-1 PYRROLO (3,4-C) CARBAZOLE AND PYRI DO (2,3-B) PYRROLO (3,4-E) |INDOLE

DERI VATI VES, PREPARATI ON METHOD AND PHARMACEUTI CAL COWVPGCSI TI ONS CONTAI NI NG
SAME The present invention relates to new pyrrol o[ 3, 4-c] carbazol e and
pyrido[ 2, 3-b] pyrrol o- [3,4-e]indole compounds, to-a process for their
preparation and to pharmaceuti cal corrposilti ons contai ning them The needs
of anti-cancer thera%/ call for the constant devel opnent of new anti -
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have anti-tunour properties in particular, which accordingly render them -

useful in thg ﬁxregaqtt NBAntRh ~RAGEIS neW BRDHIS[RY-E ¥ RABSzdM aﬁ@rﬁﬁ%[z\z@ibw be

treated with the conpounds of the present 10 invention thére may

ment i oned, [Bidtdlodold wppomadsanty Ri piocessi o, theite praparatipmoands targharmaceutical
carci nomas, _sar conmas |.i ones and | eukaem as. By virtue of their

properti es,CMPESILS %‘ﬁ‘gﬂgmgf e i nvention can advant ageously be
associated with the totality of the cytotoxic treatnments currently in use,
as well as with 15 radi ot herapi es, whose toxicity is not increased thereby,

and with t Héevaesdsust matimsmecr thrsamapicad Birr Bet eenstaghi dryelopmsaed LoY etRit
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i ndol e” conpoulinds and®cldi m em on or their anti-viral
activity andttentoldagtedt Tive chiapourfdsroftthe preseatt imeariticdOhava chnpirtement paipegties in

restenosis. Patent applicat.iops 00/ 47583,. 97/21677 and WD 96/ 11933
di scl ose CQ’&TEBEM%}[“@ﬁﬁW%PS y§?¥£é]@%5?e§‘§ldﬁ\r€§0tﬁ?ﬁ§e%ﬂf8ﬁméfse fused on
the indole noiety and the cycl opentene noiety of the conpounds to an

aromatic or non- ) )
Among the types of cancers which can be treated with the compounds of the present

10 invention there may be mentioned, without implying any limitation, adenocarcinomas and

carcinomas, sarcomas, gliomas and leukaemias.

By virtue of their properties, the compounds of the invention can advantageously be
associated with the totality of the cytotoxic treatments currently in use, as well as with
15 radiotherapies, whose toxicity is not increased thereby, and with the various hormone

therapies directed against cancers (breast and prostate).

Patent applications WO 95/07910 and WO 96/04906 describe indole compounds and claim
them on the one hand for their anti-viral activity and on the other hand for the treatment
20 and prevention of restenosis. Patent applications WO 00/47583, WO 97/21677 and
WO 96/11933 disclose cyclopenta]g]pyrrolo[3,4-e]indole compounds which are fused on
the indole moiety and the cyclopentene moiety of the compounds to an aromatic or non-
aromatic ring system and which optionally contain hetero atoms. Those compounds have
pharmacological activities which render them useful especially in the treatment of cancer.
25 Patent application WO 01/85686 describes pyrrolo[3,4-c]carbazole compounds for use in

the treatment of neurodegenerative diseases, inflammations, ischaemia and cancer.

The present invention relates more specifically to compounds of formula (I):



aromatic ring systemand which optionally contain hetero atons. Those
conpounds have pharnacol ogical activities which render them useful
especially in the treatnent of cancer. 25 Patent application WO 01/ 85686
descri bes pyrrol o[ 3, 4-c]carbazol e conpounds for use in the treatnent of
neur odegener ati ve di seases, inflannation? i schaem a and cancer. The
present invention relates nore specifica Iy to conpounds of formula (1): -2
(1) wherein: A represents a rlgg having 6 ring menbers which is saturated
or partially or wholly unsaturat the unsaturation optionally
confers an aromatic nature on the ¢ :

identical or different group £ mfa UV wherein: / U represents a
single bond, or a linear or “(Gl- C6) al kyl eng_chain which is
optionally substituted by oné f M,ﬂ ntical or dfferent substituents
sel ected from hal ogen and h i
nore unsaturated bonds, 10 / eNresents a group selected froma hydrogen
atom a hal ogen atom and t he group cyano, nitro, azido, |inear or
branched (Cl1-C6)al kyl, aryl, aryl (Ci-C6)al kyl in which the alkyl noiety
may be |ingdeitf branched, hydroxy, linear or branched (Cl-Cb)- alkoxy,

aryl oxy, aryl (Cl- C6)a|koxy in which the al koxy noiety may be || near
branched, * oAniepreseris Boxag hawing st mspbersNRERY is satpi@jedor, partgglly) 01NR901131 15

tehamthiciier it N B

5 e Z represents one or more identical or different groups of the formula U-V wherein:

Z represents one or nore

v U represents a single bond, or a linear or branched (C;-C¢)alkylene chain which is
optionally substituted by one or more identical or different substituents selected
from halogen and hydroxy and/or which optionally contains one or more unsaturated
bonds,

10 v' V represents a group selected from a hydrogen atom, a halogen atom and the groups
cyano, nitro, azido, linear or branched (C;-C¢)alkyl, aryl, aryl(C;-C¢)alkyl in which
the alkyl moiety may be linear or branched, hydroxy, linear or branched (C;-Cq)-
alkoxy, aryloxy, aryl(C;-C¢)alkoxy in which the alkoxy moiety may be linear
or branched, formyl, carboxy, aminocarbonyl, NRiRs, —-C(O)-T;, -C(O)}-NRsT),

15 -NR3-C(0)-T;, -0O-C(O)-T;, -C(0O)-O-T,, -O-T-NR3Rys, —-O-T,-OR;j,
—O-T»—CO;R3, -NR3-T,—NR3R4, -NR3—T,—OR3, -NR3-T,—CO,R; and ~S(O)—R3,
wherein:

= Rj and Ry, which are identical or different, each represents a group selected from a
hydrogen atom and the groups linear or branched (C;-C¢)alkyl, aryl, and

20 aryl(C,-Cg)alkyl in which the alkyl moiety may be linear or branched, or

R3;+Rs form together, with the nitrogen atom carrying them, a saturated,
monocyclic or bicyclic heterocycle which has from 5 to 10 ring atoms and
optionally contains within the ring system a second hetero atom selected from
oxygen and nitrogen and which is optionally substituted by a group selected from
25 linear or branched (C,-C¢)alkyl, aryl, aryl(C;-Ce)alkyl in which the alkyl moiety

may be linear or branched, hydroxy, linear or branched (C;-Cg)alkoxy, amino,



wherein: b R3 and R4, which are identical or different, each represents a
group selected froma hydrogen atom and the groups |linear or branched
(Ci1-Co)al kyl, aryl, and 20 aryl (Cl-C6)al kyl in which the al kyl noiety may
be linear or branched, or R3+R4 formtogether, with the nitrogen atom
carrying them a saturated, nonocyclic.,or bicyclic heterocycle which has
from5 to 10 ring atons and optionally contains within the ring systema
second hetero atom sel ected from oxygen and nitrogen and which

optional | y subdinpararduanghed mpng(fp-Sepkkylagung, asd 1@6?@@13@%1105%"?&'@%&16
(C1- Co) al kyl, P}%A moﬂé’t%“n%b‘e:@ﬁl@ﬁrwlbrérﬁggﬁ“ ch the alkyl moiety nay be

| i near or branc r 0X 't near ranched (Cl1-C6)al koxy, amino, -3
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the alkyl noietjes ybe |inear nche epr e ou
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R3 and R4 are as defined herei nbefore aryl, and aryl i n”which
t he al kyl noi etajkylaywhihlthealkyl mmebfrmrhedjneamortranphqgls esTéntepr@emts adiagar or
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defined herei nbeRgr eNRIR,, TLOR] eSEDIRS @nd | TROINRIR bwhareeR; (abd -FC6 el dey| ene
chain, t represents an integer fromO to 2 inclusive,
defined hereinbefore,
10 = T, represents a linear or branched (C,-Cg)alkylene chain,
= trepresents an integer from 0 to 2 inclusive,

or Z represents a methylenedioxy or an ethylenedioxy group,

e W, with the carbon atoms to which it is attached, represents a phenyl group or a

15 pyridyl group,

e  W;represents a group selected from:

| 6
~N _\ ; m ; ﬁ : \@
/‘ \RG /

o
\N/_} : \N/fN ; \(_\J/N \(/J XW
DS EDSEDD S

wherein Rg represents a group selected from a hydrogen atom and the groups linear or
20 branched (C,-C¢)alkyl, aryl, aryl(C;-C¢)alkyl in which the alkyl moiety may be linear or
branched, cycloalkyl, cycloalkyl(C;-Ce)alkyl in which the alkyl moiety may be linear or
branched, -OR3;, -NR3;Ry, -O-Tr-NR3R4, -NR3-T,-NR3R,, linear or branched (C;-Cq)-
hydroxyalkylamino, di((C;-C¢)hydroxyalkyl)amino in which the alkyl moieties may be
linear or branched, -C(O)-R3; and -NH-C(O)-R3, or R¢ represents a linear or branched



or Z represents a mnethyl enedi oxy or an ethyl enedi oxy group, W, wth the
carbon atons to which it is attached, represents a phenyl group or a 15
pyridyl group, W2 represents a group selected from R6 N ND wherein R6
represents a group selected froma hydrogen atom and the groups |inear or
20 branched (Cl-C6)al kyl, aryl, aryl (Cl-£6)al kyl in which the al kyl noiety
may be |inear or branched, cycl oal kyl, byéloalkyI(C C6) al kyl in which the

al kyl iety may be |inear or branched - -NR3R4, - O T2- NR3R4,
- NRr T2- NRdﬁZt -Coilkdgne shaip sybtitetad byiongsyr mﬁy’drdﬁse\}@ll wwdaﬁ?rﬁet groups selected

di ((C1-Co) I y_, [ or
br anched, Q%?ég%h gxdé)k@w&?%&%rﬁ g‘g‘rd?e_p@ sgﬁhﬁgg“a |2g’ar@§)r Ré’rlglge% ed
-4 (C -Co)al thﬂxcrhlee (Ch€i)hydrolgilkylama, iy (CREhydrovyatkylhante cawhmh the alket ent
groups selected m hal ogep atons and ou S itr - OR3,
“NR3R4, - cepietes mé(%ed@eﬁ Br, Branchedl, apg aﬁ@' ‘%‘9 ﬁérx@‘ai”léﬁ"lﬁah‘?‘%f‘s

di ((Ci- Cﬁhnmq&pm¥ahgﬁa%an1no i n which the aIkyI nnletles may be |inear or
branched, and -C(O)-NHR3, the groups R3, R4 and T2 being as 5 defined

her ei nbef ore, Xl represents a group selected froma hydrogen atom and the
Br anched (L TIFRTIHEBIP SREFL BB St e O Ry, hRGFor O
branched (C;-Cg)alkoxy, mercapto and linear or branched (Cl-C6)a1kylth10,
e Y, represents a hydrogen atom, or
e X, and Y; form together, with the carbon atom carrying them, a carbonyl or

10 thiocarbonyl group,

e X, represents a group selected from a hydrogen atom and the groups hydroxy, linear or
branched (C,-Cs)alkoxy, mercapto and linear or branched (C,-Ce)alkylthio,
e Y, represents a hydrogen atom, or

15 e X; and Y, form together, with the carbon atom carrying them, a carbonyl or

thiocarbonyl group,

e R, represents a group selected from a hydrogen atom, a linear or branched (C;-C¢)alkyl
group optionally substituted by one or more hydroxy, linear or branched (C,-Ce)alkoxy,
20 linear or branched (C;-C¢)hydroxyalkoxy groups, or NR3R; wherein R; and Ry are as
defined hereinbefore, or R, represents a group of formula C(O)-O-T3 wherein T; represents
a group selected from lineare or branched (C;-Ce)alkyl, aryl and aryl(C;-C¢)alkyl in which

the alkyl moiety may be linear or branched, or R, represents a group of formula (a):

25

wherein:
v" Ra, Ry, Re and Ry, which are identical or different, each independently of the others

represents a bond or a group selected from a hydrogen atom, a halogen atom and the



X1 and Y1 formtogether, with the carbon atomcarrying them a carbonyl or
10 thiocarbonyl group, X2 represents a group selected froma hydrogen atom
and the groups hydroxy, linear or branched (C 1 -C6)al koxy, nmercapto and

| i near or branched (Cl-C6)al kylthio, Y2 represents a hydrogen atom or 15
X2 and Y2 formtogether, with the carbon atomcarrying them a carbonyl or

t hi ocarbonyl group, R, represents a group selected froma hydrogen atom a
| i near or branched (C,-C6)al kyl group optionally substituted by one or
nore hydroxy, S$Pvrsahydexyrlineehed b(@?ﬁ@%ﬂél'Q@R&}‘szoarlﬂ%wﬁf}’(lﬁcltﬁﬁ kayey/din
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and aryl (Cl-C6)al kyl in which the_alkyl npiety may he ljinear or branched,
or R )r/e|(or esen‘%’%er§1¥lg$b6‘§ﬂ 8¢ #%Pﬁﬂ?%nidagqrelgg‘i@r%_ag'g?’ Wher R Z‘f"{'eerF%% SR, Rc
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represents a bond or a group selected froma hydrogen atom a hal ogen atom
and the -5 gr d@h<Cdalkiylogrpyp |(pptexmallprsubstimtetidy 11 oCR) it kavsups selackasix from
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alkylamino in which the alkyl moieties may be linear or branched), or Rs represents
aryl, aryl(C;-Ce¢)alkyl in which the alkyl moiety may be linear or branched,

10 cycloalkyl or heterocycloalkyl,
v R, represents a methylene group (H,C=) or a group of the formula —U;—R, wherein
U, represents a single bond or a methylene group and R, is as defined hereinbefore,

v" nhas thevalueOor1,

it being understood that the group of formula (a) is bonded to the nitrogen atom by R,, R,
15 Re, Rgor Re,

e Q represents a group selected from an oxygen atom and a group NR, wherein R,
represents a group selected from a hydrogen atom and the groups linear or branched
(C1-Ce)alkyl, aryl, aryl(C;-Ces)alkyl in which the alkyl moiety may be linear or branched,
20 cycloalkyl, cycloalkyl(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
-OR3;, —NR3Rs, —-O-TrNR3Rs, —NR3-T>NR3R4, linear or branched (C;-Cg)hydroxy-
alkylamino, di((C;-C¢)hydroxyalkyl)amino in which the alkyl moieties may be linear or
branched, -C(O)-R; and -NH-C(O)-R3, or R, represents a linear or branched (C;-C¢)-
alkylene chain substituted by one or more identical or different groups selected from
25 halogen atoms and the groups cyano, nitro, —OR3, -NR3;R4, ~CO,R3, —C(O)R3, linear or
branched (C,-Ceg)hydroxyalkylamino, di((C,-C¢)hydroxyalkyl)amino in which the alkyl
moieties may be linear or branched, and —C(O)-NHR3, the groups Rs, R4 and T, being as

defined hereinbefore,

30 provided that when W;, with the carbon atoms to which it is attached, represents an

unsubstituted phenyl group or a phenyl group substituted by a bromine atom, R, represents



aryl (C1-C6)al kyl in which the alkyl noiety may be linear or branched, aryl,
-NR3R4 wherein R3 and R4 are as defined hereinbefore, azido, -N=NR3
(wherein R3 is as 5 defined hereinbefore), and -O-C(O-R5 wherein RS
represents a linear or branched (C1-C6)a|ky| group (optionally substituted
by one or nore groups selected from ha%pg hydroxy, am no, Iinear or
branched (C1-C6)al kyl am no and di (Cl- C6)™- alkylanlno in mhlch t he al kyl

noi eties may be linear or branched), or R5 represents ary

aryl ( Cl- Ca) gtdupl s¢1mte¢ufmﬁntawélyérqe¢n atomet glueapyrapesyli pred?, 3&6 tptrar{&hereyl- 10
cycloalkyl or heterocycl oa R S y. ) or
a group ofg YRBYFBPS #& %rouﬁf" E{)ﬁ%e/gresgntg %W"?‘E%S’ atgrrq??; & {Ve x‘ggeglond(gmﬁ;_

met hyl ene sgieered fisd Ra i s as defined herei nbefore, [/ n has t he value 0 or
1, it being understood that the group of fornula (a) is bonded to the
nitrogen atomby Ra, Rb, 15 K Rdéor Re, Qrepresents a group selected
froman oxygen atomand a group NRZ wherein R2 represents group sel ected
froma hydrogen t he i nea ched al kyl, aryl,
aryl (C1- G6) al kyl i n\whi ¢gh the al iety | i hear Qr b/anched 20
cycl oal kyl , cycloal 1- C6) al k n mhlch t alkyl nnlem y be linear
or branched -NR3R4, -O/12-NR3R4, -N -T2 b(near or branched
(G - C6)hydroxy alkylanlno di ((C1- CB)hydroxyaIky %n1no in which the al kyl
noi etj es | i. C(O-R3 and -NHC(O-R3, or R2
repre%entga%r i gg%g%ﬁ %%W%EQH&?%g CB) al kyl ene chai n substituted by one
or nore |dent|cal or different groups selected from25 halogen atons and

the grou s _gyano nitr CRS, - or
g P ¥)rov1ded also tl?at when W, w1Rf§the carbon atoms to c\igthh itisb represents an

unsubstituted phenyl group, R, represents a hydrogen atom and R, represents a methyl

group, then W, represents a group selected from:
R6

\pmﬁ\@
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wherein Rg is as defined hereinbefore,

10

to their enantiomers, diastereoisomers and also to addition salts thereof with a

pharmaceutically acceptable acid or base,

15 aryl being understood to be a phenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl,
indenyl or indanyl group, each of those groups being optionally substituted by one or more
identical or different substituents selected from halogen, linear or branched (C;-Ce)alkyl,
linear or branched (C;-Ce)trihaloalkyl, hydroxy, linear or branched (C,-Ce)alkoxy, and
NR3R4, wherein R; and R4 are as defined hereinbefore.



branched (Cl-C6) hydroxyal kyl am no, di ((Cl-C6) hydroxyal kyl )am no in which
the alkyl npieties nay be linear or branched, and -C(O -NHR3, the groups
R3, R4 and T2 being as defined hereinbefore, 30 provided that when W,
with the carbon atons to which it is attached, represents an unsubstituted
phenyl group or a phenyl group substituted by a brom ne atom R, represents
-6 a group selected froma hydrogen atom~™ gl ucopyranosyl or
(2,3,4,6-tetra-O benzyl - glucopyranosyl) group and R2 represents a hydrogen
atom t herAmeng therpdeanacsuticajiycagpeptaldt aeide thefe ovay b8 merdiomedy Wdhqus implydef i ned

her ei nbef ore, .. and. provi.ded al so.that en W...wth the carbon atons_t.
Whi ch it ey iR ?’éﬂ?"égla?ﬁ‘tcsacé‘ﬁf RiardhieBs taﬁ‘tdeci“g’ﬁ‘gﬂﬁﬁctﬁ Jgsphgnic” acif,
repr esent scaiduéla o gefuoadAeetiendidRdadiePacid epyravia vl mthlon@r i@, sucbift ¥éd,

represents a group selected from R6 1 10 to their enantiomers, = .
di ast er eoigbared acidrfimaris gcidotaggds aeidnmalgicragid, sitrie a¢idwascarbic ydraxphc peidi s as

defingd h i N - - TAG ically acceptable acid or base, 15
aryl %eingﬁﬁgﬁgggﬁ%%%:%%&ﬁ@nﬁngégﬁgﬁg&ﬁaphthyI, di hydr onapht hyl ,
tetrahydronaphthyl, indenyl or indanyl group, each of those groups being
optionall >xlArrslcl)JrPgstthletpﬁlltéu(;)r(ljacte) tic%l?l acc)gepqa?brlg bases there may be mentioned, without implying

any limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine etc..

Preferred compounds of the invention are those wherein X; and Y}, with the carbon atom
carrying them, together form a carbonyl group, and X, and Y;, with the carbon atom

10 carrying them, together form a carbonyl group.

In an embodiment of interest, the group Q to which preference is given in accordance with

the invention is a group NR; wherein R; is as defined for formula (I).

According to an advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (IA):

15
wherein R}, R;, W, and Z are as defined for formula ().

According to a second advantageous embodiment, preferred compounds of the invention

are compounds of formula (I) that correspond more especially to formula (IB):



identical or different substituents selected from hal ogen, |inear or
branched (Cl1-C6)al kyl, [Ilinear or branched (Cl-C6)tri hal oal kyl, hydroxy,

| i near or branched (Cl-C6)al koxy, and NR3R4, wherein R3 and R4 are as
defined herei nbefore. -7 Anong the pharmaceutically acceptable acids there
may be nentioned, without inplying any_limtation, hydrochloric acid,

hydr obrom ¢ aci d, sul phuric acid, phospﬁonlc acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvi c acid, mal oni ¢ acid, succinic
acid, glutaric acid, funmaric acid, tﬁ;iﬁric acid, maleic acid, citric
acid, ascorbic acid, oxalic acid, 5 hanesul phoni ¢ aci d, canphoric acid
etc.. Anong the pharnaceutical |y aP&ep abkePases there may be nenti oned,

wi thout inplying any limtation, sodiumahydroxi de, potassium hydroxi de,
triethylamne, tert-butylam ne etc Preferred conmpounds of the invention
are those wherein X, and Y,, ¥ ' pa_atom (IBarryi ng them together
forma carbonyl group, and &2 tle carbon atom 10 carrying
them together forma carbony * \xL€nmbodi rent of interest, the
group Qto which preference is givenyin accordance with the invention is a
group NR2 wherein R2 is as defined f& fornula (1). According to an

advant ageoys e refe 0 s of the invention are

conpounds ‘%fe ?M&“@%afpﬁéﬂe‘i‘beﬁdf&g%ﬁay e especially to fornula (1A): 2

15 wherein R, R2, and Z are as defined for formula (I). N

According to a third advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (IC):

wherein R, R, and Z are as defined for formula (I).

According to a fourth advantageous embodiment, preferred compounds of the invention

are compounds of formula (I) that correspond more especially to formula (ID):

10 wherein Ry, R3, R, W) and Z are as defined for formula (I).

According to a fifth advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (IE):



RI According to a second advant ageous enbodi nent, preferred conpounds of
the invention are conpounds of fornula (I) that correspond nore especially
to formula (IB): -8 Rl wherein Rl, R2 and Z are as defined for fornula
(1). According to a third advantageous enbodi ment, preferred conpounds of
the invention are conpounds of formula (1) that correspond nore especially
to formula (1C: R2Z NZ 5 wherein RI, RY-and Z are as defined for formla
(1). According to a fourth advantageous enbodi ment, preferred conpounds of
the invention are conpounds of fornmulaR{1) that correspond nore especially
to fornula (ID): R12 ZR6 10 wherein RI,IlIRZ, R6, W and Z are as defined for
formula (1). According to a fifth Bdyant agedds enbodi nent, preferred
conpounds of the invention are conpoynds/of forrmula (I) that correspond
nore especially to formula (I1E): R R

wherein R;, R, R¢ and Z are as defined for formula (I).

According to a sixth advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (IF):

wherein R, R;, R¢ and Z are as defined for formula ().

According to a seventh advantageous embodiment, preferred compounds of the invention

are compounds of formula (I) that correspond more especially to formula (1G):

l 2

10 wherein R;, Ry, W; and Z are as defined for formula (I).

According to an eighth advantageous embodiment, preferred compounds of the invention

are compounds of formula (I) that correspond more especially to formula (IH):



(IE) wherein RI, R2, R6 and Z are as defined for forrmula (I). According to
a si xth advant ageous enbodi nent, preferred conpounds of the invention are
conmpounds of formula (1) that correspond nore especially to formula (IF):
R2 NZ 5 wherein RI, R2, R6 and Z are as defined for fornmula (1). According
to a sevent h advant ageous enbodi nent, preferred conpounds of the invention
are conpounds of fornmula (I) that corresPond nore especially to fornul a
(I1: R | 10 wherein R, R2, W and Z are as defined for fornmula (1).
According to an ei ghth advant ageous e i ment, preferred conpounds of the
invention are conmpounds of fornula (I)ythat correspond nore especially to
formula (IH): -10 wherein R, R2 aRd<Z are=d3 defined for formula (1).
According to a ninth advantageous enbqdi nent, preferred conpounds of the
invention are conpounds of fornula ()/F—that correspond nore especially to
formula (11): R2 Z

wherein R}, R, and Z are as defined for formula (I).

According to a ninth advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (1I):

= N 1)
2D \
85
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wherein Ry, R; and Z are as defined for formula (I).

According to a tenth advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) that correspond more especially to formula (1J):

10 wherein R, R;, W and Z are as defined for formula (I).

According to an eleventh advantageous embodiment, preferred compounds of the

invention are compounds of formula (I) that correspond more especially to formula (IK):



s wherein R, R2 and Z are as defined for fornula (1). According to a tenth
advant ageous enbodi nent, preferred conpounds of the invention are

conpounds of formula (1) that correspond nore especially to formula (1J): N
1 R 10 wherein Rl, R2, W and Z are as defined for fornmula (I). According
to an el event h advant ageous enbodi nent, ﬁreferred conpounds of the

i nvention are conpounds of formula (1)'§ at correspond nore especially to
formula (I1K): -11 wherein RI, R2 and Z are as defined for fornula (1).
According to a twel fth advant ageous enb®di nent, preferred conmpounds of the
invention are conpounds of formula (I)Nthat correspond nore especially to
formula (IL): RR NZ N -N 5 where , @nd Z are as defined for
formula (1). Rl Advantageously, the gnoup/R, to which preference is given

in accordance with the
N\\\ (IK)
N\ _N

wherein R, R; and Z are as defined for formula (I).

According to a twelfth advantageous embodiment, preferred compounds of the invention

are compounds of formula (I) that correspond more especially to formula (IL):

wherein R, R; and Z are as defined for formula ().

Advantageously, the group R; to which preference is given in accordance with the
invention is a hydrogen atom, a group of formula C(O)-O-T; wherein T; represents a linear

or branched (C;-Cg)alkyl or a glucopyranosyl group of the formula:
o \Hﬁ
HO

HO OH

10 OH

In an embodiment of interest, the group R; to which preference is given in accordance with

the invention is a hydrogen atom or a linear or branched (C;-Cg)alkyl group.

Advantageously, the group Re to which preference is given in accordance with the



invention is a hydrogen atom a group of formula C(O-0OT3 wherein T3
represents a linear or branched (Cl-C6)al kyl or a glucopyranosyl group of
the formula: 10 OH In an enbodi ment of interest, the group R2 to which
preference is given in accordance with the invention is a hydrogen atom or
a linear or branched (Cl-C6)al kyl group. _Advantageously, the group R6 to
whi ch preference is given in accordancelgith the -12 invention is a
hydrogen atom Conpounds of the invention to which preference is given are:
> pyrr ol o[iBvention s ®hydrogdni atpmo[ 8, 7- b] i ndol e- 1, 3[ 2H, 8H] - di one, >

11- bromopyrrol o[ 3',4':5,6]indolizino[8,7-b]indole-1,3[2H 8H -dione, 5 -
11-chl oropyrrol o[ 3',4':5,6]indolizino[8, 7-b]indol e-1, 3[ 2H, 8H] - di one, >

i m dazo[ 2' Goknpdunds bPihe idlealion tohwhiéh plafrenddk divén biet ndol e- 1, 3(2H, 8H) - di one.
The enantioners, diastereoisoners and addition salts with a

phar maceut’ cBYTloB A eh6 ndodizingt, trblindeled S[3H. 8¢eligneef er r ed conpounds form
an integr hiV.@Ndhi . I i el ates also to a
processgfiilr ?ﬁé}oﬁ%ﬁg{[?%.?fﬁ]hg@%gﬁgggﬁ]gﬁﬁmibbQg%-gﬁ?i,), characteri sed
in that tber gl-chlongstols3'st:a/60indglizind8)7itgindalecnBj26L8¥d]-dibne,f ornul a (11): Br
Br wherein R2a repre s a_hydrogen atomor. g nmethyl grouyp and X1, Y1, X2
and Y2 are a@ldwﬁ?'ﬂzg,qﬁworhﬁ%%#% ﬂ)&o?%%%lmaelﬁ-lc%ﬁ@gﬂo&{ Cformula (I11)

is treated with an al kyl ragnesi um halide in the presence

The enantiomers, diastereoisomers and addition salts with a pharmaceutically acceptable

acid or base of the preferred compounds form an integral part of the invention.

The present invention relates also to a process for the preparation of compounds of
10 formula (I), characterised in that there is used as starting material a compound of

formula (II):

wherein Rj, represents a hydrogen atom or a methyl group and X;, Y;, X; and Y, are as
defined for formula (1),
15 which compound of formula (II) is treated with an alkylmagnesium halide in the presence

of a compound of formula (III):

z
w, || N\ (1)
N
H

wherein W, and Z are as defined for formula (1), to yield a compound of formula (IV):



of a compound of formula (lI1l): Z H wherein W and Z are as defined for
formula (1), to yield a conpound of forrmula (1V): - 13 5 H wherein R2a,
Xi, Y1, X2, Y2, W and Z are as defined herei nbefore, which conmpound of
formula (1V) is reacted with di-tert-butyl dicarbonate in the presence of
4-di net hyl am nopyridine to yield a conp ynd of formula (V): wherein Boc
represents a tert-butyl carbonyl oxy groug and Rza, Xi, Y1, X2, Y2, W and Z
are as defined herei nbefore, which conpound of formula (V) is: N 2a Br (V)
N 1 Boc either treated with an al kyfgagnesi um halide in the presence of
a pyrrolyl conmpound to 10 yiel an co oun)dz of formula (VI1):

1

Iv)

wherein Ry,, X1, Y1, X2, Y2, W, and Z are as defined hereinbefore,
which compound of formula (IV) is reacted with di-ferz-butyl dicarbonate in the presence

of 4-dimethylaminopyridine to yield a compound of formula (V):

V)

Boc
wherein Boc represents a tert-butylcarbonyloxy group and Rj,, X, Y1, X3, Y2, Wy and Z

are as defined hereinbefore,

which compound of formula (V) is:

e either treated with an alkylmagnesium halide in the presence of a pyrrolyl compound to

10 yield a compound of formula (VI):

(VD

Boc
wherein Ry is as defined for formula (I) and Boc, R;., Xi, Y1, X3, Y2, W) and Z are as

defined hereinbefore,

which compound of formula (VI) is:



N N R6 Boc wherein R6 is as defined for formula (1) and Boc, Rea, XI, Y1,
X2, Y2, W and Z are as defined hereinbefore, which conpound of fornula
(VI) is: -14 * either irradiated with a halogen lanp to yield a conmpound of
formula (1/a), which is a particular case of the conpounds of forrmula (I):
R2a N | Boc wherein Boc, R6, R2a, Xi, T%, X2, Y2, W and Z are as defined
her ei nbefore, 5 which conpound of formila™(l/a) is optionally treated with
formc acid to yield a conpound of fornula Sllb), which is a particular

case of the cdngithendsadisted ayitha balpgen lampdo prieldya spmpaurRbof fkprpulaXi/a), whichx2

Y2, W and_Z are as defined herei nb [ *\0r treated with palladi um bl ack
in the paﬂf?@ﬁ?ﬁ?ﬁ£g§§°¥ gﬁgnﬁggyﬁgﬁg§%ﬁﬁgﬂ- 10 hydrogen atom to yield a
conmpound of forrmula (1/c), which is $%particular case of the conpounds of

formula (1):

(Va)

Boc
wherein Boc, Re, Rya, X1, Y1, X2, Y2, W, and Z are as defined hereinbefore,

5 which compound of formula (I/a) is optionally treated with formic acid to yield a

compound of formula (I/b), which is a particular case of the compounds of formula (I):

(I'b)

wherein Rg, Raa, Xy, Y1, X2, Y2, Wy and Z are as defined hereinbefore,
* or treated with palladium black in the particular case where Rg represents a

10 hydrogen atom, to yield a compound of formula (I/c), which is a particular case of the

compounds of formula (I):

(e

Boc
wherein Boc, Rz, X, Y1, X2, Y2, W) and Z are as defined hereinbefore, which compound

of formula (I/c) is optionally subjected to the same reaction conditions as the compound of

15 formula (I/a) to yield a compound of formula (I/d), which is a particular case of the



N Boc wherein Boc, R2a, Xi, Y1, X2, Y2, W and Z are as defined

her ei nbef ore, which conmpound of fornula (1/c) is optionally subjected to
the sane reaction conditions as the conmpound of 15 fornula (1/a) to yield a
conmpound of forrmula (I/d), which is a particular case of the - 15 conpounds
of formula (1): N H wherein Rea, X, Y& X2, Y2, W and Z are as defined
herei nbefore, or treated with lithium éXanEthyIdisiIazane in the presence
of a pyrrolyl conpound to 5 yield a conmpound of forrmula (VII): (VII)
wher ei n BeompRéndsRddormida (I¥1, X2, Y2, W and Z are as defined hereinbefore,
whi ch conpound of formula (M) is iﬁradiated with a halogen lanp, in an
apol ar and 10 aprotic solvent, to yy2ld a conpound of formula (I/€e), which
is a particular case of the ¢ ,formula (I): wherein Boc, R,

Rea, Xi, Y1, X2, Y2, W and Z are i.ned hereinbefore, which conmpound
of fornmula (l1/e) is option ' ed Y20 the sane reaction conditions as
15 the conpound of fornula |d a conpoun@dpf forrmula (1/f),
which is a particular -16 ounds of fornula (1):

wherein Rja, X1, Y1, X2, Y2, Wy and Z are as defined hereinbefore,

e or treated with lithium hexamethyldisilazane in the presence of a pyrrolyl compound to

5 yield a compound of formula (VII):

(VID)

wherein Boc, Rg, Roa, X1, Y1, X2, Y2, Wi and Z are as defined hereinbefore,
which compound of formula (VII) is irradiated with a halogen lamp, in an apolar and
10 aprotic solvent, to yield a compound of formula (I/e), which is a particular case of the

compounds of formula (I):

(Ve)

Boc R6

wherein Boc, Rg, Raa, X1, Y1, X2, Yo, W, and Z are as defined hereinbefore,
which compound of formula (I/e) is optionally subjected to the same reaction conditions as

15 the compound of formula (I/a) to yield a compound of formula (I/f), which is a particular



R2a 1 R6 wherein R6, R2a, X, Y,, X2, Y2, W and Z are as defined

herei nbefore, or treated wth an al kyl nagnesi um halide in the presence of

i mdazole to yield a 5 conmpound of forrmula (VII1): (VIII) wherein R2a, X,
Y,, X2, Y2, W and Z are as defined hereinbefore, which conpound of fornula
(VIT'1) is treated with a conpound of forpula (I1X): Rla-G (I1X) 10 wherein
Rla, which is other than a hydrogen atont "has the sane definition as R in
formula (1) and G represents a hydroxy group or a |leaving group, to yield a
conpound chsd aefitheitempognds pKformblr@:n Rla, R2a, X,, Y,, X2, Y2, W and Z are
as defined hereinbefore, - 17 which gonpounds of forrmula (X) are irradi ated
with a halogen lanp to yield conpoung® of fornmulae (1/gl) and (1/92),

whi ch are particul ar cases of Uﬂ Kds of formula (1): Rea Rea (1/gl)
(1/92) wherein Rla, R2a, X1, Y1, WL and Z are as defined

her ei nbef or e, 7
D

wherein Rg, Ry, X, Y1, X3, Y2, W) and Z are as defined hereinbefore,

e or treated with an alkylmagnesium halide in the presence of imidazole to yield a

5 compound of formula (VIII):

2
(VII)

wherein Ry, X1, Y1, X2, Y,, W, and Z are as defined hereinbefore,
which compound of formula (VIII) is treated with a compound of formula (IX):
Ri-G (IX)
10 wherein R;,, which is other than a hydrogen atom, has the same definition as R; in
formula (I) and G represents a hydroxy group or a leaving group,

to yield a compound of formula (X):
X,
Y,
N
O
N

wherein R, R2a, Xi, Y1, X3, Y2, W) and Z are as defined hereinbefore,

X)

7



s which conpounds of fornulae (1/gl) and (1/g2) are optionally treated with
manganese di oxide to yield conpounds of formulae (I1/hl) and (1/h2), which
are particul ar cases of the conpounds of formula (1): R2a RRa NN -N R a
Rla (1/hl) (n 2) wherein Rla, R2a, X1, Y1, X2, Y2, W and Z are as defined
her ei nbefore, 10 whi ch conpounds of fornylae (1/hl) and (1/h2) are
optionally subjected to the sane reacfion conditions as the conmpound of
formula (1/a), in the particular case where Rla represents a

t ert - but ylvwhichoerypasgs gf toumula (X)reirgdistadpvitha baleger lompup aeeld agmpoungds af

(1/712), ich a artihcul ar.case f.ih 0 n : -18 s
H wher ei n titiagq e R 40, §hichRe oy ek RRE Rt RpRing, BLEMBDL G
treated with an alkylnagnesiﬁq;halide in the presence ﬁgaan i m dazol yl
conpound (Xl): R2a R7 )I(\I N X X N X,

la
g} (Vg,)

wherein Ry,, Raoa, X1, Y1, X2, Y2, Wi and Z are as defined hereinbefore,

5 which compounds of formulae (I/g;) and (I/g;) are optionally treated with manganese
dioxide to yield compounds of formulae (I/h;) and (I/h;), which are particular cases of the

compounds of formula (I):

(Ih,) (I/h,)

wherein Ry,, Ry, X, Y1, X2, Y2, W) and Z are as defined hereinbefore,

10 which compounds of formulae (I'h;) and (I/h;) are optionally subjected to the same
reaction conditions as the compound of formula (I/a), in the particular case where R,
represents a tert-butylcarbonyloxy group, to yield compounds of formulae (I/i;) and (I/iz),

which are particular cases of the compounds of formula (I):



D(XI) N wherein R7 represents a secondary-am ne-protecting group known to
the person skilled in the art, to yield a conpound of formula (XIl): (X1)
wherein Ra, R7, X, Y1, X2, Y2, WL and Z are as defined hereinbefore, 10
whi ch conmpound of formula (XIl) is subjected to the sanme reaction
conditions as the conpound of fornula 1) to yield a conpound of
formula (XIl11): 19 wherein Rla, Rea, R2, X, Yl, X2, Y2, WL and Z are as
defi ned herei nbefore, in which compound of forrmula (Xl I1) the imdazolyl
ring is deprotected by conveffi onal nethods of organi €,synthesis known to
the person skilled in the arfytoxyield a conpound of fongula (XIV):
wherein Rla, Rea, X, ! , W and Z are as f her ei nbef or e,

whi ch conpound of formnul Yack to yield a
conpound of formnul (1/j5 ch 1s a particd4lar ca t he conpounds of
formula (1): R2a 10 2, YS—~W and Z are as
defined hereinbeforw, - \:5“

Wi,) (Vi)

wherein Ry, X1, Y1, Xz, Yz, W1 and Z are as defined hereinbefore,

e or treated with an alkylmagnesium halide in the presence of an imidazolyl
compound (XI):
R

.
gj XD

wherein R; represents a secondary-amine-protecting group known to the person skilled in

the art, to yield a compound of formula (XII):

wherein Rj,, R7, X, Y1, X2, Y2, W) and Z are as defined hereinbefore,

10 which compound of formula (XII) is subjected to the same reaction conditions as the

compound of formula (VIII) to yield a compound of formula (XIII):



whi ch conmpound of formula (1/j) is optionally subjected to the sane
reaction conditions as the conpounds of formula (1/h) to yield a conpound
of formula (I/k), which is a particular case of the conmpounds of fornula
(1): H 5 wherein Rza, X, Y1, X2, Y2, W and Z are as defined

her ei nbefore, or treated with an alkylgggnesiun1halide in the presence of
an imdazolyl conmpound (XV): R7 (XV) "C&r N wherein R7 is as defined

her ei nbefore, to yield a conpound of formula (XVI): 10 H wherein R2a, R7,
X1, Y1, X2, Y2, WI and Z are as def{ned herei nbefore, which conpound of
formula (XVI) is treated with ney ickxg to yield a conpound of formula
(XVIl): -2 Hwherein Rza, R7, 2, Y2, W and Z are as defined

her ei nbef ore, whi ch conpound of 1) is subjected in succession
to the sanme reaction condi4i co unds of fornulae (X1) and

(XI11) to yield a conpound NAVILT)  (x

X \)
=

wherein Ry,, Raa, Ry, X1, Yy, X3, Y, W) and Z are as defined hereinbefore,

in which compound of formula (XIII) the imidazolyl ring is deprotected by conventional
methods of organic synthesis known to the person skilled in the art to yield a compound of

5 formula (XIV):

(X1V)

wherein Ry,, Ry, X3, Y1, X3, Y2, W, and Z are as defined hereinbefore,

which compound of formula (XIV) is treated with palladium black to yield a compound of

formula (I/j), which is a particular case of the compounds of formula (I):

%)

10
wherein Ry, Ry, X, Y1, X2, Y, W) and Z are as defined hereinbefore,



Rla wherein R ., R2a, X1, Y1, X2, Y2, WL and Z are as defined hereinbefore,
whi ch conmpound of fornmula (XVII1) is: * either irradiated with a hal ogen
lanp in the presence of palladiumon-carbon to 10 yield a compound of
formula (1/1), which is a particular case of the conmpounds of forrmula (I):
(1/1) _22_ wherein Rla, R2a, X1, Y,, X2, Y2, W and Z are as defined

her ei nbef ore, R2a whi ch conpound of fofgﬁra (/1) is optionally subjected
to the same reaction conditions as the conpounds of fornula (I/h) to yield
t he conpouwiish odmpamdidffoxnuuty (Vi ertioarldy subjgssadttodhe sameacrgaetianfcondisions as

conpounds pf fornul.a - (1 5 .10, H wher ei.n Y, 3. X2 . and
Z are as dg? PRROYRSP 8? h%g'lugar@ loyf %sau%(ime%({uélg of (?02 I?W(laaxé%)r’ew}rné:éé § gﬁncbﬁ&
condi ti onsagsoftthe ceapRaidedf rmuy@ul a (XIV) to yield the conpounds of
formula (1/n), which are a particul ar case of the conpounds of formula

(1): wherein Ri., Ra, XI, Y,, X2, YXu W and Z are as defined
her ei nbef or e,

(k)

5 wherein Ry, Xi, Y1, X2, Y2, Wi and Z are as defined hereinbefore,
e or treated with an alkylmagnesium halide in the presence of an imidazolyl

compound (XV):
R

| 7
Cp/sph )
N

wherein R; is as defined hereinbefore, to yield a compound of formula (XVI):

(XVD)

10
wherein Ry, R7, X1, Y1, X3, Yo, W, and Z are as defined hereinbefore,

which compound of formula (XVI) is treated with Raney nickel to yield a compound of

formula (XVII):



whi ch conmpounds of fornula (1/n) are optionally subjected to the sane
reaction conditions as the conpounds of formula (1/1) to yield the
conpounds of formula (1/0), which are a particular case of the conpounds
of formula (1): -23 Hwherein R2a, X1, Y1, X2, Y2, W and Z are as defined
her ei nbef ore, the conpounds of fornul ae ﬁl/a) to (1/0) constituting the
conpounds of fornmula (1/p): RRa R1L 5 Whér &i n A Rl, Ra, X1, Y1, X2, Y2, W
and Z are as defined herei nbefore, which conpound of fornmula (1/p) is
optionally treated with aqueous sodﬂﬁglhydroxide and then placed in the
presence of hydrochloric acid yi gqd axconpound of formula (1/qg), which
is a particular case of the co fornul a (I): X~ ,0. X2 10 wherein
A RL, Xi, Y1, X2, Y2, W, W apd ¥ _are &5 defined hereinbefore, which
conpound of forrmula (1/q) opt { opa trerted with a conpound of fornula
(XIX): R2b - NH2 (XIX) wh ~ely"i s ot hgxjan a hydrogen at om
and a nethyl group, is as 424 in formula (1), to yield a
conmpound of forrmula (1/r), i Pfs a i cul ar case of the conpounds of
formula (1): Rl H

wherein R, R7, X, Y, X3, Yo, W, and Z are as defined hereinbefore,
which compound of formula (XVII) is subjected in succession to the same reaction

conditions as the compounds of formulae (XII) and (XIII) to yield a compound of

5 formula (XVIII):

(XVII)

wherein Ry,, R, X5, Y1, X2, Y2, W, and Z are as defined hereinbefore,
which compound of formula (XVIII) is:
* either irradiated with a halogen lamp in the presence of palladium-on-carbon to

10 yield a compound of formula (I/1), which is a particular case of the compounds of

formula (I):

ey




wherein A, R, R2b, X, Y1, X2, Y2, W, W and Z are as defined

her ei nbef ore, s which conpounds of fornmulae (Pa) to (Ur) constitute the
totality of the conmpounds of forrmula (1), which are purified, where
necessary, according to conventional purification techniques, which my be
separated, if desired, into their different isoners according to a
conventional separation techni que, and "which are converted, if desired,

into their addition salts with a pharnaceutically acceptable acid or base.
10 Accor diwlhgreio Ran RenttadYmeft, Yof Wh laad Zravees dedined héreinbetpounds of fornul a

(I') wherein W2 has the particular definition: can be prepared starting
froma conmpound of formula (XX): Z (XX) HH 15 wherein W and Z are as
defined faghitpesm au(dlc)f,fowiuh@m/msrmﬁmdny bejéowdn&ﬂtﬁe éaa% readftﬁ)nr@ihﬁit@dsw th a
conmpound of fornmula (XXl) 25 wherein Y,, X2 and Y2
are as defth%éemi’@‘lmqscﬁfn{?ﬂam@l ()Vh) tt‘?.) W‘?léltﬂe ﬁOI@Bﬂ"H@ﬁrﬂf féﬁn‘ﬂlér(ﬁ‘m)a“(h)@bl 2 R2 N

particular case of the compounds of formula (I):

|23

(Vm)

wherein Ra,, X1, Y1, X5, Y2, W, and Z are as defined hereinbefore,
* or subjected to the same reaction conditions as the compound of formula (XIV) to

yield the compounds of formula (I/n), which are a particular case of the compounds of

formula (I):

(I/n)

10
wherein R, Raa, Xi, Y1, X3, Y2, W) and Z are as defined hereinbefore,

which compounds of formula (I/n) are optionally subjected to the same reaction conditions
as the compounds of formula (I/l) to yield the compounds of formula (I/0), which are a

particular case of the compounds of formula (I):



(XXH) H H wherein R2, X1, Y1, X2, Y2, W and Z are as defined hereinbefore,
5 whi ch conpound of fornmula (XXIl) is treated with palladi umon-carbon to
yield a conmpound of formula (I1/s), which is a particular case of the
conpounds of formula (1): R2 1 N Hwherein R2, X1, Y1, X2, Y2, W and Z
are as defined hereinbefore, which conpﬁgnd of formula (Us) is purified,
wher e necessary, according to conventionalr 10 purification techniques, nmay
be separated, if desired, into its different isonmers according to a
conventional separation technique andﬁgs converted, if desired, intoits
addition salts with a pharmaceyticalhly agcceptable acid or base. The
conpounds of formulae (I1), (I11) (5ﬂ), (XV), (XIX), (XX) and (XXI)
are either comercially avail aby. onpouwds or are obtained according to
conventional nethods of 15Zorganl c/S¥ht hesis which are readily accessible

to the person skilled in theXa he c unds of (feormula (1) have
especi al Iy val uabl e anti-tuwp \ The properties that are
characteristic of the conpo ke 0 be used in therapeutics as
anti-tunour agents. -26 H

wherein Raa, X1, Y1, Xz, Y2, W, and Z are as defined hereinbefore,

the compounds of formulae (I/a) to (I/0) constituting the compounds of formula (I/p):

|23

(I'p)

5 wherein A, Ry, Raa, Xy, Y1, X2, Y2, Wy and Z are as defined hereinbefore,
which compound of formula (I/p) is optionally treated with aqueous sodium hydroxide and

then placed in the presence of hydrochloric acid to yield a compound of formula (I/q),

which is a particular case of the compounds of formula (I):

(')

10 wherein A, Ry, X, Y1, X5, Yz, Wi, W5 and Z are as defined hereinbefore,

which compound of formula (I/q) is optionally treated with a compound of formula (XIX):
Ry —NH; (XIX)

wherein R, which is other than a hydrogen atom and a methyl group, is as defined for R,



The conpounds of the invention can also be used in therapeutic association
wi th another anti-cancer agent such as, for exanple, paclitaxel, tanoxifen
and its derivatives, cisplatin and its anal ogues, irinotecan and its

net abolites, the various al kylating agents of which the 5 |eader is

cycl ophospham de, etoposide, the vinca glkaloids, doxor ubi ci n and ot her
ant hracyclins and nitrosoureas. The pré &nt invention relates also to

phar maceutical conpositions conprising as active ingredient at |east one
conmpound oh foonwhal(@), (¢ yield tascamppdund| of| oomelas(lo), venchadp thagreudal qase phdreeof
with a pharnaceq%%gzll accept abl e base or acid, alone or in conbination
with one C©POPSI%io? OF%%?fﬁ'non-toxic, phar maceutical |y acceptabl e

exci pients or carriers. Anong the pharRgceutical conpositions according to
the invention there may be nentioned ﬁnrexgspecially those that are
suitable for oral, parenteral (in¥ ! 2 intranuscul ar or

subcut aneous), per- or trans-cuta |, rectal, perlingual, ocular
or respiratory administration, and especially tablets or dragees,
sublingual tablets, gelatin 15 capsul/es,: apsul ggx) supposi tories, creans,
oi ntnments, dermal gels, injectab rgrinkabl e preparations, aerosols,
eye drops and nose drops, etc.. irtue of the pharmacol ogi cal properties
that are characteristic of theWp MNds of formula (1), the
pharmaceutical conpositions conprising Rhe said conpounds of fornula (1)
as active ingredient are, accordingly, especially useful in the treatnent
of 20 canrggién ATRG, REEKUIY (NSEY Y V|, ¥8, MdCD4ird iaf GefiediHeeigt@forand wei ght  of
the patient, the admnistration route, the nature and severity of the

di sorder and any associated treatnents and ranges from1l ng to 500 ng per

day, §n ong;ef cgpr)gurﬁg@fnlio%ﬁﬁgi(ﬂg)sto (Ir) constitute the totality of the compounds of

formula (I), which are purified, where necessary, according to conventional purification

techniques, which may be separated, if desired, into their different isomers according to a
conventional separation technique, and which are converted, if desired, into their addition
salts with a pharmaceutically acceptable acid or base.
10 According to an embodiment of the invention, the compounds of formula (I) wherein W,
B
/Q

can be prepared starting from a compound of formula (XX):

has the particular definition:

Z
w
NN (XX)
N N
H H
15 wherein W, and Z are as defined for formula (1),

which compounds of formula (XX) are reacted with a compound of formula (XXI):

1
e



The Exanples that followillustrate the invention, without limting it in
any way. The 25 starting materials used are products which are known or
are prepared according to known procedures. -27 The structures of the
conpounds described in the Exanpl es were determ ned according to custonmary
spectrophotonetric techniques (infra- reg nucl ear magneti c resonance, nasSs
spectronetry, ...). PREPARATION A : ikurroI-Z-yI)-lFLindole 5 The
expect ed product is obtained according to the process described by V.

Bocchi et vdierein RTeXr, dhels amd Y1 @845 d4finedpior f@mBla-(3256) . PREPARATION B

5- (Benzvl oxy) = 2- (1H pyr.r indole Step A :

5- (Benzyl%%ygkéﬁéﬁqﬁﬁﬁé FHHH%%)E%gzlutlon of bromine (4 mol) in 20 m of
di met hyl f ormam de is added dropwi se t@®a 10 solution of 5-benzyl oxyindole
(4 mol) in 20 m of di msthylforgam del The mixture is stirred at anbient
tenperature for 24 hours with théis 20f light. The crude reaction
m xture is poured into 200 m of_i contalnlng 1 mM of ammoni um
hydr oxi de and 0.2 m of sodi um ¥Ri oul gha¥e. The eIPected product is
obtai ned by crystallisatior~&iltrafion over a fXXDand then washing with
distilled water. 15 Meltingyp iR (KBr): VNH = 3420 cml Mass
spectrum (FAB): 301.01 [ Mt] | oxy)-2-(] Hpyrrol-2

yl)-1Hi ndol e

wherein R,, X, Y, X3, Y2, W) and Z are as defined hereinbefore,
5 which compound of formula (XXII) is treated with palladium-on-carbon to yield a

compound of formula (I/s), which is a particular case of the compounds of formula (I):

(Us)

wherein R, X, Yy, X5, Yo, Wi and Z are as defined hereinbefore,

which compound of formula (I/s) is purified, where necessary, according to conventional
10 purification techniques, may be separated, if desired, into its different isomers according to
a conventional separation technique and is converted, if desired, into its addition salts with

a pharmaceutically acceptable acid or base.

The compounds of formulae (II), (III), (IX), (XI), (XV), (XIX), (XX) and (XXI) are either
commercially available compounds or are obtained according to conventional methods of

15 organic synthesis which are readily accessible to the person skilled in the art.

The compounds of formula (I) have especially valuable anti-tumour properties. The
properties that are characteristic of the compounds allow them to be used in therapeutics as

anti-tumour agents.



To a solution of the conpound obtained in the preceding Step (1.5 nmol)
dissolved in 8 mM 20 of anhydrous dichl oronethane there is added a
solution of pyrrole (1.5 nmol) dissolved in 7 m of anhydrous

di chl oronet hane, followed by trifluoroacetic acid (45 pl). The m xture is
stirred at anbient tenperature for 4 hogrs. The solution is rendered basic
with several drops of anmoni um hydr oxi 8-and then evaporated to dryness.
Purification by chromatography on silica gel (ethyl acetate/cycl ohexane :
2/ 8) yields the expected product. . -28 Melting point: 178-182C IR KBr

VvNH = 3380-3420 cni spect.r um ( EAB): 289,13 [ McH+] PREPARATI =
L o o g comppphgs O Ge SRERNDH At a8 beaSEL i ettt st nother,
accor di ng ah@-dah€r Rkerasash d§Sor elafplepalieRal ainmdxifeB,and Stsaletiv ek r @splatin

5-brono-indole. Melting point: 245C IR KBr : vNH = 3400, 3410 cm 1l Mass

spect r um (3FAEp anglgguesgirmptepan endatEmaRhglite tiry various alkylating agents of which the
5- Chl pro- %-&%{Hpvg ™ hag;ﬁ' hddt %teggéi&‘e, THhE exPsChRfRE OdyCtnibRincBha! SR
?O h rocPes 3escr’| e | i %l, sta ro

accordi ng € n’Preparation rting m
5- chl or o- iapthehesclinddridinigogoaidas.: 223-227C IR (KBr): vNH = 3400, 3420 cms

The present invention relates also to pharmaceutical compositions comprising as active
ingredient at least one compound of formula (I), its optical isomers or an addition salt
thereof with a pharmaceutically acceptable base or acid, alone or in combination with one

10 or more inert, non-toxic, pharmaceutically acceptable excipients or carriers.

Among the pharmaceutical compositions according to the invention there may be
mentioned more especially those that are suitable for oral, parenteral (intravenous,
intramuscular or subcutaneous), per- or trans-cutaneous, nasal, rectal, perlingual, ocular or
respiratory administration, and especially tablets or dragées, sublingual tablets, gelatin
15 capsules, capsules, suppositories, creams, ointments, dermal gels, injectable or drinkable

preparations, aerosols, eye drops and nose drops, etc..

By virtue of the pharmacological properties that are characteristic of the compounds of
formula (I), the pharmaceutical compositions comprising the said compounds of
formula (I) as active ingredient are, accordingly, especially useful in the treatment of

20 cancers.

The useful dose varies according to the age and weight of the patient, the administration
route, the nature and severity of the disorder and any associated treatments and ranges

from 1 mg to 500 mg per day, in one or more administrations.

The Examples that follow illustrate the invention, without limiting it in any way. The
25 starting materials used are products which are known or are prepared according to known

procedures.



15 Mass spectrum (FAB): 217.05 [ MtH+] PREPARATION E : Tert-butyl
3-(4-brono-1|-net hyl -2, 5-di oxo- 2. 5-di hydro-1 H

pyrrol -3-yl)-1H i ndol e-1-carboxylate Step A :

3-Bronp-4(] Hindol-3-yl)-l-nmethyl-JH pyrrol e-2,5-dione A solution
containing 1.445 g of indole dissolved in 29 m of dry tetrahydrofuran is
20 brought to from-20 to -10C, under aﬁgdn, and then 26 m of LIiHMDS (1 M
in hexane) are added dropwi se in the course of 15 minutes. After 45 m nutes
at -10C, tHe soicurésof the codpoundsdesgiribhd in therlixamplessvere determised a¢npading to an,

and a sol ution containi 2 0.0 nmet hyl .-29. 2 3:di brommal ei m d

i ssol ved THoRArRDEpRte e DR Uniadely RIS MR re B e o
30 m nut esgpedfdn@étrylD,)m nutes at -10C and 15 minutes at 0C, the reaction is
stopped by the addition at OC of 50 mMl of a 0.3 N hydrochloric acid
solution. The reaction mxture is extracted with ethyl acetate and the
organic p ed, W LI a3_Uf ate C solution, dried over
MySO4 and PARATION X o2 rgiz- ol Ifﬂld%lé\krae. The desired product is
precipitated with nethanol. Melting point: 167-168C Step B : Teri-butyl
3-(4-brono-| - met hyl - 2, 5- dj oxo0-2, 5-di hydro-1H pyrrol -3-yl )- 1 H :

i ndol - | - cHiTPyriad @rodyciisstaipe Accorfipg fo the st dss %s%hér‘éﬁ%m%ﬁ% ng 1
g of the predMirdPl188ad, hi 386£8246). 30 ng of 4-di methyl am nopyri dine,
1.58 g of di-tert-butyl dicarbonate and 15 m of dry tetrahydrofuran is
stirred at anbient tenperature for 24 hours. After renoval of the solvents

underr eduyaedy RRGEFINE 1 | SIS ESTEH- S XU a1 o9 Y

Step A : 5-(Benzyloxy)-3-bromo-1H-indole

A solution of bromine (4 mmol) in 20 ml of dimethylformamide is added dropwise to a
10 solution of 5-benzyloxyindole (4 mmol) in 20 ml of dimethylformamide. The mixture is
stirred at ambient temperature for 24 hours with the exclusion of light. The crude reaction
mixture is poured into 200 ml of ice-water containing 1 ml of ammonium hydroxide and
0.2 ml of sodium thiosulphate. The expected product is obtained by crystallisation,

filtration over a frit and then washing with distilled water.

15 Melting point: 89-92°C
IR (KBr): vyu = 3420 cm’™
Mass spectrum (FAB): 301.01 [M"]

Step B : 5-(Benzyloxy)-2-(1H-pyrrol-2-yl)-1H-indole

To a solution of the compound obtained in the preceding Step (1.5 mmol) dissolved in 8 ml
20 of anhydrous dichloromethane there is added a solution of pyrrole (1.5 mmol) dissolved in
7 ml of anhydrous dichloromethane, followed by trifluoroacetic acid (45 pl). The mixture
is stirred at ambient temperature for 4 hours. The solution is rendered basic with several
drops of ammonium hydroxide and then evaporated to dryness. Purification by

chromatography on silica gel (ethyl acetate/cyclohexane : 2/8) yields the expected product.



on silica gel (petroleumether/ethyl acetate/triethylamne : 8/2/1%,
allowi ng the expected 15 product to be isolated. Melting point: 137-138C
PREPARATI ON F : Ten-butyl 3-(4-brono-I-nmethyl-2.5-di oxo-2, 5-di hydro-1H
pyrrol -3-yl)-1H pyrrolo 12, 3-bl pyridine-1 -carboxylate Step A :

3- Brono- | - net hyl - 4- (1FprrroIo[2 3- b]py gdln-3-y|)-1prrroIe-2,5-dione 20 A
sol ution of ethyl magnesium bromde is p pared from magnesi um (12.7 mol)
in suspension in bronmoethane (12.7 nmmol) and dry tetrahydrofuran (5 m).
The solution is stirred for one hour at anbient tenperature, and then

7-azai ndol 12. 7. omol). dbssolved in 40 ml of anhydrous toluene is added
dropw se. M u]rgg' ésti rring at anbient tenperature, a solution of
N-net hyl - 2p3xdpremsReigeem('3. 53 mol) in 40 nl of 25 anhydrous tol uene
is added dropw se. After 20 minutes, 60 nl of dry dichloronmethane are -30

added and Mhssispedtrm @E0B): 88948 KMFE] i s stirred for 75 hours at 40C and then
hydrol ysed wth a saturated aqueous ammoni um chl ori de sol ution. The

organi c product is extracted wth ethyl acetate, and then the organic
phases ar epREFARXETIONO ﬁﬂmum-pwﬂ%miﬂand filtered. After
evaporation of the solvent and purification of the residue by 5

chromat ography on silica gel (cyclohexane/ethyl acetate : 3/2), the

expect ed d | 1|09 204N y
3-(4-br orrgf 1-1% én%teﬁtleﬁ pib@dﬁ%ggta%-%}:ﬁ% oi-olﬁl—llfepr;lr rr o %&Qﬂbgd & F?éﬁar:m&l E’
pyrrol o[ 2 s%rbl]lg)fromdi -brlenlo-mdoleoxyl at e

Melting point: 245°C

IR (KBI): vy = 3400, 3410 cm™
Mass spectrum (FAB): 259.99 [M]

10 PREPARATION D : 5-Chloro-2-(1 H-pyrrol-2-yl)-1H-indole

The expected product is obtained according to the process described in Preparation B,

starting from 5-chloro-indole.
Melting point: 223-227°C
R (KBr): vay = 3400, 3420 cm™

15 Mass spectrum (FAB): 217.05 [M+H"]

PREPARATION E : Tert-butyl 3-(4-bromo-1-methyl-2,5-dioxo-2.S-dihydro-1H-

pyrrol-3-vl)-1H-indole-1-carboxylate

Step A : 3-Bromo-4-(1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-dione

A solution containing 1.445 g of indole dissolved in 29 ml of dry tetrahydrofuran is
20 brought to from -20 to -10°C, under argon, and then 26 ml of LIHMDS (1 M in hexane)
are added dropwise in the course of 15 minutes. After 45 minutes at -10°C, the solution is

diluted with a further 15 ml of tetrahydrofuran, and a solution containing 2 g of N-methyl-



10 The expected product is obtained according to the process described in
Step B of Preparation E, starting fromthe conpound described in the
preceding Step. Melting point: 102-103C 1R (KBr): vc=0 = 1710, 1740, 1770
cm PREPARATION G : 2-(IHPyrrol-2-yl)-1Hpyrrol o[ 2, 3-b]pyridine 1s A 2M
sol ution of butyllithiumin cyclohexane 425 mmol) is added to a solution of
N, N- diisopropylamne (25 mml) in 30 nf”of tetrahydrofuran at OC.

3-Methyl pyridine (5.35 mvol) is added to 16 mmol of that |ithium

N, N- di i so@sTogiprememaeisuiledisslvedie 17y mhof itetrehyidsafuian is added drapviseoin thy

m nutes at OC and .t hen, br to -78C or t t he add

2- cyanopy Py 0? %é%mmff& gﬁgﬁ% ’?lgﬁﬁg%%t@r fnélélﬁe 3 Q)og gk‘/eefeazciu%nelrsl od
of 20 1.5 tbgg&?by el a@ﬂltfoﬁ at bec 8fsh Hl @Pa@f3 Nhﬁ}dfo%m?sh@(l@ird BlutloReThd fehéiiom

N, N-di i sopropyl amne solution (9 mmol). The'reaction m xture is then

heat ed at misird srexfrattedmgth Mylealcettatweandnh«olgamcmssqsetwwamdtvaﬂamtmted

t d.th t d di hl I
are. atiged NepleoHiap g e odSchaBs D ot MF PLERYHON TuBEFedtita Bttt P .
phase is Qﬁ&ﬁgtg prRgussiy Metahohat e, filtered and then concentrated.

Purification by 25 colunn chromat ography on silica gel (ethyl
acet at e/ cycl ohexane : 6/4) yields the expected product. -31 Melting point:

> 150C (d‘iﬂejﬂl 3:% qg)/. 16g,%(KBr) : VNH = 3420 cm' EXAMPLE |

Pyrrol o[ 3" o01'°%ino[ 8, 7-b] i ndol e- 1, 3( 2H, 8H) di one Step A :
3-[2-(1HPyrrol -2-y;)-1Hindol -3 yl] -2, 5- pyrroI|d| nedi one

Step B : Tert-butyl 3-(4-bromo-1-methyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-1H-
indole-1-carboxylate

10 A solution, under an inert atmosphere, containing 1 g of the product obtained in Step A,
30 mg of 4-dimethylaminopyridine, 1.58 g of di-ferz-butyl dicarbonate and 15 ml of dry
tetrahydrofuran is stirrred at ambient temperature for 24 hours. After removal of the
solvents under reduced pressure, the crude reaction mixture is purified by chromatography
on silica gel (petroleum ether/ethyl acetate/triethylamine : 8/2/1%), allowing the expected

15 product to be isolated.
Melting point: 137-138°C

PREPARATION F : Tert-butyl 3-(4-bromo-1-methyl-2,5-dioxo-2,5-dihydro-1H-

pyrrol-3-yl)-1H-pyrrolo2,3-b]pvridine-1-carboxylate

Step A : 3-Bromo-1-methyl-4-(1H-pyrrolof2,3-b]pyridin-3-yl)-1H-pyrrole-2,5-dione

20 A solution of ethylmagnesium bromide is prepared from magnesium (12.7 mmol) in
suspension in bromoethane (12.7 mmol) and dry tetrahydrofuran (5 ml). The solution is
stirred for one hour at ambient temperature, and then 7-azaindole (12.7 mmol) dissolved in
40 ml of anhydrous toluene is added dropwise. After 1.5 hours' stirring at ambient
temperature, a solution of N-methyl-2,3-dibromomaleimide (3.53 mmol) in 40 ml of

25 anhydrous toluene is added dropwise. After 20 minutes, 60 ml of dry dichloromethane are



5 A mxture of the conpound of Preparation A (0.274 mml), of nmaleimde
(0.548 mmol) and a catalytic anobunt of SnC 2 in 15 m of anhydrous tol uene
is heated under reflux for 24 hours. After evaporation of the toluene, the
resulting residue is purified by chromatography on silica gel (ethyl

acet at e/ cycl ohexane : 3/7) to yield the (Sxpect ed product. 10 Melting
point: 67-69C IR (KBr): Vc-0 = 1700, 17% ; VNH = 3100, 3500 cm -1

Mass spectrum (FAB): 279.10 [M '] Step :

Pyrrol o[ 3 addedSarﬁI] fhaoldhd rdanagr8 miixtbte mﬂt)hed prB@ Hoaus)ad i40ffe and th!@nshusb@lbfsqdon of

t he corrpoun receding Ste d| um bl a
(0268 s § setariigd BeRns Aom i aRlocidh ARty e pepu hin i 1 B rBT
The crude WIfheemyl QBetife X b €hdrS tHeOSHgaslc t phaddiDhrR ot SINRE diled ! Sver dhigﬁﬁzﬁdmw th
cycl ohexane (5 ) and placed on a frlt cont ai ni ng a plug (5to 6 cm of
si | i ca gelsulpitite and titltsibesh Zefts avaparptinredfl thei sedvent prd phefication tdhe gesidue by
cycl o exan /d| hl or,.Qnet r C}. .0 tion
is eluted“Us) ng %a%lycﬂ? g?g:%eﬁ%hg#é (ﬁ]e{(%gngwltacg eﬂorgo { i JXP%%?%%QOJII%P?
(10/ 1/ 0. 0%9olatdhe resulting solution is concentrated and the residue is

di ssolved in ethyl acetate. That new solution is washed with a saturated
sodi um hydr ogen car bonat e solution, wth water and then with a saturated
sodi um chhgt h]?%]g dried over magnesi um sul phate, filtered and
concentra yi eI d t e expected product. 25 Melting point: 218-220C

Step B : Tert-butyl 3-(4-bromo-1-methyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-1H-
pyrrolo[2,3-b[pyridine-1-carboxylate

10 The expected product is obtained according to the process described in Step B of

Preparation E, starting from the compound described in the preceding Step.

Melting point: 102-103°C
IR (KBr): veo = 1710, 1740, 1770 cm™

PREPARATION G : 2-(1H-Pyrrol-2-y)-1H-pvyrroloj2.3-blpyridine

15 A 2M solution of butyllithium in cyclohexane (25 mmol) is added to a solution of N,N-
diisopropylamine (25 mmol) in 30 ml of tetrahydrofuran at 0°C. 3-Methylpyridine
(5.35 mmol) is added to 16 mmol of that lithium N,N-diisopropylamine solution. The
reaction mixture is stirred for 10 minutes at 0°C and then brought to -78°C, prior to the
addition of 2-cyanopyrrole (5.35 mmol). The temperature is raised to 0°C over a period of

20 1.5 hours, prior to the addition of the remainder of the lithium N,N-diisopropylamine
solution (9 mmol). The reaction mixture is then heated at 45°C for 5 hours. After the
mixture has returned to ambient temperature, water and then a saturated aqueous sodium
chloride solution are added. The mixture is extracted with ethyl acetate, and the organic
phase is dried over magnesium sulphate, filtered and then concentrated. Purification by

25 column chromatography on silica gel (ethyl acetate/cyclohexane : 6/4) yields the expected
product.



-32 IR (KBr) : Vc-o = 1710, 1750 cm1 ; vNH = 2900-3300 cm-1 WMass
spectrum (FAB): 275.07 [ Mt] EXAMPLE 2:

2- Met hyl pvrrol ol 3',4':5,6lindolizinol 8, 7-blindol e-1, 3(2H, 8H) di one Step A :
1- Met hyl -3-[2-(1H pyrrol -2-yl)-1Hindol -3 yl]-2,5 pyrrolidinedione 5 The
expected product is obtained according gﬁﬁthe process described in Step A
of Exanple 1, using N-nethyl maleimde’ lting point: 142C IR (KBr): vc-o0
= 1740, 1770 cm ; VNH = 3200-3400 cm  Mass spectrum (FAB): 294.12 [ MWW
10 Step B :

2- Met hyl pyr.ral o[ 3, 4' - 5 6] i.ndol i zi.nol 8, 7-b] i ndol e-1, 3(2H, 8H) di one The
expect ed é4§§H%L—¥%%>E§h§AQﬂ:33%%?8? g to the process described in Step B
of Exanth(k}ngkggkgagotﬁpn1the conpound described in the preceding Step.

Mel ting poin 228C IR (KBr): v,, = 1700-1750 cm ; VNH = 3400 cmi 15
Mass spectrum (FAB): 290.09 [NHH+] EXANPLE 3 :

11- (Benzyl0x\ L 3' A 20,61, ) gH,SFD- di one
Step A : o —t ' al >+ 5
pyrrolidinedi one The expected product S obtalned accordlng to t he process
described in Step A of starting fromthe conmpound descri bed

i n Prepar aftémd : B"Izh@ﬁmg"’p&vﬂt H'M"ﬁ?t)’ﬂ(’lz S-pyrrolidinedione

5 A mixture of the compound of Preparation A (0.274 mmol), of maleimide (0.548 mmol)
and a catalytic amount of SnCl, in 15 ml of anhydrous toluene is heated under reflux for
24 hours. After evaporation of the toluene, the resulting residue is purified by
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7) to yield the expected
product.

10 Melting point: 67-69°C
IR (KBr): veo = 1700, 1780 cm’! ; iy = 3100, 3500 cm’!
Mass spectrum (FAB): 279.10 [M ']

Step B : Pyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3(2H,8H)dione

15 A suspension of the compound of the preceding Step (0.358 mmol) and of palladium black
(0.358 mmol) in 5 ml of nitrobenzene is heated under reflux for § hours. The crude
reaction mixture is cooled to ambient temperature, diluted with cyclohexane (5 ml) and
placed on a frit containing a plug (5 to 6 cm) of silica gel. The nitrobenzene is eluted using
cyclohexane then a cyclohexane/dichloromethane mixture (95/5). The product of the

20 reaction is eluted using a dichloromethane/methanol/trifluoroacetic acid mixture
(10/1/0.05). The resulting solution is concentrated and the residue is dissolved in ethyl
acetate. That new solution is washed with a saturated sodium hydrogen carbonate solution,
with water and then with a saturated sodium chloride solution, dried over magnesium
sulphate, filtered and concentrated to yield the expected product.

25
Melting point: 218-220°C



-33 IR KBr : Vc=0 = 1690, 1740 cm' ; VNH = 3250-3440 cm' Mass spectrum
(FAB): 386.15 [MtH'] Step B :

11- (Benzyl oxy) pyrrol o[ 3',4':5,6]indolizino(8,7-b]indol e-1, 3(2H, 8H) di one The
expected product is obtained according to the process described in Step B
of 5 Exanple 1, starting fromthe corrpgpgnd described in the preceding
Step. Melting point: 275C IR KBr : Vc-0 1710, 1720 cm VvNH = 3100- 3500
cm  Mass spectrum (FAB): 382. 12 [ MMH ] EXAMPLE 4:

11- Hydr oxRyKBo): 0f-3'= W105] B0 amio] vxzin2J09-3800]cimdol e- | , 3( 2H, 8H) - di one 10

Step A: 3-/5- Ir 0X ol-2-yl)-1Hindol -3

yl]-2,5- p%&gﬁ%&dﬁ@(kﬁﬁiw LI on of the conpound of Step A of Exanple

3 (0.259 mmol ) and 10% pal | adi um on-carbon (25 ng) in a mxture of ethyl

acetate (5 m) and rret hanoI (10 m) IS hydrogenat ed at 1 at nosphere for 24

hours. Af ) Ip i ¥ 14566 indelizine|8, 1-blindole-1,3(2H8Ndiongashed

w th ethyl acetate and rrethanol The f||trate i's concentrated all owi ng the

15 expected product to be obtained. Melting point: 178-180C IR KBr : v> , =

é?OO 8172@:_@3 1-MYRy(OBL[2-(BAQYrdBQQ 1o DH -in BBISE y 25 pyreolidikddigrie 295. 09 [ MrH ]

t ep

11- Hydr oxypyrrol o[ 3',4':5,6]indolizino[8, 7-b]indol e-1, 3(2H, 8H) -di one 20 The

expect ed d d S i i t B

of " Exampl e %%%*g?t@ﬁ%@t e e e LA e TR T 8 Tep,
Example 1, using N-methylmaleimide.

Melting point: 142°C
IR (KBr): Veo = 1740, 1770 cm™ ; vy = 3200-3400 cm’™’
Mass spectrum (FAB): 294.12 [M+H"]

10 Step B : 2-Methylpyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3(2H,8 H)dione

The expected product is obtained according to the process described in Step B of

Example 1, starting from the compound described in the preceding Step.

Melting point: 226-228°C
IR (KBr): Voo = 1700-1750 cm™ ; vigy = 3400 cm’™
15 Mass spectrum (FAB): 290.09 [M+H"]

EXAMPLE 3 : 11-(Benzyloxy)pyrrolo[3'.4':5.6]indolizino[8,7-blindole-1,3(2H.8

dione

Step A : 3-[5-(Benzyloxy)-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-2,5-pyrrolidinedione

The expected product is obtained according to the process described in Step A of

20 Example 1, starting from the compound described in Preparation B.

Melting point: 103-107°C



Melting point: > 275C -34 1R KBr : v,w = 1710, 1740 cm1 ; VNN, OH =

3000-3300 cm' EXAWPLE 5 :

11- (Benzyl oxy) - 2-met hyl pyrrol o[ 3',4': 5, 6] i ndolizino[8, 7-b]indol e-1, 3-

(2H, 8H)-di one Step A :

3-[5- (Benzyl oxy) - 2- (1H pyrr ol -2-y|)-1H—'é dol -3-yl]-1-nethyl -

pyrrolidine- 5 dione The expected produtt is obtained according to the

process described in Step A of Exanple 1, starting fromthe conpound

descri bed _RE(EBthmOa’Fllé?D B740dmRH meﬁ?ﬁ@réﬂ‘éﬁ ¢ide. Melting point: 89-94C 10

IR (KBr) :,vc-0 = 16 ( VNN = 3300-3420 cm -1 Mass spectrum

(FAB) . 40067 5 &%té)pggb?glwﬁ%lanzyl oxy) - 2- nmet hyl pyrrol o[ 3
:5,6]indolizino[8,7-blindol e-1,3(2H, 8H)- dione The expected product is

obt ai ned according to the process described in Step B of 15 Exanple 1,

starting fStemBrHd- (Banpmipmwwbéﬁﬂmﬂqlﬁwﬁ é@é!adﬂg I5i(@H, Shlpdianeng poi nt :

120C IR (KBr) : vc=o0 = 1680-1700 cm' ; VvNN = 3200-3600 cm 1 Mass spectrum

(FAB): 396.13 [ MtH ] EXAMPLE 6 :

11- Hydr oxyFhe- esebyet pyrodadtofs3obtdined, &otondthgl oz itheo [pBocéss Jdesutlibké-in, Step 2B of

2H, 8H— di one o .
( Exa;nple 1, starting from the compound described in the preceding Step.

Melting point: 275°C
IR (KBI): Veo = 1710, 1720 cm™ ; vy = 3100-3500 cm™
Mass spectrum (FAB): 382.12 [M+H"]

EXAMPLE 4 : 11-Hydroxypyrrolo|3'.4':5,6]indolizino[8,7-b]indole-1,3(2H.8 H)-dione

10 Step A : 3-[5-Hydroxy-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-2,5-pyrrolidinedione

A suspension of the compound of Step A of Example 3 (0.259 mmol) and 10% palladium-
on-carbon (25 mg) in a mixture of ethyl acetate (5 ml) and methanol (10 ml) is
hydrogenated at 1 atmosphere for 24 hours. After filtration of the mixture over Celite, the
solid is washed with ethyl acetate and methanol. The filtrate is concentrated, allowing the

15 expected product to be obtained.

Melting point: 178-180°C
IR (KBr): Voo = 1700, 1720 cm™ ; Vi ou = 3000-3500 cm’!
Mass spectrum (FAB): 295.09 [M+H"]

Step B : 11-Hydroxypyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3(2H,8H)-dione

20 The expected product is obtained according to the process described in Step B of

Example 1, starting from the compound described in the preceding Step.

Melting point: > 275°C



Step A : 3-[5-Hydroxy-2-(1H pyrrol-2-yl)-1Hindol -3 yl]-I-nethyl-
pyrrolidinedi one The expected product is obtained according to the process
described in Step A of -35 Exanple 4, starting fromthe conpound descri bed
in Step A of Exanple 5. Melting point: 148-154C IR KBr : vc_0 = 1680, 1720
cm1l; VNH, off = 3300-3400 cm1 Mass sggctrun1(FAB): 310.12 [MH ] 5 Step
B : 11-Hydroxy-2-nethyl pyrrolo[3 I

, 4" :5,6]indolizino[8, 7- b]|ndole |, 3(2H, 8H di one) The expected product is
obt ai ned RdEE): Ivg-ot=0l H1he ] TA00ue S VigscT BOMN3309 @mep B of Exanple 1,
starting fromthe conpound described in the preceding Step. Melting point:
192C IR (KBr) : vc = 1700, 1750 cm-1; VNHICH = 3350 3420 cm 10 Mass
spectrum EAaBMPIFG Q9 1L

11- Bronopvrrol o
3-[5-Br@ML§HX!EprrroI 2-yl)-1Hindol-3 yl]-2,5- pyrrolldlnedlone The
expected product is obtained according to the process described in Step A
of Exanple 1, starting fromthe conpound described in Preparation C. 15
Mel ting p@rép ‘4 16335 @BenByloiy) \2e(IH -pyrréRO-yl) UTBndoia3 yl]- 1 Nthytl-BLpfrrakidine-c M

Mass spectrum (FAB): 357.01 [M] Step B :

| | - Bronopyem o[ 3' , 4' : 5, 6]i ndol i zi no[ 8, 7-b] i ndol e-1, 3(2H, 8H) - di one The
expect ed product is obtained according to the process described in Step B
of

The expected product is obtained according to the process described in Step A of
Example 1, starting from the compound described in Preparation B and N-

methylmaleimide.

Melting point: 89-94°C
10 IR (KBr): Veo = 1680-1700 cm™ 5 vy = 3300-3420 cm’™*
Mass spectrum (FAB): 400.17 [M+H']

Step B : 11-(Benzyloxy)-2-methylpyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3(2H,8H)-

dione

The expected product is obtained according to the process described in Step B of

15 Example 1, starting from the compound described in the preceding Step.

Melting point: 120°C
IR (KBr): Veo = 1680-1700 cm™ ; vy = 3200-3600 cm’™
Mass spectrum (FAB): 396.13 [M+H']

EXAMPLE 6 : 11-Hydroxy-2-methylpyrrolo[3'.4':5,6]indolizino[8,7-blindole-1,3-
20 (2H,8H-dione)

Step A : 3-[5-Hydroxy-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-1-methyl-2,5-pyrrolidinedione

The expected product is obtained according to the process described in Step A of



20 Exanple 1, starting fromthe conpound described in the precedi ng Step.
Melting point: > 300C -36 IR KBr : vc-0 = 1720 cm -1 ; VNH = 3200- 3440 cni
Mass spectrum (FAB): 352.98 [M] EXAMPLE 8

11- Brono- 2- et hyl pyrrol ol 3',4': 5, 6]indolizino[8, 7-blindol e-

1,3(2H,8H) -dione 5 Step A : 3-[5-Brorm-§-(1l—|—pyrro| -2yl )-1Hindol -3
yl]-1-methyl-2,5 pyrrolidinedi one The é Bécted product is obtained
according to the process described in Step A of Exanple 1, starting from

t he conpouirxkmids 4 starting framphe pempeunsidessrihed iNStept/h9f Examapleidni de. Mel ti ng
point: 81 C 10 IR KBr : vC=0 = 1750-1790 cmt ; VW= 3340-3400 cm4 WMass
spectrum (FAB): 371.03 [M] Step B :

11- Br ono- 2vieRinB oy 148L1343C, 4' : 5, 6] i ndol i zi no[ 8, 7- b] i ndol e- 1, 3(2H, 8H) - di one
The expected product is obtai net according to the process described in Step
B of ExanBL&Br): watear 1689 172bemt hEvoem P488s8ri bed in the preceding

Step. 15 [tin o] S r : vc-o = 1650-1690 cm1 ; VNH =
3300- 3500%@%@@%@?&8%@%& . 366.99 [ M] EXANPLE O
11- Chl oropyrrolo[3',4"':5,6]indolizino[8,7-b]indole-1,3(2H 8H)-dione Step A
3-[5-Chloro-2-(1H pyrral -2-yl)-1Hi ndol -3‘)/I]-2 5 E rrolidi nedi one
5 Step B : 11-Hydroxy-2-methylpyrrolo(3',4":5,6]in olizinof8,7- )t{ndole-l,3(2H,8H-dwne)

The expected product is obtained according to the process described in Step B of

Example 1, starting from the compound described in the preceding Step.

Melting point: 192°C
IR (KBr): Voo = 1700, 1750 cm™ ; Vi on = 3350-3420 cm™

10 Mass spectrum (FAB): 306.09 [M+H"]

EXAMPLE 7 : 11-Bromopyrrolo[3'.4':5,6]indolizino[8,7-b]indole-1,3(2H .8 H)-dione

Step A : 3-[5-Bromo-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-2,5-pyrrolidinedione

The expected product is obtained according to the process described in Step A of

Example 1, starting from the compound described in Preparation C.

15 Melting point: 163°C
IR (KBrI): Veo = 1720, 1780 cm™ ; vy = 3260-3420 cm’
Mass spectrum (FAB): 357.01 [M"]

Step B : 11-Bromopyrrolof3',4':5,6]indolizino[8,7-bjindole-1,3(2H,8 H)-dione

The expected product is obtained according to the process described in Step B of

20 Example 1, starting from the compound described in the preceding Step.

Melting point: > 300°C



20 The expected product is obtained according to the process described in
Step A of Exanple 1, starting fromthe conpound described in Preparation
D. -37 Melting point: 138-144C IR (KBr) : vc-0 = 1700, 1780 cm 1; VNH =
3100-3500 cm4 Mass spectrum (FAB): 316.06 [MtH ] Step B

11- Chl oropyrrolo[3 ,4':5,6]indolizino[8 %-b]indole-1,3(2H,8FD-dione 5 The
expected product is obtained according'? “the process described in Step B
of Exanple 1, starting fron1the conmpound described in the precedlng St ep.
Mel ting demKE P 98-, 30420IcR” (;KBr F:3208-3¢4&cm700, 1710 cm 1 v. 3100- 3400

cm Mass ectrum H] to EXAMPLE 10 :
11-Ch|oroiggﬁéﬁﬁ¥PgV@5§po?%?9g%wép%]|ndoI|Z|no[8 7-b]i ndol e-1, 3-
(2H, 8H] -dione Step A: 3-[5-Chloro-2-(1H

pyrrol -2-yl)- 1F+|ndol 3-y|]-|-nethy| 2 5 -yrrolldlnedlone The expected
product | d : R 3 it 'g;_ 3 . ;“”' v;“i‘_g' -’ dole'

Exanpl e 1,1 g&&rgfg %of rom t he corrpound descrl bed in Preparation D and
N- net hyl - . Melting point: 92-102C IR KBr : v(,-0 = 1690, 1770
cm VNH = 3200-3500 cm 1 Mass spectrum (FAB): 327.08 [M] Step B :

11- Chl or o- 2- nethqu¥rrolo[3 4':5 6]indolizino[8,7-blindole-1, 3(2H, 8H)-di one
5 Step A : 3-[5-Bromo-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-1-methyl-2,5-pyrrolidinedione

The expected product is obtained according to the process described in Step A of
Example 1, starting from the compound described in Preparation C and N-methyl-

maleimide.

Melting point: 81°C
10 IR (KBr): Voo = 1750-1790 cm™ ; vy = 3340-3400 cm’*
Mass spectrum (FAB): 371.03 [M"]

Step B : 11-Bromo-2-methylpyrrolo[3',4':5,6]indolizino[8,7-blindole-1,3(2H,8H)-dione

The expected product is obtained according to the process described in Step B of

Example 1, starting from the compound described in the preceding Step.

15 Melting point: > 300°C
IR (KBD): veo = 1650-1690 cm™ ; vy = 3300-3500 cm’!
Mass spectrum (FAB): 366.99 [M*]

EXAMPLE 9 : 11-Chloropyrrolo|3'.4':5,6]indolizino[8,7-b]lindole-1,3(2 H.8 H)-dione

Step A : 3-[5-Chloro-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-2,5-pyrrolidinedione

20 The expected product is obtained according to the process described in Step A of

Example 1, starting from the compound described in Preparation D.



20 The expected product is obtained according to the process described in
Step B of Exanple 1, starting fromthe conpound described in the preceding
Step. Melting point: 249C -38 IR (KBr): vc-0 = 1690, 1710 cm1 ; VNH =
3200-3600 cm1 Mass spectrum (FAB): 324.05 [MtH ] EXAMPLE 11 : Tert-butyl
2-met hyl - 1, 3-di oxo-1, 2, 3, 4-t et rahvdr o- 75 di pyrr ol o-

[ 3, 2-a: 3, 4-c] carbazol e- 7- car boxyl at e 5'§gép A : Ten-butyl 3
[l-methyl-2,5-dioxo-4-(2 pyrrolyl)-2,5-di hydro-1 H pyrro!-3-yl1]-1H

i ndol e- | - cehimgypomtel 3BMAHCEy| magnesi um bromni de in tetrahydrofuran (1.493

mmol) is d r opw t sglutio i ntai.ped at 0C, of pyrrole (1.493
nmol) in igighﬁ{%hﬁyEﬁ%ﬁi7§%PPahyﬁF6$HM¥$dbQﬁter the mxture has returned
to anbienqwggﬁgaﬁﬁﬁy;@ABFSQQb@ngnq@f t he conmpound 10 described in

in

Preparation E (0.553(nnn m Of anhydrous tetrahydrofuran is added
dropwi se. After 24 hours' stirring at anbient tenperature, the reaction

m xture isg, hydrgl d wt N, AgULOLS. a iLum chl o] Lution and then
extracted ) ﬁéfo"ﬁgg?‘H§g4Tﬂgﬁﬂﬁﬁzﬂﬁﬁg2W§§gggd?%b§§¥§ﬁﬂ@a? dried over
magnesi um sul phate, filtered and then concentrated. After purification by
means of col um chronat ography on silica gel 15 (ethyl . ,

acet af e/ cyEcogERests/ prodagthis aﬁdaﬁ@d: acepydingto  the pracese cdeserihsd oy Stepj B of

i sol at ed. ' 8] , = -atf40 cm -1 ; VvNH =
3200 em -1 trﬁeﬂgg'g, @ﬁ#@%ﬁgﬁ%&?%o&p&&&&@éﬁbe@{ﬁ i precjeagl% Sjtgp.

2-met hyl -1, 3-di oxo-1, 2, 3, 4-tetrahydro-7H-di pyrrol o[ 3, 2-a: 3, 4-c] -

Melting point: 298-304°C
IR (KBr): ve-o =1700, 1710 cm’! ; Van = 3100-3400 cm’!
Mass spectrum (FAB): 310.04 [M+H"]

10 EXAMPLE 10 : 11-Chloro-2-methylpyrrolo[3'.4':5.6]indolizino[8,7-b]indole-1,3-
(2H,8H)-dione

Step A : 3-[5-Chloro-2-(1H-pyrrol-2-yl)-1H-indol-3-yl]-1-methyl-2,5-pyrrolidinedione
The expected product is obtained according to the process described in Step A of

Example 1, starting from the compound described in Preparation D and N-methyl-

15 maleimide.
Melting point: 92-102°C
JR (KBr): ve-o = 1690, 1770 cm’ ; Van = 3200-3500 cm’!
Mass spectrum (FAB): 327.08 [M"]

Step B : 11-Chloro-2-methylpyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3(2H,8H)-dione

20 The expected product is obtained according to the process described in Step B of

Example 1, starting from the compound described in the preceding Step.

Melting point: 249°C



car bazol e- 7- carboxyl ate 20 A solution of the conpound described in the
preceding Step (0.204 nmmol) in 10 Ml of acetonitrile, maintained in a
water bath, is irradiated with a halogen lanmp (500 W for 31 hours. After
evaporation of the solvent and purification by neans of col um

chr omat ography on silica gel neutrallseg with triethylam ne (ethyl

acet at e/ cycl ohexane/ - triethylam ne : §f1@a t he expected product is

i sol ated. 25 Melting point: 172C (deco 03|t|on -39 IR KBr : vc = 1690,
1740, 1760Rc({&BI):; vcxd\aHl@(BI%@U)clleNd\?ﬁégg)Os%ﬁ@tmm (FAB) : 390. 14 [ MrH+]
EXAMPLE 1

2-N@thy|-ig?gﬁﬁﬁﬁﬁg%(ﬁ¢gh96§PP$P8[ W15 a3, 4-c]carbazol e-1, 3(2H)- dione 5
The conpound described in Exanple 11 (0.164 mmol) is dissolved in 40 m of
formc acid. After 16 hours stlrrlno at anblent tenperature the sol ution
i s neutral EXAMPLE : by ? 1 di ufi-tetr aly dre dipyrs
aqueous soﬁ fﬁg%acgﬁe‘ﬂ ﬁ:af pﬁg%&ﬁa! sol ution. The m xture is extracted
several ti e organi c phases are conbined and then
washed with a saturated aqueous sodi um chloride solution, dried over 10
magnesi um sul phate, filtered and then concentrated. After urlflcatlon by

col umh  chteed k! Sulldmathpled. Srdfoxerd-(opyrealh)-2 ety dnootLpxrral-3-yr Y-t he

expect ed ct | ated. Melting point: 292C IR KBr : vc=o0 = 1660,
1740 cm %%f;@ﬂz&%wo cm 1

2M ethylmagnesium bromide in tetrahydrofuran (1.493 mmol) is added dropwise to a
solution, maintained at 0°C, of pyrrole (1.493 mmol) in 3 ml of anhydrous tetrahydrofuran.
After the mixture has returned to ambient temperature, a solution of the compound
10 described in Preparation E (0.553 mmol) in 6 ml of anhydrous tetrahydrofuran is added
dropwise. After 24 hours' stirring at ambient temperature, the reaction mixture is
hydrolysed with an aqueous ammonium chloride solution and then extracted with ethyl
acetate. The organic phases are combined, dried over magnesium sulphate, filtered and
then concentrated. After purification by means of column chromatography on silica gel

15 (ethyl acetate/cyclohexane/triethylamine : 1/4/1%), the expected product is isolated.

Melting point: 82-83°C
IR (KBr1): Vo = 1700-1740 cm’! ; Van = 3400 cm’!

Step B : Tert-butyl 2-methyl-1,3-dioxo-1,2,3,4-tetrahydro-7H-dipyrrolo[3,2-a:3,4-c]-

carbazole-7-carboxylate

20 A solution of the compound described in the preceding Step (0.204 mmol) in 10 ml of
acetonitrile, maintained in a water bath, is irradiated with a halogen lamp (500 W) for
31 hours. After evaporation of the solvent and purification by means of column
chromatography on silica gel neutralised with triethylamine (ethyl acetate/cyclohexane/-

triethylamine : 3/7/1%), the expected product is isolated.

25 Melting point: 172°C (decomposition)



15 Mass spectrum (FAB): 290.09 [ MtH+] EXAMPLE 13 : Tert-butyl

6- et hyl -5, 7-di oxo-5, 6, 7, 7a-t et rahydr oi m dazo[ 1, 2-a] -
pyrido[3',2":4,5]pyrrolo[ 2, 3-c]pyrrol o] 3, 4-€e] pyri di ne-12( 4aH) - car boxyl at e
Step A :
3-(IH—Inidazol-1-y|)-1-nethy|-4-(|prrrgéo/Z,S-bprridin-3-y|)-lk+pyrrole-
2,5-dione 20 The expected product is obtdained according to the process
described in Step A of Exanple 11, startlng fron1the conpound described in
Preparat|d_JEJﬁhd@%ﬁfH@%bﬂeﬂ)N@ﬁ@cmg pei N830Qer8” 248C IR KBr : vc=o = 1710

?n}e}tibuﬁg és3g%gm§88g8ygbOJ%?ﬁﬁ}PFeCtrun](FAB) 296. 11 [ Mt2H+] -40 Step B

3-[4-(IHimdazol-1-yl)-1-methyl-2,5-di oxo- 2, 5-di hydro- 1H pyrrol -3- yl]-1H
pyrrol o 2, 3- b]pyrldlne | - car box Iate The expected product_ls ob}alned

accordi ng EXA 5 2-Methylid Edilivdretl dhdipyafolof3;2=a:3c4s g
fromthe c EEE ound descrlbed In the preceding Step. 5 Melting point:
144- 145C | VC=0 = 1720, 1740, 1780 cm-I Mass spectrum (FAB):

394. 15 [ MrHH+] St ep C: Ten-butyl

6- nethyl 5, 7- di oxo- 5 6, 7, 7a-tetrahydroi m dazo[ 1 &
45 5] pyFheotespeus éﬁefgnheelle[@am MKP&%@@Q’()%Q)SS‘&I&%HW dpleof] formie

ﬁfxpe?xiﬂm e Bl g A e R PP LA R R, o,
dropwise addition of tnethylamme and then an aqueous sodium hydrogen carbonate
solution. The mixture is extracted several times with ethyl acetate. The organic phases are
combined and then washed with a saturated aqueous sodium chloride solution, dried over

10 magnesium sulphate, filtered and then concentrated. After purification by column
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7), the expected product is

isolated.

Melting point: 292°C
IR (KBr): Vo = 1660, 1740 cm™ ; vy = 3320, 3380 cm™

15 Mass spectrum (FAB): 290.09 [M+H"]

EXAMPLE 13 : Tert-butyl 6-methyl-5,7-dioxo-5,6,7,7a-tetrahydroimidazo[1.2-a]-
pyrido[3',2':4,5]pyrrolo[2,3-c]pyrrolo|3.4-e]pyridine-12(4aH)-carboxylate

Step A : 3-(1H-Imidazol-1-yl)-1-methyl-4-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1H-pyrrole-
2,5-dione |

20 The expected product is obtained according to the process described in Step A of

Example 11, starting from the compound described in Preparation F and imidazole.

Melting point: 246-248°C
IR (KBI): Voo = 1710 cm™ 5 vy = 3320-3500 cm™!
Mass spectrum (FAB): 296.11 [M+2H"]



Melting point: 270C IR KBr : vc=0 = 1720, 1750 cm -1 EXAMPLE 14 :
Tert-butyl 6-nethyl-5,7-di oxo-6, 7-di hydroi m dazoi [ 1, 2-a] pyri do- 15
13',2':4,51 pyrrolo [ 2,3-c]pyrrolo[3,4-el pyridine-12(5H)-carboxyl ate
Manganese di oxide (0.478 mol) is added to a solution of the conpound of
Example 13 (0.081 nmmol) in 5 m of anhydrous dichl oronethane. The m xture
Is stirred at anbient tenperature for 12 "hours and then filtered over
Celite(r) with dichloronethane and nethanol. The expected product is

obt ai ned aftepB e VextchuarliJoff-@H-inidazod| i anathyled; §divse-2, -ailpvavPllpyrepl-3-

6- Met hyl im 1 2- ldgl 3,2 .4 yrrol o[ 2, 3-c] pyrrol o[ 3, 4-el -

pyri di ne- ?@?@Wﬁéﬂf)&% r%@"éﬁ‘bﬂgﬁ}%’%product is obtained according to
the process described in Exanple 12, starting fromthe conpound descri bed
in Exanple 14. -41 5 Melting point: 258C (deconposition) IR KBr : Vc=0 =
1710, 1760Tk¢riexpeajedproduehds pbtainednpecordipg (osthecprogess (dsagybedzoy Step Byt |
EXAVPLE 16y -1 - hut.yl - | .- -0 = - ydr oi m dazo[

|, 5-a] - pylr)rleg%ﬁg&,l g' gt%ﬁlg%g&?{r 0 go%pg?rgi%%;%figpgfe&g&d}ﬂm&

3,4-e] pyridine-8(1H)-carboxyl ate The expected product is obtained according

to the process described jn Step B of Exanple 11, starting fromthe
conpodnd oﬂ&%ﬂgt ’&19"5 %IVEI ting point: 152C

IR (KBr): veo = 1720, 1740, 1780 cm™

Mass spectrum (FAB): 394.15 [M+H"]

Step C : Tert-butyl 6-methyl-5,7-dioxo-5,6,7,7a-tetrahydroimidazo/1,2-a]pyrido-
[352':4,5]pyrrolo[2,3-c|pyrrolo[3,4-e[pyridine-12(4aH)-carboxylate

10 The expected product is obtained according to the process described in Step B of

Example 11, starting from the compound described in the preceding Step.

Melting point: 270°C
IR (KBr): veo = 1720, 1750 cm’

EXAMPLE 14 Tert-butyl 6-methyl-5,7-dioxe-6,7-dihydroimidazo{1,2-a
15 3'.2":4.5]pyrroloj2,3-clpyrrolo]3.4-e]pyridine-12(SH)-carboxylate

Manganese dioxide (0.478 mmol) is added to a solution of the compound of Example 13
(0.081 mmol) in 5 ml of anhydrous dichloromethane. The mixture is stirred at ambient
temperature for 12 hours and then filtered over Celite® with dichloromethane and

methanol. The expected product is obtained after evaporation of the solvents to dryness.

20 EXAMPLE 15 : 6-Methylimidazo[1,2-a]pyrido]3',2';4,5]pyrrolo]2.3-c]pyrrolo[3.4-¢]-
pyridine-5,7(6H,12H)-dione

The expected product is obtained according to the process described in Example 12,

starting from the compound described in Example 14.



IR KBr : vc-o0 = 1720, 1750 cm -1 10 EXAMPLE 17 : Tert-butyl

2- et hyl - 1, 3-di oxo- 2, 3-di hydr oi m dazo[ 1, 5-a] pyri do-

[3',2 :4,5] pyrrol o[ 2,3-c] pyrrol o 3, 4-e] pyri di ne-8(1H) - car boxvl ate The
expected product is obtained according to the process described in Exanple
14, starting fromthe conpound describ ? in Exanple 16. EXAMPLE 18 :

2-Met hyl i m dazo[ 1, 5-a] pyrido[3',2':4,5] yrrolof2 -c]pyrrolo[3,4-e]- 15
pyri di ne-1, 3(2H, 8H) - di one The expected product is obtained according to the
process described in Exanple 12, starting fromthe conpound described in

Exanpl e 17, i b - IR KBr : vc=o0 = 1710, 1760 cm 1; VvNH =
3450 cm %ﬁ%@éﬂ%%?&d“?%i%%?@z.os [MiH ] -42 EXAVPLE 19 :

6- Met hyl - 7R, (KBrilivayd# 0710, da600¢nl, 2v,al-p3400d{58'cn2’ : 4, 5] pyrrol of 2, 3-c] -
pyrrol o[ 3, 4- e]pyrldlne 5, 7(4aH, 6H) - di one A sol ution of the conpound
descri bed Massspegirum (FABK AAp1& (MIH'D. 254 mmol) in 6 M of acetonitrile is
irradi ated vmth a haI ogen |anmp (500 W for 6.5 hours. After evaporation of
5 the solvent and purifi catl on by col utm chromat ogr aphy on silica gel

neutral i SeEEXAMPLE!16 et el a dioxb2; 12d- droifti
3/ 711%to tetrahydrofuran t t 1s isolated. N@Itlng
p0| nt5 22 DY ,'.A'd “di’ l:'r ,23 - L - A !"lx!l. m

The expected product is obtained according to the process described in Step B of

Example 11, starting from the compound of Preparation F.

Melting point: 152°C
IR (KBr): veo = 1720, 1750 cm™

Tert-butyl 2-methyl-1,3-dioxo-2,3-dihvdroimidazo|l,5-a

EXAMPLE 17
[3',2':4.5]pyrrolo[2.3-c]pyrrolo[3,4-e]pyridine-8(1 H)-carboxylate

10

The expected product is obtained according to the process described in Example 14,

starting from the compound described in Example 16.

EXAMPLE 18 : 2-Methylimidazo[1,5-a]pyrido]3',2':4,5]pyrrolo[2.3-c]pyrrolo[3.4-¢]-
15 pyridine-1,3(2H,8H)-dione

The expected product is obtained according to the process described in Example 12,

starting from the compound described in Example 17.

Melting point: 304-307°C
IR (KBr): Voo = 1710, 1760 cm™ ; vy = 3450 cm™
20 Mass spectrum (FAB): 292.08 [M+H"]



10 Mass spectrum (FAB): 294.10 [ MtH ] EXAMPLE 20

2-Methyl -8-(2,3,4,6-tetra-O acetyl -13-D gl ucopyranosyl )-8, 12c-

di hydr oi m dazo[ 1. 5-a] pyrido[3',2':4,5]pyrrol o] 2, 3-c] pyrrol o[ 3, 4-e] pyri di ne-
1, 3(2H, 3aH) -di one Step A :

3- (I H1mdazol -1-yl)-1-net hyl - 4/1(234216tetra O acetyl-/i-D gl ucopyra-
15 nosyl)-]H pyrrol o[ 2, 3-b] pyri din-3 ]41H-pyrrole 2, 5-di one

2,3,4, 6- Tetra Oacetyl gl ucopyranose (0 756 rrm)l) and tr| henyl phosphi ne
(0. 756 ' WWEFE ddg e 1-& id awe gin ¥ Stadp A
of Exanpl e 13 1 S5 The
reacti on MY then DEAD (0.756 nmol) is added

dropwi se. The terrperature i's sIovay rai sed to anbient 20 terrperature and
the reaction mxture is then stirred for a further 15 hours. Afte

hydrol ysi sA sphionogslis eompayag desaribed in pieprd af Frxampler By(0 2R4nmed. mﬁr@l of
organi ¢ prﬁ%@t%ﬁ{th{eels n‘}ﬁ’dﬂ’t%&‘%fgl :P'HlSQe l}éﬁfg fo‘l”@ §HJ>1HEaAR 1&?5ﬁ
r pur y on

and the solvent I's evaporate I catlon tograp
silica gelth¢ ayblenhenxdupafifitition By ebhitr chrohiatdgaphly hot sﬂmage.htm)lt,raltshé with

i;ggczemd phg%uct i detroa.L)%roldurm% luene}tnetgylgr?'&nrc]et :: ?/g/_ lg/ooctoI gtr(aﬁ)l?([r%fura\{ng _thel?lO

2- Met hyl - %ngctgd ﬁm@u@tqg [sBrafedacet yl - B- D- gl ucopyr auosyl ) -8, 12c-di hydr oi m dazo

[1,5-a] pyrido[3',2":4,5]pyrrolo[2,3-c]pyrrol o[ 3, 4-e] pyri di ne-1, 3(2H, 3aH) - di
one A sol :itlll?n of @%2%peund obtained in the preceding Step (0 208 nmmol )

in 10 m oNitrilé rralntalnedlnavvater bath, is irradiated with

a hal ogen [RAKBr:53Q0, N 7091790 cm™ ; vy = 3480 cm™
10 Mass spectrum (FAB): 294.10 [M+H"]

EXAMPLE 20 : 2-Methyl-8-(2,3.,4,6-tetra-0-acetyl-B-D-glucopyranosyl)-8,12¢-

dihydroimidazo]1,5-a]pyrido[3',2':4,5]pyrrolo]2,3-c]pyrrolo[3.4-e]pyridine-
1.3(2H,3aH)-dione

Step A : 3-(1H-Imidazol-1-yl)-1-methyl-4-[1-(2,3,4,6-tetra-O-acetyl-f-D-glucopyra-
15 nosyl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-1H-pyrrole-2,5-dione

2,3,4,6-Tetra-O-acetylglucopyranose (0.756 mmol) and triphenylphosphine (0.756 mmol)
are added to a solution of the compound described in Step A of Example 13 (0.341 mmol)
dissolved in 11 ml of dry tetrahydrofuran. The reaction mixture is cooled to -78°C, and
then DEAD (0.756 mmol) is added dropwise. The temperature is slowly raised to ambient
20 temperature, and the reaction mixture is then stirred for a further 15 hours. After
hydrolysis, the organic product is extracted with ethyl acetate. The organic phases are
combined, dried over magnesium sulphate and filtered, and the solvent is evaporated off.
After purification by chromatography on silica gel (cyclohexane/ethyl acetate : 7/3 to ethyl

acetate), the expected product is isolated.

25 Melting point: 88-90°C
IR (KBr): Veo = 1710, 1750 cm’™



6 hours. After evaporation of the solvent and purification by colum
chromat ography on silica gel (ethyl acetate/cyclohexane : 3/7 to ethyl
acetate), the expected product is isolated. EXAMPLE 21

2-Methyl -8-(2,3,4,6-tetra- O acetyl - D- D- gl ucopyranosyl ) -i m dazo-
[1,5-a]pyrido[3',2':4,51pyrro|o|2,3-c|pé%rolol3.4-elpvridine-1,3(2H,8FD-dio
ne 10 The expected product is obtained according to the process descri bed
in Exanple 14, starting fromthe conpound described in Exanple 20. Ml ting
point: 204C IR KBr : v1-. = 1710, 1720, 1750, 1760 cm-1 Mass spectrum

ety Shab et el B P i o Beatpopprrapepy s 32c-fiagroimidaco
pyrrol o[ 2, isc‘]]gmdgko,{'% Sippiroldy2, B g)}emlo@(&ylpﬁwmeiugvm/éa didfeut i on of

sodi um met hoxi I's added ropwise to a sol ution of the conmpound
descri bed |n Exanple 21 (0.032 mmol) in 6 mM of anhydrous nethanol. The

m xture i s rre 0 e I
evapor at edA‘ So u ?tﬁ%ggng&ﬁ{ht ?letglgg II<?ltﬂ!iijer s{/\e/gs%e%%te% g)r%%r %lpmlfﬁ“ %lanol
al | ows ng tabﬁoﬂ%r@lechﬁdmtﬂhaﬁﬂﬁb waler bathj Bohatdatd With tai fogeai lainp (S0800L R KBr

: Vc=0 = 1710, 1720 cm -1 ; VNH2OH = 3240-3600 cm  Mass spectrum ( FAB):
454, 14 | M,6|.]|1(]urs, Afterexgaratiomof the solvent and purification by column chromatography on

6- Met hyl - , | ¥ is isolate
i b drgl - lcg ﬁ( gxﬁfée%é@% b gﬁey 3/|;L]%% %gﬂ&ea@;rtﬁpgg;écg glz)@leu%f s orl)z)a/trcll i ne.

EXAMPLE 21 : 2-Methyl-8-(2,3.4,6-tetra-O-acetyl-B-D-glucopyranosyl)-imidazo-
[1,5-a]lpyrido[3',2':4,5]pyrrolo[2.3-c]pyrrolo[3.4-e]pyridine-1,3(2H.8 H)-dione

10 The expected product is obtained according to the process described in Example 14,

starting from the compound described in Example 20.

Melting point: 204°C
IR (KBr): veo = 1710, 1720, 1750, 1760 cm’™

Mass spectrum (FAB) : 622.18 [M+H"]

15 EXAMPLE 22 : 2-Methyl-8-(8-D-glucopyranosyl)-imidazo[1,5-a]pyrido[3',2':4,5]
pyrrolof2.3-c]pyrrolo[3.4-e]pyridine-1,3(2H,8 H)-dione

A 1IN solution of sodium methoxide (20 pl) is added dropwise to a solution of the
compound described in Example 21 (0.032 mmol) in 6 ml of anhydrous methanol. The
mixture is stirrred at ambient temperature for 12 hours. The solvent is evaporated to
20 dryness and the solid is washed on a frit with methanol, allowing the expected product to

be isolated.

Melting point: > 300°C
IR (KBr): veo = 1710, 1720 cm™ ; vy on = 3240-3600 cm™!
Mass spectrum (FAB): 454.14 [M+H"]




5, 7(4aH, 6H) - di one 5 The expected product is obtained according to the
process described in Step B of Exanple 20. EXAMPLE 24 :

6- Met hyl -12-(2, 3,4, 6-tetra- 0O acetyl -1 3-D- gl ucopyranosy-i m dazo-
[1,2-a]pyrido[3',2 :4,5]pyrrol o[ 2,3-c]pyrrol o[ 3, 4-e] pyridine-5,7(6H, 12H) - di
one The expected product is obtained acording to the process described in
Exanple 14, 10 starting fromthe conpound described in Exanple 23. Mass
spectrum Rk 2,48 [ =X .

S Vet o E3 §22248 | Milirin

pyrrol of %Qgﬂton@ﬁdizﬂ[gz-%lﬂv@dlﬂz dﬂ.ﬂ@vﬁoﬁ[ﬁﬂrélﬂﬂ)mﬂiI@,ﬂ&]fﬁl@d@peCt ed
product is _obtained according to the process described In Exanple 22, 15
starting ZtAalod)-digneound descri bed in Exanple 24. Melting point: 298C IR
KBr : vc-0 = 1710, 1720 cm 1 ; VNH OH = 3240-3600 cmi EXAMPLE 26 :

Pvrido[ 3,2 :4,5]pyrrol o[ 3, 2-g] pyrrol o[ 3, 4-el i ndol i zi ne-1, 3(2H, 8H) - di one
20 Step AThe xp@iddl idrddnct od obtaynel- dddopding dboth, Fobbpyddsdilred3in Step B of
yl]-2,5-p rroI| nedione A m xture, placed under argon, of the compound of
Prepar at i 546 mmol) and naleimde (5.46 mol) in a water/nethanol
solution : 2/1 I's heated at 50C for 48 hours. The methanol is then
evaporated off and a saturated aqueous sodlunlchlorlde solutlon |s added
to the mEX&M 3.6-te Pra j 4 i osEH §2

acetate. 14215 rido[3',2':4,5|pvrrolo[2,3-c]pyrrolo[3.d-elpyridine-5,7(6H,12 H)-dione

The expected product is obtained according to the process described in Example 14,

10 starting from the compound described in Example 23.

Mass spectrum (FAB): 622.18 [M+H']

EXAMPLE 25 : 6-Methyl-12-(8-D-glucopyranosyl)-imidazo(1,2-a]pyrido[3',2':4,5]-
pyrrolof2.3-c]pyrrolo[3.4-e|pyridine-5,7(6H,12 H)-dione

The expected product is obtained according to the process described in Example 22,

15 starting from the compound described in Example 24.

Melting point: 298°C
IR (KBr): veo = 1710, 1720 cm’! ; Vanon = 3240-3600 cm’

EXAMPLE 26 : Pyrido|3'.2':4,5]pyrrolo[3.2-g]pyrrolo|3.4-elindolizine-1,3(2H,8 H)-

dione

20 Step A : 3-[2-(1H-Pyrrol-2-yl)-1H-pyrrolo[2,3-b]pyridin-3-yl]-2,5-pyrrolidinedione

A mixture, placed under argon, of the compound of Preparation G (0.546 mmol) and
maleimide (5.46 mmol) in a water/methanol solution : 2/1 is heated at 50°C for 48 hours.
The methanol is then evaporated off and a saturated aqueous sodium chloride solution is

added to the mixture. The reaction mixture is extracted several times with ethyl acetate.



The organi c phase is dried over magnesi um sul phate, filtered and
evaporated. Purification by colum chronatography on silica gel (ethyl
acet ate/ cycl ohexane : 1/1 to 1.5/1) yields the expected product. Melting
poi nt: > 200C (deconposition) 5 IR KBr : vc-o = 1700, 1770 cm-1 ; VvNH =
3300-3600 cm-1 Step B : 5

Pyrido[3,2':4,5]pyrrolo(3, 2- g]pyrrolor§'4 e]indolizine-1,3(2H, 8H)-dione A
suspensi on of the conpound of the precedlng Step (0.295 mml) and_ of

pal | adi unTs exgknic (phasegs drieg loyer magnesfumpsulphials, Jﬁ@fﬁﬁe@é q@mr@@%%tlrtﬁf@a?n
flux f |
Gt od w PhColH drorBelaBRs bh aflica Del (W6 dolaldbRRELGUON1 0 LR s -

by col ummthe xpsveddqgodyehy on silica gel (tetrahydrofuran/dlchloro- nmet hane :
1/9 then 2/8) yields the expected product. Melting point: > 300C
(deconposition) IR KBr : vc-o = 1720, 1760 cm ; VNH = 3150-3300 cm -1
PHARVACQOL, CAl uD. PN THE | NVENTI ON 15 EXAMPLE 27: In
vitro act#i\ ?Ifogr Xb&ﬁ: I nes mg$gﬁﬁsed L1210 murine | eukaem a 20 A549
humans no ﬂg@) @&ﬂ#l?@hg7@@cmum@nm;33MM2ﬂXhmmhn colon carci noma DU145
prostate carcinoma L1210 nurine | eukaem a was used in vitro. The cells are
cultured in RPM 1640 conpl ete

Step B : Pyrido[3',2":4,5]pyrrolo[3,2-g]pyrrolof3,4-e]indolizine-1,3(2H,8H)-dione

—

A suspension of the compound of the preceding Step (0.295 mmol) and of palladium black
(0.295 mmol) in 5 ml of nitrobenzene is heated under reflux for 7 hours. The reaction
mixture is filtered over silica gel, eluted with dichloromethane and then with tetrahydro-
10 furan. Purification by column chromatography on silica gel (tetrahydrofuran/dichloro-

methane : 1/9 then 2/8) yields the expected product.

Melting point: > 300°C (decomposition)
IR (KBr): Veeo = 1720, 1760 cm™ ; vy = 3150-3300 cm™

PHARMACOLOGICAL STUDY OF COMPOUNDS OF THE INVENTION

15 EXAMPLE 27 : In vitro activity

Four cell lines were used:

o L1210 murine leukaemia
20 e A549 human non-smali-cell lung carcinoma
o HT29 human colon carcinoma

e DUI45 prostate carcinoma

L1210 murine leukaemia was used in vitro. The cells are cultured in RPMI 1640 complete
culture medium containing 10 % foetal calf serum, 2mM glutamine, 50 units/ml of

25 penicillin, 50 pg/ml of streptomycin and 10mM Hepes, pH : 7.4. The cells are distributed



cul ture nedium containing 10 % foetal calf serum 2nM gl utam ne, 50
units/m of 25 penicillin, 50 pg/m of streptonycin and 10nM Hepes, pH :
7.4. The cells are distributed -46 on m croplates and are exposed to the
cytot oxi ¢ conpounds for 4 doubling periods, or 48 hours. The nunber of
viable cells is then quantified by a colorinetric assay, the Mcroculture
Tetrazolium Assay Q Carm chael et al.’, SCancer Res.; 47, 936-942 (1987)).
The results are expressed as the 1C50, the concentration of cytotoxic agent
whi ch i nhinbimigoplates @angrasé ickpesatitorthotytotaxia cerapamds &bt 4 dopbhing peri®@s, any of

exanpl e, e conpound of anpl e exhibits |. values of .3.1 Mon L1210,
150" W ort g Bty 3B Rty % WeR il RE 887 bRl et st d
Phar maceuvfiedulRempasdzblion: Assay ¢X:t@dnechael 4tdl 9 CafiafTRBIN A70H36=3401PI987H.

10 ny 100hS epwlfs arg ewpreesedfasthe Hisecthgispaceptraiiel af fpexic agent which inhibits
P P . . 1 . . . 8 . o » 0/ . . . =
Conp%undsth%fpr?ltl)frerr?lt}f)g 0(f I Sh:e t(eﬂed‘scel seP)éiSrQ:A" Ryr‘gareoge(%tg rsnmf’ rt?%é%ﬁ%}?@gag ring
menber s viiagtplé $ exhibits ACHAalves PABLL @Vl on 101210hDH yiM oh Fe849] 3BaM oI ETEI n t he
unsaturation optionally confers an aromatic nature on the ring, Z
r epr esentaddrbudtormBbd4d.dentical or different groups of the formula UV
wherein: / Urepresents a single bond, or a linear or branched
(C1-Co6) al kyl ene chain which is

EXAMPLE 28 : Pharmaceutical composition: injectable solution

Compound of EXample 9 .........ccccceviiiiiininnirieiienecercetcret e, 10 mg

10 Distilled water for injectable preparations ..........cccccccveeveeveneviirineeccreerenen, 25 ml



to optionally substituted by one or nore identical or different
substituents selected from hal ogen and hydroxy and/or which optionally
contains one or nore unsaturated bonds, / V represents a group sel ected
froma hydrogen atom a hal ogen atom and the groups cyano, nitro, azido,

| i near or branched (Cl-C6)al kyl, aryl, %ryl (C1-C6)al kyl in which 15 the

al kyl noiety may be |inear or branched,4 hydr oxy, |inear or branched (Cl-C6)
al koxy, aryl oxy, aryl (Cl-C6)al koxy in which the al koxy radi cal may be

| inear or branched, fornyl, carboxy, am nocarbonyl, NR3R4, -C(O-T1,
-C(O-NR3-T1, -NR3-C(O-T1, -OCO- }ﬂ- 0-0T1, -0 T2-NR3R4,

-0 T2-0R3, -0 T2-C2R3, -NR3-T2- NR3R&F—= -T2- OR3, -NR3-T2-CO2R3 and
-S(Ot-R3, 20 wherein: b R3 and R4, which are identical or different, each
represents a group selected froma hydrogen atom and the groups |inear or
branched (C1-C6)al kyl, aryl, and aryl (C -C6)al kyl in which the alkyl

noi ety nay. @(?mﬁ]dﬁﬂ%ff&mmaa( ched, or R3+R4 formtogether, with the nitrogen
atom carryi ng em a saturated, -48 nonocyclic or bicyclic heterocycle

whi ch has from5 to 10 ring atons and optionally contains within the ring
system a second hetero atom sel eégteddro oxygen and nitrogen and which is
optionally substituted by a group el e from linear or branched
(C1-C6)al kyl, aryl, aryI(C,-ZCG)arT1 yh in wlich the alkyl noiety 5 may be

| i near or branched, hydroxyiLi Of branched (Cr-C6)al koxy, am no,

| i near or branched nono(Cl- ; , and di (D C6) al kyl ami no in which
t he W,

Q.3

5 wherein:
e A represents a ring having 6 ring members which is saturated or partially or wholly

unsaturated, wherein the unsaturation optionally confers an aromatic nature on the ring,

e Z represents one or more identical or different groups of the formula U-V wherein:
v U represents a single bond, or a linear or branched (C,-Cg)alkylene chain which is
10 optionally substituted by one or more identical or different substituents selected
from halogen and hydroxy and/or which optionally contains one or more unsaturated
bonds,
v' V represents a group selected from a hydrogen atom, a halogen atom and the groups
cyano, nitro, azido, linear or branched (C;-C¢)alkyl, aryl, aryl(C,-Ce¢)alkyl in which
15 the alkyl moiety may be linear or branched, hydroxy, linear or branched (C;-Cg)-
alkoxy, aryloxy, aryl(C;-C¢)alkoxy in which the alkoxy radical may be linear
or branched, formyl, carboxy, aminocarbonyl, NRiRs;, -C(O)-T), —C(O)-NR5-T;,
-NR;-C(0)-T,, -O-C(O)-T,, -C(O)-O-T,, -O-T-NR3R;, -O-T,—OR;,
—0O-T,—CO,R3, -NR3-T;-NR3R,4, -NR3-T»—OR3, ~NR3—T,—CO;R3 and —-S(O)—R3,
20 wherein:
= Rj and Ry, which are identical or different, each represents a group selected from a
hydrogen atom and the groups linear or branched (C,-Cg)alkyl, aryl, and
aryl(C;-Ceg)alkyl in which the alkyl moiety may be linear or branched, or

R3+Rs form together, with the nitrogen atom carrying them, a saturated,




al kyl noieties may be linear or branched, b T, represents a group selected
fromlinear or branched (Cl-C6)al kyl optionally substituted by a group
selected from-0R3, -NR3R4, -CO2R3, -C(OR3 and 10 -C(O NR3R4 wherein R3
and R4 are as defined hereinbefore, aryl, and aryl (Cl1-C6) al kyl in which
the al kyl noiety may be |inear or brang@ed, or T, represents a linear or
branched (C2-C6)al kenyl chain optional 'y substituted by a group sel ected
from -OR3, -NR3R4, -CO2R3, -C(OR3 and -C(O NR3R4 wherein R3 and R4 are as
defi ned her ei nbedasyeic PS5 bicychie hetproeydetwhigh [Hagelipmod tor b dingd atoms and

(CL- 06) al kyl enguehalficon ol A0 SRR, BRcks o8 Ind FAT alfy SalE) it e O

Z represents a enedi oxy or an enedi oXy group,
carbon atons texypd afd hitroigén ahd ativhds opeapriaesubstitatep gy grogp elpcted fiwm 20
pyridyl group,. W2 represents a group selected fro N N_wherein R6

represents a Jgm§apos BTaéEl?eé‘d((flr%ﬁi%ﬁylh;?&flol é{KCa‘lC@;ﬁ“é}chin t"ﬁgdg hsudleyl maEdt  or
40 gronchet e ekt i SRyt L B =1
al kyl noi ety rmgaber brianggd moono(C,-Cs)alkylamino, and di(C,-Ce)alkylamino in which the
alkyl moieties may be linear or branched,
= T, represents a group selected from linear or branched (C,-C¢)alkyl optionally
substituted by a group selected from —ORj3, —NR3Ry4, -CO;R3, —C(O)R; and
10 -C(O)NR3R4 wherein Rj and Ry are as defined hereinbefore, aryl, and aryl(C;-Cg)-
alkyl in which the alkyl moiety may be linear or branched, or T; represents a linear
or branched (C,-Ce)alkenyl chain optionally substituted by a group selected from
-OR3, -NR3R4, ~COzR3, —C(O)R3 and -C(O)NR3R,; wherein R; and Ry are as
defined hereinbefore,
15 = T, represents a linear or branched (C;-Cg)alkylene chain,

= trepresents an integer from O to 2 inclusive,

or Z represents a methylenedioxy or an ethylenedioxy group,

e W,, with the carbon atoms to which it is attached, represents a phenyl group or a

20 pyridyl group,

o W, represents a group selected from:

1,%
\Rc /

X
T T ]
):‘N — /NJ /NJ ) 1{1

wherein Re represents a group selected from a hydrogen atom and the groups linear or

R,



branched, -OR3, -NR3R4, -O T2-NR3R4, NR3-T2-NR3R4, |inear or branched
(C1-C6) - hydroxyal kyl am no, di ((Cl-C6)hydroxyal kyl)am no in which the al kyl
noieties may be 5 linear or branched, -C(O-R3 and -NHC(O-R3, or R6
represents a linear or branched (Cl-C6)alkylene chain substituted by one
or nore identical or different groups | ected from halogen atonms and the
groups cyano, nitro, -O0R3, NR3R4 - -C(OR3, linear or branched

( C1- C6) hydr oxyal kyl am no, (G - CG) h droxyal kyl)am no i n which the al kyl

K
noi eti es thé (Cl E@Eﬂk)’d}ram}r éfﬁd({éocé)%l d inoyloph theralkyk meiely B1apPeRmearar and
T2 bei ng as. e I from
a hydr ogeth CthS apﬁ'q %ﬁ(‘)ﬁ%@kﬁ}? gal%fy%?’l‘#ggtﬁ e ‘m‘@r‘g F?pgﬁz%% l%gﬁ]f(oxy,
mer capt o taaskhed ne(aR3, o#NijRa,nGbeﬁz—Nmpﬁl\myk};lzLth, lin¥dr 1oe prasahiet s(G-Gydr ogen
atom or X, and Y1 formtogether, with the car%cl)n atom carr

. h
car bonyl hidroxyalkykmiag: $igiy1Coxsiexyalkyhamig: i wibich theal Eﬂpmgéilggt‘%’deg% o?n a
hydr egen ¢ gﬁ}oﬁmnw&i gr gﬁg%qr W%ﬁ@g—g?roroﬁé r @Rkt omﬁchary

mercapt o an | near (CI1l-Co ‘I'thio, Y2 represents a hydrogen
atom or (@Q-Cedkyernt Mi%urli cubntimng@tbymne cm mbret identmtaul lborlifficremh granps/selectechem a

car bonyl I ocar bon rou res s ro el e froma
hydr ogen fg?rBrﬂaP T AP0 X’}Slrt% ‘ﬁ'ﬁ’ﬁé@f !gﬁ%%b Ag(k)iﬂ["yhnear
substitut C )R8 x AR 18N hi ac dbﬁyune)h 16k Whica! th@xlkyl 25

| i near or&g.}r%gﬁggcp 6)“%61%x9d§%xya ol’(OX((@‘ ggy 5 I\PH]|54 wher EII’: R3 gnd R4
are as damehesdmmrb@. Iiser or ran@bedm.n e‘é«g $ tbe gIOQHSpR@fR:tf #dnld beitg @ - O T3

whengin TR ahePhES R Sre,

e X, represents a group selected from a hydrogen atom and the groups hydroxy, linear or
branched (C,-Cg)alkoxy, mercapto and linear or branched (C,-Cg)alkylthio,

e Y, represents a hydrogen atom, or

e X; and Y; form together, with the carbon atom carrying them, a carbonyl or

15 thiocarbonyl group,

o X, represents a group selected from a hydrogen atom and the groups hydroxy, linear or
branched (C,-Ce)alkoxy, mercapto and linear or branched (C,-C¢)alkylthio,
e Y;represents a hydrogen atom, or

20 e X; and Y, form together, with the carbon atom carrying them, a carbonyl or

thiocarbonyl group,

e R represents a group selected from a hydrogen atom, a linear or branched (C;-Ce)alkyl
group optionally substituted by one or more hydroxy, linear or branched (C;-Ce)alkoxy,
25 linear or branched (C;-C¢)hydroxyalkoxy groups, or NR3R,; wherein R; and R4 are as
defined hereinbefore, or R; represents a group of formula C(0)-O-T; wherein T; represents
a group selected from lineare or branched (C;-Ce)alkyl, aryl and aryl(C;-Cg)alkyl in which

the alkyl moiety may be linear or branched, or R; represents a group of formula (a):



a group selected fromlineare or branched (Cl-C6)al kyl, aryl and

aryl (Cl-C6)al kyl in which the alkyl noiety may be |linear or branched, or
R, represents a group of formula (a): -50 Re (a) wherein: / R, Rl,, Rc
and Rd, which are identical or different, each independently of the others
represents a bond or a group selected froma hydrogen atom a hal ogen atom
and the 5 groups hydroxy, linear or brfniched (C1-Co) al koxy, aryl oxy,

aryl (C -C6)al koxy in which the al koxy noiety may be |linear or branched,

| i near or branched (C, -C6)al kyl, aréIIEJ-CB)aIkyI in which the al kyl

noi ety may be |inear or branched, y -NR3R4 wherein R3 and R4 are as
defined hereinbefore, azido, -R: i N RSaks as defined

her ei nbefore), and -0 C(O -R5 wher s{,nyR5 repreéé ts a linear or branched 10
(C -Co)al kyl group (optionally s ; t\i t"uRed by one or nore groups sel ected
from hal ogen, hydroxy, am no, l|inear or branched (C, -C6)al kyl am no, and

di (Cl- C6) whélkisy! am no in which the alkyl noieties nmay be |inear or
branched), or R5 represents aryl, aryl (Cl-C6)al kyl in which the alkyl

moi ety may Be R. RedRc and Bu,avfupleere ideyichlowl|different; eavbtindependandsilok the othgs/ R

represents a nethyl en rLou §$H2C= r roup of the forpula - U -
whorein U, r Eprebafabafady R stdlsslec, foud f BVfcolin 0Fy s BBl ot #
defiged her ei ghRbomhedroxly, NinbdsSort hranshat UE, LPlkdxy, aryloxy, aryl(C;-Ce)alkoxy in

which the alkoxy moiety may be linear or branched, linear or branched (C,;-Cg)alkyl,

aryl(C;-Ce)alkyl in which the alkyl moiety may be linear or branched, aryl, -NR3R4
wherein R; and R, are as defined hereinbefore, azido, -N=NRj; (wherein Rj is as
defined hereinbefore), and -O—C(O)-Rs wherein Rs represents a linear or branched

10 (C-Ce)alkyl group (optionally substituted by one or more groups selected from
halogen, hydroxy, amino, linear or branched (C;-Cg)alkylamino, and di(C;-Cs)-
alkylamino in which the alkyl moieties may be linear or branched), or Rs represents
aryl, aryl(C;-Ce)alkyl in which the alkyl moiety may be linear or branched,
cycloalkyl or heterocycloalkyl,

15 v" R, represents a methylene group (H,C=) or a group of the formula —-U;-R, wherein
U, represents a single bond or a methylene group and R, is as defined hereinbefore,

v" n has the value O or 1,

it being understood that the group of formula (a) is bonded to the nitrogen atom by R,, Ry,
Re, Raor Re,
20
e Q represents a group selected from an oxygen atom and a group NR; wherein R,
represents a group selected from a hydrogen atom and the groups linear or branched
(Ci-Ce)alkyl, aryl, aryl(C;-Ce)alkyl in which the alkyl moiety may be linear or branched,
cycloalkyl, cycloalkyl(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
25 -OR3, —NR3R;, —O-T;NRjRs, -NRs-TrNRjR;, linear or branched (C;-Cg)-
hydroxyalkylamino, di((C;-Ce)hydroxyalkyl)amino in which the alkyl moieties may be
linear or branched, -C(O)-R; and -NH-C(O)-R3, or R, represents a linear or branched

(Ci-Cg)alkylene chain substituted by one or more identical or different groups selected




it being understood that the group of forrmula (a) is bonded to the nitrogen
atomby Ra, Rb, & Rd or Re, 20 Qrepresents a group selected from an
oxygen atom and a group NR2 wherein R2 represents a group selected froma
hydrogen atom and the groups |linear or branched (C, -C6)alkyl, aryl,

aryl (C1-C6) al kyl in which the al kyl V§ﬁty may be |inear or branched,
cycl oal kyl, cycl oal kyl (C1-C6) al kyl in i'ch the alkyl noiety may be |inear
or branched, 25 -OR3, NR3R4, -0-T2-NR3R4, NR3-T2-NR3R4, |inear or branched
(C, -0C6) - ﬁiqrdrf@lqgah kipimsrand dhe ghoppsCIvaas,) mirer-EBsaNRsR), afOnRs, i-6'(WHR ¢ hneaner al ky|

noi eti es nch

Fepr s ot THeh Gy CaasPlalBRRRg Coi (G EO P ENE o MPe i e DAy one
or nore i@eRtieSalayWe liichf 6f Bfmclwdpu@@—e@d)pwﬂq the lgréupe IR; PR}, age T, dkiagas and
the groups cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(OR3, linear or branched
( CL- 06) hydrfizd Berripbefatieno, di (( C1- C8) hydr oxyal kyl )ami no in which the al kyl
noi eti es may be linear or branched, and -C(O-NHR3, the groups R3, R4 and
T2 being as defined hereinbefore, 5 provided that when W, with the carbon
at ons t o movidhd ithati shat VWG heith theeparbsxerat(snsam “mixsubsilsidtmtlmdl phgasantsgaroup or

a phenyl ro ted by a. brqm ne resents rou
sel ect ed ’é“tﬁgaf‘ RToRp Sk RhEn 85‘?‘15’0%‘% F%‘?S?y 12 ?mme atom, R, ‘%Pfesgms
(2,3,4,6- 5§;oru -setPRAZYdm a%}ld?@ééﬁra%}ﬁsa‘ﬁh)a gh@(ﬁ@rﬁf&éym 8, 63&RLS-RenpHdr 0gen
atom then W2 represents a group 10 seleCted froni

glucopyranosyl) group and R, represents a hydrogen atom, then W, represents a group

10 selected from:

1,16
T~y _\ ; m ; ﬁ ; \N/@
/\ e /

wherein Rg is as defined hereinbefore,

and provided also that when W), with the carbon atoms to which it is attached, represents
15 an unsubstituted phenyl group, R, represents a hydrogen atom and R, represents a methyl

group, then W, represents a group selected from:
R

I 6

RO NS )

wherein R is as defined hereinbefore,

20 their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically

acceptable acid or base,



wherein R6 is as defined hereinbefore, and provided al so that when W,, with
the carbon atons to which it is attached, represents 15 an unsubstituted
phenyl group, R, represents a hydrogen atom and R2 represents a nethyl
group, then W2 represents a group selected from R6 N ND wherein R6 is as
defined hereinbefore, 20 their enantioners, diastereoisoners and al so
addition salts thereof with a pharmacéutically acceptable acid or base,
-52 aryl being understood to be a phenyl, naphthyl, dihydronaphthyl,

t et rahydr onapht hyl , indenyl or indanyl group, each of those groups being

optionally s bstit y e or Ly f f tituents
sel ected %1‘"1 A&l 0(1% §F amph%n ng?%‘ghyrl gﬁ&f}byl T fa@l&drsonoﬁh twlanched
(C, - C6) t rinbetlyDat kmhnyl fy@tr;pwoh dfithexargrélips meaigcﬂwdnzﬂ@l suﬁﬁ)tadeh @yyme aﬁfhorés
NR3R4, wherein R3 and R4 are as defined herei nbefore. 2- ounds

formul a (ifyntigeker diffegent substityenisiselectd fiemdialogsn, linpar Hh?fa)(?heélrkﬂ: ﬂs)arlb}'lm

toget her it By bhfcay ReCa AMEREY hofokDefhea? o HrARAK (SLLYRIAII? and

Y2 form toget m carryi ng group,

t hei 5 ena¥RiRywherein Ri ast Ry @oias defiared harvintefere. addi tion salts thereof with a
pharmaceutically acceptable acid or 10 base. 3- Conpounds of forrmula (I)
according to either claiml or claim2, characterised in that Q

2- Compounds of formula (I) according to claim 1, characterised in that X; and Y, form
together, with the carbon atom carrying them, a carbonyl group, and X; and Y, form
together, with the carbon atom carrying them, a carbonyl group, their enantiomers,
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or

10 base.

3- Compounds of formula (I) according to either claim 1 or claim 2, characterised in that Q
represents a group —NR; wherein R; is as defined for formula (I), their enantiomers,
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or

base.

15 4- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that

they represent compounds of formula (IA):

wherein R;, Ry, W, and Z are as defined for formula (I), their enantiomers,
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or

20 base.

S- Compounds of formula (I) according to any one of claims 1 to 4, characterised in that



represents a group -NR2 wherein R2 is as defined for formula (1), their
enantionmers, diastereoisoners and also addition salts thereof with a
pharmaceutically acceptable acid or base. 15 4- Conpounds of forrmula (I)
according to any one of clains | to 3, characterised in that they
represent conpounds of formula (l1A): Ré N I R wherein RI, R2, W and Z
are as defined for formula (1), their "~ ﬁéntiorrers, di ast ereoi soners and
al so addition salts thereof with a pharmaceutically acceptable acid or 20
base. 5- t@ammmdstfm’mpfogﬂdﬁnfafomgla@%dbr ding to any one of clainms 1 to 4,
characterised in that -53 they represe&}z conpounds of formula (IB): N 1
Rl wherein RI, R2 and Z are as definedjfPor forrmula (1), their enantioners,
di astereoi soners and al so additi ereof with a pharmaceutically
acceptabl e acid or base. 5 6- Conpo ormula (I) according to any one
of clainmse 1 to 4, characterised in th t hey represent conpounds of
formula (10): (IB)

wherein R, R; and Z are as defined for formula (I), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

5 6- Compounds of formula (I) according to any one of claims 1 to 4, characterised in that

they represent compounds of formula (IC):

R
N

N
R,
wherein Ry, R; and Z are as defined for formula (1), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

10 7- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that

they represent compounds of formula (ID):

wherein R;, Ry, R, W, and Z are as defined for formula (I), their enantiomers,



Z wherein R, R2 and Z are as defined for fornula (1), their enantiomers,

di astereoi soners and also addition salts thereof with a pharmaceutically
acceptabl e acid or base. to 7- Compounds of fornula (1) according to any
one of clainms 1 to 3, characterised in that they represent conpounds of
formula (ID): R2 | ,R6 wherein RI, R2,__R6, W and Z are as defined for
formula (1), their enantioners, -54 diradtereoi somers and al so addi tion
salts thereof with a pharmaceutically acceptable acid or base. 8- Conpounds
of f or mul diagt¢rpoisaroers dndh glsp @dditipn sales thereef withe phameacgutigally 2cceptpbleacidel sed
in that t;hey represent conpounds of formula (IE): A2 N5 .R6 wherein R1,
R2, R6 ant™Z are as defined for fornula (I'), their enantioners,

di astereoi soners and al so addition salts thereof with a pharmaceutically
acceptabl e acid or base. 2- Conpounds of fornu according to any one

I I
of cl ai ns8-LCampayndnal formuladiaaccerdinglg any ong ﬁ&?la%amél/)tq dgnd desharactirsediis of

formul a (thEt)they represent compounds of formula (IE):

wherein R;, R;, R¢ and Z are as defined for formula (I), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

9- Compounds of formula (I) according to any one of claims 1 to 3 and 7, characterised in

that they represent compounds of formula (IF):

10
wherein R;, Ry, R and Z are as defined for formula (1), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

10- Compounds of formula (I) according to any one of claims 1 to 3, characterised in that

they represent compounds of formula (IG):




R2 N 10 Z R6 wherein Rl, R2, R6 and Z are as defined for formula (I), their
enantionmers, diastereoisoners and also addition salts thereof with a
pharmaceutically acceptable acid or base. 10- Conmpounds of fornula (1)
according to any one of clains 1 to 3, characterised in that they
represent conpounds of formula (1Q: - N 1 R wherein RI, R2, W and Z
are as defined for formula (1), their "emanti onmers, di astereoisoners and
al so addition salts thereof with a pharmaceutically acceptable acid or
base. 5 11- Conpounds of forrmula (I) ggcordi ng to any one of clains 1 to 3
and 10, characterised in that they rgpresent conpounds of fornmula (IH): R2
N wherein RI, R2 and Z are as defd Qormula (1), their enantioners,
di astereoi soners and al so addition\salf{s thereof with a pharmaceutically
accept abl e acid or base. Z

] (1G)

wherein R;, Ry, W, and Z are as defined for formula (I), their enantiomers,

diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or

base.

5 11- Compounds of formula (I) according to any one of claims 1 to 3 and 10, characterised

in that they represent compounds of formula (IH):

wherein R, R; and Z are as defined for formula (I), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

10 12- Compounds of formula (I) according to any one of claims 1 to 3 and 10, characterised

in that they represent compounds of formula (I):

wherein R;, R; and Z are as defined for formula (I), their enantiomers, diastereoisomers



10 12- Conpounds of forrmula (I) according to any one of clains 1 to 3 and
10, characterised in that they represent conpounds of formula (I1): R12 Z
wherein R, R2 and Z are as defined for formula (1), their enantioners,

di ast ereoi soners -56 and al so addition salts thereof with a
pharmaceutically acceptable acid or base. 13- Conmpounds of fornula (1)
according to any one of clains 1 to 3,'Séharacteri sed in that they
represent conpounds of formula (1J): N 1 Rl 5 wherein R, R2, W and Z
are as dedndmdsb fdditidnosaltsithereoll withtaphiarmanenincallymeesptablelacad pebasei somer s and
al so addition salts thereof with a pharmaceutically acceptable acid or
base. 14- Conpounds of forrmula (1) according to any one of clains 1 to 3
and 13, ciRI@shungeof formuladh@f adcbfiing ®RngSERlofeiAOUNE S, BharhérBel an (Hak) : RZ
I (1K) 10 wherein R, R2 and Z are as defined for forrmula (1), their

enant i onethsy repressnicoapoypdsegfformula (17):

5 wherein R;, Ry, W; and Z are as defined for formula (I), their enantiomers,
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable acid or

base.

14- Compounds of formula (I) according to any one of claims 1 to 3 and 13, characterised

in that they represent compounds of formula (IK):

10 !
wherein R;, R; and Z are as defined for formula (I), their enantiomers, diastereoisomers

and also addition salts thereof with a pharmaceutically acceptable acid or base.

15- Compounds of formula (I) according to any one of claims 1 to 3 and 13, characterised

in that they represent compounds of formula (IL):



and al so addition salts thereof with a pharnmaceutically acceptable acid or

base. 15- Conpounds of forrmula (1) according to any one of clains 1 to 3
in that they represent conpounds of formula (IL):

and 13,

characteri sed

-57 Rz Z wherein R, R2 and Z are as defined for forrmula (1), their
enanti oners, diastereoisoners and also_addition salts thereof with a

phar maceutical ly acceptable acid or bas?

16- Conpounds of formula (1)

according to any one of clainms |I to 15, characterised in that 5 R
represents a hydrogen atom a group ofégprnula C(O-0T3 wherein T3
)

represents a |inear or branched (Cl -
the formula: HO T -OH OH their e f

) di astereoi soners and al so

17- Compounds of fornula (1) accordin any one of clains 1 to 16,

characterised in that R2 rep
branched (Cl-C6)al kyl groupZ

18- Compounds of fornula (1) accordi

en atgmor a linear or

g to any one of clainms | to 17,

ally acceptable acid or base.

al kyl or a gl ucopyranosyl group of

10

rs, diastereoi somers and al so
N acceptable acid or base.

characterised in that 15 R6 represems a hydrogen atom their enantioners,

i aster o0, SOt o, MY o8 Pad IR0 38 a1 500 Mo RNGBGS S el Y

10

15

and also addition salts thereof with a pharmaceutically acceptable acid or base.

16- Compounds of formula (I) according to any one of claims 1 to 15, characterised in that
R, represents a hydrogen atom, a group of formula C(O)-O-T3; wherein T3 represents a

linear or branched (C;-Cg)alkyl or a glucopyranosyl group of the formula:
O \H\‘
HO

HO OH

OH
their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically

acceptable acid or base.

17- Compounds of formula (I) according to any one of claims 1 to 16, characterised in that
R, represents a hydrogen atom or a linear or branched (C,-Cg)alkyl group, their
enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically

acceptable acid or base.

18- Compounds of formula (I) according to any one of claims 1 to 17, characterised in that
Rg represents a hydrogen atom, their enantiomers, diastereoisomers and also addition salts

thereof with a pharmaceutically acceptable acid or base.

19- Compounds of formula (I) which are:
» pyrrolo[3',4":5,6]indolizino[8,7-b]indole-1,3[2H,8 H}-dione,
> 11-bromopyrrolo[3',4':5,6]indolizino[8,7-b]indole-1,3[2H,8 H}-dione,



19- Conpounds of forrmula (1) which are: -

pyrrolo[3',4"':5,6]indolizino[8, 7-b]indole-1, 3[2H, 8H] -di one,

11- bromopyrrol o[ 3',4':5,6]indolizino[8, 7-b]indole-1, 3[ 2H, 8H] - di one, -58 -
11-chloropyrrolo[ 3 ,4':5,6]indolizino[8, 7-b]indole-1, 3[ 2H, 8H] -di one, >

i mdazo[2',]"':6,1] pyrrolo[3',4':4,5]pyr i8do[ 2, 3-b]indol e-1, 3(2H, SH) - di one,
their enantioners, diastereoisoners and®al so addition salts thereof with a
phar maceuti cal | ﬁm acceptabl e acid or base. 5 20- Process for the

pr epar at i bn 1dfchiooemataefs',415.4lmdalizinolB) b hedods- 43 R, 8H]-diosem 1,
characterised.in that th -5 Al t | ! onmpound of
formula ( I)lmldﬂzgzgﬁélépﬁ;vﬁgt%f‘ héﬁggg%g%’r%@yﬁi{a ge'd %?@dgﬁngit (r)nr% or a nethyl

group andtht enafitioméss, AiudteYebisonter@and sled adddtlor suits flosreafl et & pharidcavhicalty
conmpound of forrmula (I1) is treated with an al kyl nagnesi um halide in the
presence acgeptable apid@iRaCof fornula (111): Z H wherein W and Z are as
defined for fornmula (1), to yield a conpound of forrmula (1V): R2a N Br

5 20- Process for the preparation of compounds of formula (I) according to claim 1,

characterised in that there is used as starting material a compound of formula (II):

I2a

wherein R;, represents a hydrogen atom or a methyl group and X;, Y;, X, and Y, are as
defined for formula (I),
10 which compound of formula (II) is treated with an alkylmagnesium halide in the presence

of a compound of formula (III):

Z
w, || \ (Im)
N
H
wherein W, and Z are as defined for formula (1), to yield a compound of formula (IV):
R

IZa

Iv)

15 wherein Ry, X, Y3, X3, Y,, W, and Z are as defined hereinbefore,
which compound of formula (IV) is reacted with di-zert-butyl dicarbonate in the presence

of 4-dimethylaminopyridine to yield a compound of formula (V):



H 15 wherein R2a, X1, Y1, X2, Y2, WL and Z are as defi ned herei nbefore,
whi ch conmpound of fornmula (IV) is reacted with di-tert-butyl dicarbonate in
the presence of 4-dinethylam nopyridine to yield a conpound of fornula
(VM): -59 N k Boc wherein Boc represents a tert-butyl carbonyl oxy group and
R2a, X', Y1, X2, Y2, Wand Z are as defined hereinbefore, which conpound
of formula (V) is: 5 either treated wt’h an al kyl magnesium halide in the
presence of a pyrrolyl conpound to vyield a conmpound of formula (VI): NN
R6 Boc wherein R6 is as defined for fépmula (1) and Boc, Rea, X, Y1, X2,
Y2, W and Z are as defined her inbeg\{)re,x 10 whi ch conpound of fornula
(VI) is: * either irradiated w tht a enzlarrpto yi el d a conmpound of
formula (Pa), which is a paéticuﬁlz1 r\cage ¥f the conpounds of formula (1):
R2a

Br V)

Boc
wherein Boc represents a fert-butylcarbonyloxy group and Rz, X, Y1, X2, Y2, Wy and Z

are as defined hereinbefore,

which compound of formula (V) is:

5 e either treated with an alkylmagnesium halide in the presence of a pyrrolyl compound to

yield a compound of formula (VI):

(VD

wherein Rg is as defined for formula (I) and Boc, Rz, Xi, Y1, Xo, Y2, W) and Z are as
defined hereinbefore,

10 which compound of formula (VI) is:

* either irradiated with a halogen lamp to yield a compound of formula (I/a), which

is a particular case of the compounds of formula (I):

(Va)

Boc
wherein Boc, Rg, Ry, X, Y1, X2, Y2, W) and Z are as defined hereinbefore,



N i Boc ,R6 (I/a) wherein Boc, R6, R2a, Xi, Y1, X2, Y2, W and Z are as
defi ned herei nbefore, -60 which conpound of fornula (1/a) is optionally
treated with formc acid to yield a conpound of fornmula (1/b), which is a
particul ar case of the conpounds of fornmula (I): Rea H wherein R6, R2a,
Xi, Y1, X2, Y2, WL and Z are as defined hereinbefore, 5 * or treated with
pal | adi um bl ack in the particul ar casé Mnere R6 represents a hydrogen
atom to yield a conpound of fornmula (1/c), which is a particular case of
the conpehichiscamiipdupd nef forfuja (Ke) is openalietredted Both feumic aid tolyield2a Y2,

W d Z def.i ' f .Whi ch d t f I/
'S opti ordrRpeRsy Serai (L HECE it donar ereniadad eHB B hBound of
formula (1/a) to yield a conmpound oR_formula (Pd), which is a particular

case of the conpounds of formula (I)*
nmp L (N &2

(I/b)

wherein R, R, X1, Y1, X2, Y2, W and Z are as defined hereinbefore,
5 * or treated with palladium black in the particular case where Rg represents a

hydrogen atom, to yield a compound of formula (I/c), which is a particular case of the

compounds of formula (I):

(e)

wherein Boc, Rz, X1, Y1, X3, Y2, Wi and Z are as defined hereinbefore, which compound
10 of formula (I/c) is optionally subjected to the same reaction conditions as the compound of
formula (Ia) to yield a compound of formula (I/d), which is a particular case of the

compounds of formula (I):

(7d)

wherein Rz, X, Y), X3, Y2, W; and Z are as defined hereinbefore,

15 e or treated with lithium hexamethyldisilazane in the presence of a pyrrolyl compound to



wherein R2a, X, Y1, X2, Y2, W and Z are as defined hereinbefore, 15 or
treated with |Iithium hexanethyl disilazane in the presence of a pyrrolyl
conmpound to -61 yield a conmpound of forrmula (VII): (VII) N Boc R6 wherein
Boc, R6, R2a, X1, Y1, X2, Y2, W and Z are as defined hereinbefore, 5 which
compound of fornmula (VI1) is irradiated wth a halogen |anp, in an apol ar
and aprotic solvent, to yield a conpdﬁﬂd of fornmula (1/e), which is a
particul ar case of the conmpounds of fornula (1): wherein Boc, R6, R2a, X,
Y1, X2, Ydeldwcoanuid af fermuladdil)ned her ei nbefore, 10 whi ch conpound of
formula (1/e) is optionally subjected to the same reaction conditions as
the conmpound of formula (l1/a) to yield a conmpound of fornula (14), which is
a particular case of the conpoundsrof formula (l1): wherein R6, RzZa, X,

Y1, X2, Y2, W and Z are as def i ned! fier i nbefore, -62 or treated with an
al kyl magnesi um halide in the p¥ 2imdazole to yield a conmpound of
formula (VII1): (VIII) H wher%i R2af~Xd, Y1, X2, Y2, W and Z are as

defi ned hereinbefore, 7 S 2 VD)

wherein Boc, R, Raa, X1, Y1, X2, Y2, Wi and Z are as defined hereinbefore,
5 which compound of formula (VII) is irradiated with a halogen lamp, in an apolar and
aprotic solvent, to yield a compound of formula (I/e), which i1s a particular case of the

compounds of formula (I):

(Ve)

Boc R

wherein Boc, Rg, Raa, X1, Y1, X,, Y2, Wi and Z are as defined hereinbefore,
10 which compound of formula (I/e) is optionally subjected to the same reaction conditions as
the compound of formula (I/a) to yield a compound of formula (I/f), which is a particular

case of the compounds of formula (I):

1)

wherein Rg, Raa, X1, Y1, X2, Y2, W) and Z are as defined hereinbefore,




5 whi ch conpound of fornula (VIIl) is treated with a conmpound of formula
(IX): Rla-G (I X) wherein Rla, which is other than a hydrogen atom has the
sanme definition as RL in formula (1) and G represents a hydroxy group or a
| eaving group, to yield a conpound of formula (X): (X) 10 wherein Rla, R2a,
X1, Y1, X2, Y2, W and Z are as defined_herei nbefore, which conpounds of
formula (X) are irradiated with a hal ogén lanp to yield conpounds of
formulae (1/9gl1,) and (1/92), which are particular cases of the conpounds of
formul a (ppr tréa8d( with) amabrybnagrRsiam Rakde xi theypresyixe §b imWazeladtozyigldeaas
defi ned herei nbef qr.e ] conmpounds of formulae (1/g1) and (1/g2) are
optionallﬁm?P%§ﬁ€ @ﬁqﬁghgﬁaanese di oxi de to yield conpounds of fornulae
(1/h1) and (I/h2), which are particulRar cases of the 5 conmpounds of fornula
(1): Rza R2a (n2) wherein Rla, Rla, XI , X2, Y2, W and Z are as defined
her ei nbef ore, which conpounds o, 2(1/hi) and (1/h2) are optionally
subjected to the sane reaction as the conmpound of formula (ha),
in the particular case wherg Rla 110)}Feprestnts a t - but yl car bonyl oxy

group, to yield conpounds of ﬁLL{) and( 2),
s
N

wherein R,,, X1, Y1, X3, Y2, W, and Z are as defined hereinbefore,
5 which compound of formula (VIII) is treated with a compound of formula (IX):
R.-G (IX)
wherein R,, which is other than a hydrogen atom, has the same definition as R; in
formula (I) and G represents a hydroxy group or a leaving group,

to yield a compound of formula (X):

X)

10
wherein Ry,, Raa, X1, Y1, X2, Y2, W) and Z are as defined hereinbefore,

which compounds of formula (X) are irradiated with a halogen lamp to yield compounds of

formulae (I/g;) and (I/g,), which are particular cases of the compounds of formula (I):



whi ch are particular cases of the conpounds of fornula (1): -64 wherein
R2a, X,, Y1, X2, Y2, W and Z are as defined hereinbefore, or treated with
an al kyl magnesi um halide in the presence of an imdazolyl conpound (XlI): R
7 1 5 wherein R7 represents a secondary-am ne-protecting group known to
the person skilled in the art, to yield,a conpound of formula (XlII): R2a

(XI'l) wherein Ra, R7, X, Y,, X2, Y2, W and Z are as defined
her ei nbefore, 10 whi ch conmpound of formila (XI1) is subj ected to the sane
reaction conditions as the npound of formula (VI11)Rto yield a conpound

of formula (XII1): -65>¥\hereNn R¥a, Rza, R7, X, ., Xq YX, W and Z are
as defined herei nbeforé,! ™ which conpound of fornu I) the i m dazol yl

ring is deprotected by entfoMd nethods of o ynthesis known to
t he person skilled %n thé oyield a co ormula (XIV):
(XI'V) 10 N
4 7 7
N
N N N
\ \
Rla Rla
g) gy

wherein Ria, Raa, X1, Y1, X3, Yo, Wi and Z are as defined hereinbefore,

which compounds of formulae (I/g;) and (I/g;) are optionally treated with manganese
dioxide to yield compounds of formulae (I/h;) and (I/hy), which are particular cases of the

5 compounds of formula (1):

(h)) (Uh,)

wherein Ria, Raa, X1, Y1, X3, Y2, Wi and Z are as defined hereinbefore,

which compounds of formulae (I/h)) and (I/h;) are optionally subjected to the same
reaction conditions as the compound of formula (I/a), in the particular case where Rj,
10 represents a tert-butylcarbonyloxy group, to yield compounds of formulae (I/i;) and (I/iy),

which are particular cases of the compounds of formula (I):



wherein Rla, R2a, X,, Y,, X2, Y2, W and Z are as defined hereinbefore, R2a
whi ch conmpound of fornmula (XIV) is treated with palladiumblack to yield a
conmpound of formula (1/j), which is a particular case of the conmpounds of
formula (1): k Rla wherein Rla, Ra, X,, Y1, X2, Y2, W and Z are as
defined hereinbefore, -66 which corrpou?ﬁg of formula (1/j) is optionally
subjected to the sane reaction conditioffs as the conpounds of formula
(I/h) to yield a conmpound of forrmula (I/k), which is a particular case of
t he conpounds of formula (1)R,H 5 wherein R2a, X, Y,R.X2, Y2, W and Z
are as defined herei nbgf or e,IlI orxtreated with an,al kylr[jragnxzsi um halide in
a

the presence of an im I cozn'pound (XV): SPh1 erein R7 is as
defined hereinbefore, to/yleld aygompound of formpy 1)Y,Ra N (XVI) 10
H Z
N
W, } W, \\\
N N N
H H
{I1,) (I1i,)

wherein Rz,, Xi, Y1, X2, Y2, W and Z are as defined hereinbefore,

e or treated with an alkylmagnesium halide in the presence of an imidazolyl
compound (XI):
R

,
gj XD

wherein R; represents a secondary-amine-protecting group known to the person skilled in

the art, to yield a compound of formula (XII):

X N X

[

N (XID)

wherein Ry,, R7, X, Y1, X3, Y2, W) and Z are as defined hereinbefore,

10 which compound of formula (XII) is subjected to the same reaction conditions as the

compound of formula (VIII) to yield a compound of formula (XIII):




wherein Rea, R7, X, Y,, X2, Y2, W and Z are as defined hereinbefore,

whi ch conmpound of fornula (XVI) is treated with Raney nickel to yield a
conmpound of formula (XVII1): -67 Hwherein R2a, R7, X, YlI, X2, Y2, W and
Z are as defined hereinbefore, which conpound of forrmula (XVI1) is

subj ected in succession to the sane rq@gyion conditions as the conpounds
of fornmulae (XIl1) and (XI1l) to yield a conpound of 5 formula (XVIII):
(XVIR) Rla wherein Rla, Rka, X, Y1, X2, Y2, W and Z are as defined

her ei nbef ore, which conpound of forfua (XVIIIl) is: * either irradiated
with a halogen lanp in the pregencenof | I adi um on-carbon to 10 yield a
conpound of formula (1/1), which™»$ aygarticul ar case of the conpounds of
formula (1): -68 5 to wherein R\ R2g, XL, Y,, X2, Y2, W and Z are as
defined hereinbefore, 2a whjch co d of Rormula (1/1) is optionally
subjected to the sane reacytro it as (X1II)

wherein R4, Rya, R7, X4, Y1, X3, Y2, W, and Z are as defined hereinbefore,

in which compound of formula (XIII) the imidazolyl ring is deprotected by conventional
methods of organic synthesis known to the person skilled in the art to yield a compound of
5 formula (XIV):

(XIV)

wherein R, Ra,, X1, Y1, X2, Y2, Wy and Z are as defined hereinbefore,

which compound of formula (XIV) is treated with palladium black to yield a compound of

formula (I/j), which is a particular case of the compounds of formula (I):

13)

10
wherein R;,, Ry, X, Y3, X3, Y2, Wi and Z are as defined hereinbefore,



t he conpounds of forrmula (I/h) to yield the conpounds of formula (UM,
which are a particular case of the conmpounds of forrmula (1): H wherein
Rea, Xi, Y,, X2, Y2, W and Z are as defined hereinbefore, * 91 subjected
to the same reaction conditions as the conpound of forrmula (XIV) to yield
t he conpounds of forrmula (1/n), which e a particul ar case of the
conpounds of fornula (I): wherein Rla, a, X, VY,, X2, Y2, W and Z are
as defined hereinbefore, which conmpounds of fornula (1/n) are optionally
subj ect edWhishirmperpeof foamitladiids atienaly subigated krothe w6 HFRTEOD FOAMIAS 28

(1/1) to yji.el o %)]%HP fef I ' : r,tJ case
of the co%%ﬁ%&énﬁc}s o? or nu gai%l(lf))t:o ﬁ%@ﬁ%ﬁé@%fgggﬁﬂ@ 3 ﬁudﬁgatﬂ\?%wu and
Z are as cdntiofithd dompeumiseffdornula I§: conpounds of formulae (Ha) to (1/0)
constituting the conpounds of formula (I/p): Rka 5 wherein A, R, R2a, X,
Y1, X2, Y2, WL and Z are as defined farei nbefore, which conpound of fornula
(1/p) is optionally treated w th_aqugousXsodi um hydroxi de and then placed
in the presence of hydrochloric'ap{d t ield a conpound of formula (1/q),
which is a particul ar caseZof t N ourlds of fornmula (1): X.~ .0. /X R

=N (UK)

5 wherein Rj,, X1, Y1, X2, Y2, Wi and Z are as defined hereinbefore,

e or treated with an alkylmagnesium halide in the presence of an imidazolyl
compound (XV):
R

I 7
Cz/sph -

wherein R~ is as defined hereinbefore, to yield a compound of formula (XVI):

IZa

10
wherein Ry, Ry, X1, Y, X2, Y2, Wi and Z are as defined hereinbefore,

which compound of formula (XVI) is treated with Raney nickel to yield a compound of

formula (XVII):



10 wherein A, R1, X, Y1, X2, Y2, W, W2 and Z are as defined hereinbefore,
whi ch conmpound of fornmula (1/q) is optionally treated with a conpound of
formula (XIX): R2h - NH2 (XIX) wherein R2b, which is other than a hydrogen
atom and a nethyl group, is as defined for R2 -70 in formula (1), to yield
a conmpound of forrmula (Ur), which is a _particular case of the conpounds of
formula (1): wherein A, R, R2b, X, Yf,'XZ, Y2, W, W and Z are as
defi ned herei nbefore, 5 which conpounds of fornulae (Pa) to (Ur) constitute
the totality of the conpounds of fidznmula (1), which are purified, where
necessary, according to convertion pungication t echni ques, which may be
separated, if desired, into thel i Ncerent isonmers according to a
conventional separation techni gque, ich are converted, if desired,
into their addition saltZwith'a naceg;ically acceptabl e acid or base.
10 21- Process for the preparati gﬁounds qfxvigr mul a (1) according to
claiml wherein W2 has the p ddfinition: can be prepared starting
froma conmpound of formula H 15 wherein W and Z are as
defined for forrmula (1), which npounds of forrmula (XX) are reacted with a
conmpound of formula (XXI): (XXI)

wherein Ry,, Ry, Xy, Y1, X3, Y, W, and Z are as defined hereinbefore,

which compound of formula (XVII) is subjected in succession to the same reaction
conditions as the compounds of formulae (XII) and (XIII) to yield a compound of

5 formula (XVIII):

(XVII)

wherein Ry,, Ra,, X1, Y1, Xz, Yo, W) and Z are as defined hereinbefore,
which compound of formula (XVIII) is:
* either irradiated with a halogen lamp in the presence of palladium-on-carbon to

10 yield a compound of formula (I/1), which is a particular case of the compounds of

formula (I):

ey




-71 wherein R2, XlI, Y1, X2 and Y2 are as defined for fornula (1), to yield
a conpound of formula (XXIl): i2 (XXIl) HHwherein R, Xi, Y1, X2, Y2, W
and Z are as defined hereinbefore, 5 which conpound of fornula (XXII) is
treated with palladi umon-carbon to yield a compound of formula (I/s),
which is a particular case of the conpg%nds of formula (I): H wherein R2,
X, Y1, X2, Y2, W and Z are as defined“herei nbefore, which conmpound of
formula (Us) is purified, where necessary, according to conventional 10
puri fi cat wheretneRhmRgu¥s Y in¥y Yoo Waeipdrlaare d@s defineddisraigheforpnt o its different

i soners according to a conventional separation technique and is converted,
if desired, into its addition salts wwth a pharmaceutically acceptable
acid or basih cdrmpoliihsfMRenulal (T8 is optigially sulbcted Mhe isshe geadBorfcdridvttons as

i ngredi ent at | east one conpound of = fornula é%%;gfgordtﬂa4to any one of
clains | ths comporndmael rmula gdnpionyeidothe viopmpo ormylantlire), jwugh are a

non-t oxi c mﬂ&ﬁ&ﬁﬁ&@Ufﬁﬁ%Bﬁ%oﬁﬁﬁ%@ﬁﬁﬁﬁﬁaG%Cipients or carriers. 23-
a

Phar maceufi ¢ conposi tionS according to claim22 for use as nedi canents in

the treatnment of cancers. $h

wherein Ry, X, Y1, X3, Y2, W and Z are as defined hereinbefore,

* or subjected to the same reaction conditions as the compound of formula (XIV) to
yield the compounds of formula (I/n), which are a particular case of the compounds of

formula (I):

(Un)

10
wherein R, Rz, X, Y1, X2, Y2, W) and Z are as defined hereinbefore,

which compounds of formula (I/n) are optionally subjected to the same reaction conditions
as the compounds of formula (I/l) to yield the compounds of formula (I/0), which are a

particular case of the compounds of formula (I):




(/o)

wherein Rz, X1, Y1, X2, Y2, W, and Z are as defined hereinbefore,

the compounds of formulae (I/a) to (I/0) constituting the compounds of formula (I/p):

|2a

5 wherein A, Ry, Ras, X1, Y1, X2, Yz, Wy and Z are as defined hereinbefore,
which compound of formula (I/p) is optionally treated with aqueous sodium hydroxide and

then placed in the presence of hydrochloric acid to yield a compound of formula (1/q),

which is a particular case of the compounds of formula (I):

(I/9)

10 wherein A, Ry, Xj, Yy, X3, Y5, Wi, W, and Z are as defined hereinbefore,

which compound of formula (I/q) is optionally treated with a compound of formula (XIX):
Ryp—-NH;, (XIX)

wherein Ryp, which is other than a hydrogen atom and a methyl group, is as defined for R,



10

15

-70 -

in formula (I), to yield a compound of formula (I/r), which is a particular case of the

compounds of formula (I):

wherein A, Ry, Ry, X1, Y1, X3, Y, Wi, W; and Z are as defined hereinbefore,

which compounds of formulae (I/a) to (I/r) constitute the totality of the compounds of
formula (I), which are purified, where necessary, according to conventional purification
techniques, which may be separated, if desired, into their different isomers according to a
conventional separation technique, and which are converted, if desired, into their addition

salts with a pharmaceutically acceptable acid or base.

21- Process for the preparation of compounds of formula (I) according to claim 1 wherein

8
/@
can be prepared starting from a compound of formula (XX):
Z

ol \_/ \ (XX)

N N
H H

W3 has the particular definition:

wherein W, and Z are as defined for formula (1),

which compounds of formula (XX) are reacted with a compound of formula (XXI):

1
Ty e



5

10

15
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wherein Ry, X, Y, X; and Y, are as defined for formula (I),

to yield a compound of formula (XXII):

(XXID)

wherein Ry, X, Y1, X2, Y2, W) and Z are as defined hereinbefore,
which compound of formula (XXII) is treated with palladium-on-carbon to yield a

compound of formula (I/s), which is a particular case of the compounds of formula (I):

2
|

(Us)

wherein R;, Xj, Y1, X5, Y2, W, and Z are as defined hereinbefore,

which compound of formula (I/s) is purified, where necessary, according to conventional
purification techniques, may be separated, if desired, into its different isomers according to
a conventional separation technique and is converted, if desired, into its addition salts with

a pharmaceutically acceptable acid or base.

22- Pharmaceutical compositions comprising as active ingredient at least one compound of
formula (I) according to any one of claims 1 to 19, alone or in combination with one or

more inert, non-toxic, pharmaceutically acceptable excipients or carriers.

23- Pharmaceutical compositions according to claim 22 for use as medicaments in the

treatment of cancers.



