-1- New henzo[ b] cbr oneno- napht hyri di n-. 7-one and

pyrano[ 2', 31: 7, 8] qui no[ 2, 3- b] qui noxal i n-7-one conpounds, process for their
preparation and pharnmaceutical conpositions containing them The present
invention relates to new benzo[ b] chr oneno- napht hyri di n- 7-one and
pyrano[2',3':7,8] quino[ 2, 3- b] qui noxal i n-7-one conpounds, to a process for
their preparation and to pharmaceutical_jconpositions containing them The
conpounds of the invention are derivatives of acronycin, which is an

al kal oi d having 5 ant iNevehewzo [A]chyoidéd cesagiBiri@aVeoRegRgdenonstrated in
experimental nodels y&‘]' ll%bstr_m, Sci., 1966, 55 (8), 758-768). Despite having
a broad spect rum of PARPIA By 7:8HBHRQI:3-blqainaxalisi monescamapoundlsy powver f ul and

is only noderately active. |npagdid o2 Hheit B raduct is of |ow solubility,
pROCS ftneit S LA

which [imts its bioavailability an use i n pharnmaceuti cal
conposi ti ons adni ni st ra&e| phagmaceetiiah ompesitionss coigaidinglelar i ous
nodi fi cati ons have been made to that nol ecul e, such as those described in

J. Med.  Clram prok986, indéhticA7 Geafi66o EBW1 HRAZ[BREronER0nadhthyAdih-DonEPadd 297
835, which have enabled significant inprovemrent of the potency, the |

ant i - t unouPYenpi2o3ek8lanmot hEbiwiingyalint yoneof campeyadpr deuct sProsesder Ohe s
anti-cance . | C I il : . tant devel opnent of
new anti -tgﬁ%gfa lgg%{lléo,pl{/\nﬁﬂ#e{hﬁgago%pggﬁ%%{%ﬂlﬁa}uplgg% I'canents that are 15
both nore active and better tolerated. Mre especially, solid tunours pose

a major problem for, antj-cancer chemtherapy in view of their _intrinsic
0T or 2 CaMPRSTS o the e BRen, Fe R el et ki e I PP he

ut most  k Mok anhsurl fropavies ALE eB%e e AR Sin Bsiktntl dnd RIIE Hharm.
products that express a strong cytotoxic activity in order to be able to

have avai | &bl.e19Gfe 068), FPBIOE). vPespiteahaving ¢ Proed tspeestm dif sactivty, hewever,

whol e. 20 | grog}chlil t1s.I o bt .Igoqs(/aer A %hd ishﬁl%&gger%%ﬁ)g&ﬂg.s ]tnoa]tcddhl%%, {hﬁ“’fﬁ&&%& % §f €
new, they ﬁave a sSurprising I'n vitro n In VO cytotoxXic activily
superi or t v halutibserwigieh hiimbter it .biddvatiabilitye and thus its use in pharmaceutical

compositions administrable by the intravenous route.

10  Various modifications have been made to that molecule, such as those described in J. Med.
Chem., 1996, 39, 4762-4766, EP 1 042 326, EP 1 061 081 or EP 1 297 835, which have
enabled significant improvement of the potency, the anti-tumour efficacy and the solubility
of those products. Nevertheless, anti-cancer therapeutic requirements call for the constant
development of new anti-tumour agents, with the aim of obtaining medicaments that are

15  both more active and better tolerated. More especially, solid tumours pose a major problem
for anti-cancer chemotherapy in view of their intrinsic and/or acquired resistance to
existing products. It is accordingly of the utmost importance to have access to as broad as
possible a range of products that express a strong cytotoxic activity in order to be able to

have available the most effective treatments for tumour diseases as a whole.

20  In addition to the fact that the compounds of the invention are new, they have a surprising
in vitro and in vivo cytotoxic activity superior to that observed hitherto. Thus, the
compounds discovered by the Applicant have anti-tumour properties that make them
particularly useful in the treatment of cancers. Among the types of cancer that can be
treated by the compounds of the present invention, adenocarcinomas and carcinomas,

25  sarcomas, gliomas and leukaemias may be mentioned without implying any limitation.



conpounds di scovered by the Applicant have anti-tunour properties that nake
them particularly useful in the treatnent of cancers. Anpong the types of
cancer that can be treated by the conpounds of the present invention,
adenocar ci nomas and carci nonmas, 25 sarcomas, glionmas and | eukaem as naybe
mentioned without inplying any limtation. "2 More especially, the present
invention relates to conpounds of formula (I) : (1) 14 wherein: Bl and B2,
whi ch may be identical or different, each independently of the other 5
represents a carbon atomor a nitrogen atom wth the proviso that at |east
one of the two groups Bl or B2 represents a nitrogen atom X and Y, which
may be ideptical or e represents
one or norlgltogr;er% ecwﬂs)gflltlIlg IJ’C%Q]% mvggt%}f%ﬁgees%ggﬁﬁ&ﬁas%ffrflc}rglnda ¢1al ogen, 10 - the
groups hydroxy, Ilnear or branchedg(CIOCB)agkoxy, nitro, cyano, linear or
branched (C1-C6)al kyl, |inear or CZ- C6) al kenyl , |inear or
branched (C1-C6)- pol yhal oa of formua - NRaRb wherein : R
and Rb, which nay be identi pach i ndependently of the
other 15 represents a gro sef egieth 7 gen and the groups
-C(O-CF3, -C(O-NH2 and Iinear or brancheo (Gr-C6)al kyl, optionally
substituted by a group NR aR b whigrei R, : W d R b, which nmay be

i dentical or different, each |ndependently gf/ t t hBs ot her represents a group
sel ected from hydrogen and |inear or branched (G -C6)al kyl, or 20 R a and
R b, togetWhereigith the nitrogen atomcarrying them forma nmonocyclic

e B, and B;, which may be identical or different, each independently of the other
5 represents a carbon atom or a nitrogen atom, with the proviso that at least one of the

two groups B, or B; represents a nitrogen atom,

e X and Y, which may be identical or different, each independently of the other
represents one or more groups selected from :
- the atoms hydrogen and halogen,

10 -the groups hydroxy, linear or branched (C;-Cg)alkoxy, nitro, cyano, linear or
branched (C;-Cg)alkyl, linear or branched (C,-Ce)alkenyl, linear or branched (C;-Cs)-
polyhaloalkyl, or

- groups of formula ~NR,Ry, wherein :
R, and Ry, which may be identical or different, each independently of the other

15 represents a group selected from hydrogen and the groups —C(O)-CFs, —C(O)-NH;
and linear or branched (C,-Cg)alkyl, optionally substituted by a group NR',R%
wherein :

R', and R',, which may be identical or different, each independently of the other
represents a group selected from hydrogen and linear or branched (C,-Cg)alkyl, or

20 R', and R'y, together with the nitrogen atom carrying them, form a monocyclic

heterocycle having from 5 to 7 ring members and optionally containing in the ring
system a second hetero atom selected from oxygen and nitrogen,
or R, and Ry, together with the nitrogen atom carrying them, form a monocyclic
heterocycle having from 5 to 7 ring members and optionally containing in the ring

25 system a second hetero atom selected from oxygen and nitrogen,



heterocycle having from5 to 7 ring nmenbers and optionally containing in
the ring systema second hetero atom sel ected from oxygen and nitrogen, or
R and Rb, together with the nitrogen atomcarrying them forma nonocyclic
het erocycl e having from5 to 7 ring nmenbers and optionally containing in
the ring 25 systema second hetero atom sel ected from oxygen and nitrogen,
-3 X, and Y1, which may be identical or_different, each independently of
the other represents a group sel ected ftom the substituents as defined for
X and Y, it being understood that, when Bl and/or B2 represent a nitrogen
atom Bl and B2 and Yotwhicamnay bebddenticaleot diffeterdindackl indepgndentiy ef yhe HthRt

represents a hydrogen atom or | i near .or. branche i - I kyl group, R2
represents arﬁgrﬁﬁ%lgss%gré’é‘Péale?tngﬁoﬁy@PBﬁ?ﬁwa?ﬁ %H@g@%bg q)”g ar or branched
(C -Co)alkyl, -OR'a; -NRaR b; OTaOR'a; -NR Ta NR aR b; -NR'a-C(O) - TaH;
OC(O-TaH, -O Ta-NR aR b; -NR'a-TaOR'a; -NR T.CO2R'a; and

-NR'. C( O -iTBriRg aRderstond thdtewbem B and/or Beperrssant ¢ natrogenegom,oB: brdBe ldediot

(G -Co)al ké/l ene ﬁjhai n * cﬁxarand I‘?g’ b are as defined hereinbefore, * R'a

f epr esent SSAHYGPBTHNDE Xe it FSRYAY Hogen and Iinear or branched (C |
-C6)al kyl, R3 and R4, which may be identical or different, each

i ndependently of the other 15 represents a hydrogen atomor a |inear or
brancheéd (T -Roepicksnts ghpdipgeroatoRIr admeRpr branged €¢1-Gialkyl gieuar bon at om
carrying them forma nonocychc ring having from3 to 6 ring nenbers, A
represents a group of formula : a) -CH(R5)-CH(R6)- wherein : 20 * R5 and

R6, whi ch qmyRpeeprétentsi £ator sdédide ot hy@agéh Le@ES @Rbups| Iapendesichyd of
(Ci-Celalkyl, ~OR";; -NR';R’p; O-T;~OR";; -NR";~T,~NR'.R'y; -NR";~C(O)-T.H;
0-C(0O)-T,H; —O-T,-NR".R%; -NR",—T,—OR",; -NR"-T,—CO;R",; and
-NR";-C(0)-T.-NR'R™,

10 wherein:
* T, represents a linear or branched (C;-Cs)alkylene chain,
* R', and R', are as defined hereinbefore,

* R", represents a group selected from hydrogen and linear or branched (C;-Ce)alkyl,

e Rj; and R4, which may be identical or different, each independently of the other
15 represents a hydrogen atom or a linear or branched (C;-Cs)alkyl group, or R3 and Ry,
together with the carbon atom carrying them, form a monocyclic ring having from 3 to

6 ring members,

e A represents a group of formula :

a) -CH(Rs5)-CH(R¢)— wherein :

20 *  Rs and Rg,, which may be identical or different, each represents independently of

the other a group selected from :
1) hydrogen,

2) the groups OR,, NR¢Ry, SR, wherein :
- R, Ry, which may be identical or different, each independently of the other



the other a group selected from: 1) hydrogen, 2) the groups OR,, NRcRd,
SR,, wherein : - k Rd, which may be identical or different, each

i ndependently of the other -4 represents a group sel ected from hydrogen,

t he groups linear or branched (Cl-C6)alkyl, aryl and aryl-(C -C6)al kyl in
whi ch the al kyl noiety may be |inear or branched, or the group C(O-Re
wherein Re represents a group sel ected f{}om hydrogen, 5 aryl or NR''aR''b
wherein R''a and R''b are identical and fepresent a hydrogen atom or
wherein R'*a and R'' b, together with the nitrogen atomcarrying them form
a nmonocycl i c het er BEJSPRS Hagiwg salestgdsfrom ydrogen., rtbereapups dliegar opthrevded y

containing in the i em,a 1d~hgt .sel.ec n -
and nitrogen, 10 3§é1\[}§6-)%)a-% Qﬁd\?\g@?gﬁjhe?)ﬁg& Q&FrHelC}r glgeeéllggl gﬁ?@%ﬁggtom
a sul phur atom or Nmrjar oWbeneted, Rd is as defined hereinbefore), (3) W

represents an oxygen atomor_a sul phur atom y) U represents a |jnear or
branched (Cl - Cs) al Ryh&EoWnS(P)&e Whergin Sarersesepisahgioup selggged from hydrogen,

C2- Cs)al kenyl LONRSIRV t | : ,
ryl . Jand the. or otpe O MRcp RFEREERC SR SRR TRE R 2 B2,
N(R)-COR ,, wher eatmRsravhdein, R RanarRI"Ribgather aithdbé hitegerheosi cibginy theand

R, represents a oup sel ected from hydrqgen, l.i near or_ branche
P gformpa monocyclic heterocyyc?e % ving from 5 to 7 ring members and

(C -Co)al kyl,
optionally containing in the ring system a second hetero atom selected from
oxygen and nitrogen,
10 3) W,—C(W,)-U-V wherein :
o) W, represents an oxygen atom, a sulphur atom or NR. (wherein R, is as
defined hereinbefore),
) W, represents an oxygen atom or a sulphur atom,
v) U represents a linear or branched (C;-Cg)alkylene chain or a linear or branched
15 (C,-Cg)alkenylene chain,
d) V represents a group selected from :
- hydrogen,
- aryl,
-and the groups OR., CO;R., COR,, CONR'R', NRR4, N(R.)-CO,R'.,
20 N(R;)-COR';, wherein R',, Ry, R and Ry are as defined hereinbefore and R'.
represents a group selected from hydrogen, linear or branched (C;-Cg)alkyl,
aryl, or aryl-(C;-Ceg)alkyl in which the alkyl moiety may be linear or
branched,
€) U represents a bond when W, does not represent an oxygen atom and when V
25 does not represent a group selected from :
- hydrogen
- aryl and
- NHa,

4) Wl—C(Wz)—W3—T1 wherein :

30 o) W, and W, are as defined hereinbefore,



aryl, or aryl-(C -C6)al kyl in which the alkyl noiety may be |inear or
branched, s) U represents a bond when W2 does not represent an oxygen atom
and when V 25 does not represent a group selected from: - hydrogen -
aryl and - NH2, 4) W.-C(W2)-WB-T1 wherein : 30 a) W and W2 are as defined
her ei nbefore, -5 3) WB represents an oxygen atom a sul phur atom or NRO
wherein RO is as defined hereinbefore, g/) Tt represents a group sel ected
from - hydrogen, 5 - linear or branched (Cl-C6)al kyl, 10 linear or
branched (C2-C6)al kenyl, aryl, aryl-(C-C6)alkyl in which the al kyl noiety
may be |inear orP)oWampnessnts aaedygdnfdem, dsulphumidiecr (R dsren R iesfedened

| i near or brancheg} éczbe%) al kenyl ene chains, each of which is substituted
by a group OR, wh T “¢s as defined hereinbefore or NR 8R b wherein

R a and R b are gstdebichans i‘@{oﬁ%@&@ét@dlﬁonﬁ) W-S(O"-VB-T, wherein : a) W,
WB and Tl are as defined hereinbefore, and 3) n represents an integer
sel ected from 1 andydroges, 6) WL-S(On Ti wherein W, Tl and n are as

defi neds her ei nbef O-rheriearagrct)ranched (C,-Cg)alkyl,
- linear or branched (C,-Cg)alkenyl,
- aryl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
and
- linear or branched (C;-C¢)alkylene or linear or branched (C;-Ce)alkenylene
10 chains, each of which is substituted by a group OR. wherein R is as defined

hereinbefore or NR'.R'y, wherein R', and R'y, are as defined hereinbefore,

5) W1—S(0),—W5-T; wherein :
o) W1, W3 and T, are as defined hereinbefore, and

) n represents an integer selected from 1 and 2,
15 6) W,-S(0),~T; wherein W, T; and n are as defined hereinbefore, and
7) C(W,)-T; wherein W, and T, are as defined hereinbefore,

* or Rs and R, together form :

1)agroup —O 0— — or —

> —N O0— > —0
DA D
Z Z Z

wherein Z represents an oxygen atom or a sulphur atom,

N_
HYH
Z

20 2) a group—O—(CH3)m—O- wherein m represents an integer of from 1 to 4 inclusive,

or

3)agroup —O B O—-

—N B O— o —O B N—

Y Y Y G
O O O O O O

wherein B represents a single bond, a linear or branched (C;-Ce)alkylene chain or



7) C(W2)-T1 wherein W2 and T, are as defined hereinbefore, * or R5 and R6,
together form: Z Z z - or wherein Z represents an oxygen atomor a

sul phur atom 20 2) a group-(CH2),,, O wherein mrepresents an integer of
from1l to 4 inclusive, or 3)agroup O O wherein B represents a single bond,
a linear or branched (Cl-C6)al kyl ene chain or -6 a |inear or branched
(C2-C6) al kenyl ene chain, or R5 and R6, tgget her with the carbon atons
carrying them forman oxirane group or an aziridine group, optionally
substituted on the nitrogen atomby a |linear or branched (G -C6)al kyl
group, 5 b) -Gﬂrﬂtj(lmyorbﬁam}@@é@)-g@%lk%]@ﬂéphﬁﬂﬂ? represents a group sel ected
from: - hydrogen, -and the groups OR'a, W-C(W2)-UV, W.-C(W2)-WB-Ti,

WL- S(O) "-WB-T1 -S(Q), - nd -T, . wherein R'a U V. W, T,
and n are as de? é&ﬁﬁ&ekﬁﬁgﬂ%,’%ﬂ ¢ capgen. g 0—"6(@-&%%3’”—’ \/%’?" an oxirane
CH(R8) - C(O) - wheggip R 8RFHEFRESuA @tiuallp ehiRehaed bhank nitrogehydsradana

linear or branched (C;-Cs)alkyl group,

5 b) ~-CH=C(R7)- or —-C(R7)=CH- wherein R; represents a group selected from :

- hydrogen,

-and the groups OR",, W;-C(W,)-U-V, W;-C(W;}-W3-Ti, Wi;-S(O);—W3-T;,
Wi-S(0),~T; and C(W,)-T; wherein R",, Wy, Wy, U, V, W3, T; and n are as
defined hereinbefore,

or
10 c) —C(O)-CH(Rg)— or — CH(Rg)—C(O)— wherein Ry represents a group selected from :
- hydrogen,
- linear or branched (C;-Cg)alkylcarbonyloxy and the groups OR", wherein R", is

as defined hereinbefore,

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

15  pharmaceutically acceptable acid or base,

wherein aryl is understood as a phenyl or naphthyl group optionally containing one or
more identical or different substituents selected from linear or branched (C;-Cg)alkyl,
linear or branched (C,-Cs)alkenyl, hydroxy, halogen, carboxy, nitro, amino, alkylamino or
dialkylamino in which the alkyl moieties contain from 1 to 6 carbon atoms and may be
20  linear or branched, linear or branched (C;-Cg)alkoxy, linear or branched (C;-Ce)acyl and

linear or branched (C;-Cg)alkylcarbonyloxy,

among the monocyclic heterocycles having from 5 to 7 ring members and optionally
containing in the ring system a second hetero atom selected from oxygen and nitrogen
there may be mentioned, without implying any limitation, the groups pyrrolidinyl,
25  isoxazolidinyl, oxazolidinyl, pyrazolidinyl, imidazolidinyl, piperidyl, morpholinyl,
hexahydropyridazinyl, hexahydropyrimidinyl, piperazinyl, azepanyl, oxazepanyl and

diazepanyl,



- linear or branched (G -C6)al kyl carbonyl oxy and the groups OR'a wherein
R'a is as defined hereinbefore, to their enantioners, diastereoisoners,

N- oxi des, and also to addition salts thereof with a 15 pharmaceutically
acceptabl e acid or base, wherein aryl is understood as a phenyl or naphthyl
group optionally containing one or nore identical or different
substituents selected fromlinear or braﬂched (C1-Co)al kyl, [linear or
branched (C2-C6)al kenyl, hydroxy, hal ogenh, carboxy, nitro, am no,

al kyl am no or dialkylamno in which the alkyl noieties contain from1l to 6
carbon atons and may be 20 |inear or branched, |inear or branched

( C1- C6) al kamxong the mearocgelicoriagschrathgy £omCh f@ 6 yringamdmbeiisrtbere noay be areohienkd,

(Cl -C6) al kyl car honyl.oxy, .the nmonocycli¢ heterocycl es having fromb5 to
7 ring. menbiut AREYPE 145 al Y LIPS BTG FYFRMEPY ACISOAIY e 5 loBgghand
hetero at qqxpgtggted from oxygen and nitrogen there may be mentioned,
without inplying any limtation, the groups pyrrolidinyl, 25

i soxazol i di nyl, oxazolidinyl, pyrazolidinyl, imdazolidinyl, piperidyl,

mor phol i nyAmong éxaphatmeqeptical hzaavyptablh exalk tokromyayi ik chientydned pwpgbow zZimpyying
azepanyl, oxazepanyl .and i azepanyl , -7 anong, the nmonocygclic rings having
Fr om 35t o B TG Vb S osbiuf ety Mo HEHTF GREb, SV RINE ] MRSDRHGS 4
limtati omcedih@cid! Q4fPSor6Xceti® IR NhaticC ¥GH,0pWuYc, ad ChaRAR ¥éid 2Bkkcinic acid,
cycl ohexyl . Anong the pharmaceutical |y acceptable acids there may be

ment i oned,glwatihacd, fumpsngiasyl, tatagapcid mateaa 4, citmgdcislc Rscortie agidi eialic acid,
hydr obr om | .phuri ¢ id i c acid, acetic acid,
trifIuoroéﬁ%ﬁ%%g%%$§¥gﬁﬁgt?%%%gpgfggaﬁﬁgggkécid, mal oni ¢ aci d, succinic
acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric

aci d, ascofhbgg &l ghar@¥@uti€aligCicdeptatl® bhises adtt RN b mfti ched CHBOQT ihlags d,

| ysine etc.. Anong the pharnaceutically acceptabl e bases there nay be
nent i ofed, anyliHiBHen,sadiuy hgiroxide, potassiurh hydroxide, triethylamine, tert-butylamine, etc..

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

those of formula (IA) :

dA)

wherein X, Y, X, Ry, Ry, R3, R4 and A are as defined for formula (I).

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

are those of formula (IB) :

(IB)

wherein X, Y, Xj, Ry, Ra, R3, R4, Rs and Rg are as defined for formula (T).

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



10 any limtation, sodium hydroxi de, potassium hydroxide, triethylam ne,
tert-butylamne, etc.. According to an advant ageous enbodi nent of the

i nvention, preferred conpounds are those of forrmula (1A : wherein X, Y,
X1, Rl, R2, R3, R4 and A are as defined for fornmula (1). 15 According to a
second advant ageous enbodi nent of the invention, preferred conpounds are
those of formula (IB) : (TB) R6 wherein X, Y, X1, R, R2, R3, R4, R5 and
R6 are as defined for forrmula (I). Acco?%ing to a third advant ageous
enbodi ment of the invention, preferred conpounds are -8 those of formula
(10 R a' thesercdifarmglatdC)yl, R1, R2, R3, R4 and A are as defined for fornula
(I'). According to a fourth advantageoug, enbpdi nent of the invention,
preferred conpounds 5 are those of fofjnulal(I1D) : R6 wherein X Y, Vi,
Rl, R2, R3, R4, R5 and R6 are-as def|n« formula (1). According to a

fifth advant ageous enbodi nme preftefred conpounds are
R3, R4 and A are as defined

for formula (I). According%o™a si s enbodi ment of the
invention, preferred conpounds are, thgse of fgrnula (1F) -9
1 1
R

wherein X, Y, Y1, Ry, R;, R3, Rsand A are as defined for formula (I).

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

5  are those of formula (ID) :

(D)

wherein X, Y, Y1, R, Ry, R3, Ry, Rs and Rg are as defined for formula (I).

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

X
N
| AN (IE)
—
Y N N 0

10 4
wherein X, Y, R;, Ry, R3, Ry and A are as defined for formula (I).

those of formula (IE) :

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

those of formula (IF) :



R6 wherein X, Y, RL, R2, R3, R4, R5 and R6 are as defined for fornula (1).
Preferred conpounds of formulae (IB), (ID and (117) are those wherein R5
and R6 are identical and represent a group of formula -OR, or W-C(W)-UYV
or wherein R5 and R6 together forma group -O O0- wherein Rc, W, W, U, V
and Z are as defined 5 for formula (1). O particular interest, preferred
conpounds of formula (113), (ID and (IF) are those wherein R5 and R6 are
identical and represent a group of fornmufa -OR, wherein R~ represents a
hydrogen atomor a linear or branched (C -C6)al kyl group. to Al so of
particular interest, preferred conpounfls offsformulae (1B), (I1D) and (IF)
are those wherein R5 and R& a nd repreﬁﬁgt a group of fornula
W-C(W2) - UV wherein W ang pxygen m U represents a

kyl @ V represents a hydrogen atom
Al so of very partlcular i ntyérest . npounds of fornulae (113),
(ID and (IF) are those wherein R and R6 together forma group -G, , 0O 15
wherein Z represents an oxygen atom AECQ,‘ fe,a seventh advantageous
enbodi nent of the invention, preferred conpounds are those of formula (1GQ
: -10 (16 wherein X, Y, X1, R, R2, R3 and R4 are as defined for formula
(1), Accorghagin@ AR Ll t{:l@dﬁmﬁeﬁeﬁs Eéfﬂféﬁ'f&ef%nﬁ’lfa (hhe invention,

preferred conpounds’ ose of fornula

Preferred compounds of formulae (IB), (ID) and (IF) are those wherein Rs and Rg are
identical and represent a group of formula —OR, or W;-C(W,)-U-V or wherein Rs and Rg

together forma group —OQ_ O— whereinR, W,, W,, U, V and Z are as defined

for formula (I).

Of particular interest, preferred compounds of formula (IB), (ID) and (IF) are those
wherein Rs and Rg are identical and represent a group of formula —OR. wherein R

represents a hydrogen atom or a linear or branched (C;-Cg)alkyl group.

10  Also of particular interest, preferred compounds of formulae (IB), (ID) and (IF) are those
wherein Rs and Rg are identical and represent a group of formula W;-C(W,)-U-V wherein
W; and W, represent an oxygen atom, U represents a linear or branched (C;-Ce)alkylene

chain and V represents a hydrogen atom.

Also of very particular interest, preferred compounds of formulae (IB), (ID) and (IF) are
those wherein R, and R, together form a group —O Oo—

Y

15 Z

wherein Z represents an oxygen atom.

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

are those of formula (IG) :



RNYOS5TKLR wherein X, Y, Y1, R, R2, R3 and R4 are as defined for
formula (1). According to a ninth advantageous enbodi nent of the invention,
preferred conpounds are those of formula (1J) : R4 10 wherein X, Y, Ri1,
R2, R3 and R4 are as defined for forrmula (1). Substituents R3 and R4
preferred in accordance with the invention are |inear or branched
(G -Co6)al kyl groups. The substituent R2 Breferred in accordance with the
invention is the group -OR', wherein is as defined for formula (1). 15
Even nore especially, the substituent FQ preferred in accordance with the
invention is the group -OR', whefein ®R', Represents a |inear or branched
(C-C6)al kyl group, and eve ilally a hyl group. Preferred
in accordance with the inve ‘ nts X, Y X and Yt is
hydrogen. Especially adva 5 ed conpounds of the invention
are the following : -
()-cis-1, 2- dlhydroxy 6- nethoxy 3, 3 14- kr| 3
o[b]- 5 chromeno[6,5-g][1, 8]naphthyr|dhn 7-
()-cis-I,2-diacetoxy- 6-net hoxy- 3, 3, 14- trlnethyl-l 2,3, 14-t et rahydro- 7H benz
o[ b] - chr oviemep 6,57, Ri.RnBphndiy i an defingdefor formula (I).
(t)-cis-7-nethoxy-4,4,15-trinmethyl -15, 15c-di hydro-4H benzo[ b] [ 1, 3] di oxol o
[4',5 :3,4] chronmeno[ 6,5-g] [ 1, 8] napht hyridi ne-2,8(3 aH)-di one,

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

are those of formula (IH) :

(IH)

wherein X, Y, Y1, Ry, Ry, R3 and R, are as defined for formula (I).

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

those of formula (1J) :

an

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

Substituents Ry and R4 preferred in accordance with the invention are linear or branched

(C;-Cg)alkyl groups.

The substituent R, preferred in accordance with the invention is the group -OR", wherein

R", is as defined for formula (I).

15 Even more especially, the substituent R, preferred in accordance with the invention is the

group —OR", wherein R", represents a linear or branched (C;-Cg)alkyl group, and even



to The enantioners, diastereoisoners, Noxides and addition salts with a
phar maceutically acceptable acid or base of the preferred conpounds of the
i nvention forman integral part of the invention. The present invention
relates also to a process for the preparation of conpounds of formula (1),
which is characterised in. that there is used as starting material a
conpound of 15 formula (Il) : x, x BZ ! YBCQG | Y, wherein X, Y, Xi,
Y1, Bl and B2 are as defined for fornmula (1), which conpounds of formula
(I'l') are placed in the presence of pyridiniumdichromate to vyield
conpounds ro¢refegparidlly qmethyl growp. x Cl11 B'~ COOH Y B, O 20 Y wherein X, Y,
X1, Y1, Bl and B2 are as defined for fornmula (1), which conpounds of
formula (111) are treated in basic and anhydrous nmediumwith a -12 conpound
of formul aPréfeMed in EbFdan&Xkah WreineériioR as sptiseiaRAts X, &Y, I/ cindde s Ay dridpern
hydroxy group, a linear or branched (C -C6)al kyl

Especially advantageously, preferred compounds of the invention are the following :
- (®)-cis-1,2-dihydroxy-6-methoxy-3,3,14-trimethyl-1,2,3,14-tetrahydro-7H-benzo[ b]-
5 chromeno[6,5-g][1,8]naphthyridin-7-one,
- (¥)-cis-1,2-diacetoxy-6-methoxy-3,3,14-trimethyl-1,2,3,14-tetrahydro-7H-benzo[ b]-
chromeno[6,5-g][1,8]naphthyridin-7-one,
- (¥)-cis-7-methoxy-4,4,15-trimethyl-15,15¢-dihydro-4H-benzo[ ][ 1,3]dioxolo-
[4',5":3,4]chromeno[6,5-g][ 1,8 naphthyridine-2,8(3aH)-dione,

10  The enantiomers, diastereoisomers, N-oxides and addition salts with a pharmaceutically
acceptable acid or base of the preferred compounds of the invention 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

X
X B, _CHO
N
=
Y BT ~a
Yl

wherein X, Y, Xi, Y, B, and B, are as defined for formula (I),

15 formula (II) :

which compounds of formula (IT) are placed in the presence of pyridinium dichromate to

yield compounds of formula (IIT) :

>|(1
X B, _COOH
N
=
Y ?1 Cl
20 Y
wherein X, Y, Xj, Y, B; and B, are as defined for formula (1),

which compounds of formula (IIT) are treated in basic and anhydrous medium with a



group or a linear or branched (C, -C6)al koxy group to yield conpounds of
formula (V) : xI x5 R~BzCOO1Il (V) YBIl '":~~ NHOCH Y1 wherein X, Y,
X1, Y1, Bl, B2 and R are as defined for fornmula (1), which conpounds of
formula (V) are placed in the presence of polyphosphoric acid to yield
conpounds of formula (M) : Xt x B\ Yi 1i N/ OCH3 H Y1 10 wherein X,
Y, X1, Y1, Bl, B2 and R are as defined Egrei nbef ore, of which conpounds
offormula (VI) : a) the nitrogen atomis“substituted by the action of an

al kyl halide or of a dialkyl sulphate in the presence of a deprotonation
agent, i ncampeiegd obfermeiadlol vent, to yield compounds of formula (VI1):
(M1) 15 N~ -OCH 3 R

Iv)

H,N OCH

3

wherein R represents a hydrogen atom, a hydroxy group, a linear or branched (C;-Cs)alkyl
group or a linear or branched (C;-C¢)alkoxy group to yield compounds of formula (V) :

X, R
X__ b
l 23 COOH (V)
Bg
Y B "N OCH,

| H

5 Y,
wherein X, Y, X1, Y, By, B, and R are as defined for formula (1),

which compounds of formula (V) are placed in the presence of polyphosphoric acid to

yield compounds of formula (VI) :

0 R
X
[ Bax VD)
/
Y BTN OCH,
Y

1

10  wherein X, Y, X1, Y1, B, B, and R are as defined hereinbefore,

of which compounds of formula (VI) :
a) the nitrogen atom is substituted by the action of an alkyl halide or of a dialkyl sulphate

in the presence of a deprotonation agent, in a polar aprotic solvent, to yield compounds

of formula (VII):
>I<1 O R
3
Y 1|31 ITI OCH,
Y R’

15 1 [
wherein R') represents a linear or branched (C;-Cg)alkyl group and X, Y, Xj, Y1, By, B,

and R are as defined hereinbefore,

which compounds of formula (VII) are treated with a solution of hydrobromic acid in



" Yl RBI wherein R, represents a |linear or branched (Cl-C6)al kyl group
and X, Y, X1, Y1, Bl, B2 and R are as defined hereinbefore, which
conpounds of formula (VIl1) are treated with a solution of hydrobromc acid
in - 13 acetic acid to yield conmpounds of formula (VII1) : OH (VIII)
wherein X, Y, X1, Yli Bl, B2, Rand R 1 are as defined herei nbefore, which
conpounds of formula (VII1) are then trﬁ ted under basic conditions, in an
5 anhydrous aprotic solvent, with an al gﬁe'of formula (1 X) Hal HC R3 (1X)
wherein Hal represents a halo en atomyield conpounds of formula (X) : x, X
Y (X) 10 wieetieaad ) yivid cgmpoynds gforngda (RIDR 1, R3 and R4 are as defi ned

her ei nbef ore, whi ch conpounds of)gorngla Q{) are refluxed i n anhydrous

di met hyl f ormam de to vyi el conpddnds formula (Ua), a particular case of

t he conpounds of fornula ( 32 1 X1, Yiwiy, B2, R R1, R3 and
R4 are as defined herelnbe 0 or i -ounds of ornula (V1) 15 b)
are subjected to the sane u 0'\

1 1

wherein X, Y, X, Y1, By, By, R and R'; are as defined hereinbefore,
which compounds of formula (VIII) are then treated under basic conditions, in an

5  anhydrous aprotic solvent, with an alkyne of formula (IX) :
Hal

HCE—éR

R

4

IX)

3

wherein Hal represents a halogen atom and R3; and R4 are as defined for formula (I) to

yield compounds of formula (X) :

I AN X)
=
Y BTN o)
Y, R, ////l<jR3
= R

HC

10  wherein X, Y, X1, Y3, Bi1, By, R, R'1, R3 and Ry are as defined hereinbefore,
which compounds of formula (X) are refluxed in anhydrous dimethylformamide to yield

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

(I/a)

wherein X, Y, Xi, Y1, By, B, R, R'1, R3 and Ry are as defined hereinbefore,

or which compounds of formula (V1)
15 b) are subjected to the same conditions as the compounds of formula (VII) to yield

compounds of formula (XI) :



conmpounds of formula (XI) : as the conpounds of fornmula (V1) to yield R
and R3 and R4 are as defined for fornmula (1) to -14 OH Yl wherein X Y, Xi,
Y1, Bl, B2 and R are as defined hereinbefore, which compounds of formula
(XI') are subjected in succession to the sane conditions as the conpounds
of formula (MI1) and (X) to yield conpounds of formula (I/b), a particular
5 case of the conpounds of formula (1) wherein X, Y, X1, Y1, Bl, B2, R
R3 and R4 are as defined hereinbefore, tﬁe totality of the conmpounds (1/a)
and (Ub) constituting the conpounds of fornula (I/c), a particular case of
t he conpounds of formula (I) : ijUt)Cio a¥wherein RL is as defined for
formula (1) and X, Y, Xi, 1 8 and R4 %%% defi ned

her ei nbef ore, which conpou folrmul & are, desired, subjected to
the action of an alkylatlnn ating agent to yleld conpounds
of fornula (Ud), a particufar € 0 ¢ganpounds of fornula (1)

-15 4 wherein X, Y, X1, Y1, B1, BQ RE R3 and R4 are as defined

her ei nbefore, and R 2 represents Yy

wherein X, Y, X;, Y1, Bi, B; and R are as defined hereinbefore,

which compounds of formula (XI) are subjected in succession to the same conditions as the
compounds of formula (VII) and (X) to yield compounds of formula (I/b), a particular

5  case of the compounds of formula (I) :

(b)

wherein X, Y, Xi, Y1, B1, B2, R, R; and Ry are as defined hereinbefore,

the totality of the compounds (I/a) and (I/b) constituting the compounds of formula (I'c), a

particular case of the compounds of formula (I) :

ey

10
wherein R, is as defined for formula (I) and X, Y, X;, Y, By, B, R, R; and Ry are as

defined hereinbefore,

which compounds of formula (I/c) are, if desired, subjected to the action of an alkylating
agent or an acylating agent to yield compounds of formula (I/d), a particular case of the

15 compounds of formula (I) :



a group selected from-OR'al, OTa OR'a, -OC(O-TaH and -OTaNR 2R b
wherein Ra, Rb, R'aand T. are as defined for formula (I) and R'al
represents a linear or branched 5 (Cl-Co)alkyl group, which conpounds of
formula (1/d) are, if desired, treated, when R 2 represents a group OR'al
wherein R'ai is as defined hereinbefore, with a conpound of fornmula (XII)
HNR1oR11 (Xl 1) wherein R o represents a, g[oup selected fromR a and R'a,
and R11 represents a group 10 selected fromR b, -Ta NR aR b, -C(O) - TaH,
-Ta OR'a, -Ta CQZR'a and -C(O) - TaNNR aR'l _wherein Ra, Rb, R'aand T. are
as defined hereinbefore, to yield{ cofpounis of formula (1/€), a particular
case of the conpounds of fé& mula % ; R4 sherein X, /X X1, Y1, B1, B2, Ri,
R3, R4, Rio and Ru are as ¢e G ne, 15 t e totality of the
conpounds of formulae (1/c d) 3 constituting the conpounds of
fornula (1/f), a particul ay ease gf the cofpounds of formula (1) : X 0 R I
XxYB N/ OYR -16 wherein X V, X1, Y1| B1, R, Ri, R, R3 and R4 are
as defined for fornula (1), which @onﬁmunds 0 s.nula (I/f may be
subjected, a) either to the action of a reducing dgent to yield conmpounds

of formul g fbdi@ v2 pa%t I§UBAIR CRS GndR, bREACREROM RERZinBEft O Y RS rEprbsentst O S
a group selected from ~OR";;, O-T,-OR",, -O-C(O)-T,H and -O-T,-NR".R', wherein R',,

R'y, R", and T, are as defined for formula (I) and R",; represents a linear or branched

5  (Cy-Ce)alkyl group,

which compounds of formula (I/d) are, if desired, treated, when R', represents a group

—OR",; wherein R",; is as defined hereinbefore, with a compound of formula (XII) :
HNR;oR11 (XII)

wherein Rjg represents a group selected from R', and R",, and R;; represents a group
10 selected from R, -T.NR'.R% -C(O)-TH, -T,OR",, -T,.CO;R", and
~-C(O)-T,~NR';R", wherein R'5, Ry, R", and T, are as defined hereinbefore, to yield

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

X O NR, R,

(Ie)

wherein X, Y, Xi, Y1, By, By, Ry, Rs, Ry, Rjp and Ry are as defined hereinbefore,

15 the totality of the compounds of formulae (I/c), (I/d) and (I/e) constituting the compounds

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

16




" I ' YBNR3 Yl R R4 wherein X, Y, X1, Y1, Bl, B2, R, R2, R3 and R4 are
as defined hereinbefore, b) or to the action of osmumtetroxide in polar
medium and in the presence of 4-nethyl norpholine-Noxide, to yield
conpounds of formulae (Phi) and (Uh2), a particular case of the conpounds
of formula (1) : i+ 1Zx. 1 1l L, Il Yto (I/h,) (L112) wherein X Y,

X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as_ _defined hereinbefore, the totality
of the compounds of fornulae (Phi) and‘??/hZ) constituting the cis-diol
conmpounds of formula (cis-11h), a particular case of the conpounds of

formul a (Whereipgd, &, X} ¥i)Bi, By RiRerRsiand R4 ave asdefinegd forgermpp ()R1, R2, R3 and
R4 are as defined hereinbefore, which cis-diol conpounds of fornula
(cis-11h) g
(XI11) : R

a) either to the action of a reducing agent to yield compounds of formula (I/g), a particular

e gg%(%lnnasl fosrlflntylg((\It/jsgnt}yobetsggje%t%&l on of a conpound of formula

case of the compounds of formula (I) :

g

wherein X, Y, X, Y1, B1, B2, Ry, Ry, Rs and Ry are as defined hereinbefore,

b) or to the action of osmium tetroxide in polar medium, and in the presence of
4-methylmorpholine-N-oxide, to yield compounds of formulae (I/h;) and (Lh), a
particular case of the compounds of formula (I) :

o R

(Uh) (Uhy)
wherein X, Y, X, Y1, B1, B2, Ry, Ry, R3 and Ry are as defined hereinbefore,

10

the totality of the compounds of formulae (I/h;) and (I/h;) constituting the cis—diol

compounds of formula (cis—I/h), a particular case of the compounds of formula (I) :

(cis - 1/h)




N~ (XIIl) Z 5 wherein Zis as defined for fornula (1) to yield conpounds
of fornmula (cis-I11i), a particular case of the conpounds of fornmula (1) Xl
Y z'y (cis-1/i) (cis) wherein X, Y, Xi, YI, Bl, B2, Rl, R2, R3 and R4 are
as defined hereinbefore, c) or to the action of potassium permanganate in
polar nmediumto yield conmpounds of 10 formula (1/j), a particular case of
the conmpounds of fornmula (1) 11 1 OH wherein X, Y, X1, Yl, Bl, B2, Rl, RZ,
R3 and R4 are as defined herei nbefore, which conpounds of fornula (I/i) may

be subjected : g(;(é, either to the action of an al kylating agent or an
(S )

acyl ati ng vdi§ yireYd BoRpdunBs Forand B arpssdafined heinbefargar ti cul ar case
of the conpounds of. for mul .18 2] Y. , ,
R, R2, éérjlndaﬁﬁﬁ%lr%om rSQ{l (Ijlg? g)#lkéogmﬁlear@fs%ﬁf%re?’lhg}ﬁ%l}@"gﬂc}%éé%g%% tsl%:]naOfgarzoup
sel ected fcompolindedonailalfKamched (C - C6) al kyl and |inear or branched (C
1- C6) al kyl carbonyl, 5 (3) or to the action of a protecting group PG for the
hydroxy function then to the sefkon of /P285 to yield conpounds of formula

(XIV) : OPG N N (XIII)
<

5  wherein Z is as defined for formula (I) to yield compounds of formula (cis—I/i), a particular

case of the compounds of formula (I) :

(cis-1/i)

Rl
O
>/.—o
Z'\ /
(cis)
wherein X, Y, Xi, Yy, B1, B2, Ry, Ry, R; and Ry are as defined hereinbefore,

¢) or to the action of potassium permanganate in polar medium to yield compounds of

10 formula (1/)), a particular case of the compounds of formula (I) :

)

wherein X, Y, Xi, Y1, Bi, B2, R1, Ry, R3 and Ry are as defined hereinbefore,

which compounds of formula (I/j) mav be subjected :

a) either to the action of an alkylating agent or an acylating agent to yield compounds of

15 formula (I/k), a particular case of the compounds of formula (I) :



wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and Po are as defined

her ei nbef ore, which conpounds of fornula (XIV) are treated with a reducing
agent, then subjected to a to reaction for deprotection of the hydroxy
function, to yield conpounds of formula (I1l), a particular case of the
conpounds of formula (1) : OH wherein X Y, X1, Y1, Bl, B2, Rl, R2, R3 and
R4 are as defined hereinbefore, which cg ounds of fornmula (1/1) are, if
desired, subjected to the action of a ¢ %ound of - 19 formula (XV) : Hal -
G (XV) wherein Hal represents a hal ogen atom and Gl represents a group
selected from-Re, -C(W)-UV, -?V\E) W-f1, -S(O"-WB-T, and -S(O), T,
wherein R, W, W8, U, V, F ) efined for forrmla(l) to

yi el d conpounds of formula case of the conpounds of
formula (1) : (U) G OH Bl, B?Y R, R2, R3, R4 and
G are as defined herei nbefOre : and of forrrula (Un) may be
subjected to the action of acorrpdund bf O foymgla (XVI) : Hal - G,
(XV1) wherein Hal is as defined hérei nbef efe arnd , represents a group
selected from-Re, -C(W)-UV, -C(W)- n WB-T, and -S(OS T
wherein R, W2, WB, U, V, Ti and n are as de?Rped for formula (l), to

yi el d conpounds of formula (1/n), a particular case 15 of the conpounds of
formul a (IWhereiXlX, Y, X;, Y1, By, Bz, Ri, Ry, R and Ry are as defined hereinbefore, and Ry

represents a group selected from linear or branched (C;-Cg)alkyl and linear or branched

(C;-Ce)alkylcarbonyl,

5 B) or to the action of a protecting group Pg for the hydroxy function then to the action

of P,S;s to yield compounds of formula (XIV) :

(X1V)

wherein X, Y, X1, Yy, By, B2, Ry, Rz, R3, Ry and Pg are as defined hereinbefore,
which compounds of formula (XIV) are treated with a reducing agent, then subjected to a

10  reaction for deprotection of the hydroxy function, to yield compounds of formula (I/1), a

particular case of the compounds of formula (I) :

a

wherein X, Y, X;, Y, By, B2, Ry, Ry, R3 and Ry are as defined hereinbefore,

which compounds of formula (I/1) are, if desired, subjected to the action of a compound of



BXY~Ni Yl R (Un) wherein X Y, X1, Y1, Bl, B2, R, R2, R3, R4, G and
G 1 are as defined hereinbefore, -20 y) or to reducing conditions in the
presence of NaBH4 to yield conpounds of formula (1/0), a particular case
of the compounds of fornula (1) : O HI --4 fOH (trans) wherein X, Y, Xi,
Yl, Bl, B2, Rl, R2, R3 and R4 are as defined hereinbefore, 5 the totality
of the conpounds of fornulae (cis-I1h) ?3d (1/0) constituting the conpounds
of formula (1/p), OH wherein X, Y, XI,7Y1, Bl, B2, R, R2, R3 and R4 are
as defined herei nbefore, which conpounds of fornmula (1/p) nmay be subjected
: 10 a) eifemela{¥Vihe action of a conpound of fornula (XVI1) as defined
herei nbefore to yield conpounds of fornulae (l1/qi), (1/92) and (1/93),
particul ar cases of the conpoundsH%ﬁ_Gfornuk&wgl) : (1/qgi) OG I

wherein Hal represents a halogen atom and G represents a group selected from -R.,
-C(W,)-U-V, -C(W,)-W3-T, -S(O),-W3-T; and —S(O),-T; wherein R, W,, W3, U, V, Ty
5 and n are as defined for formula (I) to yield compounds of formula (I/m), a particular case

of the compounds of formula (I) :

(I/'m)

G OH
wherein X, Y, Xj, Y1, B1, B2, Ry, Ry, R3, R4 and G are as defined hereinbefore,

which compounds of formula (I/m) may be subjected to the action of a compound of

10 formula (XVI):
Hal - G XVl

wherein Hal is as defined hereinbefore and G'; represents a group selected from -R,
-C(Wz)-U-V, -C(Wz)-W3—T1, -S(O)n-W3-T1 and —S(O)n-T1 wherein Rc, Wz, W3, U, V, T1
and n are as defined for formula (I), to yield compounds of formula (I/n), a particular case

15  of the compounds of formula (I) :

(I/n)

wherein X, Y, Xi, Y1, By, By, Ri, Ry, R3, Ry, Gi and G'; are as defined hereinbefore,



-21 x OX xB~-\!'BYB _, v Y, R G10 OH (I1/42) (1/43) 0G, wherein
X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and G 1 are as defined herelnbefore
whi ch conpounds of f or mul ae /g2) and (1/a s) are. if desired, subjected :
1) either to the action of an al cohol of fornula R30-CH wher ei n R30
represents a 5 linear or. branched (Cl-C6)al kyl group to yield,

respectively, conpounds of fornul ae (U;g) and (1/r3) particul ar cases of
t he conpounds of forrmula (1) : X O >X XBYY13 N YR

7) or to reducing conditions in the presence of NaBH4 to yield compounds of

formula (I/0), a particular case of the compounds of formula (I} :

(I/o)

T///yOH

(trans)
wherein X, Y, X1, Y1, By, B2, Ri, Ry, Ra and Ry are as defined hereinbefore,

s the totality of the compounds of formulae (cis-I/h) and (I/o) constituting the compounds of

formula (I/p),

(I'p)

wherein X, Y, Xj, Y1, B1, B2, Ri, Ry, R3 and R4 are as defined hereinbefore,

which compounds of formula (I/p) mayv be subjected :

10 a) either to the action of a compound of formula (XVI) as defined hereinbefore to yield

compounds of formulae (I/q;), (I/q,) and (I/qs), particular cases of the compounds of
formula (I) :

(I7q,)




"' R4 R300ORJ, (Ih2) (r3) OG, wherein X, Y, X1, Y1, Bl, B2, R, R2, R3,
R4, G, and R30 are as defined hereinbefore, 2) or to the action of an
anhydride of formula (XVII) : [V-U-C(W2) 120 (XVIl) 10 wherein W2, U and V
are as defined for formula (1) to yield conpounds of fornulae (Us2) and
(Us3), particular cases of the conmpounds of fornula (1) : -22 wherein X, Y,
X1, Y1, Bl, B2, R, R2, R3, R4, G 1, W, . U and V are as defined

her ei nbefore, 3) or to dehydration cond?tli'ons in acid mediumto yield
conpounds of fornmulae (Utz) and (I/t3), particular cases of the conpounds
of formula (1) : 5 YXB NO(Iif Q

Rl, R2, R3, R&Kand Ggl arle asldefined herei
a conpound of a~{X

Y

(Vg,) (Vqs)
wherein X, Y, X1, Y1, By, B2, Ry, Rz, R3, R4 and G'; are as defined hereinbefore,

which compounds of formulae (I/q,) and (I/q3) are, if desired, subjected :

1) either to the action of an alcohol of formula Rj;,-OH wherein Rj3p represents a

5 linear or branched (C;-Cg)alkyl group to yield, respectively, compounds of

formulae (I/'r;) and (I/r3), particular cases of the compounds of formula (I) :

Rl
R30

(Ur,) (I/ry)
wherein X, Y, Xi, Y1, By, B2, Ri, Ry, Rs, R4, G'; and Ry are as defined hereinbefore,

2) or to the action of an anhydride of formula (XVII) :
[V-U-C(W2)]2.0 Xvih

10 wherein W5, U and V are as defined for formula (I) to yield compounds of formulae (I/s;)

and (I/s3), particular cases of the compounds of formula (I) :




X 11 Owherein Bis as defined for fornmula (1) and Wrepresents a

hal ogen atom or a hydroxyl 10 group to yield conpounds of formula (Vu), a
particul ar case of the conpounds of fornula (1) : 0O wherein X, Y, X1, Y1,
Bl, B2, Rl, R2, R3, R4 and B are as defined hereinbefore, y) or to the
action of a linear (Cl-C6)al kyl dihalide to yield conpounds of formula
(W), 15 a particular case of the corrp%nds of formula (1) : -23 0 (G)-0O
H mwherein X, Y, X1, Y1, Bl, B2, Rl, R2; R3 and R4 are as defined

herei nbefore and in is as defined for fornula (IZW c) or to dehydration
condi t i ons Wherea i’ Ned¥XunY t-oByi Bt dRooRpolkmdR4, of' 1 Okl sand1Vwyre a8 dsfined
particul ar h&%%e%ethe conpounds of formula (1) : 0 wherein X, Y, X1, Y1,
Bl, B2, Ri, , ‘and R4 are as defined herei nbefore, which conmpounds of
formula (1/w) are, if desired, reduced in the presence of NaBH4 to vyield
conpounds of 8oL @hlylibslion domMBidrisGH il rEaHEm @b ;Fg congimaddeisfoahube (e a
(1) : 10 OH wherein X Y, X1, Y1, Bl1, B2, Ri, , R3 and R4 are as defined
her ei nbef ore, dpndfl/tyopartienlaceaserriche sorpequads 6f brmata (i net hyl di oxirane to
yi el d conpounds of

) (Ity)
wherein X, Y, Xi, Y1, By, By, Ry, Ry, Rs, Ry and G'; are as defined hereinbefore,

B) or to the action of a compound of formula (XVIII) or (XIX)

0 EL
B. O (XvID BV (XIX)
Y r
0] o)

wherein B is as defined for formula (I) and W represents a halogen atom or a hydroxyl
10 group to yield compounds of formula (I/u), a particular case of the compounds of

formula (1) :

(I/w)

wherein X, Y, X, Y1, By, B2, Ry, Ry, R3, Ry and B are as defined hereinbefore,

¥) or to the action of a linear (C;-Cs)alkyl dihalide to yield compounds of formula (I/v),

15 a particular case of the compounds of formula (1) :



formula (1/y), a particular case of the conpounds of formula (1) : -24 0
wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 areas defined hereinbefore,
whi ch conmpounds of fornula (1/y) are, if desired, treated with amonia or a
primary or secondary amne to yield conpounds of fornulae (1/z1) and
(1/z2), particular cases of the 5 conpounds of fornmula (1): Vi X 0 RX
YBNO yRRYLR RI I RAO RJdiRRNH (Uz) OH (Uz2) NR Rdi wherein X

Y, X1, Y1, Bl, B2, R, R2, R3 and R4 af & as defi ned her ei nbefore, R is as
defined for forrmula (1) and Rd, represents a group selected from Rd,
-C(W)-U-V, -C(W)-WB-T1, -S(O), V\B)frl afd -8 0O "-T1 wherein R, W, W3, U,
V and to T1 are as defined h#r ianﬂgre :

|

V)

P
Y
Y R,
0 R,
\
(C)YO
2 m
wherein X, Y, X, Yy, By, Bs, Ry, R;, R; and Ry are as defined hereinbefore and m is as

defined for formula (1),

g) or to dehydration conditions in acid medium to yield compounds of formula (I/w), a

5 particular case of the compounds of formula (I) :

T'w)

wherein X, Y, X1, Y1, B1, B2, Ry, Ry, R3 and Ry are as defined hereinbefore,

which compounds of formula (I/w) are, if desired, reduced in the presence of NaBH, to

yield compounds of formula (I/x), a particular case of the compounds of formula (I) :

(/%)

10
wherein X, Y, Xi, Y1, B, B2, Ry, Ry, R; and Ry are as defined hereinbefore,

d) or to the action of a peracid or of dimethyl dioxirane to yield compounds of

formula (Iy), a particular case of the compounds of formula (T) :



whi ch conmpounds of fornulae (1/z1) and (142) may be subjected a) either,
when RR and Rd, represent a hydrogen atom to the action of a conpound of
formula (XI11) as defined hereinbefore to yield conpounds of fornmnul ae
(Vaal) and (1/aa2), particular cases of the conpounds of forrmula (I) : 15
(1/aad (Uaa) -25 wherein X, Y, X, Y1, Bl, B2, R, R2, R3, R4 and Z are as
defi ned hereinbefore, or to the action 25 a conpound of fornula (XTX) as
defined hereinbefore to yield conpound§s’of fornulae (1/abi) and (I/ab2),
particul ar cases of the compounds of formula (I) : I nn X510 XB Y BN
OYN'N., 10 YRHR3 YR/~ /&R (f/abky (Fab2) wherein X, Y, X1, Y1,
Bl, B2, R, R, R3, R4 and A gt i ned_herei nbefore, y) or to the
action of a compound of for ned her(Ey)nbefore to yield

par

conpounds of fornulae (I/ac ticular cases of the conpounds
wherein X, Y, Xj, Y1, By, B2, Ry, Ry, R; and Ry are as defined hereinbefore,

of formula (1) : X0 RX1 y

which compounds of formula (I'y) are, if desired, treated with ammonia or a primary or
secondary amine to yield compounds of formulae (I/z;) and (I/z;), particular cases of the

5 compounds of formula (I) :

OH NR_R
Uz,) (V/z,) !

wherein X, Y, X, Yy, Bi, B2, R;, R, R3 and R, are as defined hereinbefore, R, is as
defined for formula (I) and Ry represents a group selected from Ry,
-C(W»)-U-V, -C(W;,)-W;3-T, -S(O)-W3-T; and —S(O),-T; wherein R4, W,, W3, U, V and

10 T, are as defined hereinbefore,

which compounds of formulae (I/z;) and (1/z,) may be subjected

o) either, when R. and Rg; represent a hydrogen atom, to the action of a compound of
formula (XIII) as defined hereinbefore to yield compounds of formulae (I/aa;) and

(I/aay), particular cases of the compounds of formula (I) :

(I/aa,)

15



I I X1 B zl~ RRNRa GIOTR I R-1nYRAyi.. OG1 (1/ac,)
(1/ac2) NR~Rd i wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4, RV, Rdi and
G 1 are as defined hereinbefore, S) or to the action of triphenyl phosphine
di brom de in the presence of triethylamne to yield conmpounds of fornula

(Fad), a particular case of the conpounds of formula (1) : -26 (1/ad) Rdi
wherein X, Y, X, Y, Bl, B2, Rl, R2, R4 and Rd, are as defined
herei nbefore, c) or to the action of NaN37in the presence of hydrogen

peroxide, followed by a reduction step, to yield conmpounds of formula
(1/ae), awpureinclaXicXsBoB:tlhe R:ReBapediddse sfdafpedmerginbefore, (1/ae) NH2
wherein X, Y, X1, Y1, Bl, B2, R, R2, R3 and R4 are as defi ned
her ei nbef ore,

B) or to the action of a compound of formula (XIX) as defined hereinbefore to yield

compounds of formulae (I/ab;) and (I/ab,), particular cases of the compounds of

formula (I) :
§1 O R,
X
e
7
Y B N 0
v, nH R
3
1 1 N R4
o= o
"~
. 0 0
5 (I/ab,) (Vab,)

wherein X, Y, Xj, Y1, By, B2, Ry, Ry, R3, R4 and B are as defined hereinbefore,

y) or to the action of a compound of formula (XVI) as defined hereinbefore to yield
compounds of formulae (I/ac;) and (I/ac;), particular cases of the compounds of

formula (I) :

10 (I/ ac 1) (I/acz)
wherein X, Y, X, Y1, By, By, Ry, Ry, R3, Ry, R, Rgy and G'; are as defined hereinbefore,

d) or to the action of triphenylphosphine dibromide in the presence of triethylamine to

yield compounds of formula (I/ad), a particular case of the compounds of formula (1) :



whi ch conmpounds of fornula (1/ae) are, if desired, subjected 1) either to
the action of carbon dioxide in the presence of diphenyl phosphite to 10
yi el d conpounds of forrmula (1/af), a particular case of the conpounds of
formula (1) : (I/af) O wherein X, Y, X1, Y, Bl, B2, R, R2, R3 and R4 are
as defined hereinbefore, -27 2) or to the action of a conmpound of fornula
(XVl) as defined hereinbefore to yield gonpounds of fornulae (1/agi),
(1/age) and (lI/ag3), a particular case 6f the conpounds of formula (1) X,
Xx1 BYFINGILINHS5 YL RLHNI/ YBNG1NH (1/age) (I/ag3) wherein X,
Y, X1, Y1, B1, B2, Rl, R2, R3, R4%and re as defined hereinbefore,

X4

Eii:ﬂ: (I/ad)
~

%

dl

wherein X, Y, X, Y1, Bi, B2, Ry, Ry, R3, R4 and Ry; are as defined hereinbefore,

€) or to the action of NaN; in the presence of hydrogen peroxide, followed by a

reduction step, to yield compounds of formula (I/ae), a particular case of the

5 compounds of formula (I) :

(1/ae)

wherein X, Y, X;, Yy, By, B2, Ry, Ry, R3 and Ry, are as defined hereinbefore,

which compounds of formula (I/ae) are, if desired, subjected

1) either to the action of carbon dioxide in the presence of diphenyl phosphite to

10 yield compounds of formula (I/af), a particular case of the compounds of

formula (1) :

(Vaf)

wherein X, Y, Xj, Y1, By, B2, Ry, Ry, R; and Ry are as defined hereinbefore,



NH G1 the primary am ne function of which conpounds of fornulae (Vag2) and
(I/ag3) is protected by a group for the protection of prinmary am ne groups
to yield conpounds of 1o formulae (XX/a) and (XX/b), (XX/a) G (l/ag,) Y B
NOG wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and G 1 are as defined
her ei nbefore and P1 represents a protecting group for prinmry am ne
functions, -28 which conpounds of forrméﬂe (I/agl) and (XX/a) and ( XX/ b)
are, if desired, subjected to the actioh of a conpound of formula (XXI)
R<l-Hal (XXI') wherein Hal represents a hal ogen and RBI represents a group
sel ected from2) ionémthemetiorsohr gerwpeind i forsylal(kyll) asdafined hgreinbefore to yield
aryl-(d-06)al kyl _in i ch the al kyl ety m e |inpear..on. branc and
t hen subj ect ed, ¥?rﬁlp?lhxggc%};£°%ﬁul%eoh%%%ﬂgggg%s ?%(%/ﬁg?%?i! f)@?]ﬁ ésqllaérnaa% ? >§I§ (ti)%e, to
conditions for tb@pe@kefeshiuen(Ipf the primary amne function, to yield
conpounds of formulae (Pahl), (Pah2) and (I/ah3), particular cases of the
conpounds of fornula (I) ORZ X{B z Y BNY R

X B
@I = (ag,)
Y

s (Vag,) (Vagy)

wherein X, Y, X;, Y1, By, By, R1, Ry, R3, Ry and G'; are as defined hereinbefore,

the primary amine function of which compounds of formulae (I/ag;) and (I/ag;) is
protected by a group for the protection of primary amine groups to yield compounds of
10  formulae (XX/a) and (XX/b),

(XX/a) (XX/b)
wherein X, Y, X;, Yy, By, B2, Ry, Ro, R3, Ry and G'; are as defined hereinbefore and P,

represents a protecting group for primary amine functions,



Re NI G Rc,N\ (llah2) (lI/ah, ) (Uah3) Re N G 10 wherein X, Y, X, VYl,
Bl, B2, R, R2, R3, R4, Gt and R, are as defined hereinbefore, which
conpounds of formnulae (Pah2) and (Uah3) are, if desired, subjected in
succession to the action of a conpound of fornmula (XXl) as defined

herei nbefore and then to the action of a conpound of formula (XXI1)

Rd' t - Hal

(XXI'l) 15 wherein Hal is as defjned herei nbefore and Rd., may have

the sane definitions as RBI, to vyield ¢onpounds of fornulae (1/ai2) and

(1/ai3),

particul ar cases of t he conpounds of forrmula (1) : G1 -29 G

NR R d GVYLhIQhLP@Ilp()UD@S pétfmnumeﬁﬂégﬁ agd (¥X/9) andy(XX/p) arepd degred, rabjeqtad tor4,

|n aC|d

d re as de efore, or to dehydration condltlons
|%Jcrtrl1°f18?y|%8 O%%n%fgkﬁ lh]g(()ﬁkfbgr mulae (I1aj2) and (Ilaj3),

parti cul ar cases of the conpounds of formula (1)

10

15

R.;—Hal (XXI)

wherein Hal represents a halogen and R.; represents a group selected from linear or
branched (C;-Ce)alkyl, aryl and aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear
or branched, and then subjected, in the case of compounds of formulae (XX/a) and (XX/b),
to conditions for the deprotection of the primary amine function, to yield compounds of

formulae (I/ah;), (I/ah,) and (I/ah;), particular cases of the compounds of formula (I) :

)
R

ReN

(I/ahy) (Uah,)
wherein X, Y, X, Y1, By, B2, Ry, Ry, R3, Ry, G'; and Ry are as defined hereinbefore,

which compounds of formulae (I/ah;) and (I/ah;) are, if desired, subjected in succession to
the action of a compound of formula (XXI) as defined hereinbefore and then to the action

of a compound of formula (XXII) :

Ryi—Hal (XXII)

wherein Hal is as defined hereinbefore and R4y may have the same definitions as R.;, to
yleld compounds of formulae (I/ai;) and (Vai3), particular cases of the compounds of

formula (T) :



RcRAIN 5 (1/aj2) (I/aj3) wherein X Y, X1, Y,, B,, B2, R, R, R3, R4, R
and Rd, are as defined hereinbefore, e) or to the action of a conpound of
formula (XXI11) : Hal-C(W2)-T, (XXIlIl) wherein Hal represents a hal ogen
atomand W2 and T, are as defined for fornula (1) to 10 yield conpounds of
formula (l1l1aj), a particular case of the conpounds of formula (I) : Xi O R
(1/aj) -30 wherein X, Y, X1, Y1, B1, BZ2 Rli R2, R3, R4, W and Tl are as
defi ned hereinbefore, the conpounds (1/4) to (I/aj) constituting the
totality of the conpounds of the invention, which, if necessary, are

purified accordingXo & con®entional purification t Rt desired

may be separ? tot different isomers L onventional 5
separation t qu esired, are con in oxi des and
optionally i addijti on s with a pharmacg al Ly acg bl e acid or

base. The cgq ) H T(81) UNUXI XV) ,
(XVI), (v, (v, Lo (xipx), (1) and (XXI1) areyeither i
products or are obtain dimg, 10 conventi onal Heg@qgiko of gaRpi C

synt hesis well known to lﬁé pgrson‘skilled in the art. t%- onpou%ds of
formula (1) have anti-tunoyr s gperties of particular intere \N\They have
an excellent cytotoxicity in vitro in relation to cell |ines orﬁﬁinating
fromnurine and hufé® tunours, owing to a specific blkade of the cel
cycle, and are j {,N Viyo . in jce in relatjgn to transpl antable murine
and human WWHS@Q’%E t’t%r §€:’t%’r F%’{Rl%ﬁﬁr(gbéﬁf ?Ié(gﬁdld’fe ?Sh‘{ae 188‘%%{8%@% %Ehabl e

themto be used therapeutically as anti-tunour agents.

¢) or to dehydration conditions in acid medium to yield compounds of formulae (I/aj;)

and (I/aj;), particular cases of the compounds of formula (I) :

5 (/aj,) (Uagy)
wherein X, Y, X;, Y1, B, B2, Ry, Ra, R3, R4, R. and Ry are as defined hereinbefore,

e) or to the action of a compound of formula (XXIII) :
Hal-C(W,)-T, (XXIII)

wherein Hal represents a halogen atom and W, and T; are as defined for formula (I) to

10  yield compounds of formula (I/aj), a particular case of the compounds of formula (I) :

>,<1 O R2
X
B
| BN (Vaj)
2
T
Y R3



15 The present invention relates also to pharnmaceutical conpositions
conprising as active ingredient at |east one conpound of fornmula (1), its
enantiomers, diastereoi soners, N- oxides or an addition salt thereof with a
pharmaceutically acceptable acid or base, on its own or in conbination

wi th one or nore pharmaceutically acceptable, inert, non-toxic excipients
or carriers. 20 Anong the pharnaceuticag conpositions according to the
invention there nmay be nentioned, nore %épecially, those that are suitable
for oral, parenteral (intravenous, _intranuscular or subcutanequs), per- or
t r ans- cut a8 X, (\mehaVadhinBe Rir Bothah Reon¥sand Ti g5eps defgnediheramheéte,  ocul ar
or respiratory admnistration. 25 The pharmaceutical conpositions according
to the invention for parenteral injections include especially sterile

sol ut i ons thevorapoutidy (B8 @oliapunstituting trooedits of tes@ermiuadsof thelispemshons

or enul sions and also sterile powders for the reconstitution of injectable
sol ut i ons YERclyi1§ RepessE s are. purifiefhaccarlng it @ ¥ st alpBg “ﬁ“@ﬂs‘e‘%ﬁ‘b‘{%@d ihg to

the inventdeqn.d Qs SQLT dnBlapld GHGT MLt fidichdP isbEkUSRRIRESH3 | dnlahloBhs or
dr agees, ;dhgfbl nguaglsgt a%Petas, sachet s, 1ge}'atilﬁl caps%i%gs 12%3 graﬁuﬁgs?, and
t hose for skpajatich tectaliquenasiaif, ddsired; are converted arto ki Nisdtideatand wptiowdliydeto
especially .5 enul sions,, solutions, suspensions, drops, syrups and
aeroso|s.a%WBOBHQFH&&&%PP%&PC@BH%@%?%FB%@RF%¥“¥$@Fh| or vagi na

adm nistration are preferably suppositories, and those for per- or

trans- cut aneous adm ni stration include es‘%eci al I%a( owders, aerosols,

creans, oilerempsundsedisfoanulap 4tHEY), (PO, ORE). dFaH t (¥, COVELSXEV 1S
e . y : i i |
mentione (gmﬁaﬁgt%ﬁ% ira(%lt)gl)t e él{ﬂéﬁpéﬁl%ré?ﬁtprg&é??tor &Jnoﬁtaldeﬁidgﬁgrgﬂxér {2y

Anmong t he accep I'nert, non-toxlc exclp
carriers tkcbeventiohy methods@f vRRhicayathesibwellkyiowh t€ k@metsenakidledvt theutt. i npl yi ng

any limtation, diluents, solvents,

10  The compounds of formula (I) have anti-tumour properties of particular interest. They have
an excellent cytotoxicity in vitro in relation to cell lines originating from murine and
human tumours, owing to a specific blockade of the cell cycle, and are active in vivo in
mice in relation to transplantable murine and human tumours. The characteristic properties

of the compounds enable them to be used therapeutically as anti-tumour agents.

15 The present invention relates also to pharmaceutical compositions comprising as active
ingredient at least one compound of formula (I), its enantiomers, diastereoisomers, N-
oxides 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.

20 Among the pharmaceutical compositions according to the invention there may be
mentioned, more especially, those that are suitable for oral, parenteral (intravenous,
intramuscular or subcutaneous), per- or trans-cutaneous, intravaginal, rectal, nasal,

perlingual, buccal, ocular or respiratory administration.

25  The pharmaceutical compositions according to the invention for parenteral injections
include especially sterile solutions, which may be aqueous or non-aqueous, dispersions,
suspensions or emulsions and also sterile powders for the reconstitution of injectable

solutions or dispersions.



preservatives, wetting agents, enulsifiers, dispersing agents, binders,

swel ling agents, disintegrators, retardants, |ubricants, absorbents,
suspendi ng agents, colorants, flavourings etc. 20 The useful dosage varies
according to the age and wei ght of the patient, the route of

adm ni stration, the pharmaceutical conposition enployed, the nature and
severity of the disease, and the adnln%gtration of any associ ated
treatnments, and ranges fromO0.1 ng to 00 ng in one or nore

adm ni strations per day. The Exanples which followillustrate the invention
but do not Iimt it in any way. 25 The starting materials used are known
broduct 8. She BhaTEb A EPRPEGIARRLAANG Lok Mo ERCRN BT skl OuS
preparations resut esi s use reparation

of the coﬁmmmde‘sp@élaninaablemedsﬁ dﬁgeesTheblsﬁguubtabnees Osfachehg ge:lﬂpouamle@eaﬁrl bed
in the Exanples and in the Preparations were determ ned accordlng to

cust omar y Zshalesy 39riBessHet hﬂledtoé%mﬁse}ub%cceh Pffacylar adminiyiafien ncluls evpaialbi c
resonaglce &hS%%FJngnﬁts%éﬁsmn Ops S&U nfgld%go ggl nts were determn ned
er te

using a Ko ate er a mcroscope. Wen the
conpound is to be found in salt forn1 the nelting point corresponds to

that of t | t roduct 5 PREPA TICN 2- Chl. or0-.3- gui nol i necar boxvlic
acid 5 g ﬁtﬁ zﬁ@ﬁpg cytigalo (AR S a ﬁe%yts@e%ﬂ&#eadm% RS 2 PEOBFARYY of

anhydr ous g oeRdibs! fapl "Bblder 9&- g)rotfraJBYJu'tﬂieGﬁsU %ﬂlrﬁ'ﬂfaﬂeﬁtlﬁclﬁfi@ easkdedryi n
smal | portions at ambient tenperature, a calciumchloride guard is nDunted

on the fl aswdemcherdselsnticams.eointsentsi geleand paighest i cal |y for 24 hours. The
reacti&n m xture is diluted with 1 litre of water and to extracted with
di chl 8/ omet hane. The combi ned organi c solutions are evaporated to dryness

under redgdeghphessutical cdipdsitone Blctionisd @va iltaiate phew ertiohRdo Goamy on
silica gel . (dichloronethane and then dichl oronethane with a nethanol

gradi ent SfNERHHAY. 1 to 2 %

Among the pharmaceutically acceptable, inert, non-toxic excipients or carriers there may
15  be mentioned, by way of example and without implying any limitation, diluents, solvents,
preservatives, wetting agents, emulsifiers, dispersing agents, binders, swelling agents,
disintegrators, retardants, lubricants, absorbents, suspending agents, colorants, flavourings

etc.

20  The useful dosage varies according to the age and weight of the patient, the route of
administration, the pharmaceutical composition employed, the nature and severity of the
disease, and the administration of any associated treatments, and ranges from 0.1 mg to

1000 mg in one or more administrations per day.
The Examples which follow illustrate the invention but do not limit it in any way.

25 The starting materials used are known products or products prepared according to known
procedures. The various preparations result in synthesis intermediates for use in the

preparation of the compounds of the invention.

The structure of the compounds described in the Examples and in the Preparations were

determined according to customary spectrophotometric techniques (infra-red, nuclear



allows 1.53 g of the expected product to be isolated. Mass spectrum
(DIC/NH3) : mz =208 (MtH)'. 15 Melting point : 275C PREPARATI ON 2:

8-f (1, 1- Di net hyl - 2- propynyl ) oxyl - 10- hvdr oxy- 6- et hyl - di benzof b, el f

1, 8l naphthyr| din-1 |-(6H)-one Step A :

2- (3, 5- D net hoxyani | i no) - 3- qui nol i uecarboxylic acid A sanple of 5 g of the

corrpound of Preparation 1 and 4.93 g of ,3,5-di nethoxyaniline are 20
refluxed in 180 m of anhydrous di net hyF’ ormam de in the presence of 5.165
g of anhydrous potassi um carbonate and 0.92 g of powdered copper. The
reacti on rmagnatieresenanheanasd spactroBBEYf or)- 48 hours under argon. The reaction
m xture is evaporated to dryness and the residue is extracted several
times with a 1M sodi um hydroxi de solution. The solutionis filtered and
then aci diTHeefleliagepditls Gieré detdrignedonsentar Kbeet htdplaehlodrd Botaplatk uader he
precipitate formed is filtered off, washed well wth water and dried in
air. Chr GWeKsePEpMKhes thespampaing és fohs ferndingialifpmmdhamgltingagint corresponds

di chl oro hanol - 33 gradient of fromO0.1to 2 % allows
2.98 ¢ m%{;ﬂ%'{'gxéﬂgtg%h og’ra%tduct to be isolated. WMass spectrum (ESI- M)
347 (IVHNa)+ 325 (MrH) +. Melting point : 215C Step B :

8, 10- Di met hoxydi benzol[ b, g].[ 1, 8] napht, hyr|d| n-11 6H) one 5 Amxture of 5.6 g
of t he’cordHURARMNIIO ghlarosd-quinglineearboxvlic agid 55| yphosphoric acid is
heated at a terrperature of 100C for 2 hours. The reaction m xture is poured
onto ice and then rendered alkaline to a pH of 6-7 using an aqueous 30 %
sodi um hydr @xiofle2-cBlorasBiquimolimbarpxelkichideataes fdassobudi & 200t el eof ehhydrarshed

1t A L o5 SSRGS e b S e

al l ows 4. 8dmgeraxiird, h&:a@hﬁlﬁcdh@cdjdérgiﬁtmts thoutied b ahatiesk arlvbgs Biaae i Biirred
(DDC/NH3) : mz = 307 (MtH) + ) ] o ] _
magnetically for 24 hours. The reaction mixture is diluted with 1 litre of water and

10  extracted with dichloromethane. The combined organic solutions are evaporated to dryness
under reduced pressure, in the cold, using a vane pump. Chromatography on silica gel
(dichloromethane and then dichloromethane with a methanol gradient of from 0.1 to 2 %)
allows 1.53 g of the expected product to be isolated.

Mass spectrum (DIC/NH3) : m/z = 208 (M+H)".

15 Melting point : 275°C

PREPARATION 2 : 8-[(1,1-Dimethyl-2-propynyl)oxy]-10-hydroxy-6-methyl-
dibenzo[b,g][1.8]naphthyridin-11-(6H)-one

Step A : 2-(3,5-Dimethoxyanilino)-3-quinolinecarboxylic acid

A sample of 5 g of the compound of Preparation 1 and 4.93 g of 3,5-dimethoxyaniline are
20 refluxed in 180 ml of anhydrous dimethylformamide in the presence of 5.165 g of
anhydrous potassium carbonate and 0.92 g of powdered copper. The reaction mixture is
heated at 155°C for 48 hours under argon. The reaction mixture is evaporated to dryness
and the residue is extracted several times with a 1M sodium hydroxide solution. The
solution is filtered and then acidified to a pH of 6 using concentrated hydrochloric acid.
25  The precipitate formed is filtered off, washed well with water and dried in air.

Chromatography on silica gel (dichloromethane and then dichloromethane with a methanol



Melting point : 279C Step C : 8, 10-D nmet hoxy- 6-net hyl di benzo[ b, g]

[ 1, 8] napht hyri di n-11(6H)-one 3.89 g of anhydrous potassi um hydroxide in
powder formare added to a solution of 4.5 g 15 of the conpound of the
above Step B in 250 m of anhydrous acetone. The reaction m xture is
refluxed for 15 mn. at a tenperature of 57C under argon, and then 10 m of
i odonet hane are added three tines at in%grval s of 2 hours. The reaction

m xture is refluxed for 3 days. The sofFvent is evaporated of f under
reduced pressure. The residue is extracted wth water and then filtered.
Chr omat ogreagrhgnt o fropt §.¢ 40 §éb) qllevsi) Br peethh ghiecctaddorodish toolee igelatsHor onet hane

ith t i f . 9 | 3.09 f th
\émxpec? ege M@ﬁé@%ét %W%séig%%c@?ﬁ??u (C)IIWIS\IHS) : ?ﬂg = 321

(MrH) +. Nakkinggopfti:r315°C282C Step D @ 8,1 0-Di hydroxy- 6- net hyl di benzo[ b, g]
[ 1,8]n aphthyridin-11(6H)-on e 25 A sanple of 3 g of the conpound of the
above Step Cis dissolved in 150 mM of hydrobromc acid (48 %in H20) and
then 50 m a | 5,864 i S refluxed for 3 days
at 110C t B'ﬁ%q ghﬁrgr{lhgf‘ g‘?@e?@qggmé@& J’\rii{f@%?%fé‘ lzalrrggﬁ? Egé precipitate
formed is filtered off, washed with water and dried in air. Chromatography

ot e by SRR SO ST RIES TS i Ebee

'33 <2)|Cats teg ] agid!\@%%a@@ ach ki rAlfe MHBD0°C 18N Romrs2PBe fdMbtDmixtMR! ik ipbreR Vnt

8- [ (1, 1- Diiretriythen rpndspytnstkylineyto- 2l pH -6 aying-ameadugbel B fiz eqdiung] Hydragide
napht hyri dip-.11- (6H) - one. A sol utj on.of 200, f _aphydr ous C o
Gt ot £ SPRE S BE ety g8 B ikest ot et SR HREE and isd & 85 b, s
g of 3-chi@irématogkibhy bn kilied gyin@ichibrémetha@dnddhen8ichRk@B&ha® with a methanol
10  gradient of from 0.1 to 2 %) allows 4.84 g of the expected product to be isolated.
Mass spectrum (DIC/NH3) : m/z = 307 (M+H)".

Melting point : 279°C

Step C : 8,10-Dimethoxy-6-methyldibenzo{b,g][1,8]naphthyridin-11(6H)-one

3.89 g of anhydrous potassium hydroxide in powder form are added to a solution of 4.5 g

15 of the compound of the above Step B in 250 ml of anhydrous acetone. The reaction
mixture is refluxed for 15 min. at a temperature of 57°C under argon, and then 10 ml of
iodomethane are added three times at intervals of 2 hours. The reaction mixture is refluxed
for 3 days. The solvent is evaporated off under reduced pressure. The residue is extracted
with water and then filtered. Chromatography on silica gel (dichloromethane and then

20  dichloromethane with a methanol gradient of from 0.1 to 0.5 %) allows 3.09 g of the
expected product to be isolated.

Mass spectrum (DIC/NH;) : m/z = 321 (M+H)".
Melting point : 282°C

Step D : 8,10-Dihydroxy-6-methyldibenzo}b,g]{1,8]naphthyridin-11(6H)-one

25 A sample of 3 g of the compound of the above Step C is dissolved in 150 ml of
hydrobromic acid (48 % in H,O) and then 50 ml of acetic acid are added. The whole is



carbonate and 3 g of anhydrous potassiumiodide is refluxed for 4 days at
70C under nitrogen. The reaction mxture is then poured onto ice and the
precipitate is filtered off and washed with water. The aqueous phase is
extracted with dichloronethane (4 x 50 m). The conbi ned organic phases
are dried over anhydrous sodi um sul phate filtered and 15 evaporated to
dryness. Chronmat ography on silica gel Achl oronet hane and then a gradi ent
of dichl oronet hane i n nethanol of from %to 0.4 %9 allows 972.8 rrg of
t he expect ed qgroduct to be isol ated. I\/ass spectrum (DICG/ NH3) : mz = 359

(MeH) +. "l dorpbipys atA18%¢ Do mretpyRApitag 1s poured onto ice and the precipitate
8-[(1,1- D¢
L dﬁﬁ'ﬁe?%% gﬁ)efydocﬂ?( :Jlsaqu( ﬂ16wgf?:¥ O(i)ﬁh@(? 1rany bCﬁl)En]atc%}arP on 51 ica ﬁel

napht hvr i one dict i's tarned 1 n accor
pr ocedur e(dithl&oapaiaat iaod tl?enuiac}ngronihtme vty aniethianel gradiemasl fodm O 1 to 2 %)

3, 5-di net hoxyani Li ne. PREP

7. 9- Di hydA8¥%e B 8 A5 s q?épi‘ite%&wg\lﬁttﬂ;}’?ﬂ%ﬂl%e%(lm one 25 3.5 g of
1,3, 5- §I‘IW8§E‘? 62,, _@3quqj+atol uenesul phonic acid are added

to a sol -am no- 2-qui nol i necar boxyl ate in 50 m of
hept an- | - Meltifhpoind5 322G ure |s stirred for 48 hours at reflux using a Dean
St ar k appar at us and then the reaction mxture is concentrated in vacua.
Chr omat ogr aphy on silica gel (cyclohexane/ acetone 90/10) allows 5.2 g of

the expectas Ik ogyall-Dimethyl-2Q rdp SRy sV ARG 6XY-6-methyldibenzo[b,g][1,8]-
3-1(1,1-Dmre g-ggpr opynylylio;t&/l bF’ﬂ¥)3)/dr oxﬁ rrgyzhylngl]etjl }rllo} egzo[ £ll18l

12, 3- bl gui noxal i naplpthgrifinhl-(Ff=0Re oduct is obtained in accordance with the
procedure of Preparation 2 using 3-chloro- 2-quinoxalinecarboxylic acid

i nstead of 2-chl oro-3-quinolinecarboxylic acid. EXAVPLE 1 :

6- Hvdr oxyA3oBytibh-dfr200eihlhyfl anBydréu ddinyadhiydforidainéiezcon (aiing 2 @nafithe cdip&maloff

1, 8l nauht hyri di n- - on :

’ 10 ‘H‘x above gtep S, 5 g of 3-chloro-3-methyl-1-butyne, 3 g of anhydrous potassium
carbonate and 3 g of anhydrous potassium iodide is refluxed for 4 days at 70°C under
nitrogen. The reaction mixture is then poured onto ice and the precipitate is filtered off and
washed with water. The aqueous phase is extracted with dichloromethane (4 x 50 ml). The
combined organic phases are dried over anhydrous sodium sulphate, filtered and

15  evaporated to dryness. Chromatography on silica gel (dichloromethane and then a gradient
of dichloromethane in methanol of from 0.1 % to 0.4 %) allows 972.8 mg of the expected
product to be isolated.

Mass spectrum (DIC/NH3) : m/z = 359 (M+H)".
Melting point : 218°C

20 PREPARATION3: 8-[(1.1-Dimethyl-2-propynyl)oxy]-6-methyldibenzo[b,2][1.8]-
naphthyridin-11(6H)-one

The product is obtained in accordance with the procedure of Preparation 2 using

3-methoxyaniline instead of 3,5-dimethoxyaniline.

PREPARATION 4 : 7,9-Dihvdroxydibenzo|b,g}[1.5]naphthyridin-6(11H)-one

25 3.5 g of 1,3,5-trihydroxybenzene and 62.5 mg of paratoluenesulphonic acid are added to a

solution of 5 g of ethyl 3-amino-2-quinolinecarboxylate in 50 ml of heptan-1-ol. The



10 A solution of 500 ng of the conpound of Preparation 2 in 170 m of
anhydrous dinethylformam de is maintained at reflux at 130C for 2 days
under nitrogen. The reaction mxture is evaporated under reduced pressure.
Chr omat ogr aphy on silica gel (dichloronethane and then dichl oronet hane
with a nethanol gradient of from0.1to 0.3 % allows 248.86 ng of the
expect ed product to be isolated. 15 I\/asgsspectrum (DDC/NH3) : mz = 359
(MtH) Mel tine point : 278C EXAMPLE 2

6- Methoxy 3,3, 14- trlrrethxl-B 14- di_hydr o- 7H- benzol bl chr one

16, 5-ti | | MXRER I STl dPhis heie afsr&@uwsee as%%ﬁnﬁﬁqkmpara@sesé thgny the Feagiipny
paraffin) I rti n der
R e A R A
m of anhmrl(ﬁl)audwsrémyd)ffthe ammtééprdﬂmetﬂo@dkdlhﬂag. m xture is stirred at

anbi ent tenperature and under an inert atnosphere for 15 mnutes and then
1.8 m of iodonethane are added. The reaction mxture is refluxed at 52C
for 3 hourmpgmﬁmg . - MRabPI tate
formed is <Jo 0 gr aphy ca gel
(di chl 6r onet hane and thenm_:ﬂmmmﬂﬂmh a net hanol gradi ent of from
0.1to 0.5 % allows 180.26 ng of the expected product to be isolated. -36
Mass spectrum (DIG/NH3) @ nfz 373 (M+tH) +. Melting point : 270C EXAMPLE 3

. (t) - ci s-Thedrddey & sbt¥inéd ﬂpdcb@pﬁun& Wit tife- rbwmférwﬂpr @dtfonlZusing 3-chloro-
t etrahydro- 7H benzo | bl chronenol 6, 5-2111, 81 napht hy I’IdII,)n 7-one 5 A mxture

of 500 ng Zoquingie! inenmRaRYHC 8¢1d msking|of 2ochiqrp- %@W@mep@rbwemcwéutz 5 %
dissolved in 3.9 mM of 2-nethyl-2-propanol and of 626 ny of

4- et hyl nor phol i ne N-oxi de nonohydrate is dissolved in 40 M of a m xture
of 55 n (EXANH!IG‘:H'EHIG-HIQ&o(y_&j;@,sslanmemxmdﬂlivdm-mmme-[blghsm'nemed at

anbi ent tenperature fY 5. 1Ha§1naplﬁh%ﬁhynr-9to%g sol ution of

10 A solution of 500 mg of the compound of Preparation 2 in 170 ml of anhydrous
dimethylformamide is maintained at reflux at 130°C for 2 days under nitrogen. The
reaction mixture is evaporated under reduced pressure. Chromatography on silica gel
(dichloromethane and then dichloromethane with a methanol gradient of from 0.1 to
0.3 %) allows 248.86 mg of the expected product to be isolated.

15 Mass spectrum (DIC/NH;) : m/z = 359 (M+H)".

Melting point : 278°C

6-Methoxv-3,3.14-trimethyl-3,14-dihvdro-7H-benzo|[blchromeno-
[6,5-21[1.8]naphthyridin-7-one

EXAMPLE 2 :

840 mg of sodium hydride (50 % in liquid paraffin) are added in small portions to a
20  solution, maintained under argon at ambient temperature, of 200 mg of the compound of
Example 1 in 40 ml of anhydrous dimethylformamide. The resulting mixture is stirred at
ambient temperature and under an inert atmosphere for 15 minutes and then 1.8 ml of
iodomethane are added. The reaction mixture is refluxed at 52°C for 3 hours under argon.
Ice is then cautiously added and the precipitate formed is filtered off and dried in air.
25  Chromatography on silica gel (dichloromethane and then dichloromethane with a methanol

gradient of from 0.1 to 0.5 %) allows 180.26 mg of the expected product to be isolated.



55 m of NaHSOG3 is then added. After stirring for one hour, the reaction

m xture is 10 extracted with water and di chl oronet hane. The conbi ned
organi ¢ phases, dried over anhydrous sodium sul phate, are filtered and
evaporated to dryness under reduced pressure. Chromatography on silica gel
(di chl oronet hane and then a gradi ent of methanol in dichloronethane of
from0.1to 2 % allows 314. 29 ng of th xpected product to be isol ated.
15 Mass spectrum (DI G/ NH3) @ nfz 407 Mel ting point : 298C EXAVPLE
4: (t)-cis-1,2-D acet oxy- 6- nethoxv 3, 3, 14 trlnetbyl 1,2,3,14-tetra-

hydr o- 7H—dﬂﬂ£ﬂﬂkﬁﬂﬂﬂ&@ﬂ%ﬁﬂf&5 5¢Y1313@mmHAphthyr|d|n 7-on e 200 mg of the
conpound ke added to a previously cooled mxture of 45 mM 20
of anhydr%eﬁl 0 it %7% m of acetic anhydride and

4- di net hyl am no- pyrldlne The reaction mxture is stirred at amnbi ent
tenperature for 1 day, with the exclu5|on of Ilght . The nlxture is then
pour ed ontBXAMPLE Blacifnd Lpxy-prinethaxy-3.3; 3 2334 washed

W th water. The aqueoqarg_lg@% Zﬁ b?“ﬁﬁ“’?m“é[@égé ]ghiq%gmgg%wome

conmbi ned organic pha

filtered, and then evaporated to dryness 25 under reduced pressure.
Chronatography on i jca ge dlchlorone ane en a radl n

met handl ~ i‘h TRERE it Hla%nefL Sie PIBATEIdLoh xemgf%o/éj %ﬁh P (ﬁef %ﬁe@
expect ed pradHed it 9.9861 61522}1@9](‘%@2 ﬂ}/@ﬁaﬁoﬁﬁ}ﬁp&r a8 rﬁ?bg%ﬁylmofgh%hne A ddH) +
- 37 Melting point : 244C

(t)-cis-7 nmqlwdmtezuszﬁlasslvwdunré@ml of15 nms@rquﬁﬁﬁnd d%ﬂ}@ﬂ&fm H20310:3:1).
dloxolo[4' 3.4l chr neno 8Ina ht h ne 6 62
m o N N TEAFRIRY PR degbrd SebtidtddRp R B it o BBt RE %2
conpound &5 IXaTPNEISOL s Yenhddell. Afleutsafine for The: h@&s:tthd)reaaiidﬁ fiRtulrs is

refluxed for 4 . . ) i .
10  extracted with water and dichloromethane. The combined organic phases, dried over

anhydrous sodium sulphate, are filtered and evaporated to dryness under reduced pressure.
Chromatography on silica gel (dichloromethane and then a gradient of methanol in
dichloromethane of from 0.1 to 2 %) allows 314.29 mg of the expected product to be
isolated.

15 Mass spectrum (DIC/NH;) : m/z = 407 (M+H)"
Melting point : 298°C

EXAMPLE 4 : (+)-cis-1.2-Diacetoxy-6-methoxv-3,3.14-trimethvl-1,2.3.14-tetra-
hydro-7H-benzo[b]chromeno[6,5-g][1.8]naphthyridin-7-one

200 mg of the compound of Example 3 are added to a previously cooled mixture of 45 ml

20 of anhydrous pyridine, 11 ml of acetic anhydride and 4-dimethylamino-pyridine. The
reaction mixture is stirred at ambient temperature for 1 day, with the exclusion of light.
The mixture is then poured onto ice, and the precipitate formed is filtered off and washed
with water. The aqueous phase is extracted with dichloromethane. The combined organic
phases are dried over anhydrous sodium sulphate, filtered, and then evaporated to dryness

25 under reduced pressure. Chromatography on silica gel (dichloromethane and then a
gradient of methanol in dichloromethane of from 0.1 to 0.8 %) allow 223 mg of the
expected product to be isolated.

Mass spectrum (DIC/NH) : m/z = 491 (M+H)"




days under argon and then, after cooling, diluted with an aqueous 5 %

Na2CO3 solution (15 m) and extracted with ethyl acetate. The organic

sol utions are conbi ned, dried over anhydrous sodi um sul phate, filtered and

t hen evaporated to dryness under reduced pressure. Chronatography on

silica gel (dichloromethane and then a gradient of methanol to in

di chl oronet hane of fromO0.1 to 1.5 % al3l7ow 78 nmg of the expected product

to be isolated. Mass spectrum (ESI - M5) mz = 433 (MtH)+ Melting point

234C 15 EXAMPLE 6:

(t)-ci s- 1-Meltimgrpaint 1 244°G0) car bonyl | oxyl - 6- met hoxy- 3, 3, 14-

trinmethyl-7-oxo0-2,3,7,14-tetrahvdro-| H benzo [bl ch roneno 16, 5-r1-

11, Slnapht hyri di n- 2- vl di met hvl car bamate At -10C, add a solution of 0.123

mol of tIEXAMPRERG Gi)-Ex-guple¢hokvi414.45+ttingithylasinsdrdiigdiioed Haleyge[df[W34n t o

0.698 mml of potassium hydride washed with hexane. After dropwi se

addition, at -10C, of dioxgpoidnsi.d aphthyyidi Jalflsdioge; 1 ng

is 20 maintained for 3 hours 30 m nutes at anbient terrperature After the

addition of 50 mM of ethyl acetate and 10 ml of a saturated NaHCO3

sol uti on, @3he2ongani cy, pﬁas«bohﬁdii\m;daedlev\mbhaddmdt ©r aasudutdmi efl 20emgmafribsi um
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oxyl -7-oxo0-2, 3,7, 14 tetrahvdro- | H-benzo I bl ch roneno 16, 5-s111, 81-

napht hvri dil fmi) 9nd gxipastady Wik esth aseihigh Shapeganica®lutivne am ertolined, girigdtayened

accordi ng prqced n S f

N, N di met h?}ﬁ% ﬁa 5038/% C%Fl%rhlgtgé@ﬁ%@d eang tlﬂ§1]1 e%a%)&r%%d d?yﬂegs und& }eed%ged)
pressure. Chromatography on silica gel (dichloromethane and then a gradient of methanol
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10  in dichloromethane of from 0.1 to 1.5 %) allow 78 mg of the expected product to be
isolated.
Mass spectrum (ESI-MS) : m/z = 433 (M+H)"
Melting point : 234°C

EXAMPLE 6 : (+)-cis-1-{[(Dimethyvlamine)carbonvljoxy}-6-methoxv-3.3.14-

15 trimethyl-7-0x0-2,3,7,14-tetrahydro-1H-benzo[h]chromeno[6,5-g]-
[1,8]naphthyridin-2-yl dimethylcarbamate

At -10°C, add a solution of 0.123 mmol of the compound of Example 3 in 4 ml of
anhydrous tetrahydrofuran to 0.698 mmol of potassium hydride washed with hexane. After
dropwise addition, at -10°C, of 0.327 mmol of N,N-dimethylcarbamoyl chloride, stirring is
20  maintained for 3 hours 30 minutes at ambient temperature. After the addition of 50 ml of
ethyl acetate and 10 ml of a saturated NaHCOj5 solution, the organic phase is washed with
water and dried over magnesium sulphate and then evaporated under reduced pressure to

yield the expected product.

EXAMPLE 7 : (+)-cis-6-Methoxy-3,3,14-trimethyl-2-{[(4-methylphenyl)sulphonyl}-
25 oxy}-7-0x0-2,3,7,14-tetrahydro-1H-benzo[b]chromeno[6.5-g][1,8]-

naphthvridin-1-vl 4-methylbenzenesulphonate




EXAMPLE 8 :
(t)-cis-4-{1Il-(Acetvl oxv)-6-nethoxv-3, 3, 14-trinethvl-7-oxo0-2, 3,7, 14-
tetrahvdro-1 H benzo | bl chronenol6,5-QL f 1, 8lnaphthyridin-2-y1l1l oxvl -

4- oxobutanoic acid 1.1 equivalents of succinic anhydride and |I ng of

di met hyl am nopyridine are added to a solution of 0.5 mmol of the conpound
of Exanple 3 in 3 m of anhydrous pyridi,ge. Stir for 2 days and in
darkness at anbient tenperature, then aég 25 m of acetic anhydride and
stir for a further 48 hours before concentrating under reduced pressure.
Chr onat ogridishgrogyctlie abtainedaacserdingite o prsedure wé/ el Saesieg tosggﬂll)’n‘é? | ows

the expec rg}iy MPLE 9:

(f)-cis- 5t1§§?a% cg\%(\il1 tl@ﬁcag?a?rﬁe%ggl\?rl , 3, 14-trinet hvl - 7- oxo- 2, 3, 7, 14-

tetrahyd ro-1 H- b enzo IbI chronmen o 16 5-Q111,81 n a phthyrldln 2- vl
he

oxy}- 5-oxqpent anqi c aci d, The pr oduct
pr ocedur e FXAMELE 8 ' b Bl4n ¢

¢ 3, eth
anhydri de. EXANPLE 10 tetrah%dro-lH-benzo|b|chrome¥o!6,5-g|!128!naphthyrndm-Z-vl]oxv}-
()-cis-1-(Acetvl oxv) -

t et rahydro-| H benzo bldedxobntameicaddplll, 8l napht hyri di n-2-vl [
(tert-butoxyca rbonyU am n of acetate Slowy add 0.6 mmol of
di cycl ohexyl carbodiim de to a solution, at 0C, of 0.5 mml of the 20

compound qf1 Exaimbes 3f andtifle &ﬂmde%aa gt ATdimbiy Rxsc R draatag] @cet i ¢

acid in 10 i of dinethylformam de. The reaction m xture is naintai ned at

0C for 5 Holitienghl.> mwe. ofgthe gerppeynd afdinsania dine3 mbpf adhydenws Pyrigine eytir for
i sonves 8BS ofX APRLRNI00: MAREh LAHORH. \REPRRLS S bPEd b AN Ride Snd st

di ssol ved rous pyridine, ace are
added, andostifurthergdd Bou:rarbefm@l contenfratinglndep uediced peashire! nChﬁomwaﬂurcm in

darkness After once t| on of, t acti.on mx re .unde uced
pressufe, SEW%@&)@&%{BWt fe f“ﬁ’é‘c aF@sﬁgzlé ﬁﬂw§ﬂ}e EBeY pr@ﬂ}“&ﬁ? gf’ bsﬁg’lt%ne)
al l ows the expected product to be isolated. -39 EXAMPLE Il :

()-cis-1-(Acetyl oxy)-6-net hoxv-3, 3, 14-tri nmet hvl - 7- oxo- 2, 3, 7-14-
EXAMPLE 9 : -cis-5-{[(1- Ace loxy)-6-methoxv-3,3.14- trlmeth l7-0xo-23714-

tetrahydro-1H-benzo[blchromeno[6.5-g][1,8Inaphthyridin-2-ylJoxy}-

5-oxopentanoic acid

The product is obtained according to the procedure of Example 8 using glutaric anhydride

15  instead of succinic anhydride.

EXAMPLE 10 : (4+)-cis-1-(Acetyloxy)-6-methoxy-3.3.14-trimethyl-7-0x0-2.3.7.14-
tetrahvdro-1H-benzo[b]chromeno[6.5-¢][1.8]naphthyridin-2-vl

[(tert-butoxycarbonyl)amino]acetate

Slowly add 0.6 mmol of dicyclohexylcarbodiimide to a solution, at 0°C, of 0.5 mmol of the
20  compound of Example 3 and 0.5 mmol of 2-[(fert-butoxycarbonyl)amino]acetic acid in
10 ml of dimethylformamide. The reaction mixture is maintained at 0°C for 5 hours and
then at ambient temperature for 16 hours. After filtration and evaporation under reduced
pressure, the residue is dissolved in 2 ml of anhydrous pyridine, 2 ml of acetic anhydride
are added, and stirring is carried out for 48 hours at ambient temperature in darkness. After
25  concentration of the reaction mixture under reduced pressure, chromatography of the

residue on silica gel (dichloromethane) allows the expected product to be isolated.



tetrahvdro-I H benzo I bl chronmeno [6,5-Ql [1, 81napht hyri di n-2-VI

am noacetate Add 0.14 | of iodotrinethylsilane to a solution, at anbient
tenperature, of 0.1 mmvl of 5 the conpound of Exanple 10 in 1 m of
chloroform The reaction mxture is stirred for 5 mn. at anbient
tenperature and then evaporated to dryness under reduced pressure.

Chr omat ogr aphy on silica gel (dlchloron§ hane/nethanol : 85/15) allows the
expected product to be isolated. EXAMP

2- But vrvl - 6- met hoxv- 3=3, 14-tri net hyl - 3, 14- dlhydro-7FLbenzoIbI- 10
chronenolG,5-R111,81naphthyridin 7-one A mxture of 0.81 mmol of butyryl

chl ori de Y .CL of QuUS i I hane is
added in @X%&”ﬁé‘?%'* qzs-l _ éloﬁ%u% mgetho&%rﬁhi’/r ,épl{ gethﬂ -E—ot} -;, ;’jgh n 2 n

of dichl oronet hane at t&ﬁhyﬁ'ﬂ@-lﬂiﬁ@ﬁio@b]cmdﬁﬁéﬂ(ﬂ6 B]HiShagiethyaidid2your s at
anbient tenperature and then poured 1nto a 10 % solution of HC . Foll ow ng
conventional 15 treat ABnoasetatée or gani c phases, and evaporation ther eof
under reduced pressure, chronmatography of the residue on silica gel

(di chl or onet hane/ net hanol gradient) allows the expected product to be

i sol at ed. A EXAMPLEidddtriméthylsitars to a solution, at ambient temperature, of 0.1 mmol of

1- Hydr oxy- 6- net hoxv- 3, 3, 14-trinethvl - 7-oxo-2, 3, 7,14- tetrah yd raq Etb
enzo B | t%cqwdcpf@@plqiﬁ 1 Rl gpKhIerafprma Iihezmwtlorb@ewr&tlé Sﬂaad

equi val enissnfl oPubpioht (EGHHARLHL b RnSEl bl Bf andd W rfuctdriagreOUNd
of Exanmple 3 in 7 ydr ous pyrldlne In thé presence of

4- di met hyICé)mmatpgnaphly we. silitd gel @lichdorbimetitane/eregemalk uBé/15pllgRs Hheiespestad t hen
add 5 GQUIng { } lq%%yryl chloride and stir again for 72 hours and then
evapor at e TS OREd¥ 44t ormmt ogr aphy on silica gel allows the 25 expected
product to be isolated. -40

EXAMPLE 12 : 2-Butyryl-6-methoxy-3,3,14-trimethyl-3,14-dihydro-7H-benzo[b]-

10 chromeno[6.5-g]{1,8]naphthyridin-7-one

A mixture of 0.81 mmol of butyryl chloride and 0.673 mmol of AICI; in 2 ml of anhydrous
dichloromethane is added in small portions to 0.135 mmol of the product of Example 2 in
2 ml of dichloromethane at 0°C. The reaction mixture is stirred for 4 hours at ambient
temperature and then poured into a 10 % solution of HCI. Following conventional
15 treatment of the organic phases, and evaporation thereof under reduced pressure,
chromatography of the residue on silica gel (dichloromethane/methanol gradient) allows

the expected product to be isolated.

EXAMPLE 13 : (+)-cis 1-Hydroxy-6-methoxy-3.3,14-trimethyl-7-0x0-2,3,7,14-
tetrahvdro-1H-benzo[blchromenof6,5-g][1.8|naphthyridin-2-yl
20 butyrate

Add 2 equivalents of butyryl chloride to a solution of 0.74 mmol of the compound of
Example 3 in 7 ml of anhydrous pyridine in the presence of 4-dimethylaminopyridine. Stir
at ambient temperature for 72 hours and then add 5 equivalents of butyryl chloride and stir
again for 72 hours and then evaporate to dryness. Chromatography on silica gel allows the

25  expected product to be isolated.



EXAMPLE 14: 6- Met hoxy-3, 3, 14-tri net hvl - 7- oxo- 7, 14- di hvdr o- 3H
benzo[ bl chronenof 6, 5-g1( 1, 81lnapht hyri di n-2-yl butyrate Add 4 drops of a 10
% solution of HOJ to a solution of 0.29 mmol of the conpound of Exanple 13
in 6 mM of dichloronethane. The reaction mxture is stirred for 3 days at 5
anbi ent tenperature and then dried and concentrated under reduced pressure.
Chr omat ogr aphy of the residue on sili cz_i4g<_al (di chl or onet hane/ net hanol
gradient) allows the expected product to be isolated. EXAMPLE 15
2- Hydr oxy- 6- net hoxy- 3, 3, 14
16, 5-, el AM It A ¢ 13.0rlYle : Lil3iers =%
m nutes, add a suspengi f i 1 Qf dropwi se to
a solution of 0.590Ie chiofhthdls héhvtfeidls bw%Srﬂ of
acetone. The reaction mxture is stirred at anbient tenperature for 8
hours and then, follow ng conventignal extractio nd treatnment, th
expect ed pAr‘gjdﬁ@fOHSs"fiasb@a(féﬂluB9n oh e drodi olor 24 ol B €oBowRd Pt
gel (di ChlE?(ra%?et hang/aRh Qﬁfﬁﬁ&hlbrg@l@tl@ne. FRe FeONbh- Enikfire is stirred for 3 days at
6- Met boxy- 3, 3, 14-trinethvl -1, 7-di oxo-2, 3,7, 14-tetrahvdro-1 H
benzof Bl clndnenofénferaginkl , Btinabért bgmeddi and2-cphcentratedt emnditre nedwmtdc tpréssure.
obt ai ned cordin 0 e procedur e, of e 13 starting.fromt
conpound i eRaRgEhy ef B RS $HTich e SDlaForadnisZbubaty e Bl Gpovs
chlori de. tiXAMebfed product to be isolated.
3,3, 14-Tri net hyl - 3, 14- di hvdr o- 7H benzol bl chronenol6, 5-r 111, 81- 20
napht hyri di n-7-one The product is obtained according to the procedure of
oy anb L o - LRARERI 55 ¢ STROHTy Rl melflo R0 21 . Wmidl 19, RilfhvBlo-h PEVGRATAL "
()-cis-1, 2- D hydr oxy- shihnieho] 6,643 [18]haphthyRidind1 j7¢14iAdidne- 7H benzo 1bl
ehronmeno 16, 5-pl111, 81lnapht hvri di n-7-one -41 The product is obtained
according to the procedure of Exanple 3 using the conpound of

10  Over the course of 30 minutes, add a suspension of 1.28 g of KMnQO;, in 15 ml of water

o

dropwise to a solution of 0.5 g of the product of Example 2 dissolved in 25 ml of acetone.
The reaction mixture is stirred at ambient temperature for 8 hours and then, following
conventional extraction and treatment, the expected product is isolated by chromatography

of the residue on silica gel (dichloromethane/methanol : 98/2).

15 EXAMPLE 16 : 6-Methoxv-3,3.14-trimethyl-1,7-dioxo0-2,3,7.14-tetrahvdro-1H-

benzo[b]chromeno[6.5-2¢]/1.8]naphthyridin-2-vl acetate

The product is obtained according to the procedure of Example 13 starting from the
compound of Example 15 and using acetic anhydride instead of butyryl chloride.

EXAMPLE 17 : 3.3.14-Trimethyl-3,14-dihvdro-7H-benzo[b]chromeno|6.5-2][1.8]-

20 naphthvridin-7-one

The product is obtained according to the procedure of Example 1 using the compound of

Preparation 3 instead of the compound of Preparation 2.

EXAMPLE 18 : (+)-cis-1,2-Dihydroxy-3.3,14-trimethyl-1,2.3,14-tetrahvdro-7H-

benzo[b]chromeno|6,5-g}11.8naphthvridin-7-one




Exanpl e 17 instead of the conmpound of Exanple 2. EXAMPLE 19

()-cis-1,2-(Di acetoxy)-3, 3, 14-trimethyl -7-oxo0-1, 2, 3, 14-tetrahydro- 7H benzo
| bl chromenol6, 5-gl11, 81napht hyri din-7-one 5 The product is obtained
according to the procedure of Exanple 4 using the conpound of Exanple 18

i nstead of the conmpound of Exanple 3. EXAMPLE 20:

6- Hydr oxy- 3, 3-di net hyl - 3, 14- di hydr o- 7H- henzoi bl chroneno- 15,6-m [1 ,51 n
apht hyridin-7-one 10 2 g of anhydrous potassium carbonate are added to a
solution of 2 g of the product of Preparation 4 in 50 m of anhydrous

di met hyl f ormam de under an inert atnosphere. After stirring for 15 m nutes
at 65C, 2

3-chl oro- 31%”%;[ ﬁ&f i %tgt% ﬁﬁ‘z agﬁg@iggé&gﬁ éaﬁg&gﬁrégggg%ﬁ%% 3(r)rll]iS;(I%gutrhee Cloglpﬁgllldn?gl ned
at 65C fOrExaﬂz%lehbTJmsteadldfmhenmpbulﬂd%KE)&famplehour 30 mnutes. After cooling,
the solution is hydrolysed 15 and then extracted with dichl oronethane. The
combi ned organi c phases are washed with water and then with a 1M potassium
hydr oxi de
evapor at ed. '
all ows the expect ed pﬂﬁdhﬁzotbjch@mﬁﬂl{@ﬁgﬂiu Whﬁlﬂmﬂ-one

6- Met hoxy- 3, 3, 14-tri net hyl - 3, 14- di hydr o- 7H benzoi bl chroneno- 20
L, 6- 9111, Sl napht hyri di n-7-one The product is obtained according to the
procedyre g in bpodid of
) ot s L 2 o e TR 1§ 41 ine B0
tetrahydrdiX'AmpﬂrEk&mSﬂebdl Qﬁﬂlenempbﬁl%ofrﬂxamplﬂ napht hyri d| n 7-one -42 The
product is obtained according to the procedure of Exanple 3 using the
conpound of Exanple 21. EXAMPLE 23 :

(t)-cis-1ExRvEger 20 0 syH tdrgr {33 inetBy 13,1 4dileiroVi H-beRzolb[tiromeno-

[5,6-21i1.5]naphthyridin-7-one

10 2 g of anhydrous potassium carbonate are added to a solution of 2 g of the product of
Preparation 4 in 50 ml of anhydrous dimethylformamide under an inert atmosphere.
After stirring for 15 minutes at 65°C, 2.4 g of anhydrous potassium iodide and 4.4 g of
3-chloro-3-methyl-1-butyne are added and the reaction mixture is maintained at 65°C for
24 hours and then at 130°C for 1 hour 30 minutes. After cooling, the solution is hydrolysed

15 and then extracted with dichloromethane. The combined organic phases are washed with
water and then with a 1M potassium hydroxide solution, dried over sodium sulphate and
subsequently evaporated. Chromatography on silica gel (cyclohexane/acetone : 90/10)

allows the expected product to be isolated.

EXAMPLE 21 : 6-Methoxy-3,3,14-trimethyl-3,14-dihydro-7H-benzo|b]chromeno-
20 [5.6-2][1,5|naphthyridin-7-one

The product is obtained according to the procedure of Example 2 using the compound of

Example 20.

EXAMPLE 22 : (+)-cis-1,2-Dihydroxy-6-methoxy-3,3,14-trimethyl-1,2.3.14-
tetrahydro-7H-benzo]blchromeno]5,6-g]i1.5Inaphthyridin-7-one




tetrahydro- 7H benzo[ bl chronmeno 15, 6-21 [1, 5] napht hyridin-7-one 5 The
product is obtained according to the procedure of Exanple 4 using the
conmpound of Exanple 22. EXAMPLE 24:

6- Hydr oxv- 3, 3, 14-tri net hvl - 3, 14- di hydr o- 7H pyrano[ 2' , 3' : 7, 81t ui no- 12, 3-bl
eu in oxalin-7-on e The product is obtained according to the procedure of
Exanpl e 1 using the conpound of 10 Preparation 5 instead of the conpound
of Preparation 2. EXAMPLE 25 :

6- Met hoxy 3,14-trinmethv|-3,14-dih 7 ui no- 3-b
o U oxdie pradih s DB pesaiios 1S oo ety SCRGrE istis HE SHRaTuHLAL o
Exanpl e ZEtiganQ jihe conmpound of Exanple 24. 15 EXAMPLE 26:

(f)-cis-1, 2-Di hvdroxy- 6- rrethoxy 3,3,14-trinethvl -1, 2, 3, 14-

tetrahvdro-7H pyran o [2',3" :7,81lgu ino [2, 3-bleu inoxalin-7-one The

gggggg;di mggg agg”g;gggg,{;g EF LGRS 2 4 BaRh G52, 4549 the
(t)-cis-1,2-Diacet oxyte@rmﬁm}vyf Berzol#ichidr Y b-olf125)RaghichStiafily dhe- 20

7H pyrano[ 2', 3" :7,81Q0rm o[ Z, 3-Db] QUi nh oxal I n-7-0ne 1he product 15 obtained
according to the pr ocedure of Exanple 4 using the conpound of Exanple 26.
-43 EXAMP

(1) 7 TR I P pchitng fo s PESeSHTa i g ¢ 5 o of
(4"5": 4 @xhﬂw@mfz 3': 7, 81gui nof 2, 3- bl gui noxal i ne- 2, 8(3aH) - di one The

pr oduct is obt ai ned accor di ng to the procedure of Exarrpl e 5 using the
conpound of Exanple 26. 5 PHARMACOLOGE CAL STUDY OF THE COVPOUNDS OF THE

| NVENTI ON g xEX0T 24 9 6 Hiirbkb-303, £ @ty 31 ¥4-dihy dro-7H-pyrano[2',3':7.8]quino-
[2,3-blquinoxalin-7-one

=

The product is obtained according to the procedure of Example 1 using the compound of

10  Preparation 5 instead of the compound of Preparation 2.

EXAMPLE 25 : 6-Methoxy-3,3,14-trimethyl-3,14-dihydro-7H-pyrano{2',3':7.8]quino-

[2,3-blquinoxalin-7-one

The product is obtained according to the procedure of Example 2 using the compound of

Example 24.

15  EXAMPLE 26 : (3)-cis-1,2-Dihydroxy-6-methoxy-3.3.14-trimethyl-1,2.3.14-

tetrahydro-7H-pyrano(2',3':7,8]quino{2,3-b]quinoxalin-7-one

The product is obtained according to the procedure of Example 3 using the compound of

Example 25.

EXAMPLE 27 : (+)-cis-1,2-Diacetoxy-6-methoxy-3,3,14-trimethyl-1.2.3.4-tetrahydro-
20 7H-pyranof2'.3':7,8]quino{2.3-blquinoxalin-7-one

The product 1s obtained according to the procedure of Example 4 using the compound of

Example 26.



Two cell lines were used : | nurine | eukaema, L1210, 1 human epi dernoid
carcinoma : KB-3-1 10 The cells are cultured in RPM 1640 conplete culture
medi um conprising 10 % foetal calf serum 2 mMglutam ne, 50 units/m of
penicillin, 50 gg/m of streptonmycin and 10 nM Hepes, pH 7.4. The cells
are distributed on mcroplates and are exposed to the cytotoxic conpounds.
The cells are then incubated for 2 days ,,L1210) or 4 days (KB-3-1) in an

i ncubator at 37C in the presence of 5 % CO2. The nunber of viable cells is
t hen 15 quantrfred by a colorrnetrrc assay, t he tetrazolruntnlcroculture
assay _pti g‘-,- 28ag4 Medin $N 5-tmimeth I 3 2 s RN

t he concentration of
the treated cells by 56—%tB C SCUIvIme
exhi bits, respectively, an IC50 of 0. 32 | Mi

respect of L1210 and of
0.037 Min respect . 20 of KB-3-1. EXAMPLE 30: Pharmaceutical conpositiagn:
i nj ect abl eTlg?Oprgtirp% AS o@@mﬁg@ﬁ@prgmggg é]pppp@cgﬂure of Example 5 using the compound of

.............................................. 25 m -44 CLAIMS 1.
Conmpounds of formul a : i.n: and BZ, whi ch B be
i denti Gal or EHARMAL 24 VIAN2LNE O (4 1. : PN,
carbon atom or a nrtrogen at om mnth the provrso that at Ieast one of the
two groups Bl or BZ represents a nitrogen atom X and Y, which may be

i dentical KXAME ~ AQ gnbndent |y of the ot her

Two cell lines were used :

- 1 murine leukaemia, L1210,

- 1 human epidermoid carcinoma : KB-3-1

10 The cells are cultured in RPMI 1640 complete culture medium comprising 10 % feetal calf
serum, 2 mM glutamine, 50 units/ml of penicillin, 50 pg/ml of streptomycin and
10 mM Hepes, pH 7.4. The cells are distributed on microplates and are exposed to the
cytotoxic compounds. The cells are then incubated for 2 days (L1210) or 4 days (KB-3-1)
in an incubator at 37°C in the presence of 5 % CO,. The number of viable cells is then

15 quantified by a colorimetric assay, the tetrazolium microculture assay (Cancer Res. 1987,
47, 939-942).
The results are expressed as ICsg, the concentration of cytotoxic compound that inhibits the
proliferation of the treated cells by 50 %. By way of example, the compound of Example 4
exhibits, respectively, an ICso of 0.32 pM in respect of L1210 and of 0.037 uM in respect

20  of KB-3-1.

EXAMPLE 30 : Pharmaceutical composition: injectable solution

Compound of Example 4 ........ccccoiiiiiiiiinieienieeceece e 10 mg

Distilled water for injectable preparations.........ccccccveivivivecieiecnecnnenen, 25 ml



represents one or nore groups selected from 10 - the atons hydrogen and

hal ogen, - the groups hydroxy, linear or branched (Cl-C6)al koxy, nitro,
cyano, linear or branched (Cl-C6)al kyl, linear or branched (C2-C6)al kenyl,
|l i near or branched (Cl-C6)- polyhaloal kyl, or - groups of formula -NRaRb
wherein : 15 R and Rb, which nmay be identical or different, each

i ndependently of the other represents _g,group sel ected from hydrogen and
the groups -C(O-CF3, -C(O-NH2 and linear or branched (Cl -C6)al kyl,
optionally substituted by a group NR aR b wherein : Ra and R b, which may
be identical or different, each indep@h%y of the other 20 represents a
group sel ected from hydrogen and |inear or branched (Cl-C6)alkyl, or R 3
and R b, together with the nitrogen atomcarrying them form a nonocyclic
het er ocyclle Hzompognfls ofrfofmtla () :r i ng menbers and optionally containing in
the ring systema second hetero tomgel eqt ed from oxygen and nitrogen, or
R and Rb, together with the nitrqggen @atomjearrying them forma nonocyclic

-45 heterocycle having from5~to %z\rl DK rs and OB;[i onal Iy contai ni ng
inthe ring systema seco ero at_omct ed frdth oxygen and nitrogen,
e{ '. i -

X1 and Y1, which may be id : , each independently of the
other represents a group Selected, fromthy subltituents as defined for X
and Y, 5 it being understood that, vvhelb Bl land/or B2 represent a nitrogen
atom Bl and B2 do not carry substituénts ngénq X1 respectively, R

represents a hydrogen atomor a linear or bRanched (C -C6)al kyl group, R2

represents a group selected from hydrogen and the groups linear or branched
(C -Co) al kyhereinOR'a; NR ,R b; OTa OR'a; NR'. Ta NR,R b; NR a-C(O -TaR;

5 e B; and B,, which may be identical or different, each independently of the other
represents a carbon atom or a nitrogen atom, with the proviso that at least one of the

two groups B; or B, represents a nitrogen atom,

e X and Y, which may be identical or different, each independently of the other
represents one or more groups selected from :

10 - the atoms hydrogen and halogen,

- the groups hydroxy, linear or branched (C;-Cg)alkoxy, nitro, cyano, linear or
branched (C;-Cg)alkyl, linear or branched (C,-Cg)alkenyl, linear or branched (C;-Cg)-
polyhaloalkyl, or

- groups of formula -NR,R;, wherein :

15 R. and Ry, which may be identical or different, each independently of the other
represents a group selected from hydrogen and the groups —~C(O)-CF;, —C(O)-NH;
and linear or branched (C;-Cg)alkyl, optionally substituted by a group NR'.R'p
wherein :

R'; and Ry, which may be identical or different, each independently of the other

20 represents a group selected from hydrogen and linear or branched (C;-Cg)alkyl, or

R'; and R', together with the nitrogen atom carrying them, form a monocyclic
heterocycle having from 5 to 7 ring members and optionally containing in the ring
system a second hetero atom selected from oxygen and nitrogen,

or R, and Ry, together with the nitrogen atom carrying them, form a monocyclic



10 6 C(O-TaH, -O-Ta NRaR b; -NR'a-Ta OR'a; -NR'a Ta-CO2R'a; and
-NR'a-C(O-Ta-NR aR b, wherein: * Ta represents a linear or branched
(C1l-Co)al kylene chain, * Ra and Rb are as defined hereinbefore, 15 * R'a
represents a group selected from hydrogen and |linear or branched
(Cl-Co)alkyl, R3 and R4, which may be identical or different, each

i ndependently of the other represents_% hydrogen atomor a |linear or
branched (Cl-C6)al kyl group, or R3 and 2 together with the carbon atom
carrying them forma nonocyclic ring having frgm3 t 6 ri.ng nenbers, 20
A represents allebeF%‘i}’ﬁ?eolFaVF%ﬁ g 10 7 n&wge‘)ﬂ-ae&méynﬁk%%mgg IRESHEE R6, |

whi ch may be idgbhiLakof hdbbfatis 8dlectEREIm EREES S Sirbadependent |y of the
ot her a group Sgel ect edm?i; om: a% hy(eicr ogenr,][1 %% 2 ther %%ill(’)ups OR, NRRd, SR,

wherein : e R, aiil,Y\wwidth miay be idaheiodli cradiffarerd) tdohr mdtpendety pfidepetident | y

of the other represents a gro sel ected from hydrogen, the groups |inear
or branched TEEES@G"’)%{FI@PP,SGIQ‘W?? Bﬁﬂ’thF%SEIE"G@t—S@B)j & OTX%H%h the al kyl
noiety may be 5 linear or branched, or the group C(O-Re wherein R
represents a group selected fromhydrogen, aryl or NR''aR''b wherein R'",
and R''sb at beingeantiérstabd divd, whpr 8s @nd/oa Baydrregana nitagen atomhdr enchBRAb anoaind

R''"b, together with nifrogen atamcarrying them forma nonocyclic
het erocyclcénﬁéy?%ﬁuqnﬁsgﬁi %n‘{%l %S ?Cﬁﬁaﬁenbers and 10 optionally containing in
the ring systema second hetero atom sel ected from

e R, represents a hydrogen atom or a linear or branched (C,-Ce)alkyl group,

e R, represents a group selected from hydrogen and the groups linear or branched
(Ci-Celalkyl, ~OR"s; —NR':R'; O-T:—OR"y; —-NR";~T:—NR';R'y; —NR":~C(O)-T.H;
10 0-C(0)-T,H; —-O-T,-NR'.R%;  —-NR",-T,-OR",; -NR"-T,—CO;R",; and
-NR";-C(0)-To—NR'R™,
wherein:
* T, represents a linear or branched (C;-Cs)alkylene chain,
* R', and R'y, are as defined hereinbefore,

15 * R", represents a group selected from hydrogen and linear or branched (C;-Cg)alkyl,

e R; and R4, which may be identical or different, each independently of the other
represents a hydrogen atom or a linear or branched (C;-Cg¢)alkyl group, or R; and Ry,
together with the carbon atom carrying them, form a monocyclic ring having from 3 to

6 ring members,

20 e A represents a group of formula :

a) -CH(Rs)-CH(R¢)— wherein :

*  Rs and Rg,, which may be identical or different, each represents independently of

the other a group selected from :

1) hydrogen,



oxygen and nitrogen, 3) W-C(W)-UV wherein : a) W represents an oxygen
atom a sul phur atomor NR, (wherein R is as defined hereinbefore), 15
(3) W2 represents an oxygen atomor a sul phur atom y) U represents a

| i near or branched (d -Cg)al kyl ene chain or a linear or branched

(C2-Cs) al kenyl ene chain, S) V represents a group selected from - hydrogen,
20 - aryl, 25 30 - and the groups OR , GO2Rc, CORC, CONR aR b, NRRd,
N(R')-CR2R ~, N(&-COR,, wherein R a, b, R and Rd are as defined

her ei nbefore and R esents a gr oup sel ected from hydrogen, |inear or
branched (CL- G3)Bg &prps 0§F yherest L cs) al kyl i n which the al kyl

moi ety may be linegr w@f wﬂ?&hSl mﬁ% 1d€ﬁt | GERITRSEN! Sacht iRQRENYREY MHBnERaRr NOt

represent an oxygen ‘at om and oes not represent a group sel ected
from- hydrogen - represkentared groupNidctedd ftorh) hiiro@/\Bhe \dBoupis lwiear @lrrbrancﬂn)adw

and Ve are as gl Bed gl nhet 1Pl W BlEP S SR R A5 o8
5 hnear or branched,

or the group C(O)-R. wherein R, represents a group selected from hydrogen,

aryl or NR"';R"}, wherein R"', and R"', are identical and represent a hydrogen

atom or wherein R"', and R", together with the nitrogen atom carrying them,

form a monocyclic heterocycle having from 5 to 7 ring members and

10 optionally containing in the ring system a second hetero atom selected from

oxygen and nitrogen,

3) W1—-C(W,)-U-V wherein :
o) Wy represents an oxygen atom, a sulphur atom or NR. (wherein R is as
defined hereinbefore),
15 B) W, represents an oxygen atom or a sulphur atom,
v) U represents a linear or branched (C;-Cg)alkylene chain or a linear or branched
(C,-Cg)alkenylene chain,
d) V represents a group selected from :
- hydrogen,
20 - aryl,
-and the groups OR.;, CO,R;, COR,, CONR'R%, NR.Ry, N(R.-CO;R’,
N(R.)-COR', wherein R';, R'y, R and Ry are as defined hereinbefore and R',
represents a group selected from hydrogen, linear or branched (C;-Cg)alkyl,
aryl, or aryl-(C;-C¢)alkyl in which the alkyl moiety may be linear or
25 branched,
€) U represents a bond when W, does not represent an oxygen atom and when V
does not represent a group selected from :
- hydrogen
- aryl and
30 - NH,



herei nbefore, 5 y) T, represents a group selected from - hydrogen, -

| inear or branched (C, -C6)al kyl, - linear or branched (C2-C6)al kenyl, -
aryl, aryl-(C -C6)alkyl in which the alkyl noiety may be |inear or
branched, 10 and - linear or branched (C, -C6)al kyl ene or |inear or

branched (C2-C6)al kenyl ene chains, each of which is substituted by a group
ORc wherein Rc is as defined herei nbef%e or NRaR b wherein R, and R b
are as defined hereinbefore, 5 W-S(On WB-T, wherein : 15 a) W, W and
T] are as defined hereinbefore, and (3) n represents an integer selected
from1 and 2, 4WnWC(BepWsT, whsesiein W, T, and n are as defined

her ei nbef ore, an 7 W) -T, erein and T, are as defi ned
her ei nbef or e, *ang‘Fé.‘dg&rYaa%Ga,Sdte}gg% eer?m?\%@%’: 1) agroup -O O , -N O ,

-0 Nor -N, ~N) Ky 2QpeséntLa\BefRh Rtofn, l2RIF%E Blofh, BN NRX KdRFEiRR O Rldefined
sul phur atom 2) a group-O(CHZ),,, O wherein in represents an integer of
from1l to 4 incluseembetore,-48 3) a group O
5 v) T, represents a group selected from :
- hydrogen,
- linear or branched (C;-Cg¢)alkyl,
- linear or branched (C,-C¢)alkenyl,
- aryl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear or branched,
10 and
- linear or branched (C;-Cg)alkylene or linear or branched (C,-Ce)alkenylene

chains, each of which is substituted by a group OR; wherein R; is as defined

hereinbefore or NR'.R", wherein R', and R, are as defined hereinbefore,

5) W1-S(0),—W3-T; wherein :
15 o) Wi, W3 and T, are as defined hereinbefore, and

B) n represents an integer selected from 1 and 2,
6) W 1—S(O),—T; wherein W, T and n are as defined hereinbefore, and
7) C(W;,)-T; wherein W, and T, are as defined hereinbefore,

* or Rs and Rg, together form :

1) agroup —O Oo— — or —

> —N Oo— » —0O
DA b
Z Z Z

wherein Z represents an oxygen atom or a sulphur atom,

N_—
HYH
Z

20

2) a group—O—(CH;),—O- wherein m represents an integer of from 1 to 4 inclusive,

or



00, -H /B\ ,06 or 000N HO wherein B represents a single bond, a

| i near or branched (Cl-C6)al kyl ene chain or a linear or branched

(C2-Co6) al kenyl ene chain, * or R5 and R6, together with the carbon atons
carrying them forman oxirane 5 group or an aziridine group, optionally

substituted on the nitrogen atomby a |I|inear or branched (Cl-GC6)alkyl
group, b) -CH=C(R7) - or -C(R7)=CH Wm_aglgi_n R7 represents a group sel ected
from: - hydrogen, - and the groups OR"a, W-C(W2)-UV, W-C(W2)-Ws-T1,

W-S(O"-WB-T1, 10 W-S(OS TI and C(W2)-Tl wherein R',, W, W, U V, W,

TI and n are &3agiefn ned her B nbdorerNor B) -O©) -@H( RsP-_ ofB- N—

CHRS)-C(O - wherein Rs repfesgnts a gﬁ) selected from: h r%gen, -

| i near or branched (Cl-C6)al kyl'carbonyl oxy angl t he groups wherein R', is
th r

n
15 as defined hereinbefore, el r enantiomers, diastereoi soners, N-oxides,
and al so additi ohesan Bsrepresenddp sipglenband, phaeares branched (Gi-Godkyeapthainer d or

base, wherein aryl Is e {1 d F‘fn |.. or napht hyl group optionally
cont ai ni ng one (%)rdme?rro?re%qign @?’1 ?éc)zapgglrkg%ﬁ ee%héun substituents selected from
| i near or branched (Cl -C6)al kyl,
* or Rs and R, together with the carbon atoms carrying them, form an oxirane
5 group or an aziridine group, optionally substituted on the nitrogen atom by a

linear or branched (C;-Ce)alkyl group,

b) —-CH=C(R7)- or —-C(R7)=CH- wherein R; represents a group selected from :

- hydrogen,
- and the groups OR",, W—C(W,)-U-V, W-C(W,}-Ws-T;, W-S(O),—W5-T},
10 W1—=S(0),—T; and C(W,)-T; wherein R",, Wy, W5, U, V, W3, T; and n are as
defined hereinbefore,

or
c¢) —C(O)-CH(Rs)— or — CH(Rg)—C(O)— wherein Rg represents a group selected from :

- hydrogen,

- linear or branched (C,-Ce)alkylcarbonyloxy and the groups OR", wherein R", is

15 as defined hereinbefore,

their enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base,

wherein aryl is understood as a phenyl or naphthyl group optionally containing one or
more identical or different substituents selected from linear or branched (C;-Cg)alkyl,
20  linear or branched (C,-C¢)alkenyl, hydroxy, halogen, carboxy, nitro, amino, alkylamino or
dialkylamino in which the alkyl moieties contain from 1 to 6 carbon atoms and may be
linear or branched, linear or branched (C;-C¢)alkoxy, linear or branched (C;-Ce)acyl and

linear or branched (C;-C¢)alkylcarbonyloxy,

among the monocyclic heterocycles having from 5 to 7 ring members and optionally

25 containing in the ring system a second hetero atom selected from oxygen and nitrogen



20 linear or branched (C2-C6)al kenyl, hydroxy, hal ogen, carboxy, nitro,

am no, alkylam no or dialkylamno in which the alkyl noieties contain from
1 to 6 carbon atons and nay be linear or branched, linear or branched
(Cl-Co6)al koxy, linear or branched (Cl-C6)acyl and |inear or branched
(Cl-C6)al kyl car bonyl oxy, anmong the nonocyclic heterocycles having from5 to
7 ring nenbers and optionally 25 contqhg{ng inthe ring systema second
het ero atom sel ected from oxygen and nitfogen -49 there may be nenti oned,

wi thout inplying any limtation, the groups pyrroljdingl, i soxazol i.di nyl,
oxazol i di RE?I? Y aboImeitieyed, Wﬁhalgzam%dmgym}y prptiogy Ithe ngpoPyRgHdinyl,
hexahydr o i i 0wl vy 0 A g oyl i inyl: pa :
oxazepanyﬁ&gﬁgﬂﬁgﬁgteggﬁéﬁ&Mgﬂaﬁ%%%g¥ﬁg?%nﬁgg%%ﬁ?%&$1n ?eﬁéﬁing%h¥ggpg’to 6
ri ng nenbéesaltydespyridazinple nexahydrogytimidmytlhquperaziqyly i azgpaanyl;, lokadepanyl oand t he
groups cycl.opropyl, cyclobutyl, cyclopentyl and cycl ohexyl. 2. Conpounds
of fornuléh%%?mgicording to claim1, characterised in that they are
conmpounds of formula (1A : 10 Rwherein X, Y, X1, R, R2, R3, R4 and A are
as defined for formula (1), their enantioners, diastereoisoners, N oxides,
and al o aduingitbe nyalocyclichmrgsdfavinigt fliom Jhmb mangemembers |there awayels migheoredi d or

b . 3. Co d f f I I di | ai | aim 2
e acter VOB BBk AL Buld) AESPR R GrohE: MR e i i
X, Y, X1, cRtloh&&]. R3, R4i RS and R6 are as defined for formula (1), their

2. Compounds of formula (I) according to claim 1, characterised in that they are

compounds of formula (IA) :

)

10
wherein X, Y, X, Ry, R;, R3, R4 and A are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically
acceptable acid or base.
3. Compounds of formula (I) according to claim 1 or claim 2, characterised in that they
15 are compounds of formula (IB) :

(1B)

wherein X, Y, Xj, R;, Ry, R3, Ry, Rs and Rg are as defined for formula (I), their
enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base.



enanti onmers, diastereoi soners, N-oxides, and also addition salts thereof
with a pharnmaceutically acceptable acid or base. - 50 4. Conpounds of
formula (1) according to claim1, characterised in that they are conpounds
of formula (I1C) : wherein X, Y, YI, R, R, R3, R4 and A are as defined for
formula (1), their enantioners, 5 diastereoisoners, N-oxides, and al so
addition salts thereof with a pharnmaceutjcally acceptable acid or base. 5.
Compounds of fornula (1) according to claiml or claim4, characterised in

that they A are conpqQunds_of foroula (ID) : 0 erein X, Y, Y1, R, Rz
o, R, Feb @RS ST na RIS IR ) CHEMETBHaln sy e
di ast er eoi SORBLSouMNsBf la@ty.al so addition salts thereof with a
pharmaceutically acceptable acid or base. 6. Conpounds of forrmula (I)
according to claim 1, characterised in{that®they are conpounds of fornula
(IE) : 15 R a wherein X, X, R, R R4 and A are as defined for
formula (1), their enantiong [=vs S ers, Mopxi des, and al so
addition salts thereof wth|a i -51 5 acceptable acid or

g K laiml| or claimb®6,
characterised in that they are conpounds o.i;zinula (1'F)

R

Y, R,

wherein X, Y, Y, R, Ry, R3, Ry and A are as defined for formula (I), their enantiomers,
5  diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically

acceptable acid or base.

5. Compounds of formula (I) according to claim 1 or claim 4, characterised in that they

are compounds of formula (ID) :

(ID)

10 wherein X, Y, Y;, R;, Ry, R3, R4, Rs and Rg are as defined for formula (I), their
enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

6. Compounds of formula (I) according to claim 1, characterised in that they are

compounds of formula (IE) :

X
A (IE)
l /
Y N N O

15 4
wherein X, Y, Rj, Ry, R3s, Ry and A are as defined for formula (I), their enantiomers,

diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically



R6 wherein X, Y, RL, R2, R3, R4, R5 and R6 are as defined for fornula (1),
their enantioners, diastereoisoners, N oxides, and also addition salts
thereof with a pharnaceutically acceptable acid or base. 8. Conpounds of
formula (1) according to claim1l1, characterised in that they are 10
conpounds of fornmulae (TB), (ID) and (IF) wherein R5 and R6 are identical
and represent a group of formula OR or \W-C(W2)-U-V or wherein RS and R6
together forma group -O O wherein R, W W1 U, V and Z are as defined
z for fornmula ), t hejr enanti oners, dlastere0|soners N- oxi des, and al so
addi ti on £4FP&b14 pad @BPASGi th a pharnaceutlcally acceptable acid or base. 15
9. Compounds of fornula (I) according to claim1 or claim8, characterised
in that they are conpounds of formulae (TB), (ID) and (IF) wherein R5 and
R6 are i dént i@ahpands of &pmm@eﬂ) agroghiogito offinh dranelam- ©RhamsbterieddninRhat they
represents a h dro en at §H§|near or branched (Cl -C6)al kyl group,
their enanti §herE! nﬂ%? ? N-oxi des, and also addition salts
thereof with a pharnaceutlcally accept@bl eraci d or base. 20 10. Conpounds
of formula (1) according to;claiml1 or|jclaijm8, characterised in that they

are conpounds of formul ae (B g ), wher ei iHR5 and R6 are
identical and represent a ) of |for -C(W2)-UV wherein W and W2
represent an oxygen atom ePr.e3ENR P or branched

(Cl-Co6)al kyl ene chain andiv repre§ent
enantionmers, diastereoisoners, N—OXIdG§ 5
wth a pharnaceutlcally acceptable acid Br b
(I') according to claiml or claim8, charact

A f f I 1B D) F) wh
compounds vs(/)herelr? erJY aI%(, Rz? R( R4) R?rz]a.gd (]26 a?re as gete neg for formula (I), their enantiomers,

rogen atom their

and allsoRaddition salts thereof
se. Bd1. Conpounds of fornula
arlsed in that they are

diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically

acceptable acid or base.

8. Compounds of formula (I) according to claim 1, characterised in that they are

10 compounds of formulae (IB), (ID) and (IF) wherein R5; and Rg are identical and
represent a group of formula —OR. or W;-C(W;)-U-V or wherein Rs and Rg

together form a group —Q_ O—  whereinR,, W, W,, U, V and Z are as defined

Z
for formula (I), their enantiomers, diastereoisomers, N-oxides, and also addition salts

thereof with a pharmaceutically acceptable acid or base.

15 9. Compounds of formula (I) according to claim 1 or claim 8, characterised in that they
are compounds of formulae (IB), (ID) and (IF) wherein Rs and R¢ are identical and
represent a group of formula —OR, wherein R, represents a hydrogen atom or a linear
or branched (C;-Ce)alkyl group, their enantiomers, diastereoisomers, N-oxides, and

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

20  10. Compounds of formula (I) according to claim 1 or claim 8, characterised in that they
are compounds of formulae (IB), (ID) and (IF) wherein Rs and R¢ are identical and
represent a group of formula W;-C(W;)-U-V wherein W; and W, represent an oxygen

atom, U represents a linear or branched (C;-Cg)alkylene chain and V represents a



R5 and R6 together forma group -O O wherein Z represents an oxygen 5 10 z
atom their enantioners, diastereoisoners, N oxides, and al so addition
salts thereof w th a pharmaceutically acceptable acid or base. 12.
Compounds of fornula (1) according to claiml1l or claim2, characterised in
that they are conpounds of fornmula (1G : wherein X, Y, X1, Rl, R2, R3 and
R4 are as defined for formula (I), their,enantiomers, diastereoisoners,

N- oxi des, and al so addition salts thereo? with a pharnaceutically

accept abl e agﬁg or base. K 13. Conpounds of fornul Gﬁacc o clf|n1|
or claim a4, Foger afqredheTt fnarfiamers fipstefepisgmers, by %Is?ln fa ° ) -
sherein X, YincHlof {flh o FRamfERedidfobavRuctiefined for formil a (l) ey o
enanti omers, dlastere0|soners oxi d and al so addition salts thereof
wi th a pharnmaceutically acceptable acid or base. -53 5 14. Conpounds of

are conpolhiad Grosingl Brer B ter iR GG STt oo

defined for fa¢ mil@nigo hndghekﬁ em@ﬂhhggersag)dlag[greom&pnqug N- Qhefas,
and al so additio salts thereof with a harnaceutlcall acceptabl e acid or
base. 15. Corﬁaﬁc?&‘ﬂc%ﬁ 18geth (R & ST acco To a‘ﬁl‘}Fr‘EiH@ ’@Preé?léf’ HEONYECB 14,
characterised in that R3 and R4 represen a |linear or branched

(G -Cﬁ%alkyl group, their enantiomers, Z

atom, their enantiomers, diastereoisomers, N-oxides, and also addition salts thereof

with a pharmaceutically acceptable acid or base.

12. Compounds of formula (I) according to claim 1 or claim 2, characterised in that they

are compounds of formula (IG) :

aG)

10
wherein X, Y, Xj, R;, Ry, R3 and R4 are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically
acceptable acid or base.
13. Compounds of formula (I) according to claim 1 or claim 4, characterised in that they
15 are compounds of formula (IH) :

(IH)

wherein X, Y, Y, R, Ry, R; and Ry are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically

acceptable acid or base.



di ast ereoi soners, N-oxides, and also addition salts thereof with a
pharmaceutically 10 acceptable acid or base. 16. Conpounds of formula (1)
according to any one of claims 1 to 14, characterised in that R2
represents a group OR'a wherein R'a is as defined for formula (1), their
enantionmers, diastereoi soners, N-oxides, and also addition salts thereof
with a pharmaceutically acceptable acidjor base. 15 17. Conpounds of
formula (1) according to any one of clains 1 to 14 and 16, characterised
in that R2 represents as group -OR'a wherein R'a represents a |inear or
branched (Cl-C6)al kyl group, and even nore especially a nethyl group, their
enanti omeng, sl ol fRARIST) NRXiAER ciaft 1a)rsiRddlichh@beligdd & thivahept
with a pharmaceutically acceptable acid or base. 20 18. Conpounds of
formula (1) accomipougds of fonpular(®)of clains 1 to 14, characterised in that
X, Y, X1 and Y1 represent a hydrogen atom their enantioners,

di astereoi soners, N oxides, and al so Jddi$Fon salts thereof with a
pharmaceutical ly acceptablédr d o S 54 14. Cgﬂpounds of formula (I)
according to claim21 which
()-cis-1, 2-di hydr oxy- 6- net hg
o[ b] - chroneno[6,5-g] [ 1,38]naphthyri
(f)-cis-1,2-di acet oxy-6-net hoxy-3, 3, 145 trinet hy
zo[ b] - 5 chromeno[ 6, 5-g] [1, 8] naphthyri'di n- 7=eneg;
(f)-cis-7-nmethoxy-4, 4, 15-trinmet hyl - 15, 15c- di hydr o- 4H benzo[ b] [ 1, 3] di oxol o-
[4',5" 3, 4ehdinmenyf, Re-RY, Rilasd maphiehyy idéfifet Zor8fosmalal |1,dihefieenantiSinkrs,
enantioners, diastereoisoners, N-oxides, and also addition salts thereof
with a5 plistraeasameal Nyordesepindbpiso aeddition splts dherqqf »ith pr phasmacqugicalihe
preparatiggugﬁﬂﬁgggggpg%epf formula (1) according to claim1l

%, 2, 3, 14-t etrahydr o- 7H- ben

15. Compounds of formula (I) according to any one of claims 1 to 14, characterised in that
R; and Ry represent a linear or branched (C;-Ce)alkyl group, their enantiomers,
diastereoisomers, N-oxides, and also addition salts thereof with a pharmaceutically

10 acceptable acid or base.

16. Compounds of formula (I) according to any one of claims 1 to 14, characterised in that
R, represents a group —OR", wherein R", is as defined for formula (I), their
enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

15 17. Compounds of formula (I) according to any one of claims 1 to 14 and 16,
characterised in that R, represents as group -OR", wherein R", represents a linear or
branched (C;-Ce¢)alkyl group, and even more especially a methyl group, their
enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

20 18. Compounds of formula (I) according to any one of claims 1 to 14, characterised in that
X, Y, X; and Y, represent a hydrogen atom, their enantiomers, diastereoisomers,
N-oxides, and also addition salts thereof with a pharmaceutically acceptable acid or

base.



characterised in that there is used as starting material a conpound of
formula (I1) : X, X\ (II> Y B, ClL YL wherein X, Y, X1, Y1, Bl and B2
are as defined for formula (1), which conmpounds of fornula (11) are pl aced
in the presence of pyridiniumdichromate to 15 yield conpounds of fornmula
(rrr) - X X B COOH Y BC1L Y1l wherein X, Y, X1, Y,, Bl and B2 are as
defined for fornula (1), which conmpoundsyof formula (I1l) are treated in
basi ¢ and anhydrous nediumw th a conmpound of forrmula (IV) : 20 H2N ' OCH3
wherein R represents a hydrogen atom a hydroxy group, a |inear or branched
(Ci1-Co)allcyl -55 group or a linear or branched (Cl-C6)al koxy group to

yi el d comountsinfuni®bMénaula\l) accetdBrg (Y whitkhle:~ Y Bl N/ OCH3 H

- (#¥)-cis-1,2-dihydroxy-6-methoxy-3,3,14-trimethyl-1,2,3,14-tetrahydro-7H-benzo[ b]-
chromeno([6,5-¢][1,8]naphthyridin-7-one,

- (£)-cis-1,2-diacetoxy-6-methoxy-3,3,14-trimethyl-1,2,3,14-tetrahydro-7H-benzo[ b]-

5 chromeno([6,5-g][1,8]naphthyridin-7-one,

- (¥)-cis-7-methoxy-4,4,15-trimethyl-15,15¢c-dihydro-4H-benzo[b][1,3]dioxolo-
[4',5":3,4]chromeno[6,5-g][1,8]naphthyridine-2,8(3aH)-dione,
their enantiomers, diastereoisomers, N-oxides, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

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

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

X
X B, _CHO
N
=
Y B, Cl
Yl
wherein X, Y, Xj, Y1, B; and B; are as defined for formula (I),

which compounds of formula (II) are placed in the presence of pyridinium dichromate to

15 yield compounds of formula (IIT) :

X
X B, _COOH
~
=
Y I|31 Cl
Yl
wherein X, Y, X, Y}, B; and B; are as defined for formula (1),

which compounds of formula (IIT) are treated in basic and anhydrous medium with a

compound of formula (IV) :

Iv)
H,N OCH
wherein R represents a hydrogen atom, a hydroxy group, a linear or branched (C;-Ce)alkyl

20 3



Y1 wherein X, Y, X1, Y1, Bl, B2 and R are as defined for fornula (1), which
conpounds of formula (V) are placed in the presence of polyphosphoric acid
to 5 yield compounds of fornmula (VI) : HY wherein X VY, X1, Y1, Bl, B2
and R are as defined hereinbefore, of which conpounds of formula (VI) : a)
the nitrogen atomis substituted by the action of an alkyl halide or of a
di al kyl sul phate 10 in the presence of ? deprotonation agent, in a polar
aprotic sol vent, to yield corrpounds ormula (VII) : (V) (VII) N' " OCH i

Y R1 where'n rese near or branched aIk ro and
LV, Tt e i isar OSRARGheR, € Lgltbn Vﬁéﬁ&lpﬁam@m&é@d@ S onpounds

of forrrula (VI1) are treated withxa soluti@n of hydrobromc acid in acetic

acid to yield conpounds of)gorrmlai (VIII) ORI H (MIl) Y
COOH (V)

1

wherein X, Y, X;, Yy, By, B and R are as defined for formula (1),
which compounds of formula (V) are placed in the presence of polyphosphoric acid to

5  vyield compounds of formula (VI) :

>|<1 0O R
X
] Bas V1)
.
y B. N OCH,
1 H

Y,

wherein X, Y, X;, Y1, B, B2 and R are as defined hereinbefore,

of which compounds of formula (VI) :
a) the nitrogen atom is substituted by the action of an alkyl halide or of a dialkyl sulphate
10 in the presence of a deprotonation agent, in a polar aprotic solvent, to yield compounds

of formula (VII) :

(VID)

OCH,

R,

wherein R' represents a linear or branched (C;-Cg¢)alkyl group and X, Y, X, Y3, By, B2
and R are as defined hereinbefore,

15  which compounds of formula (VII) are treated with a solution of hydrobromic acid in
acetic acid to yield compounds of formula (VIII) :

X 0 R

| 25 (VIID)
—
Y B N OH



ROH- 56 wherein X, Y, X1, Y1, Bl, B2, Rand R 1 are as defined

her ei nbef ore, which conpounds of fornula (VIII) are then treated under
basic conditions, in an anhydrous aprotic solvent, with an al kyne of
formula (TX) Hal R3 (1 X) 5 wherein Hal represents a hal ogen atom and R3 and
R4 are as defined for formula (1) to vyield conpounds of forrmula (X) : (X
wherein X, Y, X1, Y1, Bl, B2, R R 1, R3and R4 are as defined

her ei nbef ore, which conpounds of forrmula (X) are refluxed in anhydrous

dimethyl formam de to_yield lo_conpounds of fornula (1/a), a particular
case of thwWhegWpSuhdSD of- BorBruRand B are ghdsfuied hyreinpeforg, * v1 B1, B2, R
R1, R3a f EIPMPSIOHRn Rhartll e BAROURMRIRhs,| AY BN @
(V) b) ap\ghgﬁbﬁn@%@dggjtﬁe gghr’ré c@ﬁﬁ%ti%ﬁs aas t he ?:orrpoun S 1of ?’orrml a
(M1) to yairhlydromsapotindslvedt, WithamladkyhXby form¥ja (IX)1 Y 15 OH wherein X, Y,
X1, Y1, Bl, B2 and R are as defined herﬁglnbef ore, - 57

HC== R (IX)

R

4

3

5  wherein Hal represents a halogen atom and R; and R4 are as defined for formula (I) to

yield compounds of formula (X) :

I =
Y B N O

HC

wherein X, Y, X1, Y1, By, B2, R, R';, R; and Ry are as defined hereinbefore,
which compounds of formula (X) are refluxed in anhydrous dimethylformamide to yield

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

(Ia)

wherein X, Y, X, Y1, B, B2, R, R, R; and Ry are as defined hereinbefore,

or which compounds of formula (VI)
b) are subjected to the same conditions as the compounds of formula (VII) to yield

compounds of formula (XI) :

X9 R
X
l Bas (X)
~
Y B, N OH
| H
Y

15 !
wherein X, Y, X, Y1, By, B; and R are as defined hereinbefore,



whi ch conmpounds of fornula (Xl) are subjected in succession to the sane
conditions as the conpounds of fornmula (VIIl) and (X) to yield conpounds
of formula (I/b), a particular case of the conmpounds of formula (1) : (L
b) R3 Rg 5 wherein X, Y, X1, Y1, Bl, B2, R R3 and R4 are as defined

her ei nbefore, the totality of the conpounds (ha) and (1/b) constituting the
conmpounds of formula (Uc), a particul ac,case of the conpounds of fornula
(I') : wherein RL is as defined for formula (1) and X, Y, X1, Y1, Bl, B2, R

R3 and R4 are as 10 defjned herei nbefore,.which co unds of f.ornula (Tic)
are, if d&€i @mg%ﬂ%e{ Pl (MEATa SHhigToin RS CIFRY It Tgme SRty asdhe

acyl ating ' C fio f AR td eyl Apagiesiar of
e o T ey QR e e

R4 are as cdefafiteclcdnepeindbef formplagi)d R 2 represents a group selected from
{Rm,OﬁaGﬁL-OQQJMHMQ-OmwﬁaRbMHan& R b, R'a and
T. are as defined for formula (I)|andqR'a1 represents a linear or branched
(d-Co6)al kyl group, -58 whi‘chcopBounds rmula (k{d) are treated, when
R 2 represents a group -OR s as defi’ned hereinbefore,

w th a conpound of fornmul aly{ :
group selected fromR a ard R'a, Bnd RIL1 rgpresents a group 5 selected
fromR b, TaNR aR b, -C(O-T3H, -Ta OR'a,
wherein Ra, Rb, R'a and Ta are as defined™heretppbefore, to yield
conpounds of formula (1/e), a particular case of the conmpounds of fornula
(1) 5 wherein X, Y, X1, Y1, By, B2, R, R; and R, are as defined hereinbefore,

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

particular case of the compounds of formula (I) :

(I/c)

wherein R; is as defined for formula (I) and X, Y, X;, Y1, B, B2, R, R3 and Ry are as

10  defined hereinbefore,
which compounds of formula (I/c) are, if desired, subjected to the action of an alkylating

agent or an acylating agent to yield compounds of formula (I/d), a particular case of the

‘compounds of formula (I) :

(1/d)

15 wherein X, Y, X, Y}, By, By, Ry, R3 and R, are as defined hereinbefore, and R', represents
a group selected from —OR",y, O-T,-OR",, -O-C(O)-T,H and -O-T,-NR',R', wherein R',,
R%, R"; and T, are as defined for formula (I) and R",; represents a linear or branched

(C1-Ce)alkyl group,



Xi ONRIOR1I1L X (ve) Y B R4 wherein X, Y, X1, Y1, Bl, B2, Rl, R3, R4, R o
and R11 are as defined hereinbefore, 10 the totality of the conpounds of
formulae (1/c), (I/d) and (Fe) constituting the conpounds of fornula
(1/f), a particular case of the conpounds of formula (1) : Y1 RL Ra wherein
X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined for formula (1)

whi ch conmpounds of forrmula (Uf) may benggbjected, 15 a) either to the

action of a reducing agent to yield con

unds of formula (1/9),

a

particul ar case of the conpounds of formula (1) : -59 R RQ wherein X, Y,

X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined her ei nbef or e,

b) or to the

action of gspi HILSRRHOSF A8l B9) B BN ARY LR PLERENOR Iynerein

4- et hyl norp oXl conbounds Formi
(1/112), aygﬁspaﬂﬂmﬁﬂnﬁhnmﬁﬁﬁequhbeo@@amnumu%nﬂﬁMKﬁnmula (1)

OH (Phi)

(LI'b,) wherein X Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined

her ei nbefore, the totallty of the conpounds of formulae (1/hi)
constituting the cis-diol HNR1oRn D

and (1/h2)

wherein Rjy represents a group selected from R', and R",, and R;; represents a group
5 selected from R%) -T,—NR.R%} -C(O)-T,H, -T,-OR",, -T,—CO;R", and
—C(O)-T,-NR%R', wherein R',, R',, R", and T, are as defined hereinbefore, to yield

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

X O NR, R

167711

(e)
| =
Y I
Y

wherein X, Y, Xj, Y3, By, B2, Ry, R3, R4, Ry and Ry are as defined hereinbefore,

10  the totality of the compounds of formulae (I/c), (I/d) and (I/e) constituting the compounds

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

1)

wherein X, Y, X, Y1, By, B2, Ry, Ry, R3 and Ry are as defined for formula (I),

which compounds of formula (I/f) may be subjected,

15 a) either to the action of a reducing agent to yield compounds of formula (I’g), a

particular case of the compounds of formula (I) :



conpounds of fornmula (cis-11h), a particular case of the conpounds of
formula (1) : XORXBYi~N Y1 R10 0 H(cis - I/h) t OH (cis) wherein
X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined herei nbefore, which
ci s-diol compounds of fornula (cis-11h) are optionally subjected to the

action of a conpound of formula (XII1) : -60 NN-~\ /:Zzz N~NHN- XI11i)
Z wherein Z is as defined for formula (L) to yield conpounds of formula
(cis-I1li), a particular case of the compounds of fornula (1) : (cis-Ili) z

1/ (Cs) 5 wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined
her ei nbefore, c¢) or to the actionfof I um per manganate in polar medi um
to yield conpounds of X B W) :

wherein X, Y, Xi, Y1, B1, B2, Ri, Ry, R3 and Ry are as defined hereinbefore,

b) or to the action of osmium tetroxide in polar medium, and in the presence of
4-methylmorpholine-N-oxide, to yield compounds of formulae (I/h;) and (Ihy), a

5 particular case of the compounds of formula (I) :

(I/h,) (Uh,)
wherein X, Y, X1, Y1, B1, By, Ri, Ry, R3 and Ry are as defined hereinbefore,

the totality of the compounds of formulae (I/h;) and (I/h;) constituting the cis—diol

compounds of formula (cis—I/h), a particular case of the compounds of formula (I) :

(cis - I/h)

OH
t_~
10 _ (cis)
wherein X, Y, Xi, Y3, B1, By, Ry, Ry, R and Ry are as defined hereinbefore,

which cis—diol compounds of formula (cis—I/h) are optionally subjected to the action of a

compound of formula (XIII) :



formula (1/j), a particular case of the conmpounds of formula (1) : OH
wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defi ned

her ei nbefore, 10 whi ch conpounds of formula (1/i) nmay be subjected : a)
either to the action of an al kylating agent or an acylating agent to yield
conmpounds of formula (I1k), a particular case of the conpounds of formula
() : ORRO -61 wherein X, Y, X, Y,, 560_82, R, R2, R3 and R4 are as
defined herei nbefore, and R20 represents a group selected fromlinear or
branched (C, -C6)al kyl and linear or branched (C, -0C6)alkylcarbonyl, R) or
to the action of a protectingngFaup Pc #6FNt he hydroxy function then to the
action 5 of P2S5 to yield cofpoulN fornul a @¥DV) @ (xtv) OPc wherein
XY, X, Y, B, B2, R, R ; R4;and>Pc, are as defined hereinbefore,

whi ch conmpqunds of f I (X etr. ted with a_reduci ng agent,. then
aubj ect edhan Zis 2t irdrias fmpledDdeoi o como s o) HER e haL D e R el o
conpounds nge Jﬂﬁmlﬁp&dnldk))ffo@lnuﬂagl)partl cul ar case of the conpounds of
formula (1) OH wherein X B2, Rl, R2, R3 and R4 are as
defi ned herei nbefore, which conpgunds? of \Ror rrul a (1/1) are, if desired,
subjected to the action ofX g co of lformula (XV) : 15 Hal -G (XV)
wherein Hal represents a he represents a group sel ected
from-Re, (cis-TH)

(cis)
5 wherein X, Y, X1, Y1, Bi, B2, Ry, Ry, Ry and Ry are as defined hereinbefore,

¢) or to the action of potassium permanganate in polar medium to yield compounds of

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

{)

wherein X, Y, X, Y1, Bi1, B2, R1, Ry, R3 and Ry are as defined hereinbefore,

10 which compounds of formula (I/j) may be subjected :

a) either to the action of an alkylating agent or an acylating agent to yield compounds of

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

(k)




-(W)-U-V, -C(W)-WB-T,, -S(On-WB-T, and -S(O S T, wherein & W2, W8, U,
V, T, and n are as defined for fornula (I) to yield conpounds of formula
(1/m, a particular case of the conmpounds of fornula (1) : -62 (U
wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and G are as defined

her ei nbef ore, which conpounds of forrmula (Um nmay be subjected to the
action of a conpound of fornula (XVT) -:615- Hal -G 1 (XVlI) wherein Hal is as
defined hereinbefore and G 1 representsa group sel ected from R,
-C(W)-UV, -C(W)- V\BT -S(On WB-T1 and -S(O "-T1 wherein U,
Vv, T1 andvhﬁr%mex,aé’ dof YheBif Br RoBruRa 30d) R pts 35 é¢faleéd??ﬁ%l?ﬁ£%reofm4 éﬁaerul a

(Un), e C I Y,
X vi” BRPEREY AR e e WP ARy Rhed RECE BN o A MpRERCRL )
or to redyCiday)atloncirborons i n the presence of NaBH4 to yield conpounds of
formula (h o), a particular case of the conpounds of formula (1) : #~OH

(trans) -63 wherein X Y, X1, Yl, Bl, B2, Rl, R2, R3 and R4 are as defined
her ei nbef or &) o lie thecackiontof adfrouewengcgmp@é’mfgr tte ydrany fectiopi therpk) thgragtion / o)

constltutlngt nds_ of OH 5 wherein X, Y, X1, Y,
Bl, B2’ RI, Fésg%éf‘ﬁﬁo Ound Hmrm 0(3{119}6“ nbef or e,

(XIV)

wherein X, Y, X1, Y1, B1, B2, R1, Ry, R3, R4 and Pg are as defined hereinbefore,

which compounds of formula (XIV) are treated with a reducing agent, then subjected to a
reaction for deprotection of the hydroxy function, to yield compounds of formula (I/1), a

10  particular case of the compounds of formula (I) :

(I

wherein X, Y, X;, Y1, By, By, Ry, Ry, R3 and Ry are as defined hereinbefore,

which compounds of formula (I/1) are, if desired, subjected to the action of a compound of
formula (XV) :

15 Hal - G, (XV)

wherein Hal represents a halogen atom and G; represents a group selected from -R.,
-C(W3)-U-V, -C(W1)-W3-T;, -S(O)y-W3-T; and —S(0O),-T; wherein R, Wy, W3, U, V, T,
and n are as defined for formula (I) to yield compounds of formula (I/m), a particular case

of the compounds of formula (I) :



whi ch conmpounds of fornula (l1ip) may be subjected : a) either to the action
of a conpound of fornmula (XVI) as defined hereinbefore to yield conpounds
of formulae (1/qgl), (1/g2) and (1/qg3), particular cases of the conpounds of
formula (1) : (1/9ql) 10 OGL OH OG wherein X, Y, X, Y1, Bl, B2, Rl, R2, R3,
R4 and G 1 are as defined hereinbefore, which conpounds of fornulae (1/9g2
and I/ | are, iifdesired sub"e7 cted : 4 1) either to the action of an

al cohol of formula R30-OH wherein Rao rg resents a linear or branched

(C -Co)al kyl group to yield, respectlvely, conpounds of fornulae (1/r2)

and (1/r3), particular cases of tfe cé bds of fornula (1) : Y1 RL G 10
~a OR30 Cct (WUr2) (1/r3) XY X1, Y, B, B2, R, R, R3, R4,
G, and Rao are as defined i or to the action of an
anhydride of fornmula (XVII XVI1) wWherein W2, U and V are

as defined for formula (I)yteyi X potHid's "o fornulae (Us2) and (Us3),
particul ar cases of the conpounds|of ﬂornu a (1) R, V-U "1 OG1
l l S R

G OH
wherein X, Y, Xi, Y1, By, B2, Ry, Ry, R3, Ry and Gy are as defined hereinbefore,

which compounds of formula (I/m) may be subjected to the action of a compound of
formula (XVI) :
5 Hal - GY (XVD)

wherein Hal is as defined hereinbefore and G'| represents a group selected from -R.,
-C(Wz)-U-V, -C(Wz)-W3-T1, -S(O)H-W3-T1 and —S(O)H-T1 wherein Rc, Wz, W3, U, V, T1
and n are as defined for formula (I), to yield compounds of formula (I/n), a particular case

of the compounds of formula (I) :

(/)

10
wherein X, Y, Xi, Y1, B1, B2, Ri, Ry, Rs, Ry, Gy and G'; are as defined hereinbefore,

7) or to reducing conditions in the presence of NaBH, to yield compounds of

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

(/o)




z (1/S2) V-U (1153) 10 wherein X, Y, X1, Y1, Bl, B2, R, R, R3, R4, G 1,
W2, U and V are as defined hereinbefore, 3) or to dehydration conditions
in acid mediumto yield conmpounds of fornulae (Uz) and (1/t3), particular
cases of the conpounds of formula (1) : -65 (1/t2) (1/t3) OG 1 wherein X
Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and G 1 are as defined hereinbefore, P)
or to the action of a conpound of fornu%g (XVIT1) or (XIX) (XVIIl) 5
wherein B is as defined for fornula (1) and Wrepresents a hal ogen atom or
a hydroxyl group to yield compounds of formula (Fu), a particular formula
(1) : casevhstein ie Yoohpyurfis BofROR: hwcindify axe asdelined hereinbgfore,.B2. R1, R, R3,
R4 and B are as defined hereinbefore, 10 y) or to the action of a |inear .
(d-C6)al kyl dihalide to yield conmpounds of formula (1/v), a particular
case of t higc eonpPunte compbaidsfdoftylae (cs6 6hNandYil/oRcordtifuding-tkd compounds of

formula (I/p),

(Up)

5 wherein X, Y, X1, Y1, Bi, By, Ry, Ry, R; and Ry are as defined hereinbefore,

which compounds of formula (I/p) may be subjected :

a) either to the action of a compound of formula (XVI) as defined hereinbefore to yield
compounds of formulae (I/q;), (I/q2) and (I/q3), particular cases of the compounds of

formula (1) :

(Vg

10

~—Z
o
&

Vq,) (Vq,)
wherein X, Y, X, Y1, By, By, Ry, Ry, R3, R; and G'y are as defined hereinbefore,

which compounds of formulae (I/q)) and (I7g3) are, if desired, subjected :




H2 mwherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as defined

herei nbefore and in is as defined for fornula (1), e) or to dehydration
conditions in acid nediumto yield conpounds of formula (I/w), a 5
particul ar case of the conpounds of formula (1) , OR, I x (11w) '~/ ~ Y B
N I Il IRYR 0 wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3 and R4 are as
defi ned herei nbefore, which conpounds of ,fornmula (Un) are, if desired,
reduced in the presence of NaBH4 to yfgﬁd conpounds of fornula (W), a

particul ar case of the conpounds of formula %L) - 10 OH_wherein X, .Y, X1,
Y, Bl, B2, Ii cither tophe agiignpd agalcohal ofdpimmda RnePs whaeisrkso represptstadineae

(i) o partr e B ORGSR Sy e T 17

Y, X1, Y1, BIl, aB2(I/ig), paffiRnlaR3asandf tRé campoasisddfforiadh (ier ei nbef or e,

(Iry) (I'ry)
5 wherein X, Y, X, Y, Bi, B2, R, Ry, R3, R4, G'y and Rjg are as defined hereinbefore,

2) or to the action of an anhydride of formula (XVII) :
[V-U-C(W32)],0 (XVID)

wherein W, U and V are as defined for formula (I) to yield compounds of formulae (I/s,)

and (I/s3), particular cases of the compounds of formula (I) :

(Us,) VU (Usy)

10 wherein X, Y, X;, Y, By, Bs, R;, Ry, R3, Ry, G'1, W, U and V are as defined

hereinbefore,

3) or to dehydration conditions in acid medium to yield compounds of formulae (I/t;)

and (I/t;), particular cases of the compounds of formula (I) :



whi ch conmpounds of fornula (1/y) are, if desired, treated with amonia or a
primary or secondary amne to yield conpounds of forrmulae (1/zl) and
(1/z2), particular cases of the 5 conpounds of forrmula (I) : 1 0 RZ X1 X
BNI Yl RLRARCNOH(I/z2) NRcRdz vvherein X, Y, X1, Y1, Bl, B2, R, R2,
R3 and R4 are as defined hereinbefore, R is as defined for formula (I)
and Rai represents a group sel ected frogiRd -C(W)-UV, -C(\W)-W-T1,
-S(O, WB-Ti and -S(O,-T, wherein Rd W, U Vand 10 T, are as

defi ned herei nbefore \Mﬂ:ﬁlconpounds of fornulaeﬁéllz ) and (1/z2) may be

subj ected a) either, Y R3 %Bnd Rd, represent a ? 2om to the
action of a c undBof |l a (XIII) as ei nbefore to yield
conmpounds of f i d (1/aa2), t he
conpounds of f | : O .

') (I,)
wherein X, Y, Xi, Y1, B1, B2, Ri, Ra, R3, Ry and G'; are as defined hereinbefore,

B) or to the action of a compound of formula (XVIII) or (XIX)

0 S&\
" S0  (XVID BV xx
Y Y
O O

5 wherein B is as defined for formula (I) and W represents a halogen atom or a hydroxyl
group to yield compounds of formula (I/u), a particular case of the compounds of

formula (I) :

ey

wherein X, Y, X, Y1, By, B3, Ri, Rz, R3, R4 and B are as defined hereinbefore,

10 ¥) or to the action of a linear (C;-Ce)alkyl dihalide to yield compounds of formula (I/v),

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



Y1 15 (I/aa) (l/aa2) -68 wherein X, Y, Xi, Y1, Bi, B2, Rl, R2, R3, R4 and
Z are as defined hereinbefore, 5 (3) or to the action of a conpound of
formula (XI X) as defined hereinbefore to yield conmpounds of fornul ae
(I/abi) and (T/ab2), particular cases of the formula (1) X X 13 Y
conpounds of (I/abl) (1/ab2) wherein X, Y, Xi, Y1, Bl, B2, R, R2, R3, R4
and B are as defined herei nbefore, vy) OR Lo t he actlon of a conpound of
formula (XVT) as defined hereinbefore to yield conpounds of fornmnulae
(1/act) and (1l/ac2), particular cases of the conpounds of formula (1) : Xi
ORZXi xBBYNOYB NYJR ﬁé YI SR1 MRdl RON Rg G 10 10 OG i

Ezi:ﬂ: (Iv)
=
Y B,
Y R3
\ *
(C)O
2 m
wherein X, Y, X;, Y, Bi, B2, Ri, Ry, R; and Ry are as defined hereinbefore and m is as

defined for formula (I),

g€) or to dehydration conditions in acid medium to yield compounds of formula (I/'w), a

5 particular case of the compounds of formula (I) :

T'w)

wherein X, Y, X1, Yy, B1, B2, Ry, Rz, R3 and R4 are as defined hereinbefore,

which compounds of formula (I/w) are, if desired, reduced in the presence of NaBH;4 to

yield compounds of formula (I/x), a particular case of the compounds of formula (I) :

%)

10
wherein X, Y, X, Yy, By, B2, Ry, Ry, R3 and Ry are as defined hereinbefore,

d) or to the action of a peracid or of dimethyl dioxirane to yield compounds of

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



(I/ac,) (I/ace) NRCRai wherein X, Y, X1, Y1, Bl, B2, R, R2, R3, R4, R Rdl
and G, are as defined hereinbefore, 8 or to the action of

tri phenyl phosphi ne di bromide in the presence of triethylamne to yield
conpounds of formula (1/ad), a particular case of the conpounds of formula
(f): -69 (1I/ad) Rdi wherein X, Y, X1, Y1, Bl, B2, Rl, R2, R3, R4 and R
are as defined hereinbefore, e) or to t?g actlon of hth in the presence of
hydr ogen peroxide, followed by a reduction step, to yield conpounds of
formula (1/ae), a particular case of the 5 conmpounds of formula (T):

(1/ae) NH2 wherein X, Y, X1, Y1, Y81, B2, B, R2, R3 and R4 are as defined
her ei nbef ore, which conpou ff@r a (1 lae) are, if desired, subjected
1) either to the action of s t he preBence of di phenyl
phosphite to 10 yield conpg ¥ of Uaf), a particular case of the
conpounds of formula (1) y 0 n XoY, X1, Y1, Bi, B2, Rl, Rz,
R3 and R4 are as defined herelnbe&ore |-70 2) ar &0 the actlon of a
conmpound of formula (XVI) as defined her ei
formul ae (1/agl), (1/ag2) conpounds of foroila (1)

wherein X, Y, Xi, Yi, By, B2, Ry, Ry, R3 and Ry are as defined hereinbefore,

which compounds of formula (I'y) are, if desired, treated with ammonia or a primary or
secondary amine to yield compounds of formulae (I/z;) and (I/z;), particular cases of the

5 compounds of formula (1) :

Vz,) Uz,) ¢
wherein X, Y, X;, Y1, B1, B2, Ri, Ry, R; and R4 are as defined hereinbefore, R, is as

defined for formula (I) and Ry; represents a group selected from Ry,
-C(Wz)-U-V, -C(Wz)-W3-T1, -S(O)n~W3-T1 and -S(O)n-Tl wherein Rd, Wz, W3, U, V and

10 T, are as defined hereinbefore,

which compounds of formulae (1/z,) and (I/Z;) may be subjected

) either, when R, and Rd,; represent a hydrogen atom, to the action of a compound of

formula (XIII) as defined hereinbefore to yield compounds of formulae (I/aa;) and

(I/aa,), particular cases of the compounds of formula (I) :

15 (Vaa,) (1/aa,)



X, X B Y B~NYI particular case of the (I/agi) Gl1 5 (lI/ag) (1/ag3)
wherein X, Y, X1, Y1, Bl, B2, RI, R2, R3, R4 and G, are as defined

her ei nbefore, the primary am ne function of which conmpounds of fornul ae
(1/ag2) and (1/ag3) is protected by a group for the protection of primary
am ne groups to yield conpounds of 1o formulae (XX/a) and (XX/b), YI N/
x4 N C NHP P (XXa) (XXI'b) and (Pg)%3), a wherein X, Y, X1, Y1, B1l,
B2, R, R2, R3, R4 and G 7 are as defined hereinbefore and Pt represents a
protecting group for primary am ne functions, -71 which conpounds of

fornul ae (Wheagn)X.ahdX (¢ B). BanBi. BoRb)Rsand Z re agidefined heresiisfaet ed to  the

action of a conpound of formula (XXI)

B) or to the action of a compound of formula (XIX) as defined hereinbefore to yield

compounds of formulae (I/ab;) and (I/ab,), particular cases of the compounds of

formula (I) :
X0 X9 K
X X B
@BQ\ i:[ )
— =
Y B, N 0 Y BN 0
Y, R, H R, Y, R, o R,
N R4 R4
;< o o;< NH
B B‘\<
e} 0]
5 (I/aby) (I/ab,)

wherein X, Y, Xi, Y1, B1, B2, R1, R, R3, R4 and B are as defined hereinbefore,

¥) or to the action of a compound of formula (XVI) as defined hereinbefore to yield

compounds of formulae (I/ac;) and (I/ac;), particular cases of the compounds of

formula (1) :

10 (Vac)) (Iac,)

wherein X, Y, X1, Y1, B, B2, Ry, Ry, R3, Ry, Re, Ry and G'; are as defined hereinbefore,

d) or to the action of triphenylphosphine dibromide in the presence of triethylamine to

yield compounds of formula (I/ad), a particular case of the compounds of formula (I) :



R ,I-Hal (XXlI) wherein Hal represents a hal ogen and Rl represents a group
selected fromlinear or 5 branched (Cl-C6)al kyl, aryl and

aryl-(G -C6)al kyl in which the alkyl noiety may be |inear or branched, and
then subjected, in the case of conpounds of formulae (XX/a) and (XX/b), to
conditions for the deprotection of the primary am ne function, to yield
conmpounds of fornulae (Pahl), (Uah2) ang, (1/ah3), particular cases of the
conpounds of formula (1) : (I/ah,) YBNYL R N Rci G, NI12 (I/ah)
(I/ah3) Rc,\ G I 10 wherein X, Y, Xi, Yl, Bl, B2, Rl, R2, R3, R4, G 1 and
Rl are as deflned herelnbefore i donpfunds of formulae (1/ah2) and
(I/ah3) are, if desired, sui i n_js assion to the action of a
conpound of formnul a (XXI) a fore andadhen to the action

of a compound of fornula (X : 3 XI'l) 15 wherein Hal is as
defined hereinbefore and R&1 way tive the yane aefinitions as R, to yield
conpounds of formulae (Uai?2) and @I/alg) par ti cukar cases of the conmpounds
of formula (1) : -72

N 4
/

Rdl
wherein X, Y, Xy, Y1, By, Ba, Ry, Ry, R3, R4 and Ry are as defined hereinbefore,

g) or to the action of NaNj; in the presence of hydrogen peroxide, followed by a
reduction step, to yield compounds of formula (I/ae), a particular case of the

5 compounds of formula (I) :

(/ze)

wherein X, Y, Xi, Y1, B1, By, Ri, Rz, R3 and Ry are as defined hereinbefore,

which compounds of formula (I/ae) are, if desired, subjected

1) either to the action of carbon dioxide in the presence of diphenyl phosphite to
10 yield compounds of formula (I/af), a particular case of the compounds of

formula (T) :

(Vaf)

wherein X, Y, X;, Y1, B1, B2, Ri, Ry, R3 and Ry are as defined hereinbefore,



~YBIl YIR RARCONRINN Gl1 (I/ai2) (l1/ai3) wherein X, Y, X1, Y1, BI,
B2, R, R2, R3, R4, G 1, Ri and Rd, are as defined hereinbefore, Y1 Rl
RCRAIN 5 or to dehydration conditions in acid nediumto yield conpounds of
formulae (1/aj2) and (1/aj3), particul ar cases of the conpounds of formula
(1) = (vaj2) (1/a;3) wherein X, Y, X, Bl, B2, Rl, R2, R3, R4, R and
Rd are as defined hereinbefore, e) or t\cmt he actl on of a corrpound of
formula (XXI11) : Hal-C(W2)-Ti (XXIl1) erein HaI represents a hal ogen
atomand W and T, are as defined for fornula to 10 yield conpounds of
fornmula (I/aj )2,) ar ﬁ@ath@ a@mnayfac@g@ogﬁdpﬁ@r@m gs d@ﬁlfedrhﬁﬁlabe(f@)? toykld R z

11 -73 wherein X, X1, ¥,
defined herei nbePBP unqlshgyc% &13 3%3% 5{/ g{aggy alé?/ conggagu Ig C%e ﬁﬁs{he
totality of the c@m@mdg@%ﬂhgy nventi on,

5 (Vag,) (I/agy)

wherein X, Y, X, Y1, B1, B2, Ry, Ry, R3, Ry and G'; are as defined hereinbefore,

the primary amine function of which compounds of formulae (I/ag;) and (I/ags) is
protected by a group for the protection of primary amine groups to yield compounds of
10  formulae (XX/a) and (XX/b),

(XX/a) (XX/b)
wherein X, Y, X;, Y1, Bi, Ba, Ry, Ry, R3, Ry and G'; are as defined hereinbefore and P,

represents a protecting group for primary amine functions,



which, if necessary, are purified according to a conventional purification
technique, if desired nay be separated into their different isoners
according to a conventional 5 separation technique and, if desired, are
converted into their N-oxides and optionally into addition salts with a
pharmaceutically acceptable acid or base. 21. Pharnmaceutical conpositions
conprising as active ingredient at |east _one conpound 10 according to any
one of claims 1 to 19 in conbination wit’d -one or nore pharmaceutical ly
acceptable, inert, non-toxic excipients or carriers. 22. Pharnmaceuti cal
conposi t i onlsichcompadimiy otfcfonmaamlzagl)th(ama)qgacmxmaste ofdesaed,isubjected to

I ngredi ent ,according to a X gtn 9(]){3[ ms 1 to 19 for use as nedi canents in
the treateAt GOl dfnemoyn Ormua(

R.-Hal (XXI)

wherein Hal represents a halogen and R.; represents a group selected from linear or
5 branched (C;-Cg)alkyl, aryl and aryl-(C;-Ce)alkyl in which the alkyl moiety may be linear
or branched, and then subjected, in the case of compounds of formulae (XX/a) and (XX/b),
to conditions for the deprotection of the primary amine function, to yield compounds of

formulae (I/ah,), (I/ah;) and (I/ah;), particular cases of the compounds of formula (I) :

(V/ahy) (Vah,)
10  wherein X, Y, X, Y1, By, B2, Ry, Rz, R3, R4, G'1 and R, are as defined hereinbefore,

which compounds of formulae (I/ah;) and (I/ah;) are, if desired, subjected in succession to
the action of a compound of formula (XXI) as defined hereinbefore and then to the action

of a compound of formula (XXII) :

Ryi—Hal (XXII)

15  wherein Hal is as defined hereinbefore and R41 may have the same definitions as R, to
yield compounds of formulae (I/ai,) and (I/ai3), particular cases of the compounds of

formula (I) :



-T2 -

G'l NRclR'dl

(Vai,) (Vaiy)

wherein X, Y, X;, Y1, B1, B2, Ri, Ry, Rs, Ry, G'1, Re1 and Ry; are as defined hereinbefore,

¢) or to dehydration conditions in acid medium to yield compounds of formulae (I/aj)

and (I/ajs), particular cases of the compounds of formula (I) :

5 (Vai,) (Vaiy)
wherein X, Y, X1, Y1, B1, B2, Ri, Ro, R3, R4, Re and Ry are as defined hereinbefore,

e) or to the action of a compound of formula (XXIII) :
Hal-C(W>,)-T; (XXIID)

wherein Hal represents a halogen atom and W, and T, are as defined for formula (I) to

10  yield compounds of formula (I/aj), a particular case of the compounds of formula (I) :

(Vay)




10

15
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wherein X, Y, Xi, Y1, By, B2, Ry, Rz, Rs, Ry, W3 and T, are as defined hereinbefore,

the compounds (I/a) to (I/aj) constituting the totality of the compounds of the invention,
which, if necessary, are purified according to a conventional purification technique, 1f
desired may be separated into their different isomers according to a conventional
separation technique and, if desired, are converted into their N-oxides and optionally into

addition salts with a pharmaceutically acceptable acid or base.

21. Pharmaceutical compositions comprising as active ingredient at least one compound
according to any one of claims 1 to 19 in combination with one or more

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

22, Pharmaceutical compositions according to claim 21 containing at least one active
ingredient according to any one of claims 1 to 19 for use as medicaments in the

treatment of cancers.






