2 0 APR 2007 -1 New [3,4-a:3,4-c] carbazol e conpounds, a p:g)@egp f&r 2hei r
preparation and pharmaceutical conpositions containing the h Br QQ t
invention relates to new [ 3, 4-a: 3, 4-c] carbazol e conpounds, to a process for
their preparation and to pharmaceutical conpositions containing them The
needs of anti-cancer therapy call for the constant devel opnent of new anti -
proliferative agents, with the ai mof -obtaining nmedi canents that are both
nore active and 5 better tolerated. The conmpounds of the present invention

exhi bit in panNewC|ah:3aNnt] cArdARNIE cRhPORIds) 8 Prodtdd o tREE Pr-eiRdHiyn  ender them

useful in the treat mepy PHa eANRERES HHPOLtb @coﬁtyﬂﬁ%@emcancer that can be
treated with the conpounds of the present invention there may be nentioned,

wi thout inplying any limtation, adenocarcinomas and carci nomas, sarcomas,

gl i omas G .as. virtue pf their. properties, the conmpounds of the
10 i nvenﬁkgﬁlleggﬂrg lgge\%ﬁ{lgﬁggeﬁstpyn%[ é?£?‘§i‘é@%ﬁ%°&%ﬂ% &% @xHTECHSE dot nent s
cur r ent | their prpafation agd WepharaScMitichl doacHR1HdEE é&hﬁﬁjnﬁ‘m&?_e toxicity is not

i ncreased thereby, and with the various hornone therapies directed against
cancers (blood and prostate). The Patent Applications WD 95/07910 and WO

-96/ 0490 e i i ndol e compounds an 5 claimthe on the one hand, for
their aﬁl{l?e\/?frééﬁl g’ét%}l\?]in%afcgrn ICTERY 154, g?rhbfe (FQRgiant g?vra%ﬂenf r¥aPFENANEmd

pr event ipolifefativesigenesivah tHNEnPat ShinAPhbEiRkiofts (MO0 AT 21677
and WO 96/ 11933 di scl ose cycl openta[ g] pyrrol o[ 3,4-e]in ool eﬁé&%?rf)i%tmg sé/whi ch

ar e3 f usdtftiehioleratefnfes eomppundy offike pisserd yuveopentesbit ipppetigulaf ahtiewsempounds

to an -] . - ar- tic.ri system an ich agptional ]y contain
hetero troi%%. é#ﬁglréceﬂqg%og%g uljﬁ serex%ﬁ%l¥ ?11.1 EH&%%%%}F@EICWB%&‘P?%%&{%M
render ttiggem afsehedr tes pee balttegtednvitiigie doRRLABNGS RE pFRBRSAvenhBh Silre

Appl i caLbiFon W0 01/ 85686 descri bes pyrrol of 3, 4-c] carbazol e corrpounajsayf or use
in the tFeRFERECHf VHaAT0dBGERRE a2y dingiiatioas exslengaafdizomast iand, carcigomagnmi a and

cancer. Babait ARRhiCald 1 4698 bes tetr drocar bazo
conpounds for use on i e%gﬁg%%%dg ?n an‘???n%%eruggﬁog?ﬁﬁ’gg%/ﬁ@ﬂ?o %tlrﬁ’Fhe
ot her hamcenden Fan 28vaitaptonspbeansbeiita] withellladitototic tRetmsdstdleurrently in use,

as well as with radiotherapies, whose toxicity is not increased thereby, and with the various

hormone therapies directed against cancers (blood and prostate).

The Patent Applications WO 95/07910 and WO 96/04906 describe indole compounds and
15 claim them, on the one hand, for their antiviral activity and, on the other hand, for the
treatment and prevention of restenosis. The Patent Applications WO 00/47583,
WO 97/21677 and WO 96/11933 disclose cyclopenta[glpyrrolo[3,4-¢lindole 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
20 compounds exhibit pharmacological properties that render them useful especially in the
treatment of cancer. Patent Application WO 01/85686 describes pyrrolo[3,4-c]carbazole
compounds for use in the treatment of neurodegenerative diseases, inflammation,
ischaerpia and cancer. Patent Applicgtion WO 02/24699 describes tefrahydrocarbazole
compounds fof use on the one hand in antimicrobial treatment and on the other hand as a

25 deodorant and disinfectant of the skin.

The present invention relates more especially to compounds of formula (D :



The present invention relates nore especially to conpounds of for mula (1) 2
0 APR 2007 -2 X X zYX2Yi W NQQ®@ X R Y2 wherein [gme?jﬁ]
saturated or partially or fully unsaturated ring, wherein the uhsat t
optionally confers an aromatic nature on the ring, 5 W, together with the
carbon atons to which it is bonded, represents a phenyl group or a pyridyl
group, Z represents one.or nore identfcal or different groups of fornula
U-V wherein : / Urepresents a single bond, a |inear or branched
(Ci-Cg)al kyl ene chain or a |iXNgar pfanched (C2_C6) al kenyl chain
optionally substituted by one orXnore<identical 10 or different groups
and/ ®¥r optionally containing one or nore
unsaturated bonds, / V refesents.-a- Su gel ect edISroma hydrogen atom a
hal ogen atom and the groups ®yako.A nj azi do, Wnear or branched
(G -Co6)al kyl, aryl, aryl- bkyl i h which the alkyl noiety nmay be
| i near or branched hydr oxy bRanched 15 (G -Co) al koxy, aryl oxy,
aryl - (C C6) al koxy in which the a\l k o pi ety may be |inear or branched,
formyl, carboxy, am nocarbonyl, NR “-C{Q)-Tl, -C(O-NR3-T1l, -NR3-C(O-Ti,
-OC(O)N%‘?QHC(O) O T1, -NR3-T2-NR3R4, NR3- T2- OR3, - NR3-T2- CO2R3,
-OT 2 4" -O T 2-OR3, -OT 2-CO2R3, and -S(O R3,

e A represents a saturated or partially or fully unsaturated ring, wherein the unsaturation

optionally confers an aromatic nature on the ring,

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

a pyridyl group,

e  Zrepresents one or more identical or different groups of formula U-V wherein :

v" U represents a single bond, a linear or branched (C;-Cg)alkylene chain or a linear

or branched (C,.Ce)alkenyl chain optionally substituted by one or more identical
10 or different groups selected from halogen and hydroxy, and/or optionally
containing 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,-Cg)alkyl, aryl, aryl-(C;-Cg)alkyl
in which the alkyl moiety may be linear or branched, hydroxy, linear or branched

15 (C1-Ce)alkoxy, aryloxy, aryl-(C,-Cs)alkoxy in which the alkoxy moiety may be
linear or branched, formyl, carboxy, aminocarbonyl, NR3R4, —C(O)—Tl,
-C(O)NRs-T), —-NR3-C(O)-T;, -O-C(O)-Ti, —C(O)-O-T;, -NR;-T;-NR3R4,
;NR3—T2~OR3, —NR3-T:—COzR3, —O-T’;-NR3Ry, -O-T°;-OR3, ~O-T’,—CO;R3,
and —S(O)—Rs, |
20 wherein : A
= Rj and R4, which may be indentical or different, each represents a group selected
from a hydrégen atom and the groups linear or branched (C;-Ce)alkyl, aryl, and
aryl-(C;-Ce)alkyl in which the alkyl moiety may be linear or branched, or
R3+R4, with the nitrogen atom carrying them, together form a saturated monocycﬁc

25 or bicyclic heterocycle that has from 5 to 10 ring atoms, optionally contains in the



20 wherein R3 and R4, which may be indentical or different, each represents

a group selected froma hydrogen atom and the groups |inear or rpﬁhe,q .
(d-co)alkyl, aryl, and aryl-(C-0C6)al kyl in which the alkyl i ?&f “rmzy'}ﬂ)e

| i near or branched, or R3+R4, with the nitrogen atomcarrying them together
forma saturated nonocyclic 25 or bicyclic heterocycle that has from5 to
10 ring atons, optionally contains innthe 2 0 APP 2 07 -3 ring systema
second hetero atom sel ected from oxygen and nitrogen, and is optionally

substit uted hyngasgtanpa setedt Beteror o keleaed Gronbroapediednd Gitrd@halkylis aryl,
aryl-(G -C6)al kyl in which the alkyl npiety may be linear or branched,

hydroxy, |i né&thB‘iﬂl)bF%P‘Félﬁﬁ@}i bja QSPHISF?EQSFd fﬁ‘?ﬁl rkileall pheenclnd @riahatlkE, nono 5
(G- o) al k1 s o Gyl SPASKAYAATLIO) W 60 ekl TRLELIS o

be Ilinear or represen a group-'s rom ['iI'near’ or
branched (G -Hg@jyadyk inethatr lbmncheﬂtd@r@ilyoﬁubeﬁﬁmbuﬂlﬁébrbyr dragebap nsbect ed
from-0OR3, -NR3R4 CO2Rs3, rﬁjée R3R4 wherein R3 and R4 are as
def Pned heredﬁb@fﬁéﬂ”@da@ﬂw ang Car@spallﬂdalmo eeyvamyhe rRyhmcigies Haaabky |

noi ety may beg hﬂ&q;mgcr Qranched or T, represents a linear or branched
(C2-Co) al keny ain optionally substituted by a group selected from-OR3,
- NR3R4, C@Rm relﬁ@@)nm aagnbupCée(D)d%lﬁfber(iﬁfeen r Rs}amdd RE, apalleg thdefis ned

her ei nbef or e, ese a linear ranched C6) al kyl ene chain, 15
> T'2 repres e‘PR ’é’né Iy F‘ﬁt@&w%}' gblaﬁ%‘f?eif f(‘:@ al98#* & 3]341a‘lcr928|@{ TR y

substituted  d Io@IRRIRE wiRlein Y Ah@ Y, SHeCARAindd hof BRERSENUSI 3ialpyeger of

fromO to 2 inclusive, or Z représents a group sel ecte y enedi oxy
or 1et hyl enedl@qus)ﬂkylrlepvlusleﬂtesallaylgmmctp ms® eclisdr br brmeredpary §erepadsaits and an
NR2 group, ed froma hydrogen atom

t
and the gr Oupg{nl.“?aﬁ gggraggh%@gr@izﬁ enyl 81a ! 81‘)JtPonaﬁy sgbstltuted by a group selected
from -OR3, -NR3R4, —CO;R3, -C(O)R3 and —C(O)NR;3R4 wherein R; and Ry are as

defined hereinbefore,
= T, represents a linear or branched (C;-Cg)alkylene chain,
15 = T’, represents a linear or branched (C;-Cg)alkylene chain optionally substituted
with one ore more hydroxy groups,

= trepresents an integer of from 0 to 2 inclusive,
or Z represents a group selected from methylenedioxy or ethylenedioxy,

s Q represents a group selected from an oxygen atom and an NR; group, wherein R,

20 represents a group selected from a hydrogen atom and the groups linear or branched

(C1-Ce)alkyl, aryl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear or

branched, cycloalkyl, cycloalkyl-(Ci-Ce)alkyl in which the alkyl moiety may be linear or

branched, —OR3, —NRsR; -O-TyNR;jR;, —NRs>TNRsR; linear or branched

(C1-Ce)hydroxyalkylamino, di((C;-Ce)hydroxyalkyl)amino in which the alkyl

25 moieties may be linear or branched, -C(O}-Rj3 and -NH-C(O)-R3; or R; represents a

linear or branched (C;-Cg)alkylene chain substituted by one or more identical or

different groups selected from halogen atoms and the groups cyano, nitro, —ORs,

NR3Rs;, —CO;R;, —C(O)R;, linear or branched (Cl-Cﬁ)hydIOXYalkylmnmo,

di((Cl—CG)hydonyalkyl)amino in which the alkyl moieties may be linear or branched, and
30 -C(O)-NHRs, the groups R3, R4 and T; being as defined hereinbefore,



(C1-C6)al kyl, aryl, aryl-(CG-C6)alkyl in which the alkyl noiety may be

| inear or branched, cycloal kyl, cycl oal kyl -(C -C6)al kyl in which the al kyI
moi ety may be linear or branched, -OR3, -NR3R4, -O T27NR3R4i7 IRAIM-» 4,
l'inear or branched (Cl-C6)hydroxyal kyl am no, di ((C1-C6)hydr oxyal kyl )am no
in which the alkyl 25 noieties may be |inear or branched, -C(O-R3 and
-NH-C(O-R3; or R2 represents a |ineaf-or branched (g - 06) al kyl ene chain
substituted by one or nore identical or different groups selected from

hal ogen at oQs réyekehiiey REle@Y@M@Om Bh bk Paen- 48533, and MR, grddPfBeremR ) R3,

| i near or b?gnﬁed (G Qm%)jh dr oxyal kyl am?gno di ((g-Co) hycéla%xyal Kyl )Qam no

i n whi ch t hepEsESs a@ﬁn@t $eé@terda?b@ 4 hydsagenoatomr andc e grovan dineg0or-lCaheIHR3,

h cRAand T2 bei £ f 20P" 2007 -4
ropr asents ierotb et F S SRS ARR PR BF ol e o n

R2 repr eswaﬁalea @ymmmehﬁ%aeﬁylf(mms)@kﬁmw&mh@ rAdidly bl HerReRr| 1 near
or branched (C -06) al kyl, aryl, aryl a in which the al kyl noiety
may Sbe | i nelrenehed, brQRsc hetiRsRoy ct@dl yd‘ﬂl%a | llﬂﬁ)ralq{ylbrmhﬂm ch the

al kyl noi et r 5.pr NR3R4,.

NR~- T2- - NR3 r@j}rﬁ’g‘g‘r’“‘&p&@m&ﬁ%heddaég Sﬁ%gﬁrﬂx’(?ﬁ%}%‘f‘ﬂ‘;‘/:’l A ﬁ’&“ ié e alkyl

di ((Cl -CB) hly]dtecweyahd@/b& AifieAOO1 Bra\M&hédl -0e)-Rk knd NI-M(@PR?SOrR%)’reréséﬂtQQar or
branched, -C(O-R3 and - NH-% or R2 represents a |inear or branched

(Cl - 06) al kylis3e %Wh@@d&1 6Qﬁ1}@dﬂ!ﬁy chtie sybstipled Bydeng ioe anoreriderficat er ent

1 ups 5°! cBgal LPSLANRA AORTRAG SIGLOLOLOR, BSAPC I e R, 10
di (10Cl - CG) “NRsHE, 0B RK Y+ @)Rpdliriear Mﬂbmhchdfde(cal(Kﬁylhydmyaﬂdyﬁﬁmﬁ@meel d):ear or

branched, and - C(HOC,V NHR3, the groups R3,. R4 and_ T2 being as define
her ei nbef or BYdroxp @ﬁp’é‘géﬁﬁ"gm‘i’ tg?éuﬁbﬂ %}CQE%@&YPF@W%OHP@P%%&&%d t he

Br anched (e T B e R A e e &t om “or I and YL
with the carbon atom carr y| ng them together forma carbonyl or
o X, represents a group selected from a hydrogen atom and the groups hydroxy, linear or
branched (C;-Cg¢)alkoxy, mercapto, and linear or branched (Cl-C(,)alkylthio,
15 e Y, represents a hydrogen atom, or
e X; and Y;, with the carbon atom carrying them, together form a carbonyl or

thiocarbonyl group,

e 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;-Cg)alkylthio,

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

thiocarbonyl group,

e 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;- C6)a1kylth10

25 - e Y'Y represents a hydrogen atom, or _
s X' 1 and Y'y, with the carbon atom carrying them, together form a carbonyl or
thiocarbonyl group,

» X'; represents a group selected from a hydrogen atom and the groups hydroxy, linear or



t hi ocarbonyl group, X2 represents a group selected froma hydrogen atom and
t he groups hydroxy, linear or branched (Cl-C6)al koxy, nmercapto aad bknear
or branched (Cl-C6)al kylthio, 20 Y2 represents a hydrogen atonz A 2 7884
Y2, with the carbon atomcarrying them together forma carbonyl or

t hi ocarbonyl group, X | represents a group selected froma hydrogen atom
and the groups hydroxy, linear or brahched (Cl -C6)al koxy, nercapto and

| i near or branched (Cl-C6)alkylthio, 25 Y'| represents a hydrogen atom or
X' | and Bt‘hrlchedv'((ﬂlhcg)hlkoﬂﬁrrbﬂﬂapﬁcb et Gedark i hrgnéHee 1T, -Co@BdyiBio, f orm a car bonyl or
t hi ocarbonyl group, X 2 represents a group selected froma hydrogen atom
and the 9r u@@Pﬁ@%ﬁ%&mePgﬁbﬁﬁﬁb@rz 0 APR 2007 -5 branched (Cl-C8)al koxy,

mer capt o, a o anch al. kyl t hi o Y' 2. represents a

hydr ogen’ a?g ah@ . }ﬁ 9“%“\ﬁ?q¥?%ﬁﬁ%%ﬁ%%ﬁ 5%%%?% ??9ﬁh§m§ﬁﬁﬂloﬁogether
forma qﬁkb@ﬂyﬁﬂ@jmqihlocarbonyl group, 5 Rl represents a group sel ected
froma hydrogen atomand a linear or branched (Cl-C6)al kyl group that is
optionally substituted by one or nore groups selected from hydroxy, |inear

h kox | i b hed (Cl - h | k
KGR Che RarSUSEC K B B I8y PO BoRTEAFTn e ABBrDEeEr B DRCREr esent s
a group (of-Cefameynirauyd @at 'is Q)pﬁénﬂy%b@ﬁﬂltedlﬁ& BHe Rr Rﬁoﬁéhﬁﬁﬁl:;]@seleéteﬁﬁ‘onﬁb R,

and Rd, mhch may be identical or different, each represe
hydroxy, lmear or branched (C,-Cs)alkoxy, linear or branched (C;-Cg)hydroxyalkoxy or

NR3Ry, the groups R; and Ry being as defined hereinbefore ; or R, represents a group of

formula (a) :

10 _ d
wherein :

v Ray Ry, Rc and Ry, which may be identical or different, each represents,
independently of the others, a bond or a group selected from a hydrogen atom, a
halogen atom, and the groups hydroxy, linear or branched (C,-Cg)alkoxy, aryloxy,

15 aryl-(C;-Cg)alkoxy in which the alkoxy moiety may be linear or branched, linear or
branched (C;-Cs)alkyl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear or
branched, aryl, -NR3R4 wherein R; and Ry are as defined hereinbefore, azido,
-N=NR; (wherein R; is as defined hereinbefore), and —O-C(O)-Rs wherein Rs
represents a linear or branched (C;-Ce)alkyl group (optionally substituted by one or

20 more groups selected from halogen, hydroxy, amino, linear or branched (C;-Cg)-
aH&ylamino, and di(Cl—_C(,)alkylamino in which the alkyl moieties may be linear or
branched) ; or Rs represents aryl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be
linear or branched, cycloalkyl or heterocycloalkyl,

v" R, represents a methylene group (H,C=) or a group of formula —U;-R, Whereiﬁ Uy

25 represents a single bond or a methylene group and R, is as defined hereinbefore,

v mnisQorl,

it being understood that the group of formula (a) is bonded to the nitrogén atom by R,, Rb,
R, RgorRe,



i ndependently of the others, a bond or a group selected froma hydrogen

atom a halogen atom and the groups hydroxy, |inear or branched
(Cl-Co6)al koxy, aryloxy, 15 aryl-(Cl-0C6)al koxy in which the alk gf 2 may
be linear or branched, |inear or branched (Cl -C6)alkyl, aryl-%) Ngg qg%

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
defined hereinbefore), and -O-C(O-R5 wherein R5 represents a |inear or
branched (Cl-C6)al kyl group (optionally substituted by one or 20 nore groups
sel ected from hal ogen, hydroxy, amno, |inear or branched égl-% -

al kyl ani 9ot %lhoewtl@ner@s)daqsmcaﬁﬁ%sq Andunileh tonaddifipy| sakisi erees wHy e

| i near Pharﬁ%@éﬁ%%ﬂ) Fcﬂ@ﬁbl@%mﬁ%‘?%ﬁ&ﬁm s aryl, aryl-(C-0C6)al kyl in which the

al kyl ety maybe ar or branc cycl oal kyl or heterocycloal kyl, / R
represents a nethylene group (H2C=) or a group of for rrul a U -Ra wherein Ul
25 represents a single bond or a nethyl ene group is as defined

her ei nbeVghethe) PIVEQofiet the ¢amnpyndh ddr Hruy flha%ret%@efgrﬂéﬁﬁlp they fellpwinga (a)
is bondegorhﬁgoutnggz nitrogen atomby Ra, Ro, Rc, Rd or R 2 0 APR 2007 -6 to
their enantioners, diastereoisoners, and also to addition salts thereof with
a phar macdbba, 6b,r7¥t§ttrah}dap11thpzyraﬂo[(3 Dy 3uas]earbmo1ldql BlAgo- mmws S Hy-hatonthe

conpounds ( e, ot f ol ounds 5

3b, 6a, 6b; 7: t%ﬁéﬁ%%ﬁﬁ%ﬁ*%? #%@‘P@T op3, ﬁ}a@ "c?]eaf\g%fg%ﬂ éﬂiﬁeHé;éﬂr 3aH, 5H)
-tetrone ; ig

5-et hyl - 3b66r§ 6b 7-tetrahydro-| Hdi pyrrol o] 3, 4-a: 3, 4-c] carbazol e-1, 3, 4, 6- (2H
, 3aH, 5H) - Bb,ﬁa (Zriéc tetrahydro-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-(2H,3aH, SH)

3b 6a, 7, 11cttetrahydro 1H-di pyrrol o[ 3, 4-a: 3, 4-c] carbazole 1, 3, 4, 6-(2H, 3aH, 5H
)- tetrone ropg; _

3b, @a, 6b, 735 Bh sBhveirafyarsthd| 442l ab Al dcAibsdotal Bazal By, 3ai3 54 Ratfopl; 3aH, 5H) -

tetrone ;

wherein aryl is understood to mean a phenyl, naphthyl, dihydronaphthyl,

tetrahydronaphthyl, indenyl or indanyl group, each of those groups optionally being

substituted by one or more identical or different groups selected from halogen, linear or

branched (C;-Cg)alkyl, linear or branched (C;-Ce)trihaloalkyl, hydroxy, linear or branched
15 (C1-Ce)alkoxy, and NR3R4 the groups R; and R4 being as defined hereinbefore.

Among the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid,
acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

20 methanesulphonic acid, camphoric acid, etc...

Among the pharmaceutically acceptable 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 '
25 carrying them, together form a carbonyl group, X; and Y, with the carbon atom carrying
them, together form a carbonyl group, X', and Y';, with the carbon atom carrying them,



wherein aryl is understood to nean a phenyl, naphthyl, dihydronaphthyl,

t et rahydr onapht hyl, indenyl or indanyl group, each of those groups
optionally being substituted by one or nore identical or di ffgr@n}&%ﬁrou S
sel ected from hal ogen, |inear or branched (G -C6)al kyl, linea r aﬂ@(ﬁkd

(G -Co)trihal oal kyl, hydroxy, linear or branched 15 (G -C6)al koxy, and
NR3R4, the groups R3 and R4 being as défined hereinbefore. Anong the
pharmaceutically acceptabl e acids there nay be nentioned, w thout inplying
any | i mtbgéthenforiyslcadbher moupcind, XhyaEdob's,owith tAE icabos Wkdih Wair§ingCihem,
phosphonic acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic
aci d, meP&ther faEn @ cabeey #5P¥P-acid, glutaric acid, fumaric acid, tartaric
acid, maleic acid, citric acid, ascorbic acid, oxalic acid, 20

met hanesul phoni ¢ acid, canphoric acid, etc... Anong the pharmaceutically
accept abAévdasesusty)ahe Qmyronp prefetred nedordinigt tootht ihvedltiph rig thayoupi MRAt i on,
sodi um hydr oxi de, potassi um hydroxide, triethylamne, tert-butylam ne
etc... PYeyremReds aodeimsAdy foreladli nvention are those wherein X1 and Y1,
with the carbon atom 25 carrying them together forma carbonyl group, X2
and Y2, with the carbon atomcarrying them together forma carbonyl group,
X' 15and Advantagetisly, the d@r pronp aireferedracyordimgt toeti: idvéntibPRs 280 group 7-NRIget her
forma carbonyl, gro and. X.2 apd_Y' 2, with the carbon atom carrying them
t oget herV %Fﬁﬂgzgé?ggﬁyﬁiﬂFgﬁﬁmzﬂﬁbantageously, the Q@ group preferred
according to the invention is the group -NR2 wherein R2 is as defined for
formula (1). 5 Advantageously, the @ group preferred according to the

i nvent i oicdosdinpdo ganoapyvanfiBequs erhieodmentR pPefersedasompdiindecbffthe ifraemmioh aaré | ) .
According to an %ﬂ%antagﬁous en%gdinent,g%re errﬁg conﬁg}nds of the

i nvent i ofP"REILYRBEHALY SPTERPREING TS edrsFAY Foloarh (ke especial Iy to
formula (IA) Rz ONO %7

(IA)

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

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

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

(IB)
R, Y ,
wherein Ry, Ry, R"; and Z are as defined for formula (I).
15 According to a third advantageous embodiment, preferred compounds of the invention are

compounds of formula (I) corresponding more especiélly to formula (IC) :



ZO(lIA I W NMRz z R O10 werein R, R2, R2, W and Z are as
defined for fornmula (1). According to a second advant ageous enbodi nent,
preferred conpounds of the invention are conpounds of formula (b)
corresponding nore especially to formla (IB) RR ONOZ O (113)2 NRRW20OR
O wherein R, R2, R2 and Z ate as defined for formula (l1). 15 According to
a third advant ageous enbodi nent, prefefred conpounds of the invention are
conmpounds of formula (1) corresponding nore especially to formula (IC) : 2 0
APR 2001 -s 12 ONOZ O(IQ NRNRz R O wherein R, R, Rz and Z
are as defined for fornmula (I). Accg]rdi ng to a fourth advant ageous

enbodi nent, preferred conmpound® FOvention are conpounds of fornula
(I') corresponding nore especially\to ffornmula (1 D) R12

(IC)

O

wherein Ry, 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) corresponding more especially to formula (ID) :

2
|

(ID)

wherein Ry, R', W1, Z, Ry, Re, Ry and R, are as defined for formula (I).

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

compounds of formula (I) corresponding more especially to formula (IE) :



ONO ZO(ID W N-NR2 RbOO ReR Rd 5 wherein R2, R2, W, Z
Rob, R, Rd and Re are as defined for fornmula (I). According to a fifth

advant ageous enbodi nent, preferred conpounds of the invention are conpounds
of formula (1) corresponding nore especially to formula (1E) 2 ) 2

-9 R 12 ONOO(IE) ZNNR z R6 0 RORe Rd V\/nereinR%,q]@?}g?ﬂRb,
RR, Rd and Re are as defined for form.ﬂ‘a(l). »

(IE)

R R

€ o

wherein Ry, R'3, Z, Ry, R¢, Ry and R. are as defined for formula (I).

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

compounds of formula (I) corresponding more especially to formula (IF) :

(IF)

wherein R, R', Z, Ry, Re, Rq and R are as defined for formula (I).

Preferably, the substituent Z preferred according to the invention is a group of formula
U-V wherein U represents a single bond and V represents a group selected from a
hydrogen atom, a halogen atom and the groups nitro, linear or branched: (Cl—C6)alkyl;
0 hydfoxy, linear or branched (C;-Cg)alkoxy, aryl-(C;-Ce)alkoxy in which the alkoxy moiety

may be linear or branched, and NR3R; wherein R3 and R4 each represents a hydrogen atom.

Even more preferably, the substituent Z preferred accofding to the invention is a group of



According to a sixth advant ageous enbodi nent, preferred conmpounds of the
i nvention are conpounds of fornula (I) corresponding nore especially to

formula (IF) Rz. ONOZ/ O(IF) I N NN\R ORb O Re Zﬁmw
R2, R2, Z, Ro, Re, Rd and Re are as defined for formula (I).

the substituent Z preferred according to the invention is a group of formula
U-V wherein U represents a single bondland Vv represents a group selected

froma hydrogen atom a hal ogen atom and the groups nitro, linear or
br anc hecfo('fﬂlla Qb Vathkgrein U Qefrystneyaysingle bead amaf Vhemaehad §6hp S8}atkasm,a
aryl - nmoi ety may be linear or branched,

al kox whi ch th | k
and NR3 %a%ﬁpéﬁﬂgRBHQH&%%%OEb§HE¢%§£§§éﬁﬂ@béyﬁ?@@@@éﬁlQ%BHKKYEHéﬁHﬁDre

pref er allyaikh hﬁ%@@n&eéwgmgﬁﬁﬁ&pd according to the invention is a
group of 20AP 200 - formula U-V wherein U represents a single bond and

V represents a group selected froma hydrogen atom a hal ogen atom and the
al koxy _in which the al koxy noiety may be

roups dr ox ry
Igi negr %@ﬂ@g]en‘ ﬁ’f dé’nte ot%i? PEPHD &a HH#F@?CE@E:COI‘@IH& tgrtgg F}nmltlﬁn df ér r ed
accor di [\ branched
(G S)CG) g? gi’(%eg ?gol% rﬁ\g?ﬁg (gl}éﬁ%hg? ?or %ng%gyﬁgp%rﬁgp BEE)%?’E& & Rdc

Re R

b (a)

n R
R ¢

bonded to the nitrogen atom by Ra,
wherein :
10 * Ry, Re, and Ry represent a hydroxy group, an aryl-(C;-Cg)alkoxy group in which the
alkoxy moiety may be linear or branched, or a group -O-C(O)-Rs wherein R;s represents
a linear or branched (C;-Ce)alkyl group,
* Rerepresents a group of formula U;-R, wherein U, represents a methylene gTeup and R,

has the same definitions as Ry, R. and Ry and n is 0.

15 In an embodiment of even greater interest, the group R; preferred according to the

invention is hydrogen.

In an embodiment of interest, the groups R, preferred according to the invention are

hydrogen, linear or branched (C;-Cg)alkyl, OR3;, NR3Rs, and a linear or branched

(C1-Ce)alkylene chain substituted by an OR3 or NR3R, group wherein R; and R4 are as
20 defined for formula (I).

In an embodiment of even greater interest, the groups R; preferred according to the
invention are hydrogen, linear or branched (C] -Cg)alkyl, and a linear or branched

(G- C(,)alkylene chaln substituted by an NR3R4 group wherein R3 and R, are as defined for

formula 1.



bonded to the nitrogen atom by Ra, wherein : 10 Rb, Re, and Rd represent a
hydr oxy group, an aryl-(C, -C6)al koxy group in which the alkoxy noiety may
be linear or branched, or a group -OC(O-R5 wherein R5 repre rﬂt%ppagqmear
or branched (G -C6)al kyl group, Re represents a group of for

wherein U represents a nethylene group and R, has the sanme definitions as
Rb, Re and Rd and n is 0. 15 In an ermdddi ment of even greater interest, the
group R preferred according to the invention is hydrogen. In an enbodi nent
of interlesan erﬂbedigmﬁunurmé imrqst,emergrenpsakb@rdﬁengd taocdrti@gi tovibatinvsntianh ere

b anched YRR TORIEH £ PERENER(S T QUBS 0 b acH pr ZFmehs! (- NRARAISG U viher ei
R3 and Rbafiidsby a%%@';% g@&q)mérei‘nqu%h@a(a@ as d @dﬂf&ga%ﬂj 41! of even

greater interest, the groups preferre accor ing t nventi on are
hydr ogen, I|near or branched (G -C6)al kyl, and a |inear or branched

(C1-Co) e chain _substituted b n R4 oup wherein R3 and R4 are as
defi ned nli’)qdﬂfﬂ?’ﬁ of misregy, Kﬁlﬂ?ﬁbgf %Hﬂ[‘ﬂm@ IH%{G BRFACHERE tuihe inHeati@kt | t he
gr oyps Rszh@glg&g,ryfﬁgs}a}cg@w WYeh@at he invention are hydrogen, |inear or
branched (G -C6)al kyl", a linear or branched (Cl-C6)al kyl ene chain

substituted by an NR3R4 group wherein R3 andlg4 are as defined for formula
y

(I'). I'n an enbodi ment of interest ~t{he @rou f formula (a) preferred
according to the invention 5H@® theYgl uc nosyl group of fornmula: O HO
HO OH OH

HO OH

OH

The following are preferred compounds according to the invention:
e 1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-(2H,5H,7H)-tetrone,
10

2-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-(2H,5H,7H)-tetrone,

2,5-dimethyl-1H-dipyrrolo(3,4-a:3,4-c]carbazole-1,3,4,6-(2H,5H,7H)-tetrone,

2-[2-(diethylamino)ethyl]-5-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-
(2H,5H,7H)-tetrone,

10-hydroxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-(2H,5H,7H)-tetrone

15 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
formula (I), which is characterised in that there is used as starting material a compound of

formula (II) :



The follow ng are preferred conmpounds according to the invention
| H-di pyrrol o] 3, 4-a: 3, 4-c] carbazol e-1, 3, 4, 6- (2H, 5H, 7H) -t et r one,
2-met hyl - I Hdi pyrrol o[ 3, 4-a: 3, 4-c] car bazol e- 1, 3, 4, 6- ( 2H, 5H, 7H) - ga; r}ﬁqf {) “y
2, 5-di met hyl -1 Hdi pyrrol o] 3, 4-a: 3, 4-c] car bazol e- 1, 3; 4, 6- (2H, 5H, %
2-[2-(diethyl
am no) et hyl ] -5-net hyl -1 H di pyrrol of 3, 423: 3, 4- c] carbazol e-1, 3, 4, 6-
(2H, 5H, 7H) -t et r one,
10- hydr oxy- | Hdi pyrrol o[ 3, 4-a: 3, 4- cﬁ@grbazole 1,3,4,6-(2H,5H 7H)-tetrone 15
The enantioners, dlastere0|songgs ggltlon salts with a
pharnaceutlcally acceptable aci! 2 of the preferred conpounds form
an integral part of the inventywomn. .esent invention relates also to a
process for the preparati o of ¢o ds of fornmula (1), which is
characterised in that therexi d as startin naterial a conpound of
-fornula (I11) 20hrn 2u01 Ig Ry XNN X 2 Z Yi 2 wi \ (11) N1'1
wherein R2a represents a hydrogen.atomor a nethyl group and R1, X 1, Y 1i
X2, Y2, W and Z are as de |né@ for formula (1), which is treated with
2,3-dich|oro-5 6- di cyano-1, 4- benzpqui none to yield a conpound of 5 formula
(rer)y 172, XNXz Z Y,, Y2 WHE (111)

wherein R,, represents a hydrogen atom or a methyl group and R;, X', Y'|, X, Y, W,

and Z are as defined for formula (I),

which is treated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone to yield a compound of

5 formula (II1) :

Y' '
z Y,
W A\ (M)
N
\
R

1
wherein Ry, Ry, X'1, Y'1, X'2, Y'5, W, and Z are as defined hereinbefore,

which compound of formula (III) is :

* either treated with aqueous sodium hydroxide solution and then placed in the presence of

10 hydrochloric acid to yield a compound of formula (IV) :

7 2
W \ (Iv)
N
\
R

1 .
wherein Ry, X'1, Y'";, X'2, Y'2, Wy and Z are as defined hereinbefore,

_which compound of formula (IV) is treated with a compound of formula (V) :



N RL wherein Rl, RRa, X1, Y1, X2, Y,i W and Z are as defined _
her ei nbefore, which conmpound of fornmula (Ill) is : * either treated with
aqueous sodi um hydr oxi de solution and then placed in the presence of 10
hydrochloric acid to yield a conpound of fornula (1V) X, OXZ,[] ﬁPR iZOmZ 1
(W ) WR wherein R, X1, Y1, X2, Y2, W and Z are as defined”
her ei nbef ore, which conmpound of formuUB{(IV) is treated with a conpound of
formula (V) : 2 0 APR 2007 -13 R 12 X1 N Xz Yi-~Y z (V) wherein R z,
X, Y1, X2 and Yz are as defined r formula (1) to yield a conpound of
formula (Pa) and (Ub), a partx' cul dr° case of the conpounds of fornula (1)

1

X X X X 0z Y YY >®<Xz
YA\ Yy, V)

wherein R', X;, Y1, X; and Y, are as defined for formula (I) to yield a compound of

formula (I/a) and (I/b), a particular case of the compounds of formula (I) :

(Ua) (I/b)
5
wherein Ry, R, Xy, Y1, X3, Y2, X', Y'1, X'2, Y', W) and Z are as defined hereinbefore,
which compound(s) of formula (I/a) and/or (I/b) is(are) optionally subjected to the action
of trifluoroacetic acid to yield a compound of formula (I/c), a particular case of the
compounds of formula (I) : '
(e)
10

wherein Ry, R';, Xy, Y1, Xs, Yo, X'1, Y"1, X'2, Y', W, and Z are as defined hereinbefore,

the totality of the compounds of formulae (I/a), (I/b) and (I/c) constituting the compounds
of formula (I/d) :



zY z ZXbBNX YYMRzZXMNRz R 2Y2RL2Y2(l/a) (I/b) 5 wherein
R, Rz, X1, Y1, X2, Y2, X1, Y1, Xz, Yzi WL and Z are as defined

her ei nbefore, which conpound(s) of formula (Pa) and/or (1/Db) s@zmeR 2007
optionally subjected to the action of trifluoroacetic acid to"y d’a
conpound of forrmula (1/c), a particular case of the conmpounds of fornula
(1) : X. X OXz YzZY R Xz b~NXI- 10 R Y z 2z wherein R, R2, Xi,
Y1, X2, Y2, X1, Y1, X2, Y2, WL and Z are as defined hereinbefore, the
totality of the conpounds of f%ornulaeXpPa), (1/b) and (Uc) constituting the
conpounds of formula (Pd) 28 APR 09'7 -14 X 4vN XYi (Pd) R z z R Y2

(Id)

wherein A, Ry, R, Xy, Y1, Xa, Y2, X', Y"1, X', Y'2, W, and Z are as defined hereinbet"ore,

which compound of formula (I/d) is optionally subjected to the action of a compound of
formula (VII) :

5 Rop —NH; (Vi)
wherein Ryp, has the same definition as R; in formula (I), with the exception of a hydrogen

atom and a methyl group, to yield compounds of formula (I/e), a particular case of the

compounds of formula (I) :

10 wherein A, R], R'z, Rp_b, Xl, Yl, Xz, Yz, X'], Y'], X'z, Y'j)_, W} and Z are as defined

hereinbefore,

* or subjected in succession to the same reaction conditions as the compounds of formulae
(IV), (Va) and (I/b) to yield a compound of formula (I/f), a particular case of the

compounds of formula (1) :



wherein A, R, R2, X, Y1, X2, Y2, X1, Y1, X2, Y2, W and Z are as
defi ned herei nbefore, which conpound of fornmula (I/d) is optionally
subjected to the action of a compound of fornmula (VI1) : 5 R1, -NH2 (VII)
~ wherein R2b has the sane definition as R2 in formula (1), vvicht[peApaR(c @'on
of a hydrogen atom and a nethyl group, to yield conmpounds of fornula ? e)
a particular case of the conpounds ofl5fornula (1) : 2b X X 4VN YJ (Ue)
Rz z RRY2 10 wherein A, Rl, R2, R2b, X, Y1, X2, Y2, X1, Y1, X 2,
Y 2, W and Z are as defined herergpbefore, or subjected in succession to
t he sane reaction conditions @s the c ounds of formulae (IV), (1/a) and
(Pb) to yield a conpound of fof ly), a particular case of the

Xl

compounds of formula (1) 2 04PR\200 15 RRa X Y, Y1 ("0 X 4NRZ
z 2 Rl Y2 7 !

1 W)

wherein A, R], R’z, RZa, Xl, YI, Xz, Y2, X'], Y'], X'z, Y'z, W] and Z are as defined

hereinbefore,

the totality of the compounds (I/d), (I/e) and (Uf) constituting the compounds of
5 formula (I/g) :

wherein A, Rl, R’z, Q}, X], Y1, Xz, Yz, X'], Y'], X'y_, Y'z, W] and Z are as defined

hereinbefore,

which compound of formula (I/g), when R'; represents a hydrogen atom or a methyl group,
10 1s optionally subjected in succession to the same reactions conditions as the compound of

formula (IM) to yield a compound of formula (I/i), a particular case of the compounds of

formula () :

wherein A, Ry, Q, X3, Yy, X5, Y, X', Y, X', Y'5, Wy and Z are as defined hereinbefore,



wherein A, R, R2, R2a, X1, Y1, X2, Y2, X1, Y1, X2, Y 2, \/\1 and Z are as
defined hereinbefore, the totality of the conpounds (1/d), j?}) :b %
constituting the conpounds of 5 fornmula (Ug) : X 4xN XY, YX Ué? R/ 07 2
Rz Y 12 werein A R, R2, Ql, X1, Y1, X2, Y2, X1, YV'J, X2, Y2, W
and Z are as defined herei nbefore V\:hl ch corrpound of formula (Ug), when R 2
represents a hydrogen atomor a met hyI group 10 is optionall'y subjected in
succession to the same reactions conditions as the conmpound of fornula
(1) towkicel dompcm@omfndomﬁulﬁ ofmyl & (dptiohallya qubjeciedult@r thzasetiofi bhea
conpounds of ? la (1) X1 QX2 Y Y2 ZXI A._Y1L(U) WNO XR2
Y z  wheto&Rpupd @5@ X1, Y1, X2, Y2, X1, Y1, X2, Y2, W and Z are as
defined hereinbefore, 2 0 APR 2687 &6, (vim)

wherein R'yp, has the same definition as R'; in formula (I), with the exception of the
5 definitions hydrogen atom and methyl group, to yield compounds of formula (1), a

particular case of the compounds of formula (I) :

wherein A, R, R'», Q1, Xy, Y1, Xa, Y, X'y, Y1, X%, Y9, W, and Z are as defined

heremnbefore,

10 the compounds of formulae (Va) to (Ij) constituting the totality of the compounds of
formula (I), which, if appropriate, are purified according to conventional purification
techniques, may, if desired, be separated into their different isomers according to a
conventional separation technique, the substituents R,, Ry, Rc, Rq and R, of which may be
modified according to conventional methods of organic synthesis used in the field of sugar

15 chemistry, and which compounds, if desired, are converted into addition salts with a

pharmaceutically acceptable acid or base.

The compounds of formula (II) may advantageously be obtained starting from a compound

of formula (A) :
Z
N
H
20 wherein W, and Z are as defined for formula (I), which is reacted :

* either with a compound of formula (B) :



whi ch conmpound of formula (1/i) is optionally subjected to the action of a
conpound (VI11) : R 2b-NH2 (VII1) wherein R 2b has the sane definition as
R2in formula (1), with the exception of the 5 definitions hydj g@@'n
and nethyl group, to yield conpounds of formula (1/j), a partlcul ar ¢ of
the conpounds of forrmula (I) X Q X2_Y Y 2ZX AY1 (lI/D WX2 2b Rl
Y2 wherein A, RL, R2b, QL, X1, Yi, x27¥2, X1, Y1, X2, Y2, W and Z are
as defined hereinbefore, 10 the conpounds of formulae (Pa) to (1/j)
constituting the totality of the colTpounds of formula (1), which, if
appropriate, are purified accordinglto conventional purification

techni ques, may, if desired, Xese Brat &'jnto their different isoners
according to a convent i onal 3? ati technl £ the substituents R, Rb,
Rc, Rd and R of which may be'noditied & cordl ng to conventional nethods of

organic s nthe [ d field, of chemstry, and whi ch
conpounds, {Kr‘zg % Clggﬁ\?é??se@%l“ﬁfﬂ 8‘&8? Pf%n salts with a
phar nacetaylgmlddbn%gg@bgmrﬁupacgcq or base. The conpounds of fornmula (11) may

advant ageously be obtained starting froma conpound of forrmula (A : Z W
(A H

IZa

(©)

5 wherein Ry, X'1, Y'1, X', Y'2, Wy and Z are as defined hereinbefore,
which compound of formula (C) is optionally subjected to the action of a compound of
formula (IX) :
R.-G (IX)
wherein G represents a hydroxy group or a leaving group and R;,, which is other than a
10 hydrogen atom, has the same definition as R; in formula (I),

to yield a compound of formula (D) :

z Y
D
W, \ (D)
N
\
R

la

wherein Ry,, Ras, X'y, Y', X', Y'2, W) and Z are as defined hereinbefore,

the compounds of formulae (C) and (D) constituting the totality of the compounds of
15 formula (II),

* or with a compound of formula (E) in the presence of alkylmagnesium halide :



20 wherein W and Z are as defined for fornmula (1), which is reacted *
either wwth a conmpound of fornula (B) : 2 0 APR 2001 17 RZa X N X Z (B)
YI Y2 wherein RZa, X1, Y|, X 2 and Y' 2 are as defined hereinbefore,

yield a conpound of formula () R N2a2 XI| Y ZY W(O I)I\AglAﬁh\vvlzgopln
Rea, XI, Y1, X2, Y2, W and Z are as defined hereinbefore,

conpound of formula (C) is optionally‘é%bj ected to the action of a conpound
of formula (1X) : Rla - G (IX) wherein Grepresents a hydroxy group or a

| eaving group and Rl a, which is ot h&hthan a 10 hydrogen atom has the sane
definition as R in fornula (I) tol\}/leld a conpound of fornmula (D) R 2a

Y'1 —[( v, ®

Br Br
wherein Ry, X'y, Y';, X' and Y"; are as defined hereinbefore,

to yield a compound of formula (F) :

R

Iza

5 wherein Rig, Raa, X'1, Y', X', Y%, Wy and Z are as defined hereinbefore,
which compound of formula (F) is optionally subjected to the same reaction conditions as

the compound of formula (C), to yield a compound of formula (G) :

\
N
\

Rla
wherem Ria, Roay X'1, Y"1, X', Y'2, Wy and Z are as defined hereinbefore,
10 which compound of formula (G) is hydrogenated according to conventional methods of

organic synthesis to yield a compound of formula (II).

The compounds of formulae (V), (VII), (VIID, (IX), (A), (B) and (E) are either
commercially available products or are products obtained according to conventional

methods of orgamc synthesis well known to the person skﬂled in the art.

15 The compounds of formula (I) exhibit anti-tumour properties that are of particular interest.

The characteristic properties of those compounds allow them to be used therapeutically as



X NX

a conpound of formula (E) in the presence of al kyl magnesi um hal {d@ AP

YZ ZYH W(D NRawerein Ra, Ra, X1, Y1, X2, Y2, W and
Z are as defined hereinbefore, the conpounds of formulae (C and (D) .
constituting the totality of the conmpounds of 15 formula (11), . * or with

2001 18 Rza X,t NZ X,z Yl Y, (Ef z Br Br wherein Rza, X1, Y I,

and Y' 2 are as defined hereinbefore, t®yield a conpound of fornula (F)

N2 Xl

10

15

20

Y z ZBr W ' (F) N
anti-tumour agents.

The compounds of the invention may also be used in therapeutic association with another
anti-cancer agent, such as, for example, paclitaxel, tamoxifen and derivatives thereof,
cisplatin and analogues thereof, irinotecan and metabolites thereof, various alkylating
agents, the chief of which is cyclophosphamide, etoposide, vinca alkaloids, doxorubicin

and other anthracyclins, and nitrosoureas.

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

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

Among the pharmaceutical compositions according to the invention there may be
mentioned more especially those which 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
capsules, capsules, suppositories, creams, ointments, dermal gels, injectable or drinkable

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

By virtue of the pharmacological properties characteristic of the compounds of formula D,
the pharmaceutical compositions comprising the said compounds of formula (I) as active

ingredient are accordingly especially useful in the treatment of cancers.

The useful dosage varies according to the age and weight of the patient, the administration
route, the nature and the severity of the disorder, and the administration of 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 but do not limit in in any way. The
starting materials employed are known products or products prepared according to know}nv

procedures.

X 2

R 2604

2a



H 5 wherein Rla, Rza, X I, Y1, X2, Y2, W and Z are as defined :
her ei nbef ore, which conpound of formula (F) is optionally subjected to the
sanme reaction conditions as the conpound of forrmula (C), to yield a

conpound of formula (G Ra xi Nz X Y Y Jz ZB W (G)zh[]NABRaZQOII
wherein Rla, Ra, X1, YI, X2, Y2, W and Z are as defined herel nbefore,
10 whi ch conpound of formula (G is hyfrogenated according to conventi onal
nmet hods of organic synthesis to yield a conpound of forrmula (I1). The
conpoundshoftrifcarevibfte cMnpondsidescribet fid Jhe HxaXples(wore deBymimed aédo}diag €o ei t her
commerci al |l y avai l abl roducts or are products obtained according to
convent | SIF§MAT}ePR %B%HEWaaﬁ? ﬁ%ﬁ@%ﬁgﬂméWFe%h@%ﬁnﬁﬁ3Fﬁ@n%@ﬁsﬁﬁm%klIIed
in the ag &ﬁaﬁpe fonpounds of formula (1) exhibit anti-tunour properties
t hat are o parti’cul’ar interest. The characteristic properties of those
conpounds allow themto be used therapeutically as 2 0 APR 2001 19

anti-tugﬁﬁi agenis; The conpounds of the invention may al so be used in
t her ape P : h with anot her antl-cancer agent such as, for
exagpl e, 3lpﬁﬁkbt73t;éﬁjah¥&wlcﬁﬁ§'rar§gﬂ’3Q%r AR|a¥E 2 ERR 2 B d@hﬁ%g

anal ogues 't hereo I not eca tes t ebf us’ a atlng

Step A : 3-(1H-indol-3-yl)-2,5-pyrrolidinedione

The expected product is obtained in accordance with the process described by J. Bergman

et al. (Tetrahedron, 1999, 55, pp. 2363-2370).
10 StepB: 3-(1H-indol-3-yl)-1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the process described by J. Bergman

et al. (Tetrahedron, 1999, 55, pp. 2363-2370).

Step C: 3b,6a,6b,7-tetrahydro-1H-dipyrrolo[3,4-a:3,4-c]carbazole-
1,3,4,6(2H,3aH,5H)-tetrone

15
The expected product 1s obtained in accordance with the process described by J. Bergman
et al. (J. Chem. Soc., Perkin Trans. 1, 2000. pp. 2615-2621).
PREPARATIONB :
3-(1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-dione
20

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

The expected product is obtained in accordance with the process described by J. Bergman

et al. (Tetrahedron, 1999, 55, pp. 2363-2370).



agents, the chief of which is cycl ophospham de, etoposide, vinca al kal oi ds,
doxorubicin and other anthracyclins, and nitrosoureas. The pregsent
invention relates also to pharmaceutical conpositions conprisiédfd§1ﬁ02@®k

i ngredi ent at | east one compound of formula (1), optical isoners thereof, or
an addition salt thereof with a pharmaceutically acceptable acid or base,
on its own or in conbination with 5-éhe or nore phar maceutical |y
acceptable, inert, non-toxic excipients or carriers. Anong the

phar maceittp Bal Ge(tiibhidal-3hd)-banethdi--piyordlbe,5-diveat i on t here may be

menti oned nore especially those which are suitable for oral, parenteral
(intravenous, intranuscular or subcutaneous), per- or trans-cutaneous,
nasal , rget j Al l:ar, r il . AhShnati d

Capec al T CREf BFDINGS buBfod!if e RitarkcE ST Bl BloteSUENRN ! Ml
capsul esz as (Ppobedon] 8399, 65.gpnB3630230)rent s, dernal gels, injectable or
drinkable preparations, aerosols, eye drops and nose drops etc... By virtue
of the pharmacol ogi cal properties characteristic of the conpounds of formula
(1), theppparPERMyiccal conpositions conprising the said conpounds of
formula {T) as actirve ingredient are accordingly especially useful in the

t r eat nert-[Sefbevayloxy)sl Hisddlkeyld ehethytd Haparolers2, 2diomecor di ng to the age and
wei ght of the patient, the adm nistration route, the nature and the
severity of the disorder, and the adm nistration of any associ ated

t r eat nergesp aand 3t Az 168111 H0 d13-ya - | Hui nor e

adm ni strat1 ons. %wE?farr%I‘}}as thatgf% I@ol{/]va?ﬁ%’gﬁﬁg{(g@ﬂgﬁ?ﬁ/enti on but do
not limt inin any way. The starting nmaterials enployed are known products

or produgts prepaced accordi.ng .o known . .20 procedures. 2 0 APR 2001. -20
The st r v eries B SERe AR IR et lP g b i el &P datiedi mea
accor di ngefidaci@ Us treflied fopes h@ﬁmorm@aﬁic%cﬁcewe@aguﬁ&d( bflf PafifehtioRusl ear
magneti c _resonance, nass spectronetr PREPARATION A : 5

3b, 6a, 6iEhyerpaierapR PR siliea @e gﬂthbélaé%tp%y@lphmn@} e4y 9a7/d) dlows3the egpi¢d3aH, 5H) -

tegypone product to be obtained.

Melting point : 49-53°C
IR (KBr) : Veo = 1690; 1700 cm™ ; vy = 3300-3500 cm™
Mass spectrum (FAB) : 335.14 [M+H"]

StepB:  3-[5-(benzyloxy)-1H-indol-3-yl]}-1-methyl-1H-pyrrole-2,5-dione

15 A solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (2 mmol) in 20 ml of dioxane is
slowly added to a solution of the compound obtained in the above Step (2 mmol) in 20 ml
of dioxane. The reaction mixtuye 1s stirred overnight at ambient temperature. After
filtration, followed by removal of the dioxane by evaporation, the reaction mixture is taken
up in isopropanol for recrystallisation. The expected product is obtained by filtration and

20 . washing with isopropane the precipitate that has formed.

Melting point : 176-182°C -
IR (KBr) : veo = 1690, 1700 cm™ ; vy = 3300-3440 cm”’
Mass spectrum (FAB) : 333.12 [M+H']



to A: 3-(IHin dol-3-yl)-2,5-pyrrolidinedi one The expected product is
obtai ned in accordance with the process described by J. Bergnan et at
(Tetrahedron, 1999, 55, pp. 2363-2370). 10 to B :

3-(1Hindol -3-yl)-1H pyrrol e- 2, 5-di one The expected product isldbtkRRep)an
accordance with the process described gy J. Bergman et at (Tetrahedron,
1999, 55, pp. 2363-2370). Siep-C: -22%

3b, 6a, 6b, 7-tetrahydro-| H di pyrrol o] 3, 4-a: 3, 4- c] car bazol e-

1, 3, 4, 6(PREBARAHON® rone 15 The expected product is obtained in

accor dang , t h rocess . described by J. Bergnan et at (J. Chem Soc.,
Por ki n_ Trafgin 9‘52§6325'@5?D%T%-2621) PREPARATI ON B :

3-(1Hindol -3-yl)-I-methyl-1 Hpyrrole-2,5-dion e 20 $10 A

3-(1Hindol -3-yl)-1-nethyl -2, 5-pyrrolidi nedi one The expected product is
obt ai nedA imrixaee of thernompaund of Recparation 53 (H3¥c mintmdarsly safiiunBéydnoade pelietsat

(Tetrah n, 1999, 55 . .2363-2370) .. 20, krn 2007, -21 Step B : .

3- (1H i ﬁg%fg%mﬁ?ﬁ)m }.QQEFH)@ Fizﬁuﬁeﬁwf% P%ze?}%?‘h*‘% RdIoRFR AflepEeqimg tB‘F 56 i s
obt @i nednixfurdCéRicaRAER WhdrbcHIBEC aéiaca@%adéiﬁmgw@s%dmﬁu aIpreBBHAIRY forfleddl -
(Tetrahedron, 1999, 55, pp. 2363-2370). PREPARATION C: 5

3- [ 5- ( berheyaxpssiyd pradigideisoRted Yy filtragerhef the pregipitaisl e- 2, 5-di one to A :
3-[5-(benzyl oxy) -1 Hi ndol -3-yl]-1-net hyl -2, 5-pyrrolidi nedione A m xture of
5-benzyl oxy-indole (8 mmol) and N-nethylnmaleimde (8 mml) in 8 m of
aceti c adelingpoinef buxethor 48 hours. The acetic acid is evaporated off.
Purification by chromatography on sili ca_lgel (ethyl acetate/cycl ohexane :
2/ 8 to ZRIAKEN | vus=tIA0.dBpRemed Vi = 3320 cm

 PREPARATIONE :

10 3-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1 H-pyrrole-2,5-dione
Step A:  3-bromo-4-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1H-pyrrole-2,5-dione

A solution of ethylmagnesium bromide is prepared from magnesium (12.7 mmol)
suspended in bromoethane. (12.7 mmol) and dry tetrahydrofuran (5 ml). The solution is
15 stirred for 1 hour at ambient temperature and then 7-azaindole (12.7 mmol), dissolved in
40 ml of anhydrous toluene, is added dropwise. After 1 hour 30 minutes' stirring at ambient
temperature, a solution of 2,3—dibromoméleimide (3.53 mmol) in 40 ml of anhydrous
toluene is added dropwise. After 20 minutes, 60 ml of dry dichloromethane are added, and
then the reaction mixture is stirred for 75 hours at 40°C and subsequently hydrolysed with
20 a saturated aqueous ammonium chloride solution. The organic product is extracted with
ethyl acetate, and then the combined organic phases are dried over magnesium sulphate
and filtered. After removal of the solvent by evaporation, and purification of the residue by

chromatography on silica gel (cyclohexane/ethyl acetate : 3/2), the expected product is

1solated.
25 Step B: 3-(1H-pyrrolo[2,3-b]pyridin-3-yl)-2,5-pyrrolidinedione

A mixture of the compound obtained in the above Step (0.327 mmol) and a catalytic



10 product to be obtained. Melting point : 49-53C IR (KBr) : yr , = 1690;
1700 cm ; VNH = 3300-3500 cmi  Mass spectrum (FAB) :335.14 [ MWH+] 5"-B:
3-[5-(benzyl oxy) -1 Hindol -3-yl]-1-net hyl -1 H pyrrol e-2,5-di one 15 A sol ution
of 2, 3-dichloro-5, 6-di cyano-1, 4-benzoqui none (2 mml) in 20 m of dioxane is
slowy added to a solution of the conpound obtained in the above St éf
nmmol) in 20 mMl of dioxane. The react®dn mixture is stirred ov}rﬂﬁigu, 07
anbi ent tenperature. After filtration, followed by renoval of the di oxane
by evapamaiinonf 6% pelwiiurownriaxionr én imsethalogn(40uml) ns ilpdpygepatad| atf ote
recrystallisatio The expected prod IS ob ned by filtration and 20
washi ng APeFP e?o%ﬂ%g??é‘ € et hilt gfteere@ 1R ET ﬁﬁé&e@aﬂﬁéﬁexm%@.mad%m :

176- 182G ctrum
(FrB) - Soiyal i Mo s Yoot s sEmoetidA Bt e, MR oR0F

dol - 3- yh?eﬁkﬁmhhman dion e A mxture of the conpound of Preparation B (0.884

nmol ) and sodi um hydroxdc pellets (12.5 mmol) in 100 m of distilled water
is refluxed for 2 hours. After cooling the reaction 5 mxture, concentrated

hyds ochlgie) € acizlirsppAdRA2 dmapwlaﬁ] SDLIHPyPFoRE BLAighe |S formed. The
expecte product |s |sol ated by filtration of the precipitate. Melting point
210-214C IR KBr : vc_o = 1740, 1800 cm 1 ; VNH = 3320 cm PREPARATION E :

10 3- (| | h le-2,5-d St e
b oo TR RS PP s T sk P P s ueb fes o Bt on of
et hyl m@i@ﬁdrbﬁﬂrm,%dﬁg frémPth€ Bahpslrld' TR BBNESicPM (12. 7 mol )

PREPARATIONF :

1-methyl-3-[1-(2,3,4,6-tetra-0-acetyl-B-D-glucopyranosyl)-1 H-pyrrolo[2,3-b]pyridin-
10 3-yl]-1H-pyrrole-2,5-dione

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

The expected product is obtained in accordance with the procedure described in Step A of

Preparation E, using N-methyl-2,3-dibromomaleimide as substrate.
Melting point : 158°C

15 Step B: 3-bromo-1-methyl-4-[1-(2,3,4,6-tetra-O-acetyl-p-D-glucopyranosyl)-1H-
pyrrolo[2,3-b]pyridin-3-yl}-1 H-pyrrole-2,5-dione

2,3,4,6-Tetra-O-acetylglucopyranose (1.95 mmol) and triphenylphosphine (1.95 mmol) are
added dropwise to a solution of the compound of the above Step (0.927 mmol) dissolved in
40 ml of dry-tetrahydrofuran. The temperature is slowly brought back to ambient
20 temperature, and then the reacton mixture is stirred for a further 15 hours. Following
hydrolysis, the organic product is extracted with ethyl acetate. The organic phases are
combined, dried over magnésium sulphate and ﬁltefed, and the solvent is evaporated off.

The expected product is obtained after purification by chromatography on silica gel.



suspended in brompethane. (12.7 mmol) and dry tetrahydrofuran (5 m). The
solution is 15 stirred for 1 hour at anbient tenperature and fhen

7-azai ndol e (12.7 mvol), dissolved in 40 nl of anhydrous tol uead] A{E;Raglw
dropwi se. After 1 hour 30 mnutes' stirring at anbient tenperature, a
solution of 2,3-dibronomaleimde (3.53 mmol) in 40 M of anhydrous toluene
is added dropwi se. After 20 m nutes, F i of dry di chl oronet hane are added,
and then the reaction mxture is stirred for 75 hours at 40C and
subsequefitepyC by di-nlefindS-[4-©4B,26-tatraap-ucayep-Ihghie opirrad 63yR1 Hpyehdlof2,3e

sol ution. The organic_product is extracted with ethyl acetate, and then the
conbi ned or gani P1pRedis3-ylle2.emyseplisivgdioptgnesi um sul phate and filtered.
After renoval of the solvent by evaporation, and purification of the residue
by chromatography on silica gel (cyclohexane/ethyl acetate : 3/2), the
expect edThe exhectedipsoducs 0l ettteidled RSacBbmandd with the procedure described in Step B of

3-(1H py{)rol 0{.2, 3- bl pyri din-3-yl)-2, Sétpgrrol i di nedi one A m xture of the
conpound  GBERNARE; $iRTHE droay Hissompapnd of tho2bqysditep- and a catal ytic - 23 - 2 0
P PR 2007 anount of 10% pal | adi um on-carbon in nethanol (40 m) is

hydr ogenated at one atnosphere for 24 hours. The mxture is filtered over
Cel st e aftéptive axpetiydd-[r-Qisb-teta-Gatayned-giucesyrabiyl)-caigyFolef2,3-he

resi due by chromatography on silica_gel using ethyl acetate as eluant. 5 Sf
p C: 3-(1H pyr apyndim3y{IpWAinyriple2p-dionet pyrrol e- 2, 5- di one The expect ed
product is obtained in accordance with the procedure described in Step B of
Preparation C, starting fromthe conpound of the above Step. PREPARATION F :
1- met hyl TBe Exipec2d Preliuit isedtnainéd mctyldaireBvigh thegpyded iR siekdribktHn WidpoB @ f

[ 2, 3-b] pyri di n- &0 3-yl]-1H pyrrol e-2, 5-di one StepA :

3- br ono- T SRERHGA Casterting diopm diesporgupd phibe abave$isn. ) - | K- pyrrol e- 2, 5-di one  The
expected product is obtained in accordance with the procedure described in
Step A of Preparation E, using N-nethyl-2, 3-di bronomal ei m de as substrate.

Mel ting PRERPARATHIN G :
10 1-methyl-3-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1H-pyrrole-2,5-dione

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

A mixture of the compound obtained in Step A of Preparation F (0.65 mmol) and 10%
palladium-on-carbon (20 mg) in methanol (40 ml) is hydrogenated at 1 atmosphere for
3.5 hours. The mixture is filtered over Celite. The filtrate is evaporated off and the

15 expected product is obtained after purification of the residue by flash chromatography on
silica gel (AcOEt then AcOEt/MeOH 9:1).

Melting point : 199-202°C
IR (KBr1) : Veo = 1690, 1770 cm’ S Van = 3250-3500 cm™

20 Step B: 1-methyl-3-(1LH-pyrrolo[2,3-b]pyridin-3-yl)-1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the procedure described in Step B of

Preparation C, starting from the compound of the above Step.



15 Step B :

3-brono-|-nethyl-4-[1-(2, 3,4,6-tetra-O acetyl - p- D- gl ucopyr anos

pyrrolo [2,3-b]pyridin-3-yl]-1H pyrrol e-2,5-di one yﬂD’ﬂF‘R 2007
2,3,4,6-Tetra- O acetyl gl ucopyranose (1.95 nmol) and triphenyl phosphine (1.95
mmol ) are added dropwi se to a solution of the conpound of the above Step
(0.927 mmol ) dissolved in 40 m of erys “tetrahydrofuran. The tenperature is
slow y brought back to anbient 20 tenperature, and then the reacton m xture
i s stirrMdlitingrpoatf &250f€r 15 hours. Following hydrolysis, the organic
product is extracted with ethyl acetate. The grganic phases are conbined,
dried oV&ERBEn¥eh Trh78% oR8cEl anderi 3308r3940 cand 't he sol vent i s evaporat ed
of f. The expected product is obtained after purification by chromatography
on silica gel. 2 0 APR 2007 -24 to C:

1- net hy| PREPARALTRON IB:t etra- O acetyl -[i - D- gl ucopyranosyl ) -1 H pyrrol o[ 2, 3-

b] pyridin-3-yl]-2,5-pyrrolidin edione The expected product is obtained in
accor dant&-(euRyleRy-Hidedelcd-¥llddbeyrisdes2 Sriispep B of Preparation E,
starting fromthe conmpound of the above Step. 5 Ste D :

1-nmethyl -3-[1-(2,3,4,6-tetra- O acetyl - (3-D gl ucopyranosyl ) - 1H pyrrol o[ 2, 3-

b] pyri diSteg-A/t ] -3t[3-(henrylbey)2] B-indel-8ayl]-RipertpRdinediogt oduct i s obtained in
accordance with the procedure described in Step B of Preparation C,
starting fromthe conmpound of the above Step. PREPARATION G : 10 1-neth
yl-3-(1 ¢ iq i S35 o - ' ep A:
1- met hy :'f}%)/é(y{ H%tg?/ %tr?ogﬁ S?Sbg&glfég;}?.ag?bﬁé%%;%l I%ZIE%EB )p;{/c;e&l(h)rlgid ?Cg%) ?E)nng{é%%m%(t ure of
t he conptrepatatodst @j weld therreiShegment of NRnethginadl¢imideFby(falémideol ) and 10%

pal | adi um on-carbon (20 nmg) in nethanol (40 m) is hydrogenated at |

at nosphere for 3.5 hours. The mxture is filtered over Celite. The filtrate
i s evapauiek®g pefdt : amsb he 15 expected product is obtained after purification
of the residue by flash chromatography on silica gel (AcCEt then AcCEt/MCH
9:1). MIRKRY) pui-nt 1690,9F80CRC ; vy = 3210-3320 cm’”

10 StepB: 3-[5-(benzyloxy)-1H-indol-3-yl]-1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the procedure described in Step B of

Preparation C, starting from the compound of the above Step.

Melting point : 211°C
IR (KBr) : Vee = 1600 cm™ ; veo = 1705, 1755 em™ ; vy = 3150-3450 cm’!

15 PREPARATIONI :
3-(5-bromo-1H-indol-3-yl)-1H-pyrrole-2,5-dione

Step A :  3-(5-bromo-1H-indol-3-yl)-2,5-pyrrolidinedione
The expected product is obtained in accordance with the procedure described in Step A of
20 Preparation C, with the replacement of N-methylmaleimide by maleimide and of

5-benzyloxy-indole by 5-bromo-indole.

Melting point : 208-215°C



IR (KBr) : vc_o = 1690, 1770 cm ; vNN = 3250-3500 cm 20 St B :

1-met hyl - 3- (I H-pyrrol o[ 2, 3-b] pyridin-3-yl)-1H pyrrol e-2, 5-di one The expected
product is obtained in accordance with the procedure descri bed, inn Eke% B _of
Preparation C, starting fromthe conpound of the above Step. (QA

-25 Melting point : >250C IR (KBr) : vc=o0 = 1700, 1760 cm 1 ; vNH: 3300- 3600 '
cm-1 PREPARATION H : 3-15-(benzyl ox;?)s-ll—l-i n dol -3-yl]-1H pyrrol e-2, 5-di one
5to A: 3-[5-(benzyl oxy)-IHindol-3-yl]-2,5-pyrrolidi nedione The expected
product IRs(Kdr) avned] 7090, a¢tocrdancg =v3450 dnhe procedure described in Step A of
Preparation C, with the repl acerrent of N- et hyl mal ei m de by mal ei m de.
Melting point : 175C IR KBr : -0 = 1690, 1780 cm-1 ; VNH = 3210-3320 cm
-1 10 Stgp 3- : N yrrol e-2,5-di one The
expected p oducti-résﬁgﬁﬂg-rx#e) P%gglcgrjygr%]&zséﬁﬁe procedure described in
Step B of Pr epar ation C starting fromthe conpound of the above Step.

\I\//E:_lt I_ngl'gly,! @@g@te #fcodlu?ﬁsl Iggm?@mrflan%g%thctr}?e ptroceda/re d?ascnb]ég?l? Ste]ﬁ7135gf em

3- (5- broppa d5kHd Step A :
3- (5- brono- ll-l-lrﬂrﬂ:gggt?%g%n%m_gg%@l %rtﬁe oglggt he expected product is

obt ai ned i n accordance with the procedure described in Step A of 20
Pr epar at.j C Wi tg %th repl acenent of N-nethyl mal ei m de by mal ei m de and of
5-b nzyI 85 5- br omo-i ndol e.  Mel tingpoi nt : 208- 215C 20A+PR 2001

( 1) i Veee =1595 cm™ ; veeo = 1705, 1750 cm™ ; vy = 3200, 3340 cm™

PREPARATION J :
3-(5-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

Step A :  3-(5-chloro-1H-indol-3-yl)-2,5-pyrrolidinedione

10 The expected product is obtained in accordance with the procedure described in Step A of

Preparation 1, with the replacement of 5-bromo-indole by 5-chloro-indole.
IR (KBr) : Vewo = 1700, 1780 cm™ ; gy = 3200-3500 cm””
Step B : 3-(5-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the procedure described in Step B of

15 Preparation C, starting from the compound of the above Step.

Melting point : 254-264°C
IR (KBr) : veee= 1605 cm™ ; veo= 1710, 1750 cm™ ; vy = 3100-3350 cm”™



-26 IR (KBr) : vc_o 1700, 1755 cm1 ; VNH = 3450 cm' Step -B: ,
3-(5-brono-1Hindol -3-yl)-1H pyrrol e-2, 5-di one The expected product is

obt ai ned in accordance with the procedure described in Step B of _ , . '
Preparation C, starting fromthe conpound of the above Step. 5 J\/tQIM’ng A7 nt
: 268C IR KBr v,-, =1595 cm1 ; vc_o = 1705, 1750 cm ; VNa = 3200, 3340 cni
PREPARATION J : 3-(5-chloral Hindol =37yl )-1H pyrrol e-2,5-dione Step A :
3-(5-chloro-l1 Hindol-3-yl)-2,5-pyrrolidinedione 10 The expected product is
obt ai nedPREPARATHANGE: W t h t he procedure described in Step A of

Preparation |, wth the replacenment of 5-brono-indole by 5-chloro-indole. IR
(KBr) vch(3TwormlHsindel-3-y)-Wipyeroledd-dsed cni  Stp B :

3-(5-chloro-1Hindol -3-yl)-1H pyrrol e-2, 5-di one The expected product is

obt ai ned in accordance with the procedure described in Step B of 15

Prepar atStep A= S3-@-flumpy-1 Hdnd sl yhapppyndlidinetdiogeabove Step. Mel ting point
254-264C IR KBr vc-c = 1605 cm-1 ; vr_o= 1710, 1750 cm ; VNH= 3100- 3350
cm 2 0 APR 2001. -27 PREPARATION K :

3-(5-fl 5 ' -y § - el TR

3 (5 11 U OTER R gt e e Qe vl BRGropphEE dhcribedin Sicp b of
obt &i nedPreparagaol, dathabe viptdsembet qiroemenioriadadeby Sitheto-imlokt ep A of 5
Preparation 1, with the replacenent of 5-brono-indole by 5-fluoro-indole.
Melting point : 190-195C IR KBr : v, = 1690, 1775 cm-1 ; vNH = 3360 cm'

Step B :MBhdnepoldion 9o ibkdcndol - 3-yl) - 1H-pyrrol e- 2, 5-di one
IR (KBr) : Veee = 1690, 1775 cm™ ; vy = 3360 cm™

StepB: 3-(5-fluoro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the procedure described in Step B of

10 Preparation C, starting from the compound of the above Step.

Melting point : 255-265°C
IR (KBr) : vee = 1605 ecm™ ; veo= 1720, 1750 cm ™' ; vy = 3150 - 3350 cm™!

PREPARATIONL :
3-(5-hydroxy-1H-indol-3-yl)-1H-pyrrole-2,5-dione

15 Step A: 3-(5-hydroxy-1H-indol-3-yl)-2,5-pyrrolidinedione

10% palladium-on-carbon (135 mg) is added to a solution of the compound of Step A of
- Preparation H (450 mg) in dry methanol (90 ml). After having purged in vacuo for
20 minutes, the reaction mixture is placed under a hydrogen atmosphere (1 atm) for
3 hours. Following filtration over Celite and evaporation of-the filtrate, the expected

20 product is obtained.

IR (film) : Vee=1700 cm™ ; vaon = 3000-3700 cm’™



The expected product is obtained in accordance with the procedure described
in Step B of 10 Preparation C, starting fromthe conpound of the above

Step. Melting point : 255-265C IR (KBr) : vc-c = 1605 cm 1; vc2:6 miﬂ?%@w
1750 cm -1 ; vr,H= 3150 - 3350 cm1 PREPARATION L :

3-(5-hydroxy-1Hindol -3-yl)-1Hpyrrole-2,5-dione 15 Step A :
3-(5-hydroxy-1Hin dol-3-yl)-2, pyrroﬁ di nedi one 10% pal | adi um on- car bon
(135 ng) is added to a solution of t he conpound of Step A of Preparation H
(450 ny)Step Biry Is3-hadodxy(1g0-imdol-3-g1&-phaelerdySqdionged i n vacuo for 20 ‘
m nutes, the reaction mxture is placed under a hydrogen atnosphere (1 atm
for 3 hours. FoIIovm' ng filtration over Celite and evaporation of the

filtrateThd @m cm'
VNH. O4 = 300 37 0 e t lsg&éﬁg%gﬁ%ggﬁa@g@iﬂ?% gr&ée‘éu?e' de@&nbe\ﬁ%;%fepl}g o

3- (5- hy dPsrgratien Chsterting-fidn) theldomponnd ef tBe Bbalieditep. The expect ed product is

obt ai ned in accordance with the procedure described in Step B of

Preparation C, starting fromthe conpound of the above Step. Melting point :
292- 298(3\45“1_1@@1&&)292 2»gec = 1610 cm ; vc-0= 1690, 1760 cm ; VvNH OH= 3260,
3370, 3430 cm -1 PREPARATIO\I M :

3-[%- (2, R&EBot: éyt{&-]@lﬁe‘lnzyl%prﬂ@md:mmhowxh) BE60, 3AD0,-333¢ k'l H- pyrrol e- 2
,5-dione Stgp A: 3-brono-4-(1Hindol-3-yl)-1-methyl-1H pyrrole-2,5-dione A
sol ution of 1.445 g of indole dissolved in 29 ml of dry tetrahydroftiran is
brought pPREPAFATION-MO to -10C under argon, and then 26 m of LiHVDS (1Min
hexane) are added dropwi se in the course of 15 minutes. After 45 m nutes at
-10C, t hb[ls-&,asﬁi&atetiasomdnzylemmghmpyranasj;dj -1 Hdndbl-3L51]AH-p riiofd-2, 86k of ur an
and a solution of 2 g of N-nethyl-2,3- dibrononal ei m de di ssolved in 17 m
of tetrahydrofuran is added dropw se in the course

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

A solution of 1.445 g of indole dissolved in 29 ml of dry tetrahydrofuran is brought to from
10 -20 to -10°C under argon, and then 26 ml of LIHMDS (1M in hexane) are added dropwise
in the course of 15 minutes. After 45 minutes at -10°C, the solution is diluted with an
additional 15 ml of tetrahydrofuran and a solution of 2 g of N-methyl-2,3-
dibromomaleimide dissolved in 17 ml of tetrahydrofuran is added dropwise in the course
of 30 minutes. After 15 minutes at -10°C and 15 minutes at 0°C, the reaction is stopped by
15 the addition, at 0°C, of 50 ml of a 0.3N hydrochloric acid solution. The reaction mixture is
extracted with ethyl acetate, and the organic phases are washed with a saturated NaCl
solution, dried over MgSO4 and then evaporated under reduced pressure. The desired

product 1s precipitated using methanol.
Melting point = 167-168°C.

20 StepB:  3-bromo-1-methyl-4-[1-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-1H-
indol-3-yl]-1H-pyrrole-2,5-dione

A solution of the compound of the above Step A, PPh; (3 equiv.) and 2,3,4,6-tetra-O-
benzyl-D-glucopyranosyl (3 equiv.) in dry THF is cooled to -78°C. DIAD (3 equiv.) is then

added dropwise. The reaction mixture is stirred for 4 hours, while allowing to warm up



of 30 mnutes. After 15 mnutes at -10C and 15 mnutes at 0C, the reaction
is stopped by 15 the addition, at 0C, of 50 m of a 0.3N hydr chI OI’IC aci d
solution. The reaction mxture is extracted with ethyl aceta 2@@
organi ¢ phases are washed with a saturated NaC solution, dri ed over sS4
and then evaporated under reduced pregsure. The desired product is

preci pi tated using nethanol. Melting 58| nt = 167-168C. 20 Step B :
3-brono-I-nethyl-4-[1-(2, 3, 4, 6-tetra-0O benzyl - P- D- gl ucopyr anosyl ) -1 H

i ndol - 3-aghip- tbl-alplgmmtoﬂempaaﬁ}rdi AneZMAsadaiant 0OHCAf istpoaredoirpodntie afixtuhe 1gabove

Step A, PPh3 (3 and ,3,4,6-t tra-0- zyl - D- gl ucopyr anosyl

cau v Ry WY st Sreimtpibr Ab sl PesesRen crihs SHATAS

dr opwi sequddi@ NSRTO| &) t'fﬂr?(ﬁﬂ&r»e th Svabdriahll @bnf HedbvdP

war m up g 0 APR 200§7 I-129 agalln téal anbi entn teerrper a%&{%% V\gﬁ%re@%}iso u |on of
HO is peured ¢frthandlvehiebyriexaporaidns anéxhroactiegtaptiyt bn eilioy |geh@elianecthhe
-organi c ase shed | ssi.on th a saturated aqueous NaHCC3
SO|%’[I ontt % véomv\%ﬁf’é?ec%ﬁdx?cﬁ% IshbiaRedver MySO4. After filtration and
renoval of the solvent by evaporation, and chromatography on silica gel

(toluene/ethyl 5 acetate : 50/1), the expect ed product is obtained. Melting
poi nt :Mﬂer_lgmekeﬁc vc_c = 1640 cm-' ; v.-o0 = 1710, 1770 cm ; VNH OH =

3200- 36
1- net hy&&(@ (‘2“3 26@ Bt o DERARTTA OB ¢ MyewyAR3699 STk i ndol - 3-y1 ] -
2,5-pyrrolid inedion e 10 A solution of the conmpound of the above Step B in
met hanol and dry THE is hydrogenated (1 atm) for 3 hours in the presence
of 10% [Bdep &ci urhrmethyh3Hb(2 Amc6-patra-di-benzfy DB D-gindopydanosyipl Howdep3fijl t rat i on
over Celite and él on. of the filtrate, and chromatography on silica
gel (cycl ohexanef Piff OE inediods  the expected product is obtained. Step D :
1-methyl-3-[1-(2, 3,4,6-tetra- O benzyl - (3-D gl ucopyranosyl )-1H i ndol - 3-yl | -
15 1H- pyrrol e-2, 5-di one

“A solution of the compound of the above Step B in methanol and dry THF is hydrogenated

(1 atm.) for 3 hours in the presence of 10% palladium-on-carbon and pyridine (0.5 equiv.).
Following filtration over Celite and evaporation of the filtrate, and chromatography on

silica gel (cyclohexane/ethyl acetate), the expected product is obtained.

Step D :  1-methyl-3-[1-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-1H-indol-3-yl}-
15 1H-pyrrole-2,5-dione

The expected product is obtained in accordance with the procedure described in Step B of

Preparation C, starting from the compound of the above Step.

Step E: 3-[1-(2,3,4,6-tetra-0O-benzyl-B-D-glucopyranosyl)-1 H-indol-3-yl1]-1 H-
pyrrole-2,5-dione

20 A mixture of the compound of the above Step D and NaOH in distilled water is heated at
reflux Vfor 2 hours. After cooling, concentrated hydrochloric acid 1s poured in dropwise
until a yellow precipitate is formed. The yellow solid 1s filtered off over a frit and washed
wfth water, yielding the desired enhydride, which is then treated with a solution of

ammonium hydroxide in THF to yield the expected compound.



The expected product is obtained in accordance with the procedure described
in Step B of Preparation C, starting fromthe conpound of the above Step.
Step E& 3-[1-(2,3,4,6-tetra- O benzyl -[ 3- D- gl ucopyranosyl ) - 1H iZnHOBPE- thZlH-
pyrrol e-2,5-dione 20 A m xture of the conmpound of the above Step n OH
indistilled water is heated at reflg@ for 2 hours. After cooling,
concentrated hydrochloric acid is poured in dropwise until a yellow
precipitate is forned. The yellow solid is filtered off over a frit and
washed BRERABAEIONWN p| ding the desired anhydride, which is then treated

with a sglutj f a ni umhydr.oxi de in to yield the expected
corrpound‘?'{g' 9‘&#’85%6 ~be mﬁ%éﬂwymwgﬁgyﬁyﬁ?l?k@%)ll?’-"f‘@?'r"’aﬂbb
enzyl - R—Q{%ra@.mg_@mn@syl )]-1 Hpyrrolo [2,3-b] pyridin-3-yl}- 1H pyrrol
e-2,5-dione St., ep A:

3-brono-|-nmethyl-4-11-(2, 3,4, 6-tetra-O benzyl -[ 3- D- gl ucopyranosyl )-1H 5

pyrrolo[2, 3-b] pyridin-3-yl]-1Hpyrrol e-2, 5-di one

2,3,4,6-8° ]zyI%glPr %i‘ﬂ%ﬁ%@?-lf%%i’%gﬁetrérﬂ-bﬁpwwg&yﬁwﬂnpwl)(lﬁe nmgy) are
added to a sol yi fa_ o QHN& 5 A Preparation G (50 ny)

di sgol ved in 4 #yhg?()[ggyﬂb?ﬁE Tﬁyrggﬁ%rc@g%ﬁ%%éa is cooled to -78C, and
then DDAD (97 |) is added dropwi se. The tenperature is slowy brought back
to anbie t erature and t he he reaction 10 m xture is stirred for a

[ ur ther s A5 HENE el TR WL OB TSR0 (BRICRYIPBPSTRC! 55 mEh arechgehiccs

product dotutRont sk @Empbitl 8F B &Qﬁtﬁéﬁriﬁ%nm3(§Qtng%)23cgss1§i;§g%9@&‘1 gﬂi}gﬁse.s are

conbined, dried over magnesium sul phate and fi the's t is
evapor at BdF oflfie repetranf mixdtre on codlyd thr78HEt andrthghP1AD §711ilE s adébd dropwise.

(cycl ohexane/ et hyl acetate ;, 8/2 10.7/3) allows the expected product to be
i sol at egfhel THRCKE Y Sﬁov\‘?lg'_la)mgg%ﬂ’ﬁk é lenl ZEHPCTAture @Bot%@ the reaction
1- met hylmknrd i dinkd4oPa Rigited 15 GoR@MEMlowins By @b INSRRYG A 88 Whier)l e organic

pyrrol o[ 2, 3-b] pyridin-3-yl]-2,5-pyrrolidinedi ohe
: product is extracted with ethyl acetate (3 x 150 ml). The organic phases are combined,

dried over magnesium sulphate and filtered, and the solvent is evaporated off. Purification
by chromatography on silica gel (cyclohexane/ethyl acetate : 8/2 to 7/3) allows the

expected product to be isolated.
15 IR(KBr):veo= 1710, 1740, 1760 cm™

Step B:  1-methyl-3-[1-(2,3,4,6-tetra -O-benzyl-B-D-glucopyranosyl)-1H-
pyrrolo[2,3-b]pyridin-3-yl}-2,5-pyrrolidinedione

NaHCO; (66 mg) and 10% Pd/C (65 mg) are added to a suspension of the compound of the
above Step A (65 mg) in 10 ml of ethyl acetate. The mixture is placed under a hydrogen
20 atmosphere (1 bar) at ambient temperature for 24 hours. Filtration over Celite allows the
catalyst to be removed and the filtrate is evaporated under reduced pressure. Purification by
flash chromatography on silica gel (cyclohexane/ethyl acetate : 8/2 to 7/3) allows' the

expected product to be isolated.

IR (KBI) : Vewo = 1710-1750 cm™



NaHCO3 (66 ng) and 10% Pd/ C (65 ng) are added to a suspension of the
conpound of the above Step A (65 ng) in 10 M of ethyl acetate. The m xture
is placed under a hydrogen 20 atnosphere (1 bar) at anbient t egg@ggjfgrzjéor
24 hours. Filtration over Celite allows the catalyst to be re n
filtrate is evaporated under reduced pressure. Purification by flash
chromat ography on silica gel (cyclohe hne/ et hyl acetate : 8/ 2 to 7/3) allows
the expected product to be isolated. IR (KBr) : vc-0 = 1710-1750 cm1 2 O
APR 2003Btep 8% StBmethyl-3-{[1-(2,3,4,6-tetra- O—benzyl -B-D-glucopyranosyl)]-1H-

l1-methyl -3-{[1-(2,3,4,6-tetra- Obenz | ucopyranosyl )] -1H

pyrrol of 2, 3- b] pyRYTEPkel B3 plpynidin o ylid PE”E'?]“d?’éT@O“eThe expected product is
obtained in accordance with the procedure described in Step B of

Preparation C, starting fromthe conpound of the above Step. 5 Step D :

3-{[ 1- ( Zh3 edpértéceproducdibebmitled (1B addogdanco pythaho pivcddurd tespyibédinaftép B-of
pyridin-3-yl}-2, 5-furandi one NaOH pellets (14 mml) and TBF are added to a
suspensi 6??36@0?!% segiRb AR the CQTW@“&B&‘;EM ABPEHSEP(1 nmmol ) in water. The

m xture is stirred at anbient tenperature for 2 hours, and is then
acidified to pH 1 by the addition of concentrated hydrochl oric acid. After
stisringtépD 1033@1-m,aut(e&trd-baymmamﬁmgmmoﬂy:@hoéﬁ)]qﬂ-pmhmpzmth et hyl
acetate (3 x 150 . .The_organic phases are conbined, dried over nmagnesium
sul phate and fi Pb’é‘ldéh‘})ﬁha 5r11%é31§139%nt is evaporated off. Purification by
chromat ography on silica gel allows the expected product to be isol ated.
Step E :

3-{[1- (Z\Ia’B)HpSHette(IManﬁoljemzlme( &e Bd@dduro apyispeneisy lof thebmpytidbdthe above] - 15
pyri di n- 3- y&} 1H—(E%rrole 5-dione. In a _seal ed tube, a solution of_the
conmpound '@t Ch&ma wag‘teéﬁnﬁ XU s stigred ghambient tsmpergiugg {957 horrsTppd iat ur at ed

Wi th NHGen &1 EERE HAMN Y #eUld gltioﬁ of tcbﬁcreﬂf}at%ﬁ Qgclfﬂgﬁc %@d NRHESstim tf(\%r th

cooling, the mxture is poured into water ex racted repeate '

et Wyl acétmainetes, fhh@rgmg@pmdupthasesacaﬂbwuh rﬂilyrhadc;tatd (8 edl 50vial). g nEmhicm

sul phat %hgsrég Jrlelctorenrb%ged adrllled or{/%r magnesium sulphate and filtered, and the solvent is
evaporated off. Purification by chromatography on silica gel allows the expected product to

be isolated.

Step E:  3-{[1-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)]-1H-pyrrolo[2,3-b}]-
15 pyridin-3-yl}-1H-pyrrole-2,5-dione

In a sealed tube, a solution of the compound of the above Step D in THF is added to a
solution of THF saturated with NHs. The reaction mixture is stirred at 80°C for 18 hours.
After cooling, the mixture is poured into water and extracted repeatedly with ethyl acetate.
The organic phases are combined, dried over magnesium sulphate and filtered, and the
20 solvent is evaporated off. Purification by chromatography on silica gel allows the expeéted

product to be isolated.

The compounds of Preparations O to AP are obtained according to the procedure of
Preparation C, starting from the appropriate indoles and with the replacement of

N-'methjlmﬂeimide by maleimide.



20 solvent is evaporated off. Purification by chromatography on silica gel
all ows the expected product to be isolated. The conpounds of Preparatl ons O
to AP are obtained according to the procedure of Preparation é W]
fromthe appropriate indoles and with the replacenent of N net hyI rral el ni'de
by naleimde. 2 0 APR 2007 -32 PREPARATION O : 3-(5-am no-1Hin d
-3-yl)-1Hpyrrole-2,5-dion e PREPARATION P : 3-(4-amno-1Hi n d

3-yl)-1H yrrole-2 5-dion e 5 PREPARATION O : 3-(5,6-dinmeth oxy- | Hin
doI 3-vyl s5-dion e PREPARATION R : 3-(4-n itro-1Hin d
-3-yl)3 f R LON S : 10
3 (4-Fl uor%%—lain &1? f““%'?’?j gﬂpﬁrﬁgﬁéﬁygem one PREPARATION T :
3-(6-fluoro-IHin dol-3-yl)-1Hpyrrol e-2,5-di one PREPARATION U :
3-(4- hydr X -IH-indoI 3-yl)-1Hpyrrol e-2,5-dione 15 PREPARATION V :
3-(5-h PB_yl)-1H pyrrol e-2, 5-di one PREPARATI ON W : -
3-(4-nme fyr 5-dion e PREPARATION X :
3-(5-ne %gﬁ"*"ﬂﬁln 85333%{ iﬁ[r ‘@r%rsgh@ E-di one PREPARATI ON Y

5 PREPARATION Q:
3-(5,6-dimethoxy-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATIONR :
3-(4-nitro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATION S :
10 3-(4-fluoro-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

PREPARATIONT :
3-(6-fluoro-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

PREPARATION U :
3-(4-hydroxy-1H-indol-3-yl)-1H-pyrrole-2,5-dione

15 PREPARATION V :
3-(5-hydroxy-1H-indol-3-y})-1H-pyrrole-2,5-dione

PREPARATION W :
3-(4-methoxy-1H-indol-3-yl)-1H-pyrrole-2,5-dione

~ PREPARATIONX :
20 3-(5-methoxy-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATION Y :
3-(6-methoxy-1H-indol-3-yl)-1 H-pyrrole-2,5-dione




: 3-(6-nmethoxy-IHin do I -3-yl)-1Hpyrrole-2,5-dion e 2 0 APR 2001 -33
PREPARATION Z : 3-(7-nmeth oxy-IHin d ol-3-yl)-1Hpyrrol a-2,5-d ion e
PREPARATI ON AA : 3-(4-nethyl -1 Hindol-3-yl)-1H pyrrol e-2, 5-di orge RPR
PREPARATION AB : 3-(5-nethyl-lIHin dol-3-yl)-1Hpyrrol e-2, 5-di onQ 2007
PREPARATI ON AC : 3-(6-meth yl-IHin d ol-3-yl)-1 Hpyrrol e-2,5-di one
PREPARATI ON AD : 10 3-(7-nethyl -1 Hi ndal-—- 3-yl)-1H pyrrol e-2, 5-di one
PREPARATI ON AE : 3-(4-chloro-1Hin dol-3-yl)-1H pyrrol e-2, 5-di one
PREPARATI ON AF : 3-(5-chloro-IHindol-3-yl)-1H pyrrol e-2,5-dione 15

PREPARA& N_A :T I(J -chloro-1 Hin dol-3-yl)-1Hpyrrole-2,5-dion e

PREPARATH “Pﬁm I'oro-1Hin dol-3-yl)-1H pyrrol e-2,5-di one PREPARATI ON
A 20 Rt dadtheRPr iR n I by idolé-P _r(f-ﬁ -2,5-dione 2 0 APR 2007 -34
PREPARATI ON AJ 0 5 (& bro#rll))-l Hb%ﬂé’glréi i pyrrol e-2,5-dion e

PREPARATION AA :
3-(4-methyl-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

5 PREPARATION AB :
3-(5-methyl-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

PREPARATION AC :
3-(6-methyl-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

PREPARATION AD :
10 3-(7-methyl-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

PREPARATION AE :
3-(4-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATION AF :
3-(S-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

15 PREPARATION AG :
3-(6-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATION AH :
3-(7-chloro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

PREPARATION ATl :
20 3-(4-bromo-1H-indol-3-yl)-1 H-pyrrole-2,5-dione




PREPARATI ON AK :

3- ono-| Hindol-3-yl)-1 Hpyrrole-2,5-dione 5
PREPARATI ON AL : 3-

3

1

br
nmet hoxy-4-nmethyl -1 Hind ol-3-yl)-I1Hpyrrole-2,5-dion e
(benzyl oxy)-1Hin dol -3-yl]-1H pyrrol e-f -AP 207
PREPARATI ON AN : 10 [ 6- (benzyl oxy)-1Hindol -3-yl]-1H pyrrol e- 2 5 i 0o Q
PREPARATI ON AO : 3-[5-(benzyl oxy) - 6- n%th oxy-IH-in dol-3-yl]-I

H pyrrol e-2,5-di one PREPARATI ON AP : :

3-(1- met hyl - | H i ndol 3-yl]- 1H-pyrro|e 2,5-dione. 15 EXAMPLE | :

| H- di pyrﬁﬁ&ﬂ&ﬂl@.&c] carbazol e-1, 3, 4, 6(2H, 5H, 7H) -t et rone The conpound of
Pr epar at | )\ 'S, heat reflux for 24 hours in 24 m of

di oxane #gélpﬁ%,{. rlzlgélﬁj}’ggb‘%l)'b& FBYE8 E%QN"& acid (400 R1). After renoval of
the sol vent by evaporation, the crystals are taken up in ethyl acetate and

washed with a saturated sodium hydrogen carbonate solution and a saturated
sodi um cBREPARAEHONiAK: The expected 20 product is obtained by filtration

of the S £ r | tin int : > 300C IR (KBr) : vc_0 = 1690,
1730, 1 4%?“’%‘%‘&83&'{“@’@' o é%'ﬁ% S(c)'ﬁ{"“ewass spectronetry (FAB) : 306.05
[MiH ] 2 0 APR 2007 -35 EXAMPLE 2 :

2,5-di nmet hyl - 1H-di pyrrol o[ 3, 4-a: 3, 4-cl carbazol e-1, 3, 4, 6(2H, 5H, 7H).- tetrone A
m xfure -of Preparation B (1 mol) and N-nethyl mal ei m de

(1.10 ”@\k\?—n&?héxé-zmn ?anflpl%'?mﬁ . t@?%[s%*rfmie?gghfor 24 hours. After cooling,

the yello p|t e’1s e Y washed with para-xyl ene.
Chr omat ogr aphy on a silica
PREPARATION AM :

3-[(7-(benzyloxy)-1H-indol-3-yl}-1 H-pyrrole-2,5-dione

(7-
(5-
PREPARATI ON AM : 3-[(7-
3-
5-

PREPARATION AN : v
10 3-[6-(benzyloxy)-1H-indol-3-yl]-1H-pyrrole-2,5-dione

PREPARATION AO :
3-[5-(benzyloxy)-6-methoxy-1H-indol-3-yl}-1H-pyrrole-2,5-dione

PREPARATION AP :
3-(1-methyl-1H-indol-3-yl]-1H-pyrrole-2,5-dione.

15 EXAMPLE 1 : 1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-tetrone

The compound of Preparation A (0.388 mmol) is heated at reflux for 24 hours in 24 ml of
dioxane in the presence of trifluoroacetic acid (400 pl). After removal of the solvent by
evaporation, the crystals are taken up in ethyl acetate and washed with a saturated sodium
hydrogen carbonate solution and a saturated sodium chloride solution. The expected

20 product is obtained by filtration of the crystals over a fiit.

Melting point : > 300°C
IR (KBr) : Veao = 1690, 1730, 1745, 1780 cm™ ; vy = 3280-3380 cm™
Mass spectrometry (FAB) : 306.05 [M+H"]




colum (ethyl acetate/cyclohexane : 1/1 ; ethyl acetate ; ethyl
acetate/nethanol : 98/2) allows a mxture of isonmers to be obtained which
is heated at reflux for 84 hours in 25 m of dioxane in the ptfﬁe p@ of
trifluoroacetic acid. After renoval of the solvent by evaporat4 nﬂ he/007
crystals are taken up in ethyl acetate and washed with a saturated sodi um 10
hydr ogen carbonate solution and a satUtat ed sodi um chloride sol ution. The
expected product is obtained by filtration of the crystals over a frit.
Melting point : > 300C IR (KBr) : vcb = 1695, 1720 cm-1 ; vNH = 3410 cm -1

2wt hyl ESANIEREA b1 fraie i 11O o TA - cartagole s S Elone. The

expect ed product is gptogened in accordance with the procedure described in
Exanmple 2, starting fromthe conpound of Preparation B and nmal ei m de.
Melting point : > 300C 20 IR (KBr) : vc_o = 1710, 1720, 1760, 1780 cm 4 ;

NH = 32Q0- Va t try (FEAB). : 320. 06 H EXAMPLE 4 :
\{0- (benzy (Iﬂﬁ;,l g?’% C(? é} enﬁ?%??-s COJ |r B&Efﬂéﬁﬁé 3BA 481a :@3’28 c PTE,daE -gfg%yémalemlde
1, 3, 4, 6( 2H (BidmBH) it 1 BHINT patdiRylexd eCeftk & RFYathduSs. OAPMidagﬁnéé Qh@?gl?&gance

with the procedure described in 2 0 AV 2001 -36 Exanple tarting from
t he SconpBigRdiaE 1Prdiseadaff end themwashederity paraixglent.dehromeiigtaphy quoa sflica > 300C

I( IBA(B;< B:r ) %%B%é@mﬁ%gg/c@igﬁﬁéz éi/?r?ejfh);l a\ée ;te:; et%{}%f) ager{gtg/me't\ﬁaaggl sggbﬁzt) rometry
5- et hy| fliove] Smdxtadepoftisahak %o Be abaiiebannditrs heded ablellk 76 oS #gy The

expect ed%tproduct s _obtained in accordance with the procedure described in
Exanpl e 2 diaxap¢ iiRgthe (RRsenAe ofomsbiarraceic pridpavfier iromomrlapd the solvent by

N-met hyl opl6iaBbAShe crystals are taken up in ethyl acetate and washed with a saturated sodium
10 hydrogen carbonate solution and a saturated sodium chloride solution. The expected

product is obtained by filtration of the crystals over a frit.

Melting point : > 300°C
IR (KBr) : Veeo = 1695, 1720 cm™ ; vy = 3410 cm™
Mass spectrometry (FAB) : 334.08 [M+H"]

15 EXAMPLE 3 : 2-methy]—1H—dipyrrolo[3,4-a:3,4-c]carbazole—l,3,4,6(2H,5H,7H)—

tetrone

The expected product is obtained in accordance with the procedure described in

Example 2, starting from the compound of Preparation B and maleimide.

Melting point : > 300°C
20 IR (KBr) : veo = 1710, 1720, 1760, 1780 cm™ ; v = 3260-3395 cm™
- Mass spectrometry (FAB) : 320.06 [M+H")

EXAMPLE 4: '10—(benzyloxy)-Z-,S-dimethyl-lH—dipyrrold[3,4—a:3,4-c]carbazole—
1,3,4,6(2H,5H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in



Melting point : 294C (deconposition) IRKBr : v, 0 = 1775, 1840 cm; VvNH =
3370 cm-1 10 Mass spectronetry (FAB) : 321.05 [ MtH+] EXAMPLE 6 :

2-[ 2- (di et hyl am no) et byl ] - 5- met hy] - 1H-di pyrrol o[ 3, 4-a: 3, 4-c]c ré)- .
azole-1,3,4,6(2H, 5H, 7H -tetrone hydrochl ori de N-N-di et hyl et h2I eﬁidﬂipqﬂ]ne
(0.132 nmmol ) is added dropwi se to a solution of the conmpound of Exanple 5
(0.088 nmol) dissolved in 5.2 m of amhydrous tetrahydrofuran. 15 The

m xture is heated at 65C for 4 days with the exclusion of |ight and then
cool ed aR#amplkenstapingrran thogompeund obPrepgatous ahfiNapdthybidleimide.aci d sol uti on
(40 m) and ethyl acetate. The organic product is extracted wth ethyl
acetate. The aqueous phase is taken up in ethyl acetate and the pHis

adj ust ed MedtinleZpdiyt :theoeaddi ti on of a saturated aqueous sodi um hydrogen
carbonate solution. The organic pr_(i)duct IS ext ract ed with ethyl acetate. The
20 or ganik (sBAs es-oar E/ohihéd]S eni ednové#8hagnesi um sul phate and filtered,

and the lvent, is e a f 1in the cold. To a solution, cooled to 0C,
of the amﬁﬁjg@%ﬂéﬁl n 400 | of methanol there is added
dropwi se an aqueous I N hydrochloric acid solution (190 |). The m xture is
stirred for 30 mnutes. The solvent is evaporated off, allow ng the

expéct edEXAMPBEE 3 bStyeethylneal2d-c]pyrivel 3 #-ajcapbazale-1,3 M36(TH S Bhpetsoné on) - 37
- 2 APR 2007 IR (KBr) : vc-0 = 1710, 1720, 1765, 1775 cm 1 ; vNH =
3300-3600 cm 1 Mass spectronetry (FAB) : 419.17 [ MtH ] EXAMPLE 7 :

1H pyri doh2, &pbdied pyroaed: 0fs3.0Bta@ied, fr GlcbdMR- with, fheb prddedide 7 serib&i iPNe 5
The expected product is obtained in accordance with the procedure described
in Exanpkemnple 2 stagtngdpm thermompeurdahrgptraivin Prpg A-methytmaeciamde.mal ei ni de.
EXAMPLE 8 : 2-nethyl-7-(2,3,4,6-tetra-0O acetyl - p-D-gl ucopyranosyl)-1H pyrido
[2,3-b] dipyrrolo [3,4-e:3,4-g] indole-1,3,4,6(2H 5H, 7H) -tetron e The
expect edMultgdusiinti: 2940 édesesipositi@gcor dance with the procedure described in

IR (KBI) : Veeo = 1775, 1840 cm™ ; vigy = 3370 ¢’
10 Mass spectrometry (FAB) : 321.05 [M+H"]

EXAMPLE 6 : 2-[2-(diethylamino)ethyl]-5-methyl-1H-dipyrrolo[3,4-a:3,4-c]carb-
azole-1,3,4,6(2H,5H,7H)-tetrone hydrochloride

N-N-diethylethylenediamine (0.132 mmol) is added dropwise to a solution of the
compound of Example 5 (0.088 mmol) dissolved in 5.2 ml of anhydrous tetrahydrofuran.
15 The mixture is heated at 65°C for 4 daysvwith the exclusion of light and then cooled and
taken up in a mixture of an aqueous 1N hydrochloric acid solution (40 ml) and ethyl
acetate. The organic product is extracted with ethyl acetate. The aqueous phase is taken up
in ethyl acetate and the pH is adjusted to 12 by the addition of a saturated aqueous sodium
hydrogen carbonate solution. The organic product is extracted with ethyl acetate. The
20 organic phases are combined, dried over magnesium sulphate and filtered, and the solvent
1s evaporated off in the cold. To a solution, cooled to 0°C, of the amine so obtained
dissolved in 400 ul of methanol there is added dropwise an aqueous 1N hydrochloric acid
solution (190 pl). The mixture is stirred for 30 nminutes. The solvent is evaporated off,

allowing the expected product to be isolated.

25 Melting point : 184°C (decomposition)



10 Exanple 2, starting fromthe conpound of Preparation F and mal ei m de.
EXAMPLE -2 : 2-nethyl -1 H pyrido[2,3-b] dipyrrolo[3,4-e:3,4-g]indole-
1,3,4,6(2H,5H, 7TH) -tetrone A m xture of the conpound of Prepar?t bo G (55.0
ng) and maleimde (25.9 ng) in xylene (5 m) is heated at ref 90‘41
hours. After cooling, the mxture is filtered and washed 15 with xyI ene he
solid obtained (70.8 ng) is heated at-¥eflux for 3 days in dioxane (5 m) in
t he presence of 2, 3-dichloro-5, 6-di cyano | , 4- benzoqui none (115.5 ny). After
renoval I (KBhe vegl-vEND, b320eva45onars an; ,bh&saﬁ%&mdﬂs‘taken up in water and
the solid obtained is filtered off and washed with water and ethyl acetate,
al | owi ngMasgsnegtsametsy FBnde- 1t7deeHdbt ained. Melting point : >300C 20 IR
(KBr) : vc_c =1600 cm-1 ; vc_o = 1710, 1730, 1770, 1780 cm -1 ; vNH = 3200
cm EXAMPLE |1 Q

2-met hy| EXIAVIBLA: B pwrp@ml[o&,ﬂ-ma@yfwweas,ﬁg]md61e2ﬁ,3 AeLsE,oAR A mixture
of the conpound of Preparation B (315 ng) and nal eic annydrl de (164 ng) in
p-xylene (24 m) is ¥§B&Ped at reflux for 40 hours. After returning to

anbi ent tenperature, 2 0 APR 2007 -38 the mxture is filtered and the
crystals are washed with p-xylene and then dried- The solid obtained (357
ng) 5i s h&h¢ eckpatted qfrbdnctl B dbekrdein Gcedrdarfcor wahdeies pidtedilie @dseseqcey of 2, 3-
di chl oro-5, 6-di.cyano- enzoqui none (540 . After returning to anbient

t enper at GFEIPIE Zatarting “W [FORPRYM %@é?%%rgloélr anyalgimmBe solid at the
interface is filtered off over a fit 5 and washed wth water and et hyl
acetate, allow ng the expected product to be isolated. Melting point

>300C | REXMBPLE &1 2-meti05- (m&@teﬁa%acéwl-ﬁ-m copﬁ%ﬁe?qu- EXAVPLE 11 :
5-[2- (di et hyl am no) et hyl ] - 2- nethyI-IH-dlsyrroI a:

c] car bazol e- 1, 3, 4, 6(2HIGHZFrhldiRsFpl hsditol 43, 416(2H,5H,TH)-tetrone

N- N- di et hyl et hyI ened| amne (20 |) is added dropwi se to a solution of the
conmpound of Exanple 10 in dry tetrahydrofuran (5.5 m). The m xture is
heat ed aTh&5@ptaed 4prddycs iwi phtairteleinexacdonddmoa with| ihghprocAduirer dé¢setibddniimg t o

anmbi ent te rature, the mxture i aporated to
10 ﬁx%&ea starfing from the compound'S ofePre}Parat%n F and maleimide.

EXAMPLE 9: 2-methyl-1H-pyrido[2,3-b]dipyrrolo[3,4-e:3,4-g]indole-
1,3,4,6(2H,5H,7H)-tetrone

A mixture of the compound of Preparation G (55.0 mg) and maleimide (25.9 mg) in xylene
(5 ml) is heated at reflux for 20 hours. After cooling, the mixture is filtered and washed
15 with xylene. The solid obtained (70.8 mg) is heated at reflux for 3 days in dioxane (5 ml) in
the presence of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (115.5 mg). After removal of
the solvent by evaporation, the residue is taken up in water and the solid obtained is filtered

off and washed with water and ethyl acetate, allowing the expected product to be obtained.

Melting point : >300°C
20 IR (KBr) : vee = 1600 cm™ ; veo = 1710, 1730, 1770, 1780 cm™ ; vy = 3200 cm’?

EXML_]_Q : Z-methylfuro[3,4-a]pyrrolo[3,4-c]carbazble-l,3,4,6(2H,7H)-tetr0ne

A mixture of the compound of Preparation B (315 mg) and maleic anhydride (164 mg) in
. p-xylene (24 ml) is heated at reflux for 40 hours. After returning to ambient temperature,



dryness, taken up in | nml ‘of acetic anhydride in the presence of AcONa (75
ng) and then heated at 90C for 4 hours. The crude reaction mxture is

cool ed and then taken up in a. 15 m xture of an aqueous IN hyd D& O@fid
solution (40 m) and ethyl acetate. The aqueous phase is then ta g n
ethyl acetate and treated with an aquggys saturated sodi um hydrogen
carbonate solution. The organic product” s then extracted with ethyl

acetate (3 x 50 nm). The organic phases are conbi ned and dri ed over

magnesi Uie Sukpraiselilterad anhegoysianere washod pothat- exlens dndethen doed. tBrepetidt ur e.

hen coot Saps (5 B4 R Fofri) P Rhonk 3t ) Rt Bpoth B BR0ee ! 27 < "L hen

added dr@@m}bﬁes 61316yaﬁﬁb><lt4lb@12b§u1§bhé’ (R0 thy AIQr FtiRSto al{Ment $&h¥&Burd, S

evapor at ed of | owi ng t he exgected product to be “obt ai ned. 'ting point
278- 280CVRtRX em@hmth ethyyl -agetatelayq addetly The splid at theynterf@e09 filtlggd @t avera Hit APR
200

Zt hyl | py?ﬁ%ﬁ%ﬁq apd gthyl 344, AR5 e PXPECEd@royekiq bedsolateds  one The

expected product is obtained in accordance with the procedure described in
Exanpl e 9 startln%ﬁfron1the conpound of Preparation A and with the
replace Gri de by N-nethylnalelnlde N@Iting point : >300C IR
(KBr) 1695, ,-h£2 1 1775 ¢ 3220, 3330 cm-1 EXAMPLE
13 Furo[34- F?olo é ﬁn%ﬁggg%azdle“ @g%%t (2H 7FD tetrone The expected
product is obtalned in accordance with the procedure described in 10
Exanpl e 10, startlng fromthe conpound of Preparation A Melting p0|nt X
>300C 1REXANPLE McyS-R-diqthylaming)ethylb2-gnethyizD-digB@olofd,4-a:44- ,, = 3240,

?3204(321( '2# SEX'?\II\-/DPI-_tEe é%rrilyaéﬁe-(lil‘ﬁ‘%%Qr?ﬁ)nﬁWeFmBXi: Sll-o%illq’orf'd a: 3, 4-c] earbazol e-

10 N-N-diethylethylenediamine (20 pl) is added dropwise to a solution of the compound of
Example 10 in dry tetrahydrofuran (5.5 ml). The mixture is heated at 65°C for 4 days with
the exclusion of light. After returning to ambient temperature, the mixture is evaporated to
dryness, taken up in 1 ml of acetic anhydride in the presence of AcONa (75 mg) and then
heated at 90°C for 4 hours. The crude reaction mixture is cooled and then taken up in a

15 mixture of an aqueous IN hydrochloric acid solution (40 ml) and ethyl acetate. The
aqueous phase is then taken up in ethyl acetate and treated with an aqueous saturated
sodium hydrogen carbonate solution. The organic product is then extracted with ethyl
acetate (3 x 50 ml). The organic phases are combined and dried over magnesium sulphate
and the solvent is evaporated off at room temperature. The free amine so obtained (32.8

20 mg) 1s taken up in methanol (1 ml) and then cooled to 0°C. An aqueous 1N hydrochloric
acid solution (172 pl) is then added dropwise. The mixture is stirred for 30 minutes. The

solvent 1s evaporated off, allowing the expected product to be obtained.

Melting point : = 278-280°C
IR (KBI) : Vo = 1710, 1770 cm™ ; vy = 3200, 3600 cm™



15 The expected product is obtained in accordance with the procedure
described in Exanple 9, starting fromthe conpound of Preparation H.
Melting point : >300C IR KBr : vc_o = 1725, 1755, 1780 cm-1 ;2 UNM):

3150- 3500 cm 1 EXAMPLE 15 : . R 2007
10- br onmo- 1H-di pyrrol o[ 3, 4-a: 3, 4-c] earhazol e-1, 3,4, 6(2H,5H, 7H) - 20 tetrone
The expected product is obtained in aceordance with the procedure descri bed
in Exanple 9, starting fromthe conmpound of Preparation |. 2 0 -40- APR

2001 MelEXAYPOEAR ::5-m8GFE1 HedipBrolo[3,4¢a:3¢i-cl caib@@olesn I 4,6(AH,5H, HNL710, 1720,
1760 cm1 ; VNH = 3150-3350 cnmi EXAMPLE 16

10- chl or o- 1H- di pyrr 8¢BP2€ 4- a: 3, 4- c] carbazol e- 1, 3, 4, 6(2H, 5H, 7H)- 5 tetrone
The expected product is obtained in accordance with the procedure described
in Exanple 9, starting fromthe conpound of Preparation J. Ml ting point
>300C | HHBrexpectad produt606 chthingd vio eccorddand®, witly 2Be  Ara6&iucen describeliHie

3120- 33 cml-gf §1}0 : L%l?.: . .

10- f | uord“ ¥ 41 p ?‘?%5@%”? hé,.cgmpopnd: of Frersration A amd gyl threplgcement phne The

expect ednAeRside by NSmetlRhdlSichii® accordance with the procedure described in
Exanple 9, starting fromthe conpound of Preparation K Melting point

>300C 15 IR (KBr) : vc_a = 1710, 1780 cm ; VNH = 3100-3350 cm -1 EXAVPLE 18
10- hy% Xy 1an i_g%/ddogl o[ 3, 4-a: 3, 4-c] earbazol e-1, 3,4, 6(2H,5H, 7H) - tetrone
m&éﬁggﬁmm I

The exp obt ai ned in accordance with the procedure described

in tExarnilg%gégc}:), - SLaEt b0y 109MAsBer eaMeUnd, ef3oPh epapakion L. 20 Melting
poi nt :

EXAMPLE 13 : Furo[3,4-a]pyrrolo[3,4-c]carbazole-1,3,4,6(2H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in

10 Example 10, starting from the compound of Preparation A.

Melting point : >300°C
IR (KBI) : vee = 1610 cm™ 5 veo = 1700-1850 cm™ ; vy = 3240, 3380 cm”

EXAMPLE 14 : 10-(benzyloxy)-1H-dipyrrolo[3,4-a:3,4-¢]carbazole-
1,3,4,6(2H,5H,TH)-tetrone

15 The expected product is obtained in accordance with the procedure described in

Example 9, starting from the compound of Preparation H.

Melting point : >300°C
IR (KBr) : veo = 1725, 1755, 1780 cm™ ; vy = 3150-3500 cm’™

EXAMPLE 15 : 10-bromo-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

20 " tetrone

The expected product is obtained in accordance with the procedure described in

Example 9, starting from the compound of Preparation I.



IR KBr : vc-0 = 1725, 1770 cm1 ; vNH = 3100-3650 cmi 2 0 -41 APR 2007 -
EXAMPLE 19 :

7-[1-(2,3,4,6-tetra- O benzyl - (3-D gl ucopyranosyl )] -1Hdi pyrrol o[ 3, 4-
a:3,4-el carb azol e- 1,3,4,6(2H,5H 7H) -tetron e The expected p oBuMBRi

obt ai ned in accordance with the procedyre described in Exanple 2, star?p%
fromthe conpound of Preparation M and mal eim de. 5 EXAMPLE 20 :
7-([i-D-glucopyranosyl)-1H di pyrrol o] 3, 4-a: 3, 4-c] car bazol e-

1,3,4,6(2H,5H, 7H) -tetron e Debenzyl ation by BBr3 of the conpound of Exanple

19 in diﬁlﬂitor orcr)etthggs %Iows the expected conmpound to be obtained. EXAMPLE
21 . 7-[T(CZ2°574,6- eQra-ObenzyI-(3-DgI ucopyranosyl)]-1Hpyrido[2,3-b]- 10

di pyrrol IIFI @%Qe,:\@:té-]%bg@ﬁb]é}uéioe—: 1719, 478 2rbPbnTH); 124 {f‘e@f@solﬁﬁ‘ expect ed

product 1s obtained in accordance with the procedure scribed in Exanple
9, starting fromthe conpound of Preparation N. EXAVPLE 22 :

4 B e PSR R 0

added to a sol ution w@frohbe conpound of Exanple 21 in dichloronethane at
-78C. After 10 mnutes' stirring at -78C, the reaction mxture is
hydr ol ysed and brought to anbient tenperature, and then extracted repeatedly

with ethyl acetate. The organic phase is.dried.over nmagnesi um sul phate and
t hen cgﬁ%eer?ﬁpg‘ﬁ%cg pﬂ%@‘ec} llseaetélé’agpﬁnefgiﬂr‘é?ncﬁhwgﬁaﬁ@gPEP%F] Iendessmheda 1gyel
al | ows thergNpecsi@ting ZOnPihedbmbotif EPrbsRitaingd. The products of Exanples 23
to 50 are obtai ned according to the procedure described in Exanple 9,

starting fromthe conmpounds of Preparations O to AP, respectively. 2 D APR

2007 - ) . 23000
10-am n?-ﬁf'@gﬁyﬁr’o %?g 4-a: 3, 4-c) carbazol e-1, 3, 4, 6(2H, 5H, 7H) -

IR (KBr) : Veee = 1600 cm™ ; veeo = 1710, 1720, 1760 cm™ 5 vy = 3120-3380 cm’!

10 EXAMPLE 17 : 10-fluoro-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

tetrone

The expected product is obtained in accordance with the procedure described in

Example 9, starting from the compound of Preparation K.

Melting point : >300°C
15 IR (KBr) : veo = 1710, 1780 cm™ ; viy = 3100-3350 cm™!

EXAMPLE 18 : lO-hydroxy-lH-dipyrrolo[3,4—a:3,4-c]carbazole—l,3,4,6(2H,5H,7H)—

tetrone

The expected product is obtained in accordance with the procedure described in

Example 9, starting from the compound of Preparation L.

20 Melting point : >300°C ‘
IR (KBI) : Veeo = 1725, 1770 cm™ : vy = 3100-3650 cm™



tetrone EXAMPLE 24 : ' - _

11- am no- 1H-di pyrrol o] 3, 4-a: 3, 4-c] carbazol e-1, 3,4,6(2H,5H, 7H) - tetrone 5
EXAMPLE 25 : 9, 10-di net hoxy- 1H di pyrrol o[ 3, 4-a: 3, 4-c] car bazol e- '
1,3,4,6(2H 5H, 7H) -tetron e EXAMPLE 26 : 20 N)R 2007
11-nitro-1H-di pyrrol o[ 3, 4-a: 3, 4-c] carbazol e-1, 3, 4, 6(2H, 5H, 7H) - tetrone
EXAMPLE 27 : 11-fluoro-IHdipyrrol o[ 3,4-a: 3, 4-c] carbazol e- 1, 3, 4, 6(2H, 5H, 7H) -
10 tetrone EXAMPLE-28,

9- f | uor cEXIAMPLY, 19 B[13(243,4,63tetracPdenidAoDeglicdhyt akgsg b -5 H- diply rrole{8 done
EXAMPLE 29: 11-hydroxy-,1H- di pyr.rql -a -C

car bazol e- 1, 3, 4, %( 2H" ﬁjc‘}ﬁ}rpa%‘é‘?ﬁoﬁ‘ﬁ@*%?éﬂé@ﬁg, :

10- hydr oxy- 1H-di pyrrol o[ 3, 4-a: 3, 4-c] carbazol e-1, 3, 4,6(2H, 5H, 7H) - tetrone
EXAMPLE 31 : _ o _ o

11- met hokbe 1pertes roredust 3is4obtadied - o] @ardrdarot ewith 3thé, PlcREthBE, ddsprbddetin one
EXAMPLE ; . . .

10- et hogggr?quéi e frgpsthg cqmpoynd of FppuatignM and malgimids. sH 71H) - 20 tetrone
EXAMPLE 33 : 9-net hoxy-1H di pyrrol o] 3, 4-a: 3, 4-c] ear bazol e-1, 3, 4, 6(2H, 5H, 7H) -
tetrone 2 0 APR 2001 -43 EXAWPLE 34 :

8- nét hoxwid-@-ﬁrglummimnmﬁ]yl:)aﬂiﬁ-adimtreelm[?-d;ﬁg(-ﬂ}dlaﬂﬁlzﬁgé);f g ?'[2 rH oga -
EXAMPLE 35 : 11-nethyl -1 [ ol o[ 3, 4-a: 3, 4-c] car bazol e-1, 3, 4, , 5H, -
tetrone 5 EXAVPLE 3“’%"4’6('_519’59}:%1)"“ ome

10- et hyl - 1H-di pyrrol o[ 3, 4-a: 3, 4-c] car bazol e-1, 3, 4, 6(2H, 5H, 7H) -

Debenzylation by BBr3 of the compound of Example 19 in dichloromethane allows the

expected compound to be obtained.

EXAMPLE 21 : 7-[1-(2,3,4,6-tetra-O-benzyl-p-D-glucopyranosyl)]-1 H-pyrido[2,3-b]-
10 dipyrrolo[3,4-e:3,4-g]carbazole—l,3,4,6(2H,5H,7H)-tetr0ne

The expected product is obtained in accordance with the procedure described in

Example 9, starting from the compound of Preparation N.

EXAMPLE 22 : 7-(B-D-glucopyranosyl)}-1H-pyrido[2,3-b]dipyrrolo[3,4-e:3,4-g]-
indole-1,3,4,6(2H,5H,7H)-tetrone

15 - A 1M solution of BBr; in CH,Cl; (8 eq.) is added to a solution of the compound of
Example 21 in dichloromethane at -78°C. After 10 minutes' stirring at -78°C, the reaction
mixture is hydrolysed and brought to ambient temperature, and then extracted repeatedly
with ethyl acetate. The organic phase is dried over magnesium sulphate and then
concentrated under reduced pressure. Chromatography on silica gel allows the expected

20 . product to be isolated.

The products of Examples 23 to 50 are obtained according to the procedure described in

~ Example 9, starting from the compounds of Preparations O to AP, respectively.



tetrone EXAMPLE 37 :

9- nmet hy] - 1H-di pyrrol o[ 3, 4-a: 3, 4-c] carbazol e-1, 3,4, 6(2H,5H, 7H) - tetrone
EXAMPLE 38 : 8-nethyl -l Hdipyrrol o[ 3, 4-a: 3, 4-c] carbazole-1, 3,4 66 ZM"%H 7I—? -
10 tetrone EXAMPLE 39 : 2 14
11-chloro-1Hdi pyrrol o] 3, 4-a: 3, 4-c] carpazol e-1, 3,4, 6(2H, 5H, 7H) - tetrone
EXAMPLE 40 : 10-chl oro-1H-di pyrrol o[ 3, 4-a: 3, 4-c] car bazol e- 1, 3, 4, 6( 2H, 5H, 7H) -
tetrone 15 EXAMPLE 41 : .

9- chl or oEXAMPLF, 23, Y-aminerl H-dipyrrok b4 As8.4-clcaabazae ZH;%ﬂzﬁrﬁﬂﬂtE@t rone
EXAMPLE 42 : 8-chl or@tljolﬁlédl pyrrol o[ 3, 4-a: 3, 4-c] car bazol e-1, 3, 4, 6(2H, 5H, 7H) -
tetrone EXAVPLE 43 :

11- br onmo- | H-di pyrrol o[ 3, 4 a: 3,4-c]carbazole-1, 3,4,6(2H,5H, 7H) - 20 tetrone 2
0 APR 2007 44 EXANVPLE 4

9- br ono- M&%o{%am@ §H4d‘@}’brﬂ(ﬁ%aﬂtﬂ é—4iclgrh3€(1%3%ﬁ(?ﬁbiﬂi7éﬂf one
EXAMPLE 45 : 8- brom)teglld-ngl pyrrol o[ 3, 4-a: 3, 4-c] carbazole-1, 3, 4, 6(2H, 5H, 7H) -
tetrone 5 EXAMPLE 46.

10- et boxy- 11 - et hyl - 1H di pyrrol 0[3 4 a 3, 4-c] carbazol e-

1346( -fetrone
8- (Benzy il BF‘BF@Oﬁy‘éf%dwyl‘:']%%{ﬁﬁa%-éi“eﬂEalé’alOlS'(2H 5H, 7H) - tetrone
EXAMPLE 48 : 1,3.4,62HSH, TH)-t fetron

9- (benzyl oxy) - 1H-di pyrrol o[ 3, 4 c] carbazole-1, 3,4, 6(2H, 5H, 7H) - 10

tetrone EXAMPLE 49 :

10- (benzy T B A 1Yok o LE DY ofo 2 345 Sar b as 163 3 O H S, TH) -

tetrone

EXAMPLE 27 : 11-fluoro-1H-dipyrrolo[3,4-a:3,4-c|carbazole-1,3,4,6(2H,5H,7H)-

10 tetrone

XAMPLE 28 : 9-ﬂuoro-1H-dipyrrolo[3,4—3:3,4-c]carbazole-l,3,4,6(2H,5H,7H)—

tetrone

EXAMPLE 29 : 11-hydroxy-lH—dipyrrolo[3,4-a:3,4-c]carbazole—l,3,4,6(2H,5H,7H)-

tetrone

15 EXAMPLE 30 : 10-hydroxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

tetrone

EXAMPLE 31 : 11-methoxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

tetrone

EXAMPLE 32 : 10-methoxy—lH-dipyrrolo[3,4-a:3,4—c]carbazole-1,3,4,6(2H,5H,7H)—

20 © tetrone

EXAMPLE 33 : 9-methoxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7TH)-

tetrone



1,3,4,6(2H,5H, 7H) -tetrone EXAMPLE 50 : '
7- et hyl - 1H-di pyrrol o[ 3, 4-a: 3, 4-c] carbazol e-1, 3,4, 6(2H,5H, 7H)- tetrone 15
EXAMPLE 51 : 2- hydroxy-5-nethyl-1Hdi pyrrol o[ 3, 4-a: 3, 4-c] car bazgl e-
1,3,4,6(2H,5H, 7H) -tetron e The expected product is obtained in &Arpdﬁanm]
wi th the procedure described in Exarrpie 6, with the replacenent of

di et hyl et hyl enedi am ne by hydroxylam ne. EXAMPLE 52 :
m no- 5- net hyl - 1H-di pyrrol o[ 3, 4-a: 3, 4-c] car bazol e 20
1,3,4,6(2H,5H, 7H) -tetrone The expected product is obtained in accordance
1
1

h th _ ' . Ex 6, ,with th | f
i ot PO I IR SS S et BRL a3 4 oo o SRBTERBIR. 55
di et hyl am no) - 5-teabhy! - | H di pyrrol o[ 3, 4-a: 3, 4-c] car bazol e-

,4,6(2H,5H, 7H) -tetrone The expected product is obtained in accordance
h the procedure described in Exanple 6, with the replacenent of N, N-di

(
3
t
. SR A S S A o o

H, 5H, 7H) -tetro u tetrbhe expected product is obtained in accordance with

pa

WO

N
2-
Wi
N,
2-
Wi
‘et

2-

6(

the procedure described in Exanple 6, with the replacenent of

N, N- di et hyl et hyl enedi am ne by 3-am no-I|-propanol. 10 EXAMPLE 55 :
2
with the procedure desonebed in Exanple 6, with the replacenent of

N, N- di et hyl et hyl enedi am ne by 3-net hoxy- propylam ne. 15 PHARVACOLOG CAL
STUDY OF THE COVPOUNDS OF THE | NVENTI ON

EXAMPLE 37 : 9-methyl-1H—dipyrrolo[3,4-3:3,4-c]carbazole-l,3,4,6(2H,5H,7H)-

tetrone

(3, eSO AR LN R e el S o cance

EXAMPLE 38 : 8-methyl-1H—dipyrrolo[3,4-a:3,4-c]carbazole—l,3,4,6(2H,5H,7H)-

10 tetrone

EXAMPLE 39 : 11-chloro-lH—dipyrrolo[3,4-a:3,4—c]carbazole—l,3,4,6(2H,5H,7H)-

tetrone

EXAMPLE 40 : 10-chloro-1H—dipyrrolo[3,4-a:3,4-c]carbazo]e-l,3,4,6(2H,5H,7H)-

tetrone

15 EXAMPLE 41 : 9-chloro-1H—dipyrro]o[3,4-a:3,4—c]carbazole-l,3,4,6(2H,5H,7H)-

tetrone

ELXAMPLE 42 : 8—chloro-1H-dipyrrolo[3,4—a:3,4-c]carbazole—1,3,4,6(2H,5H,7H)-

tetrone

EXAMPLE 43 : l1-bromo-1H—dipyrrolo[3,4-a:3,4-c]carbazole—l,3;4,6(2H,5H,7H)-

20 o ‘tetrone



EXAMPLE 56 In vitro activity Three cell lines were used : L1210 nurine

| eukaem a A 549 non-small-cell human |ung carcinoma 20 DUMZDQO'@BuﬁtE
carci noma L1210 nmurine | eukaem a was used in vitro. The cells ar t @@b
in RPM 1640 conplete culture nmediumcontaining 10 %foetal calf serum 2nM
glutamne, 50 unitslm of 2 0 APR 20074 -46 penicillin, 50 pg/m of
streptonycin and 10nM Hepes, pH : 7.4. 4'I'he cells are distributed on

m cropl ates and are exposed to the cytotoxic conpounds for 4 doubling

peri ods, EM%?%‘brqm@'llﬂjﬁfﬁlé’rr@f)éﬂ'&ﬁk‘bcbérb@olesl,3,I4é|621¢5&ﬁﬂﬂ-i ed by a
colorinetric assay, ttela,g] M crocul ture Tetrazolium Assay (J. Carm chael et

al ., Cancer Res.; 47, 36- 042 (1987)). 5 The results are expressed as the

| C50, the concentration of cytotoxic agent that inhibits the proliferation
of the treated cells by 50 % By way of exanple, the conpound of Exanple 2
exhi bi t sSEXAMPLE 45::58-bromod Hydinysrolp[Bxra:3,4c al‘haznleﬂs%sﬁzﬂ,sﬁ,wm on DU 145.
EXAMPLE 57 : Phar nacpel(goin(é‘al conposition : injectable solution Conpound of
Exanple 1

10 ng 10 Distilled water for injectable preparations.. ......... e 0
APR51007EXAMPEEA 6 0-methaxypld omgthybi H-dipyiralo[Bgya:3¥-clcarb@zole- vz ¥ X 2 A Y
(n 1,3,4,6(2H,5H,TH)-tetrone

EXAMPLE 47 : 8-(benzyloxy)-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

tetrone

EXAMPLE 48 : 9-(benzyloxy)-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7H)-

10 tetrone

EXAMPLE 49 : 10-(benzyloxy)-9-methoxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-
1,3,4,6(2H,5H,7H)-tetrone

EXAMPLE 50 : 7-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H,5H,7TH)-

tetrone

15 EXAMPLE 51 : 2-hydroxy-5-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-
1,3,4,6(2H,5H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in

Example 6, with the replacement of N,N-diethylethylenediamine by hydroxylamine.

EXAMPLE 52 : 2-amino-5-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-
20 1,3,4,6(2H,5H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in

Example 6, with the replacement of N,N-diethylethylenediamine by hydrazine.



WI ".... 11 N@ X2 Rl Y2 wherein 5 A represents a saturated or
partially or fully unsaturated ring, wherein the unsaturation Cgtl onal |y
confers an aromatic nature on the ring, W, together with-the ZZUW
to which it is bonded, represents a phenyl group or a pyridyl group,
represents one or nore identical or di_ﬁ%(_aren-t groups of formula UV wherein
10 / U represents a single bond or a Tinear or branched (G -C6)al kyl ene
chain or a |inear or branched (C2-C6)al kenyl chain optionally substituted
by one or nore identical or different groups selected from hal ogen and
hydr oxy, m@=os t i I nds,
representﬂl‘/%)gug—ﬂs(2,f{falgjfll%et?tl5 f‘ﬁ)&g §rﬂﬁh@3§%‘ﬁa¥m5ﬁ§%%}a§$ a‘?g Zm?and the 15
groups cyano, nitro, 1824,6QH,5Hidhtetronbr anched (G - C6) al kyl, aryl,
aryl-(G -C6)alkyl in which the alkyl noiety nay be |inear or branched,
hydroxy, linear or branched (G -C6)al koxy, aryloxy, aryl-(Cl-C6)al koxy in

whi ch t herhal kgsesteDhRid

am nocar bonyI@%RS E CCtr(rqy Haintd 2:{? ?chfdaﬁélga%hﬁl% Cé}%%%nl %E‘fn%fé)mTl

- C( O - O Exampri- mt-thfMJ;epmemNRBoTZNCﬁa;ethyNRBylEﬂedi@BB by O1, T-dnbiR3R4

-0 T 2- Gﬁl:;"dr n0 T r-CO2R3, and -S(O 1-R3, wherein R3 and R4, which may be
i ndent i car "GF G fferent, each represents a group sel ected 20APR 2007 -48

froma hydrogen atom and t he groups linear or branched (g -C6)al kyl, aryl,
and aryl-(G -C6)al kg in which the alkyl noiety may be |inear or branched,
or R3+R4 M@&E het(3-dydnoaipynpdidrpethyl-t Halipytrolpds Her:3,#at¢arbassd-ur at ed

monocyclic 1,3,4,6(2H,5H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in

Example 6, with the replacement of N,N-diethylethylenediamine by 3-amino-1-propanol.

10 EXAMPLE 55 : 2-(3-methoxypropyl)-5-methyl-1H-dipyrrolo[3,4-a:3,4-c] carbazole-
1,3,4,6(2H,5H,7H)-tetrone

The expected product is obtained in accordance with the procedure described in

Example 6, with the replacement of N,N- dlethylethylenedlamme by 3-methoxy-

propylamine.

15 PHARMACOLOGICAL STUDY OF THE COMPOUNDS OF THE INVENTION

EXAMPLE 56 In vitro activity

Three cell lines were used :
e L1210 murine leukaemia
° A549 non-small-cell human lung carcinoma

20 e ' DUI45 prostate carcinoma

L1210 murine leukaemia was used in vitro. The cells are cultured in RPMI 1640 compléte

culture medium containing 10 % foetal calf serum, 2mM glutamine, 50 units/ml of



or bicyclic heterocycle that has from5 to 10 ring atons, optionally
contains in the 5 ring systema second hetero atom sel ected from oxygen and
nitrogen, and is optionally substituted by a group sel ected fron?lg' m
branched (G -C6)al kyl, aryl, aryl-(G-C6)alkyl in which the alkyl [ t@w
may be |inear or branched, hydroxy, | '6n_ear or branched (G -C6)al koxy,

am no, linear or branched nono- (G -C6)al kyl amno, and di (C 1 -C6)al kyl

amno in vvhi.ﬁh %Eeg}al kyl moieties nay be 10 |inear or branched, b T1

r epr esen?€UG gy gt podR) Hcieaton s M%ﬁaﬁMoHeHﬁSathéw-(T@e-c@lég atelkdistribtrad i s
opti onal i d - N i -C02R3, -C(OR3
alrcl)d - C)J))I?/\I%%%E%Aa}]ég%niﬁnﬂ%e@ﬁ%ﬁ%ptggg:ly{g)g&xggf ?fﬁggh Her ef ﬁ"be‘%u?ﬁg% pﬁ??fﬁ? Oén(ctl:( )
aryl - (Ci31B8yal K¢ numbehioghvishle cllkyis than quntifRy Be al ie@nedle ReanNched; or

Tt repr nts 15 | i near or branched (C2-C6)al kenyl chain optionally

substi t ﬁ@@ﬁowmae ZF%'%?%EE! sedd) ¢ergrchackyy, a/Nkamaer Resqpis 93604 8 7and

- C(©) NR3 i i inhefore, .b T2.represents a
| i near o?%bﬁggﬁlgsﬁderg e%e?%g)ag{ﬁi{%%gﬁ% ﬁ%ﬁ%ﬁyﬁg}? %rqé:gjfoe%elcn? %en};\t}fall Hﬁ"ét?l%otfle

br anchedprplifergion)cdithe/trented cdiliby 50%i By aalyyfsuiraple! it @BmpatdiHk0fp& Pr e nore
hydr oxy grqu t repr nts an integer of fromO to 2 inclusive, or Z
represen q%lgg“r“&f&i‘?g|°§§fgel&“fqr&1ﬂlﬁét‘ﬂ?w%@aif*é@ apd S 4y oadddiléky, Q
represents a group selected froman oxygen atom and an NR2 group wherein R2
represents a gr oup selected froma hydrogen atom and the groups |inear or
branche | :KBHarmgcgnticad cginp p<iliexCs jgkedtyubleisolutdonch t he al kyl noi ety
may be |inear or 25 branched, cycl oal kyl, cycl oal kyl -(Ci -C6)al kyl in which
the al kyl noiety nmay be linear or branched, -OR3, NR3R4, -O T2-NR3R4,

NR3- Tr NRSGpodrndng@xaeildr.anched. (G - 06) hydr oxyal kyl ami ngyq

di (g.Ci - C6) hydr oxyal kyl')am no in which the alkyl noieti€s nmay be |inear or
br dAchedDistitgdyyatrrfos e ectale Orappraigns. or...R2...r.epr.esent s..a...| 2@ér or branched
(C1-Co6) al kyl ene chain substituted by one or nore identical or 30 different
groups sel ected from hal ogen atons and the groups cyano, nitro, -ORS,



NR3R4 -CO2R3, -C(OR3, linear or branched (d -C6) hydroxyal kyl am no, 2 0 APR
2007 -49 di ((d -06) hydroxyal kyl )am no in which the al kyl npieties nay be

| i near or branched, and -C(O-NHR3, the groups R3, R4 and T2 isng _as
defined hereinbefore, @ represents a group selected from an xﬂg HRat QZ
and an NR 2 group wherein R 2 represeiys a group selected froma hydrgg
atom and the groups linear or branched 5 (G -C6)al kyl, aryl,

aryl - (Cl-C6)al kyl in which the alkyl noiety may be |inear or branched,

cycl oal kyl, eycl oal kyl - (C1-C6)al kyl in which the alkyl noiety may be |inear
or branched, -OR3, NR3R4, -OTrN@%%R&-TZ-NRSR& | i near or branched
(C1- C6) hydr oxyal kyl am no, di ((Q - oxyal kyl )am no in which the al kyl
noi eties may be linear or branched, -C(O-R3 and -NHC(O-R3; or RZ
represents-~a 10 Idi n??r %ﬁ @):_anched (G -Co6)al kyl ene chain substituted by one
or rore £dePPRHIds oFfoma @ ent groups sel ected from hal ogen atoms and t he
groups cyano, nitro, -OR3, X-NRSR@ -&P2R3, -C(OR3, linear or branched

( C1- C6) hydr oxyal kyl ami no, di ({5 Hydr oxyal kyl ) ami no i n which the al kyl
noi eties may be linear or br ed, /angl -C(O - NHR3, the groups R3, R4 and
T2 being as defined herefnbet or ¢/ 1 f represents a group selected froma
iT ax§ inéar or (@ anched (d -C6)al koxy,
mercapt o, and |inear or I -(€J/-CB) al kylthio, Y1 represents a hydrogen
atom or X, and Y1, with : ; carrying them together forma
carbonyl or thiocarbonyl groulﬁ, 2 2 Tepresents a group selected froma
hydrogen atom and the groups hydroxy,ylinear or branched (C1-C6)al koxy,
mercapto and |inear or branched'(Ci-C6Jal kylthio, Y2 represents a hydrogen
atom orwhefdipdnd Y2, with the carbon atomcarrying them together forma
carbonyl or thiocarbonyl group, 25 X 1 represents a group selected froma
hydisogene atfompassdnts hesaguraiedor pardalixys fullynesdtufated ring, wherein the unsaturation

optionally confers an aromatic nature on the ring,

* W, together with the carbon atoms to which it is bonded, represents a phenyl group or

a pyridyl group,

*  Z represents one or more identical or different groups of formula U-V wherein :

10 v" U represents a single bond or a linear or branched (Ci-Ce)alkylene chain or a
linear or branched (C,-Ce)alkenyl chain optionally substituted by one or more
identical or different groups selected from halogen and hydroxy, and/or
optionally containing one or more unsaturated bonds,

vV represents a group selected from a hydrogen atom, a halogen atorn>and the

15 - groups cyano, nitro, azido, linear or branched (C;-Cg)alkyl, aryl, aryl-(C;-Cg)alkyl
in which the alkyl moiety may be linear or bfanched? hydroxy, linear or branched
(Ci-Co)alkoxy, aryloxy, aryl-(C;-Cg)alkoxy in which the alkoxy moiety may be
linear or branched, formyl, carboxy, aminocarbonyl, NRsRs, —-C(O)-T,,
C(OXNR3-T;, -NR3-C(0)-T;, -O-C(O)-T;, —-C(0)-O-T);, -NR;-T,-NR;R,,

20 ~NR;3;-T—OR3, —NR3-T>—CO,R;, —O-T’,-NR3R,, -O-T’;-OR;,
~0-T’;~CO,R3, and —S(0)-Rs, |

wherein :

= Rj and Ry, which may be indentical or different, each represents a group selected



branched (G -C6)al koxy, mercapto and |inear or bra_ncﬂedh(Ct-CS) al kyl t hi o,
Y'1l represents a hydrogen atom or X, and Y"1, with the carbo

carryi ﬁg them together forma carbonyl or 1 D APR 2007 -50 th:}o&a&gbnyo
group, X 2 represents a group selected froma hydrogen atom and the gr oups
hydroxy, linear or branched (G -C6)alkgxy, nercapto and I!near or branched
(G -C6)alkylthio, Y 2 represents a hydrogen atom or 5 X 2 and Y'2, wth

t he carbon at carr t hem together forma carbonyl or thiocar bonyI
group, R ?ﬁm %&Br%@ﬁ ang| tg‘&t%@lplsr I onhapessn(Gatosllkvid agyly andear or

b hed | by one or nore
g;gﬂgsesel ect g?%(r@ojn% ar?f'/ﬁ?’g@mﬁ%‘%%% %Bleﬁﬂﬂ{?{% %%H%a%kjb%{y | i near or
branched (g - @Gﬂl}yd‘rlﬁx@lamnmgyn @romea:mezgg;em, E?Sgﬁ?w?oﬁuﬁ&?go%ﬁ g;Rgst

S .
(2 R Re LR R el R B ﬂb\ﬂ%ﬁtoﬁﬁyoﬁ@mﬂéﬁw@@ﬁ iofhe

di f fser ent, eaﬁhgl’sﬁ/@{eﬁﬁﬁnéeﬁend %étewfi%‘&ﬁwé Hyﬁ&h 6% f?tiﬁg xt%ﬁro%e ﬂ@

roup selected froma hydrogen atom a ogen at
ﬁydr oxy, |i negptigrallyrsahsgieigd (b@l a @9l k@eoyed foml hinear orafrm{d]éﬁlep@)ﬁ)ﬁmxy in

(G “cs) kol - oty POLE a3 n WRRhRE b cmaicey marobetlpeagr bamdiabar or

branched, aryhydrodR3Réeath@r BiACIRRY 0ACHAIRLE afufehin LSiReT Ane, azi do,
20 - N=NR3 (V\%e?eﬂo% is as defi neg@ﬂerel nb%f ore) gld gfx ﬁs vﬁerel n RS

(C1-Ce)alkylamino, and di(C;-Cg)alkylamino in Wthh the alkyl m01et1es may be

10 - linear or branched,

= T; represents a group selected from linear or branched (Ci-Ce)alkyl that is

optionally substituted by a group selected from —OR3, -NR3R4, —CO3R3, —~C(O)R;

- and -C(O)NR3R4 wherein R; and Ry are as defined hereinbefore; aryl, and aryl-

(Cy-Co)alkyl in which the alkyl moiety may be linear or branched; or T; represents

15 a linear or branched (C,-Cg)alkenyl chain optionally substituted by a group selected
from -OR3, -NR;3R4, -CO,R;, ~C(O)R; and —~C(O)NR;R, wherein R; and R, are as

defined hereinbefore,

4

T, represents a linear or branched (Ci-Ce)alkylene chain,

= T’; represents a linear or branched (C;-Cg)alkylene chain optionally substituted
20 with one ore more hydroxy groups,

= trepresents an integer of from 0 to 2 inclusive,

or Z represents a group selected from methylenedioxy or ethylenedioxy,

*  Q represents a group selected from an oxygen atom and an NR; group wherein R,
represents a group selected from a hydrogen atom and the groups linear or branched
(C-Co)alkyl, aryl, aryl-(C,-Cg)alkyl in which the alkyl moiety may be linear or

25 branched cycloalkyl, cycloalkyl-(C)-Cg)alkyl in which the alkyl moiety may be linear
or branched —OR;,. -NR3Rs, -O-Ty-NRiR4, —NR3—T2—NR3R4, linear or branched

- (C1-Ce)hydroxyalkylamino, di((C;-Ce)hydroxyalkyl)amino in which the alkyl

moieties may be linear ori branched, -C(O)-R; and -NH-C(O)-Rs; or R, represents a .

linear or branched (CI-CG)aIkylene chain substituted by one or more identical or

30 different groups selected from halogen atoms and the groups cyano, nitro, —~ORj,
-NR3Rs;, —COzR3;, —C(O)Rs, linear or branched (C1-Ce)hydroxyalkylamino,



represents a linear or branched (C -C6)al kyl group (optionally substituted
by one or nore groups sel ected from hal ogen, hydroxy, am no, Iizgﬁr
branched (Cl-C6)- al kylam no, and di (Cl-C6)al kylamino in which t emﬁé'l 2007
noieties may be linear or branched); or RS represents aryl,

aryl-(G -C6)al kyl in which the al kyl iety maybe 25 linear or branched,
cycl oal kyl or heterocycloal kyl, / R T€presents a nethylene group (H2C=) or
a group of formula -U -Ra wherein Ul represents a single bond or a

met hyl ene ¥l Cafydrxyplkylanige i weigh Heradiyhbefeticemay baiis@oorhragBedRR] 2007

-51 it bein t ood t, t.he gr. ._of a . i S bonded to the

ni t rogen at%&é&/%?%ﬂ%bgrwpgg ’%aangrﬁﬁgmgﬁ%{i%ngﬁbﬂ?‘i(“@%@iﬁs, di ast er eoi soners,
and al so addition salts thereof with a pharmaceutically acceptable acid or
base, 5 with the proviso that the conpounds of formula (1) are other than

t he fol | bwi QyrepEesape dngroup selected from an oxygen atom and an NR', group wherein R,

3D, 6a. 6. 7- 51k A 4105 b S SR E:Sh Ry B i A OB S ikea o archry o2t SH

5 eshy IH) 30, @3- Clulltyll yiafli@ Ittty ir @hiehd- Ak fofly HBAEN fcd: 3y 4 6 (2H
3b, 6a, 7, 11dreRahednhgrrlenlkyl. evolealledi(6[-Cs)alky:is which]thmalkd ratiey inag bé lified 2H, 3aH, 5H

)- tetrone . - - E ) .

3b, 6a, 6b, 7-l%rgltlcrh§%ydr%%3m p?%fRd’- a]%{/fr Jﬁ%ﬂ’&"&%ﬁ%&ol Hoepr 3 of  praushedap 5H) -
tetrone ; (Gh&lShyadranynlkylsniddeti o)) HydroBaNk @) Ry in  RARAL ML - alkyi

di hydr onapht hyl , tetrahydronaphtrzcéllﬁ, i ndenyl ‘or indanyl group, eacK of
those groudBOSHEs 33y by 1Bwngr bsandusds +G( ap¢ —-DhleCY)-RmoeRh depresertad  or

di fiferent g RUPS f 1 gan, | inear or branched (.G -C6)alkyl,
li near or branched (G E%g)ctl rc'?’%%%k%?n ﬁ%s(r?%u@(? i HEaPT S?OTES%P&W@% or
(G - 06) al kadifferean drduR8 RélectedefrgmokylsgeR3atand Mbgiengroass epfbnes-der@knbef ore.
2- Conpound %f 8r r’rﬁl a_é lO)) accordi ng to claiml, characterised’in that X
and Y1, w t'ﬁR —CO2R3, ~C(O)R3, linear or branched (C1-Ce)hydroxyalkylamino, di((C;-Ce)-
hydroxyalkyl)amino in which the alkyl moieties may be linear or branched, and —C(0)-
NHR3, the groups R, Ry and T being as defined hereinbefore,

15 s 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 1-Ce)alkylthio,

® Y, represents a hydrogen atom, or

* Xj and Y;, with the carbon atom carrying them, together form a carbonyl or

thiocarbonyl group,

20 * 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-Ce)alkylthio,

e Y, represents a hydrogen atom, or

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

- thiocarbonyl group,

25 e X" represenfs a group selected from a hydrogen atom and .the groups hydroxy, linear or
branched (C;-C¢)alkoxy, mercapto and linear or branched (C;-Cg)alkylthio,

e Y'; represents a hydrogen atom, or

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



the carbon atomcarrying them together forma carbonyl group, X2 and Y2,
with the carbon 20 atomcarrying them together forma carbonyl group, X 1
and Y'1, with the carbon atomcarrying them together forma caQb&qMHQgQBHP
and X' 2 and Y'2, with the carbon atom carrying them together forma
carbonyl group, their enantioners,.diastereoisoners, and also addition
salts thereof with a pharnaceutical ly -acceptable acid or base. 3- Conpounds
of fornukg) ) according to claiml or claim2, characterised in that Q 25
r epr eserfOCFRONKEPOY:oup wherein R2 is as defined for fornula (1), their
enantionmers, diastereoisoners, and also addition salts thereof with a

phar maceutically acceptable acid or 2 0 APR 2007 -52 base. 4- Conpounds of

formul a | X'pepossehitng gtcupabiced€rodi a B @obEn FohQnd theChidh kdxSeHndapof hat Q@2
represents an -NR 2 group wherein R Z&isggg defi ned o#ﬁ?%?hdﬁg ?ﬁ?? their
enant i orfspached {C aSrlafeny.qaereanso apthtinedr ob besdeiedi(GnCalalkydthicher eof with a

phar maceut i ceptahle acid or 5 base. 5- Conpounds of formula (1)
accordi ng ngghéﬁ%ﬁ%a§¥£8$%}§ ™% o 4, characterised in that t hey represent

conpounds &F, faga myl,a wWilkAtheR&arb6h Nutém &artyif? tw(l?,; tdﬁ{i er Fofm ﬂcal%o%e&e in R,

R2, R2, W and Z are as defined for fornufa el r enantioners, 10
di ast er dBios@eny grewrd al so addition salts thereof with a pharmaceutical ly
acceptable acid or base. 6- Conmpounds of fornula (1) according to any one
of claims | to 5, characterised in that

* R represents a group selected from a hydrogen atom and a linear or branched
(C1-Ce)alkyl group that is optionally substituted by one or more groups selected from

| hydroxy, linear or branched (C;-Cg)alkoxy, linear or branched (Cy-Ce)hydroxyalkoxy or

10 NR3R4, the groups R3 and R4 being as defined hereinbefore ; or R; represents a group of

formula (a) :

wherein :

v Ry Ry, R, and Rd, which may be identical or different, each represents,
15 independently of the others, a bond or a group selected from a hydrogen atom, a
halogen atom, and the groups hydroxy, linear or branched (Cy-Ce)alkoxy, 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, -NR3;R4; wherein R; and R, are as defined hereinbefore, azido,
20 -N=NRj3 (wherein R; is as defined hereinbefore), and ~O-C(O)-Rs wherein Rs
represents a linear or branched (C,-Cg)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 lineér or
branched); or Rs represents aryl, a'ryl—(Cl-Cs)qlkyl in which the alkyl moiety may be
25 , linear or branched, cycloalkyl or heterocycloalkyl,
v" R, represents a methylene grdup (H>C=) or a group of formula ~U;-R, wherein Uy
represents a single bond or a methylene group and R, is as defined hereinbefore,

v mnisOorl,



they represent conpounds of formula (IB) RZ I ONOO (i) ZI \/ NN R2
Ri 0 15 wherein R, R2, R2 and Z are as defined for formula (l)%viqwjg
enantiomers, diastereoisoners, and al so addition salts thereof 2007
pharmaceutically acceptable acid or base. 2 0 APR 2007 -53 Z- Conpounds of
formula (1) according to any one of cléims 1 to 5, characterised in that _
they represent conpounds of formula (1€Q)"R2 0 NO ZO0 (I NNN R z R
O wherein R, R2, R2 and Z are as defined for formula (1), their
enantiomers, 5 diastereoisoners, and also addition salts thereof with a

| € 1.d . 8- ds of fornula (1)
Pecor di g HSEeAREETA B plblor Ry 3555 B f FL 0 Mo #Rato™ BHeG Repr esent
conmpound®. Ry dr® ula (1D) RZ

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

acceptable acid or base,

5 with the proviso that the compounds of formula (I) are other than the following
compounds:
- 3b,6a,6b,7-tetrahydro-1H—dipyrrolo[3,4-a:3,4—c]carbazole—1,3,4,6—(2H,3aH,5H)—tetrone;
- 5-ethyl-3b,6a,6b,7-tetrahydro—lH-dipyrro]o[3,4-a:3,4—c]carbazole-1,3,4,6-(2H,3aH,5H)-
tetrone ;
10 - 3b,6a,7,11c-tetrahydro—lH—dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6-(2H,3aH,5H)-
tetrone ;

- 3b,6a,6b,7—tetrahydroﬁ1ro[3,4~a]pyrrolo[3,4~c]carbazole-l,3,4,6-(2H,3aH,5H)—tetrone ;

wherein aryl is understood to mean a phenyl, naphthyl, dihydronaphthyl,
tetrahydronaphthyl, indenyl or indanyl group, each of those groups optionally being
15 substituted by one or more identical or different groups selected from halogen, linear or
branched (C,-Cg)alkyl, linear or branched (C;-Cg)trihaloalkyl, hydroxy, linear or branched
(C1-Ce)alkoxy, and NR;3Ry, the groups R; and R4 being as defined hereinbefore.

2- Compounds of formula (I) according to claim 1, characterised in that X; and Y, with
the carbon atom carrying them, together form a carbonyl group, X, and Y5, with the carbon
20 atom carrying them, together form a carbonyl group, X'; and Y';, with the carbon atom
carrying them, together form a carbonyl group and X', and Y%, with the carbon atom
carrying them, together form a carbonyl group, their enantiomers, .diastereoisomers, and

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

3- Compbunds of formula (I) according to claim 1 or claim 2, characterised in that Q
25 represents an —NR; group wherein R; is as defined for formula (I), their enantiomers,

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



ONO z (ID W' ' C2 RoOR R Rd 10 wherein R2, R 2, W, Z, Rb,
R, Rd and Re are as defined for formula (1), their enantioners, . .

di ast ereoi soners, and al so addition salts thereof with a pharmacki} PR 2@7
acceptabl e acid or base. 9- Conpounds of forrrulﬁ () accord|t ng to anyé f :
of claims | to 4 and 8, characterised ih that they represent conpounds o
formula (IE) : 2 0 APR 2007 -54 Rz IS% NOzO(EE) NN~R z RO OROR
Rd wherein Rz, R2, Z, Rb, Re, Rd and RQ are as defined for fornula (1),

t heir eng?ﬁei Oners,

4- Cornpoimds of formula (I) according to any one of claims 1 to 3, characterised in that Q;
represents an —NR'; group wherein R, is as defined for formula (1), their enantiomers,
diastereoisomers, and also addition salts thereof with a pharmaceutically acceptable acid or

5 base.

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

they represent compounds of formula (IA) :

(IA)

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

base.

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

they represent compounds of formula (IB) :

e
O~ 0
, 0 (1B)
NO
N R,
R, o
15 wherein R;, Ry, R, and Z are as defined for formula (I), their enantiomers,

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

base.



di astereoi soners, and also addition salts thereof with a pharmaceutically
acceptable acid or base. 5 10- Conpounds of formula (1) accord?nﬁjcé‘g an
one of clainms 1 to 4 and 8, characterised in that they represeht r%oﬁé@iﬁ
of formula (IF) Rl12 0O NOO (IF) z NNR Rb O RQRC Rd wherein R2,
Rz, Z, Rb, Rc, Rd and Re are as defin for formula (1), their enantioners,
di ast ereoi soners, and also addition safts thereof with a pharnmaceutically
accept abl7e acid o 10 base. 11= Conpounds of fornula (1) according to any
one of cl—éFH’glmelC{ﬁ of gorea (Rcaceprdgedio) syt argtof craime griese wharacteseduip thit
formul a | {hgl e bond and V represents a group
sel ect ed%eyégnﬁ}ggeﬁbgl}n(%%%ﬁa?itgg%%glaﬁ%@dgen atom and the groups nitro, linear
or 2 0 APR 2001 -55 branched (C, - al kyl , hydroxy, |inear or branched
(G -Co6)al koxy, aryl-(GCi -Co6)al koxy i whi ch the al koxy noiety nay be |inear
or branched, and NR3R4 wherein (3. RAeach represents a hydrogen atom
their enantioners, diastereoisonerg, gnd also addition salts thereof with a
phar maceutically acceptable acid op=hase. 5 |2- Conpounds of fornmula (1)
according to any one of clains 1 c@act eri sg@ in that Z represents
a group of fornula UV wherei nfU Reprgbsent’s a single %ond and V represents
a group selected froma hydrogen atom\ a fal ogen atom and the groups hydroxy
and aryl- (C,-06)al koxy in WichN he al oxy\Hrzoi ety may be linear or
branched, their enantioners, }{ 0
1

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

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

base.

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

they represent compounds of formula (ID) :

2
|

(ID)

R; R,
10 wherein R,, R';, Wy, Z, Ry, R., Ry and R, 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 4 and 8, characterised in

that they represent compounds of formula (IE) :



di astereoi soners, and also addition salts thereof with a pharmaceutically
acceptable acid or 10 base. |3- Conpounds of formula (1) according to any
one of clains 1 to 12, characterised in that Rl represents a QyﬁrRERnéﬁhzm
a linear or branched (C,-C6)al kyl group or a group of fornula#®a)

Ro (a) R d Rc 15 bonded to the nitroggn atomby Ra, wherein: Rb, Rc, and
Rd represent a hydroxy group, an aryl-(C,-C8)al koxy group in which the

al koxy noi ety nmay be |inear or branched, or a group -O-C(O-R5 wherein RS
represents a linear or branched (CﬁaCﬁ)alkyl group, 20 Re represents a
group of formula Ul-Ra wherein U, rgpresents a nethylene group and R has
the sane definitions as Rb, RdQshg"RiNaRE n is 0, their enantioners,

di astereoi soners, and al so addition salts thereof with a pharmaceutically
acceptabl e acid or base. @rmula (1) according to any one
of claims 1.to 13, characyeri R, repiiBsents a hydrogen atom
their enantioners, diastefeoi al so addition salts -56- 2 0 APR
2007 thereof with a pharnwge Qépt abl e acid or base. 15- Conpounds
of fornmula (1) according to any laiBs 1 to 14, characterised in that
R2 represents a hydrogen atom rOor branched (G -C6)al kyl group, OR3,
NR3R4, or a linear or branchéd ( )al kyl ene chain substituted by an OR3
or NR3R4 group wherein 5 R3 and R4|are as defined for forrmula (1), their
enantioners, diastereoi SONRFS, RS0 addition salts thereof with a

phar maceutical |y acceptabl e‘acid or bdse. 16- Conpounds of formula (I)
according to any one of clainms Rio 15, characterised in that

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

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

base.

5 10- Compounds of formula (I) according to any one of claims 1 to 4 and 8, characterised in

that they represent compounds of formula (IF) :

2
|

(IF)

wheremn R,, R, Z, Ry, Re, Ry and R, are as defined for formula (I), their enantiomers,

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

10 base.

11~ Compounds of formula (I) according to any one of claims 1 to 10, characterised in that
Z represents a group of formula U-V wherein U represents a single bond and V represents

a group selected from a hydrogen atom, a halogen atom and the groups nitro, linear or



R2 represents a hydrogen atom a |inear or branched (G -C6)al kyl group, or a
| inear or branched (G -C6)al kyl ene chain substituted by an NR3R4 group
wherein R3 and R4 are as 10 defined for formula |, their enantid ‘%spRC

di ast ereoi soners, and also addition salts thereof wth a pharnaceu aZfQQ]
acceptabl e acid or base. 17- Conpounds s ?f formula (1) according to any one
of clains 1 to 16, characterlsed in tha R 2 represents a hydrogen atom a

| i near n rou a_linear or branched

(Ci - C6) albﬁgcgerfg?@hgg)q@@g s rahiarwﬂ?gw gﬁ@)ﬁﬁ(%earel C1FGs)alkdx )R ar e as
15 def| neduélpﬂlefa}k Aofet rb%'l'i an [ .50 andal so
addition salts t he?ﬂgjof ? ev&) {na&a phnaer nggtéta?%gl iy acékﬁ) gefn&d Bt Bse.
ConpoundgCriesentsr ﬁmhlyéroem) atoe, othelir rgantenedrai diasteredischierar qu also addition salts

| H-di pyrr, azole-1,3,4,6(2H, 5H, 7H) -t et r one,

2- met hyl - %@%‘?{”’ ?8]% %P%&?]g‘{ﬁc-cé?té@ff@alﬂcﬂr 2% 3, 4, 6(2H, 5H, 7TH) -t et rone, 20
2, 5-di rrethyI-IH-dl pyrrol o[ 3, 4-a: 3,4-c] carbazol e-1, 3,4, 6(2H,5H, 7H) -t et r one,

2-[ 2- (di et hyl am no) et hyl ] -5-net hyl -1 H di pyrrol o] 3, 4-a: 3, 4-c] car bazol e |
, 3, £ 6( 2Hi2sHompyun tqf praqula (I) according to any one of claims 1 to 11, characterised in that

10 hydr o car zole 1,3,4,6(2H,5H, 7 tetrone, 19-

Pr ocgss ?gr Lﬁ%h%%{ &par a{f%gﬂmglf’% i}?fﬁ’& STPTESRHA single j)omla@tdolﬁj)dﬁmgsmts claim

1, 25 ch sl dtéiEﬂ i hyiégdnh ound

of ormuid [0 ek a00y i A4 SUREGHOR, SRS Gl fin T E0,
enRt

R2a repr X8 MEGeEn thet adlexor maietsetnay [be dimserpombidnéed, Heit, endhtlomofs 2, Y 2,
W and Zsgk Fere%%o%fré ngg afsg d(ﬁl%{)rrlrlézlilg tfxex)ebf with a pharmaceutically acceptable acid or

10 base.

18-

13- Compounds of formula (I) according to any one of claims 1 to 12, characterised in that

R, represents a hydrogen atom, a linear or branched (C1-Ce)alkyl group or a group of

formula (a) :

15 bonded to the nitrogen atom by Ra,

wherein :

* Ry, R, and Ry represent a hydroxy group, an aryl-(C,-Cg)alkoxy group in which the
alkoxy moiety may be linear or branched, or a group -O-C(0)-Rs wherein R; represents
a linear or branched (C;-Cg)alkyl group,
20 - e R.represents a group of formula U;-R, wherein U, represents a methylene group and
R, has the same definitions as Ry, R, and Rsandnis O,
their enantiomers, dlastere01somers, 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 13, characterised in that

25 R represents a hydrogen atom, their enantiomers, diastereoisomers, and also addition salts



which is treated with 2, 3-di chl oro-5, 6-di cyano-1, 4- benzoqui none to yield a
compound of 5 formula (I11) : 2a X | NX2 ZY1Yi2\ (M 07, 1
Rl, Ra, X'1, Y1, X 2i Y2, W and Z are as defined hereinbefore,

whi ch conmpound of formula (111) is : * either treated with aqu@o{ﬂsﬁ@@dgg@'{d

wher ei n

hydr oxi de sol ution and then placed in §g1e presence of 10 hydroc

to yield a compound of fornula (1V) X1 OX ZY YI2W (IV) NRi

wher ei n

are as defined herei nbefore,

corrpound!%(’ﬂEeo WF%@W%CHFISHT]tYraéé‘iPé@IWQ%051 basgnpound of formula (V)
2007 -58 R, 1 XL NX2y (V) Y1z

.10

15

20

25

19- Process for the preparation of compounds of formula (), according to claim 1

15- Compounds of formula (I) according to any one of claims 1 to 14, characterised in that
R represents a hydrogen atom, a linear or branched (C1-Ce)alkyl group, OR3, NR3Ry, or a
linear or branched (C;-Cg)alkylene chain substituted by an OR3 or NR3R4 group wherein
R3 and R4 are as defined for formula (I), their enantiomers, diastereoisomers, 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 linear or branched (C1-Ce)alkyl group, or a linear or

RI

['oric

whi ch
2 0 APR

branched (C;-Ce)alkylene chain substituted by an NR;R, group wherein R3 and Ry are as .

defined for formula I, 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, a linear or branched (C;-Ce)alkyl group, or a linear or
branched (C;-Cs)alkylene chain substituted by an NR3R, group wherein R; and Ry are as
defined for formula (I), their enantiomers, diastereoisomers, and also addition salts thereof

with a pharmaceutically acceptable acid or base.

18- Compounds of formula (I) according to claim 1 which are :

e 1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3 4,6(2H,5H,7H)-tetrone,

¢ 2-methyl-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1 ,3,4,6(2H,5H,7H)-tetrone,

o 2,5-dimethyl- 1 H-dipyrrolo[3,4-a:3,4-c]carbazole-1 ,3,4,6(2H,5H,7H)-tetrone,

° 2—[2-(diethy1amino)ethyl]—5-methyl-1H—diperolo[3,4-a:3,4—c]carbazole-
1,3,4,6(2H,5H,7 H)-tetrone,

* 10-hydroxy-1H-dipyrrolo[3,4-a:3,4-c]carbazole-1,3,4,6(2H, ,5H,7TH)-tetrone,

2

characterised in that there is used as starting material a compound of formula 1 :



wherein R 2, X1, Y1, X2 and Y2 are as defined for fornula (1) to yield a
conpound of fornmula (Pa) and (Ub), a particular case of the conpounds of
formula (1) X102 X, 0 yl Y2 Xz Zylyz X ZX1Yy WZVQM)K%}\I
NXz21X2 RlLyzRL2y2 (Pa) (1/b) 5 wherein R, R2, X, YI, Z ,
X1, Y1, X2, Y2, W and Z are as def.,ned hereinbefore, which conpound(s)
of fornmula (1/a) and/or (Vb) is(are) (')Bhonally subjected to the action of
trifluoroacetic acid to yield a conpound of formula (1/c), a particular case
of the conpounds of formula (1) : X B,OX Y12 ZX1 WYt (W) i N
N Xz Rz R Y2 10 whereinR1, R'2,)o(13, \fl\; X%, Y2, X1, Y,, X2, Y2, W and
Z are as defined hereinbefore, 2

7 2
W T\ m
N
\
R

1

wherein Ry, represents a hydrogen atom or a methyl group and Ry, X', Y';, X4, Y4, W,

and Z are as defined for formula (I),

which is treated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone to yield a compound of
5 formula (I1I) :

Z 2
W, \ (I
N
\
R

1
wherein Ry, Ry, X', Y', X', Y5, W, and Z are as defined hereinbefore,

which compound of formula (III) is :

* either treated with aqueous sodium hydroxide solution and then placed in the presence of

10 hydrochloric acid to yield a compound of formula (IV) :

Y' '
z Y,
W A\ (IV)
N
\
R

1 .
wherein Ry, X', Y"1, X', Y'5, W, and Z are as defined hereinbefore,

- which compound of formula (IV) is treated with a compound of formula V)



the totality of the conpounds of formulae (Pa), (1/b) and (1/c) constituting
t he compounds of formula (1/d) : -59- 2 ,0 APR 2007 X, OX2 Y, Y,2 Z X A
Y (I/d) W N~R | X2 2 RY2wherein A Rl, R2, X1, Y1, X2, ¥ ggk, 6‘1,
X2, Y2, W and Z are as defined herei nbefore, which conpoundiog md 8/
(lid) is optionally subjected to the ggéion of a conpound of fornula (Vi)

- 5 RRb - NH2 (VI1) wherein R2b has thé sane definition as R2 in formula
(I'), with the exception of a hydrogen atomand a nethyl group, to yield
conpounds of formula (1/e), a particular case of the conpounds of formula
(1) : "-2b" X XN2VY YXUZ Ay YL (Ue) WI I ..... N~ N X R~z

2
YU Y, V)

wherein R", X3, Y, X, and Y, are as defined for formula (I) to yield a compound of

formula (I/a) and (I/b), a particular case of the compounds of formula @:

\
N
\
Rl

(Va) (I'b)
5 wherein Ry, R, Xy, Y1, X, Y2, X'1, Y'1, X', Y, W, and Z are as defined hereinbefore,

which compound(s) of formula (I/a) and/or (I/b) 1s(are) optionally subjected to the action

of trifluoroacetic acid to yield a compound of formula (Uc), a particular case of the

compounds of formula (I) :

10 wherein-Rl, R'z, X}, Y], Xz, Yz, X'], Y‘], X'z, Y'z, W1 and Z are as defined hereinbefore,

the totality of the compounds of formulae (I/a), (I/b) and (Uc) constituting the compounds
of formula (I/d) : ' '



R 2 Y, 10 wherein A, Rl, R2, Rb, X1, Y1, X2, Y2, X1, V1, X2, Y2, W
and Z are as defined hereinbefore, * or subjected in succession to the sane
reaction conditions as the conpounds of formulae (I1V), (h a) d (Ub) to
yield a compound of fornmula (hf), a particular case of the W?OO]
formula (1) : -60- 2 0 APR 2007 X Rlégelx Y, (vO 4 NRz z

wherein A, Rl, R 2, Rza, X1, Y1, X2, X,, Y, X2 Y2 WandZareas
defined hereinbefore, the totality of_the conpounds (I/d), (1/e) and (1/f)
constituting the conpounds of X' X1 Q Xz Y, Y,z ZX Y1
(Ug) W z XRlZYzwherelnA X1, Y1, X2, Y2, X,, Y1, X 2,
Yz, W and Z are as deflgedY’

(IVd)

wherein A, Rj, R, X3, Y1, X3, Y, X', Y4, X5, Y';, W, and Z are as defined hereinbelfore,

which compound of formula (I/d) is optionally subjected to the action of a compound of
formula (VII) :

5 Ry, — NH; (VI)
wherein Ry, has the same definition as R, in formula (I), with the exception of a hydrogen

atom and a methyl group, to yield compounds of formula (I/e), a particular case of the

compounds of formula (I) :

10 wherein A, Ry, R, R, X, Y1, Xa, Yo, X', Y, X2, Y'5, W, and Z are as defined

hereinbefore,

* or subjected in succession to the same reaction conditions as the compounds of formulae

(IV), (a) and (I/b) to yield a compound of formula (Uf), a particular case of the

compounds of formula (I) :



whi ch conmpound of formula (1/g), when R z represents a hydrogen atomor a
met hyl group, 10 is optionally subjected in succession to the sane
reactions conditions as the conmpound of fornula (I111) to yield a conpound
of formula (1/i), a particular case of the conpounds of forrrulz Q:QAPR(;O@]
XZ 1 Y,, Yyz Zxi AY (1/i) WI_66)Q N X R 2 Yz wherein A "R/, ,
X1, Y1, X2, Y2, X1, Y1, Xzi Y2, WWand Z are as defined hereinbefore, 2
0 APR 2001 -61 which conpound of formula (1/i) is optionally subjected to
the action of a conmpound (VIII1): R2Zb_- NHz (VIIl) wherein R 2b has the
sane definition as R 2 in forXja ith the exception of the 5
definitions hydrogen atom and nep f p, to yield conmpounds of fornula
(U), a particular case of t¥ s2of formula (1) : X Q Xz Y z |
Y, ZXAY () W

, wn

wherein A, R], R'z, R)_a, X], Yl, Xz, Yz, X'], Y'], X'z, Y'z, W] and Z are as defined

hereinbefore,

the totality of the compounds (I/d), (I/e) and (I/f) constituting the compounds of
5 formula (I/g) :

wherein A, R;, R, Q), X, Y1, X5, Yz, X', Y, X%, Y2, W, and Z are as defined

hereinbefore,

which compound of formula (I/g), when R', represents a hydrogen atom or a methyl group,
10 is optionally subjected in succession to the same reactions conditions as the compound of

formula (I1I) to yield a compound of formula (I/1), a particular case of the compounds of

formula (1) :

R Y,

1 -
wherein A, Ry, Q1, Xi, Y1, Xz, Y2, X1, Y, X', Y';, W and Z are as defined hereinbefore,



N~ XR2b R 2 Yz wherein A, RL, R2b, @, X, Y1, X2, Y2, X1, Y1, X 2,
Y2, WL and Z are as defined hereinbefore, 10 the conpounds of fornul ae
(Pa) to (U) constituting the totality of the conpounds of fornq!giﬁpkzaan
which, if appropriate, are purified according to conventional puri it /
techniques, may, if desired, be separated into their different isoners
according to a conventional separation technique, the substituents Ra, Rb,
R, Rd and.R be @lfled accordln to convegtlonal met hods of
organi ¢ YUK hé?Fgmﬂg dnfnmpﬂgafﬁ pdé%f°@ﬂ§%&21? ﬁ%ﬁif?gy G?ﬁazmhﬂéhﬂ
onpound d, are converted into addition sa Wi
Sthnaceﬁ??%2??§$g%§eptabIe acid or base. 20- Pharnaceutical conpositions

ngr edi ent Bby 4+ 88t G%HDconpound of formula (I)
e o et L re b . ts . own or_ in conbination with

one. or el M afit ofuf 1 alichpiaBineln el honith ok GxestEpi s or
car i er sddfhidins RYROERCaH &Ad HOPOBIOLHONS yiEE AWfHpBEnd:Oof ikl 20 0h used

as nedicanents in the treatnment cance
particular case of the compounds of formula (I) :

wherein A, R}, R'Zb, Q], X], Y], X;)_, Yz, X'], Y'], X';J_, Y‘z, W; and Z are as defined

hereinbefore,

10 the compounds of formulae (I/a) to (I/j) constituting the totality of the compounds of
formula (I), which, if appropriate, are purified according to conventional purification
techniques, may, if desired, be separated into their different isomers according to a
conventional separation technique, the substituents Rz, Ry, R, Ry and R, of which may be
modified according to conventional methods of organic synthesis used in the field of sugar

15 chemistry, and which compounds, if desired, are converted into addition salts with a

pharmaceutically acceptable acid or base.

20- Pharmaceutical compositions comprising as active ingredient at least one compound of
formula (I) according to any one of claims 1 to 18, on its own or in combination with one

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

20 21- Pharmaceutical compositions according to claim 20 for used as medicaments in the

treatment of cancers.



