-1 SUBSTI TUTED BENZOL[ E] [1,41 OXAZIN(J 3,2-G | SO NDOLE DERI VATI VES, METHOD
FOR PREPARI NG SAME AND PHARVACEUTI CAL COVPCSI TI ONS CONTAI NI NG SAME The
present invention relates to new benzo[g][1, 4] oxazino[ 3, 2-g]i soi ndol e
‘conpounds, to a process for their preparation and to pharrmaceuti cal

conposi t i CESBSTOTYEEDBENZALMEINY, 4]ItheAZINOERANSSINDOLEMERN LRGBS, MENRSE FOR are

of val uabl e tPREPARING BAME & DORMARMACEUThEAL CaNMPOSITIONS CONTARSKNG \GAME | N t he.
literature, J. Pharm Sciences, 1974, 63(8), pp 1314-1316 describes the
synt hesi s of benzoxazi noqui nol i ne conpounds having antj-tunmour properties.
Pat ent Apphf pEes¢Anveption r@atfs saslwvcbwg&]B&Pd@)éwrm[%g-gllsomdole compounds, to a

7, 12- di ox of a] G C u SCL ] . L k=

o opert i el erg topaa BEARERE RIDR M AN RS yRRiont WEhirRlL AR |
be found b&hpoundstdfehe psdsemtCinvéstionaare of rvaldabler thempewts aset dwing o utheingetit s.
Their bioavailability is also clearly superior conpared with the conpounds
of tRe prPBROUWRENVIBRe present invention relates nore specifically to

conmpounds of formula (1) : /RS /(CH2)- NNRZ W 15 4 (1) wherein :

In the literature, J. Pharm. Sciences, 1974, 63(8), pp 1314-1316 describes the synthesis of
benzoxazinoquinoline compounds having anti-tumour properties. Patent Application
EP 0 841 337 claims substituted 7,12-dioxabenzo[a]anthracene compounds and describes

their anti-cancer properties.
10 The novelty of the compounds of the present invention is to be found both in their structure
and in their use as anti-tumour agents. Their bioavailability is also clearly superior

compared with the compounds of the prior art.

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

R
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0 /(CHZ)H—N\
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)
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R, %
15
wherein :
® W, represents, with the carbon atoms to which it is attached, a phenyl group or a
pyridyl group,
® 7 represents a group selected from hydrogen, halogen, and the groups linear or
20 branched (C;-Cs)alkyl, aryl, aryl-(C;-Cg)alkyl in which the alkyl moiety may be linear

or branched, aryloxy, aryl-(C,-Cg)alkoxy in which the alkoxy moiety may be linear or
branched, hydroxy and linear or branched (C;-Cg)alkoxy,



WL represents, with the carbon atons to which it is attached, a phenyl
group or a pyridyl group, Z represents a group selected from hydrogen,
hal ogen, and the groups linear or 20 branched (C -C6)al kyl, aryl,

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

aryl oxy, aryl-(G -C6)al koxy in which thg_alkoxy noi ety may be |inear or
branched, hydroxy and |inear or branched (C -C6)al koxy, -2 R represents a
group sel ected from hydrogen and the groups |inear or branched

(C, - 06) al Ryl Ri gepresentsy ¢ grown selgstad idyam hydipgen nandnibe 5RYPs Hosaktr hychsd
linear or b a - y | r qQr e ; ene
chai n substi {(ﬁ[%gﬁgyl %g%lé%ﬁ)@?ga?ﬁ éﬁltni }:@ th%d?lP ?greﬁtggé%gg )slg‘%a!g%gred
f r om hal ogenbranchetlhmdgCOOPR s .coran tinearor-boREhed MREC)alkylede RBain-sGbDit&ed dyd

-C(O-NHR6, wherein: . .b R5 represents a grou elected fr hydr ogen and
Lo oune. | S mee igthuaHar e gy Sro Gndnlretn rhE e P B SAefod
(C, - @) al koxyy [Nch#[(Yd)imng@ilighxlﬁi’lC(d) j ch the al kyl noiety may be

| i near or branc’ed and aryl oxy, b R6 and R/, which may be identical or
di fferent, ewbéremepresents a group selected from hydrogen and the groups

Ryl ot ety megsaer i BeSsaieRi o pvilinte s gadfaritieat By B, ne
nitrogen atom cqCr-Yiyatkyl,efroxd, Maescothratiched U OgRIkoke, Yiarg-E,aTe)dkyli ng

menbers and optionally containing in the ri ng 15 system a second hetero
atom sel ect ed f idmhishbeakymoishyt naybelincarer prapshed #he a0¥K dr ogen at om or a

Pydren and thaeerBis (RAmANE: iRca® fIRAERS TPl sifpaeicral rom
aryl - (C, - C6) al kyftom hydiogen abd ehealgkopips fiieat yr beapclrd (GiHegQalkpk; aryl and aryl-
(Cy-Ce)alkyl in which the alkyl moiety may be linear or branched, or
R + Ry together form, with the nitrogen atom carrying them, a monocyclic
heterocycle having 5 or 6 ring members and optionally containing in the ring

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

® R; represents a hydrogen atom or a group of formula -CH,CH,0-Rg wherein :
Rg represents a group selected from hydrogen and the groups linear or branched
(C1-Ce)alkyl, aryl, aryl-(C;-C¢)alkyl in which the alkyl moiety may be linear or
branched, -S(O)-R¢ (wherein Rg is as defined hereinbefore and t represents an integer
20 of from 0 to 2 inclusive) and T;-R¢ (wherein T, represents a linear or branched
(Ci-Ce)alkylene chain and Ry represents a group selected from halogen, cyano, -ORs,
-NRsR;, -C(O)H, -C(O)OR¢ and -C(O)NRgR; wherein R¢ and R; are as defined

hereinbefore),

®* R; and Ry, which may be identical or different, each represents, independently of the

25 other, a group selected from hydrogen and the groups linear or branched (C,-Cg)alkyl,
aryl and aryl-(C;-Ce)alkyl in which the alkyl moiety may be linear or branched, or

R; and R4 together form, with the nitrogen atom carrying them, a monocyclic

heterocycle having 5 or 6 ring members and optionally containing in the ring system a

second hetero atom selected from oxygen and nitrogen,



branched, -S(O,-R6 (wherein R6 is as defined hereinbefore and t represents
an integer 20 of fromO to 2 inclusive) and T,-R9 (wherein T, represents a
| i near or branched (C, -C6)alkylene chain and RO represents a group

sel ected from hal ogen, cyano, -OR6, -NR6R7, -C(OH, -C(OOR6 and

-C(O NR6R7 wherein R6 and R-, are as defjned hereinbefore), R3 and R4,
which may be identical or different, each represents, independently of the
25 other, a group selected fromh drggel? and the groups linear or branched
(G, - C6) al Ry| DTeprEsents i lﬁ‘ieﬁ?r-o(f%fo-%é)t% BAUSYE whi ch the al kyl noiety may be

| i near or branched, or R3 and R4 together form wth the nitrogen atom
carrying them a nonocyclic heterocycle having 5 or 6 ring nenbers and

opt i onal | yo dheit anantignérs, diasterepisgmeiss theoxiale, sud dodaddéionr saltst thereoé| with ed
from oxygep_and nitrogen, . 3 n, represents an integer of froml to 6

i ncl usi vePH?IB]atcﬁ‘ré}fciaﬁ%%‘é‘ﬁmaBEFear%q Orﬁﬁiﬁ%t er eoi soners, N-oxide, and to addition
salts thereof with a pharnmaceutically acceptable acid or base, wherein

"aryl" is to be understood as neaning a phenyl, naght h?;l, di hydr onapht hyl ,
5 tetrahydsrapheny! s itodenyndesitood @ameangisd appheaxk maphthyh odibydresanishydei ng

opti anal | [ r-_pore | t.cal fﬁ -
sel egs'?ed ¥ertw§{é’?’%@.§%@’ Fli){dr?ggf Ogrm@%ry grégﬂgg é(a %3-0689’3% (,ﬁfp ?in%eélgé Q%ﬁg%arlgnc hed
(G - CB) t r plitastiaatdk Bl ,onbyod maoty idénticalasr diffetenapgriuesl seleled Goahkiogsn, lmear @i no
optionally supstitu %by_one or t 65}Ji ear or brapched (CI-CGé | kyl
groups. 10T écilrés ﬁ)&ly HBTAE F ibEaé‘pﬁ _ ggg‘:@é?‘i‘ﬂloé{ké(gﬁ’dgmf‘ﬁe?‘éeaﬁﬁ g’iﬁ‘égl_‘ed
ment i oned (cWehARWky, AR Vinlido Stibnhil ubtit@Rd BY PneC @b ClinddY Wrobraaied.
sul phuric, phosphoric, acetic, trifluoroacetic, lactic, pyruvic, malonic,
succi ni ¢, (gi-Geakkytgrobpsraric, tartaric, maleic, citric, ascorbic,
met hanesul phoni ¢ and canphoric acid etc...

10 Among the pharmaceutically acceptable acids there may be mentioned, without implying

any limitation, hydrochloric, hydrobromic, sulphuric, phosphonic, acetic, trifluoroacetic,

lactic, pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleic, citric, ascorbic,

methanesulphonic and camphoric acid etc...

Among the pharmaceutically acceptable bases there may be mentioned, without implying

15 any limitation, sodium hydroxide, potassium hydroxide, triethylamine, etc...

Preferred compounds of the invention are the compounds of formula (I) corresponding

more especially to formula (1A) :

v R3
0 _(CH,) —N
N AN
R4
Z 0 0
Y
R
] O/Rz

wherein R, Ry, R3, R4, Wi, Z and n are as defined for formula (I).

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



Anmong the pharmaceutically acceptabl e bases there nmay be nentioned, w thout
inplying 15 any limtation, sodium hydroxide, potassium hydroxide,
triethylamne, etc... Preferred conpounds of the invention are the
conpounds of formula (1) corresponding nore especially to formula (1A

Rl /(CH2 N\ 3 wherein RI, R, R3, R4, W,, Z and n are as defined for
formula (1). 20 According to a second aévantageous enbodi nent, preferred
conpounds of the invention -4 are conpounds of formul a ﬁl) gfrresponding
mor e espediegompounds of fagmpula (1) gprrespopgding morgespseiplly tonerBpla (BY: R, R3, R4, Z
and n are as defined hereinbefore. According to arthird advantageous

enbodi nent, preferred conpounds Q; the i n¢g LL@ﬂ/a?e 5 conpounds of
formula (1) correspondi ng nore eSs:ci.I¥3ét rforqula (1C) : ZR wherein R1,

interest, the group Z prefeerd i njaccao}
hydr ogen atom 10 | n aroltker emyediRep
in accordance with g
-C(O-R5 wherein R5 rlg ent s
Advant ageously, the group R2N
the hydrogen atom and the grbup -
especially a hydrogen 15 atdm

apce with the inventionis the
interest, the group R, preferred

he hydrogen at om agmB)t he group

egpecially a hydrogen atom

Nn accordance with the invention is

O R3 wherein R8 represents nore

wherein Ry, Ry, R3, R4, Z and n are as defined hereinbefore.

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

5 compounds of formula (I) corresponding more especially to formula (IC) :
R
3
O /(CHz)n—N\
N R
4
O
Z O
V4 | (IC)
NS
)
R, O/Rz

wherein Ri, Rz, Ra, R4, Z and n are as defined hereinbefore.

In one embodiment of interest, the group Z preferred in accordance with the invention is

the hydrogen atom.

10 In another embodiment of interest, the group R, preferred in accordance with the invention
is the hydrogen atom and the group —C(O)-Rs wherein Rs represents more especially a

hydrogen atom.

Advantageously, the group R; preferred in accordance with the invention is the hydrogen
atom and the group —CH,CH;0O-Rg wherein Ry represents more especially a hydrogen

15 atom.



-5 Very advant ageously, preferred conpounds of the invention are those
wherein n represents the integer 2. Especially advantageously, the groups
R3 and R4 preferred in accordance with the invention, which may be
identical or different, each represents independently of the other a 5

| i near or branched (Cl-C6)al kyl group. _go_rrpounds preferred in accordance
with the invention are :

2-[ 2- (di et hyl am no) et hyl ] - 5- hydr oxybenzol[ a] pyrrol o[ 3, 4- c] phenoxazi ne-1, 3-d
i one,

2-[ 2- (di etay) AUAGLESIY), brTelPUAERNYRGRZ O Ak WAL P b3 okl AREAR Y L Bgxls 3- di

one,
2- [ 2- (di metichiyptegen 110) et hyl ] - 5- (2- hydr oxyet hoxy) - 2, 3- di hydr obenzo[ a] pyrrol o[ 3
,4-c]- 10 phenoxazi ne- 8- car bal dehyde- 1, 3- di one,

2-[ 2- (di met hyl am no) et hyl ] - 5- (2- hydr oxyet hoxy) benzo[ a] pyrr ol o[ 3, 4- c] phenoxa

zine- 1, 3SpdbQNfly advantageously, the groups R; and R4 preferred in accordance with the
2-[ 2- (di et hyl ani no) et Ayl | -5- ( 2- Rydr oxyet hyl net hanesul phonat e) benzo[ a] pyrro
| 0- [ 3, 4- jvshtorowdu¢mmay beidtingea or dfferent, each represents independently of the other a

2-[2-(di n@%%lé)@g%qrﬁg%ﬁ g}dé)‘ﬁkgz hl}/dr oxyet hoxy) benzo[ e] pyrido[2',3" :5,6][1,4

]- 0Xazi n HP'Ohe. The enantioners, diastereoi somers,
N- oxi des, and addition salts with a pharmaceutically acceptable acid or
base, of the preferred conpounds forman integral part of the invention.
The i nvenCGoswporndsangisrrgd ¥paqegrdanes With ghe p¥gntioR@ryr epar at i on of conmpounds of

ot eri al & coTRtunR ey B KRR S iR S Bl ol odRaf PR 1O
defined fer 2424icthylanjino)ethellavhydrokybeati[e)pyoblofh# ehipleoopmumed ,dididnes nul a
i 11 ed | A 1 e dimahy R ap L S B Rl Rt PPy L3568
10 phenoxazine-8-carbaldehyde-1,3-dione,
®  2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[a]pyrrolo[3,4-c]phenoxazine-
1,3-dione,
® 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethylmethanesulphonate)benzo[a]pyrrolo-
[3,4-c]phenoxazine-1,3-dione,
15 ® 2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyrido[2',3":5,6][1,4]-

oxazino[3,2-gJisoindole-1,3-dione.

The enantiomers, diastereoisomers, N-oxides, and addition salts with a pharmaceutically

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

The invention extends also to a process for the preparation of compounds of formula (1),

20 which is characterised in that there is used as starting material a compound of formula (II) :
Z o)
‘D
N o
H
wherein W, and Z are as defined for formula (I),

the amine function of which compound of formula (II) is protected by a protecting group

Pg well known to the person skilled in the art to yield a compound of formula (I1I) :



-6 ZOW' 1 ~ (111) N O PG wherein PG represents a tert-butoxycarbonyl or
phenoxycar bonyl group and WL and Z are as defined herei nbefore, which
conmpound of forrmula (I1l) is treated with Iithiumdiisopropylam de followed
by 5 di phenyl chlorophosphate to yield a conpound of formula (1V) : O

W-N KO'u(OPh)z (1V) PG wherein PG W and Z are as defined hereinbefore,
whi ch conmpound of fornula (IV) is treated, in the presence of

bi s(tri phenyl - phosphi ne)pal | adi um chl oride, with a conpound of fornula (V)
10 0B O toyield a co ormula (VI) Zx--1/OW 'I PG (V)

Wi (1)

wherein Pg represents a tert-butoxycarbonyl or phenoxycarbonyl group and W, and Z are
as defined hereinbefore,
which compound of formula (III) is treated with lithium diisopropylamide followed by

5 diphenyl chlorophosphate to yield a compound of formula (IV) :

z o)
0
S0 B
ITI O/ 2

Pg

wherein Pg, W; and Z are as defined hereinbefore,
which compound of formula (IV) is ftreated, in the presence of bis(triphenyl-

phosphine)palladium chloride, with a compound of formula (V) :

a\
O\)

to yield a compound of formula (VI) :

Z 0 _
WD: | (V)
N
|
P, 5
o\v/J

wherein P, W, and Z are as defined hereinbefore,

10

which compound of formula (VI) is :
15 ® cither treated under an inert atmosphere with dimethyl acetylenedicarboxylate to

yield a compound of formula (VII) :



wherein PG WB and Z are as defined hereinbefore, which conpound of
formula (VI) is 15 either treated under an inert atnosphere w th dinethyl
acet yl enedi carboxylate to yield a conpound of forrmula (VII) : -7 COOwe
(M1) wherein PC, W and Z are as defined hereinbefore, which conpound of
formula (MIl1) is: either treated with br onosucci ni m de and benzoyl
peroxide to yield a conpound 5 of formula (M 1) : COOVe (VIIIl) wherein
PG W and Z are as defined hereinbefgre, which conpound of formula (VIII)
is subjected to the action of hydroc acid to yield a conpound of
formula (1 X) : COOVe 10 wherein W and Z

defined herei nbefore, which
conpound of formula (1X) ? qﬁ§0§§%ion of di-tert-butyl
di carbonate in the pres®hce |of 4- ylaninopyridkﬁﬁ)to yi el d a conpound
of formula (X) : -8-
1
PG

wherein Pg, W and Z are as defined hereinbefore,

which compound of formula (VII) is :

4 cither treated with N-bromosuccinimide and benzoyl peroxide to yield a compound

5 of formula (VIII) :
COOMe
Z o) COOMe
W& (V)
N
3
o}

N
wherein Pg, W, and Z are as defined hereinbefore,

which compound of formula (VIII) is subjected to the action of hydrochloric acid to yield a

compound of formula (IX) :

COOMe
Z 0 COOMe
W@i )
N
H O
10 wherein W, and Z are as defined hereinbefore,

which compound of formula (IX) is subjected to the action of di-tert-butyl dicarbonate in

the presence of 4-dimethylaminopyridine to yield a compound of formula (X) :



wherein ....... represents a single or double bond, Boc represents a
tert-butoxycarbonyl group and W and Z are as defi ned herei nbefore, which
conmpound of forrmula (X) is subjected to the action of

2, 3-di chl oro-5, 6-di cyano-1, 4- 5 benzoqui none to yield a conpound of fornula
(XI) : CoOve z 0 COOMe WI 1 11 1 XI (g OBoc wherein Boc, W and Z are as
defi ned herei nbefore, which conpound of fornmula (XI) is subjected to the
action of sodium nethanolate and is Eﬁﬁ& hydrol ysed to yield a conpound of
formula (XIl1) : COOVe Zx~/OCOOVE W ] f (X11) 10 wherein Boc, W and Z

are as defined hereinbefare 0 COOMe
: X)
|
Boc OBoc
wherein represents a single or double bond, Boc represents a tert-butoxycarbonyl

group and W, and Z are as defined hereinbefore,

which compound of formula (X) is subjected to the action of 2,3-dichloro-5,6-dicyano-1,4-

5 benzoquinone to yield a compound of formula (XI) :
COOMe
Z 0 COOMe
W@: (XD
)
Boc OBoc

wherein Boc, W, and Z are as defined hereinbefore,
which compound of formula (XI) is subjected to the action of sodium methanolate and is

then hydrolysed to yield a compound of formula (XII) :

COOMe
Z 0 COOMe
W@i (xm)
N
lgoc OH
10
wherein Boc, W) and Z are as defined hereinbefore,
which compound of formula (XII) is subjected to the action of a compound of
formula (XIII) :
R,
H,N—(CH,), —N< (XI)
R4
15 wherein R3, R4 and n are as defined for formula (1), to yield a compound of formula (I/a), a

particular case of the compounds of formula (I) :



whi ch conmpound of formula (XIl) is subjected to the action of a conpound of
formula (XIIl1) : RB H2N-(CHZ)"-N R4 (XI11) 15 wherein R3, R4 and n are as
defined for forrmula (1), to yield a conpound of fornmula (1/a), a

particul ar case of the conpounds of formula (1) : -9 (Val wherein Boc, R3,
R4, W, Z and n are as defined hereinbefore, which conpound of fornula (Pa)
is optionally subjected to the sanme reaction conditions as the conpound of
formula (M11) to yield a conpound of fornmula (I/b), a particular case of
5 the conpounds of forrmula (I) : (1) wherein R3RR4, W, Z and n are as
defined hereinbefore, or subjefed toAGH,)saMk reaction conditions as the
conpound of fornula (X) to yield\a—adnpound of “hormula (XIV) : COOM Z O
COOve WI (XIV) 10 wherein PO, W /and are as defined herei nbefore, which
conpound of formula @ i Dsubject ed OO0t he sane reaction conditions as
the conmpound of forng)a Xlil) | d a conpound of f?ﬂgula (I/c), a
particul ar case of thet

wherein Boc, R3, R4, W, Z and n are as defined hereinbefore,
which compound of formula (I/a) is optionally subjected to the same reaction conditions as
the compound of formula (VIII) to yield a compound of formula (I/b), a particular case of

5 the compounds of formula (I) :

R
3
_ACcH),—N{
AN
R4

0
N
Z 0 o}
N
H
OH

wherein R3, Ry, W), Z and n are as defined hereinbefore,

4 or subjected to the same reaction conditions as the compound of formula (X) to
yield a compound of formula (XIV) :
COOMe

Z 0 COOMe
N
|

OH
p O/\/

G
10

wherein Pg, W, and Z are as defined hereinbefore,
which compound of formula (XIV) is subjected to the same reaction conditions as the
compound of formula (XII) to yield a compound of formula (I/c), a particular case of the

compounds of formula (I) :



conpounds of formula (1) : -10 R / ~(CH2) n -N 5 10 wherein Po, R3, R4,
WL, Z and n are as defined hereinbefore, which conpound of formula (Pc) is
either optionally subjected to the action of formc acid to yield
conpounds of formulae (1/d) and (I/e), particular cases of the conpounds
of formula (1) : R (ud) wherein R3, R4, {{,\' Z and n are as defined
her ei nbefore, (Ve) /R3 " or optionally'% bjected to the action of a
conmpound of forrmula (XV) : Rs. -G (XV) wherein Grepresents a | eaving
group and R8a, which is other than a hydrogen atom has the sane
definition as R8 in fornula (1), to yield a conpgund of fornula (1/f), a
particul ar case of the corrpounds of formula (1)7 311 R3 / (CH2) n -N
(CHZ) —N

o~ OH

wherein Pg, R3, R4, W), Z and n are as defined hereinbefore,
which compound of formula (I/c) is :

m cither optionally subjected to the action of formic acid to yield compounds of

5 formulae (I/d) and (I/e), particular cases of the compounds of formula (I) :
R
R (CHZ)—N
(CHZ)—N :%
/d) Te)

wherein Ri, R4, Wi, Z and n are as defined hereinbefore,

® oroptionally subjected to the action of a compound of formula (XV) :

wherein G represents a leaving group and Rg,, which is other than a hydrogen
atom, has the same definition as Rg in formula (I), to yield a compound of

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



wherein Po, R3, R4, R8a, W, Z and n are as defined hereinbefore, the am ne
function of which conpounds of formula (1/0 is optionally deprotected
according to conventional methods of organic synthesis to yield a conmpound
of 5 formula (/g), a particular case of the conpounds of forrmula (I) : R3
/ (CH2) n -N a wherein R3, R4, R8a, W, Z and n are as defi ned

her ei nbef ore, the conpounds of fornula.1k1/b) (I/d) and (1/g) constituting
the formula (1/h) : /R3 (CH2) n -N\ N R4 10 R2 conpounds of wherein R2,
R3, R4, W, Z and n are as defined hereinbeforeXRs 12 which conpounds of
forml a (1/h) are optionally subjected 9 tngﬁﬁétlon of a compound of
formula (XVI) : Rla G (XVI) whefgin Ryg, i NS other than a hydrogen
atom has the sane definition as W= 5 formuRg (1) and Gis as defined
her ei nbefore, to yielLd a conpound/of fNornmula (1/i), a particular case of

t he conpounds of for )N )

1)

wherein Pg, R, R4, Rga, W1, Z and n are as defined hereinbefore,
the amine function of which compounds of formula (I/f) is optionally deprotected
according to conventional methods of organic synthesis to yield a compound of
5 formula (I/g), a particular case of the compounds of formula () :
R3
(CH ), ——N

)i]i (I'g)
/”\\//OR

wherein Rj, R4, Rga, W1, Z and n are as defined hereinbefore,
the compounds of formulae (I’/b), (I/d) and (I/g) constituting the compounds of
formula (I/h) :
R3
(CH) —N

-

wherein Ry, R3, R4, Wy, Z and n are as defined hereinbefore,

10



R (CH2)n -Nwherein Rra, R2, R3, R4, W, Z and n are as defi ned

herei nbefore, or treated wwth N-nethylnaleimde to yield a conpound of
formula (XVI1) (XVII) PG 10 wherein PG W1 and Z are as defined

her ei nbef ore, which conpound of fornula (XVII) is subjected to the sane
reaction conditions as the conpound of fornmula (VIl) to yield a conpound
of formula (XVII1) : -13 Zr W(XVIII) whéerein Po, W and Z are as defined
her ei nbef ore, which conpound of fornula (XVII1l) is subjected to the sane
reaction odreh eoropayngs of fsmulmilbl ate etionadlbnenbiected tp)the ectipn@f @ campewrghefind
of for rrul &Hﬁ )dESCI’I bed hereinbefore, 5 the conpounds of fornulae (Ua)
to (I/i) cons {utlng the totality of the conmpounds of formula (1), which
conpounds are, if appropriate, pR[ifG&d accoX¥Vpg to conventional
purification techniques, may, if d‘e5| red, be separated into their different
I somer s acdwrdh Ry, wWhich soahanthaﬁnzalhyamgat atdngnhdse thensamue defivdtion @s Rf in
desired, converted into their  N-oxides and, where appropriate, into their
addi t on damua () tard G gs Asndefingd i hesginbeforec i picl @ epmrpugd offorulecl/iie

i nventi 0”p'éﬂlcﬁfa?%as%lo??net&n%ﬁﬁﬂ@ymnﬂﬁlaf(ﬂr mula (X), (XI') and (XIV), which

are
R

/ 3
o ,CH),—N

(14)

wherein Rya, Ro, R3, R4, Wi, Z and n are as defined hereinbefore,
® ortreated with N-methylmaleimide to yield a compound of formula (XVII) :

o0 ./
N
Z 0 0
N
P, o
o)

wherein Pg, W, and Z are as defined hereinbefore,

10

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

compound of formula (VII) to yield a compound of formula (XVIII) :



synthesis internediates for use in the preparation of the conpounds of
formula (1). The conmpounds of formulae (1), (V), (XII1), (XV) and (XVl)
are either cormercially avail able conpounds, or are conpounds obt ai ned
according to conventional nethods of 15 organic synthesis readily
accessible to the person skilled in the,art. The conpounds of formula (1)
have val uabl e pharmacol ogi cal properties. They have an excellent in vitro
cytotoxicity not only on | eukaem a cell lines but also on solid tunour

| ines, and al so have an action @p thQ/ceII cycle and are active in vivo, on
a | eukaem a nodel. Those properf\.esNenable themto be used therapeutically
as anti-tunour agents. -14 Anpong ypes of cancer that the conpounds of
the present inventi - =0 the follow ng may be nentioned

wi t hout inplying any gnocar ci nomas and pomas, sarconas,
gl i omas and Ieukaenlﬁé invention rel ates é&é&ﬂ

phar maceuti cal conpost £ Rg the products of fornula (1), an
enanti omer or di astereoiso G an N-oxi de thereof or one of the
phar maceutical ly accept abl theggpf with a base or an acid,
on its own or in conbinatidh wt Inert, non-toxic excipients
or carriers. 5 Anong the pharnmaceutical conpositions according to the

i nvent i onwhBRAEPEEY,; Bed Zneahd astaRd Hefdntesqrecwitich Yompoar offbahula(XVIN) isabl e
for oral, parenteral, nasal, .rectal, perlingual, ocular or resplratory

admi ni str awememed mnaxee%aagcfeawcgn goqtitians %rtharcag@egn of feymuy (A1D topicdd @
sachet s, SHSERy of F: lé (g%Fagk edﬂ&Q@Pg%k?S | ozenges, suppositories,
erm

creans, 0|nt nts, I njectabl e or drinkable preparations,
aerosol s, eye drops or 10 nose drops In view of the pharmnacol ogi cal

roperti eg charact t unds.. of fornu 1),, the
Phar rceuTiecmEuREb S 1Ponas S ol <o ies P ohthat e HBepugs of
i ngredi enforafua (Hhuhid@s BeGpAIrldy di@,efﬂliipﬂrébriak@ furEREMRRbrddlg ERARGEVEtional

purification techniques, may, if desired, be separated into their different isomers according

to a conventional separation technique and are, if desired, converted into their N-oxides
and, where appropriate, into their addition salts with a pharmaceutically acceptable acid or

10 base.

The invention relates also to compounds of formula (X), (XI) and (XIV), which are

synthesis intermediates for use in the preparation of the compounds of formula (I).

The compounds of formulae (II), (V), (XIII), (XV) and (XVI) are either commercially
available compounds, or are compounds obtained according to conventional methods of

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

The compounds of formula (I) have valuable pharmacological properties. They have an
excellent in vitro cytotoxicity not only on leukaemia cell lines but also on solid tumour
lines, and also have an action on the cell cycle and are active in vivo, on a leukaemia

model. Those properties enable them to be used therapeutically as anti-tumour agents.



The useful dosage varies in accordance with the age and wei ght of the
patient, the admnistration route, the nature of the therapeutic

i ndi cation and of any associated treatnents and ranges fromO0.1 to 400 ng
per day in one or nore adm nistrations. The follow ng Exanples illustrate
the invention but do not Iimt it in any ,vay. The starting 15 materials
enpl oyed are known products or products 6Fepared according to known
procedures. The structures of the conpounds described in the Exanples were

det er ni ned\merpoihgitipest@f capeerttbafethy cepaeunds s dhopesent anveatiom arsuabde {9 Hedtar ed,

nucl ear net,j ¢ .r esonanc -ﬁgﬁﬁr- o) - Eﬁ?ﬁﬁﬁg A
. tert- Bl:ﬁti1 % ?(ﬂi-oﬁfl%p a&no&%ﬁﬁ@ﬁﬁo‘?@%ﬁgy i’i ,%ﬁgiétﬁé%&a%d%ﬁ%c-ag-l car oéda\lat e
to A : tercarcBionys, shrébntlishylibmaashnd leukd4eraaezoxazi n- 3- one- 4- car boxyl at e Under

an inert atnosphere, 73 mmol of 2H 1, 4-benzoxazi n-3-one are dissolved in

100 M 5 of acetonitrile in the presence of 3.65 mmol of

4- di met hy gy oRN indbfonaPied Qs h¥nadbutlc8l Lorttitisitons LGRAPRGREHR: prddifits
A el

m xture is stirred for 4 hours. r concentration, the residue is taken

up i n et hylf feroedafly.an Enentomgaor diapteesesonsT thesdoé dr an Nioxadesthengo fiorezhead diieum
chloride solution, dried r nesium sul phate, filtered, and .
concent r adDa TPy aGesRAH PERTGT AHEPSER I Shaee s 1k ap gy o in

chr omat 0graRBhalifn Hithi i@ of floré BRI Rdreteflc ek@ipidnesr/ @frteyd. acetate : 8/2), the
expected product is isolated. Melting Point : 72C. IR KBr : vc_o = 1713,

1779 cni'] ; vCOC = 1148 cm 1. Mass spectrum: m'z 250 (M + 1). Step B :

Under” an’ ATt ShE 1ERARARHASE"Apflofioes et WETRE AGLA R UERE RV o1

10 mol mentioned more especially those which are suitable for oral, parenteral, nasal, rectal,
perlingual, ocular or respiratory administration, and especially tablets or dragées,
sublingual tablets, sachets, paquets, gelatin capsules, glossettes, lozenges, suppositories,
creams, ointments, dermal gels, injectable or drinkable preparations, aerosols, eye drops or

10 nose drops.

In view of the pharmacological properties characteristic of the compounds of formula (I),
the pharmaceutical compositions comprising the said compounds as active ingredient are

thus especially useful in the treatment of cancers.

The useful dosage varies in accordance with the age and weight of the patient, the
administration route, the nature of the therapeutic indication and of any associated

treatments and ranges from 0.1 to 400 mg per day in one or more administrations.

The following Examples illustrate the invention but do not limit it in any way. The starting
15 materials employed are known products or products prepared according to known

procedures.

The structures of the compounds described in the Examples were determined according to
customary spectrophotometric techniques (infrared, nuclear magnetic resonance, mass

20 spectrometry...).



of the product obtained in the above Step Ain 50 m of anhydrous THE After
having cooled the solution to -78C, 12 mmol of 2M LDA (in a heptane /THF
solution) are added dropwi se. After stirring for 2 hours, 12 nmol of

di phenyl chl orophosphate are added dropw se to the reaction m xture, which
is maintained at -78C for a further 2 hqgrs. After 20 returning to anbient
tenperature, the solution is hydrol ysed and then extracted with ethyl
acetate. The organic phase is dried over magnesi um sul phate, filtered and
concent r atRREPARATION 4 i ferc Butyd 3-[(diphproxypbpshheryhoxyimtbhddhpnapxazingd-
silica gel (petroleun1ether/ﬁgq%é acetate : 9/1), the expected product is
i solated. Melting point . ROV R (KBr) : vc o = 1732 cmi ; vp 1313 cm
-1. Mass spectrum: mz 482 (M+ 1). -16 PREPARATION B : Phenyl

3-[ (di phenoxyphosphoryl)oxy] -2, 3-di hydr o-4H pyri do-
[ 3, 2-b] [ 1,384 474" @utﬁé’érfﬁéz«{rpaf%1,étl{eﬁzw.z’"-ﬁone-‘f-carboxylafe
Phenyl 2, 3-di hydr o- 4H pyri do[ 3, 2- b] [ 1, 4] oxazi n- 3- one- 4- car boxyl at e Under an

anhydr ous atnosphere, a solution of 10 mmol of
2H pyr i do[Under bh [iderdjtencaphene, 33 omohef 2 H-154-bahzoahzih-Stonelaye dssalvathin H0cmbl ed

to -78C. At. that. tenperature, 1 | o .6M sol ution . of n-hQutyllithium
O ehane Shactanigag T dhepreagice Af BBb Tamohph 4rkBehygmgayAdiie 2ng 3 tippl HiT
of phenyl GhiRbefPrdiBikorale BHIARAxHFORNsERRRSE 8thduld. NAftES coMehirRidAedhd or

a further 2 hours. After returning to anbient tenperature, the solution is
hydr ol ysedesidup istthlean upcinr byleagetater Ahe opganicaphasatsewashiné vathgm pateraied sodius
dried over esium sul t t | n d I

purifi cat ic(})lrrfr)El y Eq':%l}l{gz)n%t 85?@6%? orﬁaé}eklﬁlggesgg’ﬁat bgﬁ%g‘%’e%}ﬁg cé(fr@g?t aet?dhyf‘ﬁer
acet ate : eSaporatidrhef ehepsulvent apd galviicatich by ehetbgrighyt omeilipaigel (pet@kum | R

KBr : vc_o = 1717 cm-1_; 1803 cm 4. ..
10— ether/ethyl acetate : 8/2), the expected product is isolated.

Melting point : 72°C.
IR (KBI) : veeo = 1713, 1779 cm™ ; veoe = 1148 cm’™.
Mass spectrum : m/z 250 (M + 1).

Step B : tert-Butyl 3-[(diphenoxyphosphoryl)oxy]-4H-1,4-benzoxazine-4-carboxylate

15 Under an anhydrous atmosphere, 12 mmol of TMEDA are added to a solution of 10 mmol
of the product obtained in the above Step A in 50 ml of anhydrous THF. After having
cooled the solution to —78°C, 12 mmol of 2M LDA (in a heptane /THF solution) are added
dropwise. After stirring for 2 hours, 12 mmol of diphenyl chlorophosphate are added
dropwise to the reaction mixture, which is maintained at —78°C for a further 2 hours. After

20 returning to ambient temperature, the solution is hydrolysed and then extracted with ethyl
acetate. The organic phase is dried over magnesium sulphate, filtered and concentrated.
After purification of the residue by chromatography on silica gel (petroleum ether/ethyl
acetate : 9/1), the expected product is isolated.

Melting point : 64°C.

25 IR(KBr):vc—o=1732cm™ ; vpo 1313 cm™.

Mass spectrum : m/z 482 (M + 1).




Mass spectrum: mz 271 (M+ 1). 15 Std:

Phenyl 3-[ (di phenoxyphosphoryl ) oxy] -4H pyrido[ 3, 2-b] [ 1, 4] oxazi ne- 4-

carboxyl ate The expected product is obtained in accordance with the
procedure described in Step B of Preparation A starting fromthe conpound
of the above Step. Melting point : 82C .20 IRKBr : vc_o = 1749 cml ; vp_o
1294 cm 1. Mass spectrum: mz 503 (M’l 1). PREPARATION C :

8- (Pi nacol boronyl ) -1, 4- di oxaspi roJ 4.5]dec-7-ene Step A ]

8- (Tri | uoRBRERPARATHON BonPheryl 3t| (diphearxyphospharybpyyc2, 3-dilmd rordEpysido-

anhydr ous at nosphere, a 2 HTy : f LDAin a mxture of 25
THF/ heptane is diluted w %ﬁ%]m’kﬁgaﬁlﬁﬁgfﬁéﬂ@%grature is lowered to -78C
and then -17 6.4 mml of 1, 4-di oxaspiro[4.5]decan-8-one dissolved in 8 m
of THE are slowy added. The reaction mxture is stirred for 2 hours at
that tenpeaddie” Shamd 263-dhpdroctH-PREGHERY I | Pgaroh@teatnsederyRéni ni de
dissolved in 8 m of THE are added. After stirring for 15 mnutes at -78C
and then returning to anbient tenperature for a night, the mxture 5 is
concent r afladler & tsrydpousiatmospherna solutiewdf &0 nmhal rif 2&/-pyeido{ h2bi[dlHoxazin-3-

ether /ety 208haLe of 9oL Rrobiitn RO DAl bt bagbalsd | Bl

8- (Pi nacol by @Bikibn bf A-bltyIxBARL iPhekahd e GrdeelBpWRIEA RG] MefestédmRRPRET €,
0.7 mmol of the product obtained in the above Step A, 10 1.05 mml of

pi nacol boraB¥, 1d.1ms! ehriienylf chiprefoarmpisiiengddsd seqrisrynskstiraeg ismpaintpinediferr i de,
0 054 ol B3 B AV o PO B4, SIS M0t " S
resi due i shénads@racted with @thyy lacétater The organic phase is dried over magnesium sulphate,
10 filtered and evaporated. After purification by chromatography on silica gel (petroleum
ether/ethyl acetate : 8/2), the expected product is isolated.
Melting point : 97°C.
IR (KBr) : ve-o= 1717 cm™ ; 1803 cm™.
Mass spectrum : m/z 271 (M + 1).

15 Step B:  Phenyl 3-[(diphenoxyphosphoryl)oxy]-4H-pyrido[3,2-b] [ 1,4] oxazine-4-
carboxylate

The expected product is obtained in accordance with the procedure described in Step B of
Preparation A starting from the compound of the above Step.
Melting point : 82°C.
20 IR (KBr) : ve=0=1749 cm’ ; Vp—o 1294 cm™.
Mass spectrum : m/z 503 (M + 1).

PREPARATION C : 8-(Pinacolboronyl)-1,4-dioxaspiro[4.5]dec-7-ene

Step A : ‘8-(T rifluoromethyl)sulphonyloxy-1,4-dioxaspiro[4.5]dec-7-ene

Under an anhydrous atmosphere, a 2M solution of 6.4 mmol of LDA in a mixture of

25 THF/heptane is diluted with 8 ml of THF. The temperature is lowered to —78°C and then



and washed with a saturated sodium chloride solution. The organic phase is
dried over magnesium sul phate, filtered and concentrated. After
purification of the residue by 15 chronmat ography on silica gel (petroleum
ether/ethyl acetate : 9/1), the expected product is isolated. Melting
point : 58C. IR KBr : vc-c = 1635 cnml | yeoc = 1115, 1143 cml, WMass
spectrum: mz 267 (M+ 1). 20 EXAMPLE :
8- (tert-Butoxycarbonyl)-2-[2-(di net hyl am no) et hyl g 5- hydr oxy- 2, 3-
di hydr oberfrépanpglyefr bzﬁ[oy},asm@i ﬁE‘F@?@hgioﬁ%dls,S?Jy&i &h mb@ﬁl THEdj¢ slowly added.
3-(I,4-di Spi 4. -.-en- - 4. Lne-4- ca t
Under an ?fr?i;er ?ééz’gﬁ %’r%srgﬁ(glrﬁg,%a ds?ﬁ)%tzﬁ?_ﬂhrgf at??r%moﬁ)é&é%ﬁtﬁﬁg ap@o%%%@ of
Pr epar at i oX-pAeylittifludbontetRaresphdriplidendissohed phisne) el HB dreiaddet) Afibd virtine i n
tetrahydrofuran.is stirred for 10 minutes at. ambient tenperature. 1.5 mol
of the prduds MiRutes ¥ Sk Bt then refuripe i ypkienigrmperRlite for Frysty, HiarBre s 2m
aqueoys sagdi n 3 : r : 5 e,
o s e e PR Ay b o p e e Sy Thekte
sol uti on i%/®xthezspetedproduatihigblatedet at e. The organi c phase is dried over
magnesi um__s e, filter and conc atgqd. After purification by
chr omat ogr@p@k@ﬂﬁi‘@ i Y‘E‘f‘é=gl<.§§9 et Y61 éﬁaﬁ%f”ﬂerl ethyl acetate : 6/4), the
expected product is isolated. 5 Melting point : 92-93C. IR KBr : vc-0 =
1711 cm-1 ; vcoc = 1113, 1163 cm 1. WMass spectrum: mz 372 (M+ 1). Step
B : DinmethiepB: 8-(Pinacolboronyl)-1,4-dioxaspiro[4.5]dec-7-ene
12-(tert-butoxycarbonyl)-3, 3-(1, 2-et hyl enedi oxy) -1, 2, 3, 4, 4a, 6a-
hexahydr o- | 2H benzo[ aJphenoxazi ne- 5, 6-di car boxyl ate

Under an inert atmosphere, 0.7 mmol of the product obtained in the above Step A,

10 1.05 mmol of pinacolborane, 0.028 mmol of bis(triphenylphosphine)palladium(II) chloride,
0.084 mmol of triphenylarsine and 2.1 mmol of triethylamine are mixed in 3 ml of toluene
and then heated at 80°C for 2 hours. After cooling, the residue is taken up in ethyl acetate
and washed with a saturated sodium chloride solution. The organic phase is dried over
magnesium sulphate, filtered and concentrated. After purification of the residue by

15 chromatography on silica gel (petroleum ether/ethyl acetate : 9/1), the expected product is
isolated.

Melting point : 58°C.
IR (KBr) : vec = 1635 em™ ; veoc= 1115, 1143 cm’™.
Mass spectrum : m/z 267 (M + 1).

20 EXAMPLE 1: 8-(tert-Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-hydroxy-2,3-

dihydrobenzo[a]pyrrolo[3,4-c]phenoxazine-1,3-dione

Step A :  tert-Butyl 3-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)-4H-1,4-benzoxazine-4-
carboxylate

Under an inert atmosphere, a 1M solution of 1 mmol of the product of Preparation A and
25 5 % bis(triphenylphosphine)palladium(II) chloride in tetrahydrofuran is stirred for
10 minutes at ambient temperature. 1.5 mmol of the product of Preparation C, a few drops

of ethanol and 2 mmol of a 2M aqueous sodium carbonate solution are added to the



10 In a closed system 8 mml of the product obtained in the above Step A
and 40 mmol of di nethyl acetyl enedi carboxylate are stirred at 80C for 22
hours. After purification by chromatography on silica gel (petroleum
ether/ethyl acetate : 7/3), the expected product is isolated. Melting
point : 234-235C. 15 IR KBr : vc-o0 = 17 cml ; vcoc = 1152 cm 1. Mass
spectrum: mz 514 (M+ 1). to Dinmethyl °~

12- (tert-butoxycarbonyl)-3,3-(1, 2-et hyl enedi oxy) -1, 2, 3, 4-t et rahydr o-

12H- benzolredcpore mux s, reiich 6 tier aefhened] for enehger: Adiericeeling andbydmbets, the. 92
m ne] of . j : i abgye : A BRksi
recrystal }s?@g ﬁg%%gﬁgiilpﬁg%yge&%ﬁt%?% }141 o%grﬁ&&a?{ﬁ%é@gg?ﬁ%ﬁ Esifin

t et r achl osulghatay fltéredtand @incerafatad Afoer hfification &y, chuematggmpby) oW/ dibegpgeli n

the presence of a catalytic amunt of benzoyl peroxide. After cooling, the
sol ution iRet q”f’é?‘gjﬁf/ eé% acHaly :gz%c&‘ﬁtefﬁﬁcéeg].zprgﬁcgésrlsgﬁﬁeﬁfi cation by

chr on@at ognAAANe BéInSi di.¢pcgel (petrol eum ether/ethyl acetate : 6/4), the
expected product 1s isolated. 25 Melting point : < 50C. IRKBr : vc o =
1701, 171{3(@3{3\@%%171%1118 ;wcé&sz,lllﬂgm(cm'l.l\/ass spectrum: mz 512 (M +
1). -19 to D Dinet hynll/B%?(z i 4,12-tetrahydro- 2H benzo[ a] phenoxazi ne- 5, 6-
di car boxy&ﬁ@—%ys SPEC /g3 J5\/"[11JF Ehioric acid are added dropwi se to 0.6 mmol
of the product obtained in the above Step C dissolved in 3 ml of ethanol.
The m xture is stirred for 1.5 hours at 5 anbient tenperature. After

neut r al i s&tépdh: wi Dimethyat?uftert-bdtoxpdirbanylytis-6hérthybarisdonn)el, 2.8 4t Goon and
extraction with ejhyl Acetal g, Lhe, oL9anic. PRARE sk ed over magnesium

10 In a closed system, 8 mmol of the product obtained in the above Step A and 40 mmol of
dimethyl acetylenedicarboxylate are stirred at 80°C for 22 hours. Afier purification by
chromatography on silica gel (petroleum ether/ethyl acetate : 7/3), the expected product is
isolated.

Melting point : 234-235°C.

15 IR (KBr) : ve-o = 1728 em™ ; veoc = 1152 cm’™.

Mass spectrum : m/z 514 (M + 1).

Step C:  Dimethyl 12-(tert-butoxycarbonyl)-3,3-(1,2-ethylenedioxy)- 1,2, 3,4-tetrahydro-
12H-benzo[a]phenoxazine-5,6-dicarboxylate

Under an inert atmosphere, 0.92 mmol of the product obtained in the above Step B and
20 2.75 mmol of recrystallised N-bromosuccinimide in 23 ml of distilled carbon tetrachloride
are heated at reflux for 10 minutes, using a 60 W lamp, in the presence of a catalytic
amount of benzoyl peroxide. After cooling, the solution is filtered and then concentrated.
After purification by chromatography on silica gel (petroleum ether/ethyl acetate : 6/4), the
expected product is isolated.
25 Melting point : < 50°C.
IR (KBr) : ve-0 = 1701, 1717, 1733 em™ ; veoc= 1152, 1195 cm ™,
Mass spectrum : m/z 512 (M + 1).



sul phate, filtered and concentrated. After purification by chromatography
on silica gel (petroleumether/ethyl acetate : 5/5 to 0/10), the expected
product is isolated. Melting point : 250-251 C. 10 IR KBr : vc_o = 1695,
1720 cm ; VNH= 3430 cm 1. Mass spectrum: nmlz 366 (M+ 1). Step E :

D nmet hyl 12-(tert-butoxycarbonyl)-3-] (tﬁt - but oxycar bonyl ) oxy] - 1, 2- di hydr o-
12H benzo[ a] phenoxazi ne-5, 6-di carboxylate Under an i nert atnosphere, 0.69
mol of the conpound obtained in the above Step is 15 dissolved in 10 m
of tetrahypddur alimpwkt-oxard, St ii-tarnshvap-2A1- ?lemﬁquh@foxqzzm #ét hyl

am nopyridine and j. 73 ) of di-tert-butyl dicarbonate, the mxture is

stirred for 12 hours. er concentration, the residue is taken up in
ethyl acetate and washed twice with a 1 Mhydrochloric acid sol uti on. The
organic phase i s dried over nagnesi um sul phate fil d and c rat ed,
al T owi ng ol ek b thydroshlogie aeidi e pldedsiraniseto 96 mwf&é& pfqdiuﬁt) taipg

1 728, 175 St ep
5, 150t OB I i, TR BT [t

behzos[ a] ptambmn&ztemperﬁt,urcﬁ Mﬁc:andmtvayllsaitoe Unblear sa;turatetdesdduan riucdpiwns;arlﬂar@@ mml
f th d obt d St d 5
Col uone | AORHR gra<SBeies Wihogiltiers B sriis,phivs. s G wyabegemom”

benzoqui n@ﬂ@hé’tedﬁlt&%d Nindt e entBatéte oA Rt atm&@ﬁ‘oﬁ Oy &ﬂomau%ﬁ phyMohedili€o gl ng
and concentration, the reaction mxture is taken up in chI or onet hane and

washed wi (Petepleusn gthesghygsriarn: W%noo@(ﬂ@eﬂwwmqtmmmwaq 6ds phase is
extract edM‘élﬁH gélﬁpjgoogqro&ane and the organic phases are conbined, dried

over nagn hate,” frltered and concentrated. After purification by
chromatog@@gmp.mcsbkllﬁasglelzo(cﬂﬂ’t,r\QJHeumafldmef./et hyl acetate : 7/3), the

Mass spectrum : m/z 366 (M + 1).

Step E :  Dimethyl 12-(tert-butoxycarbonyl)-3-[(tert-butoxycarbonyl)oxy]-1,2-dihydro-
12H-benzo[a]phenoxazine-5,6-dicarboxylate

Under an inert atmosphere, 0.69 mmol of the compound obtained in the above Step D is
15 dissolved in 10 ml of tetrahydrofuran. After the addition of 1.73 mmol of 4-dimethyl-
aminopyridine and 1.73 mmol of di-tert-butyl dicarbonate, the mixture is stirred for
12 hours. After concentration, the residue is taken up in ethyl acetate and washed twice
with a 1M hydrochloric acid solution. The organic phase is dried over magnesium sulphate,
filtered and concentrated, allowing the expected product to be obtained.
20 IR (NaClfilm): veeo=1728, 1756 cm™ ; veoc= 1139 cm™.
Mass spectrum : m/z 568 (M + 1).

Step F: Dimethyl 12-(tert-butoxycarbonyl)-3-[(tert-butoxycarbonyl)oxy]-12H-
benzo[a]phenoxazine-5,6-dicarboxylate

Under an inert atmosphere, 0.62 mmol of the compound obtained in the above Step E is
25 dissolved in 5 ml of toluene in the presence of 4.96 mmol of 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone and the mixture is heated at 90°C for 24 hours. After cooling and

concentration, the reaction mixture is taken up in dichloromethane and washed with an 8 %



expected product is isolated. 5 Melting point : 101-102C. IR KBr : vc_o =
1731, 1739, 1756, 1766 cnms ; vcoc= 1149 cm1l. Mass spectrum: mz 566 (M
+ 1). to

D net hyl 12- (tert - but oxycar bonyl ) - 3- hydr oxy- 12H benzo[ a] phenoxazi ne- 5, 6-

di carboxyl ate 10 Under an inert atnnsphgge, 0.28 mmol of the conpound
obtained in the above Step Fis dissolved in 2 nl of nethanol in the
presence of 0.34 muol of sodium nmethanolate. The mxture is stirred at

anbi ent 't ewéwrabmremﬂersolllzonomesaquAWSephaé@) Heetitacted ivoth disblorgertbangsand the  he
rnxturels y! e i
filtered an mc g%)sgga e%ﬁ%g dr%gr(% I ca %)grllﬁg sl %eggi?[(g)%?a y&gkals?ﬁel%éa
gel (petr QAﬂwpue]ﬁbalidretbmgﬂromﬁﬁgmphy aha@ilica @B@ctrbhmaﬂmt}@d aqetaelu@),itbe
i solated. Melting point 90-91C (decomposition). IR KBr : vc-o0 = 1722 cm1
; vcoc= 1163‘26‘3?149@‘1““\‘/@%9133%142 cml. Mass spectrum: niz 466 (M+ 1).
8-(tect-B V.6 n (di met hyl am no) et hyl ] - 5- hydr oxy-2, 3- 20
d|hydrobeggg?%%%%ggorb%%aat% ] phenoxazi ne- 1, 3-di one Under an inert
at mospher dR (BBa%: vewgl= U311 WES % b7igeo tiAeb abt' aiveed= i114¢ bra'above Step Gis
heated at 100C in 4 n1 %ﬁé: N-di et hyl et hyl enedi am ne for 7 hours. After
cool i ng, t}4ass spectrum, ﬁé)1s evaporated off. After purification by
chr omat ogr aphy on S|I|ca gel  (dichl oronet hane/ met hanol : 95/5), the
expected product is isolated. 25 Melting point : 190C (degradation). IR KBr
ve_0 = 1ahG :17dmethyl 12-(texschutoxyearboryti-§-hydrpayt 12 H3ehso [ofphenoxdyiresd, 6-

spectrum: mz 499{105”50@7;[61) -21
10 Under an inert atmosphere, 0.28 mmol of the compound obtained in the above Step F is

dissolved in 2 ml of methanol in the presence of 0.34 mmol of sodium methanolate. The

mixture is stirred at ambient temperature for 12 hours. After concentration and hydrolysis,

the mixture is extracted with ethyl acetate, dried over magnesium sulphate, filtered and

evaporated. After purification by chromatography on silica gel (petroleum ether/ethyl
15 acetate : 7/3), the expected product is isolated.

Melting point : 90-91°C (decomposition).

IR (KBr) : ve=o = 1722 cm’ ; Veoc= 1152 cm’ ; Von= 3442 cm™.

Mass spectrum : m/z 466 (M + 1).

Step H:  8-(tert-Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-hydroxy-2,3-
20 dihydrobenzo[a]pyrrolo[3,4-c]phenoxazine-1, 3-dione

Under an inert atmosphere, 0.26 mmol of the compound obtained in the above Step G is
heated at 100°C in 4 ml of N,N-dimethylethylenediamine for 7 hours. After cooling, the
excess of diamine is evaporated off. After purification by chromatography on silica gel
(dichloromethane/methanol : 95/5), the expected product is isolated.

25 Melting point : 190°C (degradation).
IR (KBr) : ve—o = 1705, 1762 cm™ ; veo= 1249 cm™ ; voy = 3446 cm’.
Mass spectrum : m/z 490.5 (M + 1).



EXAMPLE 2 : 2-[2-(Di net hyl am no) et hyl ] -5-hydroxybenzo[ a] pyrrol o[ 3, 4-c]
phenoxazi ne- 1, 3-di one hydrochloride 3 m of 12M hydrochloric acid are added
dropwi se to 0.2 mmol of the conpound of Exanple 1 dissolved in 4 m of
ethanol. The reaction mxture is stirred for 1.5 hours at 5 anbi ent
tenperature and then concentrated. By agﬂiiti on of diethyl ether, a
precipitate is forned which is filteréd'off, allow ng the expected product
to be obtained. IR (KBr) : vc=o0 = 1686, 1744 cm ; VNH, off = 3431 cnml.
Mass spectEXAMPILEZ2 :3 99[2(([ﬂime1])y_la@Whﬁllg-hydroxybenzo[a]pyrrolo[3 4-c]

8- (tert-Butoxycarbonyl Z%afwid hyl.am n I']-5- (2 hydr oxy- 10
et hoxy) - 2, 3-di hydrobeﬁ%'(ﬁ[‘g y er'i??%{'?i‘?/%@@?% ng ne-1,3-dione to A :
D net hyl 12-(tert-butoxycarbonyl)-3-(2-hydroxyet hoxy) - 12H— benzo[ a]
phenoxazi ne- 5 6- di car boxyl ate 15 The gé{)ect ed product is obtained in
accor dance witef 13d Wd&%’é‘m‘ea‘d e japded frppBiseptor0 8fmnl§ké%§ﬁh‘°e cemgeyid phg
fromt he e t 7

i Tcmi] RlsoRfel Qg J 4181fl ?HH& The rMelibh %xfﬁ?& fk stI fo?qc;/ helﬁs 'égo

VC=0 = von, Vass spectrum :
Step B 8m(lilaittteIBperature and then concentrated By addition of d1ethyl ether a precipitate is

glt g;é?%??é{'&‘ﬁb‘%bﬁ(g‘[‘%&ih@%wé’ﬂfiég’fr%gl“i‘?d\é p%drox thoxg% eg groduct is

obtai ned iR @§GPr dance; et h74t4 pr@ edur e gpsgri bed in Step H of Exanple 1
starting fr_o(m—rge %orrpound of %O%St ep A Melting point : > 80C

(degr adat iMags.sp@&Fruini MBr390(Mird)— 1707, 1763 cm-1 ; Von= 3447 cm 1. Mass
spectrum: mz 534 (M+ 1). -22

EXAMPLE 3 : 8-(tert-Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-(2-hydroxy-
10 ethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4-c]phenoxazine-1,3-dione

Step A:  Dimethyl 12-(tert-butoxycarbonyl)-3-(2-hydroxyethoxy)-12H-benzo[a]

phenoxazine-3,6-dicarboxylate

15 The expected product is obtained in accordance with the procedure described in Step F of
Example 1 starting from the compound of Step B of Example 1.
Melting point : 87-88°C.
IR (KBr) : ve=0 = 1725cm’! ; Vou = 3440 cm’,
Mass spectrum : m/z 510 M + 1).

20 Step B:  8-(tert-Butoxycarbonyl)-2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)-2, 3-
dihydrobenzo[a]pyrrolof3,4-c]phenoxazine-1,3-dione

The expected product is obtained in accordance with the procedure described in Step H of
Example 1 starting from the compound of the above Step A.
Melting point : > 80°C (degradation).
25 IR (KBr) : ve=0 = 1707, 1763 cm’! ; Vou = 3447 em’.
Mass spectrum : m/z 534 (M + 1).



EXAMPLE 4: 8- (tert-Butoxycarbonyl)-2-[2-(di methylam no)ethyl]-5-{2-

[ (met hyl su | phonyl ) oxy] eth oxy}-2, 3-di hydrobenzo [a] pyrrolo- [3,4-cl
phenoxazi ne-1, 3-di on e Under an inert atnosphere, 0.93 nmol of
triethylamne and then 0.93 muvol of nesyl 5 chloride are added to a
solution of 0.06 mvol of the conpound of,,Exanple 3 in 3 m of

di chl oronet hane at OC. Stirring is mai ﬁtzai'ned at 0C for 8 hours. At anbient
tenperature, the solution is hydrolysed and then extracted with

di chl or oneEXANMPLEH: $-@erntiButpxycasbonyl)-212-4dimsthylapinmethiylid-§21 phat e,
filtered and t i fiieati il
gel ' (di chi or onet nanes HRpyShlHop @ity kY 253 WnydRbeRRABIARNY: o0 o111 c2

i sol ated. Melting poi 118,4-c]pRemdRazifgdid-dioh® KBr vc=o0 = 1707, 1763 cm 1.
Mass spectrum: mz 612 (M+ 1). EXAMPLE 5:

2-[2-(Di et hyl am no) et hyl ] - 5-{ 2-[ (et hyl sul phonyl ) oxy] et hoxy}- 15
1,2,3,8-tqfy ]}ﬁﬂriﬂgﬁ%ﬁb R, 0030 fdnd}- 61 %?ﬂ%&fﬁg? Q}ﬁd khéi 8i98Nginfd1 QF el of

t he conpound of Exanple I's dissolved in ormc acid and stifred
at asrbi enthldrslepeee addadetofaosol@idnoefr 06 Afmelrofcthe cempountdi efnExanipde Basildmée of s

T henCERneTE St R etel G erg Y AR AT GRAEg) ek 0"
magnesi umgslkeiabeis hydrél9seathndntlen 6REH With @ibhloNbinethaid rThki z@dni ©phY is

chr omat ogr aphy on silica gel fdi chl oromet hane/ - net hanol 9/1), the expected
product i giriedopoxeregnagnesiprpsplnhate, fikged and; ooneertyated. \fie= mudmation ¢ by

213 (b it Ry anPREperhsi el e BT e meh 8l el product i
10 isolated.
Melting point : 70-80°C (gum).
IR (KBr) : ve—o = 1707, 1763 cm™.
Mass spectrum : m/z 612 (M + 1).

EXAMPLE 5 : 2-[2-(Dimethylamino)ethyl]-5-{2-[(methylsulphonyl)oxy]ethoxy}-
15 1,2,3,8-tetrahydrobenzo[a]pyrrolo[3,4-c]phenoxazine-1,3-dione

0.03 mmol of the compound of Example 4 is dissolved in 1 ml of formic acid and stirred at

ambient temperature for 3 hours. After concentration, the residue is taken up in

dichloromethane and washed with a 2M sodium carbonate solution and then with water.
20 The organic phases are combined, dried over magnesium sulphate, filtered and

concentrated. After purification by chromatography on silica gel (dichloromethane/-

methanol : 9/1), the expected product is isolated.

IR (KBr) : ve-0 = 1686, 1702 cm™ ; vu = 3432 cm’™.

Mass spectrum : m/z 512 (M + 1).

25
EXAMPLE 6 : 2-[2-(Dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo-[a]pyrrolo

[3,4-c]phenoxazine-1,3-dione

The expected product is obtained according to the procedure of Example 5 starting from

the compound of Example 3.



[ 3,4-c] phenoxazine-1, 3-di one The expected product is obtained according to
the procedure of Exanple 5 starting from the conpound of Exanple 3. -23
Melting point : 216C (gunm). IR (KBr) : vc=o = 1690, 1741 cm ; VvNH = 3427
cm'. Mass spectrum: nmz 434 (M+ 1). EXAMPLE 7:

8- (Fornyl)-2-[2-(di met hyl am no) et hyl ] - 55{ 2- bydr oxyet boxy) benzo- 5

[ al pyrrol o[ 3, 4- ci phenoxazi ne- 1, 3-di one e expected product is obtained in
the course of the purification by chromatography on silica gel of Exanple
6. Melti ndlgdangpoint FJHZC (YMKBr : vc-o = 1693, 1732 cm1 ; VNH = 3428 cm 1.

10 Mass s m. nL +.11), B -8:
8- ( Phenoxmg}n'y‘icfg 5§Fg&’ﬁ‘]3?ﬂ8&“yet"w8w}°§ef hyl - 2, 3-
di hydr obeneRf gjeeiuindah/2'433'(Mo+ 64 [ 1, 4] oxazi no[ 3, 2- gl i soi ndol e- 1, 3- di one

Step A : Phenyl 3-(1, 4-di oxaspiro[4.5]dec-7-en-8 yl)-4H
pyrido[ 3, 2-b][1, 4] oxazi ne-4- 15 carboxyl ate The expected product is

obt ai ned { Ogql 1663 B8R hfoxvettok®iHehzgl from

he. compo bR LE7 L8 PerRy RR9E ety Buio Rl SRR IRy culFenadt | |

1197 scm 1. Mass spefd]pymrolo[3=x] fiSdokatine-13-dighe SYNB:

8- (Phenoxycar bonyl ) -5, 5-(1, 2- et hyl enedi oxy)-2-nethyl -2, 3, 3a, 3b, 4,5,6,7,

13a, 13b- decahydr obenzo[ e] pyri do[ 2, 3" : 5, 6] [ 1, 4Joxazi no[ 3, 2-g] i soi ndol e-1, 3-
The expected product is obtained in the course of the purification by chromatography on

silica gel of Example 6.

Melting point : 202°C.

IR (KBr) : ve-o = 1693, 1732 cm™ ; vy = 3428 cm™.
10 Mass spectrum : m/z 462 (M + 1).

EXAMPLE 8: 8-(Phenoxycarbonyl)-5-(2-hydroxyethoxy)-2-methyl-2,3-
dihydrobenzo[e]pyrido[2',3':5,6][1,4] oxazino[3,2-g]isoindole-1,3-

dione

Step A:  Phenyl 3-(1,4-dioxaspirof4.5]dec-7-en-8-yl)-4H-pyrido[3,2-b] [ 1,4] oxazine-4-
15 carboxylate

The expected product is obtained according to the procedure of Step A of Example 1
starting from the compound of Preparation B.

IR (KBr) : ve—o = 1741 ecm™ ; veoe = 1111, 1197 ecm’™.

Mass spectrum : m/z 393 (M + 1).

20 Step B:  8-(Phenoxycarbonyl)-5,5-(1,2-ethylenedioxy)-2-methyl-2,3,3a,3b,4,5,6,7,
13a,13b-decahydrobenzofe]pyrido[2',3':5,6][1,4]oxazino[3,2-g]isoindole-1, 3-

dione

In a closed system, 1 mmol of the product obtained in the above Step A and 3 mmol of
N-methylmaleimide are stirred at 95°C for 2 hours in the presence of a few drops of

25 toluene. After purification by chromatography on silica gel (petroleum ether/ethyl acetate :



dione In a closed system 1 mml of the product obtained in the above Step
A and 3 nmmol of Nnethylnmaleimde are stirred at 95C for 2 hours in the
presence of a few drops of 25 toluene. After purification by chromatography
on silica gel (petroleumether/ethyl acetate : -24 6/4), the product is
isolated. Melting point : 150C (gun). bf KBr : vC=0 = 1701, 1786 cmi''.
Mass spectrum: mz 504 (M+ 1). 5 Slg ¢~

8- (Phenoxycar bonch - 5- (2- hydr oxyet hoxy) - 2- net hyl - 2, 3- di hydr obenzo-

[ e] pyri doppt)3the pragluptiis 450datedz i no[ 3, 2- g] i soi ndol e- 1, 3-di one The expect ed
product i | | 1ddo ance with the procedure described in Step C of
Exanpl e | 988 &SP'.ffrs% é‘?gﬁ?ﬁ)@.‘ :

om tthe Conpound of the above Step B. Melting point

250C (gumiR (&8r) RKBE 170Y,01786emt'707, 1752 cm 1 ; vcoc = 1191 cmi ; VOH =
3463 cm 1. Mass spectrum: mz 498 (M+ 1). EXAWPLE 9:

2- [ 2- ( Di mMdsy spgeirnm) avfyi0f(BL 1 2).-hydr oxyet boxy) benzo[ e] pyri do- [2', 3" :5, 6]
[ 1, 4] oxazi no[ 3, 2-g] i soi ndol e- 1, 3-di one The expected product is obtained in
accordance with the procedure described in Step Hof 15 Exanple 1 starting

froms he @@puOund8qPhénvayaqulrbordl)-INe-aydrpeiiony R2-metiyt-2483&ihidobertd-. EXAVPLE
10: 8-(tert-Butoxycarbonyl)-2-12-(diethylam no)ethyl]-5-hydroxy-2, 3-

di hydr obenzo [ a] PX’@)‘?‘{EE -',546-761'ﬂéﬁ%ﬂﬁ%@é’r%&-’?@’@é‘f%ﬁé‘ﬁ% expect ed product
is obtained in accordance with the procedure described in Step H of 20

Exanple 1 starting fromthe conpound of Step G of Exanple 1 and
N, N- di et hifhetkekpgdctadeproduct is obtained in accordance with the procedure described in Step C of

Example 1 starting from the compound of the above Step B.
Melting point : 250°C (gum).

10 IR(KBr): vco=1707,1752 cm™ ; veoc = 1191 ecm™ 5 vou = 3463 cm™.
Mass spectrum : m/z 498 (M + 1).

EXAMPLE 9: 2-[2-(Dimethylamino)ethyl}-5-(2-hydroxyethoxy)benzo[e]pyrido-
[2',3':5,6][1,4]0xazino[3,2-g]isoindole-1,3-dione

The expected product is obtained in accordance with the procedure described in Step H of
15 Example 1 starting from the compound of Example 8.
Mass spectrum : m/z 435 (M + 1).

EXAMPLE 10 : 8-(tert-Butoxycarbonyl)-2-[2-(diethylamino)ethyl]-5-hydroxy-2,3-

dihydrobenzo|a]pyrrolo[3,4-c]phenoxazine-1,3-dione
The expected product is obtained in accordance with the procedure described in Step H of
20 Example 1 starting from the compound of Step G of Example 1 and N,N-diethylethylene-

diamine.

EXAMPLE 11 : 2-[2-(Diethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]-

phenoxazine-1,3-dione

The expected product is obtained in accordance with the procedure of Example 2 starting



di am ne. EXAVPLE

11: 2-[2- (D et hyl am no) et hyl ] - 5- hydr oxybenzo[ a] pyrrol o[ 3, 4-c] -

phenoxazi ne-1, 3-di one The expected product is obtained in accordance with
the procedure of Exanple 2 starting -25 fromthe conmpound of Exanple 10.
PHARVACOLOG CAL STUDY OF THE COVPOUNDS THE | NVENTI ON EXAMPLE 12: In
vitro activity + L1210 nurine | eukaem a“5” L1210 nurine | eukaem a was used
invitro. The cells are cultured in RPM 1640 conplete culture nmedium
cont ai ni ngronothecompound efdifampde 10 2V gl ut ami ne, 50 units/nm of
penicillin, 50 g/m of streptonycin and 10nM Hepes, pH = 7.4. The cells are
distributed on mcroplates and are exposed to the cytotoxic conpounds for
4 doubl i ng PRHURIELCOLOGICAIOSTED YIOE THECOMBOUNDS OF THE ENVENTIGN
quantified by a colorinmetric assay, the 10 Mcroculture Tetrazolium Assay
(J. Carmichael et al., Cancer Res.; 47, 939-942 (1987)). The results are

expressed 0 ntration of cytotoxic agent that inhibits
the prol Mfﬁk@té@gﬁd cells by 50 % All the conpounds of the
i nvention exhibit good cytotoxicity with respect to this cell line. By way

of exanple, th ound. of Exanple 2 has an 1C50 of 0.25 Mw th respect
to L1210. 15$+ill—|gﬁcg£‘“88? ]eu{qi“’ﬁ‘é‘é‘ The conpounds of the invention were al so
tested on human cell lines originating from solid tunours, in accordance
with the same test protocol as that described for L1210 nurine |eukaem a
but vith ild2iHaniion lenka¢rodswvastused dayigoi B¢ eells ass cultuged, ; RBMWIA40 egmplete

I Tustrati ret dﬁ%m%%’t%n? 1'6&%”%'8%]1 Vz\(;ia Serti LZ&FHQL[ gqu%aIéz MSWuan/h?S&e ct

to DU145 thpros ate carcin h resp hon-smal' | -cel |
| ung car cipagigilin,306ld/ml of streptomycin and 10mM Hepes, pH = 7.4. The cells are distributed
on microplates and are exposed to the cytotoxic compounds for 4 doubling periods, or
48 hours. The number of viable cells is then quantified by a colorimetric assay, the
10 Microculture Tetrazolium Assay (J. Carmichael et al., Cancer Res.; 47, 939-942 (1987)).
The results are expressed as the IC50, the concentration of cytotoxic agent that inhibits the
proliferation of the treated cells by 50 %. All the compounds of the invention exhibit good

cytotoxicity with respect to this cell line. By way of example, the compound of Example 2

has an ICsy of 0.25 uM with respect to 1L.1210.
15 < Human cell lines

The compounds of the invention were also tested on human cell lines originating from
solid tumours, in accordance with the same test protocol as that described for L1210
murine leukaemia but with incubation periods of 4 days instead of 2 days. By way of
illustration, the compound of Example 2 has an ICso of 0.27uM with respect to DU145
20 prostate carcinoma, 0.16uM with respect to A549 non-small-cell lung carcinoma, 0.6uM
with respect to HT-29 colon carcinoma and 0.26uM with respect to KB-3-1 epidermoid
carcinoma.
Those different results clearly demonstrate the strong anti-tumour potential of the

compounds of the invention with respect to leukaemias and solid tumours.



with respect to HT-29 colon carcinoma and 0.26Mw th respect to KB-3-1

epi dernoid carcinonma. Those different results clearly denonstrate the
strong anti-tunour potential of the conpounds of the invention with
respect to | eukaem as and solid tunmours. -26 EXAMPLE 13 Action on the cell
cycle L1210 cells are incubated for 21 urs at 37Cin the presence of
vari ous concentrations of test conpountsT The cells are then fixed by 70 %
(v/v) ethanol, washed twice in PBS and incubated for 30 mnutes at 20C in
PBS t hat EXAMPLE 13)0Agtion opthepedkeyclnd 50 g/ of propidiumiodide. The
results are expressed in ternms of the percentage of cells that have
accunul ated in the &+M phase after 21 hours, conpared with the control
(control : 13010%ells aFhincobut@bionds hohirstdd87¢Qiteit peosee® f @aHORI ddhtantrations of

interesting, at a concentration of less than 2.5M causing accunul ati on of
at | east &Gt ggmpoundp. Eheqells jaee then Kxph ¥ 046 (V) ztbamfduwgshe&mvpulEPB@: andp

vivo activity Anti-tunmour actpyht 388 1 e em, a Ld P3 rne
euicaon a) el Bitlss 3 R0 Rl PBR b e PR SR R ARSRR PEHE s
The tumupf ?ﬁipicﬁurhl&ﬁd@.qme&ksmraee PG EINaEmN b ABY pécértige dfftellPpiat hareal
cavity of emal e B6D2F1 mce (Iffa Credo, France). Six mce weighing from
18 to 20 gcesyandated aythe GeM phasegfigud! has cgmarfétvgltmrélpéoamh(m%{ogr By the
i ntraperi hrots . i,Vi | S as %
T - el an canpb i ora B ¥pron SRR IR Y, o dohberk 3B OF B35 g
Medi an susipMikatsingeacodmutlagore ofdtriedst 8ol celldinithe G2eMiphase efitrdd Ifeadrs how
excellent in vivo activity in the P 388 | eukaem a nodel, with a TIC of 210
% for a dose of 50 ng/kg, along with low toxicity of the conmpounds,

i ndi cati Ng§XAMPLE 14 : I vivo activity
Anti-tumour activity on P 388 leukaemia

Line P388 (murine leukaemia) was supplied by the National Cancer Institute (Frederick,
USA). The tumour cells (10° cells) were inoculated on day 0 into the peritoneal cavity of
female B6D2F1 mice (Iffa Credo, France). Six mice weighing from 18 to 20 g were used
per test group. The products were administered by the intraperitoneal route on day 1.

The anti-tumour activity is expressed as % T/C :

Median survival time of the treated animals
% T/C (mouse) = : x 100
Median survival time of the control animals

5 The results obtained show excellent in vivo activity in the P 388 leukaemia model, with a
T/C of 210 % for a dose of 50 mg/kg, along with low toxicity of the compounds, indicating

an excellent therapeutic index.

EXAMPLE 15 : Pharmaceutical composition : injectable solution

Compound of EXamPple 2 .......cc.cccocoriiiininnicieeeeeee e 10 mg

10 Distilled water for injectable preparations................ccoocevvevvevviereeeenenens 25 ml



an excell ent therapeutic index. EXAMPLE 15 Pharnmaceutical conposition :
i nj ectabl e sol uti on Conpound of Exanple 2

....................................... . 25 m -27 CLAIMS 1. Conpounds
of formula (1) : (1) wherein : 5 V\lref)?esents, with the carbon atons to
which it is attached, a phenyl group or a pyridyl group, Z represents a
group sel ected from hydrogen, hal ogerfGLAIMMSt he groups |inear or branched
(G -0C6)al kyl, aryl, aryl-(CG-C6)alkyl in which the alkyl noiety may be

| inear or branched, aryloxy, aryl-(C -C6)al koxy in which the al koxy noiety
may be linear or 10 branched, hydroxy and linear or branched (C I

- C6) al koxy, Rl represents a group sel ected from hydrogen and the groups

| i near or lerﬁm@eundS(quowalﬁ aryl, aryl-(Q - C6) aI kyl in which the

al kyl noiety may be |inear or branched and C(I% or a linear or
branched (G -C6)al kyl ene chain bsti tug@g) "nore identical or

di fferent groups selected from ha 2the\groups cyano, 15 -ORG,
-NR6R7, -CO2R6, -C(O R6 and -C(O “wherein:R,c) R5 represents a group
sel ected from hydrogen and ‘ ear or branched (G -Co)al kyl,
hydr oxy, |inear or br aryl, aryl-(g-0C6)alkyl in

whi ch the al kyl noi ety may be | or branched and arymoxy, 20 b R6 and
R7, which may be i dentj'c or ent, each represents a group sel ected

N
| OR,
R
wherein :
5 e W, represents, with the carbon atoms to which it is attached, a phenyl group or a
pyridyl group,

® 7 represents a group selected from hydrogen, halogen, and the groups linear or
branched (C;-C¢)alkyl, aryl, aryl-(C;-Ce)alkyl in which the alkyl moiety may be linear
or branched, aryloxy, aryl-(C;-C¢)alkoxy in which the alkoxy moiety may be linear or

10 branched, hydroxy and linear or branched (C;-Cg¢)alkoxy,

® R, represents a group selected from hydrogen and the groups linear or branched
(C,-C¢)alkyl, aryl, aryl-(Ci-Ce)alkyl in which the alkyl moiety may be linear or
branched, and -C(O)-Rs, or a linear or branched (C;-C¢)alkylene chain substituted by
one or more identical or different groups selected from halogen and the groups cyano,
15 -ORg, -NRgR7, -CO2R¢, -C(O)Rs and -C(O)-NHRs,
wherein:
= Rs represents a group selected from hydrogen and the groups linear or branched
(C1-Ce)alkyl, hydroxy, linear or branched (C;-Ce)alkoxy, aryl, aryl-(C,-Ce)alkyl
in which the alkyl moiety may be linear or branched and aryloxy,
20 = Re and R;, which may be identical or different, each represents a group selected
from hydrogen and the groups linear or branched (C,-C¢)alkyl, aryl and aryl-
(C;-Ceg)alkyl in which the alkyl moiety may be linear or branched, or



from hydrogen and the groups linear or branched (( -C6)al kyl, aryl and
aryl- (G -C6)alkyl in which the alkyl noiety maybe |inear or branched, or
-28 R6 + R7 together form wth the nitrogen atomcarrying them a
nmonocyclic heterocycle having 5 or 6 ring nmenbers and optionally
containing in the ring systema second,hetero atom sel ected from oxygen
and nitrogen, R2 represents a hydrogen“atomor a group of fornula
-CH2CH2O-R8 wherein : 5 R8 represents a group selected from hydrogen and
the groups |ineds brRbtagathieedorngCyititghe ntyogenagtom, caryng them, Gs yrgriegyclicn
whi ch the al kyl i et .hecl | r o qQr ranched.. - $( O 1-R6. N R6 iIs
as defined hereihg%gfcg}f{le&g%gl gtsroégéra glgé(r%?esmger{giaﬁ{fé)g%?na gfé(gnrdﬁ%ngv@gthg rﬂ)g

i nclusive) and TFystél a(seb@iddieferd atonegyl @t frem axygenemd nitfogehanched
(C, -Co6)al kyl ene chain and RO represents a group sel ected from hal ogen,
cyano, -0OR6, 10 -NR6R7, -C(OH, -C(OOR6 and -C(O NR6R7 wherein R6 and R7

are as_degi ngd e Rapal BGHAYE atonfh AR yf%?ﬂ%lﬁawx}g@kg@ﬂyeﬁﬂl or

different, ea represents, |n3epen e other, a group sel ected
f r omshydr ogeRg aeptedchts grgongs stlectedirfroom Hydeopehehd( (G- g260@d kipéar orabmahcledd

aryl - (Cl-C6 kyl. .in which th | .nDi e | i near or brapched, or
15yR3(and Rzl&{lb%@‘l‘lkglr aF{Slr rﬁryl\'/&%ﬂ#‘sﬁléyln‘in!t W&Jé@gﬁét %E?’lcirfroﬂ Y 192X REm'NGFT of
nmonocyclic Eﬁﬁ&{eﬁfi;ﬁ(bﬁ-w}ﬁﬂeﬁmfis 8 ddfiied HerdiftefordAfd PRipk&8mks la¥ integer

y

containing in the ring systema second hetero atom sel ected from oxygen
and nitrogenof frany 8pioed dnelysize) and dgddo Gfhergin1represents ric linedrvar, brane

(i T . N Oxi g h t with
ohar e 50" oSt OURY L SRUTE ha Ry'ritbichs LGB AR RoRPHUSE A ELERD ST
underest ood asNRgRaNi-O@)H, pldZOYOR¢ map HOP)NRgR-hyntheeia @t imd R, are as defined

tetrahydronapht,hgl i ndenyl or indanyl group, each of those groups being
optional |y herein efore),

e Rj; and Ry, which may be identical or different, each represents, independently of the
other, a group selected from hydrogen and the groups linear or branched (C,-Cg)alkyl,
aryl and aryl-(C;-Ce)alkyl in which the alkyl moiety may be linear or branched, or

15 R; and R4 together form, with the nitrogen atom carrying them, a monocyclic
heterocycle having 5 or 6 ring members and optionally containing in the ring system a

second hetero atom selected from oxygen and nitrogen,
® nrepresents an integer of from 1 to 6 inclusive,

their enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a pharma-

20 ceutically acceptable acid or base,

wherein "aryl" is to be understood as meaning a phenyl, naphthyl, dihydronaphthyl,
tetrahydronaphthyl, indenyl or indanyl group, each of those groups being optionally
substituted by one or more identical or different groups selected from halogen, linear
or branched (C;-Ce¢)alkyl, linear or branched (C;-Ce)trihaloalkyl, hydroxy, linear or
25 branched (C,-Cg)alkoxy, and amino optionally substituted by one or two linear or

branched (C;-Cg)alkyl groups.



substituted by one or nore identical or different groups selected from

hal ogen, |inear or branched (Cl-C6)al kyl, linear or branched
(C1-Co)trihal oal kyl, hydroxy, linear or 25 branched (Cl-C6)al koxy, and

am no optionally substituted by one or two linear or branched (Cl-C6)al kyl
groups. -29 2. Conpound of fornula (1) Eiﬁording to claim1, characterised
in that they represent conpounds of foffrula (1A : wherein R, R2, R3, R4,
W, Z and n are as defined for formula (1), their enantioners 5

di ast er eoi2sofempound ekiferamula (il aseriiimgd daim 4, ehvsscasisediin fhay they represent

phar maceuti cal | t jd or base. 3. Conpounds of fornula (I)
accordi ng toggP%Hg@ggngﬁgkﬁ%gfblain12, characterised in that they
represent conpounds of formula (IB) : /(CH2)n -MR;- 3 10 wherein R, R2,
R3, R4, Z and n are as defined lgerei nbe{©Hg,—N1eir enantioners,

di ast ereoi soners, N-oxide, and afy tixgh salts tkereof with a
pharmaceutically acceptable acidj/or Rase. 4. Cbﬁpounds of formula (I)
according to either &daimlpr cl t=¢characterised in that they
represent conpounds f oprul a 7 -30 -R3 /(CH2)n N\ Z wherein R, R2,
R3, R4, Z and n are 45 defined nbefore, their enanflAners,

di astereoi soners, N ox+dé€\ ands NQn salts thereof with a

pharmaceutical ly acceptabl§'acio ase.

R

o R

1

wherein R, Ry, R3, R4, W, Z and n are as defined for formula (I), their enantiomers,
5 diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically

acceptable acid or base.

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

they represent compounds of formula (IB) :

R,
o ACH)N_
N R
4
(@) (@)
i
R, O/Rz
10 wherein R;, Ry, R3, Ry, Z and n are as defined hereinbefore, their enantiomers,

diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically

acceptable acid or base.

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

they represent compounds of formula (IC) :



5 5. Compounds of fornmula (1) according to any one of clains 1 to 4,
characterised in that Z represents a hydrogen atom their enantioners,

di ast ereoi soners, N-oxide, and addition salts thereof with a
pharmaceutically acceptable acid or base. 6. Conpounds of forrmula (I)
according to any one of clainms 1 to 5, &garacterised inthat R represents
a hydrogen atomor a -C(O-R5 group wherein R5 represents nore 10
especially a hydrogen atom their enantioners, diastereoisoners, N oxide,
and addition salts thereof with a pharnaceutlcaLRy accept abl e aC|d or
base. 7. Conpounds of fornula (IX)accor%KGHﬁyU' ny one of clains 1 to 6,
characterised in that R2 represents ydr ogen Romor a - CH2CH2O R8 group
wherein R8 represents nore hydrogen atom their enantioners,
di ast ereoi sonmers, N oxi \ ~H salts thereof with a
pharmaceutically accef ¢ i . 8. Conpounds of ornula ()
according to any on A characterised in t represents
an integer 2, their en3d eoi soners, N-oxide, and addi tion
salts thereof with a p Hccept abl e acid or base. 9.

one,of clains 1 to 8,
characterised in that 20 R3 d@nd R4V omay? be identical or different,
each represents independently of the other a |inear or branched

(CLl- C6) al ky| wheeiip R, | Rg] R;£R@NYI otk S aredisa e Briedohaeiibefore, -thdir dNamvidrders, and
addi tion salts thereof wth a pharnaceutlcally acceptabl e acid or hase. 10.
Conpounds of dipgferegisamens) Neaxidedi Ayl tadditioni splis \therepf ayigh -a pharmaceutically

2-[ 2- (d'”Eth&k@HhﬂQEEHQMELm§ hydr oxybenzol[ a] pyrrol o[ 3, 4- c] phenoxazi ne- 1, 3-
di one, 5

2-[ 2- (di et hyl am no) et hyl ] - 5- hydr oxybenzo[ a] pyrrol o[ 3, 4- c] phenoxazi ne- 1, 3-
di one,

2. [ 2.3 di n8t h§PERPISAIHOTUE (1) sconrding o apy, 895, 9f Jaimsh 18 hrbpragisripss Pl of 3

Z represents a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and

addition salts thereof with a pharmaceutically acceptable acid or base.

6. Compounds of formula (I) according to any one of claims 1 to 5, characterised in that
R; represents a hydrogen atom or a -C(O)-Rs group wherein Rs represents more
10 especially a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and addition

salts thereof with a pharmaceutically acceptable acid or base.

7. Compounds of formula (I) according to any one of claims 1 to 6, characterised in that
R, represents a hydrogen atom or a -CH,CH,0-Rg group wherein Rg represents more
especially a hydrogen atom, their enantiomers, diastereoisomers, N-oxide, and addition

15 salts thereof with a pharmaceutically acceptable acid or base.

8. Compounds of formula (I) according to any one of claims 1 to 7, characterised in that n
represents an integer 2, their enantiomers, diastereoisomers, N-oxide, and addition salts

thereof with a pharmaceutically acceptable acid or base.

9. Compounds of formula (I) according to any one of claims 1 to 8, characterised in that
20 R3 and R4, which may be identical or different, each represents independently of the

other a linear or branched (C;-C¢)alkyl group, their enantiomers, diastereoisomers,



c] phenoxazi ne- 8- car bal dehyde-1, 3-di one,

2-[2- (di met hyl am no) et hyl ] - 5- (2- hydr oxyet hoxy) benzo[ a] pyrrol o[ 3, 4-c] 10
phenoxazi ne-1, 3-di one,
2-[2-(dinethylanino)ethyl]-5-(2-hydroxyethy|nethanesulphonate)-
benzo[a]pyrrolo[3,4-c]phenoxazine-1,3-déf

2-[2- (di met hyl am no) et hyl ] - 5- (2- hydr oxy hoxy)benzo[elpyrldo[Z' :5,6][1,4
] - oxazino[ 3, 2-g] i soi ndol e-1, 3-di one, 15 their enantioners,

di ast er eoi soheosde,Nndriditon salts thefeof witha phdrmaceutisplpscogptableacid or base.
pharmaceutically acceptable acid or base. 11. Process for the preparation
of conpounds of fornmula (1) according to claim1, characterised in that
there is qae(toaﬁaoaﬁ@srdﬂfa@lmu@ae@lrdlag&oaplwndzhwhsfrerrrul a () zwil 'y
O- () NO H 20 wherein W are as defined for formula (1), the am ne
function of ®hi %152ﬁ@m&wﬂmmap)eﬂwﬂnirmdremen?@[a]prymo},ﬂtﬁiéw]ﬂgﬁnaxzﬁfr&cbéx i ng

group Po well
of formula (111

5

10

15

20

%gggn to the person skilled in the art to yield a conpound
'Z 0 W NO 1 PU-32
2-[2-(diethylamino)ethyl]-5-hydroxybenzo[a]pyrrolo[3,4-c]phenoxazine-1,3-

dione,
2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)-2,3-dihydrobenzo[a]pyrrolo[3,4-
c]phenoxazine-8-carbaldehyde-1,3-dione,
2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[a]pyrrolo[3,4-c]-
phenoxazine-1,3-dione,
2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethylmethanesulphonate)-
benzo[a]pyrrolo[3,4-c]phenoxazine-1,3-dione,
2-[2-(dimethylamino)ethyl]-5-(2-hydroxyethoxy)benzo[e]pyrido[2’,3":5,6][1,4]-

oxazino[3,2-g]isoindole-1,3-dione,

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

pharmaceutically acceptable acid or base.

11. 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) :

Z 0
‘D
N 0]
H

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

the amine function of which compound of formula (II) is protected by a protecting group

Pg well known to the person skilled in the art to yield a compound of formula (III) :

Z 0
DD
@)



wherein Pc represents a tert-butoxycarbonyl or phenoxycarbonyl group and W
and Z are as defined hereinbefore, which conpound of formula (IIl) is
treated with lithiumdiisopropylam de followed by diphenyl chlorophosphate
to yield a conmpound of formula (IV) : O5 0B 0 10 to yield a conpound of
formula (M) : zx 1 0O W PG (V) mhereigzPG, W and Z are as defined

her ei nbefore, which conpound of fornmulfa“(Vvl) is : either treated under an
i nert atnosphere with dinmethyl acetyl enedi carboxylate to 15 yield a
conpound ofherein Pl rapresants a teri-bwpxyqertoryl) or plrapxisarbensl goup wpd dard 4 eee as
defined hereipbef,ore ich compound of formula (IV) is treated, in the
presence 6§%BF@%%¢?%ﬁ%%?el phosphi ne) pal | adi um chl oride, wth a conpound of
fornmul a ( Which compound of formula (III) is treated with lithium diisopropylamide followed by

diphenyl chlorophosphate to yield a compound of formula (IV) :

Z 0
0
If O/P(OPh)2

5 Fo
wherein Pg, W, and Z are as defined hereinbefore,
which compound of formula (IV) is treated, in the presence of bis(triphenyl-

phosphine)palladium chloride, with a compound of formula (V) :

0
\
T
0 0\)

10 to yield a compound of formula (VI) :

Z 0
W@i | (VD
i
PG o
o\v/J

wherein Pg, W, and Z are as defined hereinbefore,
which compound of formula (VI) is :
® cither treated under an inert atmosphere with dimethyl acetylenedicarboxylate to

15 yield a compound of formula (VII) :



-33 COOMe (VI1) wherein Pc, W and Z are as defined herei nbefore, which
conpound of fornmula (VII) is: either treated with N bronosuccinimde and
benzoyl peroxide to yield a conmpound 5 of formula (VIII1) : COOwve (VIII)
wherein PO, W and Z are as defined herei nbefore, which conpound of formula
(M11) is subjected to the action of hygrochloric acid to yield a conpound
of formula (1 X) : COOVe 10 wherein W and Z are as defined hereinbefore,
whi ch conmpound of formula (1X) is subjected to the action of di-tert-butyl
di carbonate in the presence of 4-diﬁé¥¥ﬂ@an1nopyridine to yield a conpound
of formula (X) : -34 COGMe (X)(ﬁherein re nts a single or doubl e bond,
Boc represents a tert-but’fx 5 gro W and Z are as defined
her ei nbef ore, which conp¥und| of fqg (X) is suqug&gd to the action of
2, 3-di chl oro-5, 6-di cyano- 5 hg ihone to yiel conpound of formula
(XI) : coOwe z 01 1 COOwv 'T
P

wherein Pg, W; and Z are as defined hereinbefore,

which compound of formula (VII) is :

4 cither treated with N-bromosuccinimide and benzoyl peroxide to yield a compound

5 of formula (VIII) :
COOMe
Z 0 COOMe
W@: (VIID)
N
3

(0]
N
wherein Pg, W, and Z are as defined hereinbefore,

which compound of formula (VIII) is subjected to the action of hydrochloric acid to yield a

compound of formula (IX) :

COOMe
Z o) COOMe
N
I
H
0]
10 wherein W, and Z are as defined hereinbefore,

which compound of formula (IX) is subjected to the action of di-tert-butyl dicarbonate

in the presence of 4-dimethylaminopyridine to yield a compound of formula (X) :



WI 111 (X) OBoc wherein Boc, W and Z are as defined hereinbefore,
whi ch conmpound of fornmula (XI) is subjected to the action of sodium

nmet hanol ate and is then hydrolysed to yield a conpound of fornmula (Xl1)
COOve z 0, 1 COOV W (XI1) N Boc 10 OH wherein Boc, W and Z are as
defi ned herei nbefore, which conpound of3£orrrula (XI'l') is subjected to the
action of a conpound of formula (XI11)"7"/R3 H2ZN-(CH2)n -N RQ (XII1)

COOMe
Z 0 COOMe
WD: (X)
1
Boc OBoc
wherein - represents a single or double bond, Boc represents a tert-butoxycarbonyl

group and W, and Z are as defined hereinbefore,

which compound of formula (X) is subjected to the action of 2,3-dichloro-5,6-dicyano-1,4-

5 benzoquinone to yield a compound of formula (XI) :
COOMe
Z 0 COOMe
W@: XD
)
Boc OBoc

wherein Boc, W, and Z are as defined hereinbefore,
which compound of formula (XI) is subjected to the action of sodium methanolate and is

then hydrolysed to yield a compound of formula (XII) :

COOMe
Z 0 COOMe
WDi (X1
N
]_I%oc OH
10
wherein Boc, W, and Z are as defined hereinbefore,
which compound of formula (XII) is subjected to the action of a compound of
formula (XIII) :
R,
HZN——(CHz)n-N< (XII)
R4
15 wherein R3, R4 and n are as defined for formula (1), to yield a compound of formula (I/a), a

particular case of the compounds of formula (I) :



15 wherein R3, RQ and n are as defined for fornula (1), to yield a conpound
of fornmula (1/a), a particular case of the conpounds of forrmula (1) -35 (h
a) wherein Boc, R3, R4, W, Z and n are as defined herei nbefore, which
conmpound of forrmula (h a) is optionally subjected to the sane reaction
conditions as the conpound of fornula % 1) to yield a conpound of
formula (1/b), a particular case of 5 the conmpounds of fornula (1)
wherein R3, R4, W, Z and n are as defined hereinbefore, or subjected to
the same reaction conditions as the conpound ot/RprnuIa (X) to yleld a

; 2 Z O (QHP.= XN W | 1.
SOH G 10 (XIV) wherein PG W1 agd-Nare as defypned hereinbefore, mhlch
conpound of formula (XI'V) is subjé¢cted to the sant reaction conditions as
the conpound of for (X ) a0conpound of forrmula (I/c), a
particul ar case of trRN (Wa)

wherein Boc, R3, Ry, Wy, Z and n are as defined hereinbefore,
which compound of formula (I/a) is optionally subjected to the same reaction conditions as
the compound of formula (VIII) to yield a compound of formula (I/b), a particular case of

5 the compounds of formula (I) :

(CH,),—N

-

wherein R, Ry, W), Z and n are as defined hereinbefore,

4 or subjected to the same reaction conditions as the compound of formula (X) to
yield a compound of formula (XIV) :
COOMe

Z 0 COOMe
N

| OH
P, O//\\\//
10

wherein Pg, W, and Z are as defined hereinbefore,
which compound of formula (XIV) is subjected to the same reaction conditions as the
compound of formula (XII) to yield a compound of formula (I/c), a particular case of the

compounds of formula (I) :



conmpounds of formula (1) : -36 R3 / (CH2)n-N R4 5 10 wherein PG R3, R4,
W, Z and n are as defined hereinbefore, which conpound of formula (Uc)
is: either optionally subjected to the action of formc acid to yield
conpounds of formulae (1/d) and (I/e), particular cases of the conpounds
of formula (1) : R/R3 wherein R3, R4, , Z and n are as defined
her ei nbefore, » or optionally subjected”to the action of a conmpound of
formula (XV) : R8aG (XV) wherein Grepresents a |l eaving group and R83,
which is other than a hydrogen atom has the sane definition as R8 in
formula (1), to yield a conpound of formula (llﬁ) a particul ar case of
t he conpounds of formula (1): -37 R3 / (CHZ) a/-N

0 (CH)) —N

/ n \

(Ic)

wherein Pg, R3, R4, W1, Z and n are as defined hereinbefore,
which compound of formula (I/c) is :

m ecither optionally subjected to the action of formic acid to yield compounds of

5 formulae (I/d) and (I/e), particular cases of the compounds of formula (I) :
R
Ry (CHZ)—N
(CHz)—N :%
(I/d) (Ve)

wherein R3, Ry, W1, Z and n are as defined hereinbefore,

m or optionally subjected to the action of a compound of formula (XV) :

R
10 8a G (XV)

wherein G represents a leaving group and Rg,, which is other than a hydrogen

atom, has the same definition as Rg in formula (I), to yield a compound of

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



"ce wherein Pa, R3, R4, R8a, W, Z and n are as defined hereinbefore, the
am ne function of which conpounds of formula (Uf) is optionally deprotected
according to conventional methods of organic synthesis to yield a conmpound
of 5 formula (Ug), a particular case of the conpounds of formula (1) : /R3
(CH2)a-NM wherein R3, R4, R8a, W, Z andg_n are as defined herei nbefore, the
conpounds of formulae (I/b), (1/d) and~ ?Z@) constituting the conpounds of
formula (Uh) : R3 / (CH2) a-NNR4 10 wherein R2, R3, R4, W, Z and n
are as defined herei nbefore, - 38 which conpoun Bgof formula (1/h) are
optionally subjected to the action of gﬁﬁ d of formula (XVI) : R aG
(XV1) wherein R18, which is ot hd&d thary ggrogen atom has the sane
definition as R in 5 fornmula (I d Gis as defined hereinbefore, to
yield a compound of formula (1/i), parti cul ar case of the conpounds of

formula (1) : R3 / O
W]

N

19

wherein Pg, Rz, R4, Rga, W), Z and n are as defined hereinbefore,
the amine function of which compounds of formula (I/f) is optionally deprotected
according to conventional methods of organic synthesis to yield a compound of
5 formula (I/g), a particular case of the compounds of formula (I) :
R3
(CH ), —N

73: Vg
/\/ORsa

wherein R, R4, Rg,, Wy, Z and n are as defined hereinbefore,
the compounds of formulae (I’/b), (I/d) and (I/g) constituting the compounds of
formula (I/h) :

R3
(CH) —N

-

wherein Ry, R3, R4, Wy, Z and n are as defined hereinbefore,

10



(CH2) n -N wherein Rl a, R2, R3, R4, W, Z and n are as defined

herei nbefore, or treated wwth N-nethylnaleimde to yield a conpound of
formula (XVI1) , Z, 1/ Wii 10 (XVl) wherein PG W and Z are as defined
her ei nbef ore, which conpound of fornula (XVII) is subjected to the sane
reaction conditions as the conpound of §°r mula (M) to yield a conpound
of formula (XVIII) : -39 (XVIl1) Wnerei?'n Pc, WL and Z are as defined

her ei nbef ore, which conpound of fornula (XVII1) is subjected to the same
reacti on ®dvidi ¢dneppsindsot fesmuladfpbaisPpepndllyr subjested e (the achioniof p gompewidefund
of formul H%lgéxglz_descri bed 5 hereinbefore, the conpounds of fornul ae
(1/a) to ?‘I’ onstituting the totality of the conpounds of formula (1),
whi ch conpounds are, if appropriRfe-Qurifie&wgcording to conventional
purification techniques, may, if desired, be separated into their different
isoners ageedigliRlg Wwhich i€ cik@nthapnahydepar atongnhdsethie ndagnecdeffitiar @s R;fin
desired, converted intao 10 their N-oxides and, where appropriate, into

t hei r5 addif@msia dhjand Gis Rs Aehnsd hereanheidre (o) ekt aiomnouad o farmilaffide 2 12
Phar maceu @ﬁ?la?@ﬁ@%?%l‘feicgﬂ@oﬁﬁ) ft5ionda @S- active ingredient at |east one
l'a (1) acco r@

conpound or mu rding to any one of clainms 1 to 10, on its own
or in conbination with R,

(CH,) —N

/
o \
N R,
Z 0 0
1
Rla OR2

wherein Ria, R2, R3, Ry, W1, Z and n are as defined hereinbefore,

e or treated with N-methylmaleimide to yield a compound of formula (XVII) :

o0 ./
N
1
Ps 0
o_J

wherein Pg, W, and Z are as defined hereinbefore,

10

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

compound of formula (VII) to yield a compound of formula (XVIII) :



one or nore pharmaceutically acceptable inert, non-toxic excipients or
carriers. 15 13. Pharmaceutical conpositions according to claim 12, useful
as nedicanments in the treatnment of cancers. 14. Conpounds of fornula (X),
(XI) and (XIV) : -40- COOve COOVe COOMVE COOVE OBoCc (X) (XI'V) for use as
synt hesi s internedi ates of conpounds of3JornuIa (r).

0 /
N
Z 0 0
VZ’iI (XVII)
N
U™

wherein Pg, W, and Z are as defined hereinbefore,
which compound of formula (XVIII) is subjected to the same reaction conditions as the
compound of formula (XII) to yield a compound of formula (I/d) as described

5 hereinbefore,

the compounds of formulae (I/a) to (I/1) constituting the totality of the compounds of
formula (I), which compounds are, if appropriate, purified according to conventional
purification techniques, may, if desired, be separated into their different isomers
according to a conventional separation technique and are, if desired, converted into
10 their N-oxides and, where appropriate, into their addition salts with a pharmaceutically

acceptable acid or base.

12. Pharmaceutical compositions comprising as active ingredient at least one compound of
formula (I) according to any one of claims 1 to 10, on its own or in combination with

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

15 13. Pharmaceutical compositions according to claim 12, useful as medicaments in the

treatment of cancers.

14. Compounds of formula (X), (XI) and (XIV) :



-40 -

COOMe
z 0 COOMe
1
Boc OBoc
COOMe
Z 0 COOMe
WEI (XD)
1
Boc OBoc
COOMe
z 0 COOMe
v@i (XIV)
N
1|> o ~_-OH

G

for use as synthesis intermediates of compounds of formula (I).





