L-Y5.G0 2% Cyt' is reacted with a conpound of
formula (MII1) PG Q1 (MIl) Xk 4 ober 200 3 H N Ra PCT/EP00O/ 04261 O
t NL-YSKCYy | O RObR4Aist ted with a conpound PQ&-A- X4, wherein
PG is a protecting group, qq?dp;‘m représents OH, & a | eaving group
suitable to be 5 substituted by mPami no group; and-further coupling steps

are carried out, if necessgry, until conplete 2m)l ecule is ob- tained.
wherein R', R and R” are as defined in claim [, 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, 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)

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



WO 00/ 71571 the protecting group is then renoved and the resulting conmpound
19. A conmpound of fornmula VHHA 10 HN Ra/ Cyt' N Rb R4 (VMII1A) wherein Ra,
Rb, R4 and Cyt' are as defined in claiml. 1 & October 2003

WO 00/71571 53 PCT/EP00/04261

PG’ is a protecting group, and the other substituents 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

fI\I—L—Y“—Cyt'
R R
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' O

\
N\'/“\ 1
a” X (Vi
R o]

R
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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? I
b 4

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

10





