‘- 1 - NOVEL TRI CYCLI C DERI VATI VES, PROCESS FOR THE PREPARATI ON
THEREOF AND PHARMACEUTI CAL COWVPCSI TI ONS CONTAI NI NG SAME The
present invention relates to new tricyclic conpounds, to a process
“for their preparation 5and to pharnaceutical conpositions containing
them The conpounds of the present invention are new and have very
val uabl e pharmacol ogi cal characteristics in the field of apoptosis
and cancerol ogy. Apoptosis, or programmed cell death, is a
physi ol ogi cal process that is crucial for enbryonic devel opnent and
mai nt enance of tissue honeostasis. toApoptotic-type cell death
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conponents of the cell, so inducing its disassenbly and deat h.

Regul ati on of the process of apoptosis is conplex and involves the
activati.on or r%pres§ion of ever%%ﬁjgtracell ar si naIIiW% Pathmqys
(Cory S. T PgpentiREnfipy refales i uey BIGYERG compendsto Ce§dyr thelr preparation
Der egul adrdad phhrniRedtics tempSsitidhsQoM@shihd e t ai n pat hol ogi es.

I ncreased apoptosis is associated with neurodegenerative di seases

such as Parkinson's di sease, Al zheiner's disease and ischaem a. :
Convers [ Cl [ ' tation of ,apopt osi ay, a .
st on 1 ol odipeiah Sp brSerk TRIGBIBR R hP aBd LRI0 BFafyeblHhamacological
chenor esgtatareBticd in the fiokd oMapogodOdnd easedlodynf | ammat ory di seases and
viral infections. Accordingly, absence of apoptosis is one of the
phenot ypi ¢ signatures of cancer (Hanahan D. et al., Cell 2000, 100,
57-70). it N t f to
Cnvent | onPTOE, b SRok AR Sl Sy 18 YRR bR PR SN bl fo
t hem i n qaltriiohiogiceslopmunt|anil mpictentatce of tissue dpoebstssis, such as, for
exanple,,in the trea nt of(ﬁancer sent inggntion rel ates

o esb{émpéﬁ)ﬁl(ytyth © ?‘ﬂ.‘ilﬁ dJavelyess Bpmho (pgleﬁ:%f :rc anges such as condensation of the

nucleus, DNA fragmentation and also biochemical phenomena such as the activation of -

caspases which cause damage to key structural components of the cell, so inducing its
disassembly and death. Regulation of the process of apoptosis is complex and involves the
activation or repression of several intracellular signalling pathways (Cory S. ef al., Nature
15 Review Cancer, 2002, 2, 647-656). |
Deregulation of apoptosis is involved in certain pathologies. Increased apoptosis is
associated with neurodegenerative diseases such as Parkinson’s disease, Alzheimer’s
disease and ischaemia. Conversely, deficits in the implementation of apoptosis play a
significant role in the. development of cancers and their chemoresistance, in auto-immune
20 diséases, inflammatory diseases and viral infections. Accordingly, absence of apoptosis is

one of the phenotypic signatures of cancer (Hanahan D. et al., Cell 2000, 100, 57-70). .

In addition to being new, the compounds of the present invention have pro-apoptotic
properties making it possible to use them in pathologies involving a defect in apoptosis,

such as, for example, in the treatment of cancer.



wherein: A represents a 5, 6 or 7-nenbered aromatic or non-aromatic
ring which may contain S1 or 2 hetero atons sel ected from oxygen
sul phur and nitrogen, it being possible for the |latter to be
substituted by a linear or branched (Cl-C6)al kyl group, it being
understood that the ring A so defined ¢annot contain 2 sul phur atons
or 2 oxygen atons and that one of the ring nenbers may be a C=0
group, Zhe pReramtheriBor adites mospspelesilyl ty compohedsadfifersula €pr esents a
CH group or a nitrogen titatom it being understood that at |east one
of these three groups is a nitrogen atom R2 represents an aryl or
heteroaryt group, X represents a |lingar or branched al kyl ene chain
containing from1 to 6 carbon atoms, |[dne or two of the carbon atomns
of which may be replaced by an oxygephatom a cycl oal kyl ene group, an
aryl ene group, a heteroarylene grédg or Zan SO2 15group, - 3 - R
represents a group of formula (I1) I
NP4
A M,

N

)

wherein;

¢ Arepresentsas, 6 or 7—membered aromatic or non-aromatic ring which may contain |

5 1 or 2 hetero atoms selected from oxygen, sulphur and nitrogen, it being possible for
the latter to be substituted by a linear or branched (C;-Cg)alkyl group,
it being understood that the ring A so defined cannot contain 2 sulphur atoms or 2

oxygen atoms and that one of the ring members may be a C=0 group,

¢ 71, 7, and Z3 each independently of the others represents a CH group or a nitrogen

10 atom, it being understood that at least one of these three groups is a nitrogen atom,
¢ R, represents an aryl or heteroaryl group,

¢ X represents a linear or branched alkylene chain containing from 1 to 6 carbon
atoms, one or two of the carbon atoms of which may be replaced by an oxygen
atom, a cycloalkylene group, an arylene group, a heteroarylene group or an SO,

15 group,



wherein: Y represents a group C=0 or Cl12, 5R4 represents a hydrogen
atom in which case R represents a hydrogen atom or a group - NR6R16
_or -CH2-NR6Ws wherein each of R6 and R 6, which may be the sanme or
different, independently of the other represents a hydrogen atom or a
| i near or branched (C1-C6)al kyl group -Substituted by one or nore
aryl, heteroaryl, aryloxy, heteroaryloxy-, arylthio, heteroarylthio,
het er ocycl oal Ry tepatsenDNRYRO W) @rfotpga\grein: 10 R9 and which may be
the sane or different, are selected from hydrogen, |linear or branched
(C1-Co)al kyl, linear or branched (Cl-C6)al koxy,~zaryl and heteroaryl,
or RO and W form a saturated or atura
optionally substituted by a m}t&e*’ I‘S?n
nitrogen and sul phur, 15 it bel ng undeér kt s one or {@re of the
ring nenbers may represent a C=0 group or be substituted as
indicated in the definition of a heterocycRe given hereinafter, or R4
and R5. together with the two carbon atons carrying them form an
aromat i ¢ owhaem:aromatic ring containing 5 or 6 ring nmenbers,

i ncluding a n'tro%en atomin the 20position par a to the SO2 group,

whi ch in addi ¢8Rt h&oRp (oh@r-He-om may contain a further nitrogen
atom and/ or. a ri i I i

R0 g1 oUp a5 dot 1He her O 0, B O T Sl ol B0
NC2, R7, S02-&oppHNReRfs corCHp-a¥REdWhGein 36h af Ry lkndR's| wheshrmor be the same

branched (Cl-C6 koxy. grou erein R7 may take any of the .
25 meani n gg of OTF%S%EGH&ZP?%E}H%M?]{]%f%&& represents a hyﬂ}/ogen atom or a linear or
branched (C;-Cg)alkyl group substituted by one or more aryl, heteroaryl, aryloxy,

rom oxygen,

heteroaryloxy, arylthio, heteroarylthio, heterocycloalkyl or -NRgR'y groups wherein:
10 * Ry and R'y, which may be the same or different, are selected from hydrogen,
linear or branched (C;-Cg)alkyl, linear or branched (C;-C¢)alkoxy, aryl and
heteroaryl,
* or Ry and R’ form a saturated or unsaturated cyclic or bicyclic group
optionally substituted by a hetero atom selected from oxygen, nitrogen and sulphur,
15 it being understood that one or more of the ring members may represent a C=0
group or may be substituted as indicated in the definition of a heterocycle given
hereinafter,
or Ry and Rs, together with the two carbon atoms carrying them, form an aromatic or
non-aromatic ring containing 5 or 6 ring members, including a nitrogen atom in the
20 position para to the SO, group, which in addition to the nitrogen atom may contain a
further nitrogen atom and/or an SO, group, the ring so defined being substituted by an
Re group as defined hereinbefore,
- Ry represents a halogen atom or an NO,, R7, SO,-Rg, linear or branched (C;-Cg)alkyl
or linear or branched (C;-Cglalkoxy group, wherein R; may take any of the
25 meanings of Rg as defined hereinbefore,
- Rg represents an amino group or a linear or branched (C-C¢)alkyl group optionally

substituted by one or more halogen atoms,

it being understood that:



R8 represents an amno group or a linear or branched (G -C6)al kyl
group optionally substituted by one or nore hal ogen atons, it being
understood that: - 4 - "aryl" neans a phenyl, naphthyl or biphenyl
group, "heteroaryl"™ means any nono- or bi-cyclic group having at

| east one aronatic noiety and containify from5 to 10 ring nenbers,
whi ch may contain from1l to 3 hetero atons sel ected from oxygen

sul phur and nfaryldgesans s phénydaphidyerdiplenk Ligr@anp, 5t hi ophene, pyrrol e,

i m dazol i ne, ridingﬂ ui nol i ne, isoquinol.ine, chroman, fndole, )
benzot hi optieneCtHaHYbf HICAR aqy 38R A dPiosslie gpwp having at least one aromatic

2, 3-di hydr o- 1,4 heaz@db@inhie froRe & R?Yﬁ% UM, WRAD a3 BonfR Ron! to 3

bi -cyclic non-aromatic group containing from4 to 10 ri hg nenbers,
whi ch may conhetem dtommsdletted Erohebergonatulpisir sed adtexnf suwhae tixggioups furan,

| phur and nj,trqgen, 10"cvycl oal kyl " ans any,. nono- or . .bi-cyclic.
oo omat o I TR KPP, 2y DEr o P agBReling. chlgpy indole,
possi bl e for bheodfiydhenbVefsdTasan! 1,3 MRhAIIRGHE Qﬁﬂiﬁyldi%%-@m%e%%dﬁM%ine,

groups so defined to be substituted by from1l to 3 groups selected
from | i near orhdraeishusdkyl Cimeagay ahk yhomspt drohiadyiclic swbstromatiegrdnp epntaining

hydroxy or ar’rhgl% @'3[(9 "fB ’rinlgI nqgr%fnerg,r Wg{cﬁnnquego aclln_f%)(sn)l ql ,[1603( ¥1éter0 atoms selected
from oxygen, sulphur and nitrogen,
10 - "cycloalkyl" means any mono- or bi-cyclic non-aromatic group containing from 4 to

10 ring members,

it being possible for the aryl, heteroaryl, heterocycloalkyl and cycloalkyl groups so defined
to be substituted by from 1 to 3 groups selected from linear or branched (C;-C¢)alkyl
optionally substituted by a hydroxy or amino group, linear or branched (C;-Cg)alkoxy,
15 hydroxy, carboxy, formyl, nitro, cyano, amino, linear or branched (C;-Cg)polyhaloalkyl,

alkyloxycarbonyl and halogen atoms,

- "arylene", "heteroarylene" and 'cycloalkylene" mean, respectively, an aryl,
heteroaryl and cycloalkyl group as defined above, inserted in the place of a carbon

atom of the alkylene chain,

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

pharmaceutically acceptable acid or base.

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,
25 fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

methanesulphonic acid, camphoric acid etc..



15hydr oxy, carboxy, fonnyl, nitro, cyano, am no, |inear or branched

(Cl -GC6) pol yhal oal kyl, al kyl oxycarbonyl and hal ogen atons, "aryl ene",
"heteroaryl ene" and "cycl oal kyl ene" nean, respectively, an aryl,

het eroaryl and cycl oal kyl group as defined above, inserted in the

pl ace of a carbon atom of the al kyl ene"thain, 20to their enantioners
and di astereoi soners, and to addition salts thereof wth a

phar macedmarl thy rheveptatitatlyaciebtable bass.théwongy béengplianddavdtiout ahplying

eptabl e aci.ds there be.mentiaqned, w thout jnplyin n )
i mi tati 6% TRVAPGLRPOEMOSERIE. Ryt SRR ids dietilipiigr P balylgmine ete

phosphoni c acid, acetic acid, trifluoroacctic acid, lactic acid,

pyruvic acid, =ionic acid, succinic acid, glutaric acid, 25fumaric
aci d, tantadviastagedudly mpiesdnts a€=6), groip.ri ¢ aci d, ascorbic acid, oxalic
aci d, nethanesul phonic acid, canmphoric acid etc.. - 5 - Anobng the

pharmaceutically acceptabl e bases there nay be nentioned, w thout

i npl yi ng PadRyrehéds lodten a6 theSRLdrbp ByiAE B00,de, pot assi um hydr oxi de,
triethylamne, tert-butylam ne etc. Y advantageously represents a C=0
group. Preference is given to the R3 group being NO2. 5Preferred X-R2

D1 OUpS abferlrbd kR AN HpHIRHME 1 HhAHA%: 8BS HRhAYy S0l he
or more halogen atoms.

R4 preferably represents a hydrogen atom.

Preference is given to the Rg group being the group 1-(N,N-dimethylamino)-4-
(phenylsulphanyl)-butan-3-yl.

10 R'¢ advantageously represents a hydrogen atom.

The invention relates even more especially to the compounds of formula (I) which are:

e N-({2-[(4'-chloro[1,1'-biphenyl]-2-y)methyl}-1,2,3,4,10,10a-hexahydropyrido-

[4',3":4,5]pyrrolo[1,2-a]pyrazin-8-yl} carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl|propyl} amino)-3-nitrobenzenesulphonamide,

15 e N-({8-[(4'-chloro[1,1'-biphenyl]-2-y)methyl]-6,7,8,9,9a,10-hexahydropyrido-
[2',3":4,5]pyrrolo[1,2-a]pyrazin-2-yl} carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl]propyl} amino)-3-nitrobenzenesulphonamide,

e N-({7-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-5,5a,6,7,8,9-hexahydropyrido-
[3',2":4,5]pyrrolo[1,2-a]pyrazin-3-yl} carbonyl)-4-({(1R)-3-(dimethylamino)-1-

20 [(phenylsulphanyl)methyl]propyl}amino)-3-nitrobenzenesulphonamide,

e N-({3-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-2,3,4,4a,5,6-hexahydro-1H-
pyrazino[1,2-a][1,5]naphthyridin-8-y1} carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl]propyl} amino)-3-nitrobenzenesulphonamide,



R4 preferably represents a hydrogen atom Preference is given to the
R6 group being the group 1 -(WV-di net hylam no)-4-

_(phenyl sul phanyl)-butan-3-yl. 10R6 advant ageously represents a
hydrogen atom The invention relates even nore especially to the
conmpounds of foiula (1) which are: -6-

W (12-[(4' -chloro[ 1, 11-bi pheny1l-2-yl)nmethyl]-1, 2,3, 4, 10, 10a- hexahydr
OFKr: do[ 4' )BlAﬂ({SJ{pwchmw[[lll -Bip by -2l fincBhy]- b@anmmo%mﬁa}@zﬁﬂdaiﬁ?: (dim
et hyl am no) - 1-

[ (phenyl sul phakrewet k] [Iér@WIhﬂaﬁhﬁﬁb;-Yb}ﬁmbpnblbrérﬂ@d@s%(%mmméo) 115

yrido o1 - 4\ @pEtbudil BREAbrd MBI AT Spdudrenfpddyd® S Y AT TE
t hyl ani no) -sl- M-((BHenyhlossfl phaipylbﬂﬂ]alzl}&jrﬂd’ﬂﬂi}ﬂpﬁbh 7,8,9,10- hexahydro 5H-

am no) - 3-ni t robenzenesul phon -chloro

Lbi gheny1] - 2- QWHWZ}'QE@@%’WWS@@-%égéﬁgébﬂﬁﬂbﬁrﬁ{ﬂb’{@£ meﬁly!?}rpw)rh 0
1, 2- g&{g
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N-(13-[(4)- chloro[l 11- bi phenyl
J-2- yI) hexahydr.qQ- 1Hpyr azi no[ 1
T apht S PO Lo Ty mefs OF (7 IRpieB ol e RRHTSGIohMeayentipn and o
[ ( phenyl a@adl&h%ﬁé%afe@ﬁ%t% tm )
N'dé Sl %ﬁ’ﬁé éce?ﬂé@dglgyaféeptﬂ;l& %g?%%%ﬂ?ﬁﬁ'ﬂn%oﬁ?é@ﬂ%’aﬂ

O-hexahy @£5ﬁmhpyma2|no[ I ,2-a] [1

,7]naphthyridin-3-y||carbony1) 4 ({( I R-3-(dinethylarnino)- 1 -

[ (phenyl sul phanyOret hyl ] propyl | am no) - 3-nitrobenzenesul phonam de,
1V-1018- 1{He ivlehas® [rélatks 'ah;'optbafﬂﬁﬂdces% et gi’é}a&raﬁoﬁ%yf Lothpoudd HEFAMIG @),
- 5H5pyr azi no[ 1, 2- al | , 81lnapht hyri din- yll carbonyl)-4-(1(1R) -3

- (di met hy/hg:ﬁ, preyess 1s che[rggﬁrésmh iguhhihenl i rasedhyab ISparidpg material the compound of
ami no) - 3z i q?ﬁpzenesulphonanlde The enantionmers and

dlastere0|sone s"'of the preferred conpounds of the invention and al so
addition salts thereof with a pharmaceutically acceptable acid or

base forman integral part of the jnvention. 10The invention rel ates
also to a process for the preQ%paerncgf co(ppunds of forrmula (1),

wherein Y is as defined for formula (I) and Cy represents a fused tricyclic system of
15 formula (IV):

a

7

N2

A (Iv),
b

X

—Z

~

R,

wherein A, X, Z;, Z», Z3 and R, are as defined for formula (1), the -Y-CI group being
attached in the a position of the tricyclic system so defined,
which compound of formula (III) is condensed, in a basic medium in the presence or

20 absence of a coupling agent, with the compound of formula (V):



whi ch process is characterised in that there is used as starting
material the conpound of formula (110: CyCl wherein Y is as
defined for formula (1) and Cy represents a fused tricyclic system of
15formula (I1V): a R2 wherein A X, Z1, Z2, Z3 and R2 are as defined
for formula (1), the -Y-Cl group being’attached in the a position of

the tricyclic system so defi ned, whi ch conmpound of formula
(I'11) is condensed, in a basic nedi umrQ th&€lpresence or 20absence of
a coupling agent, with the conpound mula (V): - 7 - HZN C
V), wherein R3 is as defined for a (1), V)
27NgG ’
2 R,
wherein Rj is as defined for formula (I),
to obtain the compound of formula (VI):
Cl
Cy~_ NH VD),
Y SO, R,
5 wherein Cy, Y and Rj are as defined hereinbefore,

which is condensed with the compound of formula FINR¢R's, wherein Rg and R's are as
defined for formula (I), to yield the compound of formula (I/a), a particular case of the

compounds of formula (I):
NRR’,

Cy~_ _NH (Va),
\Y/ B 802

10 wherein Cy, Y, R3, Rg and R's are as defined hereinbefore,
which may be purified according to a conventional separation technique, which is
converted, if desired, into its addition salts with a pharmaceutically acceptable acid or base
and which is optionally separated into its isomers according to a conventional separation

technique.

15 The compounds of formulae (IIT) and (V) are either commercially available or can be
obtained by the person skilled in the art using conventional chemical reactions described in

the literature.

An advantageous variant relates to a process for the preparation of compounds of
formula (I), which process is characterised in that there is used as starting material the

20 compound of formula (III"):



to obtain the compound of fornmula (VI): d (V), S5wherein Cy, Y
and R3 are as defined hereinbefore, which is condensed with the
~conmpound of fornmula HNR6R 6, wherein R6 and R 6 are as defined for
formula (1), to yield the conpound of foinula (1/a), a particular
case of the conpounds of formula (1): ~&NR6R 6 10wherein Cy, Y, R3,
R6 and R26 are as defined hereinbefore, which nmay be purified
according to a conventi onal separgt/lYoQttechni(ﬁyf, whi ch is converted,
if desired, into its addition s@ts wit®ia phartiaceutically
acceptabl e acid or base and which is optionally separated into its

i somers according to a conventional separation technique. 15The
conpoundwheteirf ¢f mubsnidefindd Yorafodmh) (Ihraed eCy hepressorme rfesed! tricyelicasy s eof
or can b obgaﬁgﬁ;‘d by the person skilled in the art using

convent i SHA"%cHéfi cal reactions described in the literature.

a

A avy,

5 wherein A, X, Zi, Zy, Z3 and R, are as defined for formula (I), the -Y-OH group being
attached in the a position of the tricyclic system so defined,
which compound of formula (III") is condensed, in a basic medium in the presence of a

coupling agent, with the compound of formula (VII):

R,

H,N_ (VID,

10 wherein R3, R4 and R; are as defined for formula (1),
to yield the compound of formula (I), which may be purified according to a conventional
separation technique, which is converted, if desired, into its addition salts with a
pharmaceutically acceptable acid or base and which is optionally separated into its isomers

according to a conventional separation technique.



. An advant ageous variant relates to a process for the preparation of
conpounds of formula (1), which process is characterised in that

there is used as starting material the 20conpound of forrmula (I111):
- 8 - Cy wherein Yis as defined for formula (1) and Cy represents a
fused tricyclic systemof fornmula (TV)=9- Swherein A X, zi, z2, Z3
and R2 are as defined for formula (1), the -Y-OH group being attached
i n the aTpesbmpomdsfoft foemtilae qYIT) iaod SVl eme sthaefdnnectciallhi avhiladepowad be

f f I N | s condensed, in a basic medjumin th resence of a
2oupf)ir {,“éo@@x(@ﬁg !b%w&h Hefﬁ%ﬁe@?@@ﬁa AGUSg SRy e itoPpl shemica resHeResREsd In
Itt and RR1as&8n@s defined for formula (1), to yield the conpound of

formula (1), which may be purified according to a conventi onal
separation technique, which is converted, if desired, into its

TR RENRUY T A St T S L
congent i giphotRepapatied MHeaMMty bl eactivate the apoptotic process in cancerous cells is of
major therapeutic interest in the treatment of cancers.
More especially, the compounds according to the invention will be useful in the treatment of
chemo- or radio-resistant cancers, and in malignant haemopathies and small-cell lung
cancer.

10 Among the cancer treatments envisaged there may be mentioned, without implying any
limitation, cancers of the bladder, brain, breast and uterus, chronic lymphoid leukaemias,
cancers of the colon, cesophagus and liver, lymphoblastic leukaemias, follicular lymphomas,
melanomas, malignant haemopathies, myelomas, ovarian cancers, non-small-cell lung

cancers, prostate cancers and small-cell lung cancers.

15 The present invention relates also to pharmaceutical compositions comprising at least one
compound of formula (I) on its own or in combination with one or more pharmaceutically

acceptable excipients.

Among the pharmaceutical compositions according to the invention, there may be
mentioned more especially those that are suitable for oral, parenteral, nasal, per- or
20 trans-cutaneous, rectal, perlingual, ocular or respiratory administration, especially tablets or
dragées, sublingual tablets, sachets, paquets, capsules, glossettes, lozenges, suppositories,

creams, ointments, dermal gels, and drinkable or injectable ampoules.

The useful dosage varies according to the sex, age and weight of the patient, the
administration route, the nature of the therapeutic indication, and any associated treatments,

25 and ranges from 0.01 mg to 1 g per 24 hours in one or more administrations.

Furthermore, the present invention relates also to the association of a compound of

formula (I) with an anticancer agent selected from genotoxic agents, mitotic poisons, anti-



- 9 - The conpounds of forrmulae (I1I11') and (VI1) are either
comercially avail able or can be obtained by the person skilled in
‘the art using conventional chem cal reactions described in the
literature. Phar macol ogi cal study of the conpounds of the

i nventi on has shown that they have pr0105apoptotic properties. The
ability to reactivate the apoptotic process in cancerous cells is of
maj or t herctgbelites.c pioteasores tinhibitdrs eintl rléadseeinhibabrse and efse. toMpeeof that type of
especially, the compounds accor di to the invention will_be useful
Chrthet Poar iR FORE BHBRe e b fridns BF ant et mnt ot e
mal i gnant haenopat hies and small-cell l[ung cancer. tOAnbng the cancer
treatnents envi saged there may be nentioned, w thout inplying any

li mitati dhe cemneends afthe nveblienddey aldorbd nseddn easiciaind witleradigtharhpyoii the
Iynphoidﬁ£%#%36&§a§% cancers of the colon, cesophagus and liver,

ance . .
| ynphobl as u ffias, follicular | ynphomas, nel anomas, nalignant
haenopat hi es, nyel omas, ovari an cancers, non-small-cell |ung cancers,
prostate_cancers and small-cell lung cancers. 15The present invention

rel dtes aheélayipadrepacaions end Exonplesillusnts theipendomputado nesdinit dinia any
conpound,gf fornula (1) on its own or in combination with one or nore
phar maceutical |y acceptabl e exci pients. Anbng the pharnaceutica
conpositions according to the invention, there nay be nentioned nore
especially those that are suitable for oral, parenteral, nasal, per-
or 20 trans-cutaneous, rectal, perlingual, ocular or respiratory

adm ni st i ; (Al lie r i

Sachot o, LoeRtioR I Cliok b iyiRhy HI R PR b2 0BT 04 Bliaro
creans, ointnents, ¢ggridaj4'3c#S]pyandofl,2-akmbheines8-¢arpecylihdcid arip@riflasro-
The useful dosage varies according to the sex, age and wei ght of the
pati ent, the adnini 3§84 on route, the nature of the therapeutic

i ndi cation, and any associ ated treatnents, 25and ranges from 0.01 ngy

to 1 g per 24 hours in one or nore adm ni strations.
10 Step A: 2-Methoxy-4-methyl-S-nitropyridine

To 45 mL of a solution of sodium methanolate in methanol (30 % by weight) in 30 mL of
methanol there is added, in portions, over 45 minutes, 2-chloro-4-methyl-5-nitropyridine
(25 g). The reaction mixture thereby obtained is stirred for 4 hours and then for 1 hour at
reflux before being poured over 1 L of ice-cold water. The heterogeneous mixture is stirred
15 overnight and then filtered to yield, after drying, the title product in the form of a chestnut-

brown solid.
Step B: Ethyl 3-(2-methoxy-5-nitro-4-pyridyl)-2-oxopropanoate

To 30 mL of ethanol there are added potassium fers-butylate (15.14 g), diethyl ether
(300 mL) and diethyl oxalate (18.43 mL). After being in contact for 15 minutes, the
20 compound of Step A (22.69 g) is added, and then the reaction mixture thereby obtained is
stirred at reflux for 4 hours and at ambient temperature overnight. The red precipitate
obtained is filtered off and rinsed with diethyl ether and then diluted with 500 mL of water.

Glacial acetic acid is added until a pH of 4 is obtained; the reaction mixture is then stirred at



- 10 - metabolites, proteasone inhibitors and kinase inhibitors, and
al so to use of that type of association in the manufacture of

‘medi canents for use in the treatnent of cancer. The conpounds of the
invention may al so be used in association with radiotherapy in the
treatnent of cancer. 5The fol |l owing Préparations and Exanpi es
illustrate the invention but do not limt it in any way. Preparation
1: ambient temperature for 2 hours and then filtered to yield the title product in the form of a
2- 1(4LCh oro%ﬁ(% bi phenyl1-2- Aret hyll -1, 2, 3, 4, 10, 10a- hexahydr opyri do
[41, 3" : 4P88PYH'1D10[ 1, 2- a] pyr azi ne- 8- carboxylic aci d
trls(trlcluoroacetate) toStep A: 2- Met hoxy-4-net hyl -5-ni tropyridi ne
To 45 nmL of a solution of sodium nethanolate in nethanol (30 % by

wei ght ) Btep30: Fthyl Sfmetbokpd H-pyivelod2,B s pyhidide-2-earpoxylatens, over 45

m nutes, 2-chloro-4-nmethyl-5-nitropyridine (25 g). The reaction

m xture thereby obtained is stirred for 4 hours and then for 1 hour

at ref | uxobehaed bRy statsedr @etondpdun@fofiRey 80(2d 948t ah-350NRIL of ethanol
het er ogeneous m xture is stirred 150vern|%ht and then filtered to

yi elfd, atheer idegdasy paliadeumiontearmmo (Ul £, 120 6 hey fWﬁlghtbf The etrssibnunixture is
br own SO Oxygeg&taﬁeﬂ fgr 25}1!;%'5 aad 6116)21 filtered and conc%ntralied gBe ﬁ?_SldOure Oé’faﬁ%%lolf taken

3-(2-net ntro-4-p 0XOpr opanoa

there arep ads ﬁﬁlxtnm (ﬁsahdﬂm'dt@f thet}ﬂbd/doﬁlsethérﬂ- Ox thet te) usirthl &h&YTh@bl@@ﬁlc (pBREs
nm) and dleth Iate 18.43 nL). After being in contact for

ni nut es, 3 h‘@a do?‘l“E‘s%%P%Fa%SZ‘En erhppatessohginae drigd pveh éwgﬂwm

reactio ”ﬁﬁ%é” 'fﬁtel‘éaearnﬁ%npéﬁ'iﬁ{eﬁ%g 6/{“e§d t%.%z'tﬁle ?godﬂltct fnetflé $0Q’8 @d is

and at anbl ent’ tenperature overni recipita e o ta|ne
filtered off and rinsed mnth dlethyl et her and then dlluted wi th 500

oot i noasieeity @8 FrashhEsbeeny 2 S uii et Hritrrab £3 clpyriaing 2-

carboxylate

To a solution of 10 g of the compound of Step C in 60 mL of dichloromethane there are
added triethylamine (7.57 mL), 4-dimethylaminopyridine (550 mg) and, dropwise, acetic
anhydride (5.48 mL). The reaction mixture is stirred for 24 hours at ambient temperature
15 and then diluted with water. The product is extracted using dichloromethane; the organic
phases are then washed with water and using saturated aqueous sodium chloride solution.
They are then dried over magnesium sulphate, filtered and concentrated.
To a solution, in 200 mL of ethanol, of the residue thereby obtained, there is added
palladium(II) chloride (798 mg). The reaction mixture is then hydrogenated for 24 hours.
20 After filtration and concentration, the residue is purified by flash chromatography over

silica gel (heptane/ethyl acetate) to yield the title product in the form of an off-white solid.
Step E: Ethyl S-methoxy-2,3-dihydro-1H-pyrrolo[2,3-c]|pyridine-2-carboxylate
A solution of the protected azaindoline of the Step above (17.9 g) in 75 mL of IN ethanolic

HCl is placed under reflux for 8 hours. After returning to ambient temperature, the reaction

25 mixture is neutralised with saturated aqueous sodium hydrogen carbonate solution; the



anbi ent tenperature for 2 hours and then filtered to yield the title
product in the formof a beige solid. Step C Ethyl

5-nmet hoxy- 1H pyrrol o[ 2, 3-cl pyri di ne- 2- ear boxyl ate To a het erogeneous
solution of the compound of Step B (27.84 g) in 350 nL of ethanol 5
there is added pal | adi um on-car bon (5.‘@29, 20 % by weight). The
reaction mxture is hydrogenated for 24 hours and then filtered and
concent r ptoddet iFhben esiratiel ofihgietod acetatcakbn angania phasei ixtooneentdited and the
et her/water; the Brodu?t. iE th)g& extracted using ether. The organic
phases aFe'daLhEgd Wesihsniths Beddqueous pot assi um car bonat e

solution, dried over magnesi um sul phate, filtered and concentrated to
yield the title product in the formof a brown solid. 10Step D. Et hyl
1- acet y1S&pdit hdkMethaxyd? fyldsidaitetrahpdropykidio ' 3 :d)Spyyrirdiohh2-2]pyrazine-
carboxyl ate To a]ni'%ltimei on of 10 g of the compound of Step Cin 60 nL
of dichl oronet ha He e are added tri et hyl am ne (7 57 nlL),

4-di met hyl am nopyri di ne (550 ng) and, dropw se, acetic anhydride

(5. 48 m_% The reaction mxture is stirred for 24 hours at anbi ent

t enper at ip & solwigmel benaploryrarbenylaminpacgtic ecid (Hes)proWicel iof tetxahydrafergn
usi ng di o} o L i r . : d. .

and st oo R B T2 e R R e s R
dri ed ovempeegmeSbtMhsutsptirieis théd ddleddhanw, dapoess babReion B tle compound
solution,_jn 200 of ethanol, of the resjdue thereby obtained, i
there | sobigad %ﬁ%@?mﬁwﬁﬁfﬁr@m&@ngﬁé’gn%mf.pymﬁ@eréﬁef febnHR P (pbient
is then : terydid t i :

concent r ot Temy e el R R o sture Is ydrglysed
si loca g&l 0°(heloamed edrdytheacatradte) usiog etlell cetthie. fThe loegqmiodhasts are whshed
formof an, off-white solid. Step E: Ethyl . .
52 ot hoxdp it SaLuite s s wR B rozes Sorfphsig salution ang eyt asueougsodium
sol uti oncibridd &1t acitedvazahddohingisiard MRteRldemdabava il Q) filthtion
75 nL of N ethanolic 1-1Cl is placed under reflux for 8 hours. After

r et ur ni ngver siléggbitlensolidepiaingd us dissellied ined 00 indn of Betiaky drogurpg and 350 mL of
ggijb[ ?l)ln%%&‘ﬁ}gﬂt erfrg&ﬂ{n%t f%gmgtg 'ﬂg 2 ug% issﬁ?xgril 4 yig rp%gt?or}ls? g‘r{db iy ?‘éaection mixture is
15 placed under reflux for 10 hours. After filtration and rinsing with warm tetrahydrofuran and
warm dimethylformamide, the filtrate is concentrated and taken up in cold methanol to yield

the title product in the form of a white solid.

Step G:  2-Benzyl-8-methoxy-2,3,10,10a-tetrahydropyrido[4',3':4,5]pyrrolof1,2-a]-

pyrazine-1,4-dione

20 To a heterogeneous solution of sodium hydride (1.82 g) in 50 mL of dimethylformamide
there is added at 0°C, dropwise, a solution of the compound of Step F (7.09 g) in 450 mL of
dimethylformamide over a period of 2 hours. After returning to ambient temperature over
4 hours, benzyl bromide (4.54 mL) is added over 25 minutes. The reaction mixture is stirred
for 17 hours and is then concentrated. The residue obtained is taken up in a mixture of ethyl

25 acetate and water, and the product is extracted using ethyl acetate. The organic phases are
washed with saturated aqueous lithium chloride solution, dried over magnesium sulphate,
filtered and concentrated. After purification by flash chromatography over silica gel

(heptane/ethyl acetate), the title product is obtained in the form of an off-white solid.



- 12 - product is then extracted using ethyl acetate. The organic
phase is concentrated and the residue is used directly in the next
Step. Step

F: 8- Met hoxy- 2, 3, 10, 10a-tetrahydropyrido[4', 3" :4,51pyrrol o[ 1, 2-al pyraz
ine- 1,4-dione 5To a solution of benzylléxycarbonyl ani noacetic acid
(17 g) in 300 nL of tetrahydrofuran there is added at 0C, in
portions, PCl5 (15 g). The reaction mxture is stirred at that sane
tenperature for 2 hours; there is then added thereto, dropw se, a
sol ut i onStsp Hhe TBspaithfimethosydn,&4 19, Hiachexphydropyridatd &t dipwaokend
50 nL of riding. .returning to anbient tenperature, the
reaction ﬁ‘lyxturgqusﬁia??ézrnéeg for 1% hours. The reggti on mxture is
hydrol ysed to at OC, dropw se, and then extracted using ethyl

acet ate._The organi.c phases are_was W th turated aquegus sodi um
hydr o_genT8 ar ’E‘é’f‘éﬁl W@H?gﬁgs?ﬁtﬁfgpe@ ‘3(%?36‘5[; Ogﬁ?gﬁg}#Eﬁ%ﬂ' 22> mL
sol utiongr i@ QR is"RARE SRS WrBAEE ovEd kb %ﬁl@he@,ng, ﬁ\qrﬁ%%gorna Edthium
After filtration over silica, the solid obtained 1s dissolved in 100

m 6f t etlnatyidmotydride imtedraBBdrofrirarof7 St h Ahel reactionomixture fopthedeinddr &flux
g) is then ded i ortions, and the reaction.mxture i 5 .pl ac
nder 1 eRFgio g ABep e, SRt Briae e and® by HoRgt FremvRm Ay C by
t et r ahy dfegpdekian additlomesModiiebivhieRNDaRL de 15 Uhggleblid §fi@n h§droxide solution
concentrated and taken up in cold nethanol to yield the title product

in the f&d 30anL qofmyates. Seftardretigpisg to ambient t-emperature, the mixture is stirred
G 2 Benzyhe 16t s aud. 40 A0RhELLAMA R oL Ry SLRYRCR! B B

2-a] - pyrazine- d ef ogeneous’ sol'utron of "so

hydoi de mixt8i2 @) cthyl &Rtatd and sahurmddyddcotdresdiaa Hyldesgeni GiriagdedsotitidC The
dropwi se, a solution of the,conPound of Step F (7.09 g) in 450 nL of

di met hy| PdRgms dBern geFackedpesing gthyt acctpeyfdier pprospiratie thgi giganie phases, the

anbi eNt 1SIMETAbHL £ PP Mlath DI RNV LRIE 381 (flctthoelhand nBEH) 10

over 25 mnutes. The reaction mxture’is stirr

t hen congiehtthatidd profinet inabké fhua cdbttaowedili s t aken up in a m xture of
ethyl 25 acetate and water, and the product is extracted using ethyl
acetate. The organi c phases are washed with saturated aqueous |ithium

chl ori deggglut i %Beﬂi)jl-qu,_S’,M,qlb,l@ﬁq{lﬁﬁl.l*’(f?o%%iﬁBPﬁ',@‘:4I5ﬁﬂ§ﬁ6$ﬁl,%ﬁjpyra_zin-8-
concentrated. After purification by flash” chromatography over silica

gell5(hept ane/ et hjltrilgercmeshanesdphanake product is obtained in the
formof an off-white solid. - 13 -

A solution of the compound of Step H (2.6 g) in a 33 % solution of hydrobromic acid in
acetic acid is heated at reflux for 3 hours. After returning to ambient temperature, aqueous
sodium hydrogen carbonate solution is added at 0°C, dropwise, until a pH of 8 is obtained.
The product is extracted using dichloromethane, and then the organic phases are combined,
20 dried over magnesium sulphate, filtered and concentrated. To a solution, in 70 mL of
pyridine, of the residue thereby obtained there is added at 0°C, dropwise over 50 minutes,
triflic anhydride (13 mL). The reaction mixture is brought back to ambient temperature over
16 hours and is then concentrated. The residue is taken up in a mixture of ethyl acetate and
water. The product is extracted using ethyl acetate; the organic phases are then washed with
25 aqueous sodium hydrogen carbonate solution, dried over magnesium sulphate, filtered and
concentrated. The residue is purified by flash chromatography over silica gel (heptane/ethyl

acetate) to yield the title product in the form of a green oil.



Step H

2- Benzyl- 8-net hory-1, 2, 3, 4, 10, 10a- hexahydropyri dot4', 3" :4,51pyrrol of |
,2-a]pyrazine To a solution of the conmpound of Step G (7.72 g) in 225
mL of tetrahydrofuran and 225 nL of toluene there is added at 0C,
dropwi se over 50 minutes, a 1M sol utiod4of lithium 5 alum nium
hydride in tetrahydrofuran (75 mL). The reaction m xture is placed
under r eStepd:f or Metliyd Qrisenzpi-1 e;s 4,80,00:0hogh Hyd repiiidu 4’ 3'en$]95rﬁxtdlkl @,2-4]t

i s hydrol ysed dropw se at QC respective additions of 10 f
water, 10 mlL of RYFagnex E?erd%ylétfdr um hydr oxi de sol ution and 30 nf, of
water. After returning to anbient tenperature, the mxture is strrred
vigorously for 6 hours and then filtered. The filtrate is

concent r Ab edohtigntod ﬂ@rtriﬁptei compoutdofthx Stﬁpeabot/e €1.hy) inaiﬁehhtosf aamictture of

t t eq. b t t
Then oxt PRI BTG OB PR O bR A Rt 4 SREY O G-
phases, Eﬁ@lylﬂ}@?qb}ﬁh@férﬁ)c%@ [6413%g)béhldg %)33@?1&1“19 NELQREAPIRY 20MEY. 'Fﬂel e&@ion

gel (dichl oronethane/ net hanol ) t title product in the form
Of a br ovaxtsid is sgb;@pted to bubbling-in of argon over 15 mins. and then of carbon monoxide.

D 2- Benz 10, 1 hexah dro ridoi4'.,31.4, 51pyrrolqll
azi n- 8- %?/Ijﬂagk %uegr%rer% lger?ésuef)ﬁél g %n(?%‘?%h}t?nre ‘%Y%@%B %J#&P%fm
Step H (85% @)d then &tid&d PorI8IHeutOM R chudneBiai it @6tk istalasalp & f&bdure
is heated at reflux for 3 hours. After returning to anbient

t enper at 8 ehyhgfsise! wa%dThmpmde%@ entragipd ovit ethwlbwstate the oresaivephases are
0 C lOd ro p%ﬁ ewaéﬁ@& I JVI'[H S}chl,trgtfe? ﬁaedrl_ié?lﬁsg E@dlﬁl%d h¥&;%§| IP rcgl%%ﬁ!ite I SSO i Otﬁlré %ﬁ‘}e%.g BVGI'

using di or onet hane, or gani ases are co
dried ovmragnmgm sulphats,ufijodred end t«brideﬁtrﬂdd amﬂexclgldplﬁhiat@hed diok@ng@, the residue

solution, i n idine, of the resjidue thereby obtained there

i s added!S&Mr bgh?ﬁ{tn gé“&%%ra@ty ieh siliss gek @r&tqremstbﬁgr%fmea@n@ieo meld the
The reac{lﬂé)ﬁroah&ture i's brought back to anbient tenperature over 16
hours and is then concentrated. The residue is taken up in a mxture
of ethyl acetate and water. The product is extracted using ethyl

acetate; ot he, or I,C e.th she S5 a s, sodi.um
hydr oge n%‘o n g?lg{h% ﬁgl’af %,i() qh? |h§ 8?1[318{; ﬁ?ﬁtﬂfﬁ‘ﬂaf -ainyragpes-
andsconcent r at ecarBbhy141@ ikkh-obBloPide | fr ed by flash chromat ogr aphy
over silica gel (heptane/ethyl acetate) to yield the title product in

the formof a green oil. - 14 - Step J: Met hyl

oyr azi el b2 eaitn i e SR RE e 3BBye &1 o ERA LA St potip C
St ep abosoéut(cﬁ‘), tBet)is Iaﬂd&Bpa[ﬁadﬁfm(aI) Miydiotide @f cabo®t{IN me, 20 % by Welght) The

sul phoxi der net hanol ﬁ/i% there are added triethyl am ne
1, 1' - bi sICAFION BUYEHY PEHOSHIIGH0Y Y6 r! P dvwreandsthgn %wreérﬁrldry@rlrematﬂﬁktpmeld

di acet at g (ﬁlﬁggr&lu@g]}h thgﬁﬁtﬂcﬁaacﬁrb@ﬂ sBhigture is subjected to

bubbl i ng-in of argon over m ns. and then of carbon nonoxi de. The
flask is then pressurised under carbon nonoxi de. The reaction m xture

tnebr oo st iss R ol shlorh el pighem a1 44D aRa nemahydvo-
product i's extr3RkRI[II N RpPHoIAELLAPFraddies- R aRy faPhases are

To a solution of the compound of Step K (1.016 g) in 15 mL of dimethylformamide there
are added triethylamine (1.84 mL), 4'-chloro-2-chloromethylbiphenyl (787 mg) and sodium
todide (50 mg). The reaction mixture is stirred at 50°C for 3 hours, concentrated and then
25 taken up in a mixture of ethyl acetate and saturated aqueous sodium hydrogen carbonate
solution. After extraction using ethyl acetate, the organic phases are washed with saturated

lithium chloride solution, dried over magnesium sulphate, filtered and concentrated. The



10 then washed with saturated aqueous sodi um hydrogen carbonate
solution, dried over magnesi um sul phate, filtered and concentrat ed.
After lyophilisation in dioxane, the residue is purified by flash
chromat ography over silica gel (dichloromethane/ methanol) to yield

the title product. Step K:Met hyl -15-

1, 2, 3, 4, 10, 10a- hexahydr opyri do[ 41, 31: 4, 51pyrrol o[ 1, 2-a | pyrazi ne- 8-
15car hoxydsatue isliphyfiedbiiflash derofategraphlyutvieoriliof geh@hepanpethpbaeiate)e yield
St ep aboye 5 m_.of 1N net olic HCL solution there is
added paﬁt é&l% ﬁl‘?’}ﬁh@’a 9&&5&%83@300 my, 20 % by weight). The
reaction mxture is hydrogenated over 16 hours and then filtered and

concentrated to yield the title product in the Cormof a brown solid.
20St ep LSteptMy| 2-[(4'-Chloro[1,1'-biphenyl]-2-yl)methyl]-1,2,3,4,10,10a-hexahydropyrido-

oyt dol | 91+ 4, Sty PhoIR o LhRne BeR kel G B G

of the conpound of Step K (1.016 ) |n 15 nL of dinethyl founam de

there are added triethylamne (1.84

- éhl or do 22 éH%*R?Flﬁﬁéthy thei mn«;nmwsd @ﬁg)heaﬁt;ps@mvanﬁh%éugdem(eomwgare of
The reacattoggne%ty 1] St L 1 &ﬁjed?ftth?tﬁg‘ HyQoxfad B8553ne C AREERLLRALCH A0 i
t hen en up i'n a m xtu | ace satura aqueo '

sodi um hytitreaige mnﬁﬁérb asrapeatned ok 20 ﬂwuﬁfeﬁﬁrts ﬂieﬁlro@ﬁtdr@atddsdnﬂgal&hhiﬂ in 20 mL
acet at e, éhe organlc phases are washed wth saturated lith

chl or i deCSdMiXHPEP! et ddVerdusaighiaaireshlein gihsdution (1f by EEF’ @ﬁ%ﬂon le’fure
t { i f
concentrg s%gred-@te hOUI%%t Ee?t]t ?Qﬁgpef[razqtng')%{néi Oth@tg %e&ke g I'ﬁ{% r@ﬁ&&@g

over silica gel eptane rodu
t helof or mpwhn @rasisfcm‘-tmﬂget (@VE&;&ﬂalcdomﬁlﬂeprlﬂM)roacetto acid) and 1y0ph1hsed ina mtxture of

2-[ (4LChl .1 -biph .].-,2- t 11 1, 2, 3,4, 10, 10a- hexahydropyrid
o[gg '-%9%§%§4?%Wﬁ%%?ggéfg9%ﬁgéﬂgﬂf 8U%lr hoxyl i ¢ aci d XAnEToRY

tris(trifluoroacetate) 5To a suspension of the ester conpound of the
Step above (1.085 g) in a mxture of dioxane/water (4/1) there is

added | i Prénaxation2oRi[¢e-(lgoeo[iy }-bipieayH Sayhymethylfi-6.78:%94,50-bexahyddo-at -
anbi ent tenperature far 24.h s and d hen concentrated and taken
up in 20 nL of a ni W”fig&o’? aﬁi@r’f@ﬁﬁ’iﬁj%a@t}ﬁ' 'W&P@@Fﬁ%‘ c acid
solution (1/1). Thetfitagtoaétate Xture is stirred for 2 hours at

anbi ent tenperature and then concentrated. The residue is purified

15 The procedure is as in Steps A to M of Preparation 1, replacing the 2-chloro-4-methyl-5-
nitropyridine in Step A by 6-chloro-2-methyl-3-nitropyridine.

Preparation 3: 7-[(4'-Chloro[1,1'-biphenyl]-2-y)methyl]-5,5a,6,7,8,9-hexahydro-
pyrido[3',2":4,5]pyrrolo[1,2-a]pyrazine-3-carboxylic acid

trifluoroacetate

20 Step A: fert-Butyl 3-methyl-2-pyridylcarbamate

To a solution of di-fert-butyldicarbonate (161.5 g) in 400 mL of hexane there is added, over
2 hours, a solution of 3-methyl-2-aminopyridine (50 g) in 50 mL of ethyl acetate. The
reaction mixture is heated at reflux for 1 hour, and then diluted with 550 mL of hexane and
stirred at ambient temperature for 2 hours. The precipitate is filtered off to yield the title

25 product in the form of a white solid.



10on an Qasis cartridge (water/acetonitrile/trifluoroacetic acid) and
| yophilised in a mxture of acetonitrile and water to yield the title
_product. Preparation 2:

8-1(4'-Chloro[1, 1 -biphenyl]-2-yOrethyll-6, 7, 8,9, 9a, 10- hexahydr opyri d
o[2',3 :4,51pyrrol o[ 1, 2- a] pyrazi ne- 2- caPboxylic acid trifl uoroacetate
15The procedure is as in Steps Ato Mof Preparation 1, replacing the
2-chloro-4-nmethyl-5- nitropyridine in Step A by

6-chl oro-2- et hyl - 3-ni.t ropyri di ne. Preparatjon .

7-1(4LCh ‘11%17-‘ g‘u{gﬂ@ﬁ’g -%’W&ﬁ?e‘t"r@f 1150 5%?6‘,’“7‘?/%}:799?@(313!?’6&%9
pyrido[3',2':4,5]pyrrol oll, 2-al pyrazi ne-3-carboxylic acid
trifluoroacetatc 20Step A: tert-Butyl 3-nethyl-2-pyridylcarhamate To
a sol ut i &n aghblugiontod thepeanypatind axf lenStep abd@:1(18 ggy)n 20 Aﬂﬂoﬁtbtmifydhﬁkgmehere
there is. ed, ~over 2 hour oS0l utj of 3-met hyl - 2-.am nopyri di ne
(50 o)+ 5 0% B Shpdtot e idonda® b @nim, T ieattion FiSlkeBRBin dhrd a
reflux forC fornMbur 18AdnteePefdid BeiROiriMstdireddy dAhnulffat AeXAPGa@RIbelow -3°C,
stirred at anbient tenperature for 2 hours. The precipitate is

fil fer edtoot folgtipngidieihylinxatate (14 mBpins@uet of fetrahedrpbrran.of a white

solid. - 16 - Step B: Ethyl 3-{2-Rtert-b utoxycarbonyl)am no

1- 3-pyridyl)-2-oxopropanoate To a solution of the conpound of the

Step aboSep(COEGY] i H-P00k|2,85] haidiabRdaebutyaet here is added, at a
tenperature bel ow 5C, n-butyllithium The reaction mxture is then

stirred at OC for 1 hour 15 m nutes before being transferred by
eannul a, TRE rhciBHNRLAM & BR! Q¥p- Hove is stirred at ambient temperature for 2 hours

15 minutes and then gently poured into 30 mL of 5N hydrochloric acid solution at a
temperature not exceeding 10°C. The solution obtained is placed under reflux for 2 hours.
10 After returning to ambient temperature, it is neutralised until the pH is 3, using 5N sodium
hydroxide solution. The product is extracted using ether; the organic phases are then washed
with saturated potassium carbonate solution, dried over magnesium sulphate, filtered and
concentrated. The residue is taken up in methanol to yield the title product in the form of a

beige solid.
15 Step D: Ethyl 1-acetyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-2-carboxylate

The procedure described in Step D of Preparation 1 is applied to the azaindole obtained in

the Step above. The title product is ultimately in the form of a light-green solid.
Step E: 5,5a,7,8-Tetrahydropyrido[3',2':4,5]pyrrolo[1,2-a]pyrazine-6,9-dione

The procedure described in Step E of Preparation 1 is applied to the azaindoline obtained in

20 the Step above. The title product is ultimately in the form of a white solid.



5to0 a solution of diethyl oxalate (14 nmL) in 50 nL of
tetrahydrofuran. Step C Et hyl

1Hpyrrol o[ 2, 3-bl pyridi ne-2-carboxyl ate The reaction m xture of the
Step above is stirred at ambient tenperature for 2 hours 15 m nutes
and then gently poured into 30 mL of 5N’hydrochloric acid solution at
a tenperature not exceeding 10C. The solution obtained is placed

under r ebtapdfBBeRziAF:57,8-ttwakfdrepyrido 3 21: 4§ iyarrelohi, 2ol pyranipessd-diode
it is neutralised until the pHis 3, using 5N sodi um hydroxi de

solution. The product is extracted using ether; the organi c phases

are t henTnaphRddwk (s AkdiRkR) PoF ARPLUALS qripgggie% @Qﬁ@&(@l‘g@:un@r&f@ﬁe Step

over magnesi um sul phate, filtered and concentrated. The r due is
t aken upabavenEhdathoprotoctys eltidnatdie it the lfernpobalpate yelbow kelid.or m of a
bei ge solid. L5Step D: Ethyl

1-acetyl- 2, 3-di hydro- 1H pyrrol 012, 3- bl pyri di ne- 2- car boxyl ate The

pr ocedur greas C7HRAGYILI)5 56 S8, DhetaHYaeepdidd 4372 14 S py b i1 &a p9 riis
azai ndol e obt ai nedgilln t he g{ ep abg{/e. he [ti tle ]?))ryoducl‘t I s]tpglrti rr%t ely
inthe formof a light-green solid. Step E

The ot boBNaPSCaROR PRKEEPLY Sl e BIBUBER T iR AL oG B

avai ndol atweeoblieiitheprotlict20tilignatile h tbGvien offdBrofwintdie product is
ultimately in the formof a white solid. - 17 - Step F:
7-Benzyl-5, 5a, 7, 8-tetrahydropyrido[ 3", 21:4,51pyrrol o[ 1, 2-a] pyrazi ne-6

appli o SSbRe SRR ENAERG I AT R ISRy P A Byl -l

ul ti mat epyrazinet he form of a pale yellow solid. Step G
7-Benzyl-5, 50, 7, 8, 9- hexahydropyri de, 2' : 4, 51pyrrol o[ 1, 2- al pyrazi ne
5The procedure described in Step G of Preparation 1 is applied to the

?OWOU?dTQE s'bhﬁiogfoﬁ'lﬂl@&ﬁﬂﬁouny@)? Stdpt &:8n BOQHUGE dinsethihidriBRSdeYthbR it B8ded at
ormor a prown oll.
10 0°C, dropwise over 45 minutes, a solution of N-bromosuccinimide (785 mg) in 30 mL of

dimethylformamide. The reaction mixture is stirred at that same temperature for 2.5 hours
before being hydrolysed. The product is then extracted using ethyl acetate. The organic
phases are washed with saturated lithium chloride solution, dried over magnesium sulphate,
filtered and concentrated. The residue is purified by flash chromatography over silica gel

15 (heptane/ethyl acetate) to obtain the title product in the form of a brown oil.

Step I: Methyl 7-benzyl-5,52,6,7,8,9-hexahydropyrido[3',2':4,5]pyrrolo[1,2-a]pyrazine-
3-carboxylate

The procedure described in Step J of Preparation 1 is applied to the compound of the Step

above. The title product is ultimately in the form of a brown oil.

20 Step J: Methyl 5,5a,6,7,8,9-hexahydropyrido[3',2':4,5]pyrrolo[1,2-a]pyrazine-3-
carboxylate dihydrochloride

The procedure described in Step K of Preparation 1 is applied to the compound of the Step

above. The title product is ultimately in the form of a brown solid.



Step H

7- Benzyl - 3- br ono- 5, 5a, 6, 7, 8, 9- hexahydr opyri do[ 31, 21: 4, 51pyrrol o[ 1, 2-a
I pyrazine To a solution of the conmpound of Step Gin 50 nL of

di rethyl forinam de there is added at | 0 OC, dropw sc over 45

m nutes, a solution of N bronosuccinimdé (785 rng) in 30 nL of

di met hyl formam de. The reaction m xture is stirred at that sanme
tenperature for 2.5 hours before being hydrol ysed. The product is

w'th oat SRRROMERAT A EaRi R bmat TV BRPG B SR 6l Ber -

SulphatePyﬁdeQBEdSﬁﬁdTﬂ@ﬂgﬁﬁpﬁ&hﬁﬂegﬁﬁﬁbﬁgﬁhdue is purified by flash
chromat ography over silica gel 15(heptane/ethyl acetate) to obtain

the title product in the formof a brown oil. Step 1: Methyl

7- henzyl p p

o3 car bonyt Brsoeple te S SRARHE PR € nPaRYe %%%%é?évﬁ}’gn@ﬂ% 3
appl i ed tloviehEhettipproddcetaf ultihentsdy éptheliome of - Whlté kdlice product is
ultimately in the formof a brown oil. 20Step J: Mt hyl

5, 5a, 6, 7, 8, 9- hexahydr opyrido[ 3", 2" :4,51pyrrol o[ 1, 2-a] pyrazi ne- 3-

ear hoxyl F_ 9.
-1Q4'-c%F%%6 |qu?%%gﬁ§%g?%The Q§ﬁﬁ§h§g§¥§9@%8§)hg¥% 98? yr|d0[3
. 4, 5[t |4£5|]Ui11‘912>{h2-rwpmzm-28emdmlmkqhaﬂ grillherqaee@méedur e descri bed

in Step L of Preparation 1 is applied to the conpound of the Step
above. The title product is ultimately in the formof a white solid.
oSt ep L: The procedure described in Step M of Preparation 1 is ap lied to the compound of the Step
7-[(4'-Chloro %It bi pheny11-2-yl ) methyl | -5, 5a, 6 9 9- hexahydr opyri do-
[3 2' 4alB)vey Fhotidg Hroduﬁ]li)ylﬂlaﬂtﬁﬁélmﬂiéé@ﬂmm% Wblt%@lcﬁ trifluoroacetate
The procedure described in Step Mof Preparation | is applied to the
conpound of the Step above. The title product is ultimately in the

form of Breparh€on @l Bd(4'- Chlorﬂﬂ,ﬂ%ilﬂidnyl]-ﬂyl)methyl] 2,3, 4 4a,5,6-hexahydro-1H-

3- [%4 Chl or o[ 14. - bi pheny Il Cnleth¥ll-2 3,4, 4a, 5. 6- hexahydro- 1H
pyrazino| 2-a] 1,5|naph yr1d1ne-8 carboxylllc acid trifluoroacetate

The operations described in Steps F to M of Preparation 1 are repeated, in Step F replacing
the compound of Step E with methyl 6-methoxy-1,2,3,4-tetrahydro[1,5naphthyridine-2-

carboxylate.

Preparation 5: 8-[(4'-Chloro[1,1'-biphenyl]-2-yl)methyl]-6,6a,7,8,9,10-hexahydro-5H-

15 pyrazino[1,2-a][1,7]naphthyridine-3-carboxylic acid trifluoroacetate

The operations described in Steps F to M of Preparation 1 are repeated, in Step F replacing
the compound of Step E with methyl 6-methoxy-1,2,3,4-tetrahydro[1,7]naphthyridine-2-

carboxylate.



10pyr azi nof 1, 2-al [ 1, 51 napht hyri di ne- 8- ear boxylic acid

trifluoroacetate The operations described in Steps F to M of
Preparation 1 are repeated, in Step F replacing the conpound of Step
E with nethyl 6-nmethoxy-1 ,2,3,4-tetrahgdro[1,5]naphthyridine-2-

car boxyl at e. Preparation 5: 8-[(44-Chloroi LI 1-bi phenyl]
-2-yOret hyl ] -6, 6a, 7, 8, 9, 10- hexahydr o- 5H

| spyr azi Bugparatigh 61, 346 Fhlbyoll Al-hipl@ngh+2odymbihyl]ak6417,8,9,10-hexahydro-5H-

trifluorgacetate T erations descrjbed in Steps F to M of

Pr epar at P?Sﬁazi“%[?@"aﬁlpgﬁ'ﬁﬁhyifﬁﬁ%‘rg' aﬁg"fxé'g‘FéHdnﬁ‘ Yprorsieund of Step
E wth nethyl 6-nmethoxy-1,2,3,4-tetrahydroll , 7Thapht hyri di ne- 2-
carboxylate. - 1 9 - Preparation 6:

8-[ (4 - Chbhe pﬁfrﬁiqmﬁ%ﬁébﬂﬁli]; Szepﬁgﬁn@t Myaf jP-ri@p@a,ion Ba®g, r@fpel;am ah§pdt Splaying
ol 1, 2. : ey ; i o
The oper 8 ea BSBR BN b b @RGfosT o o il B Ruine.

r epeat edcarboxy®iitep F repl aci ng the conpound of Step E with nethyl

6- met hoxy-1, 2, 3, 4-tetrahydr o[ 1, 8] napht hyri di ne-2- 5ear boxyl ate. - 20
- Example 1:

N-02- 114LChl oro[ 1, 1' - bi pheny11-2-yl)nmethyli-1, 2, 3, 4,10, 111a- hexahydro
pyridol4', 3" :4,51pyrrol oll, 2-a] pyrazin-8-yllearbonyl)-4-(1(1R)- 3-

(di met hyl am no) - 14( phenyl sul phanyOnret hyBpr opyl } am no) - 3- ni t r obent enes
ul phonam de tri hydrochl oride 5Step

AN Q@-1(4 -Chloro[1, 11- bi phenyl]-2-yl)nethyl | -1, 2, 3, 4, 10, 10a- hexahyd
ro-

pyrido[ 41, 31: 4, 51pyrrol oll, 2-al pyrazi n-8-yl | earbonyl)-4-(1(1R)-3-(di m
et hyl - am no) - 11( phenyl sul phanyl ) net hyl | pr opyl | am no) - 3- ni t r obenzene-s
ul phonam de To a solution of the conpound of Preparation 1 (346 ny)
in 10 MI of dichloronethane to there are added diisopropyl et hyl am ne
(300 4), 4-(41/2)-3-(dinethylam no)-1-[(phenyl sul phanypnet hyl ] propyl |
am no)-3 -nitrobenzenes al ph onam de (191 ny), N-ethyl-N -3-

di met hyl am nopr opyl car bodi i m ne (121 ng) and 4-di net hyl am nopyri di ne
(77 my, 0.63 nmmol, 1.4 eq.). The reaction mxture is stirred at

anbi ent tenperature for 6 days and then hydrol ysed usi ng saturated
aqueous ammoni um chl ori de solution. The product is



15 extracted using ethyl acetate. The organi c phases are dried over
magnesi um sul phate, filtered and concentrated. The residue is

purified by flash chromat ography over silica gel

(di chl or onet hane/ anmoni acal met hanol) 58 yield the title product in
the formof a pale yellow solid. Step

B: N-021(4LChl oro[ 1, 1' - bi pheny1] - 2- yOnet hyll-1, 2, 3, 4, 10, 10a- hexahydr o-
pyrido[4',31:4,51pyrrol o[ 1, 2-al pyrazi n- 8- yBear bonyl) 4-0(1R) - 3- (di net

T o B SR OTEL M RS AP35 BRI 34
nL or dichl oronet hpmd@{ads'tms]pylrm@[tl@&mlramm%wrbeﬁm 4Q1R)-3L s

added. The reaction mxture is stirred at ambien tenperature for 252

hours and then con(&bﬁteﬂﬂ‘ﬂ@!!lmb-ly[(eh@ﬂﬂﬂéphawl)@qﬁhﬁmmpﬂ}amulhé -F-oitm-of

a yellow solid aft M dSakd | emental m croanal ysi s:
o C oot oon o6 v6 PR AREY® i BlulopiBe s 8 L0502,
5.3810.02 6.3712. 93 5Exarrp| e 2

N-U81(4LChI oroI I ' - bi 9a, 10- hexahydr o-

heny g ){;
ol o5teprhy AP eIl P hor IS eeshy kg A J0pherepiro-

sul phonan de. i TN JaRT bRy PR B RN BIIEL (L ROTARRAASE
and B of Exanpl eammoD-ﬂ - [BplemyhulEpingdinieghlheropolpmig)- Bhitddheass-at i on

f Pr rati on 2.
1 by the corrpounulp Onamel ara

To a solution of the compound of Preparation 1 (346 mg) in 10 mL of dichloromethane
10 there are added diisopropylethylamine (300 uL), 4-({(1R)-3-(dimethylamino)-1-[(phenyl-
sulphanyl)methyl [propyl}amino)-3-nitrobenzenesulphonamide (191 mg), N-ethyl-N'-3-
dimethylaminopropylcarbodiimine (121 mg) and 4-dimethylaminopyridine (77 mg,
0.63 mmol, 1.4 eq.). The reaction mixture is stirred at ambient temperature for 6 days and
then hydrolysed using saturated aqueous ammonium chloride solution. The product is
15 extracted using ethyl acetate. The organic phases are dried over magnesium sulphate,
filtered and concentrated. The residue is purified by flash chromatography over silica gel
(dichloromethane/ammoniacal methanol) to yield the title product in the form of a pale

yellow solid.

Step B:  N-({2-[(4'-Chloro[1,1'-biphenyl]-2-yl)methyl]-1,2,3,4,10,10a-hexahydro-
20 pyrido[4',3':4,5]pyrrolo[1,2-a]pyrazin-8-yl}carbonyl)-4-({(1R)-3-(dimethyl-
amino)-1-[(phenylsulphanyl)methyl]propyl}amine)-3-nitrobenzene-

sulphonamide trihydrochloride

The compound of Step A is dissolved in 4 mL of dichloromethane and then 1N ethereal HCI
solution (805 pL) is added. The reaction mixture is stirred at ambient temperature for
25 2 hours and then concentrated to yield the title product in the form of a yellow solid after

lyophilisation.



15Exanpl e 3:
N-({7-114'-Chl orol 1, 11- bi phenyl I - 2-yl ) met hy1li -5, 5a, 6, 7, 8, 9- hexahydr o-
pyrido[3',2' :4,51pyrrol o[ 1, 2-a] pyrazi n-3-yl | earbonyl )-4-MR) - 3-
(di nmet hyl am no) 1

-[ (phenyl sul phanyl) met hyl ] propyl | am no?1 3-ai trobenzenesul phonam de
trihydrochl oride The procedure is as in Steps A and B of
Exanpl e Alenientabpegodualept-aci ng t he conpound of 20Preparation 1 by the
conmpound of Prepar at(;

N- QB- 1(4' - Chl or o[ 1, EX1 béjphe/fl’rl Z/W)rreyﬁjyll %4 4, 4a, 5, 6- hexahydr o- 1H

-pyr azi nokiyRsdl [ 1. S4maphtfivs i diqz 8- ylg £ar bamysh) - 4- ([ (1R) - 3- (di net hyl
-am no) - 1- 1( phenyl sul phanyl) met hyl | propyl } am no) - 3- ni t r obenzene- sul ph

onam de Hedngdr ochl orf&ié3 5Thas pr odetfur .35 adZi9F Steps A and B of
Exanple 1, in Step A replacing the conpound of Preparation 1 by the
conpound of Preparation 4. Exanple 5:

N- Q8- [ (4Ex4M b&m[ JN-’t{%‘}l Rnpbﬁn%ll-ﬂ Mghéﬁflmlyl)n%tlﬁ? ({9,%%10%@1?3/&%05

H- pyr azi no napht carbon

(a ety ani no)- o sty Hmarpho i gy hb ol canb -6 ins
and B of Exanpl o noniedtg R gRBAF LR DA s By Py L RS )

by the conpound ofbdizepaulihoadmide dihydrochfowid®! e 6:
N-@B-1(4'-Chloro[ 1, 11- bi phenyl ] -2-yl ) nethyl1-6, 6a, 7, 8,9, 10- hexahydr o-
155H pyrazi no[ 1, 2-al [ 1, 81napht hyri di n-3-yl I car bonyl )-4-(1(1R) - 3-

(di et hyfﬁé%ﬁgéd&é K mﬁ%kﬁk%ﬁ@bf Eﬁ&rﬂ}ﬂel Phif @t’épi &%ﬂ%iﬁg the compound of

10 Preparation 1 by the compound of Preparation 2.

Elemental microanalysis:

%C %H %N %S % CI
Calculated 5440 5.27  10.57 691 12.23
Found 54.73  5.21 1045 645 1249

15 Example 3: N-({7-[(4'-Chloro[1,1'-biphenyl]-2-yl)methyl]-5,5a,6,7,8,9-hexahydro-
pyrido[3',2":4,5]|pyrrolo[1,2-a]lpyrazin-3-yl}carbonyl)-4-({(1R)-3-
(dimethylamino)-1-[(phenylsulphanyl)methyl|propyl}amino)-3-nitro-

benzenesulphonamide trihydrochloride

The procedure is as in Steps A and B of Example 1, in Step A replacing the compound of

20 Preparation 1 by the compound of Preparation 3.

Elemental microanalysis:

%C %H %N %S % Cl
Calculated 53.50 521 10.40  6.80 13.91
Found 53.82 5.24 10.20 6.74  14.13




ni t robenzenesul phonam de di hydrochl ori de The procedure is as
in Steps A and B of Exanple 1, in Step A replacing the conmpound of
.20Preparation 1 by the conpound of Preparation 6. -23 -

PHARMACOLOG C AL STUDY EXAMPLE A: | ndu Ei on of caspase activity in
vitro This study was carried out on tﬁé foll ow ng human tunour cell
line: - 1 small-cell | ung carci noma, H146. This cell line is cultured

i R an i nEﬁEQﬁEﬁ’_ at N1 @ Ghieroph.&'skipbeny]- 25’1))?8@@1] Wbt daSgebexahydre-§.H-
11146 i i N
1056 Toeral cal sebviainytEAt SR SHERE Vo iy TREL TR P A e

pg/ mL of strept Onymmoa-ﬂd[(liﬂéﬁylldmyb)ﬂiétﬁﬂ]pmﬂyﬂaﬁlﬂo) 1 Qbbb amebns

are distributed onto wel | plates and exposed to the test conpounds
for 6 hours. They s&‘r‘%h‘{”r‘i’é‘ﬁdéé‘ﬂ?yékf’%‘ﬂméﬁﬂ | ysed and t he caspase
activity is neasured in the cell lysates. This enzymatic nmeasurenent

is carried out by neasuring the appearance of a fluorigenic cleavage
pr oduct Iﬁmarorcrad;tira)is as in StepsTAeandel wlf tsamplew , tih&tet Aereplacing uitdsompoundef

inventio are 0 | apoptgsi.s inducers, 15eval uated by measuring
caspase 5‘?@ e?‘?@"?@ﬁr&ﬁimﬂaﬁé“’f’ésted By way of exanple, the
corrpounds of Exanples 1 to 3 at 10uM show activities of,
respectively, 15395, 9948 and 17776 RFU (Rel ative Fl uorescence

Units). . Exawplers: E W{%{(ékmqm[L_ll'-lsvibhgwl]ésﬁflhly&tbilbﬁé%i L?ﬂslt(lbhhimhyd\m-e

carried out on the.tunour n X e are

di stributed onto n%ltérpg ?Zé?%lgr&e'ﬁﬂi éﬁﬁ‘é’b@@' rfcgnqﬁgl}‘faé@f’“@g%b%%' “for 48

hours. The cell VI(ahhbahtylamism}-mq(pmgk i1 gl)hl\éﬂ?ylgﬁbﬁyﬁgﬁhgd 3- ﬁﬁﬁﬁy
esS

the Mcroculture Tetrazolium Assa &1 ncer 9-942)
10 benzenesu]phonamlde dihydrochloride

The procedure is as in Steps A and B of Example 1, in Step A replacing the compound of

Preparation 1 by the compound of Preparation 5.

Example 6: N-({8-[(4'-Chloro[1,1'-biphenyl]-2-yl)methyl]-6,6a,7,8,9,10-hexahydro-
15 SH-pyrazino[1,2-a][1,8]naphthyridin-3-yl}carbonyl)-4-({(1R)-3-
(dimethylamino)-1-[(phenylsulphanyl)methyl]propyl}amino)-3-

nitrobenzenesulphonamide dihydrochloride

The procedure is as in Steps A and B of Example 1, in Step A replacing the compound of

20 Preparation 1 by the compound of Preparation 6.



- 24 - EXAMPLE C. Induction of caspase activity in vivo The ability
of the compounds of the invention to activate caspase 3 is eval uated
in a xenograft nodel of H146 small-cell lung carcinoma cells. 5x106
H146 cells are grafted sub-cutaneously jinto i Mmunosuppressed nice
(NOD SOD 5 strain). 25 to 30 days af t erf3the graft, the test conpounds
are injected by the intra-peritoneal route in a m xture of Tween

80/ wat er. Sixteen hours after treatnent the tunour masses are
recovered and |lysed, and th Xﬁeasured in the
tumour |ysates. The results : H —conpounds of the
invention are capabl e of |ndu0|ng apopt05|s in H 46 tunmour lines in
vivo. 10 EXANPLE D Pharnaceutlcal conposition : Tablets 1000 tablets
cont ai ni datsaiv ' ncff caspase activity in vitro

N ({2- [(4‘-ch|oro[1 11 bi phenyl] - 2-yl ) net hyl k

1,2, 3,4, a hexahydr rrolo 2-a]

pyr azi n- ﬁ?ﬁ udé'a‘?’?? dO@( (’P?%%ﬁ@mrtgd‘?“r%%‘%wm ﬁ%g ling;
RphenylsuLphqgﬁgm&khyhﬁy&ggﬁ&hgmqngﬁ 3- nltrobenzenesulphonanlde
15tri hydrochl oride (Exanple 1) 5 g Wheat starch 20 g Maize starch 20

g Lactose 30 g Magnesium stearate 2 g 20Silica 1 g
This cell line is cultured in an incubator at 37°C in the presence of 5% CO,. More

specifically, the H146 cells are cultured in complete RPMI 1640 medium containing 10%
foetal calf serum, 2mM glutamine, 50 units/ml of penicillin, 50 ug/ml of streptomycin and
10mM Hepes buffer, pH = 7.4.

10 The cells are distributed onto 6-well plates and exposed to the test compounds for 6 hours.
They are then collected and lysed and the caspase activity is measured in the cell lysates. -
This enzymatic measurement is carried out by measuring the appearance of a fluorigenic

cleavage product (Pharmacia).

The results show that the compounds of the invention are powerful apoptosis inducers,
15 evaluated by measuring caspase 3 activity in the tumour line tested.

By way of example, the compounds of Examples 1 to 3 at 10pM show activities of,

respectively, 15395, 9948 and 17776 RFU (Relative Fluorescence Units).

EXAMPLE B : Cvtotexicity in vitro

The cytotoxicity studies were carried out on the tumour line given in Example A.
20 The cells are distributed onto microplates and exposed to the test compounds for 48 hours.
The cell viability is then quantified by a colorimetric assay, the Microculture Tetrazolium

Assay (Cancer Res., 1987, 47, 939-942).

The results are expressed in ICsy (the concentration of compound that inhibits cell viability

by 50%) and they show that the compounds of the invention are cytotoxic.



Hydr oxypropyl cel lulose 2 g - 25 - CLAIMS 1- Conpounds of fornula

(I'): wherein: A represents a 5, 6 or 7-nenbered aronmatic or
non-aromatic ring which may contain 1 or 2 hetero atons selected from
oxygen, sul phur and nitrogen, it being p055|ble for the latter to be
substituted by a linear or branched (Ct24c6)al kyl group, it being
understood that the ring A so defined cannot contain 2 sul phur atons
or 2 oxydeoAMMIE Cadodedtinn afvasmise abgvity hgvivenber s may be a C=0

group, Z1, 7.2 and Z3 each independently of the others represents a
CH group or a nitrogen atom it being understood that at |east one of
these threg Miaynst ’th% Srihdun@ISR AL WNentile & CRICHE r%%“pﬁ%ﬁ ALY byfiated in a
heteroaryl group, X represents a |linear or branche yl ene chain
cont ai ni Pfgndgr@fﬁMOd@kDfG{H@rmM @llan@nesrpmorme cells.t wo of the car bon

atons of ere an oxygen atom a cy aIkyI

group, aé é%§¥aﬁ gﬁgﬁg %ﬁ??PgﬁéqﬁFbﬁﬁﬁﬁﬁoﬁﬂﬁ’ dP@Eﬁﬁ%ﬁ)SégD

- 5 stram) 2510 30 days after the graft, the test compounds are injected by the intra-peritoneal
route in a mixture of Tween 80/water. Sixteen hours after treatment, the tumour masses are

recovered and lysed, and the caspase 3 activity is measured in the tumour lysates.

The results obtained show that the compounds of the invention are capable of inducing

apoptosis in H146 tumour lines in vivo.

10
EXAMPLE D: Pharmaceutical composition ;: Tablets
1000 tablets containing a dose of 5 mg of N-({2-[(4'-chloro[1,1"-biphenyl]-2-yl)methyl]-
1,2,3,4,10,10a-hexahydropyrido[4',3":4,5]pyrrolo[1,2-a]pyrazin-8-yl} carbonyl)-4-({(1R)-3-
(dimethylamino)-1-[(phenylsulphanyl)methyl]propyl } amino)-3-nitrobenzenesulphonamide
15 trihydrochloride (EXample 1) ..o 5g
WheEat STArCH ...c...eii it e, 20 g
Maize starch ..........coooveeoeveeeeieeeeeeeen. ettt ne s 20g
LACTOSE ..ottt ettt en e eas 30¢g
MagneSIUM SEEATALE.....c.ceerviriiterieni ettt ettt e et et e e eeeeeseenenenenns 2g
20 STHCA. 1.ttt ettt ettt et an e lg

HydroxXypropyleelUIOSE .....ccoveueeiiiiiiiciceeeeeee et 2g



R1 represents a group of formula (I11): NH O wherein: Y represents a
group C=0 or Cl12, 5124 represents a hydrogen atom in which case R5
represents a hydrogen atomor a group -NR61216 or -CH2-NR612'6
wherein each of R6 and R6, which nay be the sane or different,

i ndependently of the other represents'§5hydrogen atomor a l|linear or
branched (Cl-C6)al kyl group substituted by one or nore aryl,

het eroaryl, aryloxy, heteroaryloxy, arylthio, heteroarylthio.

het er ocycl oal kyl or -NRORt9 groups mgzézhgal 10 RO and W9, which may
be the sane or different, are select hydr ogen, |inear or
branched (G -C6)al kyl, linear or branched (Cl-C6)al koxy, aryl and

het er oaryl or RO and RO forma saturated or unsaturated cyclic
or bi cycli €ogpouplseptorordd (I substituted by a hetero atom sel ected
from oxygen, nitrogen and sul phur, 15 it being understood that one
or nore of the ring nmenbers may represent a C=0 group or may be
substituted as indicated in the definﬁtion of a heterocycle given
herei nafter, or 124 and 1(5, together;with the two carbon atons
carrying them forman aromatic or caromatic ring containing 5 or
6 ring menbers, including a nitrog %ﬁ]in the 20 position para to
the SO2 group, which in addition t Mitrogen atom may contain a
further nitrogen atom and/ or an @b, the ring so defined being
substituted by an R6 group as defiped herei nb&.ore, 123
represents a hal ogen atom or an N7, S02-125, linear or branched
(G -C6)al kyl or linear or branch C —¢6) al koxy group, wherein R7
may take any of the 25neani ngs of as |defined hereinbefore, 128
represents an amno group or a linear branched (Cl-C6)al kyl group
optionally substituted by one or nDr%Jhalogen at ons,

X

at
t he

~

R,

wherein:

5 ¢ Arepresents a 5, 6 or 7-membered aromatic or non-aromatic ring which may contain
1 or 2 hetero atoms selected from oxygen, sulphur and nitrogen, it being possible for
the latter to be substituted by a linear or branched (C;-Ce)alkyl group,
it being understood that the ring A so defined cannot contain 2 sulphur atoms or 2

oxygen atoms and that one of the ring members may be a C=0 group,

10
¢ 71, 73 and Z3 each independently of the others represents a CH group or a nitrogen
atom, it being understood that at least one of these three groups is a nitrogen atom,
¢ R, represents an aryl or heteroaryl group,
¢ X represents a linear or branched alkylene chain containing from 1 to 6 carbon
15 atoms, one or two of the carbon atoms of which may be replaced by an oxygen

atom, a cycloalkylene group, an arylene group, a heteroarylene group or an SO,

group,



-27 - it being understood that: "aryl" nmeans a phenyl, naphthyl or

bi phenyl group, "heteroaryl" neans any nono- or bi-cyclic group
‘having at |east one aromatic noiety and containing from5 to 10 ring
menbers, which nmay contain from1 to 3 5hetero atons selected from
oxygen, sul phur and nitrogen, such as-2Re groups furan, thiophene,
pyrrol e, imdazoline, pyridine, quinoline, isoquinoline, clubman,

i ndol e, benzot hi ophene, benzofuran, 1, 3-benzodi oxol e and

2, 3-di hydro-1, 4- benzodi oxi ne, "heterocycl oal kyl" neans any nono- or
hi-cyclic ndbnRargweseris agroumoliormaianliig from 4 to 10 ring menbers,
which may contain from1l to 3 hetero atons selggted I()from oxygen

sul phur and

non-aromati ¢ group containing fromg to
possible for the aryl, heteroaryl, h
groups so defined to be substituted by fr

fromlinear

fo- or bi-cyclic
riNQg nmenbers, it being
¥l and cygboalkyl
to 3’ groups Setected
tionally substituted by a

nitrogen, "cyel oal kyl" nmeans an

or branched (Cl-C6)alkyl 1Is o

hydroxy or am no group, |inear or branched™¢Cl - C6) al koxy, hydroxy,
car boxy, fbrng#h nitro, cyano, amno, linear or branched
(G - C6) pol YIF%i5al kyl , al kyl oxycarbonyl and hal ogen at ons,

n ar yl enen , _n

het@pRa £BRup D ofY AL 0al kyl ene” nean, respectively, an

aryl, heteroaryl and cycloal kyl group as defined above, inserted in
t he Spl ace of B4 carbents20bydnzaf atbhne imMhjtheerse daiepresdrited thydrogat iatme 0s a

Sﬂgi ?&22&? Ir ggigﬁsoéﬁﬁ\ﬁ%R%noq -6919'—1%11&96 %v%le}elsn éab: ro?%fé a\rllmd E{h& %vhich may be the same

10

15

or different, independently of the other represents a hydrogen atom or a linear or
branched (C;-Cg)alkyl group substituted by one or more aryl, heteroaryl, aryloxy,
heteroaryloxy, arylthio, heteroarylthio, heterocycloalkyl or -NRgR'y groups wherein:
o Ry and R'9, which may be the same or different, are selected from hydrogen,
linear or branched (C;-Cg)alkyl, linear or branched (C;-Cg)alkoxy, aryl and
heteroaryl,

s or Ry and R'g form a saturated or unsaturated cyclic or bicyclic group
optionally substituted by a hetero atom selected from oxygen, nitrogen and sulphur,
it being understood that one or more of the ring members may represent a C=0
group or may be substituted as indicated in the definition of a heterocycle given

hereinafter,

or Ry and Rs, together with the two carbon atoms carrying them, form an aromatic or

non-aromatic ring containing 5 or 6 ring members, including a nitrogen atom in the

20 position para to the SO, group, which in addition to the nitrogen atom may contain a

further nitrogen atom and/or an SO, group, the ring so defined being substituted by an

R¢ group as defined hereinbefore,

25

R3 represents a halogen atom or an NO,, R7, SO,-Rg, linear or branched (C;-Cg)alkyl
or linear or branched (C;-Cg)alkoxy group, wherein R; may take any of the
meanings of R¢ as defined hereinbefore,

Rg represents an amino group or a linear or branched (C;-Ce)alkyl group optionally

substituted by one or more halogen atoms,



acceptabl e acid or base. 2- Conpounds of founula (I) according to
claim1l1, wherein Y represents a C=0 group, their enantioners and

_di astereoi soners, and addition salts thereof with a pharnaceutically
25acceptable acid or base. - 28 - 3- Conpounds of formula (1)
according to claim|, wherein R3 repredénts an NO2 group, their
enantionmers and di astereoi soners, and addition salts thereof wth a
phar maceutbemglundemmod bl e aci d or base. 4- Conpounds of foinula

I ding,tq,.claim1 erej -R2 represents a ([1,1'- S
l(ai ?ohgﬁgﬁ]r- Iz?sla)rﬁemps @P{%‘_ﬁ ’dﬁp*ltg‘ﬁg?rltﬂ}l_’@&gggrp?&t ed by one or nore
hal ogen at amsihddbgary1"eRRALd AFF RN brdbBSBE GRbSP TRIDe ANdaddthet hr%ﬂ*{atic

salts thereof with a pharnmaceutically acceptable acid or base. 5
Conpounds of fotafuked ¢contaimorgoiradinnytoa ) dhainmnibersptverieh maRtonepr femnt o 3

a hydrogen at t heir enanti.oners and di.astereoqi soners, and additjon
2l s ¢ her eof FOPAES AL BOPT RRieE) SHOMEE ARt Sotohoran df Timgeurs b
Conpounds  of ﬂ@%ﬁh@, kol AGHIa6tb ek, (9riging)] @iﬁ@iﬁ@%@hﬁﬁ% [BRIeAE MbBle,
t he group 1-(N, Ndi met hyl am no -4-(ghenyl sliqoﬁ)hanyl%j-but an- 3-yl , their
enant i omer s ah@zétha@ﬂ’éﬁ@cbﬁémféﬁﬁ@% 1, arbenzodiin 'Qﬁnds?acoidshyldneﬂ édfn?ﬂdlhx?e,
h tical | i r _base. .. 7r ounds 0 ornmul.a
prar et cobl o ASERRNR GyapL P R usbis SOIRRYRRS Bl bR

15t hei r cnant frone4 so a0dingi rAshbECOWRRATHS) c@ftgin detth tli 03 SaktcsatbRerseRbted
with a pharmaceutically acceptahle acid or base. 8- Conpounds of
folltula (1) wHPEPXYeen sulphunand nitrogen,

{21(4' -chl qrof cﬂo;ggﬁmg@g ;af% gx;%,;agﬁg gﬁ_@{c}i& ngn-%r(ﬁn%t% %8@? g@aﬁx&rg%ﬁ o

o[ 4',31:4,5] pyrrol car bony
R) - 3- (di met hyl@mguolenibers,

it being possible for the aryl, heteroaryl, heterocycloalkyl and cycloalkyl groups so defined
to be substituted by from 1 to 3 groups selected from linear or branched (C;-Cg)alkyl
15 optionally substituted by a hydroxy or amino group, linear or branched (C;-Cg)alkoxy,
hydroxy, carboxy, formyl, nitro, cyano, amino, linear or branched (C;-C¢)polyhaloalkyl,

alkyloxycarbonyl and halogen atoms,

- ‘"arylene", "heteroarylene" and 'cycloalkylene" mean, respectively, an aryl,
heteroaryl and cycloalkyl group as defined above, inserted in the place of a carbon

20 atom of the alkylene chain,

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

acceptable acid or base.

2- Compounds of formula (I) according to claim 1, wherein Y represents a C=0 group, their
enantiomers and diastereoisomers, and addition salts thereof with a pharmaceutically

25 acceptable acid or base.



20 [ (phenyl sul phanyl ) met hyl ] propy0 am no) - 3- ni tr obenzenesul phonam de,

7V-(ft 8-[(4'-chloro[1,1"-biphenyl]-2-yl)nmethyl]-6,7,8,9,9a, 1

.0- hexahydropyrido[ 21, 31: 4, 5Thyrrolo[ 1, 2- al pyrazi n-2-yl I carbonyl)-4- ({

(1R)-3 -(di methyl am no)-1- [ (pheny Isulghanypnethyl]propyl

am no) - 3-ni trobenzenesul phonani de, -28 -
N-({7-[(4"-chloro[1, 1 -bi phenyll-2-yenethyl] -5, 5a, 6, 7, 8. 9- hexahy-dr op

yri do- 283f Gompdurissdfpfprmalk (6) dctoRtimg m/fla%il s &fh}éﬂeilﬁ @lg]beﬂwbe)nlfsllléh NO, group,
1R) - 3- (di pet hyl.am no) - - [ (phenyl su anyer net hy r opy ,

gm )no) - gi it §61 %W?%ﬁ%é)éléldéﬁgﬁ%é%?‘%?g’ @nd?gidltlo¥n¢a%ts (ﬂ?reqffwth ambareaceuticaly

Lbi phenyll« s2,3 ,4.4a,5, 6-hexahydro-1Hpyrazino[ 1, 2-al [
1,51naph%%§§?gF%#R%&¥%%% carbonyl)-44 R -3 -(di nethylamno)-1

[ (phenyl sul phanyOret hyl ] propyl am no)-3 -nitrobenzenesulphonﬁni ﬁe,

N- (18- "-chloro]1 - bi phenyl ] -2-yl)net hy11-6, 6a, 7,8, 9, 10- hexahydro,
- 5I(-i- 5|[o§/ : ‘FPWBO‘["&{Sz"?é%Offﬂi‘P% 2‘]3 ﬁ%ﬂéﬁ{& i)“?jicﬁﬁ“é- i;i PRSEY R@By-f&afesents Yfig-
(1R)- 3-( prﬁ@ﬁﬂ%b@'l’jn’f@ﬁyl group OpHEMTly SBkRRRAYDY FRE Y| thoR 0¥ denlatoms, their
am no) - 3- ni t robenzenesul phonam de, . _ .

N- ({ 8- [ (anangamersopnd 1diadivrphieerydrs- 2ng exdditiopl kal®, Gwrepf Swih m-ph(emm;wdm@ﬂly
511- pyrazi A | , 8] naphthyridin-3 -yl carbonyl)-44 (1R)-3
-(dineth%ﬁgﬁgé%f%KﬁLﬁkﬁﬁhenylsuIphanyenethyl]propylI am no) - 3

-ni trobenzenesul phonam de, 10and their addition salts with a

pharmaceutically acceptable acid or base. 9- Process for the

pr epar at 20ROBPOEKSS deraulafl) pesording tq eipim d hwhereineRi eptesents aihadroghe pom,
is used : : | : | . . .Of I [l ) a(11
mer ot GRnSRGG TRASTL D SRR S IR oGy
triloycl i accsptablencalfor base.

6- Compounds of formula (I) according to claim 1, wherein Rg represents the group 1-(NV,N-
dimethylamino)-4-(phenylsulphanyl)-butan-3-yl, their enantiomers and diastereoisomers,

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

7- Compounds of formula (I) according to claim 1, wherein R's represents a hydrogen atom,
15 their enantiomers and diastereoisomers, and addition salts thereof with a pharmaceutically

acceptable acid or base.

8- Compounds of formula (I) which are:

e N-({2-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-1,2,3,4,10,10a-hexahydropyrido-

[4',3":4,5]pyrrolo[1,2-apyrazin-8-yl}carbonyl)-4-( {(1R)-3-(dimethylamino)-1-
20 [(phenylsulphanyl)methyl]propyl } amino)-3-nitrobenzenesulphonamide,

e N-({8-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-6,7,8,9,9a,10-hexahydropyrido-
[2',3":4,5]pyrrolo[1,2-a]pyrazin-2-yl} carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl]propyl} amino)-3-nitrobenzenesulphonamide,

e N-({7-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-5,5a,6,7,8,9-hexahydropyrido-

25 [3',2":4,5]pyrrolo[1,2-a]pyrazin-3-yl} carbonyl)-4-({(1 R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl]propyl}amino)-3-nitrobenzenesulphonamide,



“15fornula (1v): wherein A, X, Z1, Z2, Z3 and R2 are as defined for
formula (1), the -Y-Cl group being attached in the a position of the

tricyclic system so defined, whi ch conmpound of fornmula (Il1) is
condensed, in a basic mediumin the presence or 20absence of a
coupl ing agent, with the conpound of féfrmula (V): - 30 - O (V),

wherein R3 is as defined for formula (1), to obtain the conmpound of
formul a (V19 : N-({3-[(4'-chloro[1,1"-biphenyl]-2-yl)methyl]-2,3,4,4a,5,6-hexahydro-1 H-

10

15

20

pyrazino[1,2-a][1,5]naphthyridin-8-yl}carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl|propyl } amino)-3-nitrobenzenesulphonamide,

e N-({8-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-6,6a,7,8,9,10-hexahydro-5H-
pyrazino[1,2-a][1,7]naphthyridin-3-yl}carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl]propyl } amino)-3-nitrobenzenesulphonamide,

e N-({8-[(4'-chloro[1,1'-biphenyl]-2-yl)methyl]-6,6a,7,8,9,10-hexahydro-5 H-
pyrazino[1,2-a][1,8]naphthyridin-3-yl} carbonyl)-4-({(1R)-3-(dimethylamino)-1-
[(phenylsulphanyl)methyl|propyl} amino)-3-nitrobenzenesulphonamide,

and their addition salts with a pharmaceutically acceptable acid or base.

9- Process for the preparation of compounds of formula (I), characterised in that there is

used as starting material the compound of formula (I1I):

Y
I

wherein Y is as defined for formula (I) and Cy represents a fused tricyclic system of
formula (IV):

a
277

I§
NGL

A (V)
B
X\

R,

wherein A, X, 71, Z5, Z3 and R, are as defined for formula (I), the -Y-CI group being
attached in the a position of the tricyclic system so defined,
which compound of formula (IIl) is condensed, in a basic medium in the presence or

absence of a coupling agent, with the compound of formula (V):



a (v, S5wherein Cy. Y and R3 are as defined herei nbefore, which
is condensed with the conmpound of fornmula 1I NR6R 6, wherein R6 and W
.arc as defined for formula (1), to yield the conmpound of formula
(f/a), a particular case of the conpounds of forrmula (I): N12.6W
towherein Cy, Y, R3, R6 and W are as -d8fi ned hereinhefore, which may
be purified according to a conventional separation technique, which
is converted, if desired, into its addition@alts with a
pharmaceutically acceptable acid or haseand which is optionally
Separated into its isoners aﬁéﬁfdi”' to_a convent*@ﬁal separation
techni que. 1510- Process for e\$§eo= 21 on of conpounds of fornula
(1), characterised in that there Ts2usedRgs starting material the
conmpound of formula (lip): C -31 -

wherein R; is as defined for formula (I),

to obtain the compound of formula (VI):
Cl

CY\Y _NH VD,
56, %

5 wherein Cy, Y and Rj are as defined hereinbefore,
which is condensed with the compound of formula HNRgR's, wherein Rg and R's are as
defined for formula (I), to yield the compound of formula (I/a), a particular case of the

compounds of formula (I):

NRR',

Y~ TS0, 3

10 wherein Cy, Y, R3, Rg and R'q are as defined hereinbefore,
which may be purified according to a conventional separation technique, which is
converted, if desired, into its addition salts with a pharmaceutically acceptable acid or base
and which is optionally separated into its isomers according to a conventional separation

technique.

15 10- Process for the preparation of compounds of formula (I), characterised in that there is

used as starting material the compound of formula (IIT'):

Y .
I
¢y Som U

wherein Y is as defined for formula (I) and Cy represents a fused tricyclic system of

20 formula (IV):



ia wherein A, X, Zi, Z2, Z3 and R2 are as defined for fornula (1),
the -Y-OH group being attached in the a position of the tricyclic

.system so defi ned, whi ch conmpound of formula (Il1") is
condensed, in a basic mediumin the presence of a 5coupling agent,
with the conpound of formula (VT1): -3hherein R3, R4 and R5 are as

defined for formula (1), to yield the conpound of fornmula (1), which
may be purified according to a conventi®nal separation techni que,
which is converted, if desired, intoﬁ%gs\addition salts with a
pharmaceutically acceptable acid or Zpdse d which is optionally
Separated into its isoners accordingjto a.conventional separation
techni que. 11- Pharnmaceutical co i 3conpri sing conpounds of
formula (1) according to any one glajms 1 toggyor an addition salt
thereof with a pharnaceutically agceptapl e acid o} base in

conbi nation wth one or nore phar tically acceptabl e excipients.

-32 - 13- Pharnmaceutical conpositions acdording to claim 11l for use
in the manuf acture of nedi canents foruse”in the treatnent of
cancers. ‘ﬁ
X
>R

wherein A, X, Zi, Zs, Z3 and R, are as defined for formula (I), the -Y-OH group being
attached in the a position of the tricyclic system so defined,
which compound of formula (III") is condensed, in a basic medium in the presence of a

5 coupling agent, with the compound of formula (VII):

R,

HN_ (v,

wherein R3, R4 and Rs are as defined for formula (1),

to yield the compound of formula (I), which may be purified according to a conventional

separation technique, which is converted, if desired, into its addition salts with a
10 pharmaceutically acceptable acid or base and which is optionally separated into its isomers

according to a conventional separation technique.

11- Pharmaceutical compositions comprising compounds of formula (I) according to any
one of claims 1 to 8 or an addition salt thereof with a pharmaceutically acceptable acid or

base in combination with one or more pharmaceutically acceptable excipients.

15 12- Pharmaceutical compositions according to claim 11 for use in the manufacture of

medicaments as pro-apoptotic agents.



14- Pharmaceutical conpositions according to claim1l for use in the
manuf acture of nmedi canents for use in the treatnent of cancers of the
bl adder, brain, breast and uterus, 5 chronic |ynphoid | eukaem as,
cancers of the colon, cesophagus and liver, |ynphoblastic |eukaem as,
follicular |ynphomas, mel anomas, maligdant haenopat hi es, nyel omas,

ovarian cancers, non-small-cell |ung cancers, prostate cancers and
smal | -cel | Iung cancers. 15- Associ ation of a conpound of fornula
(D) accor i o any one of clains 1 to 8 with an anti-cancer agent

sel ect edd8y SR eomaRRsHians %?F@@mgc%é‘i aggnkl famupe ppithp snanudagture of

10pr0teaﬁféﬂﬁafn@ﬂﬂs%ﬁ&%%n%Qréé{rﬂé}ﬁ%fbé}ﬁbﬂ'tors 16- Use of an

associ ation according to claim15 in the manufacture of nedi canents
for use in the treatnment of cancers. 17- Use of a conpound of

formul a ccordln to any.one of clainms 1 t in the nuf act ur e
of nedi ciirelm e“THPY ﬁ?nﬁr‘@ﬁ?m t‘biclaélﬁng]e Qr upe é%§g€iné%qu ture of
wi th 15r ﬁféﬂﬁbﬁx@ﬁt@%r use in the treatment of cancers of the bladder, brain, breast and uterus,
5 chronic lymphoid leukaemias, cancers of the colon, cesophagus and liver, lymphoblastic
leukaemias, follicular lymphomas, melanomas, malignant haemopathies, myelomas, ovarian

cancers, non-small-cell lung cancers, prostate cancers and small-cell lung cancers.

15- Association of a compound of formula (I) according to any one of claims 1 to 8 with an
anti-cancer agent selected from genotoxic agents, mitotic poisons, anti-metabolites,

10 proteasome inhibitors and kinase inhibitors.

16- Use of an association according to claim 15 in the manufacture of medicaments for use

in the treatment of cancers.

17- Use of'a compound of formula (I) according to any one of claims 1 to 8 in the
manufacture of medicaments for use in the treatment of cancers in association with

15 radiotherapy.



