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drugs taking advantage of the increased concentration of B-glucuronidase in the tumor
25 has not been widely used. Only few examples with aniline mustards have been reported.
[Connors TA & Whisson ME, Nature 210, 866 (1966); Connors TA et al. Biochem.
Pharmacol. 22, 1971 (1973); Double JA, Workman PA, Cancer Treat. Rep. 61, 909
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In 1995, reinvestigation of the B-glucuronidase level in several tumor tissues has
30 been undertaken by Bosslet et al. [Tumor Targeting 1, 45 (1995)]. It was
unambiguously shown, by enzyme histochemistry, that necrotic areas in human cancers
are the sites in which lysosomal B-glucuronidase is liberated extracellularly in high local
concentration. This study, carried out by immunochemistry, also demonstrated that the
cells responsible for the liberation of the enzyme are mainly acute and chronic
35 inflammatory cells. Later on, the same authors elucidated the mechanism enabling
tumor selective prodrug monotherapy [Bosslet et al. Cancer Res. 58, 1195 (1998)].
According to IHC investigations, extracellular B-glucuronidase originates from
monocytes and granulocytes concentrated within the necrotic areas but not (or only to a
low extent) from tumor cells. Furthermore, the enzyme activity detectable by study
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25 In spite of thlS Wtdespread clinical use, there is a 11m1tat10n ue o its very poor

water-solubility. Formulation with Tween 80, polyethylene glycol and ethanol results in
acute mortality. To solve this problem in the 1990's, the group of Bristol-Myers Squibb
initiated a program to discover an appropriate prodrug. This led to the development of
etoposide phosphate, BMY-404811 [Saulnier et al. Bioorg. Med. Chem. Lett. 1994, 4,
30 2567]. Etoposide phosphate (Etopophos) is rapidly converted to the parent drug in vivo
and, therefore, has been introduced in clinics with the same profile as etoposide itself.
On this account, although esterification of the phenol function significantly decreases,
not only the activity, but also the toxicity, both are almost restored through the
enzymatic cleavage. This indicates that there was no marked gain in selectivity with this

35 type of prodrug.
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Simultaneously to this discovery, Bristol-Myers group developed an amino-
5 derivative, NK 611. This compound [Rassmann et al. Invest. New Drugs 1996, 14, 379-
386] is currently undergoing phase I evaluation and further introduction in phase II is
expected. '
Other modifications introduced at C-4 have led other groups to find compounds in
which the sugar moiety has been replaced by an arylamino group such as a 4-
10 fluoroaniline (in NPF) (Lee et al., J. Med. Chem., 1990, 33, 364) or by a
dimethylethylamino side-chain (TOP 53)(Utsugi et al., Cancer Res., 1996, 56, 2809).

Both derivatives are presently under clinical trials.
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In order to obtain an adequate enzymatic hydrolysis turn-over, three-comparment
prodrugs have been designed by the Inventors according to the proposal of
Katzenellenbogen [Carl PL et al. J. Med. Chem. 24, 479 (1981)], concept which
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20 glycosyl-etoposide (EP 0 423 74 )m Wth the glycosyl mo1ety lacks accessibility.
The prodrug activity of such spacer-less compounds is therefore severely impaired
because the rate of etoposide release following hydrolysis is too low.
Furthermore, the Inventors give the demonstration that, as soon as the enzymatic
hydrolysis has occurred, self-immolative decomposition of the spacer is observed, as
25 depicted below with liberation of etoposide and of the cyclized spacer.
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Scheme 1. Release of etoposide from the prodrug 1a

5
The aim of the present invention is to provide new prodrugs of etoposide, and of
derivatives such as NK 611, NPF, TOP 53 and other 4-substituted 4-epi-4'-
demethoxypodophyllotoxin derivatives endowed with antitumor activity, their method
10 of preparation and their use.

More particularly, the aim of the present invention is to provide water-soluble
prodrugs of etoposide and derivatives. These prodrugs, which are stable in plasma,
selectively deliver etoposide or derivatives in necrotic areas of tumors due to the
increased level of the B-glucuronidase enzyme.

15 Advantageously, prodrugs of the invention have selective activity within the
tumors, while side-effects in normal tissues are minimized.

The present invention relates to compounds having the following formula D:

20

25



15 OON COORL b R20 20 R30 OR4 in which: Ra represents a sugar noiety,
an arylam no group, or an al kyl group, advantageously from 1 to 10 carbon
at ons, sawo 0aloB3eb1 gr oup conprising at | east one 25 am noPgm@mpp2/119k5 - Rb
represents an hal ogen atom an hal ogenoal kyl group, advantageously from 1
to 5 carbon atons, a nitro group, or a group -NR(COR ) in which R and R,
i ndependently from each other, represent an al kyl group, advantageously
froml1l to 5 carbon atons, 30 - Rl reprgsents H, or a protecting group for
COOH group, - R2, R3, and R4, independert'ly from each other, represent H,
or a protecting group for CH group Thq i nvention rel ates nore
part%cularly t o conpounds deQ? bhed™~a ormula (1) wherein Rl, R2,
[
of

R3, and R4 represent H 35 T, garticularly concerns
conpounds as descri bed above erein Ra represents: - a
sugar noi ety, selected anong h i f glucose, such as the
glucose nethylacetal of the follow ng f@rnul : O OHO 0- Re 40 wherein
R, , pepresents an hydroxyl or an am ngZgreup such as -N(CH3)2, WD 03/035661
PCT/ EP0O2/ 11965 7 - or an arylam no g oup| and nore particularly a group of
the following fornmula: -HN C6HARD whekgi #~Rd represents an hal ogen at om
or a nitro group, such as the arMedi no [gr oupM8el ect ed anong
4-nitroaniline, or 4-fluoroaniline, 5 -4yr an alkyl group from5 to 10
carbdn atons conprising at |east one anidbzzgwoup, and nore particularly a

| i near al kyl chain conprising two nitfot ato in the
COOR; b
20 R0 :
OR,
in which:

- R, represents a sugar moiety, an arylamino group, or an alkyl group,
advantageously from 1 to 10 carbon atoms, said alkyl group comprising at least one
25 amino group, g
- R, represents an halogen atom, an halogenoalkyl group, advantageously from 1
to 5 carbon atoms, a nitro group, or a group -NR(COR') in which R and R,
independently from each other, represent an alkyl group, advantageously from 1 to 5
carbon atoms,
30 - R, represents H, or a protecting group for COOH group,
- Ry, Ry, and Ry, independently from each other, represent H, or a protecting
group for OH group.
The invention relates more particularly to compounds described above of formula
(I) wherein Ry, Ry, Rs, and Ry represent H.
35 The invention more particularly concerns compounds as described above, of
formula () wherein R, represents:
— a sugar moiety, selected among the derivatives of glucose, such as the glucose

methylacetal of the following formula :

40

wherein R, represents an hydroxyl or an amino group such as -N(CHa),,



chain, such as the [(dinethylam no)ethyl]N nmethylam no)ethyl group. The
i nvention relates nore particularly to conpounds as descri bed above, of
formul a (WD oshessein Rb represents N2, F, G, CF3, or a gPEWEPIMROEOR ) in
which R 10 and R, independently frofh each other, represent an alkyl group

froml to 5 carbon atoms. Preferred conpounds accord| ng to the invent
have the fol | ow rgriormiaio graroagd MrapaHisubMly DEouR Ofa‘{? \fom?uq '

25 MO Ove ©O>=0 -N 30 HOOGNG: Rb HO - C]—IBSOOCI]—IONI\/E2040<
O O. 045I\/EOOVEOOSOQ4 Rb HO CH
wherein Ry represents an halogen atom, ot a hitro group,

such as the arylamino group selected among 4-nitroaniline, or 4-fluoroaniline,

5 - or an alkyl group from 5 to 10 carbon atoms comprising at least one amino -
group, and more particularly a linear alkyl chain comprising two nitrogen atoms in the
chain, such as the [(dimethylamino)ethyl[N-methylamino)ethyl group.

The invention relates more particularly to compounds as described above, of
formula (I) wherein R, represents NO,, F, Cl, CFs, or a group -NR(COR') in which R
10 and R!, independently from each other, represent an alkyl group from 1 to 5 carbon
atoms.
Preferred compounds according to the invention have the following formulae:
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and 50 R5

wherein R, represents NO,, F, Cl, CFs, or a group -NR(COR') in which R and R',
independently from each other, represent an alkyl group from 1 to 5 carbon atoms, and
50 R; represents H or CHs.



WO 03/ 035661 PCT/ EP02/11965 9 A nore particularly preferred conpound
according to the invention, has the followng formula: O0 5 HOOO / O
O 10 O Iwo®@3/03B6ive-0 OV O O -N 20 HOOC HO O O/ NO2 PEDEP@RA1985 As
menti oned above, conpounds of the preSent invention present the specificity
to act as prodrugs capable of releasing in the organi smthe drugs, of
formula a 30 OA midré pagicularlyOpesfeveedocaropeymd aqcrdig o the, TeeTiign; et Hibove.
45 Pr odrugs i . the present invention have the foll ow ng

charact er i stf?fé‘i‘?fngf&?‘h%@- are highly detoxified, - the in vitro

determ nation of enzymati Het i soki netics with f3- glucuronidase from
E. coli, shows that said hydr o. i ed out within a | aps of WO
0
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03/ 035661 PCT/ EP02/ 11965 o
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As mentioned above, compounds of the present invention present the specificity
to act as prodrugs capable of releasing in the organism the drugs of formula
30
35
MeO OMe
40 OH
in which R, is defined above.
45 Prodrugs according to the present invention have the following characteristics:

— they are highly detoxified,

— the in vitro determination of enzymatic hydrolysis kinetics with B-
glucuronidase from E. coli, shows that said hydrolysis is carried out within a laps of



10 tinme conpatible with a therapeutic use of said prodrugs (approximtely
50% of release of prodrug in 25 mn), - the prodrugs are stable (nore than
90% of t hwopswsieay remai ning after 24 hours at 37C in a poogPphziwedbuffer),
5 - the prodrugs are soluble in agueoWs solvents, their solubility being
approximately of 20 nmg/m (i.e. nuch nore soluble than the etoposide, the
solubility @fne doigatibleeiiftga Blerheditiergdands)saidir@diupy €aptpraximatelyos €6 ot e¢lease

phar maceut i cgl éﬁ@oszisti.ogls conprising at |east one conpound of formula

Prodpis /8 ;

(1) as defif _ G nore particularly at |east one conmpound 10 of
formula (1) wherein R1 8541 m&ﬁgfﬁ fhenegfns 1 N
association wth hgpgaﬁlrpg%?rgsi)}% H%(r:euallrlggﬁ) carérpllgg. Re | nvent i on reISat es
nmor e parti cat 3Cyintaphokphatedlodier), cal conpositions as defined above,
conprising at |east one of the follow ng conpounds: 15 0.0 .0 0O HOOH /O
| ©® 25 0 ~ ~~~the prodggs Me- eolokle 1D agyeoks %quq@@c% doé%ﬂﬁ}y BeméH 40

45 WO 03/ 033681« 5até153920 1B (1.l nléh Baor®sOluble than the etoposide, the solubility of
which being of 0,1 mg/ml).

The invention also concerns pharmaceutical compositions comprising at least one
compound of formula (I) as defined above, and more particularly at least one compound
10 of formula (I) wherein Ry, Ry, R;, and R, represent H, or a salt thereof, in association

with a suitable pharmaceutical carrier.

The invention relates more particularly to pharmaceutical comp.ositions as defined

above, comprising at least one of the following compounds:

15
20
25 _ l(
0
30 Me-O OMe
0
\/:o
—N
35 HOOC o O' N
HO
OH
40

45
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O
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Me-O OMe
O
>: (0]
—N
HOOC
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OH

-NHOOC 20 HOO O Rb HO OH
0O 45 MO QOw 0O 50 -N O HOOC HO
O Rbh HOwe93/03566b of f WD 03/ 035661 PCT/ EP02/ 11965 12 e2PC3/EP02/11965



NR5 10 O 150 M2 OOWw 20 O N HOOC HO. Rb 25 HO - OH wherein Rb
represents NO2, F, d, CF3, or a group -NR(COR) in which Rand R, 30

i ndependewDlog/08366m each ot her, represent an al kyl group f PomEP02/01965 car bon
atons, and R5 represents H or CH3. P2eferred pharmaceutical conpositions
according to the invention, are those conprising at |east the follow ng

conpound: 35 OO OO HOOH 040 <0 O"'Il la 45 MOOwW ©O=0 50 -N
HOOC HO O O NO2 HO OH WO 03/ 035661 PCT/ EP02/ 11965 13 Advant ageously,
pharmaceutical conpositions according to the i ntion, are in a suitable
for msfor oral adm nistration, or for admnistration by injection, such as

10
15
Me O OMe
20 o
| —N
HO: b
OH
wherein Ry, represents NO,, F, Cl, CFs, or a group -NR(COR") in which R and R',
30 independently from each other, represent an alkyl group from 1 to 5 carbon atoms, and

Rs represents H or CHs.

Preferred pharmaceutical compositions according to the invention, are those
comprising at least the following compound:

HO

OH
0 T L
1a : 0

Me O OMe

50
HOOC o 0 NO
HO% 2
HO

m

45



5 intravenous route. Preferred pharnmaceutical conpositions according to the
invention, are characterized in that the dosage of the conpounds of

formul a (WP oB@3swenpri sed between approximately 100 ng/ n2/pdayEprPoantdes

approxi mately 200 ng/ n2/day (when bas®d on etoposide equivalent), during
approximately 5 days. 10 The invention also relates to the use of a
conpound of fornula (1) as defined above, and nore particularly to the use
of at |east one compound of formula (1) wherein Rl, R2, R3, and R4
represent H, or..a salt thereof, for the manufacture_ of a,dru Eor t he
treatment of canbérantaggewslnPhpimaseicalermpqsEOns aegosding %@gﬂl}‘%ﬁ fode e
sarcoma, | ygpheraforandr srkefingnistfiohheri for eimiaitrafien byomfetios, aughr exess
for the preparation of a conmpound as defined above of formula (1),

char att eri ze@IRYEIORSIOWS conprises the fol | owing steps - anine activation

of the follow ng c und of farmul B30 4 R
b 25 wherein :q).ref%@‘ﬁ)e ggg@ﬁ?@wgy p?%@%ﬁ%l ga?/gélf%ﬁ’lgorztg(:%gz 8‘%‘?&“‘%5 uagﬁ as
a benzyl or eharaosdrizgdl igthotithe dos@, offBe cempourds 8 ferasdantl) & Wl%ﬁf’ééé) beigregR oup’
for OH group, such t di, et t o} At/8ag@Heh b3&d oD IS
such as defi ?P@é‘”%ﬁ%%& 6189 @?@%@h?ﬂ%@gﬁ%ﬁlﬁ%aﬁﬁﬁ Wi afl}ﬁ(phosgene ion
order to obt ebposideequevalant, duringamppoamaehtd f8Smula B : 0 COORI Me\N J "Cl1

35 B RRO o R30 R4 R b 40 wherein RL, R2, , R4, and are such

defi hed above, @W%%@S@éﬂ*ﬂ@@%lﬁ%%opgz?om@%‘g|°‘r° ?ﬁﬂ%‘a é@n%so%%%"j%

obt ai ned aboyigveWddmbleeatiadul Wi togheasenduntbasifone fcompurimal & foRaula§l)wigrein ~

"""" (1 ORI, R,, R;, and R, represent H, or a salt thereof, for the manufacture of a drug for the
treatment of cancers such as lung cancer, testicular cancer, Kaposi's sarcoma,

lymphoma, and leukemia.

15 The invention also concerns a process for the preparation of a compound as
defined above of formula (I), characterized in that it comprises the following steps :

- amine activation of the following compound of formula A

COOR, Me

20 A R,0 Vo

NH

OR, R,

25 wherein :
. R, represents a protecting group for COOH group, such as a benzyl or a
methyl group, :
. R,, Rs, and R, represent a protecting group for OH group, such as a
terbutyldimethylsilyl or acetate group,

30 . Ry, is such as defined above,
by treatment of said compound A with phosgene in order to obtain the following
compound of formula B : /ﬁ\
Me
COOR, No al
35 B &0 A0
OR, Ry

40 wherein Ry, Ry, Rs, Ry, and R, are such as defined above,



10 Co Me-0 O 15 OH wherein Ra is such as defined above, 20 in order
to obtain the following conpound D: Ra O0O25<0O DO 30 MMOOw O O
35 -N COuBb3mBs66R20 O O R3O 40 OR4 wherein : 45 . R r eomapeni®6eR
protecting group for COOH group, suchi4das a benzyl or nethyl group, . R2,
R3, and R4 represent a protectl ng roup for OH grouP % ch_as a

t er but yl di net hyl-s¢dupling rofaeasnpeua gg d pbpvandvitiyther ollewing sempidnely
above, WO 03 Qﬁég@l PCT/ EP02/ 11965 15 - deprot ection of the OH groups of
conpound D, Por I nstance with HF/ pyridine when R2, R3, and R4 represent a
terbutyl dinethylsilyl group, in order to obtain the foll ow ng conpound E:
Ra5/0 ( O O 10 E~ MO Ow R,

5

10 C

MeO OMe

15 -

wherein R, is such as defined above,
20 in order to obtain the following compound D :

25 (
L
D
30
Me O OMe
o
>0
35 —N
COOR, Rp
R,0
40 OR,
wherein :
45 . R, represents a protecting group for COOH group, such as a benzyl or
methyl group,

. Ry, Rs, and Ry represent a protecting group for OH group, such as a
terbutyldimethylsilyl or acetate group,
. R, and R; are such as defined above,



O15 0 Me-N COORI Ro HOOO HO 20 OH wherein : . R represents a
protecting group for COOH group, such as a benzyl or 25 nmethyl group, . Ra
and Rb arwosuobseas defi ned above, - deprotection of the CPOHNEPoDUP6DS
conpound E, for instance with cycl oh#xadi ene over pall adi um when R
represents a benzyl group, in order to obtain the follow ng conpound F :
Ra 30 O < 0 ... .. deproteoti@bof the-OH @roups I -cOom@vendiD, for dnstanse with HEQuddRs 45

HO O O ~—~ 0 § n fi hn@I‘é\eIaRPYSEtmnV@e

03/ 035661 Pg%’fﬁ%?fﬁ’l@%@%lﬂg&? etiaan{\%n lg{ﬁﬁ% glislrle 3t es1 t o conpounds

defi ned abofdlow¥ing cempdund(E:), used as intermedifsy products in the process
ment i oned above, said conpounds corresponding tp those of formula (1)

wherein: - R represents a protecting §roup for roup, such as a
benzyl or methyl 5 group, <
o
0 v (
0
10
E
Me-O OMe
6)
>0
15 Me—N
COOR, Ry
HO O O :
HO
20 OH
wherein :
. Ry represents a protecting group for COOH group, such as a benzyl or
25 methyl group,
. R, and R;, are such as defined above,
— deprotection of the COOH group of compound E, for instance with
cyclohexadiene over palladium when R; represents a benzyl group, in order to obtain
the following compound F : R,
30
35
F MeO OMe
40 i
>_—_"0

HOOC
# %

50 wherein R, and R, are such as defined above.



- and/or, R2, R3, and R4 represent a protecting group for OH group, such as
a terbutyldimethylsilyl or acetate group. The invention relates nore
parti cul awby3msseepnpounds used as intermediary products aeffinreziimbdve,

having the following fornulae: 10 Ra160 | o 15\ 0\ ""I |

0O 20DMm O

Ov o O -N25 COORL Rb R20 O O R3O0 OGR4 wherein 30 - R represents a
protecting grouTheanvaHoH ajscorabates toc boroumdp dafined shovaefHprmula(Bupysed asand

R2, R3, and.
terbutyl di

above, Ra 36 tlwse of formula (I) whereingQ o

HO O O HO

4 ' .
g RSt B B G0 B CH R St s

are such as defined
E M-0 OV 45 0 M-N COOR, Rb 50

- R, represents a protecting group for COOH group, such as a benzyl or methyl

) group,

- and/or, Ry, Ry, and R, represent a protecting group for OH group, such as a

terbutyldimethylsilyl or acetate group.

The invention relates more particularly to compounds used as intermediary

products defined above, having the following formulae:

10

15

20

25

30

H

Me O OMe

wherein
- R, represents a protecting group for COOH group, such as a benzyl or methyl

group,

terbutyldimethylsilyl or acetate group,

35

40

45

50

- and Ry, Rs, and R, represent a protecting group for OH group, such as a

- R,, and R, are such as defined above, !

MeO OMe



OH WO 03/035661 PCT/ EP02/ 11965 17 wherein Rl represents a protecting group
for COOH group, such as a benzyl or nethyl group, and Ra, and Rb are such
as defi nesoabmswse1 The i nvention will be further descri bedpca/rpozi1bes ai | ed

description of the synthesis of conpbunds of fornula (1), and of the study

of their properties.. 5 Synthesis of prodrugs_.ac ing to t i i
required !to hepuséN]ﬁFGIBrPatréBW?‘ﬂ’és aé’Fﬁﬁ%glgc%Pr%?iif?rb(?@b% g‘%u?’hseucggarsls%nli{eﬁl\%f[@rnof
et opols: dE Strﬁ&?é%%tr@&p’ aﬁﬂ@%ﬂ\]@tafe}/@&h?héﬁh@ﬁ,abovmd_er_ basi c conditions. | td
is we nown that,. even ungder . - sfuse
¢'inyention %ﬂ%el f&eqr}it s%bggﬁ SRAALA Id?%&l;iph&lb@f thE EHiBedids

| act one as pres Xi errvatives eas epinerise to give
ci s-fused pidaficoppdupdsydfifomudnd),cgd of tsistilyaf shageropettief antitunor activity
(Gensler, 10 W; Gatsonis, C. J. Chem Soc., 1966, 31, 3224-3227, {Aso, Y. ;
Hayashi, Y.; YosSinthesis ofrodrigk eerprding to Khe mvention 1Gauke aUSC QT AT ,ectvlg

ok pod ’ Al lor QvkivAv@s BMecofONVe
ngm po dgghmﬁfpgééoggmnﬂa?ﬁ% with thé énshBAty: of &b&ﬁﬂeb@ﬁﬁuﬁ/@ or @¥kv €0

pi cr opodgphyl | he 15 Schene 2. i,er,i sation,.of
podophy! | ot osider basieprddionsi K ipMedknogndheh §vqh %Fﬁg%ﬂrtr&rﬁaskcﬁé’nglf}ﬂﬁe%? s of
E)he prNgczir ug tl@ns\l\ﬁ?\leél %@f&%@%@@r@%ntf i@l poRophy1Q20%in MetiviERedvbasilll ephmerideatoHite- OSH
Ac acet one . antitative. 1. T : . r
Ol 10 2. EHOCTBICORGTPLARR argloRp Yighoard Ao oty %ngv 8%511815}/
PCT/ #P02/ 11965, Gatsonis, C. J. Chem. Soc., 1966, 31, 3224-3227, Aso, Y.; Hayashi, Y.; Yoshioka,
S.; Takeda, Y.; Kita, Y.; Nishimura, Arata, Y. Chem. Pharm. Bull., 1989, 37, 422-424).

o o
00 - 0%
——er

H \o i 0
Me0/©\OMe MeOQ\OMe

OMe OMe
podophyllotoxin picropodophyline
15 Scheme 2. Epimerisation of podophyllotoxin.

Therefore in order to avoid this problem, the synthesis of the prodrug 1a was

achieved as follows.

QaMe SNH HOXC | Me~yn
A NeoH HO
AcO HO
OAc > H
NO2 NO2
2 3

acetone

quantitative

2. BnOH
DCC, DMAP

1. TBSOTf BnOO Me\NH
TBSO
DMAP, Pyr ~ B3O :
i BS
NO2

4 44 %
20
Scheme 3.



18 The hydroxyl and carboxyl protecting groups as present in internediate 2
Desbene, S.; Dufat-Trinh van, H; Mchel, S.; Tillequin, F.; Koch, M;

Schm dt, Wo0;03/08366rent, J.-C.; Mnneret, C ; Straub, R ; Crealrpoditseerken,
M ; Bosslet, K Anti-cancer Drug Desisgn, 1999, 14, 93-106) were renoved
and then reprotected as TBDVS ethers 5 far the hydroxyl groups and. a

benzyl ester forTli%éY‘ga?‘ﬂo%‘ﬂ Péf%aﬂldProf%tlg%c%%%i %Pgﬁé@r&f%%@e@%ﬁ 2 Eleext
steps i nvol vegkbems, %, BelfitvRtdhovanp .4 Miyhdly 8atTikeduini E.h Kphinsyenschmidt, F.;

(et oposi de, kst e Mauthe GO SRR T GRS ERElChPY BoRRE AP Ganger

equi v.) | ed Deaugt Desigr, A998} ¢ 93106pweth wegnosed @pBthenoproErted @OEBINEW dtherBSO
TBSO [IBS 7 ~If { PandQife ddafhe sias

Et oposi de DNRBIGERS ! R S PP B SR A T s
@ 6 Scheneafford@pmdttecti on of the gl ucuronide noiety was then achieved to

convert 6 into ggd K4 | @voilhe ABRYS.&vaHes deue byermyatbnvi whh BRidgeiedi ne
giving 7 and the 15 nzyl fester wi th cycl ohexadi elp% over .dpalé{adl um
(Jeffrey, P. SW@q@ﬁ@p@;lﬂg ofy5 with etoposide under controlled conditions (etoposide, 1

equiv.; carbamoyl chloride, 1,25 equiv.; and DMAP, > 2 equiv.) led to the protected

10 prodrug 6.
O0Bn Me /?\

Cl

OOBn  Mex, ., TBSO Q

TBSO O. 188 TBS

TBS COCl,, NEt3
TBSO % NO,
NO.
4 2 CHyCl, 93% o

Etoposide DMAP, CH.Cl>

H,C 58%
m
OH I
\o

0O0Bn  Med
TBSO o
TBS O.
8BS
NO,
6
Scheme 4

Deprotection of the glucuronide moiety was then achieved to convert 6 into
prodrug 1a. The TBDMS groups were removed with HF/Pyridine giving 7 and the
15 benzyl ester with cyclohexadiene over palladium (Jeffrey, P. Mac Combie, S. J
Org.Chem., 1982, 47, 587-590, Desiel, R. Tetrahedron Lett., 1987, 28, 4371-4372). The
overall yield starting from etoposide is 15%. ‘ '



Org.Chem, 1982, 47, 587-590, Desiel, R Tetrahedron Lett., 1987, 28,
4371-4372). The overall yield starting frometoposide is 15% WD 03/035661
PCT/ EPO2/WD9883568D ~ 0 H3IC ~OH3C O O HOHO OH OH p | PCHEPRY1iI9S ne = 0
Pd - CO 6/ MO/ Ow Cycl ohexadi etfe MO W 89% M 89% OOH Me,.j] O OBn
OHHHOH/ I HOHNO®2 N02 I|a 7 Schenme 5. 5 Biological Activity
Solubility In wat and _under conparabl e comdictl
approxi mat el y b6~ f W10 oI ubl e than t he colg-espeRdiadd drug. Thus,

while the solubility QT ¥ about 0.1 ny/ ity of la
is about 20 ng/nL. CytHds Y\t L1210 cell line, prodrug’dd gpve an

| C50 value of 50.2 M After hyd@®dl ysis 15 by 13- gl ucur onigase, ikcreased
cytotoxicity was obtai ned wQd-h- a3 al ue of 0.93 MWE(E : el at ed
to that of etoposide itsel fg ] ., i s means that th g wls
detoxified by a factor of a ility z o)

HF Pyridine "z 0 Pd-C
6 —_— -
OMe
89% MeO ; OMe Cyclohexadiene MeO |
0,
89% QOH Mé\NiO
OBn M o o
H H
OH
NO;
NO,
1a

Scheme 5

Biological Activity

Solubility
In water and under comparable conditions, prodrug 1a is approximately 200-fold
10 more soluble than the corresponding drug. Thus, while the solubility of etoposide is
about 0.1 mg/mL, the solubility of 1a is about 20 mg/mL.
Cytotoxicity ;
On L1210 cell line, prodrug 1a gave an ICsp value of 50.2 pM. After hydrolysis
15 by B-glucuronidase, increased cytotoxicity was obtained with an ICso value of 0.93 uM
were closely related to that of etoposide itself (0.834 pM). This means that the prodrug
was detoxified by a factor of about 50.

Stability
20 The stability of 1a was followed by HPLC measurements in buffer solution at pH
7 for 24 hours. More than 90% of the prodrug was recovered after that time, meaning

that the prodrug 1a is stable in vitro.



20 The stability of la was followed by HPLC nmeasurenents in buffer solution
at pH 7 for 24 hours. Mre than 90% of the prodrug was recovered after
that timewormasiony that the prodrug la is stable in vitr@CTWPIDB9EB35661
PCT/ EP0O2/ 11965 20 Kinetics of drug el ease Prodrug |la (500 g/nL) was

i ncubated with E. coli 13-D-glucuronidase (20 gg/nL). Aliquot sanples were
anal ysed by HPL&iaetiasiof Hor. eas¢ mes (Figure 1. Enzymatic cl eavage of

prodrug la). 5 @f&mlgafd Q80P ughHE) %%Vﬁcﬁ%@ddCWﬁ@SEt loali Js-megmmdmu@selm is
rapi dly hydrol ysed,

only roduct tec eln t oposi.de. 1. and
the cycl i sedlgélﬁbk:eiA GRS FW@P%‘H‘F&t@aYéE‘ﬁ Srcﬁ:btal’ie gflﬁrﬂ?%%m% 5 ﬁlg‘gtet Lched
to the et op aﬂ@g@f@gﬁﬁﬁ%g{)&)pO%l stent with a fast enzymatl c
cl eavage (half-1ljve.o a <
o o s urhiRionters s iifReshf B btod | £ RAIRE hd B é"ﬁ%enot
10 pi cr oet opasy gemdubis detead bejny the stapeside di dndvihe gydlsdé%acqebé%)
Mer esse, : Bert I g
5999 55 15@@@1%%%%%%%§Eg%mcﬂéa% the etxgosﬁ@@&%e%ﬁ » Thts is %ﬂsﬁ%@mﬂﬂ a

am nation Dy conparison of the retention
times was i fagigneensitcleivege (atf-liveaf laghas nun)mﬁga faph cleanageQhthe Bar. ¢ he

trans-fused | aCtIP N§ MRS afdifneg %Qfefﬂesﬁﬁerht@& Cboﬁip%uﬁ&&@dndéed%t@pt&dd%d not
Experi nent al

ti ng poi nts were taken on a Koffler Eeng&%
uncalr ect ed. p1®pt>1109a31 e E@llqhowaﬁ |swﬁbewdef089mgn%éei9ﬁbﬁd PERRL Ve 559 1’
pol ari neter é&@)s ESpﬁﬁBth CTk QM&Eﬂe@an[?dt@lecﬁb@ ngggqrjgdlzsosdegmm
and the concent r at 100 in the. ecific

iven | /
| nfrared speTﬂ ka e\?@ﬁ@a&%B ?ﬁ”lso& élg FGWHEPW%%’@@ITQ#E?IH%%%&
incmil). ' HaNVBufido Mz sy&hﬂdasik&h‘eWs(ﬂ&d%ﬁ@neswamnmtaepmcmedmet@cmsiﬁlded)n
Bruker AC 300 spectroneter - chemical shifts 8 in ppmand J in Hz. 25
Cheni cal |onl?%8$?on (Cl-MS; NH3, positive ion node) or FAB (positive ion
node)s mass spectra, were recorded on a Nermag R 10- 10C spectroneter.
EI ectrospray ionisation nass spectra (ESI-MS) were acquired using a
"quadripole instrunent with a t mass of charge (rn/z) range of 2000. The
Nermag R 10- 10 nExpeimpeidl ronet er used was equi pped with an anal yti cal
at nospheric pressure el ectrospray source. The 30 chromat ography were

Conducted over LR g ST Soe B SR it L5 oo,
for g oposi d@tations wees olghmeabsn,a PefinfBimenP4icpnlanmetens8q)m). Specific rotations
([e]p) are reported in deg/dm, and the concentration (c) is given in g/100 mL in the
specific solvent. Infrared spectra were recorded on a Perkin-Elmer 1600 FTIR
spectrometer (v in cm™). 'H-NMR (300MHz) and “C-NMR (75 MHz) specira were
recorded on Bruker AC 300 spectrometer - chemical shifts 5 in ppm and J in Hz.
25 Chemical ionization (CI-MS; NH3, positive ion mode) or FAB (positive ion mode)
mass spectra, were recorded on a Nermag R 10-10C spectrometer. Electrospray
jonisation mass spectra (ESI-MS) were acquired using a‘qu{adripole instrument with a
mass of charge (m/z) range of 2000. The Nermag R 10-10 mass spectrometer used was
equipped with an analytical atmospheric pressure electrospray —source. The
30 chromatography were conducted over silica gel (Merck 60 (230-400 Mesh).
For the NMR description, the following numerotation was chosen: "a" for

aromatic, "e" for etoposide, "g" for glucose, "G" for glucuronic acid)



WO 03/ 035661 PCT/ EPO2/ 11965 21 7 98-\ 0 g6 OHg4 g5 0 3

e5 ell e4 3 el0 e el eZ~--~(O e89-e1' 0 e2'g eb6 egl 25' I\/eg eg! l-lod\/g1 ?87
G5 N 4 Wb 0/bseal _ a3 HOO G3 RRHO Gl al~ a4 NO2 a6 a5 RgR/EPozeres ati on
of prodrug la. 5 2-Methylam no-4-nitrdphenyl -13-D gl ucopyranosi duronic acid
3. To a solution of 2 (2 g, 4.13 mmol) in 50 nL acetone at 0 C, a I N NaOH
aqueous solution (50 nL) was a ted dropwi se. After 5 min of stirring at 0
C, the mxture was neutral 4-+-h9% N HO at pH4, evaporated and purified
by colum chromat ogr aphy (CHB gs 80/20). The solid was heated in

boi i ng nmet hanol and 10 filtrat Rminate silica. After evaporation, 3
was obtained as a bright orange so$d d2 %9 . CL3H1I6N209; nmp 172 C [a]i:)
-53 (¢ 0.96 in MOH); vnmax/cnm/1(KBr) §| 0 -4, 1588 (aromatics), 1530,
1343 (NO2); SH(DVSO) 7.46 (1H, dd, -:iﬁa- a5) 7.19 (1H, d, Jm 3,
e?,eBGl

a6), 7,12 (1H, d, Jo 9, a3), 6.0%0 , 5.68 (1H, br, s

5.13 (1H, br, s, OH), 4.85 (1H, d, ,23\<%97 3.17 (4H,( @, &, ’G4,OH)’
G5), 2.8 15 (3H, d, J 5 N CH3): 6C(DNVG a (66) 149.8 (al), 143.0
(a2), 140.5 (a4), 113.3 (a5), 111.6 (ab) 3 (a3), 101.4 (d), 75.86,
Zag'n;i/l 73.0, 72.1 (@, G3, Gh GB), 2945 TN @Mé’dz (ES-) 343 [M- H)-.

[ 2- met hyl ami no- 4-ni trophenyl -2, 3, 4-tri- O (tgaty butyl di methylsilyl)-13- 20
D- gl ucopyranosi dJuronate (4) DVAP (& 11_9) \’kz% added to a solution of 3

(1.87 g, 5.43 mmol) in 20 nL of & _es5F9
HO
HO &2 2 a4N02

G HO G1
a6 a5

NMR numerotation of prodrug 1a.

5 2-Methylamino-4-nitrophenyl-f-D-glucopyranosiduronic acid 3.

To a solution of 2 (2 g, 4.13 mmol) jn 50 mL acetone at 0 °C, a IN NaOH
aqueous solution (50 mL) was added dropwise. After 5 min of stirring at 0 °C, the
mixture was neutralized with 1IN HCI at pH4, evaporated and purified by column
chromatography (CH,CN/H20 : 80/20). The solid was heated in boiling methanol and

10 filtrated to eliminate silica. After evaporation, 3 was obtained as a bright orange solid
(100%). C13H16N209; mp 172 °C; [a]p -53 (¢ 0.96 in MeOH); Vmax/cm-1(XBr) 3400
(O-H), 1588 (aromatics), 1530, 1343 (NO2); 3g(DMSO) 7.46 (1H, dd, Jm 3,J, 9, a5),
7.19 (1H, d, Jiy 3,26), 7,12 (1H, d, J, 9, a3), 6.04 (1H, q,J 5, N-H), 5.68 (1H, br, s,
OH), 5.13 (1H, br, s, OH), 4.85 (1H, d,J 7, Gl), 3,57-3.17 (4H, G2, G3, G4, G5), 2.8
15 (3H, d, J 5, N-CHz); 8c(DMSO) 172.4 (G6), 149.8 (al), 143.0 (a2), 140.5 (a4), 113.3
(a5), 111.6 (a6), 102.3 (a3), 101.4 (G1), 75.6, 74.1, 73.0, 72.1 (G2, G3, G4, GS5), 294

(NMe); m/z (ES™) 343 [M -H]J~.

Benzyl [Z-methylamino-4-nitrophenyl—2,3,4-tri—O-(tert—butyldimethylsilyl)-B-
20 D-glucopyranosid]uronate (4)

DMAP (0.1 g) was added to a solution of 3 (1.87 g, 5.43 mmol) in 20 mL of
pyridine. The mixture was cooled to 0 °C and TBS triflate (12 mL, 52.3 mmol) was
added dropwise. After 48 h at room temperature, the mixture was evaporated and the
residue was taken in toluene (200 mL). The insoluble pyridinium triflate was filtered

25 and the filtrate evaporated. The product, obtained as a yellow resin (3.64 g, 5.31 mmol)
was used without any purification in the next step. A solution of DMAP (0.3 g, 2.45



pyridine. The m xture was cooled to O C and TBS triflate (12 nm., 52.3 nmol)
was added dropwi se. After 48 h at roomtenperature, the m xture was
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wat er. The organi c phase was separated and washed with 10 nL of bri ne,
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25 magnesium sulfate and evaporated. The residue was purified by chromatography
(EtOAc/cyclohexane : 1/13) to obtain 5 as a colourless v1scous oil (352 mg, 93%).

C30Hg3N2010ClSis; [op -5 (¢ 1 in CHCl3); Vimax/om 1(cDCl3), 1734 (C=0 carbamoyl
chloride), 1594 (aromatics), 1528, 1349 (NO); 85(CDCl3) 8.24 (1H, dd, Jo 9, Jum 3,
a5), 8.14 (1H, d, J, 3,23),7.34 - 7.28 (5H, Ph), 7.22 (1H, d, J, 9, a6), 5.73 (1H, d, J
30 5.5, G1), 5.07-5.05 (2H, 2 s, CHyPh), 4.43 (1 H, G3), 4.40 (1 H, G4), 3.96 (1H, G2),
3.88 (1H, d,J 3, G5), 3.25 (3H, s, N-CHz), 0.95-0.86 (27 H, Si-C-CH), 0.08 (12 H, Si-
CH3), 0.07 (3 H, Si-CHz), 0.02 (3 H, Si-CHz); 8c(CDCl3) 168.0 (G6), 157.5 (NCOCY),
148.6 (al), 142.1 (a2), 134.7 (a4), 133.1 (Ph quaternary), 128.3-128.1-125.7 (Ph
tertiary), 125.5 (a5), 115.9 (a6), 99.3 (a3), 99.2 (G1), 78.6 (G3), 76.4 (G5), 75.5 (G2),
35 71.6 (GA), 66.9 (CHaPh), 45.5 - 44.2 (NMe), 25.6 - 25.5 (Si-C-CHz), 17.7 - 13.5 - 12.6

(Si-C-CHz) -4.6 -4.8 -4.9 -5.2 (Si-CHz); m/z (CT) 856 [M + NH4JT.
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25 CH3), -4.2, -4.5, -4.6,-4.7, -4.9, -5.7 (Si-CH3); m/z (FAB™) 1413 [M +Na]™.

Benzyl [4-nitrophenyl—2-[(etoposide-4'-O-carbonyl)ﬁlethylamino]-B-D-gluco
pyranosidjuronate (7)
To a solution of 6 (223.2 mg, 0.16 mmol) in pyridine (2.65 mL) at 0 °C, was
30 added dropwise HF/pyridine (2.65 mL, 70%). The mixture was stirred 4 hours at O°AC,
then 10 hours at room temperature. After evaporation, the residue was taken in 200 mL
CHClp, and washed with water; the aqueous phase is extracted with CHzCly. The
organic phases were dried over magnesium sulfate, and the compound was purified by
chromatography (AcCN). Product 7 was obtained as a beige solid (150 mg, 89 %).
35 CsoH50N2093; mp 170°C; [alp -9.2 (¢ 1.1 in CHClg); Viax/cm-1(CDClz) 3406 (O-
H), 1752 (CO ester), 1713 (CO carbamate), 1602 (aromatics), 1525, 1346 (NOy);
Sp(CDClz) 8.20 (br, 2H, a3, a5), 7.39 (br, SH, Ph), 7.12 (d, J 9, 1H, a6), 6.95 + 5.62
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o8); Sc(DMSO) 175.2 (9), 172.2 (G6), 1582, 153.2, 151.8, 148.45, 147.0, 1416,
139.1, 132.7, 129.6, 128.0 (C quaternary, carbamate), 126.0 (a3), 124.6 (a5), 116.9 (a6),
110.6 (¢5), 110.4 (e8), 108.0 (e2', e6"), 102.2 (g1), 102.0 (e10), 101.9 (G1), 99.9 (g7),
80.8 (g4), 75.0 (¢2), 74.4 -74.0 (G4, g2), 73.4 (G2), 72.5 (G3), 68.4 (e11), 68.0 (G5),
30 66.4 (23, 25, g6, ed), 56.5 (OCHz), 43.9 (1) , 41.0 (€3), 37.8 (N-CH3), 21.0 (g8) ; m/z

(EST) 981 [M +Na]t, 997 [M +K]*

In vitro Cytotoxicity
Cytotoxicity was tested against L1210 (mouse leukemic cell line) cells using the
35 MTA assay.
L1210 cells were cultivated in RPMI 1640 medium (Gibco) supplemented with
10% fetal calf serum, 2 mM L-glutamine, 100 units/mL penicillin, 100 g/mL
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incubated for various times at 37 °C. Aliquots (100 pL) were taken at various times and
analyzed by HPLC after dilution with eluent (300 pL).

Enzymatic Cleavage by E. coli B-D-glucuronidase
25 Hydrolysis was investigated by incubating a solution of 500 ug/mL of prodrug 3
and 20 pg/mL of E. coli B-D-glucuronidase in 0.02 M phosphate buffer (pH 7.2) at 37
°C. Aliquots (100 pl) were taken at various times and analyzed by HPLC after dilution
with 300 pl of eluent.



with 300 | of eluent. WD 03/035661 PCT/EP02/11965 26 CLAIMS 1. ' Conpounds
having the following fornula (1): a 510 0O (1) ~nme o OV 15 0 COXK,
b 20 R20wB30B/033681 whi ch: OR4 R represents a sugar noi ety PCarepaz/yivam no
group, or an alkyl group froml to 2% 10 carbon atons conprising at |east
one am no group, - Rb represents an hal ogen atom an hal ogenoal kyl group
from1l to 5 carbon atons, a nitro &bﬁﬂ%sor a group -NR(COR ) in which R
and R, independently fromeach other, represent an alkyl group from1l to

5 carbon atons, .- R_ represen tec group for COOH group, 30
- R2, R3, and R4-, |C|9§H°@§H§ﬁeli‘ﬂvﬁ§gth?g‘?ﬂoé@g% %r(?)grepresent H or a
protecting group for OH group. 2. Conp&unds according to claim1l, of
formJIa (I') wherein R1L, R2, R3, and R4 epresent H. 35 3. Conpounds
accoPding to claim1 or 2, of for a (I wherein Ra represents: - a sugar
noi ety, selected anong the deFiwvg s v pse, such as the glucose

nmet hyl acetal of the following fo o] 0- RC 40 wherein Rc
represents an hydroxyl or an QT [ |as -N(CH3) 2, WD 03/035661
= o

PCT/1|(:)P02/ 11965

@
Me O OMe
15
COOR,

20 R20

in which:

- R, represents a sugar moiety, an arylgrﬁino group, or an alkyl group from 1 to

25 10 carbon atoms comprising at least one amino group,

- R, represents an halogen atom, an halogenoalkyl group from 1 to 5 carbon
atoms, a nitro group, or a group -NR(COR") in which R and R/, independently from each
other, represent an alkyl group from 1 to 5 carbon atoms, ‘

- R, represents H, or a protecting group for COOH group,

30 - Ry, Ry, and R, , independently from each other, represent H, or a protecting
group for OH group.

2.  Compounds according to claim 1, of formula (I) wherein Ry, R, Rs, and Ry
represent H. '

35

3.  Compounds according to claim 1 or 2, of formula (I) wherein R, represents:
— a sugar moiety, selected among the derivatives of glucose, such as the glucose

methylacetal of the following formula :

/TO
0o
R

c

40 wherein R, represents an hydroxyl or an amino group such as -N(CH),,



27 - or an arylam no group, and nore particularly a group of the follow ng
formula: -HN C6H4Rd wherein Rd represents an hal ogen atom or a nitro
group, suwwb 0a®3iche aryl am no group sel ected anong 4-nitr o&aTEPOB 11963
4-fluoroaniline, 5 - or an alkyl grouwyy from5 to 10 carbon atons conpri sing
at | east one amno group, and nore particularly a linear alkyl chain
conprising two ni toragenylanmweroup, rhémorhpartigulanlicf geeyp o the following formula:

[ (di met hyl am no) et hyl ] N- net hﬂl\g@l@@det hyl group. 4. Conpounds according to
anyone of claims 1 to 3, of fornula (I) wherein Ro 10 represents NO2, F,
O, CF3, or a group - NR( CORWhereinRBairemicsuisss hrlogen pfaehy 81810 870Ul r om each

ot her, represent S%ghgé{ﬁé:arﬂém %ré&ﬁ@elecié@l andRpikoadiing or 8- flucosapditeds
of cldins

according to anyone 0 4, havi the foll owin fornulae:. O O

15 0HO OH | 0 O @on gyl group méStOV\/ch%g)g“ a%“é Comprisge pides e %?‘Bn‘hb

HO 00 O OH  Heh3Sanlivkére fariGurly4D]iflead ally’b chdin Co@bisin®two nitrogen atoms in the
chain, such as the [(dimethylamino)ethyl]N-methylamino)ethyl group.

4. Compounds according to anyone of claims 1 to 3, of formula (I) wherein R,
10 represents NO,, F, ClL, CF,, or a group -NR(COR') in which R and R', independently '

from each other, represent an alkyl group from 1 to 5 carbon atoms.

5. Compounds according to anyone of claims 1 to 4, having the following

formulae: — X0 o o
15 OHo

OH

20 0~ - (
; o)

[R$4)

25 : Me-O OMe
0
>::O
—N
30 zi ) R,
35
40
45 Me-O OMe
0
\/_——o
—N

HOOC :
HO



O -N50 HOCC/ HO OO Rb --~~~ HO OH WO 03/035661 PCT/ EP02/ 11965 28 HN
50C0 10=0 MOOW 150 0 -NHOOC 20 HOOO Rb HOOH 25 e2 NRS
30 35 0 wOoose3xsOMe O -N 45 HOOC HO YR b HO CH 50 wrerdipa2/R965
represents NO2, F, O, CF3, or a grou -NR(COR ) in which R and R,

I ndependently from each other, represent an alkyl group from1l to 5 carbon
atons, and F

5
10
15
20
25 ©2
30
35 (
0
40 MeO OMe
0 \Fo
45 HOOC
W .
50

wherein Ry, represents NO,, F, Cl, CF;, or a group -NR(COR') in which R and R/,
independently from each other, represent an alkyl group from 1 to 5 carbon atoms, and
Rs represents H or CHs.

35



R5 represents H or CH3. 55 WD 03/035661 PCT/EP02/11965 29 6. Conpound
according to anyone of clains 1 to 5, having the followng formula: OO O
5 HO OH wWo/0303366,0 O\ ro | | 0O 15 Me-O' Ove =0 -N PRO/ER@OIYIO O O
N2 HO OH 7. Pharmaceutical conposi2d ons conprising at | east one conpound
of formula 25 (1) as defined in clains 2 toég,_ or_a ?'%'”ﬁﬁ%i@ﬁl’ L n
associ ation witl6.a Siemneyné acemdingeioetiyona of Ggipsel to @, heyme PeHIe
conposi tiong,agaerding to claim7, conprising at |east one of the

foll owi ng conpounds: 30 00 0 - HOOH 035\ o O/ Il O
/VO 0 o
5 Omo

OH

10 o - I(

15 Me-O OMe
0
\/'::0
—N
20 ’ HOOC
NO
HO
OH

7. Pharmaceutical compositions comprising at least one compound of formula
25 (D) as defined in claims 2 to 6, or a salt’ thereof, in association with a suitable

pharmaceutical carrier.

8.  Pharmaceutical compositions according to claim 7, comprising at least one
of the following compounds:

/VO o o
Oho
OH
35 <

40

30

Me O OMe

45 =0

HOOC o o R
HO b

50 OH



40 MO OWw O 045 -N HOOC HOO O Ro HO - 50 OH WD 03/ 035661

PCT/ EPO2/ 11965 30 OO0 5 HOe2 CNM10 O 15 MO OW ©O-- O-N 20 HOCC
/" HO O OwBlw3Mgs6eH 25 30 / F \' 1 HN35 O < OO0 40 M@CO®P2/4B6H>=0 -N
HOOC HO O O Rb 30 :

10
0
15 Me O OMe
(0]
\F o)
—N
HOOC
HO
’ OH
25
30
35
40
Me O OMe
0]
45 >0
—N
HOOC
50 HO
OH

55



50 HO OH 55 WO 03/035661 PCT/ EP02/11965 31 e2 5 NRS 10 0 O 15 Me O Owe

CO N 20 HOOC HOR b HO OH 25 wherein Rb represents N2, F, O, CF3,
a group -WB(0G@B¥6p1i n which R and R,

represent an al kyl
or CH3. 9. Pharnmaceuti cal
at | east

conposition accordin

the followi ng conpound: OO0 0 HO

group from1l to 5 Marbon atons,

3

O |

OMe

or

i ndependent |y from eaThEror/n®es
and 30 R5 represents H
o claim7 or 8,

conpri sing
O 400 45 Me-O

wherein Ry, represents NO,, F, CL, CFs, or a group -NR(COR') in which R and R,
independently from each other, represent an alkyl group from 1 to 5 carbon atoms, and

9. Pharmaceutical composition according to claim 7 or 8, comprising at least

Ove O O -N HoCC
5
10
15
MeO
° \FO
—N
20
HOOC
HO
OH
25
30 Rs represents H or CHs.
the following compound:
/VO o) o
OHo
35 on
<?
6]
40
MeO
45
—N
HOOC
50 HO
HO



50 HOO 0 NO2 HO OH WD 03/035661 PCT/ EPO2/ 11965 32 10. Pharnaceuti cal
conposition according to anyone of clains 7 to 9, in a suitable formfor
oral admwogBaisbon, or for adm nistration by injection, ®OCTHEPAT11965
intravenous route. 5 11. Pharnaceutic® conposition according to anyone of
claims 7 to 10, characterized in that the dosage of the caonpounds of
formula (1) is deophhascadeaticatempagifeoncemdiaryto 18yong Chelamy 7 4nd, n 2
appr oxi mat el y. d AETaTe WD | "L BhiYrRioAAYS - infkltidd. sudheapf a
conmpound of %&%%I%Wra%mdgﬁ%%ugﬁg%gﬁg of %]%{té]élr(r% 2§toj]eg,dl1gor t he
manuf act ur e infravengeiguteor t he treat ment of cancers such as |ung cancer,
testicular cancer, Kaposi's sarcomm, |ynphonma, and | eukem a. 13. Process
for the preparation of a conmpound according to clains 1 to 6, 15
characterized in th it copprises the follow ng s : e titpat i on
of tHe foll ow ng“co%’@ﬂ'ﬂ%?el}g&\lo???&?qiﬂwnbﬁc‘i(’?y%% %gn%u%a(ﬂ%teh()f p‘ﬂ%}sl?gezgﬁ)i ryé’or der
to obtain th@afatdrievd fgthaviip dosageaff thocormpambs of REMABAR isNMenIISebEPEED R30
OR4 Rb 25 '0 30 | .2 d R : REvwhgughd: .
R repr esentaéjpéo’%?@tegct ill(r)l(g/bé?%/hlp/d%%’r %ﬁ@rgﬁlﬁa@%c%s%y&@% gr ag] 40
met hyl gr oupappR&imE8ly &daysR4 represent a protecting group for OH group,

such as a terbutyldinethylsilyl or acetate group, . Rb is such as defined
inclaiml, WO 03/035661 PCT/EP02/ 11965
10 12. Use of a compound of formula (I) as defined in anyone of claims 2 to 6, for

the manufacture of a drug for the treatment of cancers such as lung cancer, testicular

cancer, Kaposi's sarcoma, lymphoma, and leukemia.

13. Process for the preparation of a compound according to claims 1 to 6,

15 characterized in that it comprises the following steps :

— amine activation of the following compound of formula A by treatment with

phosgene in order to obtain the following compound of formula B :

COOR, Me
20 0 NH
R0

OR, R,

25
0

30 COOR, Me

o N al

B R,0 o
R40
OR, Ry

35

wherein:

. R, represents a protecting group for COOH group, such as a benzyl or a
40 methyl group,

. Ry, Rs, and R, represent a protecting group for OH group, such as a

terbutyldimethylsilyl or acetate group,

. Ry is such as defined in claim 1,



33 - coupling of conpound B obtained above, with the follow ng conpound of
forrula C Ra 50 | O 10CO0 15 Me-0 O OH 20 wherein Ra is such as
defi ned iwoaBassesll, in order to obtain the foll ow ng conpeamdrPbdz/1196Ra 25 0
300\ Do35 MM OO 0 O0-N 40 GBX, Rb R20 O O R30 O”4 45 wherein:
. Rl represents a protecting group for COOH group, such as a benzyl or

net hyl group _Raou @hcbridound B edxainedaalprves svithi thg fgHowiner ermiyyngr fup,
such as a Eutyl dimethyl silyl or acetate group, . Ra and Rb are such
as defined i %1 m 1, WO 03/035661 PCT/ EP02/ 11965 34 - deprotection of
the OH groups of conpound D, for instance with BF/ pyridine

R,
5
10 C (
z o}
15 Me-O OMe
OH
20 . .
wherein R, is such as defined in claim 1,
in order to obtain the following compound D :
25
30 (
0
D
35 Me O OMe
o
>—_—'O
—N
40 COOR, Ry
R,0 Q O
R,O
OR,
45 .
wherein:
. R, represents a protecting group for COOH group, such as a benzyl or
methyl group,
. Ry, Ry, and Ry represent a protecting group for OH group, such as a
50 terbutyldimethylsilyl or acetate group,

. R, and R, are such as defined in claim 1,



when R2, R3, and R4 represent a terbutyldinethylsilyl gr [

obtain the follow ng conpound E : Ra y5 O | é o] Ylllg (i)(l;p,: IOnEOIrd(l\a/lre-z)od\/le
15 00 MvoN3@EeR Rb 20 HO O O HO OH 25 wherein: . R IPEprEPOBNISS a
protecting group for COOH group, such34as a benzyl or nethyl group, . Ra
and Rb are such as defined in claim1l1, - deprotection of the COOH broup of
conpound E, for _i gsirofeombs the GH gryugsafenapbemtDofaringandeawitu Eyaidim

G758 & B B e e B bt P B

following compound E :

5
10
E
Me-O OMe
15
o
S—o0
Me—N
COOR, Ry,
20 HO o O
HO
OH
25 wherein:
. Ry represents a protecting group for COOH group, such as a benzyl or
methyl group,
. R, and R,, are such as defined in claim 1,
— deprotection of the COOH group of compound E, for instance with
30 cyclohexadiene over palladium when R; represents a benzyl group, in order to obtain
the following compound F :
35 (
40
MeO OMe
0]
~>—o0

45 R,
HOOC
HO 0 O
HO

OH
50 wherein R, and Ry, are such as defined in claim 1.



HO OH 50 wherein Ra and Rb are such as defined in claim1. W 03/035661
PCT/ EPO2/ 11965 35 14. Conpounds according to claim1, used as internediary
product s WD oBlaseepr ocess according to claim 13, said conpeamdrovimespondi ng
to fornmula (1) wherein: - R represemss a protecting group for COOH group,
such as a benzyl or methyl 5 group, - and/or, R2, R3, and R4 represent a
protecting group for OH group, such as a terbutyldimethylsilyl or acet ate
group. 15. Conpounds according to claim 14, haV| ng .t he fé)l I OWIH | ae :
10 Ra O 15 \ o 14 \Compqundp agcordimeme elainel, used @ ABtermedieiops 00
R30 30 OR4 é?s\éfaé‘ao%ﬁ to ERhink ?Prsﬁﬁ%hﬁ)oan@é&k%ﬁéﬂdﬂ? @rmﬂula@m mea@gam group,
such as a be% zy group, - and , R4 represent a

protecting group. fRfre Rg}és@{wu@rot&u i3 dg?éup?lfort(HD(thgtbﬁh ,athyd sbbydyl or mathet at e
group, 40 - Ra, and are such as fined in claiml, 45 WD 03/035661
PCT/ EP02/ 1198836

- and/or, Ry, Rs, and R, represent a protecting group for OH group, such as a

terbutyldimethylsilyl or acetate group.

15. Compounds according to claim 14, having the following formulae :
10

15

20

MeO OMe

25 _N>:0

30 OR,

35 wherein

- R, represents a protecting group for COOH group, such as a benzyl or methyl

group,
- and R,, Rs;, and R, represent a protecting group for OH group, such as a
terbutyldimethylsilyl or acetate group,
40 - R, and Ry, are such as defined in claim 1,

45



Ra 501 O II
25 wherein R

O 10 EM-00OW O 15 ~OM-N COORIF Rob OO0 20 HO OH
represents a protecting group for COOH group, such as a
benzyl orwomawbiskl group, and Ra, and Rb are such as defi n@edTirPozimsin 1.
36
5
10 E
MeO OMe
0
15 >0
Me—N
COOR,; Ry
HO .
20 ol
25

wherein R; represents ‘a protecting group for COOH group, such as a benzyl or
methyl group, and R,, and Ry, are such as defined in claim 1.



