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1-1087-US-PV (Pria)

FAP-activated anti-fumour compounds

Field of the invention

The present invention relates to the field of tumour treatment by administration of a prodrug
that is converted into a drug at the sita of the tumour. Tn particular, the invention relates to
prodrugs which may be converted into a drug by the catalytic action of FAPy, their mamu-
facture and pharmaceutical use,

Background and prior art

The buman fibroblast activation protem (FAPa) is 8 M; 95,000 cell surface molecule origi-
nally identified with monoclonal antibody (nAb) F19 (Rettig ez al (1988) Proc. Natl Acad.
Sci. USA 85, 3110-3114; Rettig et al. (1993) Cancer Res. 53, 3327-3335). The FAP«
¢DNA codes for a type II integral membrane protein with a large extracallular domain,
trans-membrane segment, and short cytoplaamic tail (Scanlan et al. (1954) Proc. Natl,
Acad Sci. USA 91, 5657-5661; WO 97/34927). FAPx shows 48 % amino acid sequence
identity to the T-cell activation antigen CD26, also known as dipeptidyl peptidase IV
(DPPIV, EC 3.4.14.5), a membrane-bound protein with dipeptidyl peptidase activity
(Scanlan et al, loc. cit.). FAPa has enzymatic activity and is e member of the serine prote-
ase family, with serine 624 being critical for enzymatic function (WO 97/34927). Work us-
ing a membrane overiay assay revealed that FAPu dimers are able to cleave Ala-Pro-7-
emino-4-triflucromethyl coumarin, Gly-Pro-7-amino-4-trifluoromethyl coumnarin, and Lys-
Pro-7-amino~4-trifluoromethyl coumarin dipeptides (WO 97/34927).

FAPq is selectively expressed in reactive stromal fibroblasts of many histological types of
human epithelisl cancers, granulation tissue of healing wounds, and malignant cells of cer-
tain bone and soft tissue sarcomas. Normal adult tissues are genenally devoid of detectable
FAPa, but some foetal mesenchymal tismies transiently express the molecule. In contrast,
most of the common types of epithelial cancers, including >90% of breast, non-small-cell
lung, and colorectal carcinomss, contain FAPa-reactive stromal fibroblasts (Scanlan ef al.,
loc. cit). These FAPa" fibroblasts accompany newly formed tumour blood vessels, forming
a distinct cellular compartment interposed between the tumour capillary endothelium and  *
the basal aspect of mabgnant epithelial cell clusters (Welkt et al. (1994) J. Clin. Oncol.
12(6), 1193-1203). While FAPa' stromal fibroblasts are found in both primary and meta-
static carcinomas, the benign and premalignant epithelial lesions tested (Welt et al., loc.

J-1OEPLEFY Prasiaad
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cit.), such as fibroadenomas of the breast and colarectal adenomas, anly rarely contain
FAPa' stromal cells. Based on the restricted distribution pattern of FAPe in normal tissues
and its uniform expression in the supporting stroma of many malignant tumours, clinical
trials with *'I-Jabeled mADb F19 have been initiated in patients with metastatic colon carci-
nomas (Welt ef al, loc. cit.).

For new cancer therapies based on cytotoxic or cytostatic drugs, a major consideration is to
increase the therapeutic index by improving the efficacy of cancerous tissue killing and/or
reducing the toxicity for normal tissue of the cytotoxic or cytostatic agents. To increase
specificity of tumour tissue killing and reduce toxicity in normal tissues, trigger mechanigms
can be 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. Pharmacol. 55, 247-252). Triggering mechaniams may include either exogenous
factors such as light or chemicals or endogenous cellular factars, such as enzymes with re-
stricted expression in cancer tissues. Another concept, that has been further elaborsted, is
called ‘antibody-directed enzyme prodrug therapy’ (ADEPT) or ‘antibody-directed cataly-
sis' (ADC) (Huennckens (1994) Trenis Biotechnol 12, 234-239; Bagshawe (1994) Clin.
Pharmacokinet. 27, 368-376; Wang et al. (1992) Cancer Res. 52, 4484-4491; Sperker et
al (1997) Clin. Pharmacokinet. 33(1), 18-31). In ADEPT, an antibody directed at a tu-
mour-associated antigen is used to target a specific enzyme to the tumour site. The tumour-
located enzyme converts a subsequently administered prodrug into an active cytotoxic
sgent. 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 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 ro-
lated to the properties of the AEC (Bagshawe, Joc. cit.). For example, in umans, only &
small fraction of the administered dose of the targeting ACE binds to tumour tissue and the
remainder is distributed through body fluids from which it is cleared with significant time
delaya. Even very low concentrations of targeted enzyme can catalyse enough prodrug to
have toxic effects because plasma and normal ECF volhumes are much greater than those of
tumour ECF. The AEC may also be immunogenic, thus preventing repeat administration, in
many instances.

The problem underlying the present invention was to provide methods and means for im-
proving normal tissue tolerability of cytotouic or cytostatic agents with kimown efficacy
sgainst tumour tissues.

“Aet—
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Disclosure of the invention / 00

The present invention relates to enzyme-activated anti-tumour compounds. In particuler,
the invention provides prodrugs that are capable of being converted into drugs by the cata-
Iytic action of endogenous fibroblast activating protein alpha (FAP«x) shown to reside in
human cancer tissues. Prefarably, a prodrug of the present invention is capsble of being
converted into a drug by the catalytic action of FAPa, said prodrug having a clesvage site
which is recognised by FAPx, and said drug being cytotoxic or cytostatic againat cancer
cells under physiclogical conditions.

In the context of this invention, a “drug” shail mean a chemical compound that may be ad-
ministered to humans or animals as an aid in the trestment of discase. In particular, a drug is
an active pharmacological agent.

The term “cytotaxic compound” shall mesn a chemical compound which is toxic to living

cellg, in particular a drug that destroys or kills cells. The term “cytostatic compound” shall

mean a compound that suppresses cell growth and nultiplication and thus mhibits the pro-

liferation of cells. Examples for cytotoxic or cytoststic compounds suitable for the present

invention are doxorubicin, methotrexate, melphalan, and analogs of other chemotherapeutic
agents such as 9-aminocamtothecin,

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 & precursor of a drug. In the context of the present invention, the pro-
drug is nignificantly 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-
pound, see¢ ¢.g. example 6 berein, or Mosmann ({(1983) J. Immtun. Meth. 65, 55-63). Pref-
erably, the prodrug is at least three times less cytotoxic as compared to the drug in an in
vitro assay.

A “drug being cytostatic or cytotoxic under physiological conditions™ shall mean 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 cells within a living luman or animal
body.

A “prodrug baving a cleavage site which is recognised by FAPa™ shall mean a prodrug
which can act as a substrate for the enzymatic activity of FAPa. In particular, the enzymatic

§-JOEF-LISIY Franiunt
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activity of FAPa can catalyse cleavage of a covalent bond of the prodrug under physiclogi- 10{
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
the FAPa catalysed step is not the pharmacologically active agent itself but undergoes a
further reaction step, e.g. hydrolysis, to become active. More preferably, the cleavage site of
the prodrug is specifically recognised by FAPw, but not by ather proteolytic enzymes pres-
ent in the human or animal body. Also preferably, the cleavage site is specifically recognised
by FAPa, but not by protealytic enzymes present in human or animal body fluids, especially
plasma. In a particularly preferred embodiment, the prodrug is stable in plasma, other body
fluids, or tissues, in which biclogically active FAPa: is not present or detectable. Preferably,
in an in vitro assay as carried out in Example 7 herein, more than 50%, more preferably
mare than 80%, more preferably more than 90% of the prodrug are still present in a solu-
tion containing 10% (v/v) of plasma after 24 h at 37°C. The cleavage site should most pref-
enbly be specific for FAPa. In & preferred embodiment, the cleavage site comprises a L-
proline residue which is linked to a cytotoxic or cytostatic drug via an amide bond. An ex-
ample of this class is a doxorubicin-peptide conjugate. FAPx may cutalyse the cleavage of a
peptidic bond between the C-terminal amino acid residue of the peptide, which is preferably
L-proline, and the cytotoxic or cytostatic compound.

Preferred compounds show at least 10% conversion to free drug, under standard conditions
listed below. More prefirred are compounds that show at least 20% conversion to free
drug, under standard conditions. Even more preferred are compounds that show at least
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 20 uM and incubated with 100 ng CDSFAP« (see
example 4) for 16 hours at 37 °C. Release of freo drug by CDEFAPa is determined as de-
scribed in example S,

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

or the pharmaceuticaily acceptable salts thereof,
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wherein R is a residue of formula Cg-A, Cg-B-A, or Cg-D-B-A, wherein [0 2

Cg is H, or a capping group with the structure R*-CO, R*-0-CO-, R-NH-CO-, R’>-S0;- or
R’-, wherein R’ is an C,-Ce-alkyl, C,-Cs-cycloalkyl, aryl, or heteroaryl substituent; pref-
erably Cgis an acetyl, beazyl, D-alanyl, (R)-H;NCH(CH;)-, or FblNCOCH,CH,- substituent
or another capping group for the protection of the N-terminal amino fnction;

snd wherein A and B are units derived from amino carboxylic acids with the formula -[NR°-
(%),-CO]- wherein X is CR'R" and wherein R®, R’ snd R" are the same or different, and are
H, C;-Ce-alkyl (preferably CH,-, CHyCH;-, CH;CHZCHy-, (CHs).CH-, CH; CHCH,CH-,
(CHs),CHCHyz-, CH;CHCH(CH;)-, (CHs)sC-, HOCHz-, CH;CH(OH)-, ]
CH,CH(OH)CH:CHx-, HOCH,CH,CH;CHz-, xNCH;CH.CH;-, NCHCHCH;CHg-,
HNCH,CH(OH)CH2CHz-, HNC(=NH)NHCH;CH:CHz-, HSCHz-, CH;SCH;CHy-,
HOOCCH;-, HOOCCH,CH;-, FsNC(—0)CH;-, HNC(=O0)CH;CHy-, benzyl, para-hy-

droxy-benzyl,

My CH,-
)

\NH * EP(

Ca-Cr-cycloalkyl (preferably cyclohexyl), aryl (preferably phenyl), or heteroaryl, and pis I,
2,3, 4, 5, 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 ane, R’ and R are preferably H;

A and B can also be units derived from cyclic amino carboxylic acids with the structure

R?
e
HG /(CH,)a

/7 coO-
wherein R is H, C,-Cs-alkyl, OH, or NH;, and qiis 1 or 2;
and wherein D is a unit derived from a amino carbaxylic acid as defined for Aand B, or D ia

an oligomer comptising two or more such units, which may be the same or different, pref-
erably 2 to 10 such units;

J-NEI-LUBLY Pricmes
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end R?, R? are the same or different, and are hydrogen, hydroxyl, amino, C,-Ce-alkyl, Cy- 103
Cq-alkyl-amino, di- C;-Ce-alkyl-amino, C,-Ce-alkyl-oxy, thiol, Ci-Cs-alkyl-thio, =0, =NH, -

CHO, -COOH, -COOCHs;, -COOCH2CH,, -CONH;, halogen, Cs-Ce-cycloslkyl, aryl, or

heteroaryl;

and R* is H, C;-C-alkyl, C;-Cy-cycioalkyl, aryl, or heteroaryl;
and Cyt’ is the residue of a cytotoxic or cytostatic compound.

Unless indicated otherwisa, the simple starecisomers as well as mixtures or mcamates of the
stereoisomers are inchided in the invention,

"C,-Ce-alky!” generally represents a straight-chained or branched hydrocarbon radical hav-
ing 1 to 6 carbon atoms which may optionally be substituted by one or several hydroxyl,
lmino, C|-Cc-llkyl-lmim. di= C:-Crclkyl-amino. C]W‘“’- tho‘. C;-Cc-clkyl-thio.
=0, =NH, -CHO, -COOH, -CONH,, -NHC(=NH)NH,, halogen, Cs-Crcycloalkyl, aryl, or
heteroaryl substituents , which may be identical to one another or different.

The following radicals may be mentioned by way of example:

Methyl, ethyl, propyl, 1-methylethyl (isopropy), butyl, 1-methylpropyl, 2-methyipropyi,
1,1-dimethylethyl, n-pentyl, 1-methyibutyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimetirylpro-
pyl, 1,2-dimethylpropyl, 2,2-dimethyipropyl, 1-ethylpropyl, hexyl, 1-methyipentyl, 2-meth-
yipentyl, 3-methyipentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1, 3-dimeth-
ylbutyl, 2,2-dimethyibutyl, 2,3-dimethylbutyl, 3,3-dimethyibutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2-trimethylpropyt, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl and 1-ethyl-2methyl-
propyl, HOCHr, CH;CH(OH)-, CH;CH(OH)CHCH;-, HOCH,CH:CHCHz-,
HaNCH;CH2CHy-, HaNCH,CH;CHCH,-, FoNCHCH(OH)CH.CH;-,
HNC(=NH)NHCH.CH.CH,-, HSCHy-, CH,SCH.CH,-, HOOCCH,-, HOOCCH.CH--,
HaNC(=0)CHz-, HiNC(=0)CH;CHy-, benzyl, para-hydroxy-benzyl,

H,-
=N

CH,-
NH O E?
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Tf C-Ce-alkyl is substituted, the substituents are preferably hydroxyl, amino, dimethylamino,
diethylamino, thiol, methyl-thiol, methoxy, ethoxy, =0, =NH, -CHO, -COOH, -COOCH,, -
~-COOCH;CHj, -CONH,, -NHC(=NH)NH;, cyclobexyl, phenyl, benzyl, para-hydroxy-

benzyl,
Hy- CH,-
x
NH &::g
H .

If C,-Cs-alkyl is substituted with aryl or heteroaryl, C,-Ce-alkyl is preferably C,, more pref-
erably a methylene group.

“Cy-Cs-Cycloalkyl” generally represents cyclic hydrocarbon radical having 3 to 8 carbon
atoms which may opticnally be substituted by one or several hydroxyl, amino, C,-Cs-alkyl-
amino, di- C;-Ce-alkyl-amino, C,-Ce-alkyl, C;-Ce-alkylonxy, thiol, Ci-Ce-alkyl-thio, =0,
=NH, -CHO, -COOH, -COOCH,, -COOCH:CH,, -CONH;, -NHC(=NH)NH;, or halogen
substituents , which may be identical to one another or different.

“Aryl” generslly represents an sromatic ring system with 6 to 10, preferably 6 carbon atoms
which may optionally be substituted by one or several hydroxyl, amino, C;~Ce-alkyl-amino,
di- C,-C¢-alkyl-amino, C;-Cs-alkyl, C,-Ce-alkyloxy, thiol, C,-Ce-alkyi-thio, -CHO, -COOH,
-COOCH;, -COOCH:(Hs, -CONH;, or halogen substituents, which may be identical to ons
another or different, and which optionally may be benzocondensed. Aryl substituents may
be preferably derived form benzene, preferred examples being phenyl, 2-hydroxy-phenyl, 3-
hydroxy-phenyl, 4-hydroxy-phenyl, 4-amino-phenyl, 2-amino-phenyl, 3-amino-phenyl.

If aryl is subsituted, the substituents are prefirably methyl, ethyl, prapyl, 1-methylethyl (iso-
propyl), butyl, 1-methyipropyl, 2-methytpropyl, 1,1-dimethylethyl, ydroxyl, amino, dime-
thyl-amino, dicthyl-amino, thiol, methyl-thiol, methoxy, ethoxy, -CHO, -COOH, -COOCH,,
-COOCH;CH;, or -CONH:.

“Heteroaryl” generally represents a 5 to 10-membered aromatic heterocyclic ring system,
containing | to 5 heteroatoms selected from the group of nitrogen, oxygen, or sulfur, which
may optionally be substituted by ane or several hydroxyl, amino, C,-Ce-alkyl-amino, di- Cy-
Cs-alkyl-amino, C,-Ce-tlkyl, C;-Cs-alkyloxy, thiol, C,-Cs-alkyl-thio, -CHO, -COOH, -
COOCH;, -COOCH;CH;, <CONH;, or balogen substituents, which may be identical to one
another or different, and which opticnally may be benzocondensed. Heteroaryl substituents

F-105T-LB-PY Fricams
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may preferably be derived from furane, pyrrole, thiophene, pyridine, thiazole, isoxazole,
pyrazole, imidazole, benzofuran, thisnaphthene, indole, benzimidazole, indazole, chinoline,
cytogine, uracil.

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

“Residue of a cytotoxic or cytostatic compound™ means that the compound HzN-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.

In the latter case, -Cyt" may be a residue of formmla -L-Cyt"", wherein L is a linker residue
derived from a bifunctional molecule, for instance a diamine HyN-L'-NH;,, an amino alcohol
HyN-L’-OH, for example p-amino-benzyl alcohol (PABOH), an amino carbonate, for ex-
ample

H'N_@_\o _40

OH

or an amino carboxylic acid HoN-L'-COOH, like glycine, alanine, or any other naturally
occurring or synthetic amino carboxylic acid. If -Cyt' is of formmula -L-Cyt™, the compound
HgN-L'-Cyt" is generated by the enzymatic cleavage of the amide bond shown in formula
(). The compound HuN-L'-Cyt”” may be cytotoxic or cytostatic itself or the linker residue
cleaved off from Cyt’ in a subsequent step releasing the cytotoxic or cytostatic agent. For
eample, the compound HzN-L'-Cyt*’ may be hydrolysed under physiological conditions
into a compound HyN-L’-OH and the cytotoxic or cytostatic compound H-Cyt”’, which is
the active therapeutic agent (In the following, only the term Cyt’ is used for both Cyt’ and
Cyt", and only the term L is used for both L and L', for simplicity).

Preferred compounds are of the general formula (II)

L-1007-L-Y Friosmt
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wherein the substituents have the meaning as described before,
i.e. the a carbon atom of the proline or hydroxy-proline residue is of (S) configuration.
In a prefererred embodiment, the o carbon atom is of (S) configuration and R? is H.
IfR? is OH, it is preferably in trans position.

R’, R? are preferably H, methyl, ethyl, propyl, isopropyl, phenyl, methoxy, ethoxy, or OH,
more preferably FL

R' is preferably H, methyl, ethyl, propyl, isopropyl, or phenyl, more preferably H.

H;N-Cyt’ is preferably doxorubicin (Dox). Other cytotoxic or cytostetic residues Cyt’ may

be derived for example from daunomycin, epirubicin, idarubicin,, methotresats, trimes-
trexate, pyritrexim, 5,10-didcazatetrahydrofolatepyrimetamine, trimethoprim, 10-propargyl-
5,8-dideazafolate2, 4-diamino-5(3’ 4’-dichloropheyl)-6-methylpyrimidine, aminogluteth-
imide, goreserelin, melphalan, chlorambucil, analogs of other chemotherapeutic agents such
a8 9-aminocamtothecin (for examples see e.g. Burris HA, 1. d. end S. M. Fields (1954).
“Topoisomerase I inhibitors. An overview of the camptothecin analogs. {Review].” Hema-
tol Oncol. Clin. North Am. 8(2): 333-355; Iyer, L. and M. J. Ratein (1998). “Clinical
pharmacology of camptothecins. [Review] [137 refs].” Cancer Chemother. Pharmacol. 42
Suppl: S31-543.)

In formula (I), Cyt’ may also be a biological effector molecule which cither directly or indi-
rectly effects destruction of tumour cells, like for example TNFa.

Preferred examples of amino carboxylic acids from which the A, B, and D units (or the two
ore more units making up D) may be derived are glycine (Gly), or the D- or, more prefeora-
bly, the L-forms of alanine (Aln), valine (Val), leucine (Leu), isoleucine (Ile), phenylalanine
(Phe), tyrosine (Tyr), tryptophan (Ttp), cysteine (Cys), methionine (Met), serine (Sexr),

threonine (Thr), lysine (Lys), arginine (Arg), histidine (Ffis), aspertatic acid (Asp), ghutamic
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acid (Glu), asparagine (Asn), ghutamine (Gin), profine (Pro), 4-hydroxy-proline , 5-hydroxy-
lysine, norleucine, 5-hydroxynorieucine, 6-hydroxynorieucine, ornithine, or cyclohexylgly-

cne.

10

Preferred compounds have the general formula (T) wherein the A unit is derived from L-
proline, glycine, L-norleucine, L-5-hydroxynorieucine, L-6-hydroxynorieucine, L-
cyclohexyiglycine, 5-hydroxylysine, L-lysine, or L-arginine.

In preferred embodiments, D is either not present, or D consists of one unit derived from an
amino carboxylic acid as defined.

Preferred capping groups Cg are acetyl (Ac), succinimidy! (Suc), D-alanyl, benzyloxycar-
bonyl (Cbz or Z), or macromolecules such as polyethylene glycol.

Particularly preferred compounds of the invention are Z-Gly-(L.)-Pro-Doxorubicin of for-
mula (TI5)

\a/ am

and Z-(L)-Pro-(L)-Ala-Gly(L)-Pro-Doxprubicin of formula (IV)
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If the part Cg-D-B-A of formula (T} containg two or more sulfir atoms, the 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 fbr formation of an amidic bond as shown in
formula (I), like doxorubicin. In this case, a linker molecule L is not necessary. If a cyto-
static or cytotoxic compound does not have such an amino finction, such a function may be
created in such a compound by way of chemical modification, e.g. by introducing or con-
verting a functions! 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
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-Cyt’, the bond between L and Cyt’ is preferably an amidic or esterbond. Ina
preferred embodiment, such a linker molecule is hydrolysed off the cytostatic or cytotoxic
cytostatic or cytotoxic compound is generated. In any case, the compound of the invention
must have the property of being cleavable upon the catalytic action of FAPz and, as a direct
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or indirect consequesice of this cleavage, releasing under physiological conditions a cyto-
static or cytotoxic compound.

In a further aspect, the present invention relates to & prodrug that is capable of being con-
verted into a drug by the catalytic action of FAPq, said prodrug having a cleavage site
which is recognised by FAPa, and said drug being cytotoxic or cytostatic under physiologi-
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 D- or L-proline, or D- or L-hydroxypro-
line, and the C-terminal carboxy function is linked to the cytotoxic or cytostatic part by an
amide bond which may be cleaved by the catalytic action of FAPa. 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.

The compounds of the invention may be synthesized by processes known in the art (E.
Wilnsch, Synthese von Peptiden, in “Methoden der organischen Chemie”, Houben-Weyl
(Eds. E. Milller, 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 HN-
Cyt' resulting in an amide formation,

. S—

R2

If a linker residue (L) is required between the oligomeric part and the cytotoaxic or cytostatic
agent the block synthesis can be done in the same manner.

P
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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 a similar way by reaction of the activated XOC-Cyt’
with either the hydroxy or the amino component.
R R

u’ + HO-Ct —= oyt

c -HX

Rz

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.

If noccasary, other finctional 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. Suitable protecting groups are well known from the state of the art
(P.G.M. Wuts, “Protective groups in organic synthesis”, John Wiley and Sons Inc., New
York 1991). These protecting groups are removed at the end of the synthesis.

To achieve such ester- or amide formations, it may be necessary to activate the carbomyl
group of the carboxylic acid for a nucleophilic attack of an amine or alcohol, i.e. X to be an
activation group or leaving group which is suitable to be substituted by an amino group.
This activation can be done by conversion of the carboxylic acid into an acid chloride or
acid fluoride or by conversion of the carboxylic acid into en activated ester, for instance a
N-hydroxysuccinimidyl ester or a pentafluorophenyi ester. Another method of activetion is
the transformation into an symmetrical or unsymmetrical anhydride. Alternatively, the for-
mation of the amide- or ester bonds can be achieved by the use of in situ coupling reagents
like benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOFP)
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(B. Frerot ct al., Tetrahedron, 1991, 47, 259-70), 1,1°~carbonyldimidazole (CDI) (K. Akaji
et al,, THL, 35, 1994, 3315-18), 2-(1H-benzotriazale-1-y)-1,1,3,3-tetramethyluronium
tetrafluoroborate (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., THZ, 31, 1990,
1701-04).

As an altemative to the block synthesis the molecules in the general formula () can be as-
sembled in a step by step manner starting at the right hand side by stepwise condensation
reactions of the respective manomers Cyt’, L, proline or hydroxyproline, A, B and D. IfD
comprises more than one amino carboxylic unit, these may also be added stepwise. 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 lesst bifunctional molecules contain-
ing an amino- and (at least the units A, B, D, and prolmc/hydroxyproline) a carboxy group,
the amino group needs to be blocked by 2 protecting group (PG) prior to the activation of
the carboxylic function. For the protection of the amino groups the Fmoc or the Boc group
can be applicd. After the coupling reaction the amino protecting group has to be removed
and the coupling with the next Fmoc- or Boc-pratected unit can be carried out. If neces-
sary, other functional groups in the units Cyt’, L, hydroxyproline, A, B and D which shall
not react during the assambly of the target molecules may be protected by suitable protect-
ing groups. These protecting groups are removed at the end of the synthesis

Capping groups as defined in the context of formula () may also serve as protection
groups, in particular when the last (N-terminal) amino carboxylic acid unit is added. In this
Iatter case the protecting group is not removed as it is a part of the target molecule. Alter-
natively, the capping group may be added aiter the last amino carboxylic acid unit has been
coupled and deprotected.

The step by tep 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
as indicated in thig scheme (see above):
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Accordingly, a further aspect of the invention is a proceas for the production of a compound
of formula (1), characterised in that a compound of the general formula (V)
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wherein X may be OH, or a leaving group which is suitable to be substituted by an amino

group, .
and wherein the other substituents have the meaning as described before,

is reacted with a compound HN(R*)-Cyt’, wherein Cyt’ is the residus of a cytotoxic or cy-
tostatic compound.

Preferably, X within formula (V) is a leaving group, for example —Cl, -F, N-hydroxysuc-
cinimidyl, pentafiuorophenyl, 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-y1)-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 production of & compound of formula
(), characterised in that a compound of the general formula (VI)

g

R’ (v,

wherein Y is of formmla L-COX, wherein L is & linker residue, and X may be OH, ar a
leaving group which is suitable to be substituted by a amino group or a hydroxy group,
and wherein the other substituents have the meaning es described before,

is reacted with a compound HaN-Cyt’ or with s compound HO-Cyt’, wherein Cyt’ is the
residue of a cytotoxic or cytostatic compound.

Prefersbly, X within formula (VI) is a leaving group, for example —Cl, -F, N-hydroxysuc-
cinimidy], 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-yi-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 1, 1°~carbonyldimidazole
{CDI), 2<(1H-benzotriazole-1-yi)-1,1,3,3-tetramethyluronium tetraflucroborate (TBTU), or
1-(mesitylene-2-sulfortyl)-3-nitro-1H-1,2,4-triazole (MSNT).
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A further aspect of the invention is a process for the production of & compound of formula
(), characterised in that a compound of the general formmla (VII)

17

R'l
\
N

R’ (v,

wherein Y’ is of formula L-OH or L-NHa, wherein L is a linker residue,
and wherein the other substituents have the meaning as described before,

is reacted with a compound XOC-Cyt’, wherein X may be OH, or a leaving group which is
suitable to be substituted by a amino group or a hydroxy group, and wherein Cyt’ is the
residue of a cytotoxic or cytostatic compound.

Preferably, X of the compound XOC-Cyt’ is a leaving group, for example ~Cl, -F, N-hy-
droxysuccinimidyl, pentaflucrophenyl, or a carboxylate. Alternatively, X may be OH and
condensation is achieved by the use of an in situ coupling reagent, for example benzotri-
azole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafiuorophosphate (PyBOP), 1,1°-car-
bonyldimidazole (CDI), 2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethyluronium tetra-
fluoroborate (TBTU), or 1-(mesitylene-2-sulfonyl)-3-nitro-1H-1,2,4-triszole (MSNT).

A further aspect of the invention is a process for the production of a compound of formula
(D), characterised jn that a compound HaN-Cyt’ is condensed stepwise with the units making
up the compound of formmla (I). Before each coupling step, it may be necessary to remove
a protecting group PG, if present.

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 (VIII)

!
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wherein PG is a protection group, and the other the substituents have the meaning as de-
scribed before, is reacted with a compound EN(R*)-Cyt’, whexein Cyt’ is the residue of 8
cytotoxic or cytostatic compound,;

the protecting group PG is then removed and the resulting compound

\ _Cyt

A—Z
s

R3

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 secondary amino group. Further cou-
pling stcps may follow, if neceasary, to build up the complete molecule.

PG may be, for example, Fmoc or Boc.

Accordingly, a further aspect of the invention is a process for the production of a compound
of formula (T), characterised in that

a compound of formula PG-NR*-L-COX, wherein the substituents have the meaning as de-
scribed before, is reacted with a compound of formula HoN-Cyt’, or HO-Cyt', wherein Cyt’
is the residue of a cytotoxic or cytostatic compound;

the protecting group PG is then removed,

and the resulting compound AHN(R%)-L-NH-Cyt’ or HN(R*)-L-COO-Cyt"’ is reacted with a
compound of the general formula (VIII)

"
N
R
R’ (V)
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the protecting group is then removed and the resulting compound

n _l o. H ~L H--.
s;Ji A S 4 e
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 suitahle to be substituted by a secondary amino group. Further cou-
pling steps may follow, if neceasary, to build up the complete molecule.

A further aspsct of the mvention is a process for the production of a compound of formula
(), characterised in that

& compound of formula PG-N(R*)-L-OH or PG-N(R*)-L-NH,, wherein the substituents
have the meaning as described before, is reacted with a compound of formmila XOC-Cyt’,
wherein Cyt’ is the residue of a cytotoxic or cytostatic compound;

the protecting group PG is then removed;
and the resulting compound HN(R*)-L-NH-CO-Cyt’ or HN(R)-L-OOC-Cyt’ is reacted
with a compound of the general formula (VIIT)
P?
N
R
R (vam),

the protecting group is then removed and the resulting compound
i H Al j\
n N/L\o Cyt Ill H Cyt
R R R*

R R’

R3
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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 secondary amino group. Further cou-
pling steps may follow, if necessary, to build up the complete molecule.

The compounds of the invention are intended for medical use. In particular, these com-
pounds are useful for the treatment of tumours which are associated with stromal fibroblasts
that express FAPo and which are generally not optimally tregted with svailable cytotoxic
and/or cytostatic agents, Tumours with this property are, for example, epithelial cancers,
such as lung, breast, and colon carcinomas. Tumours, such as bone and soft tissue sarco-
mas which express FAPa, may also be treated with these compounds.

Consequently, another aspect of the present invention are pharmeceutical compositions
comprising a compound of the present invention and optionally one or more suitable and
pharmaceutically acceptable excipients, as exemplified in: Renington: the science and
practice of pharmacy. 19th ed Easton : Mack Publ., 1995. The pharmaceutical composi-
tions may be fornmlated as solids or solutions. Solid formulations may be for preparation of
a solution before injection. Preferably, the pharmaceutical compositions of the invention are
solutions for injection. They may be administered systemically, e.g. by intravenous injection,
or topically, e.g. by direct injection into the tumour site. The dosage will be adjusted ac-
cording to factors like body weight and health status of the patient, nature of the underlying
discase, therapeutic window of the compound to be applied, solubility, and the like. It is
within the knowledge of the expert to adjust dosage appropriately. For doxorubicin conju-
gates, for example, the dose will preferably be in the range from 10 mg/m? to 1350 mg/m®,
but alzo higher or lower doses may be appropriste.

Accordingly, a further aspect of the present invention is the use of a compound of the in-
vention in the preparation of a pharmaceutical composition for the treatment of cancer.
Furthermore, an agpect of the invention is a method of treatment of cancer, comprising ad-
ministering an effective amount of a pharmaceutical composition of the invention to a pa-
tient.

A further aspect of the invention is a8 method of treatment of cancer, wherein a prodrug is
administered to & 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 product of cells associated with tumour tissue. Preferbly, said enzymatic activity is the
proteolytic activity of FAPa.

I-1087-LAMEY Privems
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Figures

Figure I: Cleavage of doxorubicin-peptide conjugates by FAPa. Chromatograms for ZGP-
Dox (Z-Gly-(L)-Pro-Doxorubicin) after incubstion with purified FAPmCDS fusion protein
(A), or with buffer (B). See example 5.

Figure 2: Reduction of doxorubicin cytotoxicity by conjugation of dexorubicin to FAPa-
cleavable peptides. See example 6.

Figure 3: Demonstration of cytotoxicity of doxorubicin released from FAPa-cleavable
doxorubicin-peptide conjugatas by FAPa-expressing HT1080 clone 33 cells versus parental
HT1080 cells. See example 8.

Figure 4: Plasma stability of N~-Cbz-Gly-(L)-Pro-Doxorubicin and N-Cbz-(L)-Pro-(L)-Als-
Gly-(L)-Pro-Doxorubicin in mouse and buman plasma. See example 9.

Figure 5: Demonstration of FAPa enzyme activity and confirmation of its apparent mo-
lecular weight in human tumour tissue samples, See Example 12.

Examples

Example 1: Synthetic procednres of doxorubicin conjugates

N-Chbx-Gly-Pro-Doxorubicin: N-Cbz-Gly-Pro (116.1 mg, 0.37mmol) and N-hydroxy suc-
cinimide (44 mg, 0.37 mmol) were weighed out and placed in a 2 neck-round bottom flask
under dinitrogen. Anhydrous N, N-dimethylformamide (20 ml) was added and the flask was
cooled to 0 °C in an ice bath. Dicyclohexylcarbodiimide (78 mg, 0.37 mmol) was added as
8 1 ml solution in N, N-dimethytformamide. The solution was stirred at 0 °C for 40 minutes,

Doxorubicin*HCl (100 mg, mmol) was weighed into a vial with a small stir bar and placed
under dinitrogen. N, N-Dimethylformamide (3Iml) and N, N-diisopropylethylamine (33,1 pul,
0.19 mmol) were added to the vial with stiring. The doxorubicin solution was added va
syringe to the peptide solution, and the vial was rinsed with an additional 2 ml of N, N-di-
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methylformamide, The ice bath was removed and reaction mixture was stirred for approxi-
mately 48 hours at room tempersture,

The reaction solution was extracted with ethyl acetate (500 ml). The ethyl acetate was
washed with of 10% aqueous citric acid solution (250 mi), saturated aqueous sodium bicar-
bonete (250 ml) and brine (250 ml) sequentially. The organic extract was dried with anhy-
drous MgSO,, and the solvent was removed with a roto-evaporator. The product, which
was rich in DMF contammant, was chromatographed on a C-18 reversed phase flash col-
umn with 8:2 methanol : water as the eluent. One orenge spot, 1f 0.3, which fluoresced
under long wave UV light was isolated. The methanol was removed with the roto-evapo-
rator and the last traces of solvent were removed with the high vacuum pump overnight.

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

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

Imo a separate flask was weighed Gly-Pro-OCH;*HCI (2.9 g, 15 mmol). Tetrahydrofiran
(5 ml) and N,N-diisopropylethylamine (5.23 ml, 30 mmol) were added and the solution was
stirred for several minutes. The material that dissolved was added wa syrings to the acti-
vated peptide, the remaining material was dissolved in a minimum amount of CH,Cl; and
also added to the activated peptide via syringe.

The reaction solution was stirred overnight at room temperature (15 hours) and in the
with 10% aqueous citric acid solution (300 ml) and extracted with ethyl acetate (500 ml).
The cthyl acetate extract was washed with saturated aqueous bicarbonate solution (300 mtl)
and dried with brine (300 ml) and anhydrous MgSO,. The ethyl acetate was removed with
the roto-evaporator to yield 5 g of a colouriess oil, which gave satisfactory characterisation
data.

The crude oil of the N-Cbz-Pro-Ala-Gly-Pro-OCH, (5g, 12 mmol) was dissolved in metha-
nol (20 ml) in a round bottom flask. The flask was placed in an embient temperature water
bath. 1 N Sodium hydroxide solution (12 ml) was added csutiously. The solution was
stirred for 3.5 hours after which time | N HCI solution (12 ml) was added. The sohution
was concentrated on the roto-evaporator and a few more drops of 1 N HCl was added until
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.
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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,
38 mmol) and dicyclohexylcarbodiimide (78 mg, 38 mmol) were dissolved in 1 ml each of
N, N-dimethylformamide and added to the peptido as solutions. The reaction mixture was
stirred at room temperature for 45 minutes.

Doxorubicin’HC] (116 mg, 20 mmol) was weighed into a separate vial and dissolved in

N N-dimethylformamide (3 ml). N,N-Diisopropylethylamine (34.8 i, 20 mmol) was sy-
minutes to ensure complete diasolution. The doxorubicin solution was added via syringe to
the activated peptide. The solution was stirred for 48 hours at room tempersture.

The product was extracted with ethyl acetate (2 I) and washed with 10 % aquecus citric
ucid solution (500 ml). The ethyl acetate layer was separated, dried with MgSO, and con-
ventrated to an oil on the roto-evaporator. The vil was chromatographed on C-18 re-
versed phase silica gel, which gave an orange, long wave UV fluorescing spot at f = 0.25.
The final product gave satisfactory characterization data.

Example 2: Preparation of FAPa-expressing cell lines

Mammalian cell lines expreasing recombinant FAPa were prepared. HT'1080 fibrosarcoma
cells, widely known and avuilable from the DSMZ (German Collection of Microorganisms
and Cell Cultures, Braunschweig, Germany) under the accession number DSMZ ACC 315,
were maintained in 8 DMEM/F12 mix 50:50 containing 10% fetal bovine serum in an at-
mosphere of 95% air and 5% CO;. HT1080 cells were transfected with FAP.38 vector (WO
97/34927, Scanlan et al, loc. ciL) using the Lipofectin method according to the mamfac-
turer's instructions (Gibco/BRL). Transfectants were selected for resistance to antibiotics
(200 ug/ml Geneticin) and thereafter maintained in medium containing Geneticin. Individ-
ual colonies of resistant cells were picked, grown to confluence in 10 cm tissue culture petri
dishes and tested for FAP« expression in an immunofiuorescence assay using the FAPa-
specific monoclonal antibody F19, as described (Garin-Chesa et al (1990) Proc. Natl
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.
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Similarly, human embryonic kidney 293 cells, widely known and available from American
Tissue Type Collection (Rockville, MD), wese maintained in 8 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 uging calcium phosphate transfection as described (Park,
J.E, Chen, H H., Winer, J., Houck, K. A. & Fermams, N. (1994). Placenta growth factor.
Potentiation of vascular endothelial growth factor biocactivity, in vitro and in vivo, and high
affinity binding to Flt-1 but not to Flk-1L/KDR._ J. Biol Chem. 269(41), 25646-25654).
Transfectants were selected and analyzed as described sbove for FAPa expression. The
parental 293 cell line showed no detectable FAPa expression. One clone, referred to here-
after as 293-1/2, was FAPa positive,

Example 3: Examination of FAPa expression in transfected cell lines

FAPa expression was examined in the HT1080 and HT1080 clone 33 cells. Metabolic la-
beling, immunoprecipitations and flucrography were performed essentially as described
(Park et al. (1991) Somatic Cell Mol. Genet. 17(2), 137-150). HT1080 and HT1080 clone
33 cells were metabolically labelled with **S-methionine. Detergent extracts of these cells
were immunoprecipitated with monoclonal antibody F19 or with mouse IgG1 antibody as a
negative control, Precipitates were boiled in sample buffer and separated by sodium dodecyl
sulfate gel electrophoresis (a3 described by Laemmli (1970) Nature 227(259), 680-635).
Fhuorographic analysis of the resulting gel confirmed that the HT1080 clone 33 cells pro-
duce FAPa protein. No FAPa protein was detectable in extracts of the parental HT1080
cells nor in immunoprecipitates with mouse IgG1.

Example 4: Soinble recombinant FAPa

A soluble recombinant form of FAPa protein was prepared as follows. A cDNA encoding
the extracellular dompin (ECD) of murine CD8a (Genbank M12825), consisting of the N-
terminal 189 amino acids of CD8a, was ligated to a cDNA encoding the extracellular do-
main of FAPa (amino acids 27 to 760), generating a fusion protein construct, FAPmCDS,
similar in structure to the CD8«-CD40 ligand fusion protein, as previously described (Lane
et al. (1993) J. Exp. Med. 177(4), 1209-1213), The cDNAs were verified by sequencing
and inserted into the pVL1393 vector. Transfection of S cells and amplification of the
resulting recombinant baculovirus were performed as described (OReilly (1994) Bacuiovi-
rus Exprassion Vectors: A Laboratory Manual, Oxford University Preas, New York). The
culture supernstant of High Five cells infiected with recombinant FAPmCDS baculovirus for
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four days was collected and cleared by ultracentrifiigation. FAPmCDS fusion protein was
purified from such supernatants using an anti-FAPa monoclonal antibody 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
buffer, pH 3. The samples were immediately neutralized with a saturated Tris solution
(Sigma Chemicala, St. Louis, MO) and protein-containing fractions were pooled.

Example 5: Measurement of cleavage of doxorubicin-peptide conjugates

Samples were scparated by reversed-phase high performance liquid chromatographic
(HPL.C) assay that was established to measure cleavage of doxorubicin-peptide conjugates.
The HPLC system consisted of 8 Waters 717 autosampler equipped with a 100 microliter
(i) loop and two Waters model 510 pumps to deliver solvents. Separations were per-
formed under isocratic conditions at a flow rate of 0.7 ml/min on a Nucleosil C-18 colomn,
100 mm long x4 mm LD. with 5 um particle size (Dr. Ing. H. Knauer GmbH, Berlin). The
mobile phase consisted of methanol:water (70:30, v/v) containing 0.2 M ammoninm acetate,
adjusted to pH 3.2. Free doxorubicin and doxorubicin-peptide conjugates were detected by
fluorescence (excitation, 475 nm; emission, 585 nm) using e Waters 474 fluorescence de-
tector. Injection, solvent delivery, data acquisition, and dats analysis were all performed
using the Millennium 2010 chromatography software package (Waters Corp., Milford, MA,
USA). Substances to be tested were first dissolved in dimethyl sulfoxide at a concentration
of 5 mM and subsequently diluted in aqueous solution before being applied to the HPLC
column.

The ability of soluble recombinant FAPa enzyme to release free doxorubicin from doxorn-
bicin-peptide conjugates was examined. Doxorubicin-peptide conjugate stock solutions (5
mM) were diluted with Hepes-buffered saline pH 7.4 to a final concentration of 50 to 100
pM. Twenty ul of the resulting solution was mixed with 50 yl of purified FAPmCDS fusion
protein (approximately 20 ng) described above and 30 pd Hepes-buffered saline, pH 7.4,
The mixture was allowed to incubate at 37° C for 1 day and release of fres 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
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 to determine percent cleavage was carried out using the Millennium 2010
chromatography software package above. As seen in the chromatograms for ZGP-Dox (N-
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Cbz-Gly-Pro-Doxorubicin) shown in figure 1, the doxorubicin-peptide conjugate could be
converted to free doxorubicin after incubation with purified FAPmCDS fsion protein but
the retention time of the conjugate was not altered by incubation with buffer.

Example 6: Reduction of cytotaxicity of doxornbicin by conjugation to FAPa-cleavable
peptides.

The ability of FAPa-cleavable peptides to block the cytotoxic action of doxorubicin on
FAPa-negative, doxorubicin-sensitive cells was determined. K562 cells, available from
American Type Tissue Culture Collection, Rockville, MD, USA (ATCC Number: CCL-~
243), were seeded in 96 well plates (Greiner Scientific) at a density of 1000 cells / well.
Serum-fiee cell culture media containing various concentrations of free doxorubicin or
equivalent molar concentrations of doxorubicin-peptide conjugates were added to the cells.
Four days later, cell number was determined using an sxtomated CASY™ cell counter
(Schirfe System GmbH, Reutlingon, Gerrnany). The results are shown in Figure 2.

Example 7: Release of free doxorubicin by cell-bound FAPa

The ability of cell-bound FAPx enzyme to release free doxorubicin from doxorubicin-pep-
tide conjugates was camined. Each conjugate was dissolved in serum-free cell culture me-
dium at & final concentration of 1 pM. Ten milliliters of this solution was added to conflu-
ent monolayers of HT1080 or HT1080 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
the ZGP-Dox (N-Cbz-Gly-Pro-Doxorubicin) and ZPAGP-Dox (N-Cbz-Pro-Als-Gly-Pro-
Doxorubicin) conjugates to free doxorubicin, respectively. The parental HT1080 cell line
converted only 9% of ZGP-Dox to free doxosubicin under the same conditions. Little or no
detectable conversion of ZPAGP-Dox to free doxorubicin by the parental HT1080 cell line
was observed under these conditions.

Example 8: Killing of sensitive cells by FAPa-released daxorubicin
The ability of FAPx to generate free doxorubicin capable of kiling doxombicin-sensitive

cells was determined. K562 cells, aveilable from American Type Tissue Culture Collection,
Rockville, MD, USA (ATCC Number: CCL-243), were seeded in 96 well plates (Greiner
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Scientific) at a density of 1000 cells / well. Serum-free cell culture media containing 1 M
doxorubicin-peptide conjugate was added to HI'1080 or HT1080 clone 33 cells dishes for
19 hours at 37° C. The media were removed and release of doxorubicin was confirmed as in
Example 5. Sixty-six pl of this medium was then added per well to the K562 cells. Four
days later, cell number was determined using an sutomated CASY™ cell counter. The re-
sults are shown in figure 3.

Example 9: Plasma stability of doxorubicin-peptide conjugates

The plasms stability of doxorubicin-peptide conjugates was measured using methods de-
scribed in Example 5. Samples containing doxorubicin-peptide conjugates (st a concentra-
tion of 1 uM) were incubated in the presence of 10% (v/v) mouse or human plasma for the
times indicated at 37° C. The results for ZGP-Dox and ZPAGP-Dox in mouse and human
plasma are shown in Figure 4.

Example 18: FAPa-catalyzed cleavage of selected 4-methaxy-p-napthylamide-peptide
conjugates

To identify preferred FAPa peptide substrates, oligomers composed of natural and/or un-
natural amino carboxylic acids were synthesized and coupled to Proline-4-methoxy-f-
napthylamine (Pro-MNA) using methods known to the art (E. Winach, Synthese von Pep-
tiden, in Methoden der organischen Chemie, Houben-Weyl (Eds. E. Milller, O. Bayer), Vol
XV, Part 1 and 2, Georg Thieme Verlag, Stuttgart, 1974).

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

Boc-Pro (32 mg, 0.15 mmol), 2-(1H-benzotriazol-1-yi)-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/ tetrahydroforan 1:1
(4 mi). N-ethyldiisopropylamine (0.26 ml, 0.44 mmol) dissolved in N-methylpyrrolidone
(1.7 molar) was added and the mixture was stirred at room temperature overnight.

The solvent was removed with a roto-evaporator and the residue was dissolved in ethyl
acetate (10 ml) and extracted 3 times with water. The organic layer was dried with anhy-
drous Na;SO, and the solvent was removed with a roto-evaporator. The residue was dis-
solved in trifluoroacetic acid/dichloromethane (1:4, 25 ml) and allowed to react for 1 hour.

J-HBFLY Prigag
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The solvent was removed with a roto-evaporator and the resulting oil was dried with a
stream of nitrogen. The crude product was purified by preparative reversed phase HPLC
applying a acetonitrile/water gradient. The product gave satisfuctory analytical data (NMR
and mass spectra). .

Release of free MNA from the peptides was then measured in a Cytofluor fluorimeter (Per-
Septive Biosystems, Inc.) using the 355 nm excitation /405 nm emission filter set, Enzyme
kinetic paremeters (Michaelis-Menten Ky, and ke valuas) were calculated using methods
known to the art (see for example, Yun, S. L. & Suelter, C. H. (1977). A simple method for
calculating Km and V from a single enzyme reaction progreas curve. Biochim. Biaphys.
Acta 430(1), 1-13.) with FAPa enzyme desived from membrane extracts of the 293-1/2
transfected cells in Example 2.

Table I: K and keyy values for FAPa-catalyzed cleavage of selected 4-methoxy-p-

uapthylamide (MNA)-peptide conjugstes
Substrates Ku Kext Ken/Kne
[uM] "1 | x10* M 5]

Chg-Pro-MNA 75 537 71.6
Hyn-Pro-MNA 69 274 39.7
Pro-Pro-MNA 154 495 32.1
Val-Pro-MNA 95 21.7 29.2
Met-Pro-MNA 127 27.9 22.0
Arg-Pro-MNA 278 50.6 18.2
trans-Hyp-Pro-MNA 254 37.9 14.9
Gin-Pro-MNA 273 405 14.8
Als-Pro-MNA 267 35.7 13.4
Lys-Pro-MNA 530 57.1 108
Tle-Pro-MNA 43 12.6 38
Met(0)-Pro-MNA 378 26.9 7.1
Ser-Pro-MNA 872 28.3 33

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

Example 11: Specificity af 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
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for FAPu compared to DPP-IV is necessary to reduce undesirable conversion of the pro-
drug at sites other than the tumor (e.g, in the plasmsa). To identify peptides specific for
FAPa, cleavage of MNA-coupled peptides by FAPa was compared to the ability of DPP-IV
to cleave the same peptide conjugates. Release of free MINA was measured as described in
Example 9. Results are shown in Teble 2.

Table 2: Comparison of cleavage selectivity of MINA-peptide conjugates by FAP« and
DPP-1V.

Cleavage specificity
FAP DPP IV
| Ala-Pro-MNA + +
Z-Gly-Pro-MNA + -
Z-Pro-Ala-Gly-Pro-MNA + -
+ indicates the enzyme was sble to cleave the substrate
- indicates [ack of cleavage

Example 12: FAPu activity in tamour samples

Enzyme activity of FAPx measured in buman tumor samples. Ninety-six-well ELISA (en-
zyme-linked immunosorbent agsay) plates (Costar, Comning, NY) were coated overnight at
4 °C with 1 pg/ml F19 antibody or control antibody in phosphate-buffered saline (PBS), pH
7.4. Wells were then rinsed with wash buffer (PBS, 0.1 % Tween 20, pH 7.4) and exceas
binding sites were blocked with blocking buffer (5 % bovine serum albumin in PBS, pH 7.4)
for 1 hour at room temperature. FAPr activity was measured in fumor tissue (closed sym-
bols) or matched normal coatrol tissue (corresponding open symbols) from Concanavalin
A-enriched membrane extracts (Figure 5a2). Tumor samples inciuded breast (v,m), colon
(e), colon metastasized to the liver (o), and lung cancer (a,#). Extracts were added to
F19-coated plates and incubated for 1 hour at room temperature. The unbound material was
removed, wells were washed thrice with wash buffier, and FAPa enzyme activity was as-
syed using 100 ul Ala-Pro-AFC as described (WO 97/34927) for one hour at 37 °C. The
first two Concanavalin A fractions of each extract were measured and each value individu-
ally plotied. Background fluorescence (as measured using control antibody-coated plates)
was subtracted from cach value.

Independent biochemical confirmation of FAPa enzymatic activity and its apparent mo-
leculsr mass in tumor extracts were obtained by labelling the aforementioned tissue extracts
with C-labelled diisopropyifiuorophosphate (DFP; NEN-DuPont, Cologne, Germany).
DFP is known to bind covalently and irreversibly to active site serines of many serine prote-

U PY Prostet
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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.
J. Biochem. 77(6), 1313-1318; Wahbby, S. & Engstrom, L. (1968). Studies on Streptony-
ces griseus protease. I[L. The amino acid sequence around the reactive serine residue of
DFP-sensitive components with esterase activity. Biockim. 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 dodecyl sulfate polyacrylamide gel
electrophoresis (Laemmli, U, K. (1970). Cleavage of structural proteins during the

of the head of bacteriophage T4. Nature 227(259), 680-685) and subsequent autoradio

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 endosontal acidifica-
tion. Somatic Cell Mol Genet 17(2), 137-150) of these samples revealed the presence of s
labelled 95 kD protein, present in the colon cancer sample. No radiolabeled bands were ob-
served in the normal matched control immunoprecipitate (N) nor with controi antibody.
The apparent molecular mass of the immunopurified, *C-labeiled protein seen in Figure 5b
agrees with previous reports for FAPa (Rettig W. I, Su, S. L., Fortunato, S. R., Scanlan,
M. J,, Mohan Raj, B. K., Garin-Chesa, P., Healey, J. H. & Old, L. J. (1994). Fibroblast ac-
tivation protein: Purification, epitope mapping and induction by growth factors. fat. J.
Cancer S8(3), 385-392; WO 97/34927).
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Claims

1. Compound of the general! formmla (I)

g

N N/cyr
R® R*
R? o
or the pharmaceutically acceptable salts thereof,

wherein R' is a residue of formuls Cg-A, Cg-B-A, or Cg-D-B-A, wherein

Cg is H, or a capping group with the structure R*-CO, R*-0-CO-, R>-NH-CO-, R*-SO:-
or R’-, wherein R is an C,-Ce-alkyl, C3-Ce-cycloalkyl, aryl, or heteroaryl substituent;
preferably Cgis an acetyl, benzyl, D-alanyl, (R)-H2NCH(CHs)-, or HINCOCH.CHy-
substituent or another capping group for the protection of the N-terminal amino finc-
tion,

and wherein A and B are units derived from amino carboxylic acids with the formula -
[NR®-(X),~CO}- wherein X is CR'R® and wherein R®, R? and R" are the same or differ-
ent, and are H, C;-Cq-alkyl (preferably CHy-, CHyCHe-, CHyCH2CHs-, (CH,):.CH-,
CH>;CH;CH;CHgz-, (Chh):CHCHz-, CHy;CH;CH(CHs)-, (CH,):C-, HOCH -,
CH;CH{OH)-, CHyCH(OH)CH,CH,-, HOCH,CH;CH,CH,-, H;NCH,CH,CHx-,
HaNCH,CH,CHaCHa-, HaNCHRCH(OH)CHzCHz-, HaNC(=NH)NHCH,CH,CH;-,
HSCH>-, CH,SCH,CH;-, HOOCCH,;-, HOOCCH;CH;-, NC(=0)CH-,
HaNC(=0)CHCHg-, benzyl, para-hydroxy-benzyl,

He oH,
Y-
u )

Cs-Cecycloalkyl (preferably cyclohexyl), aryl (preferably phenyl), or heteroaryl, and p is
1, 2, 3, 4, 5, and wherein the configuration at CR’R" can be R or S; if R” is other than H,
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then R" is preferably H: R® is preferably H; ifpisgrumtlunone,:k’lndk'mpmf—
erably H,

A and B can also be units derived fram cyclic amino carboxylic acids with the structure
v

HG _({H,)q

/N

CO-

wherein R® is H, C;-Ce-alkyl, OH, or NHa, R* has the meaning as defined below, and q

islor2;

and wherein D is a unit derived from a amino carboxylic acid as defined for A and B, or
D is an oligomer comprising two or more such units, which may be the same or differ-

ent, preferubly 2 to 10 such units;

and R, R? are the same or different, and ere hydrogen, hydroxyl, amino, C,-Ce-alkyl,
C,-Cs-tlkyl-amino, di- C;-Cs-alkyl-amino, C;-Ce-alkyl-oxy, thiol, C;-Cealkyl-thio, =0,
=NH, -CHO, -COOH, -COOCH;, -COOCH,CH;, -CONHa, halogen, C;-Ce-cycloalkyl,
aryl, or hetercaryl;

and R* is H, C-Cy-alkyl, Cs-Cy-cycloalkyl, atyl, or heteroaryl;

and Cyt’ is the residue of a cytotoxic or cytostatic compound.

. Compound of claim 1 with the formula

P
N ~Cyt

. Compound of claim 1 or 2, wherein the units A, B, or D are derived from glycine (Gly),

or the D- or L-forms of alsnine (Ala), valine (Val), leucine (Leu), isoleucine (Tle), phea-
ylalaninc (Phe), tyrosine (Tyr), tryptophen (Trp), cysieine (Cys), methionine (Met),
scrine (Ser), threonine (Thr), lysine (Lys), arginine (Arg), histidine (Ffis), aspartatic acid

K-S PV Prinnus
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(Asp), glutamic acid (Glu), asparagine (Asn), glutumine (Gin), proline (Pro), 4-hydroxy-
proline , 5-hydroxy-lysine, norleucine, S-hydroxynorieucine, 6-hydroxynorleucine, or-
nithing, or cyclohexylglycine.

33

4. Compound of any one of claims ] to 3, wherein the unit A is derived from L-proline,

Ivei L-norieucine. 1 55”1 oh uqugl]rcin! L_s_hl'dmmoﬂumim L.s.hymr.
leucine, L-5-hydroxylysine, L-arginine, or L-lysine. '

5. Compound of any one of claims 1 to 4, wherein the unit D is either not present or con-

sists of one units derived from an smino carboxylic acid as defined for units A or B,

6. Compound of any one of clsimns 1 to 5, wherein HoN-Cyt’ is doxorubicin.

7. Compound of claim 6 which is Z-Gly-Pro-Dox of the formula (III)

or Z-Pro-Als-Gly-Pro-Dox of formula (IV)

JoTORI-LRS-IY Prinies
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8. A prodrug that is capable of being converted into a drug by the catalytic action of
FAPa, said prodrug having 2 cleavage site which is recognised by FAPq, and said drug
being cytotoxic or cytostatic under phyziological conditions.

9. The prodrug of claim 8 comprising 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 cligomeric part is 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.

10. The prodrug of claim 9, wherein the oligomeric part comprises two, three, or four
amino carboxyfic acid residues.

11. The prodrug of claim 9 or 10 wherein the N-terminal amino function is protected by a
capping group.

12. Compound of any one of claims 1 to 11 for medical use.

J=FORNLTEPY Fropium
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13. Pharmaceutical composition comprising a compound according to any one of claims 1
to 11, and optionally one or more pharmaceutically acceptable excipients.

s 14, Use of 2 compound according to any one of clxims 1 to 11 in the preparation of a phar-
maceutical composition for the treatment of cancer.

15. Process for the production of a compound of any one of claims 1 to 11, characterised in

that & compound of formula (V)
\

R?
Rl

-V,

wherein X may be OH, or a leaving group which is suitable to be substituted by a amino

group,
o and wherein the other substituents have the meaning as described before,

is reacted with & compound EN(R*)-Cyt’, wherein Cyt’ is the residue of & cytotoxic or
cytostatic compound.

»  16. Process for the production of a compound of any one of claims 1 to 11, characterised in
that a compound of formula (VI)

» wherein Y is of formula L-COX, wherein L is a linker residue, and X may be OH, or n
leaving group which is suitable to be substituted by a amina group or a hydroxy group,
and wherein the other substituents have the meaning as described before,
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is reacted with a compound HoN-Cyt” or with a compouad HO-Cyt’, wherein Cyt' is the
residue of a cytotoxic or cytostatic compound.

17. Process for the production of a compound of any one of claims 1 to 11, characterised in
that a compound of formula (VII)

wherein Y’ is of formula L-OH or L-NH;, wherein L is & linker residue,
and wherein the other substituents have the mesning as described before,

is reacted with a compound XOC-Cyt’, wherein X may be OH, or a leaving group
which is suitable to be substituted by a amino group or a hydroxy group, and wherein
Cyt' is the residue of 2 cytotoxic or cytostatic compound.

18. Process for the production of a compound of formula (), characterised in that & com-
pound of formula (VIII)

wherein PG is a protection group, and the other the substituents have the meaning as
described before, is reacted with a compound HN(R*-Cyt’, wherein Cyt’ is the residue
of & cytotoxic or cytostatic compound;

the protecting group PG is then removed and the resulting compound
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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 compound is
obteined.

19. Process for the production of a compound of any ane of claims 1 to 11, characterised in

that

a compound of formula PG-N(R*)-L-COX, wherein tha substituents have the meaning
as described before, is reacted with a compound of formula H;N-Cyt’, or HO-Cyt”,
wherein Cyt’ is the residue of a cytotoxic or cytostatic compound,

the protecting group PG is then removed,

and the resulting compound HN(R*)-L-NH-Cyt’ or HN(R*)-L-COO-Cyt’ is reacted
with a compound of formula (VIII)

the protecting group is then removed and the resulting compound
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¥ L o \ A
Y e g e
R? R*
R? R*
is then reacted with a compound PG-A-X, wherein PG is 8 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 compiete molecule is
obtained.

n 20, Process for the production of a compound of formula (I), characterised in that
a compound of formula PG-N(R*)-L-OH or PG-N(R*)-L-NH,, wherein the substituents

have the meaning as described before, is reacted with a compound of formula XOC-
Cyt’, wherein Cyt’ is the residue of a cytotoxic or cytostatic compound,

the protecting group PG is then removed;
and the resulting compound HN(R%)-L-NH-CO-Cyt’ or HN(R%-L-OOC-Cyt”’ is reacted
with a compound of formula (VIII)
»
P
i
R
R (i),

the protecting group is then removed and the resulting compound
v E,L\o j\w 4 N’L‘u’ﬂ\c "

R:

R3
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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;

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

21. Method of treatment of cancer, comprising administering a pharmaceutical composition
according to claim 13 to a patient.

22. Method of trestment of cancer, wherein a prodrug is administered to a patient wherein
said prodrug is capable of being converted into a cytotoxic ar cytostatic drug by an en-
Zymatic activity, said enzymatic activity being the activity of FAPa.

HGEOMTISO " YETHETAOS
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TRADUCCION: Se traduce la caratula y las relvindicaclones anexas a una copia
de la solicitud de patente estadounidense No. 60/134.136, escrita en ingiés. Para
el invento denominado: Compuestos antitumorales activados por PAF.

LOS ESTADOS UNIDOS DE AMERICA
A TODOS AQUELLOS A QUIENES LA PRESENTE CONCIERNE
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Patentes y Marcas de los Estados Unidos

LA PRESENTE ES PARA CERTIFICAR QUE LA ANEXA A ESTA ES UNA COPIA FIEL
DE LOS REGISTROS DE LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS
UNIDOS DE LOS DOCUMENTOS DE LA SOLICITUD DE PATENTE IDENTIFICADA
MAS ADELANTE QUE SATISFACEN LOS REQUISITOS PARA QUE SE OTORGUE UNA
FECHA DE PRIORIDAD BAJO 35 USC 11.

SOLICITUD NUMERO: 60/134.136
FECHA DE PRESENTACION: 14 de Mavo, 1999
Por la Autoridad del

COMISIONADO DE PATENTES Y MARCAS

(Rubrica)

Funclonario Certificador

SELL EN RELIEVE
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REIVINDICACIONES

1. Compuesto de la formula general (I)

z—A,

C
. N g
R R
R ®
o de [as sales farmacéuticamente aceptables de este o,
donde R! es un residuo de la férmula Cg-A., Cg-B-A. O Cg-D-B-A, en donde
l
Cg es H o un grupo tapdn con la estructura R5-CO, R%-0-CO-, R¥-NH-CO-, R®-S02-
o R%-, en donde R® es un alqullo C,-C;, cicloalquilo C,-C,, arilo o sustituyente de
heteroarilo; preferiblemente Cg es un sustituyente acetilo, bencllo, D-alanilo, (R)-

H,NCH(CH,)-, o0 HNCOCH,CH,~ u otro grupo tapén para |a proteccldn de la funcion

amino N-terminal;

y en donde A y B son unidades derivadas de #cidos amino carboxilicos con la
férmula [NR®-(X),-CO}- en donde X es CR’ R® y en donde R%, R’ y R® son Iguales
o diferentes, y son H, alquilo C,-C; (preferiblemente CH,-, CH,CH,-, CH,CH,CH;-,
(CH,),CH-, CH,CH,CH,CH,-, (CH,),CHCH,-, CH,CH,CH(CH,)-, (CH;),C-,HOCH,-,
CH;CH(OH)-,CH;CH(OH)CH,CH,-HOCH,CH,CH,CH,-H,NCH,CH,CH,-,
H,NCH,CH,CH,CH,-, H,NCH,CH(OH)CH,CH,-, H,NC{=NHCH,CH,CH,-, HSCH,-,
CH,SCH,CH,-, HOOCCH,-,HOOCCH,CH,-, H,NC(=0)CH,-, H,NC(=0)CH,CH,-,

benclilo, para-hidroxi-bencilo,

CH,- cH,-
N N—S
NH 0 QN\
Ho),

cicloalquilo C;-C; (preferiblemente ciclohexllo), arllo (preferiblemente fenilo), o
heteroarilo, y p es 1, 2, 3,4, 5, y en donde la configuracién en CR? R® puede ser
R 0 S; si R’ es diferente de H, entonces R® es preferiblemente H; R® es

preferiblemente H; si p es mayor de uno, R?, R® son preferiblemente H;

A y B pueden ser unidades derivadas de dcidos aminocarboxilicos ciclicos con la

(4
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estructura _
RI
HG Z(CH)q
1
7 “co-

en donde R? es H, alquilo C,-C,, OH, 0 NH,, R, tiene el significado como se definié
anterlormente, yqes 1 0 2;

y en donde D es una unidad derivada de un acido amino carboxilico como se
definlé para A y B, o D es un oligdmero que comprende dos o mas de tales
unidades , los cuales pueden ser Iguales o diferentes, preferiblemente 2 2 10 de
tales unidades;

y R?, R? son iguales o deferentes, y son hidrégeno, hidroxilo, amino, alquilo C,-C,,
alquil-amino C,-C,, di-C,-C; alquil-amino, alquilo C,-Cs-oxi, tlol, alquil C,-Cs-tio,
=0, =NH, -CHO, -COOH, -COOCH,CH,, -CONH,, halogeno, cicloaiqullo Cy-C,

arllo, o heteroarilo,

Y R* es H, alquilo C,-C;, cicloalquilo C,-C,, arilo, o heteroarilo

y Cyt’ es el residuo de un compuesto citotoxico o citoestatico .

2. Compuesto de la reivindicacién con la férmula

R
\

1 o a
Q\E)LH/CY"

3. Compuesto de la reivindicacién 1 o 2, en donde las unidades A, B, o D se
derivan de glicina (Gly), o las formas D-L- de alanina (Ala), valina (Val), leucina
(Leu), isoleucina (Ile), fenil alanina (Phe), tirosina (Tyr), triptofano (Trp), cisteina
(Cys), metiodonina (Met), serina (Ser), treonina (Thr), licina (Lys), arginina
(Arg), histidina (His), acido aspdrtico (Asp), écldo glutdmico (Glu), asparagina
(Asn), glutamina (GIn), prolina (Pro), 4- hidroxi-prolina , 5-hidroxi-licina,

norleucina, 5-hidroxinorieucina , o nitina, o ciclohexiigiicina.

4. Un compuesto de cuaiqulera de ias relvindicaclones 1 a la 3, en donde la
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unidad A se deriva de L-prolina, glicina, L-norleucina, L-ciclohexilglicina, L-5-
hidroxinorleucina, L-6-hidroxinorleucina, L-5-hidroxilicina, L-arginina, o L-licina.

5. Compuesto de cualquiera de las relvindicaclones 1 a 4, en donde la unidad
D puede estar presente o consistir de una unidad derivada de un &cido

aminocarboxilico segin se definié para las unidades A o B

6. Compuesto de cualquiera de las relvindicaciones 1 a 5, en donde H,N-Cyt’

es doxorubicina.

7. Compuesto de iareivindicacién 6 el cual es Z-Gly-Pro-Dox de la férmula (III)

QLT

0 Z-Pro-Ala-Gly-Pro-Dox de formula (IV)

NH

=
-

d "
8. Una prodroga que es ::apaz de ser convertida en una droga por medio de la
acclén catalitica del FAPa, dicha prodroga tiene un sitio de clivaje que es

reconocido por el FAPa y dicha droga es citotdxica o cltoestética bajo condiciones

fisiolégicas.

9. Laprodroga de la reivindicacién 8 que comprende una parte oligomérica que

us
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comprende dos o mas residuos amino carboxiiicos, y una parte citotéxica o
citoestdtica, en donde el residuo carboxillico amino C-terminal de la parte
oligomérica es D- o L-prolina, o D- o L- hidroxi prolina, y la funclén carboxi C-
terminal estd unida a la parte cltotéxica o citoestdtica por medio de un enlace

amida.

10. La prodroga de la relvindicaclén 9, en donde la parte oligomérica comprende

2, 3, 0 4 residuos de acido aminocarboxilico.

11. La prodroga de la relvindicacién 9 o 10 en donde la funcién amino N-

terminal esta protegida por medio de un grupo tapén.

12. Compuesto de cualquiera de la de las reivindicaclones 1 a 11 para uso

médico.

13, Composicién farmacéutica que comprende un compuesto de acuerdo con
cualquiera de las reivindicaciones 1 a 11 y opclonalmente uno o mas excipientes

farmacéuticamente aceptables.

14, Uso de un compuesto de acuerdo a cualquiera de las reivindicaciones 1 a 11

en la preparacion de la composicion farmacéutica para el tratamiento de cancer.

15. Proceso para | produccion de un compuesto de cualquiera de las

reivindicaciones 1 a 11, caracterizado porque el compuesto de la férmula (V)
1‘ 0
R
H?
en donde X puede ser OH, o un grupo saliente que es adecuado para ser
sustituido por un grupo amino,
y en donde otros sustituyentes tienen el significado segiln se describld
anteriormente,
reacciona con un compuesto HN (R*)-Cyt’, en donde Cyt’ es un residuo de un

compuesto citotoxlco o citoestatico.

1Ué



10

20

é

30

35

35

16. Proceso para la produccion de un compuesto de cualquiera de las

reivindicaciones 1 a 11, caracterizado porque el com;\:uesto de férmula (VI)
R® O

R’ VD,
en donde Y es de formula L-COX, en donde L es un residuo ligador, y X puede ser
OH, o un grupo sallente que es adecuado para ser sustituido por medio' de un
grupo amino o un grupo hidroxi, y en donde los otros sustituyentes tienen el
significado segun se describié anteriormente, reacclona con un compuesto H,N-
Cyt’ 0 con un compuesto HO-Cyt’, en donde Cyt’ es el residuo de un compuesto

cltotéxico o citoestdtico.

17. Proceso para la produccibn de un compuesto de cualquiera de las
reivindicaclones 1 a 11, caracterizada porque el compuesto de formula (VII)
R" @

donde Y’ es de férmula L-OH o L-NH,, donde L es un residuo ligador y en donde

los otros sustituyentes tienen el significado descrito anteriormente,

reacciona con un compuesto XOC-Cyt’, en donde X pude ser OH, o un grupo
saliente que es adecuado para ser sustituido por medio de un grupo amino o un
grupo hidroxi, y en donde Cyt’ es el residuo de un compuesto citotéxico o

citoestatico.

18. El proceso para la produccién de un compuesto de férmula (I), caracterizada
porque el compuesto de férmula (VIII) p§ 0
N X
R3
R’ v,
en donde PG es un grupo de proteccion, y los otros sustituyentes tienen los
significados segun se describieron anteriormente, reacciona con un compuesto HN

(R*)-Cyt’, en donde Cyt’ es el residuo de un compuesto citotéxico o citoestatico;

| U7
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El grupo protector PG es entonces removido y el compuesto resultante

ZI

reacciona con un compuesto PG-A-X, en donde PG es un grupo de proteccion, y
X puede ser OH, o un grupo saliente adecuado para ser sustituldo por un grupo

amino;

y etapas de acople adicionales, que son llevadas a cabo, si es necesario, hasta

que se completa la férmuia que se obtiene

19. Proceso para la produccion de un compuesto de cualqulera de la
relvindicaclones 1 a 11, caracterizado porque a parte de un compuesto de férmula
PG-N(R*)-L-COX, en donde los sustituyentes tienen los significados descritos
anteriormente, reacciona con un compuesto de formula H,N-Cyt’, o HOO-Cyt’, en
donde Cyt’ es el residuo de un campuesto citotdxlco o cltoestdtico;

E! grupo protector PG es entonces removido;

y el compuesto resuitante HN(R*)-LNH-Cyt’ o HN(R*)-L-COO-Cyt’ reacciona con
un compuesto de férmula (VIII) . p(i 0

N X
R3
R® (vi),
El grupo protector es entonces removido y el compuesto resuitante
o) }h-ll 9 L H
H - S
N A O~ T Cyt
C I
Y Y 0 e & o
R? R°" ©
R’ B R

reacciona con un compuesto PG-A-X, en donde PG es un grupo protector, y X
puede ser OH, o un grupo saliente adecuado para ser sustituido por un grupo
amino;

y etapas de acople adicionales lievadas a cabo, si es necesario, hasta que se

completa la molécula que se obtiene.



10

20

é

30

35

37

20. Proceso para la produccién de un compuesto de fdrmula (I), caracterizado
porque

Un compuesto de férmula PG-N(R4)-LOH o PG-N(R4)-L-NH2, en donde los
sustituyentes tlenen los significados como se describleron anteriormente,
reacclona con un compuesto de ia férmula X-OC-Cyt’, en donde Cyt’ es el residuo
de un compuesto citotéxico o cltoestatico;

El grupo protector PG es entonces removido;
y el compuesto resuitante HN{R4)-L-NH-CO-Cyt’ 0 HN(R4)-L-O0C- Cyt’ reacciona
con un compuesto de férmula (VIII)

PC-E o)
N
R?

RI
E! grupo protector es entonces removido y el producto resultante

H e i Nt ic .
»&J’l o i
g,

reacciona entonces con un compuesto P-g?A-X, en donde PG es un grupo de

proteccién, y X puede ser OH, o un grupo saliente adecuado para ser sustituido

por un grupo amino;

y etapas de acople adicionales, Hevadas a cabo, si es necesario, hasta que se

completa la molécula que se obtiene,

21. Método de tratamiento de cancer, que comprende administrar la composicién

farmacéutica de acuerdo a la reivindicacién 13 a un paciente.

22. El método de tratamiento de cancer en donde se administra una prodroga
a un paclente en donde dicha prodroga es capaza de ser convertida en una droga
citotéxica o citoestatica por medio de una actividad enzimatica, dicha actlvidad
enzimdtica es una actividad de FAPa.

RCB/dcr
10903-257
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