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compounds fused at their indole moiety and cyclopentene moiety to an aromatic or non-

aromatic cyclic system optionally containing hetero atoms. Those compounds possess
10 pharmacological activities making them of use especially in the treatment of cancerous

cells. Patent Application WO 01/85686 describes pyrrolocarbazole-aryl compounds for use

in the treatment of cancers. Patent Application EP 0 841337 claims substituted 7,12-

dioxo-benzo[a]anthracene compounds and describes their anti-cancer properties.

The compounds of the present invention are novel in terms of both their structure and their

15 use as anti-tumour agents.

More specifically, the present invention relates to compounds of formula (I) :

@,

wherein :



-2 A together with the carbon atons to which it is bonded, represents a
group of formula (a) or (b) : Zz, O\ I | 2 R4 R4 (a) (b), wherein: 5 +
WL, together with the carbon atons to which it is bonded, represents a
phenyl group or a pyridyl group, Z represents a group selected from

hydr ogen and hal ogen atons and the gro;?gs | i near or branched (C1l-C6)al kyl,
nitro, cyano, hydroxy, linear or branched (C1- C6) al koxy, aryl,

aryl -(C1-Ce)al kyl (in which the alkyl noiety is linear or 10 branched

aryl oxy andAarggetlfeClwith)tht kaaxon( atemshioc whidheitaisklondedmiepreseits 4 igrair 0

br anched) a@m'\ﬁ%? \(l)\@?[’ﬁ‘l n RS and R6, which are identical or d|fferent
each indep d 0 the other represents a group selected froma
hydrogen atom and a |inear or branched (Cl-C6)al kyl group, R4 represents a
group selected froma_hydrogen atom and the groups |linear or branched 15
(C1-C6) al kyl , aryl ané - C6) al kyl (i nZV\:hI ch the al kyl noiety is

| i near or W, Di ji
IT 2

17
R, R,
(a) ®)
wherein :
5 < W,, together with the carbon atoms to which it is bonded, represents a phenyl group or
a pyridyl group,

% Z represents a group selected from hydrogen and halogen atoms and the groups
linear or branched (C;-C¢)alkyl, nitro, cyano, hydroxy, linear or branched
(C-Ce)alkoxy, aryl, aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or

10 branched), aryloxy and aryl-(C;-C¢)alkoxy (in which the alkoxy moiety is linear or
branched) and NRsRg¢ wherein Rs and Rg, which are identical or different, each
independently of the other represents a group selected from a hydrogen atom and a

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

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

15 (C1-Ce)alkyl, aryl and aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or
branched) or a group -C(O)-OR's wherein R's represents a group selected from the

groups linear or branched (C;-Ce)alkyl, aryl and aryl-(C;-C¢)alkyl (in which the alkyl

moiety is linear or branched),

e Y represents a group selected from an oxygen atom and a methylene group,

20 e R, represents a hydrogen atom and, in that case:



branched) or a group -C(O-OR s wherein R5 represents a group sel ected
fromthe groups |inear or branched (Cl-C6)al kyl, aryl and

aryl-(Cl-C6)al kyl (in which the alkyl nmoiety is |inear or branched), Y
represents a group selected froman oxygen atom and a net hyl ene group, 20
R2 represents a hydrogen atomand, in that case: -3 R3 represents a group
sel ected froma hydrogen atom and t he 'g}r'oups | i near or branched

(Cl-ce)al kyl, aryl, aryl-(Cl-C6)alkyl (in which the alkyl noiety is |inear
or br anchedR; repnese@SA@FGP sedectqfrema@ hixdrogon piom dnshidic B UpRlingas oF é@@ﬁlﬂeﬂ a

(1 Os) al iyl R b Lty PR e BT ARG ik i GRRREPED,

linear or pypsolErl) or a linear or branched (Cl-C6)al kyl ene chain
substituted by one or nore identical or different groups selected from
-OR'5 and -NR'5R"6 wherein R'5 and R'6 are as defined for R5 and R6

defi ned hereinbef Z, and Z2 each represent a hydrogen atom or Z1
and Z2, t'ogoert%earndvm%erﬁr'%%ebogg’r bon atons carrying them form a phenyl group,
with the proviso that, when Z represents a hydrogen atom R, is other than
a hydrogen atom to their enantioners, diastereojsoners, N-oxide, and to
addi% i on*salkt eprasenta areypt 5§legted from a hydrogen atom and the groups linear or branched

(C1-Cg)alkyl, aryl and aryl-(C;-Ce)alkyl (in which the alkyl moiety is linear or
branched) or a linear or branched (C;-C¢)alkylene chain substituted by one or more
identical or different groups selected from -OR"s and -NR"sR"s wherein R"s and R"¢ are

as defined for R;s and R¢ defined hereinbefore,

10 e 7, and Z, each represent a hydrogen atom or

Z, and Z,, together with the carbon atoms carrying them, form a phenyl group,

with the proviso that, when Z represents a hydrogen atom, R, is other than a hydrogen

atom,

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

15 pharmaceutically 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;-Cg)trihaloalkyl, hydroxy, linear or branched
20 (Ci-Cg)alkoxy, and amino optionally substituted by one or two linear or branched

(C;-Ce)alkyl groups.

Among the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid,

acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,




15 pharmaceutically acceptable acid or base, wherein "aryl" is to be
under st ood as neani ng a phenyl, naphthyl, dihydronaphthyl,

t et rahydronapht hyl, indenyl or indanyl group, each of those groups being
optionally substituted by one or nore identical or different groups

sel ected from hal ogen, |inear or branched (Cl-C6)al kyl, linear or branched
(C1-Co) trihal oal kyl, hydroxy, I|inear or* branched 20 (C1-Co) al koxy, and

am no optionally substituted by one or two |linear or branched (Cl-GC6)al kyl
groups. Amanc adid, ﬁmmmuhnaid ycidavapicasids cituic dsid; lasgoebiprmyidh enathemei oned,

wi t hout i.n n:tatl n, hydrochloric acid, hydrobrom c acid,
sulphurléng%gﬂcgﬂﬂ ?éﬁm? % acetic acid, trifluoroacetic acid, lactic
acid, pyruvic acid, malonic aC|d succinic acid, | -4 glutaric acid,

fumari c acid, tartaric acid, mal ei ¢ acid, citric acid, ascorbic aC|d

met hane- Agnorpmmmlaamc&un@émmt@blabms dlacge maamemtmeﬁhwﬁh%emm@ ly
t abl limtat
2oa um hyy SRR JEH R BRIETR AR e MR Mo 37 L E1 12" O™

conmpounds of the invention are conpounds of fornula (I) that correspond
nor e espeC|aIIy to for wherein Z, and, Z2 are as

def i‘hed foriered gempeynds o n}ISQEdBY%‘i“ﬁ:@ a’tec?°§1P§BE‘3§rﬂ§f fa'awaﬁf%&@ée%rr@ﬁﬁ%mﬁ%t
pref er r edsGRMIYYH dsimiia (&G | Nvention

(IA)

wherein R, R4, W1, Z, Z; and Z, are as defined for formula ().

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

10 are compounds of formula (I) that correspond more especially to formula (IB) :
/ 1
O N
O
A
(B)
O

)

R, 0

Z



10 are conpounds of fornmula (I) that correspond nore especially to fornula
(IB) : (IB) -5 wherein R, R4, Z, Z, and Z2 are as defined for formula (1).
According to a third advant ageous enbodi nent, preferred conmpounds of the
invention are conpounds of fornula (1) corresponding nore especially to
formula (1C) : 5 wherein RI, R4, Z, Z, and Z2 are as defined for fornula
(I'). According to a fourth advantageoué'enbodinent, preferred conpounds of
the invention are conpounds of formula (1) that correspond nore especially
to fornmula (ID) : R3 wherein R, R3, R4, W, Z, Z, and Z2 are as defined
for formula (l). 56 cording to fi.fih. adv ageous enbodi nent, preferred
corrpoundéVtheglf%é’ l}“n@éﬁt?’bn h&%as %%#P&Sdf%rde“BP‘%@mm a (1) that correspond
nore especially to fornula (JE) : R3 wherein RlL, R3, R4, Z, Z, and Z2 are

as defined for formula (l1). 5 According to a sixth advantageous enbodi nent,
pr ef er r edhceomdpiainddhisd agvantagaousrmbadinent, prefemss GAaBOWIds o theunrention afg at

corres pO@QmBBJI%s%?E’&%iuﬂ dIch;rPesf)&{cﬂﬁg Rofd é:s})eéialﬁt]m Dtmula (10):

/Rl
O N

ac

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

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

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

/Rn
0 N

(ID)

wherein Ry, R3, Ry, W1, Z, Z; and Z, are as defined for formula (I).



Z 0 R3 wherein RL, R3, R4, Z, Z, and Z2 are as defined for formula (1).
According to a seventh advant ageous enbodi nent, preferred conpounds of the
invention 10 are conpounds of formula (1) that correspond nore especially
to formula (1G : -7 wherein R, R4, W, Z Z, and Z2 are as defined for
formula (1). According to an ei ghth advant ageous enbodi nent, preferred
conpounds of the invention are conpourds of forrmula (1) that correspond
nore especially to fornula (IH) : 5 wherein R, R4, Z, Z, and Z2 are as
defi ned fAwcofdorgtol afifth pdvatagsoad ergbedimanty preférresdscanmoandoaithe nivsatioe ate,

preferred conpoun of 't ipvention, are CcoOF nds_of, mula (1) that
correspoﬁﬂmﬁﬁ?@éé’gz ulg aithﬁgcwmdd"t’ﬁefpf?‘:%@t*ﬁqm%flﬁs Rl, R4, Z, Z1 and
Z2 are as defined for fornmula (1). In one enbodi ment of interest, the group
Z to which preference is given in accordance with the invention is a

hydrogen atom hal ogen atom or hydfoxy group. Advantageously, the group A,
together with the carbon at @g toNWnich it is bonded, to

0]
Z (E)
Zl

0 II

R, O\ Z,
R,

wherein Ry, R3, Rs, Z, Z; and Z, are as defined for formula (I).
5 According to a sixth advantageous embodiment, preferred compounds of the invention are

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

(IF)

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

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

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



whi ch preference is given in accordance with the invention, is a group of
formula : 5 or z cc \ In an especially advantageous enbodi nent, the group
R3 to which preference is given in accordance with the invention is a
hydrogen atomor a linear or branched (Cl-C6)al kyl group. In an especially
advant ageous enbodi nent, the group R, to which preference is givenin 10
accordance with the invention is a hydr'iogen atom a |linear or branched
(C1-Co)al kyl group or a linear or branched (Cl-C6)al kyl ene chain
substituted by one or nore identicg) or )&{fferent groups sel ected from
-NRSR6 wherein R5 and R6 are as defiNged,fjor fornula (). -9 In another
enbodi nent of interest, the groups Z,/ and Z2 to which preference is given
in accordance with the vaenttpn ar g 3ggn at ons. Conmpounds to whi ch
preference is given in organcesy e invention are :
7-nethy|[1,4]benzodioxi“6[ , B- a] p) [ 3, 4-c] car bazd®- 6, 8-di one, 5
10-fluoro-7-nethyl[1,4]b '%?i" ] pyrrol o[ 3, 4-c] car bazol e- 6, 8-di one

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

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

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

(IH)

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

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

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



11-fluoro-7-nethyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] car bazol e- 6, 8-di one

7-[2- (di met hyl am no) et hyl ] - 10-fl uoro[ |, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] -
car bazol e- 6, 8-dione, | O0O-hydroxy|
1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- 6, 8-di one, 10
11- hydr oxy[ |, 4] benzodi oxi no[ 2, 3- a]pyrrdfb[3 4- c] car bazol e- 6, 8-di one,
7-[ 2- (dlnethylanlno)ethyl][l 4]benzod|OX|no[2 3-a] pyrrol o[ 3, 4-c] carbazol e-6
, 8- di one, 0O
7- [ 2- (d|nethylanlno)ethyl]-10-hydroxy\k,4kﬁenzod|OX|no[2 3-a] pyrrol o[ 3, 4-c]
- carbazol e- 6, 8-di one, 7-[2-(dinethy|;nin-)ethyl]-l
- 15 carbazol e- 6, 8-di one,

| - hydroxy[ |, 4] benzodi oxi no[ 2, 3- ahp
-e]lpyrido[2',3 :5,6][1, 4] oxa

7-[ 2- (di et hyl am no) et hy

zino- [3,2-g]isoindol ez : qnt i oner s, diamnereoisoners,

N- oxi des, and addition s th a praceutically acceptable acid or
base, of the preferred conﬁbundsN’orn1aﬁ/| Pegral part of the invention. 20
The invention relates also to a ﬁfocess for|the preparation of conpounds of
formula (1), which process is charac Q& n that there is used as
starting material a conpound of formula wherein Z, and Z2 are as
defined for formula (1), -10 which conpo formula (11) is reacted with

N- bronosuccinim de in the presence of

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

In one embodiment of interest, the group Z to which preference is given in accordance with

the invention is a hydrogen atom, halogen atom or hydroxy group.

Advantageously, the group A, together with the carbon atoms to which it is bonded, to
which preference is given in accordance with the invention, is a group of formula :

Z zZ

L . S0

In an especially advantageous embodiment, the group R; to which preference is given in

accordance with the invention is a hydrogen atom or a linear or branched (C;-Cs)alkyl

group.

In an especially advantageous embodiment, the group R; to which preference is given in
10 accordance with the invention is a hydrogen atom, a linear or branched (C;-Ce)alkyl group
or a linear or branched (C;-C¢)alkylene chain substituted by one or more identical or

different groups selected from -NRsRg wherein Rs and R are as defined for formula (I).



benzoyl peroxide to yield the conpound of formula (I111) : wherein Z, and Z2
are as defined hereinbefore, 5 which conpound of formula (111) is reacted
with sodiumiodide to yield the compound of fornula (1V) : (1V), wherein
Z, and Z2 are as defined hereinbefore, which conpound of fornmula (1V) is
reacted with n-butyllithiumand then with trinethyltin 10 chloride to
yield the conmpound of formula (V) : SANE3 wher ei n Z, and Z2 are as defined
her ei nbefore, which conmpound of forrmula (V) is: either treated, in the

pr esence Infanbther ekbedimenpoieimerestothp Ereups gal drddZute( @hichpirefhreace s5givemnpound

?Lpigggﬁ%@“&ﬁgﬁﬁﬁﬂﬁﬁﬁ?§%§§5$%§£3&85§%%§P%ékﬁéwﬁoﬁn(giéénrgegsh?hzgis and W
and Z are as defined for formula (1), to yield the conmpound of formula
(M) Compounds to which preference is given in accordance with the invention are :
e 7-methyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
5 e 10-fluoro-7-methyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
e 11-fluoro-7-methyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl]-10-fluoro[1,4]benzodioxino[2,3-a]pyrrolo|3,4-c]-
carbazole-6,8-dione,
e 10-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
10 e 11-hydroxy[1,4])benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl][1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl]-10-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl]-11-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
15 carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl][1,4]benzodioxino[2,3-e]pyrido[2',3":5,6][1,4]oxazino-
[3,2-g)isoindole-6,8-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.

20 The invention relates also to a process for the preparation of compounds of formula (J),

which process is characterised in that there is used as starting material a compound of

formula (II) :
j an,

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

z, o)

Z; )



(M1), 5 wherein Pc, Z, Z1, Z2 and WL are as defined hereinbefore, which
conpound of fornmula (VII) is treated with a conpound of formula (VIII)
(VI11), wherein R13 represents a hydrogen atomor a nmethyl group, to yield
the conpound of forrmula (IX) : -12 (IX), wherein PG Rla, Z, Z1, Z2 and W
are as defined hereinbefore, which co @und of formula (I1X) is treated with
N- br onosucci ni m de and benzoyl peroxide'to yield the conpound of fornula
(1/a), a particular case of the conpounds of 5 fornmula (I) : (Pa), wherein
Po, Rla, whiclztompoundnef fnrmaladldds ekatied ewith &-biontpstesinimidghincthe poespatenefl of
formula (Pa) s optiaonal tre i ound of formula (X) RL NH2
(X), - 1 etoa) BrRide 0 Rield ok S RbE e e SRS R informila (1) but is
ot her than a hydrogen atom or a nmethyl group, to yield the conmpound of
formula (1/b), a particuI%y case of tBe c%ﬂpounds of formula (I)

1

(11),
Z; o Br
wherein Z; and Z, are as defined hereinbefore,
5 which compound of formula (III) is reacted with sodium iodide to yield the compound of

formula (IV) :

z, )
pe oI
Z; )

wherein Z, and Z, are as defined hereinbefore,
which compound of formula (IV) is reacted with n-butyllithium and then with trimethyltin

10 chloride to yield the compound of formula (V) :

z, )
0
z; 0~ “SnMe,

wherein Z, and Z; are as defined hereinbefore,
which compound of formula (V) is :
e cither treated, in the presence of tetrakis(triphenylphosphine)palladium(0), with a

15 compound of formula (V1) :



(1/b), 5 wherein Rb, Z Z , Z2 and W are as defined herei nbefore, which
conpounds of formulae (1/a) and (1/b) constitute the conpounds of formula
(I/c) : wherein R 4 represents a hydrogen atomor a group PG and RI, Z
Z1l, Z2 and W are as defined hereinbefore, -14 or treated in the presence
of bis(triphenyl phosphine)palladiun(ll)_ chloride with a conpound of
formula (XI) : (XI), wherein Boc repreéénts a tert-butoxycarbonyl group and
Ria, W and Z are as defined 5 hereinbefore, to yield the conpound of
formula (XI1) : (X1), R ., Z 71, Z2 and WL are as defined
her ei nbefore, which conp rnuIaO(XII) iS: elther irradiated with
a W lanp, in the presenc e, injja non- polagds to aprotic
solvent, to yield the co muPE@PH)) / d) ahd”’(1/e), particular
cases of the conpounds of for fa (ry : -15 mhereln Boc, R13, ZzZ, Z,, Z2
and W are as defined hereinbefq&g, whi ch conpounds of fornula (1/d)

wherein Pg represents an amine-protecting group well-known in organic synthesis and W),

and Z are as defined for formula (I), to yield the compound of formula (VII) :
Z (0]
@I l 7 Q
h (VI
P, o

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

which compound of formula (VII) is treated with a compound of formula (VIII) :

1Izla
N
Ovo (VIID),

wherein R, represents a hydrogen atom or a methyl group, to yield the compound of

formula (IX) :



5 4 optionally are subjected to deprotection of the am ne function
according to conventional nethods of organic synthesis to yield the
conmpound of forrmula (I/f), a particular case of the conmpounds of fornula
(1) : wherein Rla, Z, Z1, Z2 and WL are as defined hereinbefore, 10 4 or
optionally are subjected to the action of a conpound of forrmula (XII1) :

R3 G(XIIl), -16 wherein R3a, has the sdane definition as R3 in fornmula (I)
but is other than a hydrogen atom and G is as defined hereinbefore, to
yiel d the compound of forrmula (1/g)o_ a pafuicular case of the conpounds of
formula (1) : (I/g), a 5 wherein Bo Rha, R3a, Z, Z,, Z2 and W are as
defi ned herei nbefore, which conpounds of \fornulae (1/d), (1/e) and (l/Q)
constitute the conmpoundZof forgula {l/h wherein Boc, Rla, R3, Z, Z,, Z2

and W are as defined hep¢gi forg i ch conmpound of formula (Ph)
optionally is subjected wo t e sarne tion conditions as the conpound of
formula (lI/a) to yield t & 0 rmula (I/1), a particular case of
t he conpounds of forrmula (I) :ﬁ117 (IX),

P, 0]

wherein Pg, Ria, Z, Z,, Z; and W, are as defined hereinbefore,
which compound of formula (IX) is treated with N-bromosuccinimide and benzoyl

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

5 formula (I) :
O /Rl a
N
Z 0 0
M (Va),
ITI o
P, O
Zl
V4

wherein Pg, Ry,, Z, Z1, Z; and W, are as defined hereinbefore,

which compound of formula (I/a) is optionally treated with a compound of formula (X) :

R —NH, X),



wherein Rib, R3, Z, Z, Z2 and W are as defined hereinbefore, or
subjected to the action of hydrochloric acid to yield the conpound of
formula (XIV) : (XIV), 5 Hwherein Rla, Z, Z1, Z2 and W are as defined

her ei nbef ore, which conpound of fornmula (XIV) is subjected to the action of
a conmpound of formula (XV) : Rda G ( , 10 wherein G represents a | eaving
group and R4a has the sane definition as R4 in formla (1) but is other
than a hydrogen atom to yield the conpound of fornmula (XVlI) : -18 (XVI),
wher ei n RilereiRRay, has thg samg defmitiomas By én fosmylf (D ihethet thbe fdiydrogematom

d of f I XVL) i bj ect ed t ti. diti
compound o nRESH B8 i SHELSFEI OB TTnh S b BRAE AL O 385 "o
(17k), pabhipethdof forme@a€l :of the conpounds of formula (1) : wherein Rla,

Rda, 7z, Z,, Z2 and W are as defined hereinbefore, which conpound of
formula (1/k) optionally is subjected to the action of a conpound of

O /Rlb
N
z 0 0
@I (Ib),
1}1 0
H 0
zZ, ‘
Z2

5 wherein Ry, Z, Z1, Z, and W, are as defined hereinbefore,

which compounds of formulae (I/a) and (I/b) constitute the compounds of formula (I/c) :
R
O / 1
N
N
@i I/c),
ITI o
R, O
Zl
Z,

wherein R'4 represents a hydrogen atom or a group Pg, and R,, Z, Z;, Z, and W, are as

defined hereinbefore,



formula (XI1l) as defined hereinbefore to yield the conpound of fornula
(/1) : -19 R 3a 5 wherein Rla, R3a, Rog, Z, Z1, Z2 and W are as defined
her ei nbef ore, which conpounds of forrmulae (1/j), (1/k) and (I/l) constitute
t he conpounds of forrmula (Umn : wherein Rla, R3, Rda, Z, Z1, Z2 and W are
as defined hereinbefore, which corrpoung of fornmula (1/m optionally is
subjected to the same reaction conditfi hs  as the conpound of formula (1/h)
to yield the conpound of fornmula (1/n) : RI1t, N R43 -20 wherein R b, RS,
R4a, Z, Z1,eZdr amated\in sheeprasende fof ihesftripberylptivspline)pallddiwrh(IDoshhendedwitiyfa
formul ae (1/e) |/ nd (1/3%,. (I/m and (I/n) constitute the conpounds
of formula (1?%?59“'@)%%%‘{1?1(@; R3, R4, Z, 7], Z2 and W are as defined
her ei nbef ore, which conpounds of forrmulae (1/a) to (l1/0) constitute the
totality of the conpounds of

1lzla
0~_N__0
7 -
XD,
\N1 / \ Br ( )
]
Boc

wherein Boc represents a tert-butoxycarbonyl group and Rj,, W, and Z are as defined

5 hereinbefore, to yield the compound of formula (XII) :

(XID),

wherein Boc, R1., Z, Z1, Z; and W, are as defined hereinbefore,
which compound of formula (XII) is :
¢ cither irradiated with a UV lamp, in the presence of iodine, in a non-polar and
10 aprotic solvent, to yield the compounds of formulae (I/d) and (I/e), particular cases

of the compounds of formula (1) :



formula (1), which are purified, where necessary, according to conventional
purification techniques, which may be separated, if desired, into their
different isomers according to a conventional separation technique, and
which are converted, if desired, into their N-oxides 10 and, where
appropriate, into their addition salts gﬁth a pharmaceutically acceptabl e
acid or base. The conpounds of formurd (VI) may advant ageously be obtai ned
starting froma conpound of formula (A : ZOwll;1L0 (A), 1 5 wherein Z
and WI are as defineéhereinbefore, -21 the amne functigp of which
conmpound of forgyla (A is protected by a protectingggroup/‘PG wel | - known
to the person s \n the art, to yield the conpo Nformula (B) : O
(B), ZN O Pc wherei\n Po @resents a tert-but oxycarbony oxycar bonyl
group andzW. and Z

Z

w O Z, W

N

| HO z, |

Boc Boc

Z,
Z,
I/d) (Ie),
wherein Boc, Ry,, Z, Z1, Z; and W, are as defined hereinbefore,
which compounds of formula (I/d) :
5 < optionally are subjected to deprotection of the amine function according to

conventional methods of organic synthesis to yield the compound of formula (I/f), a

particular case of the compounds of formula (I) :

R
/ ia
OX N
O
z s
W, I\ 0 z,
HO z,
wherein R,, Z, Z;, Z; and W) are as defined hereinbefore,
10 < or optionally are subjected to the action of a compound of formula (XIII) :

R.—G (XIII),

3a



5 as defined hereinbefore, which compound of fornula (B) is treated with
l'ithiumdiisopropylam de foll owed by diphenyl chlorophosphate to yield the
conmpound of forrmula (VI). The conpounds of forrmula (Xl) nay advantageously
be obtained starting froma conpound of fornmula (C) : 10 wherein Rla is as
defined herei nbefore, which conpound of fornula (C) is treated, in the
presence of lithium bis(trinmethylsilyl’yam de, with a conpound of formula
(D) : Z 15 wherein W and Z are as defined hereinbefore, to yield a
conmpound vdierdio Ry lhas (he)same-definitlenrae iRy imjermuja @hbit vy otheethar adwfioger atom

her ei nbef or.e, . whi 9 ound. of .for a (E) is.r e ith di-tert-butyl
di car bonzﬂlg%i; 1 ?Sthe%B?‘gggrﬁgl cfofe, tﬂ%%%&’@%“ﬁ%ﬁ@ﬁ’%?%éwﬁﬁj AR agl%l?%rﬁg?e
conmpound Ffihd @nBduaddd of tbrmBlah)e conpounds of formulae (11), (VIIl), (X),
(XIV), (Xv1), (A, (© and (D) either are comercial conmpounds or are

obt ai ned according to conventional methods of organic synthesis readily
accessible to the person skilled ign the art. The conpounds of formula (I)
have val uabl e phar macol ogi cal propé?ties. They have excellent cytotoxicity
invitro not only with resp | eukaem a Iines but also with respect

Z
w z,
(Ig),
]
Boc O\ Z,
R3a
5 wherein Boc, Ry, R3s, Z, Z1, Z, and W, are as defined hereinbefore,

which compounds of formulae (I/d), (I/'e) and (I/g) constitute the compound of
formula (I/h) :

Z,
(I/h),
Z,
wherein Boc, Ry, R3, Z, Z,, Z, and W, are as defined hereinbefore,
10 which compound of formula (I/h) optionally is subjected to the same reaction conditions as

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

the compounds of formula (I) :



10 to solid-turmour lines; they also exert an action on the cell cycle and
are active in vivo, in a |eukaem a nodel. Those properties enable themto
be used therapeutically as anti-tunour agents. Anong the types of cancer
that may be treated by the conpounds of the present invention there may be
mentioned, without inplying any limtatjpon, adenocarcinomas and 15

carci nomas, sarconmas, glionmas and | eukdéni as. The present invention relates
al so to pharnaceutical conpositions conprising conpounds of formula (1),
an enanti omer or diastereoi soner fMwereof, or an N-oxide thereof, or an
addition salt thereof wth @ phagjraceutically acceptable base or acid,
alone or in conbination witfk nore inert, non-toxic excipients or
carriers. -23 Anmong the phar O conpositions according to the

i nvention there nmay4fe. _nentieoned/nore especially those that are suitable
for oral, parenterahly W , ~ perlingual,, ocular or respiratory

adm ni stration, and e%p: i yees, subliipgual tablets,
sachets, paquets, gelat | ozenges, suppositories, 5
creans, Ointnents, dernalé?el , injecta dri nkabl e preparations,

aerosol s, eye drops and se drops. OBy t ue zg t he phar macol ogi cal
properties that are characteristic of\the conpounds of formula (I), the
phar maceuti cal conpositions conprisingRfhe said conpounds of fornula (I)
as active ingredient are, accordingly, especially useful in the treatnent
of

wherein Ry, Rs, Z, Z,, Z; and W, are as defined hereinbefore,

4 or subjected to the action of hydrochloric acid to yield the compound of

formula (XIV) :

(XIV),

wherein Rya, Z, Z1, Z; and W, are as defined hereinbefore,
which compound of formula (XIV) is subjected to the action of a compound of

formula (XV) :

G (XV),

4a

10 wherein G represents a leaving group and Ry, has the same definition as R4 in formula (I)

but is other than a hydrogen atom, to yield the compound of formula (XVI) :



10 cancers. The useful dose varies according to the age and wei ght of the
patient, the admnistration route, the nature of the therapeutic

i ndi cation and any associated treatnments and ranges from 0.1 to 400 ng per
day, in one or nore admnistrations. The Exanples that followillustrate
the invention, without limting it in Qy way. The 15 starting materials
used are known products or are preparéd®accordi ng to known procedures. The
structures of the conmpounds described in the Exanpl es were determ ned
according to customary spectrophotonetric techniques (infra-red, nuclear
magneti c resonance, nmass spectfonetry, ...). PREPARATION A :

Benzo[ 1, 4] di oxi n-2-yl (tri ne 20 Step A :

2, 3- Di brono- 2, 3-di hydro- 1, 4- benzodi oxi ne Under an inert atnosphere, 73.45
mol  of 1, 4- benzodlggane 150 f carbon tetrachlorlde and then 163. 32
mol of recrystallls { pi-H \ 811 nol of benzoyl peroxide
are mni xed together. Whe ture wfluxed KWV, t he aid of a

lanp (60 W for 6 hours. ‘
filtration and the 2 35 g' ZaJIomnng t he expected
product to be isolated. - ﬁ Step B : Benzo[1, 4]d|0X|ne 73.45 mol of the
conpound obtained in SteppA above are dissolved in 125 m of acetone; the
solution is then stirred fof 2 hours under reflux, in the presence of
sodi um i odi de

wherein R, R4a, Z, Z1, Z> and W are as defined hereinbefore,
which compound of formula (XVI) is subjected to the same reaction conditions as the
compound of formula (XII) to yield the compounds of formulae (I/j) and (I’k), particular

5 cases of the compounds of formula () :

) (k)

wherein R, R4a, Z, Z1, Z; and W are as defined hereinbefore,
which compound of formula (I/k) optionally is subjected to the action of a compound of

formula (XIII) as defined hereinbefore to yield the compound of formula (/1) :



(359.9 nmmol ). After evaporating off the solvent, the residue is dissolved
in a mxture of 5 water/ethyl acetate (100 m /200 m ). The organic phase is
t hen washed with 20 % aqueous sodi umthiosul phate solution and then the
aqueous phase is extracted twice with ethyl acetate. The organic phases
are conbi ned, dried over magnesium sul phate and then concentrated to
dryness. Purification by chromatography”over silica gel (petroleum
ether/ethyl acetate : 95/5) allows the expected product to be obtained. 10
IR (NaCl film : v(c=c enol ethgn) = 1665 cm; v(c= Ar) = 1590 cmt. Step
C. Benzo[l, 4] di oxi n-2-yl (tOkpet Ryl ) stannane 14.91 mmo] of 1, 4-benzodi oxi ne
are dissolved in 18 m of anlydrous tetrahydrofuran under an anhydrous
atmosphere, and the tenperature o & solution is lowered to -78C. 23.86
mmol of a 1.5M sol #jo bt 1 1 i thiumin hexane are added dropw se to
t he 15 reaction m xyure 3 sgirred at -%8C for 2 hours 15 m nutes.
37.28 mmol of tri { in 10 m of anhydrous

t et rahydrof uran are “agded drop¥d se reactlon mxyhye is stirred at
-78C for 45 ninutes and then returned . i ent tenperature for 15 hours.
The reaction mxture is p&drolysed Qth ] gueous potassium fluoride
solution and is stirred fdr 45 nlnut§§ The precipitated tin salts are
removed by 20 filtration, and the aquRgus phase is extracted 3 tinmes with
et hyl acetate. The organic phases are conbi ned and concentrat ed.
Purification by flash chromat ography over silica gel (petroleum

ether/ethyl acetate ; 95/5) allows the gﬁfected product to be obtained. IR
(NaQl fi IWheren RicBe: Buo %M?éra)ldwlﬁrsgs nefd herejpibetare,ar) = 1592 cmt.

which compounds of formulae (Ij), (I’k) and (I/) constitute the compounds of

formula (I/m) :

(I/m),

wherein Ry,, R3, R4, Z, Z1, Z, and W are as defined hereinbefore,
which compound of formula (I/m) optionally is subjected to the same reaction conditions

as the compound of formula (I/h) to yield the compound of formula (I'n) :

R
1b
0 /

Zl (I/ l’l) ’




-25 PREPARATION B : Napht hol 2, 3-b] [ 1, 4] di oxi n-2-yl (tri butyl)stannane Step
A.. Ethyl 2,3-dihydronaphtho[2, 3-b][1, 4] di oxi ne-2-car boxyl ate Under an

i nert atnosphere, 47.03 mmol of dry potassium carbonate are added to a
solution of 62.43 mml of 2, 3-di hydroxynapht hal ene in 150 m of anhydrous
acetone. The reaction 5 mxture is heated at reflux, after adding 17.2 mol
of ethyl 2,3-di bronopropanoate. 15 mrfutes later, 47.03 mmol of dry

pot assi um carbonate, and also 17.2 mmol of ethyl 2,3- dibronopropanoate are
again added to the reaction mxture. This operation is repeated two nore
times, at m nt er yal I d for 18 hours. The
reaction W%érel ‘é’ I?%kf“hghz leztag&g\é Aféh%gﬂlgd;ﬁg}sel gg&fgs washed with acetone.
The filt I"&hﬁhl Gorﬁ}mmemdfafc&dlulz& em) i(¥h) hed (lake(l/mp and din)ytomtaitatibe and
washed with 100 of water. The aqueous phase is extracted three times
with et hy?onéft%ﬂﬁﬁ‘éffoﬁﬂ'&at(ﬂ% t he organi ¢ phases are conbined, dried over
magnesi um sul phate, filtered and evaporated under reduced pressure.
Purification by flash chromatogr ﬁhy over silica gel (petroleum
ether/ethyl acetate : 9/1) allows expected product to be isolated. 15
IR (NaCl film : vc=o = 1759 ¢cm Mass spectrum:259 [M+ fl f . Step B
Et hyl naphtho[ 2, 3-b][1,, 4] di o carboxyl ate Under an inert atnpsphere, a
solution of 25.94 mmol of the obtained in Step A above in 120 mi

of carbon tetrachl oré is he reflux with the aid of a lanp (60 W
in W 0 z, (I/o),
)
0 z
R 4 \ 2
R3

5 wherein Ry, R3, Ry, Z, Z,, Z, and W, are as defined hereinbefore,

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

base.

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

compound of formula (A) :

15 wherein Z and W, are as defined hereinbefore,



20 the presence of 57.03 mmol of recrystallised N bronosuccinimde and a
catal ytic anount of benzoyl peroxide. Stirring is maintained at reflux for
2 hours 30 mnutes. After cooling, the |iberated succinimde is filtered
off and the filtrate is concentrated to dryness in vacuo. The dibrom nated
ester obtained is dissolved in 100 m { acetone, and then 129.62 mmol of
sodiumiodide are added. Stirring is fatntained at ambient tenperature for
4 hours. 25 After evaporating off the solvent, the residue is taken up in a
m xt ur e dlie svainerfindtion| ofawt:mcempalrmi afcformulagi) s prrvmtrdénu% prodestingngroup

t hi osul p ate olutlo The or a [ Qve [ sul phat e,
filtered \9&"5‘8}‘& E%P“E!BR? caltnlt eha.rgﬁ fyfeé‘gﬂ.‘e SRPERETGY ogr ﬁ'ﬁﬁ (}gg over
silica gel (petroleun1ether/elhyl aqgtate : 9/1) allows the expected
product to be isolated. Melti IntN: 98C. IR (KBr) : vc=o = 1724 cm

; vc=c= 1682 cm 1. 5 Mass sp®gtr 7 [M+(B)4. Step C

Napht ho[ 2, 3-b] [ 1, 4] di oxi n- 2-cay bg I| id A solution of 24.58 mmol of the
conpound obtained in Step B above, 250 of nethanol, is heated at
reflux for one hour, in the presenc;}of 20 M of 1M aqueous lithium

hydr oxi de solution. After cooling, amnd evaporating off the methanol, the
reaction mxture 10 is acidified with 1M aqueous hydrochloric acid solution
until a pH= 1 is obtained. The precipitate formed is filtered off,

al | owi ng vxt'}{é?eix? >P8‘?8;§r8§£n&r QQWEutgﬂch%oh?Péraﬁ}{%qoxycarbonyl group and W, and Z are

5 as defined hereinbefore,
which compound of formula (B) is treated with lithium diisopropylamide followed by

diphenyl! chlorophosphate to yield the compound of formula (VI).

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

compound of formula (C) :

(©),

10

wherein R, is as defined hereinbefore,
which compound of formula(C) is treated, in the presence of lithium
bis(trimethylsilyl)amide, with a compound of formula (D) :

Z

Ve N o

B

15 wherein W and Z are as defined hereinbefore, to yield a compound of formula (E) :



Melting point : > 360C. IR (KBr): vc=o = 1678 cm-1 ; vc=c = 1661 cm1; VOH
= 3450 cm4. WMass spectrum: 229 [M+ 1]+. 15 Step D:
Napht ho[ 2, 3-b] [ 1, 4] di oxi ne A solution of 0.66 nmol of the conpound obtai ned
in Step C above, in 1 m of quinoline, is heated at 220C for 3 hours, in
the presence of a catal ytic anmount of gwdered copper. After cooling, the
residue is taken up in ethyl acetate arnfi"washed with 1M aqueous
hydrochl ori ¢ acid solution. The organic phase is dried over magnesi um
sul phate, filtered 20 and concentratfd. Purification by flash
chromat ogr aphy over silica gel (petrgleum ether/ethyl acetate : 9/1)
all ows the expected product toChs o (ne® Melting point @ 96-98C IR
(KBr) : vc=c = 1665 cm 1l ; vc-o0 =\1296 cm 1. -27 Step E :
Napht ho[ 2, 3-b] [ I, 4] di oxi n-2-yl (tri hutwl ) st annane The expected product is

i i grl bed in St@? C of Preparation A,
starting fromthe conpoung; o D abele and tributyltin chloride. IR
(Nad film vc-o = 1166, ‘ 5 Mass spectrum 473 [M+ 1 ]+.
PREPARATI ON C : Phenyl 3-[ (i xyphosphoryl ) oxy] - 4H 1, 4- benzoxazi ne- 4-
car boxyl at e

wherein Ry,, Z and W, are as defined hereinbefore,
which compound of formula (E) is reacted with di-tert-butyl dicarbonate in the presence of

4-dimethylaminopyridine to yield the compound of formula (XI).

5 The compounds of formulae (IT), (VII), (X), (XIV), (XVI), (A), (C) and (D) either are
commercial compounds or are obtained according to conventional methods of organic

synthesis readily accessible to the person skilled in the art.

The compounds of formula (I) have valuable pharmacological properties. They have
excellent cytotoxicity in vitro not only with respect to leukaemia lines but also with respect
10 to solid-tumour lines; they also exert an action on the cell cycle and are active in vivo, in a
leukaemia model. Those properties enable them to be used therapeutically as anti-tumour

agents.

Among the types of cancer that may be treated by the compounds of the present invention
there may be mentioned, without implying any limitation, adenocarcinomas and

15 carcinomas, sarcomas, gliomas and leukaemias.

The present invention relates also to pharmaceutical compositions comprising compounds
of formula (I), an enantiomer or diastereoisomer thereof, or an N-oxide thereof, or an
addition salt thereof with a pharmaceutically acceptable base or acid, alone or in

combination with one or more inert, non-toxic excipients or carriers.



Step A : Phenyl 2, 3-dihydro-4H1, 4- benzoxazi n- 3- one-4-car boxyl ate Under an
anhydr ous at nosphere, a solution of 10 mml of 2H 1, 4-benzoxazi n-3-o0ne in
10 50 m of tetrahydrofuran is cooled to -78C. At that tenperature, 11 mol
of a 1.6M solution of n-butyllithiumin hexane are added dropw se. After
being in contact for 30 mnutes at -78C, 11 mml of phenyl chloroformte
are added dropwi se and stirring is ca‘rﬁ'ed out for a further 2 hours.
After returning to anbient tenperature, the solution is hydrolysed and

t hen extr Aotang #iet phetniagkutinabtcompositions gicgerding phdbe ingengionethers anayl He

magnesi um sul.phate, filter nd eyaporated,.  Af.ter purification by

Chr ot ogPEBHRegy Biere sl Btte AP BE b e ey PirkhEPl, Bbab¥pestal, (1
expect ed pedidpgd], 10zulas Obratrespiralony (Makihistration), ¥fd-CespeclalBO tableth 6orC rdragéedyBss
spectrum 270 (M + 1). Step : Phenyl ) o

3- [ (di phesblipgndsiahlstsy sachiets] paqyets, gelslin AFRULesh @lossighblo%SN286.cSUPPOLNPHES> an

h ' t ' ' St
") boes AAMEEATAGys ATyt Bl R r R SR St €0
t enper at uagd ndsé despsl of 2M LDA (in a solution of heptane/ THF) are added

dropwi se. After stirring for 2 hours, 12 mmol of diphenyl chl orophosphate
are added dropwi se to the reaction m xture, which is kept for a further 2

hours at g8GHudoEeKe ﬁﬁ&rﬁ{a%lﬂﬁcélo%réﬁwiemhai QPRI Rtic (0F8hé Qbrﬁh&ﬁﬂls!o? 25
hydrol ysed“and then extracted with ethyl acetate. The organic phase is
dri ed oveforni$: (¥agthesipharmsagdeptical e compositéonsd camgirision c thet rsaide comporieds  of
purificat Ifoq‘pnu?z;c (I)t gg acfive (ijrlljg?e 1nt are, accordingly, especially useful in the treatment of

10 cancers.

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

from 0.1 to 400 mg per day, in one or more administrations.

The Examples that follow illustrate the invention, without limiting it in any way. The

15 starting materials used are known products or are prepared according to known procedures.
The structures of the compounds described in the Examples were determined according to
customary spectrophotometric techniques (infra-red, nuclear magnetic resonance, mass

spectrometry, ...).

PREPARATION A : Benzo|1,4]dioxin-2-yl(trimethyl)stannane

20 Step A : 2,3-Dibromo-2,3-dihydro-1,4-benzodioxine

Under an inert atmosphere, 73.45 mmol of 1,4-benzodioxane, 150 ml of carbon
tetrachloride and then 163.32 mmol of recrystallised N-bromosuccinimide and 88.1 umol
of benzoy! peroxide are mixed together. The reaction mixture is refluxed with the aid of a
lamp (60 W) for 6 hours. The precipitated succinimide is removed by filtration and the

25 filtrate is concentrated, allowing the expected product to be isolated.



chromat ography over silica gel (petroleumether/ethyl acetate : 9/1), the
expected product is isolated. IR (NaCl film : vc=o0 = 1748 cm' ; vp=0 =
1315 cm1 5 Mass spectrum: 502 (M + 1). PREPARATION D : Phenyl

3-[ (di phenxyphosphoryl ) oxy] - 2, 3- di hydr o- 4H pyri do-

[3,2-b][|, 4] oxazi ne-4-carboxyl ate Step A~: Phenyl

2, 3-di hydro-4H pyrido[ 3, 2-b] [ 1, 4] oxazr R8-4- car boxyl ate The expected product
i s obtained according to the procedure described in Step A of 10
Preparation C, using phenyl chloroformate as substrate. Melting point :
g’[?gp :BR: (gBr!yié{e%zg[I 4}3’%;&2} 1,1803cm 1. Mass spectrum: mz 271 (M+ 1).
3-[ (di phenoxyphosphoryl ) oxy] -2, 3-di hydro-4H pyrido[3,2-b][1,4]- 15

oxazi ne-4-carboxyl ate The expected product is obtained according to the

pr ocedur &3dt$somobefithe go®pewndhitinedmeyiep Atabore @e dissabved iyl13Y mhpgmt%léhpound

O SRR SRS 5 P o5 RIS g e ot e ¥P=0
3- Br ono- 4349.6imim 613 Ay évaperatihg € the Bolveht; itidfkidde ¥4 fliskolved in a mixture of
5 water/ethyl acetate (100 ml/200 ml). The organic phase is then washed with 20 % aqueous
sodium thiosulphate solution and then the aqueous phase is extracted twice with ethyl
acetate. The organic phases are combined, dried over magnesium sulphate and then
concentrated to dryness. Purification by chromatography over silica gel (petroleum

ether/ethyl acetate : 95/5) allows the expected product to be obtained.

10 IR (NaCl film) : V(e enol ether) = 1665 cm™ 5 vicc an= 1590 cm’.
Step C : Benzo[l,4]dioxin-2-yl(trimethyl)stannane

1491 mmol of 1,4-benzodioxine are dissolved in 18 ml of anhydrous tetrahydrofuran
under an anhydrous atmosphere, and the temperature of the solution is lowered to —78°C.
23.86 mmol of a 1.5M solution of n-butyllithium in hexane are added dropwise to the
15 reaction mixture, which is stirred at —78°C for 2 hours 15 minutes. 37.28 mmol of
trimethyltin chloride dissolved in 10 ml of anhydrous tetrahydrofuran are added dropwise
and the reaction mixture is stirred at —~78°C for 45 minutes and then returned to ambient
temperature for 15 hours. The reaction mixture is hydrolysed with 15 % aqueous potassium
fluoride solution and is stirred for 45 minutes. The precipitated tin salts are removed by
20 filtration, and the aqueous phase is extracted 3 times with ethyl acetate. The organic phases
are combined and concentrated. Purification by flash chromatography over silica gel

(petroleum ether/ethyl acetate : 95/5) allows the expected product to be obtained.

IR (NaCl film) : Vic=c enolether) = 1639 em™ ; vie=c an= 1592 cm’".



met hyl -1 Hpyrrol e-2,5-dione -29 Step A : 3-Brono-4-(1Hindol -3

yl)-1-nmet hyl - 1H pyrrol e-2,5-dione 11.16 mmol of indole are dissolved in 29
m of anhydrous tetrahydrofuran under an inert atnosphere. The tenperature
of the reaction mxture is lowered to -15C, and then 17.85 mmol of a I M
solution of bis(trinethylsilyl)lithiumin hexane are added dropw se. 5
After stirring at -15C for 1 hour 10 Fr'rzﬁates, 7.44 mol of

2, 3-di brono-N-net hyl - nmal ei m de dissolved in 8 m of anhydrous

t et r ahy dRRERARAFION BacNaplsho 283-bHbdidioxin-2+yltrihugystimmenei s t hen stirred
for 20 mnutes at -15C, and for 15 mnutes from-15C to anbient
tenperature. The reaction mxture is hydrolysed with a fewmllilitres of

aqueous ﬁgg@{ RISl Hﬁm?ghﬂof@b%}ﬁ]%diﬂﬁ%bb-@rﬁ&iﬁte about 7 is obtained.
111

Afewm res of et yl acetate are then added, and the aqueous phase
Is extracted four tines with ethyl acetate. The organic phases are

bi ned. . . . . ‘h
cvapor at SRS el o SRR 35 65 oAUy PO, EMbORUC EreSBH LsoL Ky tDen
al | owi ng of 6b@3emimers 23 @ilgdrsiynishthderesial 180 @al. of Mahydrogs gretant. Theledcion

Vs> SpogHK s dsieq v ek, a@fioading -bingioh-of. (OVL. 23cbisaiaprarmaony.
tert-but k-phiRgRk 18ty 47,08 kR Jétafiin: PdrBorate and H1s818.2 mmol of ethyl 2,3-
dibromopropanoate are again added to the reaction mixture. This operation is repeated two
more times, at 15-minute intervals. Refluxing is maintained for 18 hours. The reaction
mixture is then filtered, and the residue is washed with acetone. The filtrate is concentrated
10 and is then taken up in ethyl acetate and washed with 100 ml of water. The aqueous phase
is extracted three times with ethyl acetate, and then the organic phases are combined, dried
over magnesium sulphate, filtered and evaporated under reduced pressure. Purification by

flash chromatography over silica gel (petroleum ether/ethyl acetate : 9/1) allows the

expected product to be isolated.

15 IR (NaCl film) : vc-0 = 1759 cm™.
Mass spectrum : 259 [M + 1]".

Step B : Ethyl naphtho[2,3-b][1,4]dioxin-2-carboxylate

Under an inert atmosphere, a solution of 25.94 mmol of the compound obtained in Step A
above in 120 ml of carbon tetrachloride is heated at reflux with the aid of a lamp (60 W) in
20 the presence of 57.03 mmol of recrystallised N-bromosuccinimide and a catalytic amount
of benzoyl peroxide. Stirring is maintained at reflux for 2 hours 30 minutes. After cooling,
the liberated succinimide is filtered off and the filtrate is concentrated to dryness in vacuo.
The dibrominated ester obtained is dissolved in 100 ml of acetone, and then 129.62 mmol
of sodium iodide are added. Stirring is maintained at ambient temperature for 4 hours.
25 After evaporating off the solvent, the residue is taken up in a mixture of water/ethyl acetate
and washed with 1M aqueous sodium thiosulphate solution. The organic phase is dried

over magnesium sulphate, filtered and evaporated. Purification by flash chromatography



8.19 mmol of the conpound obtained in Step A above are dissolved, at 0C, in
37.5 m of 20 anhydrous tetrahydrofuran, in the presence of 28.68 nmmol of
di-tert-butyl dicarbonate and 614.5 nol of 4-dinethylam nopyridine. The
reaction mxture is brought to anbient tenperature and stirred for 2 hours
30 mnutes. After evaporating off the solvent, the residue obtained is
taken up in nethanol, filtered, ri nsed 28t h net hanol and then dried in
vacuo, allowi ng the expected product to be isolated. 25 Melting point :
142C. | R qvéBrsilica get €petrol@int 2tlamiethyl abétss sPdg tallows thel @3pgckédtpiofduct to3lge
PREPARATI.C@I F.: 3-Brono-4-(1Hindol-3-yl)-1H pyrrol e-2, 5-di one 15. 69 nmol

of indol é¥#&ddi ssolved in 25 M of anhydrous tetrahydrofuran under an
inert atnosphere. 15.69 mmol of a 3M solution of ethylmagnesi um brom de in
diethyl ether are added, and the reaction mxture is heated at 60C for 1
hour 30 ¥gltingpoinOnB&°G.t has 5 cool ed, the m xture is added dropwi se to a
sol ution of 2. mol . of 2.3-di br laimde in 6 m of anhydrous
tetrahydrmz;v%fﬁd' l’&é"ncni hev?ééggg A xture is stirred at anbient

t enper at WigssfspectRe: MU +THE, reaction m xture is hydrol ysed using 20 m of
0. 3N aqueous hydrochloric acid solution until a pH of 8.5 is obtained, and
a fewmllilitres of ethyl acetate are added. The aqueous phase is

extract eds_thg-’gvtP:,ﬁqE‘fS{Z’\gé’%]ZIf‘gf[d}’;‘é‘li”'%&t’ }ﬁiic ‘hl% 10 organi ¢ phases are then

conbi ned, aqueous-sodium chl ori de

A solution of 24.58 mmol of the compound obtained in Step B above, in 25 ml of
methanol, is heated at reflux for one hour, in the presence of 20 ml of 1M aqueous lithium
hydroxide solution. After cooling, and evaporating off the methanol, the reaction mixture
10 is acidified with 1M aqueous hydrochloric acid solution until a pH = 1 is obtained. The

precipitate formed is filtered off, allowing the expected product to be isolated.

Melting point : > 360°C.
IR (KBr) : ve—o = 1678 cm’ ; Ve=c= 1661 cm’ : Vou= 3450 cm’..
Mass spectrum : 229 [M + 1]".

15 Step D : Naphtho[2,3-b][1,4]dioxine

A solution of 0.66 mmol of the compound obtained in Step C above, in 1 ml of quinoline,
is heated at 220°C for 3 hours, in the presence of a catalytic amount of powdered copper.
After cooling, the residue is taken up in ethyl acetate and washed with 1M aqueous
hydrochloric acid solution. The organic phase is dried over magnesium sulphate, filtered
20 and concentrated. Purification by flash chromatography over silica gel (petroleum

ether/ethyl acetate : 9/1) allows the expected product to be obtained.

Melting point : 96-98°C.
IR (KBr) : Ve=c= 1665 cm™ ; ve.o= 1296 cm™.



solution and then evaporated to dryness in vacuo. The residue is washed,
filtered and rinsed with nethanol, allow ng the expected product to be

i solated. Melting point : > 300C. IR (KBr) : vC=0 = 1772 cm ; VvNH = 3343,
3699 cm 1. 15 Mass spectrum: 291 [M+ 1]+. PREPARATION G :

3- Brono- 4- (5-fluoro-1Hindol - 3-yl)-1- ns%hyl-lk#pyrrole 2,5- dione The
expected product is obtained accordin 0 the procedure descrlbed in Step A
of Preparation E, using 5- quor0|ndoIe 20 Melting point : > 300C. IR
(KBr) : \StgE= Napbthof23b/[1,4/Wéaxin-334&ilytyl)staeye spectrum : 323 [M+ 1 ]+
-31 PREPARATI ON H :

3-Brono-4-(6-fluoro-1Hindol -3-yl)-1-nethyl-1H pyrrol e-2,5- dione The
expect ed THeOgkfettell SprodichiipefbtA&O hebording Qo tthe pwdeaaféumcﬂmc fd Bep CnofStep A
of Preparation E, using 6-fluoroindole. 5 Melting paint : 201 C IR (KBr)

: vc=0 = mexatwm@?stm&fromhﬂcmsm of ditep, D a%@sﬂﬂé‘;ﬁ@wmmchl%mis [M+ 1]

IR (NaCl film) : vc.o = 1166, 1247 cm™.
5 Mass spectrum : 473 [M + 1],

PREPARATION C: Phenyl 3-[(diphenoxyphosphoryl)oxy]-4H-1,4-benzoxazine-4-

carboxylate

Step A : Phenyl 2,3-dihydro-4H-1,4-benzoxazin-3-one-4-carboxylate

Under an anhydrous atmosphere, a solution of 10 mmol of 2H-1,4-benzoxazin-3-one in
10 50 ml of tetrahydrofuran is cooled to —78°C. At that temperature, 11 mmol of a 1.6M
solution of n-butyllithium in hexane are added dropwise. After being in contact for
30 minutes at —78°C, 11 mmol of phenyl chloroformate are added dropwise and stirring is
carried out for a further 2 hours. After returning to ambient temperature, the solution is
hydrolysed and then extracted with ethyl acetate. The organic phase is dried over
15 magnesium sulphate, filtered and evaporated. After purification by chromatography over

silica gel (petroleum ether/ethyl acetate : 8/2), the expected product is isolated.

IR (NaCl film) : ve=o = 1739, 1796 cm’™".
Mass spectrum : 270 (M + 1).

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

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

25 hydrolysed and then extracted with ethyl acetate. The organic phase is dried over



PREPARATION | : 3-Brono-4-(5-fluoro-IHindol-3-yl)-1H pyrrol e-2,5-di one The
expected product is obtained according to the procedure described in
Preparation F, 10 using 5-fluoroindole. Melting point : 219C
(deconposition). IR (KBr) : vc=o0 = 1723, 1769 cm ; VNH = 3358 cm 1. Mass
spectrum: 309,5 [M+ 1]'. PREPARATI ON X

3-Brono-4-(6-fluoro-1Hindol -3-yl)- 1kkﬁérrole 2,5-dione 15 The expected
product is obtained according to the procedure described in Preparation F,
usi ng 6- frhagnesiund stlphatipe filtered pad reoncentrg@d (Adter oppdiiatiom rof. theRregidBe ) by; vc 0

= 1723, 1778 cm = 33 pect
PREPARATI SO REOEREh °1éﬁ5t5§)f°asgef g%"'ﬁ?ﬁ“&?‘?{gé‘%?yj- siale @1%§ﬁ%ﬁpe§teg Playet, > 2, 5-
di hydr o- Likiwdtéd! - 3-yl ) 1H i ndol e- 1- carboxyl ate Step A :
3-[5-(Benzyl oxy)-1Hindol -3 yl]-4-brono-1-nethyl - 1H pyrrol e- 2, 5-di one The
expected product is obtained according to the procedure described in Step A
of 5 Pr , . usi be1n2 | o ql €. Mel ting point : 150C
(deconpost ti ?T \(qi%_;llg]‘é o?\y‘ %ﬂd '+ vNH = 3315 cm 1.

5 Mass spectrum : 502 (M + 1).

PREPARATION D : Phenyl 3-[(diphenoxyphosphoryl)oxy]-2,3-dihydro-4 H-pyrido-
[3,2-b][1,4]oxazine-4-carboxylate

Step A : Phenyl 2,3-dihydro-4H-pyrido[3,2-b][1,4]oxazine-4-carboxylate

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

10 Preparation C, using phenyl chioroformate as substrate.

Melting point : 97°C.
IR (KBr) : ve=0 = 1717 cm™ ; 1803 cm™.
Mass spectrum : m/z 271 (M + 1).

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

15 oxazine-4-carboxylate

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

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

Melting point : 82°C.
IR (KBr) : ve=o = 1749 cm™ ; vp—o 1294 cm™.
20 Mass spectrum : m/z 503 (M + 1).

PREPARATION E : 3-Bromo-4-(1H-1-carboxylate of tert-butyl-indol-3-yl)-1-
methyl-1H-pyrrole-2,5-dione




Mass spectrum: 411 [M+ 1]+. Step B : tert-Butyl

5- (benzyl oxy) - 3- (4- brono- 1- net hyl - 2, 5-di oxo- 2, 5-di hydro-1H pyrrol - 10
3-yl)-1Hi ndol e- 1- car boxyl at e The expected product is obtained according to
the procedure described in Step B of Preparation E, starting fromthe
conpound of Step A above. Melting poi n% 155C. IR (KBr) : vow = 1709,

1738, 1773 cm 1. 15 Mass spectrum: 3 [M + 1] . PREPARATION L :
tert-Butyl 6-(benzyl ox2 3-(4-brono-1-nethyl -2, 5-di oxo- 2, 5-

di hydr o- \$femdr:3oBrane iy(1 Hrindakidiy-1-metwh mfée- Sedjone -

3-[6-(Benzyl oxy) - 1Hi ndol - 3-yl ] - 4- br ono- 1- net hyl - 1H pyrrol e- 2, 5- di one The
expected product is obtained according to the procedure described in Step A

of 20 Prigpey mtiodof E;dowhmghﬁebed zny Ro>ayli df(hnhgadrometdtﬂahgirpﬁ:irm undet 38 Ghert
(deconposition). IR ( . vc=p = 1705, 1762 cm' ; §14 cm-1.
MBSS spec?t“?lﬂﬁﬁhereél ]’_I"jle[ Wrnpegﬂture Oféglesfeéﬁtlcgl mixture 15Buq\y'qred to —15°C, and theén

3yl - T 8 A o OF oA R S APl QAR S SORS1 g o
t he pr ocedlfierestiteiag ratbetb°Ch @t éhobBr dfd minutes, 7.44 mmol of 2,3-dibromo-N-methyl-
maleimide dissolved in 8 ml of anhydrous tetrahydrofuran are added to the reaction
mixture, which is then stirred for 20 minutes at —15°C, and for 15 minutes from —15°C to
ambient temperature. The reaction mixture is hydrolysed with a few millilitres of aqueous
0.3N hydrochloric acid solution until a pH of about 7 is obtained. A few millilitres of ethyl
10 acetate are then added, and the aqueous phase is extracted four times with ethyl acetate.
The organic phases are combined, washed with saturated aqueous sodium chloride solution

and then evaporated. The residue is washed, filtered and rinsed with methanol, allowing

the expected product to be isolated.

Melting point : 167°C (decomposition).
15 IR (KBr) : vc-0 = 1715, 1767 cm™ ; vayy = 3304 cm™.
Mass spectrum : 305 [M + 1]".

Step B : 3-Bromo-4-(1H-1-carboxylate of tert-butyl-indol-3-yl)-1-methyl-1H-pyrrole-2,5

-dione

8.19 mmol of the compound obtained in Step A above are dissolved, at 0°C, in 37.5 ml of
20 anhydrous tetrahydrofuran, in the presence of 28.68 mmol of di-tert-butyl dicarbonate and
614.5 pmol of 4-dimethylaminopyridine. The reaction mixture is brought to ambient
temperature and stirred for 2 hours 30 minutes. After evaporating off the solvent, the
residue obtained is taken up in methanol, filtered, rinsed with methanol and then dried in

vacuo, allowing the expected product to be isolated.

25 Melting point : 142°C.

IR (KBr) : vc=o = 1762 cm’™.
Mass spectrum : 405 [M + 1]".




Preparation E, starting fromthe conpound of Step A above. 5 Melting point
: 158C (deconposition). IR (KBr) : vc=o = 1715, 1737, 1745 cm1l. Mass
spectrum: 511 [M+ 1 ]'. PREPARATION M: tert-Butyl

5- (benzyl oxy) - 3-[ 4- br ono- 1- (tert - but oxycar bonyl) -

2, 5-di oxo- 2, 5-di hydro- 1H pyrrol - 3-yl ] - I ndol e-1 -carboxylate 10 Step A :
3-[5-(Benzyl oxy) - 1Hi ndol -3 yl ] -4-brom*1H pyrrol e-2,5-di one The expected
product is obtained according to the procedure described in Preparation F,
usi ng 5- benzyloxyindole Melting point : 154C (deconposition) IR( KBr )

YC —0 = ég@ﬁzﬂbﬂxﬁﬁlF 3?33§r0m0-§l-(1H1 ndlvPﬁ-yl)- rpome-Z 53 (%onLM 1. st ep- B

tert-B
5- (benzyl oxy) 3- [4 brom) 1 (tert but oxycar bonyl) 2, 5-di oxo- 2, 5-
di hydro-1 rrol - ndol e-| - car boxyl at e The expect ed product S

obt ai ned lé cm@phgf tnéo hafe }S‘F%@é’%ﬂézﬁéﬁéﬁf iapByflrpys iirabydeofyran ymdehan #eron E,
(ker) eGPt L SRR R <Eity 3F &“?)a%iggs%{ﬁ%?’fé‘%@qh3&*’“{%‘%?“"%0c' .Ff.
added, and the reaction mixture is heated at 60°C for 1 hour 30 minutes. Once it has
5 cooled, the mixture is added dropwise to a solution of 3.92 mmol of 2,3-dibromomaleimide
in 6 ml of anhydrous tetrahydrofuran, and then the reaction mixture is stirred at ambient
temperature for one hour. The reaction mixture is hydrolysed using 20 ml of 0.3N aqueous
hydrochloric acid solution until a pH of 8.5 is obtained, and a few millilitres of ethyl
acetate are added. The aqueous phase is extracted three times with ethyl acetate; the
10 organic phases are then combined, washed with saturated aqueous sodium chloride
solution and then evaporated to dryness in vacuo. The residue is washed, filtered and

rinsed with methanol, allowing the expected product to be isolated.

Melting point : > 300°C.
IR (KBr) : Ve=o = 1772 cm™ ; vau = 3343, 3699 cm™.

15 Mass spectrum : 291 [M + 1]".

PREPARATION G : 3-Bromo-4-(5-fluoro-1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-

dione

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

Preparation E, using 5-fluoroindole.

20 Melting point : > 300°C.
IR (KBI) : ve—o = 1705 cm™ ; vau = 3358 cm’™.
Mass spectrum : 323 [M + 1]".



-34 PREPARATION N : tert-Butyl

6- (benzyl oxy) - 3- 14- brono-1| - (tert - but oxycar bonyl ) -

2, 5-di oxo- 2, 5-di hydro- 1H pyrrol -3-yl ] - 1H i ndol e- 1- carboxyl ate Step A :

3-[ 6- (Benzyl oxy) - 1H i ndol - 3yl ] - 4- brono- 1H pyrrol e- 2, 5-di one The expected

product is obtained according to the prgcedure described in Preparation F,

5 using 6-benzyl oxyi ndol e. Melting poi'r?l “. 166C (deconposition). IR (KBr)

vc=0 = 1697, 1762 CM1 ; VNH= 3353 cm 1. Mass spectrum: 397 [M+ |]+.

Step B : RREPARATION H : 3-Bromo-4-(6-fluoro-1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-

6-(benzy|oxy)-3-[4-bronnhﬁ-ﬁtert-butoxycarbonyl)-2,5-dioxo-2,5- 10

di hydrol] H-pyrrol -3yl ]-1 ""M%ol e- 1- car boxyl ate The expected product is

obt ai ned according to the procedure described in Step B of Preparation E,

starting fromthe conpound of Step A above. Melting point_: 120C IR fKBr)
vc=o = The1expestedprodydsis aggned geqording tpribpAmagadore described tin (fieg A o

7-(benzh r ﬁigx) -(4-Db - 1- et hyl - 2, 5- di oxo-

2, 5-di hy?}%gﬁﬂf py]?’ﬁlg‘(n%{}ﬁ@ﬁfﬁoﬁdol e-1-carboxylate Step A

1- (Benzhydryl oxy) - 2-ni trobenzene To a solution of dry ortho-nitrophenol (79

mml%l in 200 m of %@]i%tone there are added 127 mmol of potassi um carbonate
I

and &l so Meltipgppinky enyl met hane bromi de. The
IR (KBr) : ve=o0 = 1701, 1767 cm™ ; vap=3312 cm™.

Mass spectrum : 323 [M + 17".

PREPARATION1: 3-Bromo-4-(5-fluoro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

The expected product is obtained according to the procedure described in Preparation F,

10 using 5-fluoroindole.

Melting point : 219°C (decomposition).
IR (KBr) : ve-o = 1723, 1769 cm™ ; vau= 3358 cm™.
Mass spectrum : 309,5 [M + 1]".

PREPARATION J : 3-Bromo-4-(6-fluoro-1H-indol-3-yl)-1H-pyrrole-2,5-dione

15 The expected product is obtained according to the procedure described in Preparation F,

using 6-fluoroindole.

Melting point : 199°C (decomposition).
IR (KBr) : ve=0 = 1723, 1778 cm™ ; vau=3329 cm’™".
Mass spectrum : 309 [M + 1]".



20 reaction mxture is heated at reflux for 6 hours and, after the
tenperature has been lowered to anbient tenperature, is stirred further
overnight. The reaction mxture is filtered and rinsed with acetone. The
filtrate is evaporated and then taken up in diethyl ether and hydrol ysed.
The aqueous phase is extracted with diethyl ether; the organic phase is
then -35 dried over magnesi um sul phate-?’zfiltered and concentrated. The
residue obtained is taken up in petroleumether, filtered, rinsed with
pet r ol eumMPRERARAMIOMNKN dernt-Bhtyk5-(henuploxy)-3-¢4vbngmoilmethybdS-didxpi2dduct t o
be isolated. Melting point,: 98C.__5 M J , 32 + NHa+]+ Step B
. 7-(Benzhydryl oxy) - 1Hi n&&yﬁf’iﬁgymi‘ﬁ'yiﬁ?ﬁﬂgae Hﬁ?ﬁfﬁﬂl‘#ﬁ €ained in Step A
above are dissolved, under an inert atnosphere, in 80 m of anhydrous
tetrahydrofuran. The tenperature of the reaction mxture is then |owered
to -40C adtepded-[44Beuzyany)-18kindol Ay of-branom -whethyl- NH-pytrokech&diome br oni de
in tetrahydrofuran are added dropwi se to the solution, which is then
stirred for 2 hours 50 mnutes from-40C to OC. The reaction mxture is
then hydmakysgectad pédudsiin @bldtbdnhccofding satthé PredtdagUesusbanTSiepA of
chloride solution, and _the aqueous phase is extracted three tines with
et hyl> acetpaftpé.ratfi’ﬁg’BF‘Q&QTQS’“&‘#‘]S@@@‘&?@ conbi ned, dried over magnesi um
sul phate, filtered and evaporated. Purification by flash 15 chromat ography
over silica gel (petroleumether/ethyl acetate : 9/1) allows the expected
Melting point : 150°C (decomposition).

IR (KBr) : ve=o = 1698 cm™ ; van= 3315 cm™.
Mass spectrum : 411 [M + 17"

Step B : tert-Butyl 5-(benzyloxy)-3-(4-bromo-1-methyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-
10 3-yl)-1H-indole-1-carboxylate

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

Preparation E, starting from the compound of Step A above.

Melting point : 155°C.
IR (KBr) : ve=0 = 1709, 1738, 1773 cm’".

15 Mass spectrum : 511 [M +1]".

PREPARATIONL : tert-Butyl 6-(benzyloxy)-3-(4-bromo-1-methyl-2,5-dioxo-2,5-

dihydro-1H-pyrrol-3-yl)-1H-indole-1-carboxylate

Step A : 3-[6-(Benzyloxy)-1H-indol-3-yl|-4-bromo-1-methyl-1H-pyrrole-2,5-dione

The expected product is obtained according to the procedure described in Step A of
20 Preparation E, using 6-benzyloxyindole.

Melting point : 138°C (decomposition).

IR (KBr) : vc=0 = 1705,1762 cm™ ; v = 3314 cm™.

Mass spectrum : 411 [M + 1]".



product to be isolated. Melting point : 114C (deconposition). IR (KBr)
VNH = 3425 cm 1. Mass spectrum: 300 [M+ 1]+. 20 Step C :
3-[7-(Benzhydryl oxy) - 1Hi ndol - 3-yl ] - 4- brono- 1- et hyl - 1H pyrrol e- 2, 5-di one
The expected product is obtained according to the procedure described in
Step A of Preparation E, using the cogBound of Step B above. Melting point
: 205C. IR (KBr) : vc=o0 = 1699, 1763 ¢nt"; vNH = 3345 cm 1. 25 Mass
spectrum: 487 [M+ 1]+. -36 Step D: tert-Butyl

7- (benzhydryl oxy) - 3- (4- br ono- | - net hyl - 2, 5- di oxo- 2, 5-di hydro-1H pyrrol -3

yl)-1Hingdol - 1-cat boxyl.ate ,Th cted. pr te s obtained accordi ng to
the pr ocﬁﬁ%@ d 'g'??'f%ié%h’leﬁz"éf’@’g'f 6@”’&%’8’5&&? "?bsﬁd'ﬂ'fo' tﬁ?‘{'r %6%’6’1‘“ {¢ Ee
conpound of St epy 18baNRIe-B-chBokplag poi nt : 148C (deconposition). IR (KBr)
: vc=o0 = 1709, 1759 cm 1. Mass spectrum: 587 [M+ 1]+. EXAMPLE 1 : Phenyl

?-nethyl76,8-dioxo-7,8-dihydro[1,4]benzodioxino[2,3-a]- pyrrol o[ 3, 4-c]
phenoxazifg: &{i;e@_el}ic&rog{?&y}saf)lﬁained according to the procedure described in Step B of

Preparation E, starting from the compound of Step A above.

5 Melting point : 158°C (decomposition).
IR (KBr) : ve=o = 1715, 1737, 1745 cm™ .

Mass spectrum : 511 [M +1]".

PREPARATION M : tert-Butyl 5-(benzyloxy)-3-[4-bromo-1-(tert-butoxycarbonyl)-
2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl]-1H-indole-1-carboxylate

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

The expected product is obtained according to the procedure described in Preparation F,

using 5-benzyloxyindole.

Melting point : 154°C (decomposition).
IR (KBr) : ve—o = 1697 cm™; vag=3333 cm™.
15 Mass spectrum : 397 [M + 17",

Step B : tert-Butyl 5-(benzyloxy)-3-[4-bromo-1-(tert-butoxycarbonyl)-2,5-dioxo-2, 5-
dihydro-1H-pyrrol-3-yl]-1H-indole-1-carboxylate

The expected product is obtained according to the procedure described in Step B of
Preparation E, starting from the compound of Step A above.
20 Melting point : 134°C.
IR (KBr) : ve-o = 1743, 1768, 1801 cm" .
Mass spectrum : 495 [M - Boc]".



10 Step A : Phenyl

3-(1, 4- benzodi oxi n-2-yl)-4H 1, 4- benzoxazi ne- 4- car boxyl ate Under an inert

at nosphere, a mxture of 1 nmmol of the conpound of Preparation C, 2 nmol
of the conmpound of Preparation A, 3 mmol of lithiumchloride and tetrakis-
(triphenyl phosphi ne)pall adium(0) 5 %in 5 m of tetrahydrofuran is heated
at reflux. After cooling and concentréf‘i‘ng, the residue is taken up in

et hyl acetate and washed with 15 saturated sodi um chl oride solution. The
organi ¢ [HREPARATIONN »\tert-Butyhé£benzybuxly pB4-dromoil-(tertdhntaxycacrbomydht r at ed.

Purification by chromato h ver,.sili el e eu t her/ et hyl
acetate : 6/4) allows thgr’%aﬁé@%e%dmyddﬁ'gﬁi'gﬁnﬂgg'ly&%ﬂéﬁlgg}.’l § ’F’ﬁ’&'ﬂ%”i nt
75C (gunm). IR (KBr) : vc=o0 = 1739 em1l. 20 Mass spectrum: 386 [M+ I] " .
-37 Step B : Phenyl

7- met hy| -SBerRd di3efbe(Ben)80x0)d Hindoh 31yl éibyem ofl H-pirmele2obdiene no[ 2, 3- a]

pyrrol o[ 3, 4-c] phenoxazi ne- 15(5aH) - car boxylate In a cl osed system 1 mmol of
t he conpound obtained in Step A above and 3 mmol of N nethyl nal ei mi de are
stirred athe éted prodaeuissobitainédgcdprding B theqfrocediavdadciips! of PrepiragsreF, 5
Purification g/ chr omat ogr aphy over silica gel (petroleum ether/ethyl
acet &t e :uszEHrbenzy ndpie expected product to be obtained. Melting point
> 250C. IR (KBr) : vc=o0 = 1709, 1769 cm 1.

Melting point : 166°C (decomposition).
IR (KB1) : Voo = 1697, 1762 cm™ ; v = 3353 cm’™.
Mass spectrum : 397 [M + 17"

Step B : tert-Butyl 6-(benzyloxy)-3-{4-bromo-1-(tert-butoxycarbonyl)-2,5-dioxo-2,5-
10 dihydro-1H-pyrrol-3-yl]-1H-indole-1-carboxylate

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

Preparation E, starting from the compound of Step A above.

Melting point : 120°C.
IR (KBr) : ve=o = 1719, 1744, 1764, 1807 cm”" .

15 PREPARATION O : tert-Butyl 7-(benzhydryloxy)-3-(4-bromo-1-methyl-2,5-dioxo-

2,5-dihydro~1H-pyrrol-3-yl)-1H-indole-1-carboxylate

Step A : 1-(Benzhydryloxy)-2-nitrobenzene

To a solution of dry ortho-nitrophenol (79 mmol) in 200 ml of acetone there are added
127 mmol of potassium carbonate and also 79 mmol of diphenylmethane bromide. The
20 reaction mixture is heated at reflux for 6 hours and, after the temperature has been lowered
to ambient temperature, is stirred further overnight. The reaction mixture is filtered and
rinsed with acetone. The filtrate is evaporated and then taken up in diethyl ether and

hydrolysed. The aqueous phase is extracted with diethyl ether; the organic phase is then



Mass spectrum: 497 [M+ 1 ]'. 10 Step C. Phenyl

7- et hyl - 6, 8- di oxo-7, 8-di hydro[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-

c] phenoxazi ne- 15( 6H) - car boxyl ate Under an inert atnosphere, I mol of the
conpound obtained in Step B above and 3 mmol of recrystallised

N- br onosucci nim de are heated in disti %%ed carbon tetrachl oride at refl ux
for 7 mnutes with the aid of a lanmp ( in the presence of a catalytic
amount of 15 benzoyl peroxide. After cooli ng, the solution is filtered and
concent r alried ovatmagnesmm sHiplinje, fdﬂqredrmﬂ@gn@phytedvﬂre rsrmkiu@abtgr@bd {sprekenotpeum

ether/eth [ tat allo (REC 0 be ob .ned.
Mel ting ﬂ%l {}l ﬁ é(ﬁ#’d rfrﬁe pet C étﬁerlaf@zfg g‘l e Wf\?agSs
spectrumtp {M fodu}:tﬂ DXl 2 :

7-[2-(Di rrect:ﬂas/)l%;r% r}l)o)et h;/)l ]1[1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] -

phenoxazi ne- 6, 8( 7H, 15H) - di one Under an inert atnosphere, 0.1 mol of the
conpound Bl e dn 2 m of NN dinethylethyl enediamne is heated at
100C for bg&#g%is— ?%}er cool i ng, the solution is -38 concentrat ed.

Puri§ i catViass spyctnin o3 [ ra#iy over silica gel (dichl oronethane/ net hanol:
8/ 2) allows the expected product to be obtained. Melting point : 150C.

Step B : 7-(Benzhydryloxy)-1H-indole

11.95 mmol of the compound obtained in Step A above are dissolved, under an inert
atmosphere, in 80 ml of anhydrous tetrahydrofuran. The temperature of the reaction
mixture is then lowered to -40°C and then 41.84 mmol of a 1M solution of
10 vinylmagnesium bromide in tetrahydrofuran are added dropwise to the solution, which is
then stirred for 2 hours 50 minutes from -40°C to 0°C. The reaction mixture is then
hydrolysed at 0°C using 100 ml of a saturated aqueous ammonium chloride solution, and
the aqueous phase is extracted three times with ethyl acetate. The organic phases are
combined, dried over magnesium sulphate, filtered and evaporated. Purification by flash
15 chromatography over silica gel (petroleum ether/ethyl acetate : 9/1) allows the expected

product to be isolated.

Melting point : 114°C (decomposition).

IR (KBr) : vnu = 3425 cm’.
Mass spectrum : 300 [M + 1]".

20 Step C : 3-[7-(Benzhydryloxy)-1H-indol-3-yl]-4-bromo-1-methyl-1H-pyrrole-2,5-dione

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

Preparation E, using the compound of Step B above.

Melting point : 205°C.
IR (KBr) : ve=o = 1699, 1763 cm™ ; vau = 3345 cm’™.
25 Mass spectrum : 487 [M + 1]".




IR (KBr) : vc=o = 1701, 1751 cm' ; VNH= 3423 cni'. 5 Mass spectrum: 430
[M+ 1 ]+ EXAMPLE 3 : Phenyl

7- met hyl - 6, 8- di oxo- 7, 8-di hydro[ 1, 4] benzodi oxi no[ 2, 3-e] - pyrido[2',3" :5,6] |
1, 4] oxazi no[ 3, 2-g] i soi ndol e- 15(6H) - car boxyl ate Step A : Phenyl

3- (1, 4- benzodi oxi n- 2yl ) -4H pyri do|[ 3, 2- b%[ 1, 4] oxazi ne- 4- car boxyl ate The
expected product is obtained accordi ng°?0 the procedure described in Step A
of 10 Exanple 1, starting fromthe conpound of Preparation D. Melting
point: 142C. IR (KBr) : vc=0 = 1741 cm1. WMass spectrum: 387 [M+ 11+.
Step B : Phenyl . .

7- met hy| Sdemlditer Busd 7e(bonsbyaryleistngmestredybén: darediitpyire:1 s

e] pyrido[2 , 3 :p?,,@}_[g;lﬂﬁ}y)qmlg.q[.&,go@hitgoi ndol e- 15(5aH) - car boxyl ate The
expected product is obtained according to the procedure described in Step B
of Exanple 1, starting fromthe conpound of Step A above. Melting point :
éfgg C! Rﬂghgﬁé)%pe'cte\(licﬁgdﬁct ]izoo%tai%cjcp %c&o%i’né'to 319 %ée%u?eo A (A 'ié gﬁ%ll)# . -39
7- met hy| -Feefarstion®,starngirbindh@©Edmpdund v SeipaX atole2, 3- €] pyri do- [ 2'

, 3" :5,6][1, 4] oxazi no[ 3, 2-g] i soi ndol e- 15(6H) - car boxyl ate

5 Melting point : 148°C (decomposition).
IR (KBr) : ve—o = 1709, 1759 cm™.
Mass spectrum : 587 [M + 177,

EXAMPLE 1: Phenyl 7-methyl-6,8-dioxo-7,8-dihydro{1,4]benzodioxino|2,3-a}-
pyrroloj3,4-c]phenoxazine-15(6 H)carboxylate

10 Step A : Phenyl 3-(1,4-benzodioxin-2-yl)-4H-1,4-benzoxazine-4-carboxylate

Under an inert atmosphere, a mixture of 1 mmol of the compound of Preparation C,
2 mmol of the compound of Preparation A, 3 mmol of lithium chloride and tetrakis-
(triphenylphosphine)palladium(0) 5 % in 5 m] of tetrahydrofuran is heated at reflux. After
cooling and concentrating, the residue is taken up in ethyl acetate and washed with
15 saturated sodium chloride solution. The organic phase is dried over magnesium sulphate,
filtered and concentrated. Purification by chromatography over silica gel (petroleum

ether/ethyl acetate : 6/4) allows the expected product to be isolated.

Melting point : 75°C (gum).
IR (KBr) : ve—o0 = 1739 cm™.
20 Mass spectrum : 386 [M + 1]".




The expected product is obtained according to the procedure described in
Step C of Exanple 1, starting fromthe conpound obtained in Step B above.
5 Melting point : > 250C. IR (KBr) : vc=o = 1711, 1760 cmi. WMass spectrum
. 494 [M+ 1 ]°. EXAMPLE 4:

7-[2- (D et hyl am no) et hyl ] [ 1, 4] benzodi gxi no[ 2, 3-e] pyrido[2',3" :5,6]- [1,4]
oxazi no[ 3, 2-g] i soi ndol e- 6, 8(7H, 15H) - dir Aé 10 The expected product is

obt ai ned according to the procedure of Exanple 2, starting from the
conpound Stép Bxdthehel Zmeklpil-6;8rdiopeiShi6, 7, 8,888 hexalodng/d Al hémaodioxinR( 2, K8t ) -
ESAPLE B " ( enprrgiiaclphonovating-1S(5b)-carbigiad S0t TUM = 431 M+ 117,45
7- met hyl - 6, 8- di oxo- 7, 8-di hydr o[ 1, 4] benzodi oxi no[ 2, 3-a] -

pyrrol o[ 3, 4-c] car bazol e- 13( 6I—f|) -carboxyl ate Step A : tert-Butyl

3-[ 4- ( 1, Anetiossdisystem. 2ynmolofiibe gympoursl ehityned m StepAngheve angy3 mmol of N-
pyrrol - 3- - P le-1- . | t he
Compound TrBEIGRLR, £ SRl RYSAHE, W i irkRehe £ i dropP BPlolFng

493. 52 mpuricatidieby ciromatographyRivepsitied gelipéroléfin 3thepyemhly] adetatOPPE) aliowds de
and 49. 35 pnol of tetrakis(triphenyl phosphi ne)palladium The reaction

mi xt ure ithe expesied rofductiode ines- hours 35 minutes, under an inert

at nosphere. The solution is then

Melting point : > 250°C.
IR (KBr) : veeo = 1709, 1769 cm™.
Mass spectrum : 497 [M + 1]".

10 Step C : Phenyl 7-methyl-6,8-dioxo-7,8-dihydrof1,4]benzodioxinof2,3-alpyrrolo[3,4-
c/phenoxazine-15(6H)-carboxylate

Under an inert atmosphere, 1 mmol of the compound obtained in Step B above and 3 mmol
of recrystallised N-bromosuccinimide are heated in distilled carbon tetrachloride at reflux
for 7 minutes with the aid of a lamp (60 W), in the presence of a catalytic amount of
15 benzoyl peroxide. After cooling, the solution is filtered and concentrated. Purification by
chromatography over silica gel (petroleum ether/ethyl acetate : 1/1) allows the expected

product to be obtained.

Melting point : 130°C (gum).
IR (KBr) : ve-o = 1714, 1745 cm™.
20 Mass spectrum : 493 [M + 1]".

EXAMPLE 2 : 7-[2-(Dimethylamino)ethyl]{1,4]benzodioxino[2,3-a]pyrrolo(3,4-c]-
phenoxazine-6,8(7H,15H)-dione

Under an inert atmosphere, 0.1 mmol of the compound of Example 1 in 2 ml of N,N-

dimethylethylenediamine is heated at 100°C for 6 hours. Afier cooling, the solution is



filtered in order to renove the remmants of palladium and the filtrate is
evaporated. -40 Purification by flash chromatography over silica gel
(petroleumether/ethyl acetate/triethylamne : 8/1.9/0.1) allows the
expect ed product to be obtained. I\/blti ng point : 140C. IR (KBr) : vc=0 =
1704, 1740 cm'. 5 Mass spectrum: 3[M + 1]+. Step B : tent-Butyl

7- et hyl - 6, 8-di oxo- 7, 8-di hydro[ 1, 4] ben 8di oxi no[ 2, 3-a] pyrrol o[ 3, 4-

c] carbazol e- 13(6H) - car boxyl ate 218.1 nol of the conpound obtained in Step A
above andcohc@itratado Putficationdtyechsomriogeaghy ot qﬂ@%@%p@g&%@@@@wom of

t ol uene i cel | di on apparatus. After 10 irradiating
for 30 mzﬂg %gjwsmﬁ?ﬁwefteg rg&ucwohba Arbgag}é dlnon m xture is cooled and then
diluted wth ethyl acetate. Washing with 80 ml of 20 % aqueous sodi um

t hi osul phate solution is <carried out until the organic phase is

decol our i MeHingpemt 343¢8us phase is extracted with ethyl acetate three
tines, he 0 n phase 1ned and directly concentrated
in vacuo. —ﬁglﬁﬁ ; 05 {ﬂﬁ :1?51 sem§N'§o$ %O(gne?m due is collected. The

pr ocedur EMla@g_@ctﬁ@eaB(Eva& f]urther five times in the same manner, using the
sanme amounts. The crude reaction products of the six procedures are

conbi ned. Washing with ethyl acetate is carried out on the six crude

t , t ed d
ot akdEX e P o o i o e i R " e

vacuo, pyrido[2',3':5,6][1,4]oxazino|3, 2-g]1somdole-l5(6H)-carboxylate
Step A : Phenyl 3-(1,4-benzodioxin-2-yl)-4H-pyrido[3,2-b][1,4]oxazine-4-carboxylate

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

10 Example 1, starting from the compound of Preparation D.

Melting point : 142°C.
IR (KBr1) : Ve—o = 1741 cm™.

Mass spectrum : 387 [M + 17",

Step B : Phenyl 7-methyl-6,8-dioxo-5b,6,7,8,8a,8b-hexahydro[1,4]benzodioxinof2,3-
15 e[pyrido[2',3'":5,6][1,4]oxazino[3,2-g]isoindole-15(5aH)-carboxylate

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

Example 1, starting from the compound of Step A above.

Melting point : 245°C.
IR (KBr) : ve—o = 1709, 1769 cm ™.
20 Mass spectrum : 498 [M + 17"



al l owi ng the expected product to be isolated. 20 Melting point : 189C
(deconposition). Mass spectrum: 457 [M+ |]+. -41 EXAMPLE 6:

7- Met hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-6, 8- (7H, 13H) - di one
Step A :

3- (1, 4- Benzodi oxi n- 2yl ) - 4- (1Hi ndol - § )-1-methyl - 1H-pyrrol e- 2, 5-di one
331.54 gnol of the conpound of Step Adf Exanple 5 are dissolved in 9 m of
formc 5 acid. The reaction mxture is stirred under an inert atnosphere

and at anftem6i: Rleafrmé?-meemé-&%dwsoﬂo&:d@y@@[hﬂbavwwm@oﬂpmo-| s renoved
under reduced Jﬁﬁ Hjﬁe%hg?r so’gdolp_ggmlﬂgacsapgg%aél tered and rinsed

wi t h nmet hanol vacuo e expected product to
be isolated. Melting point : 2190 10 IR (KBr) : vc=o0 = 1697 cm1l. Mass

spectrum: 359.5 [M+ |]+. Ste

7-Met hyl [Th mpmgeédpr@sévﬁo{szolz}ala%W%ﬁ@gstwh@] Rraresy o dgsgibed in BB () obi one
418.5 ¢ re dissolved in 50 m
of tol urenrillim%rwé gﬁtﬁﬁgygﬁhgg&?’ggﬁﬂﬁb@m therﬁgngv%ml of doubl e-subl i med
iodine are introduced into 15 the reaction mxture. Irradiation is carried
out at 500 Wfor.1 h?rfu’b (]:'LO m nutes. The reaction mxture is then dil uted
with’eth V\/mchlt is washed with 80 m of 20 %

IR (KBr) : ve=0=1711, 1760 cm™.
Mass spectrum : 494 [M + 11",

EXAMPLE 4 : 7-[2-(Dimethylamino)ethyl][1,4]benzodioxino[2,3-¢]pyrido|2',3':5,6]-
[1,4]oxazino[3,2-glisoindole-6,8(7H,15H)-dione

10 The expected product is obtained according to the procedure of Example 2, starting from

the compound of Example 3.

Melting point : 150°C (decomposition).
IR (KBr) : ve-0 = 1703, 1759 em™ ; vy =3433 cm™.
Mass spectrum : 431 [M + 11"

15 EXAMPLE S : tert-Butyl 7-methyl-6,8-dioxo-7,8-dihydro[1,4]benzodioxino[2,3-a]-
pyrrolo[3,4-c]carbazole-13(6/)-carboxylate

Step A : tert-Butyl 3-[4-(1,4-benzodioxin-2-yl)-1-methyl-2,5-dioxo-2,5-dihydro-1H-
pyrrol-3-yl]-1H-indole-1-carboxylate

To a solution of 592.23 pmol of the compound of Preparation A in 10 ml of 1,4-dioxane
20 there are added 493.52 umol of the compound of Preparation E, 49.35 umol of copper
iodide and 49.35 umol of tetrakis(triphenylphosphine)palladium. The reaction mixture is
heated at 100°C for 3 hours 35 minutes, under an inert atmosphere. The solution is then

filtered in order to remove the remnants of palladium, and the filtrate is evaporated.



aqueous sodi um t hi osul phate solution until the organic phase is

decol ouri sed. The aqueous phase is extracted three tinmes wth ethyl
acetate; the organic phases are then conbined and directly concentrat ed.
The solid residue obtained is washed firstly with diethyl ether and 20 then
filtered. It is washed subsequently m[%p_ethyl acetate and then with
tetrahydrofuran and filtered. Purification by flash chromatography over

silica gel r%pet,rol eum et her/ethyl acetate : 6/4) allows the expected
product tRyrificaben aibxedilashe| ehromaigaraphy : o3s506ilica R gekpfpetrolgpe-g etheygyl 1703

cml ; VNH.= A ' | bt 42 EXAVPLE 7:
7-[2- (Di %Fﬁ‘&eﬁg‘%qé‘ﬁg“%ﬁ%ﬁﬁ% §{ %ﬁf‘@%ﬁg‘%‘?%tﬁg?g@éﬁ{ﬁﬁ r‘%’g fass "4 -
carbazol e- 6, 8(7H, 13H) - di one 238.5 . pnol of the conpound of Exanple 6 are
dissolved in 4 nm of N di et hyl et hyl enedi am ne. The reaction m xture is
heat ed aﬂﬂﬁgﬂﬁﬁﬁﬂ¥o?4@%9?ours and it is 5 then cool ed and concentrated. The
resi due t @B dyi s Werfdethad ddytered and rinsed with nmethanol before being
dried i nqﬁka(g'dl'@go‘t?'é)ﬁ%ow ng"ﬁmdc '

expected product to be isolated. Melting point
298C ( odegrspedium o492 [MR (JKBr) : vc=o0 = 1703, 1753 cm ; VNH = 3441 cmt.
Mass spectrum : 414 M+11+. 10 EXAMPLE 8:
7,13-Di net hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-6, 8-

Step B : tert-Butyl 7-methyl-6,8-dioxo-7,8-dihydrof1,4]benzodioxinof2,3-alpyrrolof3,4-
c/carbazole-13(6H)-carboxylate

218.1 pmol of the compound obtained in Step A above and 5.91 mmol of double-sublimed
iodine are dissolved in 500 ml of toluene inside the cell of an irradiation apparatus. After
10 irradiating for 30 minutes, with stirring, the reaction mixture is cooled and then diluted
with ethyl acetate. Washing with 80 ml of 20 % aqueous sodium thiosulphate solution is
carried out until the organic phase is decolourised. The aqueous phase is extracted with
ethyl acetate three times, and then the organic phases are combined and directly
concentrated in vacuo. A brown, semi-oily, semi-solid residue is collected. The procedure
15 is repeated a further five times in the same manner, using the same amounts. The crude
reaction products of the six procedures are combined. Washing with ethyl acetate is carried
out on the six crude reaction products, which are then filtered. The filtrate is evaporated
and then taken up in methanol, filtered, rinsed with methanol and then dried in vacuo,

allowing the expected product to be isolated.

20 Melting point : 189°C (decomposition).
Mass spectrum : 457 [M + 171",




(7H, 13H) -di one Ste A :

3-(1, 4- Benzodi oxi n-2-yl) -l -nmethyl -4-(1-nmethyl -l Hindol-3-yl)-1Hpyrrole-2,5
- dione 69.76 pnol of the conpound obtained in Step A of Exanple 6, 111.62
pmol of sodium 15 hydroxide, 7.46 pnol of benzyltriethylamoni um chloride
and 418.58 mol of nethyl iodide are di solved in 0.5 m of

di chl or omet hane. The reaction mixture 13 stirred at anbi ent t enperat ure
for 1 hour 45 minutes, and then the solvent is renoved in vacuo.

Puri fi cat EXAMPLE 6sh7-MethyH1 dihengodiosine(2,3-ajipyrnolgB.4-clcarhazolet 6,81 eum
ether/ethyl acetate ﬁ@; %@%?tQ% acetate) allows the expected product to
be obtained. 20 Melti b 204C (deconp05|t|on) IR (KBr) : vc=o0 =

1697 cmt. Mass spectrum: 373 [M + 1] -43 Step B :
7, 13- Di net hyl 1 4] benzodi oxi no[ 2, 3 yrroI?L carbazole 8(7H, 13H) -
di one The IR saadioxins2- Bt4a«’1 éndgk-do Iﬂgftk)d'lﬂr@”ﬁ? settdiogedescr i bed

in Step B of Exanple 5, starting fromthe conpound obtained in Step A
above. 5 EXAMPLE 9:
13- Et hyl - 3314 hylo] bf 4hdesrnpalinaxohBled A3eoAEpymplel Hpik, dissflodr ina? oll ©f formic

6, 8(7H, 13 ne Step A:. . . . .
3-( (1 54- Be E%‘Sgi' %ﬁeﬁgt?—‘&e‘i“)"!‘&?(‘iﬁ& $\ndet en gy atmosphyre angat AYPient femperaiytE. o 5.

for 3 hours 30 minutes. The solvent is removed under reduced pressure; the residue is then
washed, filtered and rinsed with methanol and is then dried in vacuo, allowing the expected

product to be isolated.

Melting point : 219°C.
10 IR (KBr) : ve=0 = 1697 cm’.
Mass spectrum : 359.5 [M + 17",

Step B : 7-Methyl[1,4]benzodioxinof2,3-ajpyrrolo[3,4-c]/carbazole-6,8(7H,13H)-dione

418.5 pmol of the compound obtained in Step A above are dissolved in 50 ml of toluene in
an irradiation reactor and then 5.91 mmol of double-sublimed iodine are introduced into
15 the reaction mixture. Irradiation is carried out at 500 W for 1 hour 10 minutes. The reaction
mixture is then diluted with ethyl acetate, after which it is washed with 80 ml of 20 %
aqueous sodium thiosulphate solution until the organic phase is decolourised. The aqueous
phase is extracted three times with ethyl acetate; the organic phases are then combined and
directly concentrated. The solid residue obtained is washed firstly with diethyl ether and
20 then filtered. It is washed subsequently with ethyl acetate and then with tetrahydrofuran
and filtered. Purification by flash chromatography over silica gel (petroleum ether/ethyl

acetate : 6/4) allows the expected product to be obtained.

Melting point : > 355°C.
IR (KBr) : vc-o = 1692, 1703 cm™ ; vy = 3343 cm’.

25 Mass spectrum : 357 [M + 1]".



di one The expected product is obtained according to the procedure descri bed
in Step A of 10 Exanple 8, starting fromthe conpound obtained in Step A
of Exanple 6 and replacing the nethyl iodide with ethyl iodide. Step B

13- Et hyl - 7-net hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol of 3, 4-c] car bazol e-

6, 8(7H, 13H) di one The expected product i obtained according to the
procedure described in Step B of 15 Exanple 6, starting fromthe conpound

obt ai ned | e a E LE.1Q A

Napnt hol ZR4REEEY S G Emimihimiacletuiiit fienzomioyinal2sslpyeralon d-cl-
(6H, 16H) - di one : 3- ( lddrbasthé-6,3(YAN3£p et ho[ 2, 3-b] [ 1, 4] di oxi n-2

yl -] H pyrrol e-2, 5-di one The expected product is obtained according to the
procedure described in Step A of 20 Exanple 5, starting fromthe conpounds

f P j d.F. [ 1] } : 1¢. R (. DVe5QLE 17 m ;
N = 538 QP B e, (ipbltEngs MoxamAE S ad) e’ WFTIE o NAE
Naphi ho[ 2dinittydeth Abhekdiabhicie OXhen edaltich afipyrer Bl leatdd 4t ed e Fazid ubs and fHs 16H) -

di one The expected product is obtained accordi.ng to the procedure descri bed
in St56p gthgn cooled and concentrated. The residue obtained is washed, filtered and nnsed with

methanol before being dried in vacuo, allowing the expected product to be isolated.

Melting point : 298°C (decomposition).
IR (KBr) : ve-0 = 1703, 1753 cm™ ; vy = 3441 cm™.
Mass spectrum : 414 [M + 17".

10 EXAMPLE 8 : 7,13-Dimethyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-
(7TH,13H)-dione

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

dione

69.76 umol of the compound obtained in Step A of Example 6, 111.62 umol of sodium
15 hydroxide, 7.46 pmol of benzyltriethylammonium chloride and 418.58 mmol of methyl
iodide are dissolved in 0.5 ml of dichloromethane. The reaction mixture is stirred at
ambient temperature for 1 hour 45 minutes, and then the solvent is removed in vacuo.
Purification by flash chromatography over silica gel (from petroleum ether/ethyl acetate :

7/3 to ethyl acetate) allows the expected product to be obtained.

20 Melting point : 204°C (decomposition).
IR (KBr) : ve-o0 = 1697 cm’™.
Mass spectrum : 373 [M + 1]".



5 Exanple 6, starting fromthe conmpound obtained in the Step above. EXAVPLE
11 : 10- Fl uoro-7-nethyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-
6,8(7H, 13H)-dione Step A : 3-(1,4-Benzodioxin-2-yl)-4-(5

fluoro-1Hindol -3-yl)-1-nethyl -1H pyrrol e-2,5- dione 10 The expected
product is obtained according to the pggcedure described in Step A of
Exanple 5, starting fromthe conpound Gf "Preparation G Melting point :
229C. IR (KBr) : vc=0 = 1698 cm1 ; VNH = 3380 cm'. Mass spectrum: 377
[ M+ 1 ] {StefB :St B DBnethyl[1,4]benzodioxino|2,3-alpyrrolo[3,4-c[carbazole-6,8(7H,13H)-

10- Fl uoro-7-net )iyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-6, 8

(7H, 13H) - di one expected product is obtained according to the procedure
described in Step B of Exanple 6, starting fromthe conmpound obtained in
Step A above. Melting point : > 355C. 20 IR (KBr) : vc=o0 = 1699, 1753 cm1
. VNH = 3Hwoexnected prpguct is biaingdraecozding [ty the prpcedureqdeseribodpire Step B of

722 (O el 281 kel ¥bnd OohbdiBodbladlRsarh asbnol 2. 3l pyrrol o

5 EXAMPLE 9 : 13-Ethyl-7-methyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-
6,8(7H,13H)-dione

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

dione

The expected product is obtained according to the procedure described in Step A of
10 Example 8, starting from the compound obtained in Step A of Example 6 and replacing the
methyl iodide with ethyl iodide.

Step B: 13-Ethyl-7-methyl[1,4]benzodioxino[2,3-alpyrrolo[3,4-c[carbazole-
6,8(7H,13H)dione

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

15 Example 6, starting from the compound obtained in Step A above.

EXAMPLE 10 : Naphtho|2',3':5,6][1,4]dioxino[2,3-a]pyrrolo[3,4-c]carbazole-5,7-
(6H,16H)-dione

Step A : 3-(1H-Indol-3-yl)-4-naphtho[2,3-b][1,4]dioxin-2-yl-1 H-pyrrole-2,5-dione

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

20 Example 5, starting from the compounds of Preparations B and F.

Melting point : 261°C.
IR (KBr) : ve—o = 1759 cm™ ; vay = 3171, 3398 cm™".



The expected product is obtained according to the procedure described in
Exanple 7, starting fromthe conpound of Exanple 11. 5 Melting point :
337C (deconposition). IR (KBr) vc=o0 = 1701, 1755 CM1; VvNH= 3447 cmi. Mass
spectrum: 432 [M+ 1] . EXAMPLE 13,
11-Fluoro-7-nethylll,4]benzodioxino[2,§-a]pyrro|o[3,4-c]carbazo|e-

6, 8(7H, 13H)-dione 10 Step A: 3-(1,4-B ﬁZOdioxin-Z-yI)-4-(6
fluoro-1Hindol -3-yl)-1-met hyl - 1K pyrrol e-2,5- di one The expected product

i s obt ai Ndabsapestnui ngPX M tthd .pr ocedure described in Step A of Exanple 5,
starting fromthe conmpound of Preparation H Mlting point : 214C. 15 IR
(KBr) vc=o0 = 1693 cm1 ; VNH = 3322 cm'. Mass spectrum: 377 [M+ 1] +.
Step B : : Naphtho[2',3":5,6][1,4]dioxino[2,3-a]pyrrolof3,4-c[carbazole-5,7(6 H,16 H)-
11- Fl uoro-7-net hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol of 3, 4-c] carbazol e- 6, 8-

(7H, 13H) - di one 4ft¢ expect ed product is obtained according to the procedure
described in Step B of 20 Exanple 6, starting fromthe conpound obtai ned
in Step A above. Melting point : > 360C. IR (KBr) vc=o0 = 1697, 1752 cm ;
VNH = 334hecerpkcted product is obtained according to the procedure described in Step B of

5 Example 6, starting from the compound obtained in the Step above.

EXAMPLE 11 : 10-Fluoro-7-methyl[1,4]benzodioxino[2,3-a]pyrrolo|3,4-c]carbazole-
6,8(7H,13H)-dione

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

dione

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

Example 5, starting from the compound of Preparation G.

Melting point : 229°C.
IR (KBI) : ve=o = 1698 cm™ ; vy =3380 cm’’.
Mass spectrum : 377 [M + 1]".

15 Step B : 10-Fluoro-7-methyl(1,4]benzodioxino(2,3-ajpyrrolo[3,4-c]carbazole-6,8
(7H,13H)-dione

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

Example 6, starting from the compound obtained in Step A above.

Melting point : > 355°C.
20 IR (KBr) : Vo = 1699, 1753 cm™ ; vag = 3339 cm™.
Mass spectrum : 375 [M + 1]".




Mass spectrum:375 [M+ if. -46 EXAMPLE 14 :

7-12- (D et hyl am no) et hyl ] -11-fl uoro[ 1, 4] benzodi oxi no[ 2, 3-a] -

pyrrol o[ 3, 4-c] carbazol e-6, 8(7H, 13H) - di one The expected product is obtained
according to the procedure described in Exanple 7, starting fromthe
conmpound of Exanple 13. 5 Melting point_: 301C (deconposition). IR (KBr)
vc=0 = 1703, 1752 cmi ; VNH= 3439 cmi % Mass spectrum: 432 [M+ ]+
EXAMPLE 15 : 10-Fl uoro[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] car bazol e- 6, 8-

( 7H, 13H) EXAMPLID 13t & 2ADimethylamingiathylftl 0:fluere{1,4]benzodioxino[2,3-a]-
yl)-4-(5-fluoro-1Hindol ~3-yl )-14 pyrr - 2..h-di.one The expected product is
obt ai ned accordi ng tByfrt?é‘ﬁB’r“b 8’&5’?2&8'&2%?@2’)7 % ep A of Exanple 5,
starting fromthe conmpound of Preparation |I. Melting point :241'C
(decomposition). IR (KBr) : vc=0 = 1693 cm1 ; VNH = 3177, 3335 cnms. 15
Mass spe(‘i,l"th|eufmp_ectg@:{prq?d\ucqr 1 ol}atal_negtaggorgm_g to the procedure described in Example 7,

10- Fl uor . 4 I OX| - rinol o 3, 4-c] car bazol e- 6, 8( 7H, 13H) - di one
The expeggaﬁf%ﬁgﬁéfg&(ﬁ@%ﬁlg)F%é%Lg%cléfdi ng to the procedure described in
Step B of Exanple 6, starting fromthe conpound obtained in Step A above.

5 Melting point : 337°C (decomposition).
IR (KBr) : Ve=o = 1701, 1755 cm™ ; vy = 3447 cm’.
Mass spectrum : 432 [M + 1]".

EXAMPLE 13 : 11-Fluoro-7-methyl[1,4]benzodioxino|2,3-a]lpyrrolo|3,4-c]carbazole-
6,8(7H,13H)-dione

10 Step A : 3-(1,4-Benzodioxin-2-yl)~4-(6-fluoro-1H-indol-3-yl)-1-methyl-1H-pyrrole-2,5-

dione

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

Example 5, starting from the compound of Preparation H.

Melting point : 214°C.
15 IR (KBr1) : Ve—o = 1693 cm™ ; vap= 3322 cm’.

Mass spectrum : 377 [M + 171",

Step B : 11-Fluoro-7-methyl{1,4]benzodioxino(2,3-alpyrrolo3,4-c]carbazole-6,8-
(7H,13H)-dione

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

20 Example 6, starting from the compound obtained in Step A above.

Melting point : > 360°C.
IR (KBr) : vc-o = 1697, 1752 cm’! ;) VNH= 3349 cm’™.

Mass spectrum : 375 [M + 1]".



Melting point : > 360C. 20 IR (KBr) : vc=0 = 1707 cms ; VNH = 3258, 3379
cm'. Mass spectrum: 361 [M+ I]+. -47 EXAVPLE 16:

11- Fl uor o[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- 6, 8-

(7H, 13H)-di one Step A :

3- (1, 4- Benzodi oxi n-2-yl )-4-(6-fluoro-1H-indol -3-yl)-1H pyrrol e-2, 5-di one
The expected product is obtained accor‘épﬁg to the procedure described in
Step A of 5 Exanple 5, starting fromthe conpound of Preparation J.
Melting point : 203C. IR (KBr) : vc=o0 = 1697, 1762 cm 1 ; vNH = 3179, 3344

(1:r1n FI uoW%ﬁ@ﬁ%ﬁ%dﬁ%ﬁﬁg;'i‘!"é{f[;‘a‘}lﬁg%qdé‘!"é{"é?é?ﬂ; 13H) - di one

10 The expected prodysirdls[3ltRhMREZoRCES(7H, ITH}-@iohbe procedure described in
Step B of Exanple 6, starting fromthe conpound obtained in Step A above.

Melting point : > 360C. IR (KBr) : vc=o0 = 1710 cm-1 ; vNIl = 3190, 3455 cm

Lo o PR B o S AP, M Wbt e 7

di oxi no[ Ztatiag prymtat ofrapeund] cf@xampid 3. 13( 6H) - car boxyl at e

5 Melting point : 301°C (decomposition).
IR (KBr) : ve—o = 1703, 1752 cm™ ; vy = 3439 cm’™.
Mass spectrum : 432 [M + 17"

EXAMPLE 15 : 10-Fluoro[1,4]benzodioxino[2,3-a]pyrrolo|3,4-c]carbazole-6,8-
(7H,13H)-dione

10 Step A : 3-(1,4-Benzodioxin-2-yl)-4-(5-fluoro-1H-indol-3-yl)-1 H-pyrrole-2,5-dione

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

Example 5, starting from the compound of Preparation 1.

Melting point : 241°C (decomposition).
IR (KBr) : veo = 1693 cm™ ; vau=3177, 3335 cm™.
15 Mass spectrum : 363 [M + 1]°.

Step B : 10-Fluoro[1,4]benzodioxinof2,3-alpyrrolo[3,4-c[]carbazole-6,8(7H,13H)-dione

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

Example 6, starting from the compound obtained in Step A above.

Melting point : > 360°C.
20 IR (KBr) : V=0 = 1707 cm™ ; vy = 3258, 3379 cm’.

Mass spectrum : 361 [M + 17".



p
3-[4-(1, 4- benzodi oxi n-2-yl) - 1-net hyl - 2, 5-di oxo- 2, 5-di hydro-1H pyrrol -3
y1] - 5- (benzyl oxy) - 1Hi ndol e- 1- car boxyl at e The expected product is obtained
according to the procedure described in Step A of 20 Exanple 5, starting
fromthe conpound of Preparation K. Melting point : 93C. IR (KBr) : vc=0 =
1703, 1706, 1737, 1741 cm 1. -48 Mass~ é%ectrum:565,5[ M+1l]+. Step B :
t en- But yl
10- ( benzEXAMPEE 16t: 1y tEle o8| Hidthemzgdigximio R 3taliiyrrelp [Jeheleditmzolesh,8- 3-
alpyrrolo[3,4-c]carb -13(.6H) - car boxyl ate 177.1 pnol of the conpound
obtained in Step A agé&eﬁg}'}b&%@;l nmol of double-sublinmed 5 iodine are
di ssolved in 500 m of toluene inside the cell of an irradiation apparatus.
After irradiating for 40 m nutes at 500 VL Wi th stirring, the reaction
mixture iSterdoi ol ddtanodisrin-diilad-66otar  Bringel- kbl E-ByrreShi-Aigngi t h 80
of 20 % aqueous sodi umthiosul phate solution is carried out until the
organi ¢ phase is decol ourised. The aqueous phase is extracted with ethyl
acetat e tTheeexpectedSprodind is henaihée ao¢qgding ctopthaseeceatuee desthibeddn Biep AOof
directly concen%,egat ed in v cuo The ;%rocedure is repeated a further two
timed in BHERe pestarips,fiem t ‘El%‘i’rHBO‘Fﬁ‘é’ IR iBdnt s. The crude reaction
products of the three procedures are conbined and the brown solid obtained
is washed, filtered and rinsed with nethanol before being dried in vacuo,
al | owi ng Mbb;gnp@té@°§r oduct to be isol ated.

R (KBr) : Ve—o = 1697, 1762 cm™ ; v = 3179, 3344 cm”".
Mass spectrum : 363 [M + 1]".

Step A : tert-Butyl
[

Step B : 11-Fluoro[1,4]benzodioxinof2,3-alpyrrolo[3,4-c[carbazole-6,8-(7H,13H)-dione

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

Example 6, starting from the compound obtained in Step A above.

Melting point : > 360°C.
IR (KBr) : ve=o = 1710 cm™ ; va = 3190, 3455 cm’™.
Mass spectrum : 361 [M + 1]".

15 EXAMPLE 17 : tert-Butyl 10-(benzyloxy)-7-methyl-6,8-dioxo-7,8-dihydro[1,4]benzo-
dioxino[2,3-a]pyrrolo[3,4-c]carbazole-13(6 H)-carboxylate

Step A : tert-Butyl 3-[4-(1,4-benzodioxin-2-yl)-1-methyl-2,5-dioxo-2,5-dihydro-1H-
pyrrol-3-yl]-5-(benzyloxy)-1H-indole-1-carboxylate

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

20 Example 5, starting from the compound of Preparation K.

Melting point : 93°C.
IR (KBr) : ve—o = 1703, 1706, 1737, 1741 cm’™".



Mel ting point : 302C (deconposition). 15 IR (KBr) : vc=0 = 1705, 1731,
1760 cm . Mass spectrum: 463 [MBoc + |]+. EXAMPLE 18:

10- Hydr oxy- 7- net hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] -

car bazol e-6, 8(7H, 13H) - di one 44.4.tnol of the conpound of Exanple 17 are

di ssol ved, under an inert atnosphere, i 20 3.5 nm of anhydrous

di chl oronmet hane. A 1M sol ution of boron®tribromde in dichloromethane (89
prmol) is then added dropW| se and with vigorous stirring to the solution,
whi ch hasMasespestseme§68.8 [MCH 1The reaction mixture is stirred at 0C for 15
m nutes and then for 1 hour 15 mnutes whilst being allowed to return to
anbient tenperature. After hydrolysis with distilled water, the reaction

m xture i StefiB vieprdBudyl M—ﬁﬁehﬂlo%mw@l-e,&cﬂmb v,8alikyirefl 4] biiradioxin|2,3-
extracted three times with ethyl acetate. The organic phases are conbi ned
and evapor at ed ‘E]Byﬂ?ﬁfﬁ%éﬂcwofee@(ﬁﬁé'c@ﬂ%’é}”ﬁ@d is washed, filtered -49 and
rinsed with nethanol and is then dried in vacuo, allow ng the expected
product to be isolated. Melting point : > 350C. IR (KBr : vc=0 = 1691,
1749cnt'' 17%b hktNHoﬁthBi&éﬁlpomdLobtaiﬁed\/asSieg petoveand 537 3nmdd of dbu]nle sENAMEIILE 19

10, (Benlodmext%g dlssglvecf YOP {nluen ?Itlsli] elt]he [0%114 %g &8 1£1t?o)§1| zppc})) ra’tus %]ﬂer
irradiating for 40 minutes at 500 W, with stirring, the reaction mixture is cooled and then
diluted with ethyl acetate. Washing with 80 ml of 20 % aqueous sodium thiosulphate
solution is carried out until the organic phase is decolourised. The aqueous phase is
extracted with ethyl acetate three times, and then the organic phases are combined and

10 directly concentrated in vacuo. The procedure is repeated a further two times in the same
manner, using the same amounts. The crude reaction products of the three procedures are
combined and the brown solid obtained is washed, filtered and rinsed with methanol before

being dried in vacuo, allowing the expected product to be isolated.

Melting point : 302°C (decomposition).
15 IR (KBr) : vc=o = 1705, 1731, 1760 cm™.
Mass spectrum : 463 [M-Boc +1]".

EXAMPLE 18 : 10-Hydroxy-7-methyl[1,4]benzodioxino|2,3-a]pyrrolo]3,4-c]-
carbazole-6,8(7H,13H)-dione

44.4 pmol of the compound of Example 17 are dissolved, under an inert atmosphere, in
20 3.5ml of anhydrous dichloromethane. A 1M solution of boron tribromide in
dichloromethane (89 pmol) is then added dropwise and with vigorous stirring to the
solution, which has been cooled to 0°C. The reaction mixture is stirred at 0°C for
15 minutes and then for 1 hour 15 minutes whilst being allowed to return to ambient
temperature. After hydrolysis with distilled water, the reaction mixture is diluted with ethyl
25 acetate, and the aqueous phase is extracted three times with ethyl acetate. The organic

phases are combined and evaporated to dryness. The residue obtained is washed, filtered



pyrrol o[ 3, 4-c] car bazol e- 6, 8( 7H, 13H) - di one The expected product is obtai ned
according to the procedure described in Exanple 7, starting fromthe
conpound of Exanple 17. to Melting point : 254C (deconposition). IR (KBr)
vc=0 = 1701, 1751 cml ; VNH= 3433 cnmlis. Mass spectrum: 520.5 [M+ 1 ]+.
EXAMPLE 20: 7-[2-(Di net hyl am no) et hyl]-10-hydroxy[ 1, 4] benzodi oxi no[ 2, 3-a] -
pyrrol o[ 3, 4-c] car bazol e-6, 8(7H, 13H) - diolfe 15 The expected product is
obt ai ned according to the procedure described in Exanple 18, starting from
t he conpoambiringedexifinplethangl andeistthenydiingi #tvacua edlowing the exprcfed produds te bggg7
cm ; VOH N@ 3 3447 cm 1. Mass spectrum: 430 [M+ 1 ]+. -50 EXAMPLE 21 :
tert - But yiso fet (benzyl oxy) - 7- et hyl - 6, 8- di oxo- 7, 8-di hydro[ 1, 4] -
benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- 13(6H) - car boxyl ate Step A :
tert-Butyl-3-[4-(1, 4-benzodi oxin-2 yl)-1-nethyl -2, 5-di oxo- 2, 5-di hydro- 14
pyrrol - 3 Mt AZAIXG) - 1H i ndol e-1 - carboxyl ate 5 The expected product
is obtain ar.di ng t ocedur e ribed in Step A of Exanple 5,
starting mhé}%oonﬁéglﬁdbg?%r ’e\g)éergt i%ﬁ§ﬁﬁf '

5 Mass spectrum : 373 [M + 17",

EXAMPLE 19 : 10-(Benzyloxy)-7-[2-(dimethylamino)ethyl][1,4]benzodioxino|2,3-a]-
pyrrolo[3,4-c]carbazole-6,8(7H,13H)-dione

The expected product is obtained according to the procedure described in Example 7,

starting from the compound of Example 17.

10 Melting point : 254°C (decomposition).
IR (KBr) : ve—o = 1701, 1751 cm™ ; vy = 3433 cm™.
Mass spectrum : 520.5 [M + 1]°.

EXAMPLE 20 : 7-[2-(Dimethylamino)ethyl]-10-hydroxy[1,4]benzodioxino[2,3-a]-
pyrrolo[3,4-c]carbazole-6,8(7H,13H)-dione

15 The expected product is obtained according to the procedure described in Example 18,

starting from the compound of Example 19.

Melting point : > 360°C.
IR (KBr) : ve=o = 1697 cm’™ ; voyu,nu = 3447 cm’l.

Mass spectrum : 430 [M + 1]".



Melting point : 838C. IR (KBr) : vc=o0 = 1703, 1737 cmi''. Mass spectrum:
565 [M+ I]+. 10 Step B: tert-Butyl

11- (benzyl oxy) - 7- met hyl - 6, 8- di oxo- 7, 8-di hydro[ |, 4] benzodi oxi noJ2, 3-

a] pyrrol of 3, 4-c] car bazol e- 13(6H) - car boxyl ate The expected product is

obt ai ned according to the procedure de%éri bed in Step B of Exanple 17,
starting fromthe conpound obtained in tep A above. Melting point : 204C.
15 IR (KBr;(A vc=o0 = 1703, 1747 cm . pectrum: 463 [ M Boc + 1]'.
EXAVPLE 2BXAMPLE 21 55tortzBugyl hyllrepzn!ozﬁh}mntbxl-%{dzo@:‘éfpwyw&[%l 4-c]-

car bazol e- 6, 8(7H, 13 3 pi_ ding to
t he procedure descr :_Dt%)egkﬁ?dr;i‘(?g}g%,%éﬁﬁ%@gﬁ 4 gﬂpfﬁaz&% ﬁg&ﬁ? ?’?‘%& l(r;igerm t he
conpound of Exanple 21. Melting point : 360C. IR (KBr) : vc=o0 =1684, 1696,
1737 -1 HNH. = 17 442 cm 7 + +. -51
EXiNPEE Zféé@’ évotert-ButyIB.??:[fl-(I } benzogtoxtsn-Z-yI) Is-methr_)y?gt (?toxo-Z 5-(2[1 dro-Ié ] >
11- (Benzyl oxy) - ”[0238‘?] W},%@gﬂg@ﬁh%},]ﬂé[.,,ﬂ,]ﬁmgodl oxi no[ 2, 3-a]- pyrrolo
[ 3,4-c] carbaz I'one

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

Example 5, starting from the compound of Preparation L.

Melting point : 88°C.
IR (KBr) : ve=o = 1703, 1737 cm™.
Mass spectrum : 565 [M + 17",

10 Step B : tert-Butyl 11-(benzyloxy)-7-methyl-6,8-dioxo-7,8-dihydrof1,4]benzodioxinof2,3-
alpyrrolo[3,4-c]carbazole-13(6H)-carboxylate

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

Example 17, starting from the compound obtained in Step A above.

Melting point : 204°C.
15 R (KBr) : ve=0 =1703, 1747 cm’
Mass spectrum : 463 [M-Boc + 17"

EXAMPLE 22 : 11-Hydroxy-7-methyl[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
carbazole-6,8(7H,13H)-dione

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

20 Example 18, starting from the compound of Example 21.

Melting point : 360°C.
IR (KBr) : ve-o = 1684, 1696, 1737 cm™ ; vounu = 3317, 3442 cm™.

Mass spectrum : 373 [M + 1]".



The expected product is obtained according to the procedure described in
Exanple 7, starting fromthe conpound of Exanple 21. 5 Melting point :
262C (deconposition). IR (KBr) : vc=o = 1701, 1750 cm'' ; VOH, NH= 3432 cmi.
Mass spectrum: 520.5 [M + 1]'. EXAVPLE 24:

7-[2-(Di nethylanino)ethyl] 11- hydroxy[% 4] benzodi oxi no[ 2, 3- 3] -
pyrrol o[ 3,4-c] carbazol e-6, 8(7H, 13H) - d ne 10 The expected product is
obt ai ned according to the procedure described in Exanple 18, starting from
the conmpound of Exanple 23. Melting point : > 360C. IR (KBr) : vc=o0 = 1686

e e e

[ 2, 3 a] pyrrol of 3, 4- c]parble3M-elchdidzo)e-6,8(TBRXIMpdionSt ep A : tert-Butyl
3-[4-(1, 4- benzodi oxi n- 2yl )-1-(tert-butoxycarbonyl)-2, 5-di oxo- 2, 5-

di hydr o- 1H—pyrro| 3- yl]-5-(benzyl oxy)-1Hi ndol ell - car boxyl ate The expected
pr oduct "Pheo &@gprg&&&rlgldmlﬁéa aéésr&ﬁge %Sr&@&ﬁé'd&%ﬂe& 1§tm1fm@f7 20
Exanpl e 5, tin romthe conmpound Preparation 'ting point

76C. IR (s’zt'thl)lg from:t:ho compuirid of FAGBPldZB7 cni .

5 Melting point : 262°C (decomposition).
IR (KBr) : ve=0 = 1701, 1750 cm™ ; vopnn= 3432 cm’.
Mass spectrum : 520.5 [M + 1]".

EXAMPLE 24 : 7-[2-(Dimethylamino)ethyl]-11-hydroxy[1,4]benzodioxino[2,3-a]-
pyrrolo[3,4-c]carbazole-6,8(7H,13H)-dione

10 The expected product is obtained according to the procedure described in Example 18,

starting from the compound of Example 23.

Melting point : > 360°C.
IR (KBr) : ve=0 = 1686 cm’! ; Vou,nu = 3405 cm’™.
Mass spectrum : 430 [M + 17"

15 EXAMPLE 25 : tert-Butyl 10-(benzyloxy)-6,8-dioxo-7,8-dihydro[1,4]benzodioxino
[2,3-a]pyrrolo[3,4-c]carbazole-13(6 H)-carboxylate

Step A : tert-Butyl 3-[4-(1,4-benzodioxin-2-yl)-1-(tert-butoxycarbonyl)-2,5-dioxo-2,5-
dihydro-1H-pyrrol-3-yl]-5-(benzyloxy)-1H-indole-1-carboxylate

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

20 Example 5, starting from the compound of Preparation M.

Melting point : 76°C.
IR (KBr) : ve—o = 1741, 1763, 1797 cm’".



-52 Mass spectrum: 551.5 [MBoc + 1]+. Step B : tert-Butyl

10- (benzyl oxy) - 6, 8-di oxo- 7, 8-di hydro[ |, 4] benzodi oxi no[ 2, 3-a] -

pyrrol o] 3, 4-c] car bazol e- 13(6H) - car boxyl at e The expected product is obtained
according to the procedure described in Step B of 5 Exanple 6, starting
fromthe conmpound obtained in Step A abgve. Melting point : > 304C. IR

(KBr) : vc=o0 = 1719 1731 cmi ; VNH = 3¥98 cm 1. Mass spectrum: 549.5 [M
+ 1]+. EXAMPLE
10- Fydrox&%ﬁiﬂ}ﬁﬁﬁﬁoéﬁb%dhbp2°31&]pyrrol0[3 4-c] car bazol e- 6, 8- 10

(7H, 13H) - di one The expected product is obtained according to the procedure
described in Exanple 8, starting fromthe conpound of Exanple 25. Melting
poi nt : >S&pWC tekFBisBI ()—(benzﬂo@)-'ef &dibo-7)8-8ihydro[1,4]Dehtddidkind031q]- 3218, 3442
cmt. 15 Mass spectrun1 35 EXANVPLE 27 : tert-Butyl

11- (benzyl oxy) -Bree 6130‘5(61"‘7’@164"#;7 A&{‘i‘"&j’*ﬁ‘é‘ﬁfodl oxino [ 2,3-a] pyrrolo

[ 3,4-c] carbazole-13 (6H)-carboxylate Step A : tert-Butyl

3-[4-(1, 4- benzodi oxi n-2-yl)-1-(tert-butoxycarbonyl) -2, 5-di oxo- 2, 5-

di hydr o- 1Fhgexpaited3 pystucitis bbtamngl cacgdrding tondld protedimne bieggritedein Step B of

5 Example 6, starting from the compound obtained in Step A above.

Melting point : > 304°C.
IR (KBr) : veeo = 1719, 1731 cm™ ; viy=3198 cm’.
Mass spectrum : 549.5 [M + 1]".

EXAMPLE 26 : 10-Hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-
10 (7TH,13H)-dione

The expected product is obtained according to the procedure described in Example 8,

starting from the compound of Example 25.

Melting point : > 360°C.
IR (KBr) : ve—o = 1712, 1750 cm™ ; vayon= 3061, 3218, 3442 cm™.

15 Mass spectrum : 359 [M + 1]".

EXAMPLE 27 : tert-Butyl 11-(benzyloxy)-6,8-dioxo-7,8-dihydro[1,4]benzodioxino

[2,3-a]pyrrolo[3,4-c]carbazole-13(6H)-carboxylate

Step A : tert-Butyl 3-[4-(1,4-benzodioxin-2-yl)-1-(tert-butoxycarbonyl)-2,5-dioxo-2,5-
dihydro-1H-pyrrol-3-yl]-6-(benzyloxy)-1H-indole-1-carboxylate

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

Example 5, starting from the compound of Preparation N.

Melting point : 81°C.



20 The expected product is obtained according to the procedure described in
Step A of Exanple 5, starting fromthe conpound of Preparation N. Melting
point :81'C. -53 IR (KBr) : vc=o0 = 1716, 1739, 1762 cm 1. Mass spectrum:
551.5 [MBoc + fl'. Step B: tert-Butyl

11- (benzyl oxy) - 6, 8- di oxo- 7, 8-di hydro[ |, 4] benzodi oxi no[ 2, 3-a] -

pyrrol o[ 3, 4- c] car bazol e- 13(6H) car boxyl5 te 5 The expected product is

obt ai ned accordl ng to the procedure described in Step B of Exanple 6,
starti ng IRr(&B mhee@mbﬂlﬁnw?&otla&md in Step A above. Melting point : 199C.

| R ( KBr vc=0 = 17 C ; VNH= 3384 cnmi. Mass spectrum: 549.5
[ &3] Mags spsctgyen (555 tNBoc T3 i

11- Hydroxy[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol of 3, 4- c] car bazol e-

6, 8( 7H, 13H) - di one The expect ed product is obtained according to the

pr ocedur eStagBorietsdutyln Iethanplaxys 6, 8-$Pa¢-t71&°(ghf’drefﬂ,ﬂlben@dmmi&3aﬂ- Exanpl e
27. Melting poi ntrcollgfﬁé}o - gzo“:)e-lg%@ a)r%ya? = 1.7_11 1745 cm1 ; VOH NH =

3054, 3197, 34" spet + 1]

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

Example 6, starting from the compound obtained in Step A above.

Melting point : 199°C.
IR (KBr) : ve=0 = 1731, 1761 cm™ ; vy = 3384 cm’™.

Mass spectrum : 549.5 [M + 17",

10 EXAMPLE 28 : 11-Hydroxy[1,4]benzodioxino[2,3-a]pyrrolo|3,4-c]carbazole-
6,8(7H,13H)-dione

The expected product is obtained according to the procedure described in Example 8,

starting from the compound of Example 27.

Melting point : > 340°C.
15 IR (KBr) : ve=0 = 1711, 1745 cm™ ; vounu = 3054, 3197, 3427 cm’.

Mass spectrum : 359 [M + 1]".

EXAMPLE 29 : tert-Butyl6-methyl-5,7-dioxo-6,7-dihydronaphtho|[2',3':5,6][1,4]
dioxino[2,3-a]pyrrolo[3,4-c]carbazole-16(5H)-carboxylate

Step A : tert-Butyl 3-(1-methyl-4-naphtho[2,3-b][1,4]dioxin-2-yl-2,5-dioxo-2,5-dihydro-
20 1H-pyrrol-3-yl)-1H-indole-1-carboxylate

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

Example 5, starting from the compound of Preparation B.



EXAMPLE 29: tert-Butyl 6-nethyl -5, 7-di oxo-6, 7-di hydronapht bo[ 2", 3" : 5, 61[ 1, 4]
dioxino [2,3-a]pyrrolo [3,4-c]carbazol e-16(5H)-carboxylate Step A :
tert-Butyl

3- (1- et hyl - 4- napht ho[ 2, 3-b] [ 1, 4] di oxi n-2-yl -2, 5-di oxo- 2, 5-di hydro- 20
1Hpyrrol - 3-yl ) - 1Hi ndol e- 1- car boxyl ate Ihe expect ed product I s obtained
according to the procedure descri bed R4St ep A Exanple 5, starting from
t he conpound of Preparation B. -54 Melting poi nt : 158C. IR (KBr) : vc=o0 =
1702, 173deltimepoint MbEECspect rum : 409 [MBoc + 1]'. Step B : tert-Butyl

6- met hyl - 0X0- 6, onapht ho[ 2, 3" : 5, 6][1, 4]d| oxino[2,3- 5

a] pyrrol M] X‘&Pbag&g ng{%’ll—b car boxyl ate The expected product is

obt ai ned ga&anLEitAln t fod IM-BYcocedur e described in Step B of Exanple 5,
starting Tromthe conmpound obtained in Step A above. EXAMPLE 30 :
tert-Butyl 8-(benzyl oxy)-4- (2 hydr oxyphenoxy) - 1, 3- di oxo- 2, 3-

obt 4i ned SEB e FPPRAIGTT ertb AP ff{%’olm%?léﬁ GRRe

Exanpl e 27. Néldjpﬁ%wpl,m]carbhgmwkﬁu&Bﬁbxyzatvc =0 = 1725, 1757 cm - 1 ;
VOH, NH = 3277 cm 1

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

Example 5, starting from the compound obtained in Step A above.

EXAMPLE 30 : tert-Butyl 8-(benzyloxy)-4-(2-hydroxyphenoxy)-1,3-dioxo-2,3-
dihydropyrrolo[3,4-c]carbazole-6(1 H)-carboxylate

10 The expected product is obtained in the course of purification of the compound of Step B

of Example 27.

Melting point : 198°C.
IR (KBr) : ve=o = 1725, 1757 cm™ ; vounn= 3277 cm™.

Mass spectrum : 551.5 [M + 17"

15 EXAMPLE 31 : tert-Butyl 9-(benzyloxy)-4-(2-hydroxyphenoxy)-2-methyl-1,3-dioxo-
2,3-dihydropyrrolo[3,4-c]carbazole-6(1 H)-carboxylate

In an irradiation apparatus, 177.1 pmol of the compound obtained in Step A of Example 17
are dissolved in 500 ml of toluene and then 5.91 mmol of double-sublimed iodine are
introduced into the reaction mixture. Irradiation is carried out at 500 W for 40 minutes.
20 The reaction mixture is subsequently diluted with ethyl acetate and then washed with 80 ml
of 20 % aqueous sodium thiosulphate solution until the organic phase is decolourised. The
aqueous phase is extracted with ethyl acetate three times, and then the organic phases are
combined and directly concentrated to dryness in vacuo. The procedure is carried out a
further three times in the same manner, using the same amounts. The crude reaction

25 products of the four procedures are combined. The residue obtained is washed, filtered and



Mass spectrum: 551.5 [M+ |]'. 15 EXAMPLE 31 : tert-Butyl

9- (benzyl oxy) - 4- ( 2- hydr oxyphenoxy) - 2- net hyl -1, 3- di oxo-

2, 3-di hydropyrrol o] 3, 4-c] carbazol e-6(1H) - carboxylate In an irradiation
apparatus, 177.1 nol of the conpound obtained in Step A of Exanple 17 are
di ssolved in 500 m of toluene and theg 5.91 mvol of doubl e-sublined iodine
are introduced into the reaction mixtdPé. Irradiation is carried out at
500 Wfor 40 m nutes. 20 The reaction mixture is subsequently diluted with
et hyl aceinseé withdmetherolyadhis dhey evapgmited. Pupficatnoby fadockyomaiggtaphy over

t hi osul phat e sp} ut.ion i anj i L sed, - aqueous
phase is Szlx %rggg{pé:’%o%u%%%%r}ﬁ?}fﬁg%%tgf 8}65 ﬁ?@?ﬁeﬁgg&@?ﬁﬁ%ﬁ? l?‘:nlga-lgr{?{"g(glani C
phases are conbined and directly concentrated to dryness in vacuo. The
procedure is carried qut a further three tinmes in the same nanner, using
the same Melngpeint ThE°€r ude reaction 25 products of the four procedures are
conbi ned.p T, esi due t o ' shed,rfHkltered and -55 rinsed with

net hanol I—}}n@—r@'?ﬁ& lef\)bgbgyrj;l?gygsﬁi ?%a%él@gr?ﬁ'rﬁy f1ash chromat ogr aphy over
silisa geMadsppedtaineusesn [Mdr/ Ef hyl acetate : 4/6) allows the expected
product to be isolated. Melting point : 170C. IR (KBr) : vc=o0 = 1700, 1727,
1759 cm' ;voH= 3425 cmI. 5 Mass spectrum: 565.0 [M+ 1]+. EXAMPLE 32 :

9- Hydr oxggéiv?pﬂﬁ 3 OHYRPERY A (22h RV ROk Rty ip) ADIS134Q  Eirbazole-

1, 3( 2H, 61y~
1,3(2H,6H)-dione

The expected product is obtained according to the procedure of Example 18, starting from

the compound of Example 31.

10 Melting point : 277°C (decomposition).
IR (KBr) : Ve—o = 1698, 1757 cm™ ; vopnn = 3366 cm™.
Mass spectrum : 375 [M + 1]".

EXAMPLE 33 : tert-Butyl 4-(2-hydroxyphenoxy)-2-methyl-1,3-dioxo-2,3-

dihydropyrrolo[3,4-c]carbazole-6(1 H)-carboxylate

15 To a solution of 740.2 pmol of the compound of Preparation A in 12.5 ml of 1,4-dioxane
there are added 616.9 umol of the compound of Preparation E, 61.7 umol of copper iodide
and 61.7 umol of tetrakis(triphenylphosphine)palladium. The reaction mixture is heated at
100°C, under an inert atmosphere, for 21 hours The solution is then filtered to remove the
remnants of palladium and the filtrate is evaporated to dryness. Purification by flash

20 chromatography over silica gel (petroleum ether/ethyl acetate : 7/3) allows the expected

product to be obtained.

Melting point : 182°C (decomposition).
IR (KBr) : vc-0 = 1697, 1730, 1757 em™ ; vou= 3432 cm’.
Mass spectrum : 459 [M + 1]".



- The expected product is obtained according to the procedure of Exanple 18,
starting from the conpound of Exanple 31. 10 Melting point : 277C
(deconposition). IR (KBr) : vc=o0 = 1698, 1757 cm4 ; voH NH= 3366 cm1.
Mass spectrum: 375 [M+ |]+. EXAWPLE 33 : tert-Butyl

4- (2- hydr oxyphenoxy) - 2- net hyl - 1, 3-di ox$ 2, 3- di hydropyrrol o

[ 3, 4-c] carbazol e- 6(1H) - car boxyl ate 15 8 a solution of 740.2 nol of the
conmpound of Preparation Ain 12.5 mM of 1,4-dioxane there are added 616.9
nmol of tHEXANNRIOE 34 : GCﬂFﬁlEtph‘i-(ﬁ nmﬁh@ypb&nquaﬁf-meﬂl)'&-éép@m%érde and 61.7

prmol of tetrakis(tri enI T lon mxture is
heated at 100C, und@hh a‘ﬁ ¥|rerr Foq%’tqr%&p{ha?oqe'%ﬁﬂ) ﬁbﬂgﬂg}s The solution is
then filtered to renove the remants of paIIadlumandtheflltrate|s
evaporated to dryness. Purification by fla 20 chr omat ography over silica

gel (pet qu 2 ephERheh 152:G8 rmakef; the eompwr@)ofaﬁ)qamie 1he mbetasstnedhggatg to
b bt 697,
1730, 5 7a0cd ¥58.05 AehoP Yy ol CEGARROT rELAL uig of Helny] i3, Toc!
EXAMPLE 3éac‘t10h emlb(tlﬁuisyﬂeat-’bd(ﬁ refatxhondystined doayd hQurs26 myihutes. 3rheti sokenis 3hen

di-hydr Opyrlglglle% InBva%ug ]an t g %gl?ec?edq(e H?.le ?savrvztl)s XX faltered and rinsed with methanol

before being dried in vacuo, allowing the expected product to be isolated.

Melting point : > 333°C.
IR (KBr) : vc-o = 1705, 1724 cm™.
10 Mass spectrum : 473.5 [M + 1]".

EXAMPLE 35 : 4-(2-Methoxyphenoxy)-2-methylpyrrolo[3,4-c]carbazole-1,3(2H,6H)-

dione

84.6 pmol of the compound of Example 34 are dissolved in 2 ml of trifluoroacetic acid and
then the reaction mixture is stirred at ambient temperature for 3 hours. The acid is removed
15 in vacuo, and the residue is then washed, filtered and rinsed with methanol before being

dried in vacuo, allowing the expected product to be isolated.

Melting point : 228°C.
IR (KBr) : ve=0 = 1698, 1753 cm™ ; v= 3341, 3643 cm™.

Mass spectrum : 373 [M + 1]*.

20 EXAMPLE 36 : 4-(2-Hydroxyphenoxy)-2-methylpyrrolo[3,4-c]carbazole-1,3(2 H,6 H)-

dione

261.7 pmol of the compound of Example 33 are dissolved in 7 ml of formic acid; the
reaction mixture is then stirred at ambient temperature for 18 hours. The acid is removed in
vacuo and the residue is then washed, filtered and rinsed with methanol before being dried

25 in vacuo, allowing the expected product to be isolated.



To a solution of 152.68 nol of the conpound of Exanple 33 in 5 m of
acetone there are added 458.05 gnol of dry potassium carbonate and 763. 41
prol of nmethyl iodide. The 5 reaction mxture is heated at reflux and
stirred for 2 hours 25 mnutes. The solvent is then renoved in vacuo, and
the collected residue is washed, filterged and rinsed with nmethanol before
being dried in vacuo, allow ng the expé?fed product to be isolated. Melting
point :>333-C. IR (KBr) : vc-0 = 1705, 1724 cm1l. 10 Mass spectrum: 473.5
[M + 1]+. EXAMPLE 35:

4-(2-thqgfﬁphen04y%5§¥yethyIpyrrolo[3 4-cl carbazol e-1, 3(2H, 6H) - dione 84.6

pnol of t Exanple 34 are dissolved in 2 n1 of trifluoroacetic

aci d and &@ét_ b@=0r=ea(§g5|,qm5mmt‘ UO&, s B43) B8X5 @h'.anbi ent tenperature for 3
hours. The acid is renoved 15 in vacuo, and the residue is then washed,

filtered Mash speeirum: 389 EMnfetlhanol before being dried in vacuo, allow ng
t he expected product to be isolated. Melting point : 228C. IR (KBr) : vc=o
= 1698, 1753 cm ; VNH= 3341, 3643 cmt. Mass spectrum: 373 [M+ 1]+ 20

EXAVPLE 3@;5@2@)@ qunmypxy,)etayngswéw—w{R{rmwomhaw)h)snwmsd]&()aH 6H) -
di one 261.7 pno t he conpound of Exanple 33 are dissolved in 7
fornPc acid: the phenoxy)-2,3-dihydropyrrolo[3 4-c]carbazole-6(1H)—carboxylate

124.3 umol of the compound of Example 33 are dissolved, under an anhydrous
atmosphere, in 1 ml of dry dichloromethane. The temperature of the solution is lowered to
0°C and then 161.5 umol of triethylamine and 161.5 pmol of triflic anhydride are
successively added dropwise to the reaction mixture, which is stirred for 1 hour 20 minutes
10 from 0°C to ambient temperature. After hydrolysis with distilled water, the reaction
mixture is diluted with dichloromethane and then the aqueous phase is extracted three
times with the same solvent. The organic phases are combined, dried over magnesium
sulphate, filtered and concentrated. Purification by chromatography over silica gel

(petroleum ether/ethyl acetate : 7/3) allows the expected product to be isolated.

15 Melting point : 182°C.
IR (KBr) : ve-o = 1710, 1737, 1766 cm™.

Mass spectrum : 591 [M + 1]".

EXAMPLE 38 : 2-[(2-Methyl-1,3-dioxo-1,2,3,6-tetrahydropyrrolo[3,4-c]carbazol-
4-yl)oxy]phenyl trifluoromethanesulphonate

20 Under an inert atmosphere, 67.7 umol of the compound of Example 37 are dissolved in
1 ml of distilled dimethylformamide in the presence of 6.8 pmol of bis(triphenyl-
phosphine)palladium chloride, 203.1 pmol of dry lithium chloride and 81.2 umol of 1,8-
diazabicyclo[5.4.0Jundec-7-ene. After stirring at 140°C for 4 hours 20 minutes, the
reaction mixture is cooled and the dimethylformamide is then removed. Purification by

25 chromatography over silica gel (petroleum ether/ethyl acetate : 6/4) allows the expected

product to be isolated.



reaction mxture is then stirred at anbient tenperature for 18 hours. The
acid is renoved in vacuo and the residue is then washed, filtered and
rinsed with nmethanol before being dried 25 in vacuo, allow ng the expected
product to be isolated. -57 Melting point : 258C. IR( KBr) : vc=0 = 1695,
1757 cm 1 ; VOH NH= 3243, 3525 cm 1. Ss spectrum: 359 [M+ if. EXAMPLE
37 : tert-Butyl 2-nethyl-I,3-dioxo-4-(2-{[(trifluoronethyl)sul phonyl]oxy}

5 phenoxy) - 2, 3-di hydropyrrol of 3, 4-c] car bazol e- 6(1H) - car boxyl ate 124. 3 nol

of the compound of Exanple 33 are dissolved, under an anhydrous

at rmspherg,eltlinn 1-q1, 2950 ry dichl oronmet hane. The tenperature of the solution
is | ower and then 161.5 gnol of triethylamne and 161.5 gnol of
triflic amhgdsnde ar-e170uUrTsssivedny’ pdged4doepwi se to the reaction mxture,
which is stirred for 1 hour 20 minutes 10 from OC to anbi ent tenperature.
After hydMessspeetrum ¢ A9HIMthi 1'ed water, the reaction nixture is diluted

wi th di chl oronet hane and then the aqueous phase is extracted three tines
with the sane solvent. The organi c phases are conbi ned, dried over

magnesi UNEXAMPHE®, : teittBetye8-(bérkyluxyy-a+(2+1aideckypheiioxy)-2aine thyl)3-dioxo-

chr omat ogr aphy over sjlica gel (loetrol eum et her/ethyl acetate : 7/3)

all ows the expected &’%GE}Bi‘irPBY'Hé oldrclaaphazolesoqhiicagboxylate; . 182c. IR
(KBr) : vc=o = 1710, 1737, 1766 cni.

The expected product is obtained in the course of purification of the compound of Step B
of Example 21.
Melting point : 191°C.
IR (KBr) : ve—o = 1701, 1734 em™ ; vou= 3425 cm’.
10 Mass spectrum : 565 [M + 17",

EXAMPLE 40 : tert-Butyl 8-(benzyloxy)-2-methyl-1,3-dioxo-4-(2-{[(trifluoromethyl)
sulphonyl]joxy}phenoxy)-2,3-dihydropyrrolo[3,4-c]carbazole-6(1 H)-

carboxylate

The expected product is obtained according to the procedure of Example 37, starting from

15 the compound of Example 39.

Melting point : 186°C.
IR (KBr) : ve—o = 1703, 1714, 1724 cm™.

+

Mass spectrum : 697 [M + 1]

EXAMPLE 41 : 8-Hydroxy-4-(2-hydroxyphenoxy)-2-methylpyrrolo{3,4-c]carbazole-
20 1,3(2H,6H)-dione

The expected product is obtained according to the procedure of Example 18, starting from
the compound of Example 39.

Melting point : 200°C.
IR (KBr) : ve=0 = 1691 cm™ ; vopnu = 3399 cm™.



Mass spectrum: 591 [M+ |]+. EXAMPLE 38 :

2-[(2-Methyl -1, 3-di oxo-1, 2, 3, 6-tetrahydropyrrol of 3, 4-c] car bazol -

4-yl)oxy] pheuyl trifluoromethanesul ph on ate 20 Under an inert atnosphere,
67.7 mol of the conpound of Exanple 37 are dissolved in 1 m of distilled
di met hyl formam de in the presence of 6.8 nol of bis(triphenyl-

phosphi ne) pal | adi um chl oride, 203.1 pnol” of dry lithiumchloride and 81.2
isnol of 1,8- diazabi c¥cl o[ 5.,4. 0] undec-7-ene. After stirring at 140C for 4
hours 20 Massisnestrumid75 (Matd]’on mixture is cool ed and the di met hyl f or mani de
Is then renoved. Purification by 25 chromatography over silica gel

(petrol eum ether/ethyl acetate : 6/4) allows the expected product to be

| sol at ed. EXXMPRJE ngtepantyl12;{ﬂaﬁhyuﬁ/lbi§m‘b—metmd-6g8 dno&maﬂﬁaroﬂzﬂ: cm
VNH= 3430 cm 1. Mass spectrum: [M + {58- I But yl

8- (benzyl oxy) - 4- ( 2- hyP§H® 9%&%%9?1Eer'fel"R»ﬂ'clcaﬂb%ﬁ°éﬁzb3(6 carboxylate

2, 3-di hydropyrrol o[ 3, 4-c] car bazol e- 6( 1H) - car boxyl ate The expected product
is obtained in the course of purification of the conpound of Step B of
Exanpl e 2S8teplik! tevtaButybv-tbenzhidiplaxy)t R[4-K#-penzodivxin-2-yl)7 Binetliyl-2H-diaxd-, vOH=

3425 SC m 1. 2,5-dihydro-1H-pyrrol-3-yl]-1H-indole-1-carboxylate

The expected product is obtained according to the procedure described in Step A of
Example 5, starting from the compound of Preparation O.
Melting point : 138°C (decomposition).

IR (KBr) : vc=0 =1707, 1753 cm™.
10 Mass spectrum : 641,5 [M + 1]".

Step B : tert-Butyl 12-(benzhydryloxy)-7-methyl-6,8-dioxo-7,8-dihydro[1,4]benzo-
dioxino[2,3-ajpyrrolo[3,4-c|]carbazole-13(6H)-carboxylate

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

Example 17, starting from the compound of Step A above.

15 PHARMACOLOGICAL STUDY OF COMPOUNDS OF THE INVENTION

EXAMPLE 43 : In vitro activity

< L1210 murine leukaemia

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



10 Mass spectrum: 565 [M+ |]+. EXAMPLE 40 : tert-Butyl

8- (benzyl oxy)-2-nmethyl -1, 3-di oxo-4-(2-{ [(trilluoromnethyl)

sul phonyl ] oxy} phenoxy) - 2, 3-di hydropyrrol o [ 3, 4-c] carbazol e-6(1 H)-

car boxyl ate The expected product is obtained according to the procedure of

Exampl e 37, starting from 15 the corrpggr_ld of Exanple 39. Melting point
186C. IR (KBr) : vc=o0 = 1703, 1714, 17 cml. Mass spectrum: 697 [M+

1] 4. EXAMPLE 41 :
8- Hydr oxyAhques. h{k sugbee Abxyable cells ks thepr qusmbfied dyca catgsimeinie-assay, the

1, 3(2H, 6 T t obt rdLn
pr 0((:edur e o&’@ﬁre &r%%@tgﬁl ?rgpq?%ldhﬁ%lh% acl)&ggce? 9'1° g%xg%%%é §1§8 7}?/bl ting
poi nt : ZDH¥Gesulid z(rKBRbreSsed(asohe'IG.ﬁche ©oncentration it ytotd8R%gent which ibhiBits Mass

: - I ..
igefﬁreﬁ;n ﬁya%g@séﬁﬁ?%m {Ef(ANP & $PEREuR sgéfdﬁg%% iqn gxhibit good cytotoxicity
benzedi omm[re%géctatbﬁxfsr&hqﬁé ‘ﬁfy%&y%?%%ﬁhﬁe 136 anpeeﬁdoemahﬁleszcﬁﬁasﬁm

tert-Butyl (benzhydryl oxy) - 3- benzodi oxi n di oxo-
IC50 of 0.074 pM with respect to L1210

<> 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
10 murine leukaemia but with incubation periods of 4 days instead of 2 days. By way of
illustration, the compound of Example 20 has an ICsp of 190nM with respect to DU145
prostate carcinoma and of the order of from 10 to 200nM with respect to human lines
originating from A549 non-small-cell lung carcinoma, HT-29 colon carcinoma and KB-3-1

epidermoid carcinoma.

15 EXAMPLE 44 : Action on the cell cycle

L1210 cells are incubated for 21 hours at 37°C in the presence of various concentrations of
test compounds. The cells are then fixed by 70 % (v/v) ethanol, washed twice in PBS and
incubated for 30 minutes at 20°C in PBS that contains 100 pg/ml of RNAse and 50 pg/ml
of propidium iodide. The results are expressed in terms of the percentage of the cells that
20 accumulate in the G2+M phase after 21 hours, compared with the control (control: 20 %).
The compounds of the invention are especially interesting, at a concentration of less than

2.5uM causing accumulation of at least 70 % of cells in the G2+M phase after 21 hours.



5 2, 5-di hydro-1H pyrrol -3-yl]-1H i ndol e-1-carboxyl ate The expected product
is obtained according to the procedure described in Step A of Exanple 5,
starting fromthe conmpound of Preparation O Mlting point : 138C
(deconposition). IR (KBr) : vc=o0 = 1707, 1753 cm'. 10 Mass spectrum :
641,5 [M+ 1]+. Step B : tert-Butyl 1
12- (benzhydryl oxy) - 7- net hyl - 6, 8- di oxo-"/6, 8- di hydr o[ 1, 4] benzo-
di oxi no[ 2, 3-a] pyrrol o] 3, 4-c] car bazol e- 13(6H) - car boxyl ate The expected
pr oduct iwﬁiﬁi' WYQRUY®o t he procedure described in Step B of
Exanpl e 17, starting fromthe conmpound of Step A above. 15 PHARMACOLOGQ CAL
STUDY OF COVPOUNDS OF THE | NVENTI ON EXAMPLE 43: In vitro activity L1210
mur i ne | edkAgitinout activity on'R 388 lerkdemtini a Was used in vitro. The cells are
cultured in RPM 1640 conplete culture mediumcontaining 10%foetal calf
serum 2mM glutam ne, 50 units/m of 20 penicillin, 50 g/m of streptomycin
and 10mM R@3g8 Burine/tefikachllf) &l dubp i the Nalibith €dned Indfiit Oy, and are
exposed to the cytotoxic conpounds ?or doubl i ng periods, or -60 48 hours.
The nunbetSa). Theabineuresls §10°cell$)overeimntiafedeu doy Odntodhopériteneal cavitysdy, t he
g‘g(g:r Zgl E%b%%e}?&ﬁ% IOHic%n&f%és E?Q&o,(l:-lr'an%.r 1x(}nhl§ee Lvele inaglfrdm %?& %g%ee% ﬁseﬁ7’

in each 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

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

an excellent therapeutic index.

EXAMPLE 46 : Pharmaceutical composition : injectable solution

Compound of Example 20 ..........ccccociiiiiiniiiiiiinineceeeeecresveseeenen 10 mg

Distilled water for injectable preparations............c.ccceeeeveeevesreseenenenns 25 ml



The results are expressed as the IC50, the concentration of cytotoxic agent
which inhibits the treated cells by 50 % Al the conpounds of the

i nvention exhibit good cytotoxicity 5 with respect to this cell line. By
way of exanple, the conpound of Exanple 20 has an 1C50 of 0.074 Mwth
respect to L1210. Human cell lines TheG?onpounds of the invention were also
tested on human cell lines originating from solid tunours, in accordance
with the sane test protocol as that described for L1210 10 nurine | eukaem a
but with incubation periods of 4 days instead of 2 days. By way of
illustration, the conpound of Exanplg%é&gﬁgs an | C50 of 190nM wi th respect
to DUL45 prostate carci nona and of er of from1l0 to 200nMw th
respect to human lines originating from A549 non-snall-cell |ung

carcinoma, HT-29 colon carcinom and KB-3-1 epidernoid carcinoma. 15
EXAMPLE 44 : Action on the cell cycle L1210 cells are incubated for 21
hours at 87C| aof various concentrations of test conpounds.
The ceIIsﬁasgh?ﬁgﬁﬁ??iggﬁggqld % (v/v) ethanol, washed twice in PBS and

RC in PBS that contains 100 g/m of RNAse and
50 pg/m of propidiumiodidel The results are expressed in terns of the
percentage of the cell sQt Q_acoumul ate in the GQ+M phase after 21

hours, conpared with the controf  (control: 20 % . The conpounds of the
invention are especially % ! sting, at a concentratigp of less than 2.5M
causi ng accunul ation of a 70 % of cells in the +M phase after 21
hour s.

i ncubated for 30 m nutes at

A
R
2 o z,
R,
wherein :
5 e A, together with the carbon atoms to which it is bonded, represents a group of
formula (a) or (b) :
Z
w 1 ‘ ©
1 1
! N
R, R,
a
® b),
wherein :

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

10 a pyridyl group,



-61 EXAMPLE 45: In vivo activity Anti-tunour activity on P 388 | eukaem a
Line P388 (murine | eukaem a) was supplied by the National Cancer Institute
(Frederick, USA). The tunour cells (106 cells) were inoculated on day O
into the peritoneal cavity of 5 fenmale B6D2F1 mice (Iffa Credo, France).
Six mce weighing from18 to 20 g were used in each test group. The
products were adm nistered by the int r'a%e'ri toneal route on day 1. The
anti-tunmour activity is expressed as % T/C : Median survival tinme of the
treated ani fal € repseonts @rasouse pelectad fiognhxdrpgenyand halagenostoms eand dhe grdups

aninmals x 100 The r | t g .exce ] Y tivi hn.the P
388 | eukaem a %e el sév%r%%hgg %r@ﬂeﬁgﬁ\,\{?% ff‘b' % rgd:, g&dc}g)\s( g‘fl &gooﬁgﬁrélbcthggl ong
wi th | ow toxic(CyCphlkbke ﬁ(ynp;ﬁynctslrcg)myp@hi whichatheexlkel hidty tibdirepewti C

i ndex. EXAMPLE 46: Pharnmaceutical conposition : i n{ ectabl e sol ution
Conpound of Ethp]@di,(pryloxy and aryl-(C;-Ce)alkoxy (in which the alkoxy moiety is linear or

R M braipched? -and ‘NR:Rs wherein' Rg and R, which: are -identical’ or different,'eacl:}0 g
Distilled water tor 1 n ect abl’e preparations

.............. independently of the .other represents.a. group &featdd &R alhyd€pep atomgd sndé

formila (1) linear or branched (C;-Ce)alkyl group,

< Ry represents a group selected from a hydrogen atom and the groups linear or branched
(C1-C¢)alkyl, aryl and aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or

10 branched) or a group -C(0)-OR's wherein R's represents a group selected from the
groups linear or branched (C;-Cg)alkyl, aryl and aryl-(C,-Ce)alkyl (in which the alkyl

moiety is linear or branched),
e Y represents a group selected from an oxygen atom and a methylene group,

e R, represents a hydrogen atom and, in that case:
15 R3 represents a group selected from a hydrogen atom and the groups linear or branched
(C,-Ce)alkyl, aryl, aryl-(C,;-Ce)alkyl (in which the alkyl moiety is linear or branched)
and SO,CF;3,

e orR;and R3 form a bond,

e R; represents a group selected from a hydrogen atom and the groups linear or branched

20 (C1-Ce)alkyl, aryl and aryl-(C;-Ce)alkyl (in which the alkyl moiety is linear or
branched) or a linear or branched (C,-Cg)alkylene chain substituted by one or more

identical or different groups selected from -OR"s and -NR"sR"¢ wherein R"s and R"g are

as defined for Rs and Rg defined hereinbefore,

e 7, and Z,, each represent a hydrogen atom or

25 Z, and Z,, together with the carbon atoms carrying them, form a phenyl group,



Rl N R3 wherein : 5 A together with the carbon atons to which it is
bonded, represents a group of fornmula (a) or (b) : ZO W I I | X N2 R4
4 (a)(b), wherein : W, together with the carbon atons to which it is
bonded, represents a phenyl group or 10 a pyridyl group, -63 Z represents

a group selected from hydrogen and hal ogen atons and the groups |inear or
branched (C1-C6)al kyl, nitro, cyano, hyQroxy, |inear or branched
(C1-Co6) al koxy, aryl, aryl-(Cl-C6)alkyl (in which the alkyl noiety is |inear
or with the proviso that, when Z represents a hydrogen atom, R, is other than a hydrogen

atom,

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

pharmaceutically acceptable acid or base,

5 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;-Cg)alkyl, linear or branched (C,-Ce)trihaloalkyl, hydroxy, linear or branched
(Ci-Ce)alkoxy, and amino optionally substituted by one or two linear or branched

10 (C,-Ce¢)alkyl groups.

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

compounds of formula (IA) :

dA),

wherein R), Ry, W), Z, Z| and Z, are as defined for formula (I), their enantiomers,
15 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) :



branched), aryloxy and aryl-(Cl-C6)al koxy (in which the al koxy noiety is
linear or 5 branched) and NR5R6 wherein R5 and R6, which are identical or
different, each independently of the other represents a group sel ected
froma hydrogen atomand a |inear or branched (Cl-C6)al kyl group, R4
represents a group selected froma hydrqggen atom and the groups |inear or
branched (Cl-C6)al kyl, aryl and aryl -(€I-C6)al kyl (in which the al kyl
noiety is linear or 10 branched) or a group -C(O -ORl5 wherein R 5
represents a group selected fromthe pups linear or branched

(Cl-C6)al kyl, aryl and aryl-(Cl-@)al kyyl (in which the alkyl noiety is

| i near or branched), Y represents™§ QuUp sel ected froman oxygen atom and
a nmethyl ene group, R2 represents a}lhydr®ge@ atom and, in that case: 15 R3
represents a group seyfc o= ydr/ogen at om and the groups |inear or
branched (Cl-08)al kyl 06) al kyl (in wHBsh the al kyl noiety
is linear or branched) =r.and R3 forma bond, R
represents a group sel ect QM & drogen atom and the groups |inear or
branched 20 (Cl-06)al kyl, arylNand akyl-(GLl-C6)al kyl (in which the alkyl
noi ety is |inear or branched) oéﬂa i @ anched (Cl-C6)al kyl ene chain
substituted by one or nore identical or ent groups selected from
-OR'5 and -NR'5R'6 wherein R'5 and R'6 aré&—ag dé¥ined for R5 and R6

defi ned hereinbefore,

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

acid or base.

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

they represent compounds of formula (IC) :

{10,

wherein R;, R4, Z, Z1 and Z, are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically acceptable

10 acid or base.



Z, and Z2, each represent a hydrogen atomor 25 Z, and Z2, together with
the carbon atons carrying them forma phenyl group, -64 with the proviso
that, when Z represents a hydrogen atom R, is other than a hydrogen atom
their enantioners, diastereoisoners, N-oxide, and addition salts thereof
with a pharmaceutically acceptable acid or base, 5 wherein "aryl" is to be
under st ood as neani ng a phenyl, naphth?ﬁf di hydr onapht hyl ,

t et rahydronapht hyl, indenyl or indanyl group, each of those groups being
optional | § @Qrm:mintlubécﬂorbylla)(ﬂé aggording go ictiamt 1,ocklaragterigéd frethahtheymopnosent

sel ected from hal oge p lg branched (Cl-C6)al kyl, linear or branched
(C,-C6)trihéP85PR?g() §§ﬁ»llnear or branched (C1-C6)al koxy, and ami no
optionally substituted by one or tRo linear or branched 10 (C1-C6)alkyl
groups. 2. Conpounds of formyl a (£? according to claim1l, characterised in
that they represent conmpoundsye ormula (1A : (1A, wherein R, R4, W,
Z, Z, and Z2 are as defined forf foryte (1), their enantloners, 15

di ast ereoi soners, N-@xide, andladdi'tion salts thereof Wih a
pharmaceutical |y accgptahb base 3. Conpounds of fornmula (1)

\

- a or
according to either i1l s actefi sed in that
N

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

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

acid or base.

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

they represent compounds of formula (IE) :

fl
0NN
0]
(IE),
/ 0] Z,
1
R4 O\ ZZ
R,
10 wherein R;, R3, Ry, Z, Z, and Z, are as defined for formula (I), their enantiomers,

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

acid or base.

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

they represent compounds of formula (IF) :



t hey represent conpounds of forrmula (IB) : -65 (IB), wherein R, R4, Z, Z,
and Z2 are as defined for fornmula (I), their enantioners,

di ast ereoi soners, N-oxide, and addition salts thereof with a
pharmaceutically acceptable acid or base. 5 4. Conpounds of formula (1)
according to either claiml or claim2, characterised in that they
represent conpounds of formula (1C) : Xqﬁj, wherein R, R4, Z, Z, and Z2
are as defined for formula (1), their enantioners, diastereoi soners,

N-oxi de, and addition salts thereoﬂfmﬁth a pharmaceutically acceptable 10
acid or base. -66 5. Conpound3. of formula (1) according to claiml,
characterised in that they represent conpounds of forrmula (1D) : wherein
R, R3, R4, W, Z, Z, and Z2 arg Oned for formula (1), their
enantioners, 5 digstereqi W oxide, and addition sghis thereof with
a pharmaceuti cal | y=a¢ base. 6. g?npounds of fornula (1)
according to either t Ised in that they

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

acid or base.

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

they represent compounds of formula (IG) :

d16),

wherein R, Ry, Wy, Z, Z; and Z, are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically acceptable

10 acid or base.

9. Compounds of formula (I) according to either claim 1 or claim 8, characterised in that

they represent compounds of formula (IH) :



10 wherein R, R3, R4, Z, Z, and Z2 are as defined for formula (I), their
enantionmers, diastereoisoners, Noxide, and addition salts thereof with a
pharmaceutically acceptable acid or base. 7. Conmpounds of fornula (1)
according to either claim1 or claimb5, characterised in that they
represent conpounds of formula (IF) : -67 wherein R, R3, R4, Z, Z, and Z2
are as defined for formula (1), their‘éﬁantioners, di ast ereoi soners,

N-oxi de, and addition salts thereof with a pharmaceutically acceptable
acid or base. 5 8. Conpounds of formmla (I)X;according to either claim1 or
claim5, characterised in that they N\ sent conpounds of fornula (1GQ

0. RLR4 (1G, wherein R, R4, W, Z, [Z, and Z2 are as defined for formula
(I'), their enantioners, i ide, and addition salts

t hereof with a pharmaceu 10 acid or base. N 9. Conpounds
of formula (1) accordizg 1 or claims8(IMWharacterised in
that they represent conys %;H)

wherein Ry, R4, Z, Z; and Z; are as defined for formula (I), their enantiomers,
diastereoisomers, N-oxide, and addition salts thereof with a pharmaceutically acceptable

acid or base.

5 10. Compounds of formula (I) according to either claim 1 or claim 8, characterised in that

they represent compounds of formula (IJ) :
O /Rl
N
o o)
=
z [ ),
NS
N II\I ¢
R, O
Z1
Z,

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

10 acid or base.



-68 (IH), wherein R, R4, Z, Z, and Z2 are as defined for formula (1),
their enantioners, diastereoisoners, N-oxide, and addition salts thereof
with a pharnmaceutically acceptable acid or base. 5 10. Conpounds of
formula (1) according to either claiml or claim8, characterised in that
t hey represent conpounds of forrmula (1J) : O R N Z R4 wherein RL, R4, Z,
Z1l and Z2 are as defined for fornula (1(%9,' their enantioners,

di ast ereoi soners, N-oxide, and addition salts thereof with a =

phar maceut 1.c@mhyounds ef faxtiiuda (D &carding oranymae of cledns I to Threparastggsagintlent mul a
(I') accordi 22 to an 03{3 of cl (fli s 11 59 éLtO chﬁr(gcteriged dlr} trrllar}tiomzers
represents & ASRIFEYEN2 AVEFA8R A UBehaIgeangm AL AYEQSY FFohy eh &M ’
enant i omer s, diadléresk@h&e] I0BRI‘R, MdOXxddigion apddtsadibrédfonithalat phteicedicayyt h a
pharmaceutically acceptable acid or base. 5 12. Conpounds of fornula (I)
accor di ng t caceeBfaldpacidorbpsgins 1 to 11, characterised in that

5 12. Compounds of formula (I) according to any one of claims 1 to 11, characterised in that

A, together with the carbon atoms to which it is bonded, represents a group of

/ﬁ\z i} @ﬁi

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

formula :

10 pharmaceutically acceptable acid or base.

13. Compounds of formula (I) according to any one of claims 1 to 12, characterised in that
R;3 represents a hydrogen atom or a linear or branched (C;-Cg)alkyl group, their
enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a

pharmaceutically acceptable acid or base.

15 14. Compounds of formula (I) according to any one of claims 1 to 13, characterised in that
R, represents a hydrogen atom, a linear or branched (C;-Cs)alkyl group or a linear or
branched (C,-Cg)alkylene chain substituted by one or more identical or different
groups selected from -NRsRg wherein Rs and Rg are as defined for formula (I), their
enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a

20 pharmaceutically acceptable acid or base.

15. Compounds of formula (I) according to any one of claims 1 to 14, characterised in that
Z, and Z, represent hydrogen atoms, their enantiomers, diastereoisomers, N-oxide, and

addition salts thereof with a pharmaceutically acceptable acid or base.



A, together with the carbon atonms to which it is bonded, represents a group
of formula : or ~ i I I 1 2 their enantioners, diastereoisoners,

N-oxi de, and addition salts thereof with a 10 pharmaceutically acceptable

acid or base. 13. Compounds of fornula (1) according to any one of clains 1
to 12, characterised in that R3 repreSﬁ?ts a hydrogen atomor a |inear or

branched (C1-C6)al kyl group, their enantioners, diastereoisoners, N oxide,
and addition salts thereof with a pharnaceutlcally accept abl e acid or

base. 15 14. C@mpp@msﬁf@muﬂ@ﬂmca@mg togd@ivy Hiwlach #¢any one of clains | to
13, characterised in dro | i near or
branched (C1- IC6?51 IEV gr e[%o%l?mgghe%é& f ?g i‘ﬁ‘g‘??&al% @]dt%‘)ea: kyl ene chain

substituted by mNAuSH-RERYI[ qiaqtsénfz‘@dloﬂho[? 516816 3%@%@1@%@&%& rom
-NR5R6 wherein R5 and R6 are as defi ned orrru their

enant i oner s, * di Hsflaoredi-methyl$ 4]b¢nmd1dzepo @rfda]@dmltomﬁcs;athasolb@& -dohewi th a

20 pharmaceutlc t abl e bas 15.. Conpo roula (1)
according to ani %{fgmﬁ YEmine)E hi'ﬁ ]g) ﬁ‘lpmﬂh‘gp%ﬂ?f’gﬁof‘g’é’ngz ?ﬁ? 850 g’%jcrfil':md Z2
represent hydr ogeshafe¥B .didnBei r enantioners, diastereoi soners, N-oxide, and

addition salts thereof 'with a pharnaceuti cal | y acceptabl e aci d or base.
e 10-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,

e 11-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl][1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]carbazole-6,8-
10 dione,
e 7-[2-(dimethylamino)ethyl]-10-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
carbazole-6,8-dione,
e 7-[2-(dimethylamino)ethyl]-11-hydroxy[1,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
carbazole-6,8-dione,
15 e  7-[2-(dimethylamino)ethyl][1,4]benzodioxino[2,3-e]pyrido[2',3":5,6][1,4]oxazino-
[3,2-glisoindole-6,8-dione,

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

pharmaceutically acceptable acid or base.

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

20 characterised in that there is used as starting material a compound of formula (II) :
Z, O
0 -
Z; O

wherein Z; and Z, are as defined for formula (I),
which compound of formula (II) is reacted with N-bromosuccinimide in the presence

of benzoyl peroxide to yield the compound of formula (III) :



-70 16. Conpounds of fornmula (I) according to claim1l, which are :

7-nmethyl [ |, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] car bazol e- 6, 8-di one,

10-fl uoro-7-met hyl [

1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- 6, 8-di one,

11-f|uoro-7-nethy|[1,4]benzodioxino[2,3ﬂa]pyrrolo[3,4-c]carbazo|e-6,8-dione
5 ol

%-[2-(dinethylanino)ethyl]ilo-fluoro[ 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] -

1
8) Br

car bazol e- 6, 8- di one, 1

10-hydroxy[1,4]benzodioxino[2,3{é] rrol [3,4-c]cq¢@gzole-6,8-dione,

11- hydr oxy[ 1, 4] benzodi oxi no[ 2, -a]g rrol g 3, 4-c] ca zol e- 6, 8-di one,

7-[ 2- (di et hyl am no) et hyl ] ¥ 74| beazothpXi 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-6
,8- 10 dione, 7-[2-(dinmethylam no)ethyl]-10-hydroxy][

1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] - carbazol e- 6, 8-di one,

7-[2- (di met hyl am no) et hyl ] -11- hydr oxy[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c]
- car bazol e-®h&eimnti Zyrand Zbare as defined hereinbefore,

7-[2- (di met hy] am no) et hyl ][ 1, 4] benzodi oxi nq[.2, 3- e jdo[2',3" :5,66][1,4] oxa
zino- [3,2-9g Flg iCﬂeraP@l%?ilafgawlﬁéﬁ ip gapted g ?@H\é‘l iodiqs Bofie s @awg[ﬂgfi

N-oxi de, and,e@gdhila@vysalts thereof with a pharmaceutically acceptable
acid or base. 17. Process for the preparation of conmpounds of fornula (1)

according to claim1,
Z, 0]
Z; 0]

5
wherein Z; and Z, are as defined hereinbefore,
which compound of formula (IV) is reacted with n-butyllithium and then with
trimethyltin chloride to yield the compound of formula (V) :
Z, o
:D\\ M),
0 Z; o SnMe,

wherein Z; and Z, are as defined hereinbefore,
which compound of formula (V) is :
e ecither treated, in the presence of tetrakis(triphenylphosphine)palladium(0), with

a compound of formula (VI) :

Z ¢
S,

P
15 G



20 characterised in that there is used as starting material a conpound of
formula (11) Z1CQ\ wherein Z, and Z2 are as defined for formula (1), which
conmpound of forrmula (I1) is reacted with N bronosuccinimde in the presence
of benzoyl peroxide to yield the conmpound of forrmula (Il1l) : -71 5 10
wherein Z1 and Z2 are as defined hereinfjefore, which conpound of fornula
(') is reacted with sodiumi odi de tdqgreld the conmpound of fornmula (I1V)

: (I'V), wherein Z1 and Z2 are as defined hereinbefore, which conpound, of
fornul a (1V)Whesein@goepigseaits #n amingtpyotesting sravmmelltkinewnn prganicrsypiesiy ped n

chl o’ 0o .3 ShezohesERBNTS ISy heiabBB R 8 rmPRRUFF, 1, 25

defi ned herel ore, conpoun a treated,
in the presence of tetrakis(triphenyl phosphine)palladiun(O, with a
compound of formula éVI) - N O-P(OPh)2 (M),

0
N 7 (VII),
P, O

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

which compound of formula (VII) is treated with a compound of formula (VIII) :

O\V\__/V/O (VII),

wherein R, represents a hydrogen atom or a methyl group, to yield the compound of

10 formula (IX) :
O /Rla
N
M
\ ? (IX),
P, 0]



15 PG -72 wherein PG represents an am ne-protecting group well-known in
organic synthesis and W and Z are as defined for forrmula (1), to yield

t he conpound of fornmula (M) : (M1), 5 wherein PG Z, Z1, Z2 and W are
as defined hereinbefore, which conpound of fornmula (VIl) is treated with a
conpound of forrmula (VIIl) la (MI11l), erein Rla represents a hydrogen
atomor a nethyl group, to yield the C?Erf)ound of 10 formula (I1X) : (IX),
-73 wherein P6, Rla, Z, Z1, Z2 and W are as defined hereinbefore, which
conpound of WhereinPa, Ri.)%, Zis Zt pechWe dremstdefiNedherpmbeford, ni ni de and benzoyl

peroxide to d the ¢ undo ornmul a.(l/a), a particular c of t he
conpounds of"yhl‘f?lblpﬂlmjgmt(f?})? Igmv&'ugxg 7 “ﬁﬂied F}Tg} )I\kl,)ro ,o,su‘ﬁmgl cge dalg)fg%
defined her gerdxedeo8sield the compound of formula (I/a), a particular case of the compounds of

formula (I) :
O /Rl a
N
Y4 0 0
M Wa),
ITI O
P, O
Zl
Z

wherein Pg, R1a, Z, Z1, Z, and W, are as defined hereinbefore,
which compound of formula (I/a) is optionally treated with a compound of
formula (X) :

10

(X),

R,—NH

1b 2

wherein Rjp has the same definition as R; in formula (I) but is other than a hydrogen
atom or a methyl group, to yield the compound of formula (I/b), a particular case of the
compounds of formula (1) :

15



whi ch conmpound of formula (l1/a) is optionally treated with a conmpound of
formula (X) : 10 R16 NH2 wherein Rib has the sane definition as RL in
formula (1) but is other than a hydrogen atomor a nethyl group, to yield
t he conpound of fornula (1/b), a particular case of the conpounds of
formula (1): 15 -74 (1/b), wherein R b, 7, Z1, Z2 and Ware as defined
her ei nbef ore, which conpounds of f or mil Ye (I/a) and (I/b) constitute the
conmpounds of formula (Pc) : 5 wherein R 4 represents a hydrogen atomor a
group Po, and Rl, Z, Z1, 72 and Wb are 3By, defined hereinbefore, 10 or
treated in the presence of bis(tri phosphi ne) pal | adi un{11) chl oride
with a conmpound of formula (XlI) ,

(I/b),

wherein Ry, Z, Z, Z; and W, are as defined hereinbefore,
which compounds of formulae (I/a) and (I/b) constitute the compounds of

formula (I/c) :

O /Rl
N
Z O 0
@I Wo),
IT 0]
R, O
Zl
Z

wherein R’ represents a hydrogen atom or a group Pg, and Ry, Z, Z,, Z; and W, are as

defined hereinbefore,

10 e or treated in the presence of bis(triphenylphosphine)palladium(II) chloride with a

compound of formula (XI) :



wherein Boc represents a tert-butoxycarbonyl group and Rlra WL and Z are as
defined hereinbefore, to yield the conpound of forrmula (XII) : 5 wherein
Boc, RI" Z, Z1, Z2 and W are as defined hereinbefore, which conpound of
formula (XIl) is: either irradiated wwth a UV |anp, in the presence of
iodine, in a non-polar and aprotic solyent, to yield the conpounds of
formulae (1/d) and (I/e), particular cases 10 of the conpounds of fornula
() : -76 wherein Boc, Rla, Z, Z1, 7Z2 and W are as defined hereinbefore,
whi ch conpounds of fornula (1/d) :ﬁ5a+ optionally are subjected to
deprotection of the am ne functionbgccording to conventional nethods of
organi c synthesis to yield th@ Of formula (I/f), a particular
case of the conpounds of forrmula\(l) / HO 10 wherein Rla, Z, Z1, Z2 and W
are as defined herei nbefore, ionally are subjected to the action of
a conpound of fornmula (X ég), 77 (XD),

wherein Boc represents a tert-butoxycarbonyl group and R;,, W, and Z are as defined

hereinbefore, to yield the compound of formula (XII) :

(XID),

wherein Boc, Ri,, Z, Z,, Z, and W, are as defined hereinbefore,

which compound of formula (XII) is :

4 cither irradiated with a UV lamp, in the presence of iodine, in a non-polar and
aprotic solvent, to yield the compounds of formulae (I/d) and (I/e), particular cases

10 of the compounds of formula (I) :



wherein R3a, has the sanme definition as R3 in forrmula (I) but is other than
a hydrogen atomand Gis as defined hereinbefore, to yield the conpound of
formula (1/g), a particular case of the conpounds of formula (1) : (1/9),
5 10 R3a wherein Boc, Rya, R3a, Z, Z1, Z2 and WL are as defined

her ei nbef ore, which conpounds of forrmulge (1/d), (1/e) and (I/g) constitute
the conmpound of fornmula (1/h) : (1/h),""wherein Boc, R ., R3, Z Z1, Z2 and
W are as defined herei nbefore, which conmpound of forrmula (I/h) optionally
is subjected to the s reaction conditions as the conpoupd of formula
(I/a) to yield the cogpound of forrmula (1/i), a 15 Q?rticqlﬁr case of the
conpounds of for . ~ 78 wherein Rlb, R3, Z, Z5 Wnd W are as
defi ned herei nbef orle, §bbjected to the action of hydroc bc acid to
yi el d t hezconpound formula (XIV) : (XIV), 7z

w 0 Z w
o
1 |
HO Z
Boc 2 Boc 0
Z,
Z,
{/d) {/e),
wherein Boc, Rya, Z, Z1, Z, and W, are as defined hereinbefore,
which compounds of formula (I/d) :
5 < optionally are subjected to deprotection of the amine function according to

conventional methods of organic synthesis to yield the compound of formula (I/f), a

particular case of the compounds of formula (I) :

D,

HO Z

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

10

< or optionally are subjected to the action of a compound of formula (XIII) :

R,—G (XIII),



5 10 Hwherein R ,, Z, Z,, Z2 and W are as defined herei nbefore, which
conpound of fornmula (XIV) is subjected to the action of a conpound of
formula (XV) : R4aG (XV), wherein Grepresents a |l eaving group and R4, has
the sane definition as R4 in forrmula (1) but is other than a hydrogen
atom to yield the compound of forrrula_éXVI) : -79 Rda (XVl), wherein Rla,
Rda, Z, Z,, Z2 and W are as defined heféfnbefore, which conpound of
formula (XVI) is subjected to the same reaction conditions as the conpound
of formul a (hepeirt Byyhad e tsrae clofimitionds Rofin fammld dpbitl 15 jojheaticin(d Hydrogens

par 1 SuI e Cascs 8l f he SOBRUTA LB TH 8ol be el AEERLA B, 3
a, , . ’e 0 , ’
formila (17Kk)u@pkiaPaak byiHeSoftBintdtdortuld fIp: action of a compound

Z
‘ (1/g),

wherein Boc, Ry, Raa, Z, Z1, Z; and W are as defined hereinbefore,
which compounds of formulae (I/d), (I'e) and (I/g) constitute the compound of

formula (I/h) :
10

: (I/h),

wherein Boc, Ry, R, Z, Z,, Z; and W) are as defined hereinbefore,
which compound of formula (I/h) optionally is subjected to the same reaction
conditions as the compound of formula (I/a) to yield the compound of formula (I/i), a

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



of formula (XIlIl) as defined hereinbefore to yield the conpound of formnula
(/1) : 10 -80 5 wherein Rla, R3a, Rda, Z, Z1, Z2 and W are as defined

her ei nbef ore, which conpounds of forrmulae (Ti]), (1/k) and (I/1) constitute
t he conpounds of forrmula (1/nm): wherein Rla, R3, Rd4a, Z, Z1, Z2 and W are
as defined hereinbefore, which conpounq of formula (Fm) optionally is
subjected to the sanme reaction condi ti’8ns as the conpound of formula (1/h)
to yield the conpound of formula (I/n) : R 1b R4a -81 wherein R b, R3, Rda,
Z, Z1, Z2 and W are as defined h%%einbefore, whi ch conmpounds of fornul ae
(t/e), (1/h) and (I/i), (/@ angJ(I/n) constitute the conpounds of
formula (1/0) : 5 wherein RIf“ R4, Z, Z1, Z2 and W are as defined

her ei nbef ore, whi ch conpounds pf f A ae (1/a) to (1/0) constitute the
totality of the conpe la (1), which are purified, where

Zy (1A),
N
| 0 z

wherein Ry, R3, Z, Z1, Z; and W are as defined hereinbefore,

¢ or subjected to the action of hydrochloric acid to yield the compound of
formula (XIV) :

(XIV),

wherein R, Z, Z1, Z; and W, are as defined hereinbefore,
which compound of formula (XIV) is subjected to the action of a compound of

formula (XV) :

0 G (XV),

wherein G represents a leaving group and Rj, has the same definition as R4 in
formula (I) but is other than a hydrogen atom, to yield the compound of
formula (XVI) :




10 purification techniques, which may be separated, if desired, into their
different isonmers according to a conventional separation technique, and
which are converted, if desired, into their N oxides and, when
appropriate, into their addition salts with a pharnaceutically acceptable
acid or base. 15 18. Pharnmaceutical conpositions conprising, as active

i ngredient, at |east one conpound of Totrmula (1) according to any one of
claims | to 16, alone or in conbination with one or nore pharmaceutically
acceptable, inert, non-toxic ex&ipients or carriers. 19. Pharnmaceuti cal
conpositions according to clain%ﬁB for use as nedicanents, in the

treat nent of cancers. O O
Z —\__O z,
w, (XVD),
[\ |
@) Z,

|
R4a

wherein Ry,, Raa, Z, Z1, Z, and W, are as defined hereinbefore,

which compound of formula (XVI) is subjected to the same reaction conditions as the
compound of formula (XII) to yield the compounds of formulae (I/j) and (I/k),

5 particular cases of the compounds of formula (1) :

%)) (I/k),

wherein Ry, Ra,, Z, Z,, Z; and W, are as defined hereinbefore,
which compound of formula (I/k) optionally is subjected to the action of a compound
of formula (XIII) as defined hereinbefore to yield the compound of formula (I/1) :

10



-80 -

@,

wherein Ri,, R3a, Raa, Z, Z1, Z, and W, are as defined hereinbefore, .
which compounds of formulae (Ij), (k) and (I/l) constitute the compounds of

formula (I/'m) :

(I/m),

wherein Ry;, R3, Raa, Z, Z,, Z, and W, are as defined hereinbefore,
which compound of formula (I/m) optionally is subjected to the same reaction

conditions as the compound of formula (I'h) to yield the compound of formula (I/n) :

R]b
0 /

Z] (I/n)’




10

15

18.

19.

-81-

wherein Rip, R3, Raa, Z, Z1, Z, and W, are as defined hereinbefore,
which compounds of formulae (I/e), (Vh) and (I/i), (I/m) and (I/n) constitute the

compounds of formula (I/0) :

Z1 (I/O),

wherein Ry, Rs, Ry, Z, Z,, Z, and W, are as defined hereinbefore,

which compounds of formulae (I/a) to (I/0) constitute the totality of the compounds of
formula (I), which are purified, where necessary, according to conventional
purification techniques, which may be separated, if desired, into their different isomers
according to a conventional separation technique, and which are converted, if desired,
into their N-oxides and, when appropriate, into their addition salts with a

pharmaceutically acceptable acid or base.

Pharmaceutical compositions comprising, as active ingredient, at least one compound
of formula (I) according to any one of claims 1 to 16, alone or in combination with one

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

Pharmaceutical compositions according to claim 18 for use as medicaments, in the

treatment of cancers.





