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1 1 APR 2007 -1_ NOVEL

SUBSTI TUTED] 1, 4] BENZODI OXI NJ 2, 3- E] | SO NDOLE h 11 APR 2007

DERI VATI VES, METHOD FOR PREPARAI NG -SAME AND
PHARVACEUTI CAL COVPCOSI TI ONS CONTAI NI NG SAME  The

'ﬁ%ﬁgg inve%%ﬁg% Eﬁégéisgto new substituted -
g@% i , WP[B SeH]IE OINPIFODIPRIS AT /& SAMETHOD FOR
pr %C%S g‘f@% '?"EB F é'ﬁ&*’%@faﬁl%h@qwqmammmmmme SAME
conpositions containing them Use of the conpounds of- :
Thé heregne SERtntidh 88late@N td Snddf OfbSHiGqb oxind18 ke Tis0i
anti-tunmour activity. 5 Patent §t&Atg%ldi ig,?ﬁ%ﬁz%%ﬁ%f&;mndole
corpRAEAs.hEY pracssodar aco | peemortivau anks tbophais@cduficiln €ompositions

Js3 i on.-and.t.reat nent _of .deaf ness. and the sensati on
co RO KR et of RS e o icge B DS B psase of
themmati \¥n86y A4i938 descri be

cycl openta[ g] pyrrol o 3, 4-e]indol e conpounds fused at

their indole noiety and cycl opentene noiety to an

0 b Gy N5 i c.cyclic . system optionall .
pa Bt NPT SR eriuetrel Gousads fu use in e
prephudionean] eghtddnt a6t dvithé8s atBkh Gt RGN O URE of balance. Patent
specially in the treatnment of cancerous cells. Patent
APIi]&ﬁP%Saa@Soﬁr{/Qﬁé 131985085 96d 4833 Bessripy rydomenial Blazoblefad-ylindole
[ . tr.eatnent, of cancers. Patent
cor R NP oP bt 5ot b LR PB Bl piE % 34 atohnaft or non
aroldatfx_x oytlenzyia) aptionsive ﬁ&l}rtﬁﬁjﬁﬁgohﬁéﬁ) gﬂ@ﬁls? qt%ﬁﬁé @Slﬁp&ﬂlt%g Ipossess
anti-cancer .properties. e compounds o e presen
PhaPﬂ%f&h‘t%*ifﬁ aﬁ?@“ﬁ%?@ﬁ“qgnthﬁ@r 15t cpeeiplly Freitie Geatmentuelecancerous
cell@Pdtdnh Ripplicatieon WH© @?85%{8%'d'egéﬂmy{)}frg(glggirﬁ%ztogaggr:}e/locompounds for use

. specifi cal%y, the present i nven nre
in theHfsetrrd off canosrsuPatexitl Applicaioh IEP O 831337 clAing Rbs@uted 7,12-

dioﬁzlggzo[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

use as anti-tumour agents.

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

@,

wherein :



wherein : 1 1 APR 2007 -2 A together with the carbon
atons to which it is bonded, represents a group of
formula (a) or (b) Z0 W~1W I N1 N2 -K4Ra
(a) (b), wherein 5 4- W, together with the carbpri APR 2007
atons to which it is bonded, yepresents a phenyl group
or a pyridyl group, ' Z represents a group sel ected
from hydrogen and hal ogen atons and the groups |inear

> pgtar ewith ghe @B)haink gtomsniot whjchcitaisohondydlr shesenits e @foup of
0 (G -Co6)al koxy, aryl, aryl-(Cl-C6)al kyl (In
mﬁ?@ﬁﬁﬂﬁﬂﬁngy| nmoi ety is linear or 10 branched),
aryl oxy and aryl - (C1-C6) al koxy (in which the al koxy
noiety is |Ijpnear or branched) and NR5R6 wherein R5 and

R6, which a identital or different, each

i ndependen g other repres

froma hydroge and a |inear

- C6) al kyl resents a gf'oup|jsel egted froma

hydr ogen at om andN't groups |inea

(C1-C6) al kyl , aryh and aryl - (Cr-Co)al kyl

al kyl moiety is Bsynear or branched) or %;group

-C(O-OR 5 where%g R 5 represents a group “sel ected from
a

t he (b)
wherein :
5 < Wi, 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;-Cg)alkyl, nitro, cyano, hydroxy, linear or branched
(Ci-Coalkoxy, aryl, aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or

10 branched), aryloxy and aryl-(C;-Cg)alkoxy (in which the alkoxy moiety is linear or
branched) and NRsRs 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,;-Ce)alkyl group,

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

15 (Ci-Co)alkyl, aryl and aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or
branched) or a group -C(0)-OR's wherein R's represents a group selected from the

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

moiety is linear or branched),

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

20 * R;represents a hydrogen atom and, in that case:
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groups linear or branched (C -C6)al kyl, aryl and
aryl-(d -C6)al kyl (in which the alkyl noiety is |inear
or branched), Y represents a group sel ected fron1a? AgR 20071
oxygen atom and a net hyl ene group, 20 RZ represéents™a"™
hydrogen atom and, in that case: 1 1 APR 2007 -3 R3
represents a group selected froma hydrogen atom and
;ﬁe groups linear or branched (G -C6)alkyl, aryl,
TePeEFUIEs eEuRyaelected fugm e hydiogemityl andohegrpupsiindaneabranched

e .0r . F nd form.a.bond, 5
AL 5%62{“5& L %913@%%@%@% é”é‘%@ﬁ@&(@ﬁw%éﬁqh%%m brrgpched)
tdnd Sf0ps | i near or branched (G -C6)a]lkyl, aryl and
aryl-(G -C6)al kyl (in which the alkyl noiety is linear
or branched) or a linear or branched (G -C6)al kyl ene

! bst by one or nore identical or
’ g??fe?é#f%%%%@éel ected from-OR'5 and -NR'5R'6

wherein R'5 and R'6 are as defined for R5 and R6
gﬁfi ned hereinbefore, 10 Zr and Z2 each represent a
dPR§ERLsR &ierp selpated famzphydroggst diem and the grhepsdarebioor branched

0 ryi h 0 nyl,.qr , W.th the
O OPaiBt K g B (B Pl B i G it Bt lipear or
btanehed) e &néw dirdgenchedt(OMCoJalkylléiRi dhafNAMsHQPRI Sy one or more

N-oxi de, and to addition salts

d('#ast re\?\l}f?oner S,

{478 E[ O diitsreny sraups splseted dom QR lkyd R BB awhereiad"d and R"g are
RA8& NSy Bl Shd' ol nder st ood as neaning a
pheniﬂe, na% %}iﬁdyl {d’é }nﬁ?/z're%ﬁlg%ﬁotrﬁyl , tetrahydronapht hyl,

i ndenyl or indanyl group, each of those groups being

&pti€2all substituted by one or nore identical or
1 AR Fa ftChgragpat adivdoseyaiorbeh hal ogen, |inear or

by, 2R 75 o S e PXR eV darb dn i h
(- CGtz?t r ?ha?oal kyl aﬁyo(lg}rag%/}% Caﬁ%@%{@g@r ?qg?laa di5ey ZgUP:
(C1-C6) al koxy, and anmino optionally substituted by one

witl E[het I\JI\r’%v{slo n[ggt,r W%E:nt% ?er;)%ys%gts a hydrogen atom, R, is other than a hydrogen

atom,

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

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 optionaﬂy
substituted by one or more identical or different groups selected from halogen, linear or
branched (C;-Cg)alkyl, linear or branched (Cy-Ce)trihaloalkyl, hydroxy, linear or branched
(Ci-Ce)alkoxy, and amino optionally substituted by one or two linear or branched

(Ci-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,
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(Cl-Co6) al kyl groups. Anong the pharnmaceutically
acceptabl e acids there may be nentioned, w thout

implying any limtation, hydrochloric acid, 11 APR 2007

hydr obrom ¢ acid, sul phuric acid, phosphoric acid,
acetic acid, trifluoroacetic4acid, lactic acid, pyruvic
acid, malonic acid, succinic¢c™acid, 1 1 APR 2007 -4
lutaric acid, fumaric acid, tartaric acid, maleic
glukarjcqacigj fopiagic 2614y tarkasicorcisl, andleic dicidmeithiaeid, sucbiiondid, methane-
i : I.G.acl.d.etc.. Anong the pharmaceutically
ﬂﬂgg%g%?%gﬁgﬁtaégga%ﬁgyé may be nentioned, w thout
inmplying any limtation, sodium hydroxide, potassium
hydr oxi de, triethylamne etc.. 5 Preferred conmpounds of
An%%@ tﬁw HMmasELeREY @seRpéAlidBases thees may &e migntiohed, without implying

. iall f A.: R ONO
T RS R RS bR WO B ine . w2
Z1 and Z2 are as defined for fornmula (1). According to

second adyan eous enbodi nent, preferred conpounds
Preg?m”t é’“mﬁ%‘%% ‘?ftéﬁg InygniAQreare 6OFEBRHINS 0 formytanl) that(doyrespvand more

espeBiall £ EPRRAAREL) especially to formula (IB)

/R1
OX N

(IA)

wherein Ry, R4, W1, Z, Z; and Z, are as defined for formula (D.

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

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

/Rl
0NN
0
Z
S v
0

i
i 0



R ONO zZCX 00 NO Raczl z2 11 APR 2001 -5
wherein RI, R4, Z, Z1 and Z2 are as defined for fornuI@R 2007
(1). Accordlng to a third advant ageous enbodi ment ,1 1

preferred conpounds of the invention are conpounds of
formula (1) corresponding nnge especially to formul a

(IO R ONO zZ\ I 1 (1Q NNO 4

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

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

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

16

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) :

(D)

wherein Ry, R3, R4, Wy, Z, Z; and Z, are as defined for formula (D).



Z1 Z2 5 wherein R, R4, Z, Z, and Z2 are as defined
for formula (1). According to a fourth advant ageous
enbodi ment, preferred conmpounds of the inventi onl 1aMR 2007
conmpounds of fornula (1) that correspond nore
especially to formula (IDD RL ONO Z (ID W OUZi
NR4 O-/ Z2 R3 wherein RI; R3, R4, W, Z, Z1 and Z2
are as defined for formula (1). 1 1 APR 2007 -6
Acogrdigede Rdiftihady aptageqps savhaditagoprefeat sdinpernds ofithé mvestibn are

t ] ' [ C ounds o rmul a
cort R B e D B o R S R D)
ONO Z(IE) 1/ Oz, R4 O z2 R3 wherein R, R3,
R4, Z, Zt and Z2 are astefined for formula (I).

(IE)

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

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 Ry, R3, Ry, Z, Z; and Z, are as defined for formula (D.

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

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



5 According to a sixth advantageous enbodi nent,

preferred conpounds of the invention are conpoundslcﬁ APR 2007
formula (1) that correspond nore especially to fornula

(1) RIE ONO Z(IF) NNRI O / z2 R3 wherein Rl

R3, R4, Z, Z1 and Z2 are as ?efined for formula (1).

According to a seventh advant ageous enbodi nent,

preferred conpounds of the invention 10 are conpounds

of fornula (1) that corrgspond Hpre especially to

formila (1G : 11 APR20QL 7 O/RI N ZOO Wa,,

N(IGG O Rqg,OZt z2 whefein\RlL, R4, W, Z Zt and Z2

are as definef for ,

advant ageous i
i nvention areéico
nor e especi al

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

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 Ry, Ry, Z, Z1 and Z, are as defined for formula D.

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

compounds of formula (I) that correspond more especially to formula (IJ) :
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ORR N/ OO2A 11/ (M NO R4 ZI z2 wherein Rl

R4, Z, Zj and Z2 are as defined for fornula (I). é 1 APR 200?
According to a ninth advant ageous enbodi nent, preferréd
compounds of the invention are conpounds of formula

(1) that correspond nore esp%0|ally to formula (I11) : 1

1 APR 2007 -s O/RF N OO°Z/7 1 1\ (I1J) NNORO

Zi  Zz wherein R, R4, Z, Z, and Z2 are as defined for

formula (1). In one enbodiggent of%,interest, the group Z

to which preference is givelinjaccordance with the

invention is a hydrogen atom halogen atom or hydroxy

group. Advant ageausly,nthe grou together with the

carbon atons tG wh I TN rided, "to  which

preference i ' enlin ag ce with the myention,

is a group of

@)

90

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

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 :

In an especially advantageous embodiment, the group R3 to which preference is given in
accordance with the invention is a hydrogen atom or a linear or branched (Cy-Ce)alkyl

group.

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

different groups selected from -NRsR¢ wherein Rs and Rg are as defined for formula D.



zZ0O112o0r H; z s In an especially advantageous )
enbodi nent, the group R3 to which preference is givén1,APR 20@?
in accordance with the invention is a hydrogen atom or

a linear or branched (G -C6)al kyl group. In an

especi al | y advant ageous enbgginent, the group R, to

whi ch preference is given in” 10 accordance with the

i nvention is aﬁgﬁdrogen atom a linear or branched

In e@tbmngaquperg pteresh the proypaZ1 ord Fpdaotteeh preference is given in
GfdanSEw - ; | gé)e%t' ed by one or nore
zwﬁ dgﬁticgrhg%hgﬂﬁgﬁg?%ﬁ¥ﬁg OJ%%H%elected from - NR5R6
wherein R5 and R6 are as defined for forrmula (I). i i
C APR 2001 -9 In_another. enbodi ment of interest, the
omPg t‘z,‘”hé‘%cPfZ%f%e Y 1Baesadanse avithsthginyentiqnare :

o ACKOH ' heriNn ' \r drogen .at ons.
ROGAam AR IBIRAD ALk RSB oS

o VIOt fludr&g-hexdigin1 4 hRenasdoxino[2,3-a]p 010[3,4—c][carbazole-6,8~dione,
7-met hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c] car bazol e

* 14-Tfpom-grinéthyl[1 4 henraderonai2iealpyilo[3,4-cloarbazole-6,8-dione,
o b AlARRaRM NN T0 A RY SR dtoth Y L e e iops 2] O"

Tarbhkalexg-dongt hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o 3, 4-c¢
].car bazol e- 6, 8-di one,

o A0fhydyaxiybiet Tegnzaidivixin) 28 tafpjrraloi3f4-cjoarb pzbletb Bediami oxi no|

- 3,.4-c] - b | -6, 8- e 1
+ AN ekt SRS PP el o
I e L L N U U
o [7d2 glgngjhximmjno)etl_lyl]—10—hydroxy[1,4]benzodiox_ino[2_,3-a]pyrrolo[3,4—c]—
E%%%%)g%¥%§s%%ig}2?%?EP¥:LL2:4]benzodlOX|no[2,3-a]pyrro
. 7 . o) et 40 _ T
Z [%%g%;@g@g{o%ﬁg% Einttoley i BY B b 3 BERART 951 10!
carbazole-6,8-dione,

7—[2—(dimethy1amino)ethyl][1,4]benzodioxino[2,3—e]pyn'do[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.

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

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

formula (II) :
J @

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

z, 0

z; 0



a

bazol e- 6, 8- di one,
2-(dinethylanino)ethyl]-11-hydroxy[1,4]benzodioxﬂnQ[APR 2007
,3-a]pyrrolo[3,4-c]- 15 carbazol e-6, 8-di one, )

-[ 2- (di met hyl am no) et hyl ][ 1, 4] benzodi oxi no[ 2, 3-¢e] pyrid

[ ',3':5,6][1,4]0xazin0—[;%&;g]isoindole-6,8-dione

The enantioners, diastereoi soners, N-oxides, and

addition salts with a pharmaceutically acceptable acid
wh qygg@}mépf tferayle Bheisrisected b uNdEomesueciamidatie grepresence of
t : I: ' ' fion relates al so
ben%gg]lap eg‘?’%?:%‘g’s)h ?g?ﬁ% Ogltl‘bpolru Sggrf g({hl%g;]an%ﬁpbonpounds of
formula (1), which process is characterised in that
there is used starting terigl a conmpound of
formula (I11) 1i§h Wherein Z, and Z2 are
as defined for for 1{1 APR 20 H)'to whi ch
compound of formul g is rgacted with”
N- bronosucci ni nk.ge | e yesenge of benzoyl peroxide
to yield the conpound of forrmula (Il11) : Z OBr (I11),
Z2 O Br wherein Z, and Z2 are as defined hereinbefore,
5 whi ch conmpound of formula (I11) is reacted with
wheygig raind ddiagreast dsfiped heretnhefoconpound of formula (1V) Z

s whithkh¥bound of formula (111) is reacted with sodium jodide to yield the compound of

formula (IV) :
Z, 0
e
Z; O

wherein Z, and Z, are as defined hereinbefore,

car
7-[
2,3
7-[
of 2

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
:@ ]\ (V)7
Z; 07 “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 (VI) :



) Z2 O wherein Z, and Z2 are as defined hereinbefore,
whi ch conpound of formula (IV) is reacted with
n-butyllithiumand then with trimethyltin 10 chl oricie PR 2007
to yield the conpound of formula (V) : 2/ O-\ | I I\/A
ZZ O ~SnMe3 wherein Z, and Z2 are as defined

her ei nbef ore, whi ch conpound ‘of fornula (V) is :

ei ther treat e%, in the presence of

tetrakis(trip heQphi ne) pal | adi um(0), with a 15
compound of foy (Vll: Il & APR 2007 z oo a,, N
0~Pl (oPh) Z (VI l) wher ein Po representﬁ. an

am ne-protectin PORRN), N orga( pc synt hesi s
and W and Z are as defined for fornmula (1), to yield
t he compound of formupa (M) Zpo NPoo/ 112 z2
5 wherein PG Z, Z1, Z2 and W are as defined

her ei nbef ore,

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 O
N 74
| (VID),
P, 0

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

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

wherein Ry, represents a hydrogen atom or a methyl group, to yield the compound of
formula (IX) :



whi ch conpound of fornmula (V1) is treated with a

conpound of formula (MI1) NRla _2~~Cy wherein i%l APR 2007
represents a hydrogen atom or a nmethyl group, to vyi |121
the conpound of forrmula (IX) : 1 1 APR 2007 -12 o0 |

la N Z OONoO (IX), PC;_(nQ_Z, z2 wherein Po, Rta,

Z, Z1, Z2 and WL are as defined hereinbefore, which

compound of forrmula (IX) is trﬁated with

N- br onosucci ni m de and nzoy]/ 1peroxi de to yield the

conmpound of forrmula (I1/a) Nparticular case of the

conpounds of 5 formula (If/) O/ la N Zo ONo (l/a),

PG O zI z2 erei nORG Ria, , Z2 and W are as

defi ned herei akelgre,

(IX),

wherein Pg, Ry,, Z, Z1, 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
formula (I) :

O /Rl a
N
Z O 9]
@1 (Wa),
ITI 0]
P, O
Zl
Z

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),



whi ch conpound of formula (1/a) is optionally treated

with a conpound of fornmula (X) Rb NH2 (X), 1 1 APR 1 APR 200}
2001 13 wherein Rib has the same definition as Rl iL

formula (1) but is other than a hydrogen atom or a
met hyl group, to yield the c ound of formula (1/b), a
particular case of the conpounds of formula (1) : O

%QE OO0 HOZI Z2 5 wherein Rb, zZ, ZI, Z2 and
WhigPI R 1o thresamreds fmeticn asdoria fermuli (13 hut:mrvpmmm aomydro gen atom

or fagx‘rhrm :y?%z&.}d a) ﬁ@% ;hy @m@%%ﬁtd&ft F' kfh@fb? %an'ﬁ)%] ar czztée of the
cmmMBmésnfﬁkmuhﬂmresents a hydrogen atom or a group Po,

and R, Z, ZI, Z2 and W are as defined herei nbefore,
1 1 APR 2001

0] /Rlb
N
ol
II\I o (I/b),
H 0]
z, |
Z,

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) :
@) /R1
N
Z 0 o)

M I7c)
c),

ITI 0

R, O
Zl
ZZ

wherein R4 represents a hydrogen atom or a group Pg, and Ry, Z, Z;, Z, and W, are as
defined hereinbefore,



5

10

-14 or treated in the presence of

bi s(tri phenyl phosphi ne)pal |l adiun(Il) chloride with a
compound of forrmula (XI) : Rla OO ZW 1 Br (XI)] ]I‘APR 2007
1 Boc wherein Boc represents a tert-butoxycarbonyl

group and Rla, W and Z are gs defined 5 hereinbefore,

to yield the conpound of formila (XIl) Rl a OO Z O azW

Il (XIl), Oz2 Boc wherein Boc, Rla, Z ZlI, Z2 and W

& eoraEcagisk innidg priesea¢endebisttaphenyipho$phimigrdladidngfl) thiondt avith a
Xl | S: | iffadiated wwth a UV lanp, in the

EJI‘ eéscqglr#gén%f)ﬁ%%ﬁ%e(?{qh a non-polar and 10 aprotic

solvent, to yield the conpounds of formulae (Ud) and

(Fe), particular cases _of the conpounds of forrmula (I)

: 11 APR 2007 -15 Rlappzl\v ONla

O=_T__0

7 —

WO Br (XD,
1
Boc

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, Ry, Z, Z, 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

aprotic solvent, to yield the compounds of formulae (I/d) and (I/e), particular cases

of the compounds of formula (I) :



O0Oz0O ZzW / OZW~" No Boc HO2 0 Boc N z1 Z2

(1/d) wherein Boc, Ra, Z Z1, Z2 and W are as APR

defi ned herei nbefore, which conpounds of fornula (1/ gl) 2007
5 optionally are subjected to deprotection of the

am ne function according to  conventional nethods of

organic synthesis to yield the conpound of formula

(1/f), a particular case of the conpounds of fornmula

(1) Rla o}‘mo Z (1/t), H/ HOZZ wherein Rg, Z

71, %3 andN\l\l are as defined hereinbefore, 10 4-/ or

optio e sdjbj ected to the action of co und of

formula (Xl ; o

Z Z
W 0 Z, w

1

H
Boc O Zy ]I300 O
Z,
Z,
(I/d) I7e),
wherein Boc, Ry,, Z, Z,, 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) :

W 17D,

HO V4

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

10 <~ or optionally are subjected to the action of a compound of formula (XIII) :

R

—G (XIID),



RBR G (XII1), 1 1 APR 2001 -16 wherein R3,, has the
sane definition as R3 in formula (1) but is other t‘wq1APR 2007
a hydrogen atom and Gis as defined hereinbefore,
yield the conmpound of formula (Ug), a particular cgse
of the conmpounds of fornula (1) : %la ONO ZZ
(Lg) W az N Boc \ 2 R3%5 wherein Boc, R,, R3a,
Z, Z1, 7Z2 and W are as defined here|nbefore whi ch
Wh@%ﬁ*fﬁ)g&mh@ te sqroe Aefirador 49 B) in foirhelr (Brvdt {sWUgherabasi h{'dﬂ) £en atom

N Q Z N _Boc
am%Qie; &gﬁpv\ﬁer gl}egel% fctfo)regfjo_ me%ﬁ% z(l)qm%_und%g tgmeulndl/) a pamicular case
of thefcbmedurttsreifstaailoy; 10 whi ch conpound of formul a
(1/h) optionally is subjected to the sane reaction

condi tions as

Z]
Ig),

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

which compounds of formulae (I/d), (’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/i), a particular case of

the compounds of formula (I) :



10

the conpound of fornula (1/a) to yield the conmpound of
formula (I/i), a particular case of the conpounds of
formula (1) : 11 APR 2007 -17 RIb ONO Z W ng

Zz R3 wherein Rib, R3, Z, ZI, z2 and W are as defl nedPR 2007
her ei nbefore, (r) or subjected to the action of

hydrochloric acid to yield th@'corrpound of fornula

(XIV) : 1la00 ZZ(XIV), W/ 11 aZz2 5 wherein Rla,

Z, ZI, Z2 and W are asRgefined hereinbefore, which

conmpound of formida ( /\/) is subjected to the action of

a conpound of for a (XV) R4a- G (XV),
0]
Z
W
4 WA,
|
H O\ Z2

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

¢ or subjected to the action of hydrochloric acid to yield the compound of
formula (XIV) :

(XIV),

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

which compound of formula (XIV) is subjected to the action of a compound of
formula (XV) :

R,—G (XV),

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 wherein Grepresents a |eaving group and Rda has the
sane definition as R4 in formula (1) but is other than
a hydrogen atom to yield the conpound of fornul af (MBR 2007
: 1 1 APR 2007 RIHOOZO cazl W (XVl), OZ2 R4a
wherein R ., Rda, Z, ZI, ﬁgd W are as defined
her ei nbef ore, which corrpound T formula (XVT) is
subjected to the sane reaction conditions as the
conmpound of formula @XJI) to yield the conpounds of
formulae (I1/j) and ( | k), particular 5 cases of the
conpounds of fd» la ONRla OZ0Z0 WO
W I 102z NN O //RHO Z2 4a 4a zZI z 2 (1/})
(1/k), werein Ri 4 a, Z, Z1, Z2 and W are as

' ®conpaund -&f formula (1/k)
optional I¥,is on of a gonpound of
formla ( i ® ore to yield the

wherein Ry,, Ray, Z, 71, 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 (I4) and (Uk), particular

cases of the compounds of formula (I) :

(%)) (Uk),

wherein Ry, Ry,, 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 (I/) :



Ti APR 2001 -19-R ON,a 0 ZW 0zZ. R/ Zz \ 4a

R3a wherein Ria, R3a, Raa, Z, Z1, Z2 and W are as

defi ned herei nbefore, which conpounds of formnul ae (1Uq)APR 2007
(I/k) and (Ill) constitute the conpounds of fornula

(U : ONRdO ZW OZ(MZQ), Nal Raa\ Zz R3

wherein Rta, R3, Raa, Z, Z1 and W are as defined

her ei nbef ore, whi ch conpound of fornmula (Un) optionally

is subjected to the sa reaction conditions as the

conpound of forrfla g\/h) to yield the conpound of

formula (I/n) R 0

0
Z
w 0 z,
ITI an,
R 4a O\ ZZ
R

wherein Ry,, R3a, Raa, Z, 71, Z, and W, are as defined hereinbefore,

which compounds of formulae (I/j), (I/k) and (') constitute the compounds of
formula (I/m) :

w (I/m),

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

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

Rlb
0 /

Z, (I/n),
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ZW RO:aZz Nas R31 1 APR 2007 -20 wherein R b

R3, Ra,, Z Z1, Z2 and W are as defined hereinbefore,

whi ch conpounds of fornulae (1/€e), (1/h) and (I/i), 1 1 APR 2007
(UM and (I/n) constitute the conpounds of fornula

(1/0) : ONO ZW O\ Z (h%9 RO:aNZz K4 R3 5
wherein RI, R3, R4, Z, Z1, and WL are as defined
hereinbefore, whi ch conpounds of fornulae (l/a) to

(1/0) constitute the totality of the conpounds of

-l ap( | BPUr, i fi er.e ecessary,
Whgg%gg % 8 do éﬁ?l Fmﬁﬁﬂfg?%gﬁrﬂﬂb €pEchni ques,
whidhi chmpayndseos dbﬁﬁ‘ahecu/ e),f (gsideqri) T/t b r(I/n) constitute the
differe |soners according to a conventi onal

corgpyds 0 Bd#9) que, and which are converted, if _
desired, into their N oxides 10 and, where appropriate,
into their addition salts with a pharmaceutical ly
acceptabl e acid or Fj

4 (I/O):

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
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) :

wherein Z and W, are as defined hereinbefore,



10

15

base. The conpounds of formula (VI) may advant ageously

be obtained starting froma conpound of formula (A% X

Z O(A), HO15 wherein Z and W are as defined H 1 APR 2007

herei nbefore, Ed 1 APR 200 -21 the am ne function of

whi ch conpound of formula (A). is protected by a

protecting group PO well-khown to the person skilled

inthe art, to yield the conpound of fornula (B) Z OW
the(amyine figyctiop ofgvhugteeanpoupd afdpmee (A Sisaprotected by a protecting group

Po YRR MBS BVGHER Bl oot 09

formula (B) is tredted W ['ithiumdiisopropylam de
foll owed by diphen orephosphate to yield the
conpound of fonnul av(Vi The compoumgls of formula (X)
may advant ageously t ai starting froma
compound of formula (C) : la@ O 10 Br ZBr wherein
Rais as defined hereinbdfore, which compound of
fornula (C) is treated, i®gthe presence of Iithium
bis(trinmethylsilyl)amde, wth a conpound of fornula

(D)

wherein Pg represents a tert-butoxycarbonyl or phenoxycarbonyl group and W, and Z are

as defined hereinbefore,

which compound of formula (B) is treated with lithium diisopropylamide followed by

diphenyl chlorophosphate to yield the compound of formula (VD).

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

compound of formula (C) :

— (©),

Br Br

wherein Ry, is as defined hereinbefore,

which compound of formula(C) 1is treated, in the presence of lithium
bis(trimethylsilyl)amide, with a compound of formula (D) :
4

N o
N
H

wherein W; and Z are as defined hereinbefore, to yield a compound of formula (E) :
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Z Win/ \ (D, NH 15 wherein W and Z are as
defi ned hereinbefore, to yield a conpound of formula
(E) 11 APR 2007 -22 71a OO Z W Br (B), whereiw
Rig, Zand W are as defined hereinbefore, which 1 APR 2007
conmpound of forrmula (E) is regacted with di-tert-butyl
di carbonate in the presence ot~ 4-di nethyl am nopyri di ne
to yield the conpound of formla (XI). 5 The conpounds
of formulae (11), (MI11), KX, (XIV), (XV1), (A, (O
and (D) either are comerlcial conmpounds or are
obt ai ned according t© tiemal nethods of organic
synthesis readily accessible/to the person skilled in
the art. The coppounds o romula (1) have val uabl e
phar macol ogi cal opertyes. Yhey have excellent
cytotoxicity iRyWit ot onlBfr with resp to
| eukaemi a | i nes but with respect 10 to
solid-tunmour |iné al so exert an action on the
cell cycle and are acﬁive in vivo, in a | eukaem a
nodel . Those properties enable themto be used
therapeutically as anti-tunour agents. Anpong the types
of cancer that may be treated by the conpounds of the
wheyiesRins Z prgs $htdross dafined derempefoee,ment i oned, wi t hout

R RO o g B4 i SR R b sarhueteiighe presence of

4-dpneth gainindpyitine a6 yiet] @k esmpbiia Jrdomhias (geut i cal
conposi tions conprising conmpounds

The compounds of formulae (II), (VIID), (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
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

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.
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of formula (1), an enantionmer or diastereoisomnmer
thereof, or an N-oxide thereof, or an addition salt

thereof with a pharmaceutically acceptabl e base or ﬁ 1 APR 2007

acid, alone or in conbination with one or nore iner

non-toxi c excipients or carrjers. ii 1 APR 2001 -23

Anmong t he pharnaceuti cal coh%%sitions according to the

invention there may be nentioned nore especially those
Amapgt ther hamacewical foompesitibns pacadingr & | theasadntion etiesd ;may be

14N wocular cor respirato adm ni strati on, and
megfgéﬂeegi ‘gll%?éy etslgeg?aé Sth&se &E%\tg%rgs sul{%{?b? I | p%rglp)tp@i,sr’lasal, rectal,
periiaghdt Sculpfosie répirgRkAt ddhifRRSMIE Sanoglegﬁe%%tll e§a(§)éertsna or dragées,

| ozenges, suppositories, 5 creans, ointnent
subjiggual tablplsc sachpis, BRqugtsi BRIAHN saprudgsa ghissatias;, loasmzes Gluppositories,

0 rops., By virtue of the

Creg‘ﬁg’rﬂgco E)Sgi%g a ﬂpgegspglpf ‘lgl%%let aq\ll-m%f‘ © PRRRELORS  astqselsp £ye drops
and fwse dooppounds of fornula (1), the pharnmaceutica

conpositions conprising the said conmpounds of formula

(I') as active ingredient are, accordingly, especially

' : - ncers. The useful dose

B T L P e oo e A Gifictsf ™ fit peufiounes of
formhle (Bdnihei phammdceonticat ocdrepositiods NadwpEsiRd  thbe said compounds of
P thgfﬁpeutic indieg;ion and any associated treatnents
ORHG (Paify ATV ISHIdENT A apsordinglperspaciglly uscfhen dhe troatment of
cand€lgl ni strations. The Exanples that followillustrate

the invention, without Iimting it in any way. The 15

starting materials used are known products or are

r according.to known procedyres. The structures
Theg{ls%?ﬁed%g% H% & na&go%gggcpi Tgxg 4e¢ An Wél%}‘( gﬁ,g}ee@at%tr, dhe adrplnlstratlon
routde tler fatmeco ke Qhethpehitic AndieMTORRY ¥nys RE6LLERNRLANELL hlgds ranges

techni ques (infra-red, nuclear magrieti c resonance,
frorg &éct@r“g?ﬁé% per day, in onpREMRRATINONIsxations.

Benzo[ 1, 4] di oxi n-2-yl (trinmethyl)stannane 20 to A :

2, 3- Di bronao- 2, 3-di hydro- 1, 4- benzodi oxi ne Under an
The Reartplat ties fhkee, illd8rab tHehiveston] witHBRNERGIEX ANG. ank5Qay. The

pj of ca{bon
startiig 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

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 pmol
of benzoyl 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

filtrate is concentrated, allowing the expected product to be isolated.
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tetrachl oride and then 163.32 nrnol of recrystallised
N- br onosucci ni mde and 88.1 nol of benzoyl peroxide
are m xed together. The reaction mxture is refluxed
with the aid of a lanp (60 W for 6 hours. The 11 APR 2007
precipitated succinimde is renoved by filtration and
the 25 filtrate is concentt4ted, all owi ng the expected
product to be isolated. 1 1 APR 2007 -24 Step B :
Benzo[ 1, 4] di oxi ne 73.45 mol of the conpound obtai ned
é’? ﬁgﬁpve are dissolved in 125 nl of acetone;
L@%e SR 14%"¢ hen stirred for 2 hours under reflux,
in the presence of sodiumiodide (359.9 mmol). After

evaporating off the solvent, the residue is dissolved
3. fhmaneliof e eonerfousd Wauameﬂem Spelp Paala.‘tvataee 3@ ventlih 206 nmo)f acetone;

arg 0 hen W t.h % aque
the SR BOR g BIARE 2 BGR, BRRATIaf 5 orentootiosaghis dodide
(3509 rﬁﬁo[)a@f%ﬂ e{f&ﬁlo@ﬁm‘y b 1 foibent, 26E & dre it BssBHVBAR G mixture of
phases are conbi ned, dried over magnesi um sul phate anél(

Waﬁeﬁéthyl %C@F?é@ﬂtopamé%potr@l)dﬂw@rggmc Phedefis dmvmh@@/wnh 20 % aqueous
so TR AR 2R b S LRE LB S SHAFELE W ey

acetalnd. aT]ﬁte@rgahQ: bﬁhs(eﬁ\laﬁ:‘é coinbifed; dMie€~venGhagkdigh) smipAfeéand then
c=C Ar% 1590 curt. Ste : Benzo[1, 4] di oxin-2
Conﬁ?lttf%t?%é%tﬁm%t HFiBpRiions by 1 clipmRtography dovsersilini @ri fpetroleum

[ % :@912% e rof uran
Ethéu}{le%he}?i agitgdgnﬁgg gg‘iﬁsat rms% her g%‘%% &%ten'p&ejr ature of
the solution is lowered to -7SC 23.86 mol of a 1.5M
| ytion of n-butyllithiumin hexane are added dropw se
E@%dr@mgsvﬁﬁamqheh_ﬁ?%ﬁ?eavm@hlﬁ Ogmirred at -78C
for 2 hours 15 mnutes. 37.28 mol of trinethyltin

chloride dissolved in 10 m of anhydrous
Step €1 BénrdfIof]dioxin-2yHraerbgl) stoammiese  and t he reaction
m xture is stirred at -78C for 45 minutes and then
returned to anbient tenperature for 15 hours. The
14.9 1B afhé108f mme%@dlbﬁné%% als¥sIeeh \(‘f‘ 48 P of0 PEBUS atrahydrofuran
or

potassium fluoride solution and is stirre
undgd #ru ety drotisextippsphicrsi trad g teinperstir of tieasohion\e tbwrye —78°C.

23.2% moeltchyfr 1 g@i‘tsg{ugon%% lglﬁltég hg%gwlalieé(gl)l(ftz rafaecglc?ded drgll)v(/rgg to the

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
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) : V(c=c enol ether) = 1639 cm™; Vie=c an= 1592 cm™.
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are conbi ned and concentrated. Purification by flash

chr omat ogr aphy over silica gel (petroleumether/eth)flAPR

acetate : 95/5) allows the expected product to be 2007

obtained. IR (NaC film : V(c=C enol ether) = 1639 cm

-1 ; v(C=C Ar) = 1592 em1l. 1 | APR 20U? -25

PREPARATI ON B : -25-

hbphthogz 3- b][l 4] di oxin-2-yl (tributyl)stannane Ste A
PREBARAIIION B : Naphtho[2,3-b][1 »Aldioxin-2-yl(tributyl)stannane

2, 3- d||zydr0||aphtllo[2 3-b][1,4]dioxiiie-2-carboxyl ate

Under an inert atnosphere, 47.03 mmol of dry po}as?lum
Steped PBABA @, 3iBy BOREShth & 23-6191 Y t@ﬂne—@ a é Mol 0

2, 3- dlﬁfldroxy%aph?ﬁal glne |]? }dl fc anﬁ %rous

acetone. The reaction 5 n1xture |s heated at refl ux,

Un%ta%rm@r? gt'nﬂ%gl% %W@gloiﬂg{lryy&otﬁp S btgpgg eplﬂ%é)g&adrg()iat(t) g solution

of GadHomed] @f 28¢ihgdrdRyrlaphthal¥iPin 240 1%11 BY thgdr?bus acetone. The reaction
di br onppr opanoate are again added to thé reaction
mixfre; {5 B eateﬂg 75 refhes aafieoraddingr épanmol bivethyind;, 2 ditiromspropanoate.

i nt.ai ne
15 i MR Tt i St PRl el PndR Poer i Rl o v 2.3
dlbmampdmﬁmbﬁe W%zi@dl Mildﬁah t@aRtredtion MiRtukd. MhiBdRrdtdn is r tpeated two

centrated.10 and is then taken up in ethyl aceta
mo‘ﬁn %sﬁ@é TR Aervals. Beflweng s nm@alaqdjé@u}ﬁ ptrars.eThd seaction

mix@kiagks @iltEHeﬁeEndt thBB&i eg?ggé}%}{ L iRCRLALE: T&bqﬂgtgﬁgﬁafoncentrated

organlc p ases are co rle over
andgg ﬂ;ﬂngal@n p integinye deetaed agd a\pi@]ﬁe&lt wiih uooen of adtee €The aqueous phase

sh ch t hy over
s R RRaL s ifsov S Pt na i hergeme aescbrie comisds dricd
ovet RRign&Xpe @ﬁ@ﬂa‘[@rﬁ’%&ﬂ ah® eRBotR GRS %lﬂzéed }Fieggﬁl?ed u%ﬁif:mon by

vc 0 = 1759 Mass spectrum 259
ﬂaShacia‘ﬁ@Iﬁapzrthb]c[vmr 4iligh ogel r(p@tmiamboe@zd:réaﬂeyl Uredate arp/inelldws the

expg% ﬁgegﬁqcbgfég Aﬁlon of 25.94 mol of the conpound

above in 120 m of carbon
tetrachloride is heated at reflux with the aid of a

| a 60 W in_ 20 the presence of 57.03 mol of
-—ibbgiﬁéﬂbTWksed7&9ﬁﬁbnvsu00|n|n1de and a catal ytic
Qy+ peroxide. Stirring is maintained at
““‘rggﬁ@éggofggﬁéodrs 30 mnutes. After cooling, the
i berated succinimde is filtered off and the filtrate

is concentrated to dryness in vacuo.
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
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.
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
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The di brom nated ester obtained is dissolved in 100 ni

of acetone, and then 129.62 mrnol of sodiumiodide are

added. Stirring is maintained at anbi ent terrperat]uqeﬁgR 2007

for 4 hours. 25 After evaporating off the solvent, 't

residue is taken up in a mxture of water/ethyl acetate

and washed with 1M aqueous s&4i um t hi osul phat e

sol ution. The organic phase is dried over magnesium
ovaguiileasd, (peirbicemeethertdhdvapoitat odl) Bl ieadipefte®product to be
iso[alte?’h chromat ography 1 1 APR 200] -26 over silica gel

petrol eum ether/ethyl acetate : 9/1) allows the

expected product to be isolated. Melting point : 98C

IRKBr : vc_o = 1724 cm1 ; vcc= 1682 cm~. 5 Mass

m98°G57 [M+ 1]+. to :

l\:.t ho[ 2, 35 1, 4] di oxi n-2-carboxylic acid A solution
%4."8‘8’?@‘{)‘% I’N@:CC—O% ¥HH -obt ai ned in Step B above,
Makdspéeinith : 957 (et b]a_nol, is heated at reflux for one

hour, 1Tn the presence of 20 ml of 1M aqueous |ithium

hydr oxi de sol ution. After cooling, and evaporating off

t he et hanal .eagction mxture tois acidified with
%a@éﬁ@%&&@@% Br-c@ParEsrEd on until a pH =1 is
obtai ned. The precipitate forned is filtered off,

all owi ng the expected product to be isolated. Melting
A sditipn o5 34@8anmoR fBthe: compond cbiBedcin Btep BC above, 1663 ml of

w00 s 5 SRS A o

hydrexideobolofort. Reftef @OPRL) dnd E{/%iogiﬂﬁ%'zd{)ﬁ(‘: &]ftegfr%etg O,Sfrﬁg ’rez%cﬂo% I1']neix’[ure

. m . of qufhnoline, i s heated af ( _
15 aﬁ%défgfé’n% dM gqeeeua hydioshlare wetd ssfutipowetei edpli sppes obtained. The
L BE frRRl; i i.s. taken up in eth cetate
precgfﬁld washed 1%@1{ eﬁ&??{f’;%ﬁcgg}f theﬁf/‘%?%%ﬁ%&‘fcé t%ﬁer ﬁgg uti on.
The organic phase is dried over nagnesium sul phate,
Melting b8€ ™ 360°C.
IR (KBr) : ve=0=1678 cm™ ; veec= 1661 cm’' ; vou = 3450 cm™.

Mass spectrum : 229 [M + 1]*.

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 IM aqueous
hydrochloric acid solution. The organic phase is dried over magnesium sulphate, filtered
and concentrated. Purification by flash chromatography over silica gel (petroleum

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

Melting point : 96-98°C.
IR (KBr) : veec= 1665 cm™ ; ve.o= 1296 cm’™.
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20 and concentrated. Purification by flash

chromat ogr aphy over silica gel (petroleum ether/ethYI1 APR'2007

acetate : 9/1) allows the expected product to be
obtai ned. Melting point : 96-98C. IR KBr : vc_c = 1665
cm-1; vc o = 1296 cml1l. 1! APR 2007 -27 to E :
Napht ho[ 2, 3-b] [ 1, 4] di oxi tt-22%1 (tri batyl)stannane The
expected product is obtained according to the procedure
MécNﬂlaletd!wa-BIIéH]ﬁoMz-z-ﬂ(efbaWimmﬁe starting from
the conpound of Step D above and tributyltin chloride.
IR (NaCl film : vo_o = 1166, 1247 cmgé ;Q%hif
The peptdiedmpioddédiBid bthinkh taccBBEHRARAHe N obedurE MW bed in Step C of
3??€di%ﬂgnoxyphosphoryl)oxy]-4kkl,gp%enzox§2|ng-ﬁ- _ P
Pre@aliagglyqﬂ, stegmngdrom thepipsmound of Step D above and tributyltin chloride.

i.hydro-4H-1, 4- i zoxaziii-3-otie-4-carboxyl ate
Ei@ﬁ%gﬂﬂgﬁ'5ﬁﬁ95¥%ﬁslgfhﬁ§phere, a sg}ut}on of 10 mol of
Mad¥bpkcttul€B29 xRzt py*3-one in 10 50 0
zﬁetréhydrofi??%n ys cooled to -78C. At that

tenperature, 11 mmol of a 1.6M solution of

y FGh i n h e are added dropwi se. After .
PRETAHATIONT Y kb 1T P pbory o) 4t drpshecmzine-o-
phenyl chl or of @irBBiAagr € added dropwi se and stirring is

carried out for a further 2 hours. After returning to

anbi ent tenperature, the solution is hydrolysed and

N t it thyl acetate. The organi c phase is
Step D ot 2SR Ol PR g bl
evaporated. After purification by chromatography over

il I etrol eum et her/ethyl acetate : 8/2), the
Un %{ﬁég%@gglﬁpég%?whgrei actolitieq of | 1R oReediof f3H- i-benyexagin=3-one in

50 ﬂF:’lZ é? at?tileg@@ro%frgn lis codfBdSo SHEE ' NMhiat %gn(?pe(ré\{lu%, ]1)1 ' m}n%l %f a 1.6M
solgiop( éf pHeamdkihpho siphbexahg axy Jadddéd Uropwisn zakaz bflﬁ% 4n C@h}?&t for
30 it it “Oh G HE Bl Srhegt A etprPatet epided dropise and sting i

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
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-[(diphenoxyphosphotyl)oxy]—4H—],4—benzaxazine-4-carboxylate

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

hydrolysed and then extracted with ethyl acetate. The organic phase is dried over
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above, in 50 m of anhydrous THF, is cooled to -78C. At
that tenperature, 12 rmrmol of 2M LDA (in a solution of
hept ane/ THF) are added dropw se. After stirring fog g APR 2007
hours, 12 nmmol of di phenyl chl orophosphate are adde
dropwi se to the reaction m xture, which is kept for a
further 2 hours at -78C. Aft%&r- returning to anbi ent
tenperature, the solution is 25 hydrol ysed and t hen
MagRaste t B¢phate; Hiltsred)|and cennaemratath eA ferg aniificgpivasef itlse residue by

[ r 1.-APR 2001 . -28 magnesi um sul phat e,
R R T o R
is is@stedlue by chromat ography over silica gel (petroleum

ether/ethyl acetate : 9/1), the expected product is
isolated. IR (Nad film : vCGo = 1748 cm' ;

Ré@éﬂﬁé i;?@%ﬁ:} LR C%as;svliggclgﬁyrcnm:1502( Mr1) . PREPARATI ON
Ma8s §getir@hesoxymhogphor yl ) oxy] - 2, 3- di hydr o- 4H pyr i do-

[3,2-b][1, 4] oxazi ne-4-carboxylate Step A : Phenyl
2,3-diiiydro-4H pyrido[ 3,2-h][1,4]0.-cazille-4-carboxyl

T ct t . is obtained according to the
PREFAREBIGNATE PRaBh STt i RS RS2t Pusrect A pyrido-
usi ng phenyl cBI2bfiaM@kReascHBbRjIRAL €. Ml ting point

: 97C. IR(KBr):vc=o0= 1717 cm"' ; 1803 cm 1. WMass

épectrun1: mz 271 (M+ 1). Step B : Phenyl

S PR BB A  TB h

is obtained according to the procedure described in

Ste of Preparatiopn C, starting fromthe conpound of
The ﬁ’éﬁ)“éFGSpprgﬂ‘é‘%Iel? q\?é?l??cﬂ&c fipg to t§o progedurepdescribed n Step A of

Pre%{r/lﬂt_?orfiﬂ):@ dsinig pHengl SABfotihie as sabbu¥RSS spectrum: mz 503

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

Step B : Phenyl 3-[(diphenoxyphosphoryl)oxy]—Z,3-dihydro-4H—pyrid0[3,2-b][1,4]—

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_g 1294 cm’".
Mass spectrum : m/z 503 (M + 1).

PREPARATIONE : 3-Bromo-4-(1H-1-carboxylate of tert-butyl-indol-3-yl)-1-

methyl-1H-pyrrole-2,5-dione
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PREPARATI ON E : 3-Brono-4- (1 H 1-carboxyl ate of
tert-butyl-indol-3-yl)-1- nethyl-lFprrroIe-Z,S-dion e

1 1 APR 200] -29 Step A: 3-Bronp-4-(]Hindol-3 1 APR 7007
yl)-1-,ethyl-1H pyrrol e-2,5-dione 11.16 mmol of indol'e

are dissolved in 29 nil of ydrous tetrahydrofuran

under an inert atnosphere.” “The tenperature of the

reaction mxture is lowered to -15C, and then 17.85
Stepthio§-Bypma-#(Edndoli3oi)-&fm ashd¢ kif-pweokeyd, §idiople) | i t hi um i n
hexane are added dropwi se. 5 After stirring at -15C for
1 hour 10 mnutes, 7.44 mmol of 2, 3-di bronmo-N-netlryl -
11.06nerhol afendils sed diesblial § I8 mobf aHMER UStrahydrofuran under an inert
tetrahydrofuran are added to the reaction mxture,
atmgsplaic| $he ReRPeaiuFry of the reastioni Mixtws iatlowssd, toantpiCorand then
r 5 er a The
17 2 R 10 RSt S ARSI GREREhHafc oy Rigpg gropwise
Afef stitrimous —16°G I\fohytih@ﬁhﬂ@mlmltas(;lﬂ445ﬁhhnml &M 23ndiblongd-Nnethyl-

bout |s o%ta d. Afewmllilitres of ethyl 10
magea:%’?‘ﬁt@ Y4, ffe A uiEYY feragydreduan pragededs Yo the reaction
ml)ﬁﬁlter aids ft}%ﬂrstfh'eﬁ%r o Bﬂn@éml 136€ L A4or 19 DEnQLORBIC 15°C to

phases are conbi ned, Wwa W t h“sat urated aqueous
ambiedli tempefahwe.i e Sed:tuml mrxturamjhydnehyse&iv\apb Ia&‘é‘&dnlll'ﬂhﬂzs of aqueous

S|du fil thanol,
Sl o e i B pERIEPOG BOHABI A ik Ridsgt ety
aceﬁﬁ’é Bﬁe therd @dded( d6€ ‘ﬂ@ﬂ%iebusoﬁﬁase 1ol RHB four MﬁleQ Wlthl&]%%i acetate.
1767 em -1 VNn = em 1 Mass spectrum : 30

Theyrganie phses ag-@naingsl, zqvaeheldwmﬂwm@w laawepue fodium chloride solution

o S8 R O B LR S G

the@kptddedducto BGsolaed37. 5 M of 20 anhydrous
tetrahydrofuran, in the presence of 28.68 mmol of

di -tent-butyl dicarbonate and 614.5 gno] of

e The reaction mxture is
M g %Ej(g&rr %Y A
or @%%?ent erature and stirred for 2 hours
ﬂgﬁg@glm@&ﬁsl7miuem7anépwﬁﬁﬁung4@ﬁﬁﬂthe sol vent, the
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
anhydrous tetrahydrofuran, in the presence of 28.68 mmol of di-zerz-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.

Melting point : 142°C.
IR (KBr) : ve=0=1762 cm™.
Mass spectrum : 405 [M + 1]".
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resi due obtained is taken up in nethanol, filtered,
rinsed with nethanol and then dried in vacuo, allown
t he expected product to be isolated. 25 Melting poﬁnﬂ EPR 2007
142C. IR KBr : vc-0 = 1762 cm 1. WMass spectrum: 405
[M+ 1]+ 11 OR 2001 -30 PREPARATION F :
3-Brono-4-(1Hindol - 3-yl) - I.%Q-'pyrrol e-2,5-dione 15.69
nmol of indole are dissolved in 25 m of anhydrous
tetral rydrofuran under an inert atnosphere. 15.69 mmol

|l i of e negnesi rom de [n.diethyl
prEPRAMGREL S8 imoch O Y i ab T bfee2. b didhest oo at
60C for 1 hour 30 mnutes. Once it has 5 cool ed, the

m xture i s added dropwi se to a solution of 3.92 muol of
15.69 nunpliof dpdmie pes dipspdved;in 26 mi ofodnhydteyps testabydrofuran under an inert
rQf n_t reacti on m xture. i
st S Aot 2391 Lol R (TR S WA i ety ether are

adde@aaid dre réaxtion eiktardysdnekeds edoorel Mgt 2Bowd 3@MiMiéN Once it has
gueous, hydrochl oric acid solution until a pH of 8.5

Coq?%i, Hisemixhee s added dropaiiserp jaisplution €63 82 msnelyaf 2, adibromaemaleimide
. ' r ree.ti .
in S0 oo L BEN RPN Bk YRGS ST amtin

temperzhira éat, onedwhe dheiredetivamikaield hyditnds usiadi20mIGTIOBN dgueous

h q?o(!é:[‘t i on .@nd then eyaporated to dryness in vacug. The
ydrachlonpeaqid sqlubigm fintif i3y pid rof .3 g obteinede andyiat fewnmiliilitiey of ethyl

acefid aw Rdliciheh d ' i i :

B o B R B R O e s U i G Aot e
org@84 Pphagdogrec thet, combinphswagdpd cwithnsatur2®d fdulesusf kodium chloride
sol PIR EPaAﬁ%At-ﬂ nO\| g’ srated ' Tt i i

Y108, BT (FARRSH O 198 PSEa S vacyn-) The. Frstdngis (Mashsr (fdfezad and
rinsad ﬁdthdhétﬁﬁlo]:rhﬂfloef&%elﬁb@ REAPIsduct o MbkALREd accordi ng

to the procedure described in Step A of Preparation E,

usi ng 5-fl uoroi ndol e.

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

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.

Melting point : > 300°C.
IR (KBr) : ve=o = 1705 cm™ ; vay = 3358 cm’™.

Mass spectrum : 323 [M + 1]".
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20 Melting point : > 300C. IR (KBr) : vc-o = 1705 cm
7 VNF1l= 3358 cm 1. Mass spectrum: 323 [M+ 1]+. %

APR 2007 -31 PREPARATI ON H : 1 APR 2007
3-Brono-4-(6-fluoro-1Hindol-3-yl)-1-nmethyl-1H pyrrole-
2,5- dione The expected prOQﬁct i s obtained according
to the procedure described 1 Step A of Preparation E

using 6-fluoroindole. 5 Melting point : 201 C
l’m&létm)_ﬂ:ﬂi13'@19"@7‘5%11!!pmnilflsiBGQleMl)-ll.-met\m-dH-pyrrole—Z,S-

spectrum : 323,/ M+ 1]-'. PREPARATION | :

3-Bron0-4-(5-f?uoro-lkkindoI-3-y1)-1FprrroIe-2,5-dione

The expected product is obtained according to the

procedure described in Preparation F, 10 usin
The; expestido Predyrtels pRRineR epeiding to fpoprocerbise secsibed oim) Step A of

. ) i VEFQ A , 1769 cm1 ; VNH= 3358 cm 1.

Prekggé&%%’e‘é I}%(?:nﬂ?“’%%?‘%é[ M+ 1]+ PREPARATION J :

3- Brono-4- (6-fluoro-IHindol-3-yl)-1H pyrrol e-2, 5-di one

5 The exBeg ed product is obtained according to the
Me r&Vldscribed in Preparation F, using
uQr.oin e. iingpoL , 199C (deconposition). IR
&%9)'%‘%@1&1]%@ 19‘@% g?%zu"r;% VNn= 3329 cm1. Mass

Maspspettwm: 32300 4 M+ 1]+. 1 | APR 2001 -32

PREPARATIONI: 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

H

using 5-fluoroindole.

Melting point : 219°C (decomposition).
IR (KBr) : ve=o = 1723, 1769 cm™ ; vy = 3358 cm’™.
Mass spectrum : 309,5 [M + 17".

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

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

using 6-fluoroindole.

Melting point : 199°C (decomposition).
IR (KBr) : vc=0 =1723, 1778 cm™ ; vy = 3329 cm’™.
Mass spectrum : 309 [M + 1]".
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PREPARATI ON K : tert-Butyl

5- (benzyl oxy) - 3- (4- brono-| - et hyl - 2, 5- di oxo- 2, 5-

di hydro-1 H pyrrol -3-yl)-1Hindol e-l-carboxyl ate toT‘AI APR 2007

3-[5-(Benzyl oxy) -] H i ndol -3yl J-4-brono-1-netlryl -1 H pyr

rol e-2,5-di one The expected product is obtained

according to the procedure described in Step A of 5

Preparation E, using 5-benzyl oxyindole. Melting point :
PREPARATHHONI o stert-Bayl StHRek@oxy)rdetdeb ronics 98nathyl-2,5-dioxd=R,5-

= 3315 cm 1. SS. S trum . M+ 1]+. to B:
tert-Butyl 5-( b%@féf%%ﬂgf ?IAQ'B’ﬁé#%'B%ﬂ?'iTOHWQXZWQ’ di oxo-
2, 5-di hydro-1Hpyrrol- 10 3 yl)-1H i ndol e-1-carboxyl ate
The expected product is obtained according to the

Step oot Rerdploxy)r Hddnial-3sylbd-iBowb-1-Pedpybid Hepyorole2, 5-dione
starting fromthe conpound of Step A above. Mlting
point : 155C. IR KBr : vc_o = 1709, 1738, 1773 cm 1.

Th?%xltb&geﬂt ’pjl@ﬁaétr limobtamdd debbritink] to HRRERORMIE @eksdribed in Step A of
eri-obutyl .
Pregarptiginbyising 3-benzylexpyingats: | - net hyl - 2, 5- di oxo- 2, 5-
di hydro-1H pyrrol -3-yl)-1Hindol e-1 -carboxylate to A :
3-[6- (Benzyl oxy) -] Hindol -3
Melting-pbirhr @ 6020 (deedrhydsitidd pyr r ol e- 2, 5- di one The expect ed
g to the procedure

roduct is_obtai pned accordin

j%%m F Vered™ 1698t p; WGt 3315PmpPr.epar ati on E, usi ng
- O%Y{ | g+ Melting point : 138C

m%o@g‘g%%éiﬁﬁ Eﬂ;}r F‘JI R (KBr) : vGo = 1705, 1762 cm~ ;
VNH = 3314 cm 1. WMass spectrum: 411 [M+ 1]+ 1 1 APR
2007 -ep-B B : tert-Butyl ) )

Steig s oy fresito R oo piAg: bnetyl-265-diost-8yioibydsock Hpyrrol-
dr o- L) DY ERbole31-Hdbokflatendol €- | - car boxyl ate

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—o = 1709, 1738, 1773 cm™.
Mass spectrum : 511 [M + 17"

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
Preparation E, using 6-benzyloxyindole.

Melting point : 138°C (decomposition).

IR (KBr) : ve=o = 1705, 1762 cm™ ; vy = 3314 cm’™.

Mass spectrum : 411 [M + 1]".
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The expected product is obtained according to the
procedure described in Step B of Preparation E, 1 1 APR 2907
starting fromthe conmpound of Step A above. 5 Melting

poi nt : 158C (deconposition). IR (KBr) : vc_o = 1715,

1737, 1745 cm1 . Mass spe%&run1 511 [M +I] +.

PREPARATI ON M :

tert-Butyl 5-(benzyl oxy)-3-[4-brono-1-(tert-butoxycarbon

yl) -

stef 2 HOBRP ¢ NSRS WA il idart oo P rrol

yl ] ﬂ.ybrmmndolﬂpyrcﬁﬁaﬁg&y&tés di one The expected product is
obt ai ned according to the procedure described in

Preparation F, using 5- benzyloxyindole Mel ting point

1o RS AR AR o BRI e Wiy ST b o o

PreBaratiéreB; Satiyip from the compound of Step A above.
5- (benzyl oxy) - 3-[4-brono-]-(tert-but oxycarbonyl)-2,5-d
0Xx0- 2, 5- di hydro-1IHpyrrol -3yl]-1Hindol e-1-carboxyl ate

e obt ai ned according to the

EE%?%%@%%rgggg% %Mg$$ﬁ&]tep B of Preparation E,
IR &Rt ivag £ 1 DI, tH7i337 ,doapomid of Step A above. 20 Mel ting

p0|nt : 134C IR KBr : vc-o = 1743, 1768, 1801 cm'
Ma, ¢PRUIM 05 [M - Boc]+. 1 1 APR 2007 -34
PREPARATION N : tert-Butyl
6- (benzyl oxy)-3-[4-brono-1|-(tert-butoxycarbonyl) -
PREPARA BHONM5- wrt-Butyl 5-(benzyloxy)-3-[4-bromo-1- (tert-butoxycarbonyl)-

i hydro-1H pyrr dol e- | - car.box to A:
3-[ 6- (Benzyi o %‘ﬁ#‘! %réﬁ“’@;?rlﬁ -RYBo vl (Findote 1> -carboxylate

pyrrol e-2, 5-di one

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) : vc-o0 = 1697 cm™ ; vyu=3333 cm™.
Mass spectrum : 397 [M + 1]".

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.

Melting point : 134°C.

IR (KBr) : vc=o = 1743, 1768, 1801 cm™' .

Mass spectrum : 495 [M - Boc]".
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The expected product is obtained according to the

procedure described in Preparation F, 5 using 1 1 APR 2007

6- benzyl oxyi ndol e. Melting point : 166C

(deconposition). IR (KBr) : vc=o0 = 1697, 1762 cm1; VNH

= 3353 cm1. Mass spectrun1 397 [M+ 1]+ Step B:

tert-Butyl

6-(benzy|oxy)-3-[4-bronn-|-(tert-butoxycarbonyl)-2,5-d
PREPARABIONN ¢ tertyBntyl prpynzydoxy3-3-[4-bromo-1-(tert-butoxycarbonyl)-

[]-1Hindole o rbo e c
gbt ai ned accor%f?r?a %Hﬁf]m 8h1§a'r E 03 g} ?@o'd‘lépi?'isf%rﬁ’oéylate
of Preparation E startlng fromthe conpound of Step A
above. Melting point : 120C. IR (KBr) : vc-o = 1719,
Step A413-[ @mzyIQWﬂEﬂ#401-3-3154FEREWA1:LH1JW@2 S+légame- But y|
7- (benzhydryl oxy) - 3- (4- brono- 1| - net hyl - 2, 5- di oxo-
2, 5-di hydro-1H pyrrol -3-yl)-1H i ndol e-| -carboxylate to
The%xpe&te(l Beodlct yolotthiauy hecdrding 16 e giRoedul® descsibbditi Prepafation F,
r ortho n|trophenol (79 mmol) in 200 M of acetone
umﬁ&%éb 127 mmol of potassi um carbonate and
al so 79 nnDI of di phenyl net hane brom de. The 20
reaction m xture is heated at reflux for 6 hours and,
Mehingeoirtt hé66¥hfllecahpuséidnds been | owered to ambi ent

teggerature Is_stirped further overnight. The reaction
R uVe-oi S 1997 £ A%t andvi T BH¥eeMwi th acet one. The

. rated and then taken up in diethyl
Malg E&ﬂhﬁdg§ﬁgg?gﬁb3ed. The aqueous phase is extracted
with diethyl ether; the organic phase is then 1 1 APR
2007 -35 rie nesi um sul phate, filtered and
L&éfdéﬁtﬁ‘gf’e%(be’l’% Vs uéwewrla{tﬁ@d’".t%ww@ﬂwra 3-digxo-2,5-
Pet r P Y- DFrol-3-pht B %P'dolé—l Q»ﬁ%xwag; petrol eum et her

and then dried i n vacuo, | om ng e expected product
to be isolated. Melting p0|nt . 98C.

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™ .

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
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
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5 Mass spectrum: 323 [M+ hl H4+1+ to B
7-(Bei zzhydryloxy)-I1Hin dole 11.95 mmol of the

compound obtained in Step A above are dissol ved, undéi1 APR 2007

an inert atnosphere, in 80 m of anhydrous
t et rahydrofuran. The tenperg}ure of the reaction
mxture is then | owered to ~#40C and then 41.84mmol of a
AIM solution of 10 vinyl magnesi um brom de in
drigdpyes agnefwR anlphnte, Glirted antt ennaprieatedo Thiecssluk wbiapmed is taken up

: | | ti.rrad for 2 -hours 50 mnutes from -4 :
m bl St e BRSR b EbendO e Pt R o g cliowing
thewspegedf0dudt tobe Roxgddur at ed aqueous ammoni um chl ori de

solution, and the aqueous phase is extracted three
times with ethyl acetate. The organi c phases are

Meft 'dyﬁq9§q6ied over magnesi um sul phate, filtered and
——Eggg%rate :

Purification by flash 15 chromat ogr aphy
Masoygrectsithi: 623 §idl + Npiei]f.ol eum et her/ et hyl acetate : 9/1)
all ows the expected product to be isolated. Melting
point : 114C (deconposition). IR (KBr) : VvNu = 3425 cm

st RIS ok 15 70

yl J-4-Dbro, no-I-,ethyl-1Hpyrrole-2,5-dione The expected
oduct is obtaine ccording to the procedure .
1182 Bl rf:ogipé’ﬁn‘f\ oBfainid E‘ngeﬁt‘lA‘ Ofe affsidifgolyef under an inert

t ING) 86 mBt &P afh RRAME tetBY drbRGarP OT Y. 1o i
a_(%r_ s iy UNH = temybitite bRge reaction
mixEEss is phen rlomered48y 406G 2hd. then 1 4ABRnEOE7 of - 861Mo sOlution of

. t - Bu | . . . . . .
vindfikdsn e bromids, i tetihyrafyra, g pddge dbapyyisestosthgsgleion, hich is
thefli shiyr@d ofot I4-hoys’ 50miButyd )rdnt+-4oFdD ke -0PE C TRD Q%Ndtidh embtire is then

expect ed Eroduct I S obtained according to the procedure
hydgelysgd #GC; using K} ml gf 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
chromatography over silica gel (petroleum ether/ethyl acetate : 9/1) allows the expected

product to be isolated.

Melting point : 114°C (decomposition).
IR (KBr) : vu = 3425 cm’™.
Mass spectrum : 300 [M + 1]".

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™.
Mass spectrum : 487 [M + 11"
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Preparation E, starting fromthe conpound of Step C

above. 5 Melting point : 148C (deconposition). IR

(KBr) : vc-o = 1709, 1759 cm1l. WMass s ecu tram: Sy APR 2007
[M+ 1 ]+ EXAWPLE 1 : Phenyl

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] phenoxazi ne-15(®%H)carboxylate 10 to A :

Phenyl
3-(1, 4-beizzodioxiii-2-yl)-4H 1, 4-bel i zoxazi ne- 4- car box

=<1 i_pnert. at ere, .a mn e . of 1ol of
Steh 3 et BT 1 B PRt PR Yooty 2 ined S
of PpppelrByl)IM-Mdobe-1-28Foxplard 1 t hi um chl ori de and
tetrakis- (triphenyl phosphine)palladium0) 5 %in 5 n
of tetrahydrofuran is heated at reflux. After cooling

; . ‘s tak . vl
ThEMpERE SRIAEL 1 vabdl, IBIEHE 1] Tl BrEBaR, deBmist e Step B of
Prepatatibh Bnstarfing fengtieiconpbaseof SeglCilddvover magnesi um

sul phate, filtered and concentrated. Purification by
chromat ography over silica gel (petroleum ether/ethyl

M&fg{@%ﬁ::mgd all, -1 Re expected product to be
I SOl at ed. Né#%?ng g%?%%hi 75C (gum). 1R (KBr) : vc_o =
IR (KBH :ool= 1700 1MSemspectrum : 386 [Mr 1]+. 1 1 APR

2001 -37 Phenyl
Ma <838 Mi‘okb- 5b, 6, 7, 8, 8a, 8b- hexakydr of | , 4Jbenzodi
oxi no[ 2,3-aJ pyrrolo[3,4-edph
enoxazi ne- 15(5aH) - carboxyl ate In a cl osed system 1
EXAMPLES1 t hehenyhBonethlyloéyBaliowss7,8ily dyio[ K4 [popxrligiifo[3,3-a]-
mol of N neth Igahﬁjnide_are stirred at 95C for 2
hours in tINETHPEERIRhegpxazinesls(@Haboxylatg uene. 5

Purification by chromatography over silica gel

(petrol eumether/ethyl acetate : 3/7) allows the
Step dyelhas! P bdrbenzadiodin-2apl)-dHnb &-beplxuting -4pairbsxylate

250C.
Under an iert 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 ml of tetrahydrofuran is heated at reflux. After
cooling and concentrating, the residue is taken up in ethyl acetate and washed with
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—o = 1739 cm™.
Mass spectrum : 386 [M + 1]".
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IR KBr : vc_o = 1709, 1769 cm1l. WMass S ecn trum

497 Mt]]'. 10 to : o

Phenyl ?-i net hyl - 6, 8-di oxo-7, 8-di hydro[ |, 4] benzodi oxi no[
2,3-alpyrrol o[ 3, 4- cJphen oxazi ne-15(6H)-carboxylate 1 1 APR 2007
Under an inert atnosphere, 132““' of the conpound

obtained in Step B above and"3 mmol of recrystallised

N-bronosuccini m de are heated in distilled carbon
Stepd i Bhemydrraethuk 6, 8atioxex5b, 6,315, 81, h-hextadgdnay 1, W be e diioan aj®, 3-a]

ala inth epce of catal yti c anmount of
15 nf‘él)g/ﬁ ’%%’Ip é’ff'%ngf&?{ﬁa%‘é‘frgﬁﬁ’?atf he solution is
filtered and concentrated. Purification by

chy omat ogr aphy over silica gel (petrol eum ether/ethyl
In %Eg’ﬁg %YS?@HL/MIPH&I bl qompoungebtaggd ip Strpus beve 4@ 3 mmol of N-

j i ' : IR (KBr) :. vc=
B4R s MR LI e Ee p M breodlls Bl arg ¥ otuene
PuiiiBh By Zhronfat Srapliy owdr 3iticargen@eab Ry ether/ethyl acetate : 3/7) allows

[1, 4] benzodi oxj no[ 2, 3-a] pyrrol o[ 3, 4-c] - phenoxazin
ﬂmé*@?%?ﬁ@?&%ﬁﬁqE?BWK%WQMder an inert atnosphere, 0.1
nmol of the conpound of Exanple 1 in 2 m of NN

di met hyl et hyl enedi am ne is heated at 100C for 6 hours.
MeNineepointo 51 33§C. t he solution is 11 APR 2007 -38

ent r at Pyrifigation by chromatography over
El@ﬁﬁﬁééfﬁéT?ﬂﬁ%&ﬁ?%PBnethane/nethanol 8/2) allows the

MaSX8R6MaH : RoPEMCE 110 _be obtained. Melting point : 150C.
aIFéRf(%KBr) . VC=0 ¥f1701, 1751 cm' ; VNH= 3423 cm'. 5

Mass spectrum: 430 [M+ 1 ]+. EXAMPLE 3 : Phenyl .
- ) U ) e s 2 3.e]-
éteﬁ7 ;: I%%llizl 9—?484&124(?-&70&%- g&-?i}(lgztlgll[iﬁﬁegipdzigg;zg[)éi3r-]2 pyrrola([e ,4-
[ 1, 4YpKacoxnghd 13l &RbodRle- 15(6H) - carboxyl at e

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
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™.
Mass spectrum : 493 [M + 1]*.

EXAMPIE 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. After cooling, the solution is
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to A: Phcityl 3- (1 4- benzodi oxi n-2
yl)-4H pyrido[ 3, 2-bl [ 1, 4] oxazi ne-4-car boxyl ate The
expected product is obtained according to the proce&LﬁeAPR 2007
described in Step A of 10 Exanple 1, starting fromthe
conpound of Preparation D. Nzétlng p0|nt : 142C. IR KBr
vc o =1741 cm1l. Mass s ptrum: 387 [M+ 1]+.
B : Phenyl ?-niethyl -6, 8-dioxo-Sbh, 6,7, 8, 8a, 8b-h
CO%%F&F?% rrication by sBiomatemspnhyoven silied gyl (deb]@omethane/methanol -
[ [FYafel] i ndol e- 15(5aH) - car boxyl at
8KD%HO§SE%6é éh%¥%£d§8t?b%g9% glned according to the
procedure described in Step B of Exanple 1, starting

fron1the]%§qgound of Step A above. Melting point
VC-0 = 1709 1769 cm. 20 Mass spectrum

M.i : -39 Step C. Phenyl
g&ggﬁﬁfh r GIQbh]gié% Hﬁb%é of%Jbenzod|OX|no[
Ma%sapeet}nmr i4801M 217" ,3 5 6] [ 1, 4]oxazin 0[3,2-g]isoin

dol e-] 5(6kb-carboxylate The expected product is
obt ai ned according to the procedure described in Step C
I t [ f e i ned i
EXMPEIETP Pudm Tt iy R B R SaRRE Atheipadipiors. e
vCc--0 = 17yridd[26%:5,6][1 4]d&(ailﬁoBpﬁglls’diﬂdoleﬂgfkﬂ)MaTanlyTate
EXAMPLE 4 . 7-[2-(Di nethylan1no)ethy|]
[ 1, 4] benzodi oxi no[ 2, 3-e] pyrido[2',3":5,6]- [1 4]oxa2|no
Step3 2PRy3 91 h
tepro uct’y?s (2@?5;%%1&&%&@03}&%{ rd}ﬁﬁ}%ﬁb P"ee Farb"xyl‘”e
Exanple 2, starting from the conpound of Exarrpl e 3.

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

Example 1, starting from the compound of Preparation D.

Melting point : 142°C.
IR (KBr) : veeo = 1741 cm™.
Mass spectrum : 387 [M + 1]".

Step B : Phenyl 7-methyl-6,8-dioxo-5b,6,7,8, 8a, 8b—hexahydro[1,4]benz0dioxino[2,3-
e[pyrido[2',3":5,6][1,4]oxazino(3,2-glisoindole-15(5 aH)-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™.
Mass spectrum : 498 [M + 1]".



10

15

20

Melting point : 150C (deconposition). IR (KBrl : vc_o =

1703, 1759 cml ; VNEI= 3433 cni. Mass spectrum: 431

[M+ if. 15 EXAMPLE 5 : test-Butyl 1 APR 2007
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]carbazole 13(64) -carboxylate to A:

tert-ButyI 3-[4-(1, 4- benzodi OxI n- 2

net hyl - 2, 5-di gxo- 2, 5-di hydro-I1H pyrro
StgpG;: pREmA e Shdiosty T Behoriss & oo diswivol?, olpyeido-
| rpfye f y9,,m  of
O SR g e ORI B By sl The

conmpound of Preparation E, 49.35 gnol of copper iodide

and 49. 35 .of . .
The eeB‘P%%‘g @f‘?%m) LéwPBH@Qp«?ﬁCH@}%Fq a5 pracedwe deseréhedoin Step C of
Ex#tnyleu’ Gattig tpatRG A poﬁx%) @)t&ﬁ@d th ?@# BSabgye, M Nt es,
under an inert atnosphere e SO ion is then
filtered in order to renove the remmants of pall adi um
nd the fl%ﬁﬁgte is evaporated. 1 1 APR 2007 -40
y flash chromat ography over silica ge
g ﬂrq%qygn¢1mq76@gﬁyl acetate/triethyl am ne :
'ows the expected product to be obtained.
Mammeptmnpé%fM +1/0C. IR (KBr) : vc_o = 1704, 1740
eml1l. 5 Mass spectrum: 459 [M+ 1]+. to B
tert-Butyl
E L a
XAMPLY 67 - gymnﬁaﬁﬁ% Bbbg/ )—]I?i dwihban ﬂﬂb[@%ﬂl@ﬁ&%d% 1405, 6)-

yrrololS ar bazol e- carboxy ate
of the corfédﬂlmzubﬂéilfﬁlsolnm@tﬁaﬁﬁﬂ,bﬁﬂydmaad 5.91 nmol

of doubl e-sublimed iodine are dissolved in 500 m of
toluene inside the cell of an irradiation apparatus.
Th&trerted Pooduct aditaiihed aéc@fd1§$ tdTihe Précedud S Eakipld b ngamng from
the reactjon mxture is cooled and then diluted wth
the spmppungeefibyagplagshi ng with 80 M of 20 % aqueous
sodi um t hi osul phate solution is carried out until the
organi ¢ phase is decol ourised. The aqueous phase is

Mebgrmmatt e d5QQG (decomposition).
IR (KBr) : vVe=o = 1703, 1759 cm™ ; vy = 3433 cm™.

Mass spectrum : 431 [M + 1]".

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 H)-carboxylate

Step A : teri-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 umol of the compound of Preparation A in 10 ml of 1,4-dioxane
there are added 493.52 pmol of the compound of Preparation E, 49.35 pmol of copper
lodide and 49.35 pmol 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.
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ethyl acetate three tinmes, and then the organic phases

are conbined and directly concentrated in vacuo.

brown, semi-o0ily, sem -solid residue is collected. Thd APR 2007
procedure 15 is repeated a further five tines in the

same nmanner, using the same unts. The crude

reaction products of the siXx procedures are conbi ned.

shi ng w ethyl acetate is carried out on the six
Pu’g\?ﬁﬂﬁ’@nr Bkt E]G?h p CBEpRAtegrapky covedr esilidaengdl] I(peﬁreldumTh@her/ethyl
dibibAidhfalnhet anol ,
o tere}ga ﬁwnggggaﬁﬁﬁﬂ°w?ﬂ%ﬁ%5&ﬂ3&”? ﬁ%p??% ]Pﬁ ‘'vacua,
aIIOMAng t he expected product to be isolated. 20
ltin QE 189C (deconposition). Mss spectrum:
ff)+ 1 APR 2007 -41 EXAMPLE 6:
t.Ryl [1, axi no[ 2, 3- a]pyrroI013 4-c] car bazol e
-6, 8- %ﬁL,igéfqg%g%é to A: 3-(1, 4-Benzodi oxin-2
Mags YpedtrihHHi5a (e + 3]'y1 ) - 1- net hyl - 1H pyrrol e- 2, 5- di one
331.54 pnol of the conpound of Step A of Exanple 5 are
dissolved in 9 m of formc 5 acid. The reaction

e gws ' nospher.e d at
e e L T R el e
S reﬁmﬂ@dﬂaﬂdéﬂ%ﬁeﬂﬂm@ﬂupressure; the residue is then

washed, filtered and rinsed with nethanol and is then
dried in vacuo, allow ng the expected product to be

218.50hdt 8flthe MBInbbikel HRhiALd in @t@%g abl)gf k/ll% § ??rram?l c%%egble -sublimed

1697 cm 1. SS spectrum
lodine g ﬂ;sﬁqllethlllb@wzmb poioluenf Zns&ieathp)cell «»If raij 3nrdd1£t&ﬁmﬂpaﬁﬂiseAfter

Y/ 418. 5
1rradga%1§% r#ejl g }& 'ﬁ!}l I or{%t}éstwgg,a raecglga}'rylé(aurp As g@olﬁil agd then diluted

with @th;&ﬁéetate v&&@hmg reth 80 h@Rf10a% tagficd dodillfNthRsibh
of double sublimed iodine are |nter%ducce)1 into 1 % HEQBMHOHIS

carpigch eyt Wil e prgasic phaseil dedobmrised. ddreraqudousuthasd is5@0ravted with
eth{/lo beetatB Offifeel ‘&n{E's,” Yhe t’heﬁr ht?le roer%grtnc Orhases are combined and directly

concentrated in vacuo. A brown, semi-oily, semi-solid residue is collected. The procedure

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.

Melting point : 189°C (decomposition).
Mass spectrum : 457 [M + 1]".
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m xture is then diluted with ethyl acetate, after which
it is washed with 80 m of 20 % aqueous sodi um
t hi osul phate solution until the organic phase is 1 1 APR 2007
decol ouri sed. The aqueous phase is extracted three
times with ethyl acetate; th% organi ¢ phases are then
conbi ned and directly conce trated. The solid residue
obtained is washed firstly with diethyl ether and 20
EXAMPLE 6 ¢ evddethyl[1i4¢benasdiodino(2)3-ajpiamblo]3,dvcicarieizole-6,8-
acetate angHQESib¥p&h tetrahydrofuran and filtered.
Purification’by R chr omat ogr aphy over silica gel
(petrol eumether/ethyl acetate : 6/4) allows the
expected product to be obtained. Melting point : >
M%t C-(1 & feyrodioyin-5yh-# @S indpt 3l tnmethyl ] -pilrro BB divive
1. 25 Mass spectrum: 357 [M+ 1]+. 1 1 APR 2007 -42
EXAMPLE 7: 7-[2- (D nmet hyl anmi no) et hyl ]
331.34 Aot of dlek cotp@ind, & SEPW b Eﬁﬁl%gl%'ﬂare dissolved in 9 ml of formic
: afbazole-G,Q&Zthsbb-dlone 238.5 nol of the conpoun
acig¢ fB(rgﬁ(ﬁ}Oél TRIXAWTE 135t E) Wder ahingrtratmesphrreNind at ambient temperature

i =114 tion m.xture i.s heated
xR UL T8O IR 56 2R K85 i B SRS e
wagpAclituredimtirinsE evittermbtioeo] abil & theddiied wasbas] alléwinkh&ekpected

]Dgnq éknsef jth nmethanol before being dried in vacuo,
PrOgPFt s R FOIAE! expect ed product to be isolated. Melting
poi nt : 298C (deconposition). IR (KBr) : vc_o = 1703,

1753 em ; VNH= 3441 cmi''. Mass spectrum: 414 [M +
Mejting ppintERARL.E 8:

- Di net 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c]carb
Eiég%ﬁeyéfﬁfT%#{EEB+b-dione to A: 3-(1,4-Benzodi oxin-2
Ma¥d dpebiriygt Byb.sltMJrq?'et hyl -1Hindol -3 y1)-I1Hpyrrol e-2, 5-

di one .76 gnol of the conpound obtained in Step A of
Exanple 6, 111.62 nol of sodium
Step B : 7-Metlzyl[1,4]benzodioxin0[2,3-a]pyrrolo[3,4—c]carbazole-6,8( 7H,13H)-dione

418.5 pmol of the compound obtained in Step A above are dissolved in 50 m] of toluene in
an irradiation reactor and then 5.91 mmol of double-sublimed iodine are introduced into
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
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) : veo = 1692, 1703 cm™ ; vy = 3343 cm™.

Mass spectrum : 357 [M + 1]*.
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15 hydroxi de, 7.46 nol of benzyltriethyl amoni um

chloride and 418.58 mmol of nethyl iodide are

dissolved in 0.5 m of dichloronethane. The reactioh 1 APR 2007
mxture is stirred at anbient tenperature for 1 hour

45 mnutes, and then the sol¥%nt IS renoved in vacuo.
Purification by flash chronmatography over silica gel

from petrol eum ether/ethyl acetate 7/3 to ethyl
_Méé” : alH{Rimethylappeelethy it dtheorodioxibe [ 20ha giymealo[320c]-

Mel ting poj 12 mposition). IR (KBr) : vc_o

= 1697 cnf¢4}"%"§§%§8§%§?‘?8’ﬁ@9%3 [M+ 1] + 1 1 APR

2007 - 43 to B:

7,13-Din_ethyl [ 1, 4] benzodi oxi no[ 2, 3-aJpyrrol o 3, 4-cJcar
2395 4500 8f siheH comppundy oheExamplex e areddiprobtrdctini ¢ ml of N,N-
dinfPtAtineEn AL SRnd] ; e escribed in Step B . .
R S G N R S e B S U R
thestoopled amldonomceBralddANPEEreSidie obtained is washed, filtered and rinsed with

3- Ethyl - 7-met hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c]
me@’ﬁ?‘gé’fﬁqfs -%elé,g §(1%?ll,g’i§q‘%‘%qq’éﬁ’én& %\eAxpe&qumrqglsé toesdiselried- 2
yl)-4-(1-ethyl-I1Hir,dol-3
|)-1-,,,ethyl-1Hpyrrole-2,5- dione The expected
kk%nmﬁmmﬁSQQS%b&QCWQHOQmmbrding to the procedure
ribed in.S A of 10 anplke 8, starting fromthe
Ei@@%goﬁﬁﬂyb ﬂ££&2§3pﬂ Sf@b_ﬁg%#mEianple 6 and repl aci ng
Mabd\@ectih ¥4 [di ge with ethyl iodide. to B
13-EtTryl-7-metlryl [1, 4] benzodi oxi no[ 2, 3-aJpyrrol o[ 3, 4-
cJcar bazol e- 6,8(7H,13H)di one The expected product is
i , di n e proced described in Step B
EXAAPLEES FAEPD ORI AR SRS ROl Eabmtianie sisnsbwels-os-
in Step A @aps#)-d&sM/PLE 10 : Naphtho[2',3':5,6] [1,4]
di oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-5, 7-

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

dione

69.76 pmol of the compound obtained in Step A of Example 6, 111.62 pumol of sodium
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.

Melting point : 204°C (decomposition).
IR (KBr) : veeo = 1697 cm’".
Mass spectrum : 373 [M + 1]*.
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(6H, 16H)-dione to A: 3-(IHL,dol-3
yI)-4-napIrtho[2,3-bJ[1,4]dioxin-2y|-]prrrole-2,5-bqomPR 200
e The expected product is obtained according to the /
procedure described in Step A of 20 Exanple 5,
starting fromthe conmpounds Preparations B and F
Melting point : 261 C. IR ( ) : vc_o = 1759 cm
vNH=_3171, 3398 cms. 1 | APR 2007 -44 Mass spectrum :
Step di: ﬁ(ﬂ? _ptm]ethyl[llg]lgnzodwxm0[2 3-alpyrrolo[3,4-c]carbazole-6,8(7H,13H)-
Naphg; g %2 3':5,6][1, 4] di oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car ba
zol e- (6H,16FD- di one The expected product is
obt ai ned according to the procedure described in Step B
nple 6, starting fromthe conpound obtained in

The ﬁ@@{“amﬁﬁ&?}els ebtalget peqarding to the procedure described in Step B of
ExatplE |5“§51‘Pin§'ﬁ%ﬁ{? ¥lcbrhp F&ﬁf&ﬁ%ﬂ%@{ﬂ ﬁgﬁ\% gl Pyrrol o[ 3, 4-c
7H, 1 di one en :

| car bazol e-
3 (1, 4- Benzod|OX|n 2 yl)-4-(5 flnoro-]Hindol -3
Y= rroI 2, 5- dione 10 The expected
ﬂé?—%ﬁé&— %JSE'%(:'_I e Hg#&f’woﬂthqﬁ'@ Inetsadele3,4-c]carbazole-

descrlbed¢ggﬁ BAdghe Exanple 5, starting fromthe
conpound of reparatlon G Melting point : 229C IR
KBr) : vc=0 = 1698 cni ; VNH= 3380 cnmi. Mass spectrum

37
»:17 4 ‘?A 53"‘7“%%‘{”% [@ 2]( 6éff(kyéJﬂ%5(1dH6f-21)31~51$Hthl€Ha[reola2c5-
]canbaaple 6,8 (7H, 13H)-dione The expected product is
obt ai ned according to the procedure described in Step B
of Exanple 6, starting fromthe conpound obtained in

Thesgﬁ%ct%daﬁ%ﬁﬁct is obtained according to the procedure described in Step A of
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

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-1H-pyrrole-2,5-dione

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

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

Melting point : 261°C.
IR (KBr) : ve=o = 1759 cm™ ; vna= 3171, 3398 cm™
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Melting point :>355'C. 20 IR (KBr) : vC-o = 1699, 1753

cml ; vNH = 3339 cm. Mass spectrum: 375 [M+ 1]+. |
1 APR 2007 -45 EXAMPLE ]J A\PR 2007
12: 7-[ 2- (Di net hyl am no) et hyl ] - 10-f 1l uoro[ 1, 4] benzodi o

o[ 2,3-a]- pyrrolo[3,4-c]carbgzol e-6, 8(7H, 13H) - di one
The expected product is obtained according to the
procedure described in Exanple 7, starting fromthe
M ‘P> B¥airpl e 11. 5 Melting point : 337C
(deconposition). IR (KBr) : vc_o = 1701, 1755 em ; VNH
= 3447 cm . Mass spectrum: 432 [M+ 1]+. EXAMPLE 13
Step B FNuphtho[2',5e5 6yl [4]diétine [ Dd]9¥ios]B,2-FedrbRo14-9) 7043 16,
] carbazol e- 6,8(7H,13kb-dionéh?ooprA‘? a AR 1 15-
3- (144"8enzodi oxin-2 yl)-4-(6 fluoro-1Hindol -3
yl)-1-methyl -1 Hpyrrol e-2,5- dione The expected product
i s obtained according to the procedure described in

TheSegpectedoprodextaimpbletaimed sicesidinggtd K@mpidoed@ordeeeddon Step B of
214C. 15 TR (KBr) : vc_o

Pr rati.on H. [tin oi.nt, :
Exar @ggsﬁé‘m’g,ﬁ efo@sg‘ﬁ%c?ﬁt'ﬂlmed Webe Stepabeyaum : 377 [M +
1]1+. to B : )
11- Fl uoro-7-net hyl [ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o] 3, 4-c
EXAMPBEZ]| :cl0cFIBor¢-7Hndtbid[1 dilemeodiogine b alaarelo Biclcaitazole-

obt ai ned %ﬁgﬂg)ép the procedure described in Step B
of 20 Exgggﬁ 5. 51"t i ng from the conpound obt ai ned
in Step A above. Melting point : > 360C

Step A : 3-(1,4-Benzodioxin-2-yl)-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

Example 5, starting from the compound of Preparation G.

Melting point : 229°C.
IR (KBr) : ve=0 = 1698 em™ ; vay=13380 cm’".
Mass spectrum : 377 [M + 1]".

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.
IR (KBr) : veo = 1699, 1753 em™ ; vap = 3339 cm’’.
Mass spectrum : 375 [M + 1]".
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IR KBr : vC o = 1697, 1752 cm ; VNH = 3349 cm 1. WMass
spectrum : 375 [M+ 1]+ | 1 APR 2001 -46 EXAVPLE 14 :
7-[2-(Di met hyl am no) et hyl ] -11-fl uoro[ 1, 4] benzodi oxﬂnq)[gPR 2007
,3-a]- pyrrolo [3,4-c] Garb azol a-6,8 (7H 13H)-di on

The expected product is obt ned according to the

procedure described in Exarrp5 starting fromthe

conpound of Exanple 13. 5 Melti ng point : 301 C
E&é&ﬁh&d@si T 2oDimethylamino)ethyHel 0=ldqiol 4]bEB dionind][2;3-a]NH
3439 Cmplyrroll\)/ijé?-c]scg%&z%%%,éﬁﬁﬁ“ﬂd%n%] . BXAWPLE 15
10- Fl uor o[ 1, 4] benzodi oxi no[ 2, 3- a] pyrrol o[ 3, 4-c] car bazol

e-6,8- (7H_13H)-dione 10 to A : 3-(1, 4-Benzodi oxi n-2
Thgy P§pe4te@5prpd% ri%-9blaingsd atcoling Yo ity proceduse 2leseribed  in Expmple 7,

d according to the procedure
Sta@égcr%ﬁ@gﬁl&lﬁgé&p o&}p{i)ElEglzrrpl e 5, starting fromthe
conpound of Preparation |I. Melting point : 241C

Edecon‘posmlon) IR (KBr) : vc_o = 1693 cm-1 ; VNH =
Me oig 3347 €nfdecompasitiids spectrum: 363 [M+ 1]+ to B

IR (kP uSzroo[i?Ozl] l137e5n52%%| bxli”hofi 73>°n?aprrroI o[ 3, 4- cJcar bazol

Maes fpedfufi; A83HMei gfie  The expected product is obtai ned
according to the procedure described in Step B of
Exanple 6, starting fromthe conpound obt ai ned in Step

EX%E@QBEEB_%FFI@R&;E—%&@&?[%%}}%%Q&]E%QO{\% -aK]% 6&0& c]?a%fole-

[M + 1]+ 6I8(THAPRI2A0ie

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.
IR (KBr) : ve—o = 1693 cm™ ; vy = 3322 cm™.

Mass spectrum : 377 [M + 17"

Step B : 11-Fluoro-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

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

Melting point : > 360°C.
IR (KBr) : ve=o = 1697, 1752 cm™ ; vy = 3349 cm™.

Mass spectrum : 375 [M + 1]".
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-47 EXAMPLE 16:

11- Fl uoro[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol
e-6,8- (7H, 13H)-di one Skep-A : 3-(1, 4-Benzodi arin-2
yl)-4-(6 fuoro-1HiJ:dol-3 yI)-IFprrroIe-Z,S-dioﬂe1TnpR 2007
expected product is obtained according to the procedure
described in Step A of 5 Exanple 5, starting fromthe
conmpound of Preparation J. Melting point : 203C. JR
(KBr) : vG-o = 1697, 1762 cmi ; VNH= 3179, 3344 cni.

EXYRPLIDEE Dy Moyl Huorort diheazodioxipaiytals
e- 6, 8- ( 7H, pxdirdlofl, drfcarBizold6,sermestpdidweoduct s

obt ai ned according to the procedure described in Step B
of Exanple 6, starting fromthe conpound obtained in

: i: ot o .> 360C | R KBr . Op =
TSR hNG N0g: 7 PP BBl T .
staiftilg froin) the.cothpolmXPdandple 13.t ert - But yl
10- (benzyl oxy) - 7- met hyl - 6, 8- di oxo- 7, 8-di hydro[ 1, 4] benzo

ﬁ' jonal: L 314-c] car bazol e- 13( 6H) - car boxy! at
hﬁ%hﬁg¥%gA%9ﬁ?%&?ggﬁﬁ%?&%?[4-(1,4-benzodioxin-2

IR (KB 1 vart-hyT1032 1 B52eroX 0vids 53489 enydlr o- 1H pyrrol -3

| J- 5- (benzyl oxy) - 1H-i ndol e-| - car boxyl ate The expect ed

ME%%@@@EQBP§3%EW31 od according to the procedure
described in Step A of 20 Exanple 5, starting fromthe
conpound of Preparation K. Melting point : 93C IR

EXAMRPLE: 15v:cl OeFlaota]0.3]beiiz08ioxindBZ 3-alpitolo(3,4-c]chib £idR-8807
-48 Mass %9&&5&5&hbn§65’5 [M+ 1] +.

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

Melting point : 241°C (decomposition).

IR (KBr) : veeo = 1693 cm™ ; vy = 3177, 3335 cm’",
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.
IR (KBr) : ve=0 =1707 cm™ ; vy = 3258, 3379 cm™".

Mass spectrum : 361 [M + 1]".
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to B :
tert-ButyI10-(benzy|oxy)-7-nethy|-6,8-dioxo-7,8-diWydro
[ 1, 4] benzodi oxi no[ 2, 3- 1 APR 2007
aJpyrrol o[ 3, 4-cJear bazol e- 13(6H) - carboxylate 177.1 no
of the conmpound obtainedir1é?ep A above and 5.91 mmol
of doubl e-sublinmed 5 iodine dre dissolved in 500 m of
tol uene inside the cell of an irradiation apparatus.
EXANRLE 16 1 HdFhoreld .41benzedioxinn|2.351 pyrrob3,¢yc] esirbizole-6,8-
stirring, fion mxture is cooled and then
di I ut ed w@?ﬁlei’?éﬁ"’gﬁet ate. Washing with 80 m of 20 %
aqueous sodi um thi osul phate solution is carried out
until the organic phase is decol ourised. The aqueous
Stepidys3-({,€-Besgadieindyhiutt(6-fbtangi] Haindob 8ot il perrolead §-diawed
then the organi c phases are conbined and 10 directly
concentrated in vacuo. The procedure is repeated a
Thé expdvesd pwdutt fseebthined Rcadmg toTeRNBlocediSt Msdrhed SidMStep A of
amounts. The crude reactjon products of the three
EX?W”E)‘E gtifdas fiogt the sampaw efftepaseliasrlown sol i d obt ai ned
is washed, filtered and rinsed with nmethanol before
being dried in vacuo, allow ng the expected product to
Mebmgimpita83C.Mel t i ngpoi nt : 302C (deconposition). 15
IR 5 Ve mbST. V12 gt g S o ST
Nm&gmgmgﬁQXXG?]Maigw][1,4]benzodioxino[2,3-a]pyrro|o[3,4-
C]- carbazo E-G, (7H, 13H)-di one 44.4 pnol of the
conpound of Exanple 17 are dissol ved, under an inert
a re, .in 20 3.5 m_ of anhydrous di chl oronet hane.
Ste R A s 2oL S B S caspGx e (PG -dione
(89 nol) is then added dropwi se and with vigorous
stirring to the solution, which has been cooled to OC
TheTgepactedcpiognctnisxehiriged sicetrilingetd thie Pocédure deSeribiediineStep B of

hen.for 1 15 ni nutes, whi,| i ng al | oved
ol brSitghg o P ol B WAkerth oRGte o1 si o i

distilled water, the reaction mxture is diluted with
et hyl . 25 acetate, and the aqueous phase is extracted
Meltmepgint i 7860%t h et hyl acetate. The organic phases are

| ped _apgd evapaor at_e 0, fdryness. The residue
R EHIRL 06 'gﬂ\?/acérhe’dv,wfieidl? FEEo1™ APR 2007

Mass spectrum : 361 [M + 17"

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

Example 5, starting from the compound of Preparation K.

Melting point : 93°C.
IR (KBr) : ve-o = 1703, 1706, 1737, 1741 cm’'.
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-49 and rinsed with nethanol and is then dried in
vacuo, allow ng the expected product to be isolate

Mel ting point :>350-C. IR (KBr) : vc-o = 1691, 17492’ﬁ+1' APR 2007

; VOH,NH = 3345 cm'. 5 Mass spectrum 373 [M + 1] +.
EXAVMPLE 19 : 10-(Benzyl oxy) -.4-[ 2- (di met hyl am no) et hyl ]
[ 1, 4] benzodi oxi no[ 2, 3-a] - pyrrolo [3,4-c] .
car bazol e- 6 8&7H,13¢D-dione The expected product is
Masssnectan 1 4681 #idlto the procedure described in
Exanple 7, starting fromthe conmpound of Exanple 17.
10 Melting point : 254C (deconposition). IR (KBr) : vc
Step B-: ¥Ry tyLIb {beanploxy)\MNilethph 8,3-didito- 7, 8NBBRIr6 A G bérsBllioxino[2, 3-
520.5 [M+ 1 ]+. EXAMPLE 20 :
7- [ 24ppsratelhiickiarpta R0 5)-carbayrietsxy | 1, 4] benzodi oxi no|
2,3-a]- pyrrolo [3,4-c] carbazol e-6,8(7H, 13H) -di one 15
The expected product is obtained according to the
17t goetiof the desipputnbcbtainedEeSipp A ddye asd 8191 inngolf df@ivublegublimed

o RO e SIPhE oLy S BSuB%orvm So Sp bt At
. ‘ I M.+ 2 .. Lot - t

g 0t RSO i, ENRAG it g o
dilyech 70t ethiyhefcats- Aaskme ovith 304nk b&20BazohesttXodidm dhivhdphate

oS b s TSl ORI B oo s i
exthakled Bwifb ety oty -thide it6kR] 8nd 1i6Ar 1ROt AE phases are combined and
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).
IR (KBr) : ve=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
3.5ml of anhydrous dichloromethane. A 1M solution of boron tribromide in
dichloromethane (89 umol) 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
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
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5 The expected product is obtained according to the

procedure described in Step A of Exanple 5, startln

fromthe conpound of Preparation L. Melting point ? 1 APR 2007
88C. 1R (KBD : vc_o = 1703, 1737 cmi. WMass spectrum

565 [M+ 1]+. 10 to B : tert- ut yl

11- (benzyloxy) 7- net hyl - 6, 8- di oxo-7, 8-di hydro[ |, 4] benzo

i OXi no
ang]ﬂﬁ%dr Yﬂﬂé [nseﬂm@} ang isathen équs(n@mu@,aarlmw theeexpddter product to be
isofx@ected product is obtained according to the procedure
described in Step B of Exanple 17, starting fromthe
conpound obtained in Step A above. Melting point :

04C, S IRJGr o ve o = 1703, 1747 cmi. Mass spectrum
0%} +. EXANPLE 22
QI0X¥189pgyg%%hl ngen;gg]OX|no[2 3-a] pyrrol of 3, 4-

R arEazal o Nigiond ““rhe expect ed pr oduct
Mass spotramn&d34nveenifing to the procedure described in

Step B of 20 Exanple 18, starting fromthe conpound of

Exanple 21. Melting point : 360C. IRKBr : vc_ o =

EX].;rﬁs‘?i‘i'LElfsﬁ517 Eiﬁéﬁﬁ]y) 7-[?’%@%%@0)e@ﬁ%@i@%no[z 3-a]-

11- ( Benzy | pyayplo]3,f2] dantb azildrg SeTH N 3 okl ]

[ 1, 4] benzodi oxi no[ 2, 3-a] -

pyrrol o[ 3, 4-c] carbazol e- 6, 8(7H, 13H) -di one The expected
ThP'eR D dabit ﬁl [

e gsg?t?égeg d4 ngé& f:cl%di!thgg tBOthE I}?g%rdﬁﬁegééggbed in Ex]ample 7,
Hm@wgﬁﬁme&@ron®owmiongnmﬂemY 2620 (deconp03|t|on)

Melting point : 254°C (decomposition).
IR (KBr) : ve=0 = 1701, 1751 em™ ; vy = 3433 cm™.
Mass spectrum : 520.5 [M + 1]".

EXAMPLE 20 : 7-[2—(Dimethylamino)ethyl]-10-hydroxy[l,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 18,

starting from the compound of Example 19.

Melting point : > 360°C.
IR (KBr) : Ve—o = 1697 cm™ s Vou,ny = 3447 cm™.
Mass spectrum : 430 [M + 1]*.
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IR KBr : vc_o = 1701, 1750 cm1 ; VOH NH= 3432 cm 1.
Mass spectrum: 520.5 [M +1]'-. EXAMPLE 24;
7-[2- (Di met hyl am no) et hyl ] - 11- hydr oxy[ 1, 4] benzodi otir&[
2,3-a]- pyrrolo[3,4-c] carbazole-6,8(7H 13H)-dion 1 PR 2007
The expected product is obta ed accordlng to the
procedure described in Exanp# starting fromthe

ngound of mpl e 23. Nbltlng p0|nt . > 360C. IR KBr

NEPLE 21 wseBemUi (benayloxyhZ-1Bady1-6,8+ dioxdvESsdibpdut[1 4

133?Lgﬁilyﬁoxys ANy ol ok L amenartpe

[ 2, 3-a] pyrrol o] 3, 4-c] carbazol e- 13(6H) - carboxylate to A
: ert-ButyI 3-L4 (1, 4- beuzodi oxi u- 2
% Rert Buiyl (b fpensadiarin-2-vd)-1-5nathids2o5-gioso-2,5-dikydro-1H-
d|hy | L
A%£f¥@y(%§é?ﬁ??¥ '10k"%g?%8%tfate The expect ed

product |s obt ai ned accordlng to the procedure
descr n Step, A of 20 Exanple 5, starting fromthe
The, Spsst PEﬂduﬁir bﬁpg‘rfﬁrnieé)rﬁcmrdwe {9 Hy procedure degaribed Rn Step A of
ExdiRE Y, staiif Gromn the4bmpdiof 1. 1 -52- 1 APR 2007
dﬁ?s spgcltrgur%Tn mg Mooc gaz?t}:dHL p--B : tent-Butyl
10- (benzyl oxy) - 6, 8 dIOXO 7, 8- d|hydro[1 4]benzod|oxrno[2
3-aJ- tp)ég | o[ 3, 4-cJcar bazol e-13(6H) -carboxylate The

ME%%%@@P% yduct i s obtained according to the procedure

__Qgggrppg) 17035t 897 Bnof 5 Exanple 6, starting fromthe
conpound obtained in Step A above. Melting point : >

Maggmpeptrin®: K8F [M Wb 0 = 1719, 1731 cm ; VNH= 3198 cm 1.
Mass spectrum 549.5 [M+ |]+.

Step B : tert-Butyl 11-(benzyloxy)- 7-methyl-6,8-dioxo-7,8-dihydro[1,4]benzodioxino[2,3-
a/pyrrolo[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.
IR (KBr) : ve=o = 1703, 1747 cm’".
Mass spectrum : 463 [M-Boc + 1]".

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

Example 18, starting from the compound of Example 21.

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

Mass spectrum : 373 [M + 17",
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EXAVPLE 26

10- Hydr oxy[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4- c] car bazo

| e-6,8- 10 (7H, 13H)-di one The expected product i 1 APR 2007
obt ai ned according to the procedure described in

Exanple 8, starting fromt conpound of Exanple 25.
Melting point :>360'C. IRKBr = vc=o = 1712, 1750 cm1

7 VNH, OH = 3061, 3218, 3442 cnmi. 15 Mass spectrum : 359

[ M+ 1] +. EXAMPLE 27 tert-Butyl

N e T ey

A tert- Eib{;tlybloﬁ},{l4]((aibdzohﬁﬁl,BOZH,QXH}ldﬁ)ne
yl)-1-(tert-bzzt oxycar bonyl ) - 2, 5- di oxo- 2, 5-
di | zydro- 1 H pyrrol -
Y
Th%‘;%%%zégﬁﬁ%%%fﬁ%ﬂbﬁéﬁ%?%ﬁkﬁ I HEHEERIE Eiats ju it 7
startieg ¢ronbthd compStuehoErainplEXBNpl e 5, starting fromthe
conpound of Preparation N. Melting point : 81C. 1 | APR
2001 -53 IR (KBr) : vc=o0 = 1716, 1739, 1762 cm 1.
Me ofnt€ 2B 4(r Omggs;m;}l [MBoc + 1]+. to B : tert-Butyl
enzyl oxy) - 6, 8- dIOXO 7,8-dilrydro[ 1, 4]benzod|OX|no[
&Q&&)a&e_opvﬂ’v'@il 079) dmi Jeqnhazdd3-aB(.6H) - car boxyl ate 5
The exoec duct is obtained according to the
Ma %ggéi&f ‘in Step B of Exanple 6, starting
fromthe conmpound obtained in Step A above. Melting
point : 199C. IR (KBr) : vc=0 = 1731, 1761 cm-1 ; VNH=
EXAMBLE R4, 7-[2vRimeslnd aminnyethy§ 419 - by driviky] 1 4] benzo QiokddER B -
28 :

11 i—|ydr oxyP T ApLatisisarhazeleat-3(74L L3 Hioge of 3, 4- ¢ car bazo

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—o = 1686 cm™ ; Vo = 3405 cm™.
Mass spectrum : 430 [M + 1]".

EXAMPLE 25 : tert-Butyl 10-(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]-5-(benzyloxy)-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 M.

Melting point : 76°C.
IR (KBr) : ve—o = 1741, 1763, 1797 cm™.
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6, 8(7H, 13H) -di one The expected product is obtained
according to the procedure described in Exanple 8,

starting fromthe conmpound of Exanple 27. Melting point

. > 340C. 15 IR KBr : vo-o0 = 1711, 1745 cm 4 ; jo?,&bhzzogr
3054, 3197, 3427 cm 1. Nhss spectrun1: 359 [M + iif

EXAMPLE 29 : TUer

tert- Butyl6 met hyl -5, 7-di oxo- 6, 7- di hydronapht ho[ 2", 3" : 5
Mass;p Fﬂm] 551.5 [M-Boc + 17",

di oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- 16(5H) - car boxyl at
e Sten A: tert-Butyl
Step A Atert-Biutpy | 6-fhenayli) % £ dionchi 7, & attlydidp X PreRzodioxino[2,3-a)-
yl -2,5-di oxp0-2,5-dilrydro 20 | H pyrrol -3
yI ) - laEA-e/eprbaselsdR (A k- earkperlatgpect ed product i s
obt ai ned according to the procedure described in Step A
of Exanple 5, starting fromthe conpound of
ThPreepatalt pordud. islottaihBR 266 ding boA (e pidoBlr® QeBdribed 1198Siep B of
A = 1702, 1736 cm1l. Mass spectrum: B
EX%"RRI%CS‘ rtlpﬁ%ront gle gompound obtalned in Step A above. -
tert Butyl 6-u:etl:yl-5,7-di oxo-6,7-diliydronaphtl:o[2,3
:5,6J[1,4]dioxino[2,3- 5
__JﬂnapguﬁléfﬁMﬂCcharbazole 16(5H) - car boxyl ate The

cted_p u I s ebtai ned according to the procedure
EL@Q@Srlﬁéﬁ_ ﬁHE§Z%I%HOfVMEXé i @5, starting fromthe
MaSOIFREHRE - gmjglppﬁlrn Step A above. EXAMPLE 30

tort-Butyl
8- (benzyl oxy) - 4- ( 2- hydr oxyphenoxy) - 1, 3- di oxo- 2, 3-

SO R Tt r b (I R N

purifi catl(qum)td]gn@on'pound of Step B of Exanple 27.
Melting point : 198C

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 (KBI) : ve=0 = 1712, 1750 cm™ ; vnpon = 3061, 3218, 3442 cm’.
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(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]-6-(benzyloxy)-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 N.

Melting point : 81°C.
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IR (KBr) : vc_o = 1725, 1757 cm-1 ; von, NU= 3277 cm 1.
Mass spectrum: 551.5 [M+ 1]+. 15 EXAMPLE 31
tert-Butyl

9-(benzyloxy)-4-(2-hydroxyphenoxy)-2-nethyI-1,3-dioxdf1 APR 2007

2, 3-di hydropyrrolo [3, 4-c] c&abazole-G(lFb-carboxylate

In an irradiation apparatus,-177.1 gnol of the conpound

obtained in Step A of Exanple 17 are dissolved in 500
IR fKBgk: \toed Gdr&6,dd9+ WA &1 91 mmol of doubl e- subl i med

' r. [ duced.into the reaction m xture.
M52 Ehdlfiy ”gﬁlégaigpfﬁég ‘out at 500 Wfor 40 minutes. 20
The reaction mxture is subsequently diluted with ethyl
acetate and then washed with 80 m of 20 % aqueous

Stepdiii tent-Brtvb I henaviexpof, §dicon- Lidvdillydtdié 4piegamiiaxipb@sRaj-s
deco i T q ase | s extracted with
eth ﬁgéigﬁg%gcflal’%é‘é%fmﬁagﬁﬂx)f%fén t he organi c phases

are conbined and directly concentrated to dryness in

vacuo. The procedure is carried out a further three
The jexpected, Prosick anebisisd etccoydimép tire pemrurandmsertlsd Thstep B of

ExShed®. L Fielal f the.four procedures are
Xcoﬁ%ihe . The ré%f%ﬁgggﬁiéﬁ%g P%Sﬁﬁgﬁﬁﬁy&filtered and
1 1 APR 2001 -55 rinsed with nethanol and is then
&Liﬁﬁﬁﬁéftgg9%gurifiCation by flash chromat ography over
eding tg etrol eum ether/ethyl acetate : 4/6) allows
Hg?@@qe& ect eeh oy -1t g be,i ated. Melting point :
. P% KBr~ 7 3@{%5:%};@035%%9 1759 cmi ; VOH= 3425
Massspectriim Ma4%.5$peet f'um : 565.0 [M + 1] +. EXAMPLE 32

9- Hydr oxy- 4- ( 2- hydr oxyphenoxy) - 2- et hyl pyrrol o[ 3, 4-c] ca
rbazol e- 1, 3(2F7, 6H)-di one The expected product is

XA P " j | 8

D oy R, MRS A6 Bk T3 Mgt
poi nt : 278 7HIBdriosetion). IR (KBr) : vc=o = 1698,
1757 cm ; VOH NH = 3366 cni''.

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

starting from the compound of Example 27.

Melting point : > 340°C.
IR (KBr) : ve=0 = 1711, 1745 cm™ ; vopnn = 3054, 3197, 3427 cm’".
Mass spectrum : 359 [M + 17"

EXAMPLE 29 : tert—Buty16—methyl-5,7-di0xo-6,7—dihydr0naphth0[2',3':5,6][1,4]

dioxino[2,3-a]pyrrolo[3,4-c]carbazole-1 6(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-
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.
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Mass spectrum: 375 [M+ if. EXAMPLE 33 : tert-Butyl

BSS L “1, 3-di ox0- 2, 3-
4- (2- hydr oxyphenoxy) - 2- et hyl - 1, 3- di oxo & 114PR 2007

di hydropyrrolo [3, 4-c] earbazole-6(1 H)-carb oxyl at

To a solution of 740.2 pnol of the conpound of
Preparation Ain 12.5 m of 1, 4-dioxane there are
added 616.9 pnol of the conpound of Preparation E, 61.7

of copper iodide and 61.7 gnol of
@Ms(?g (Ghenyl phosphi ne) pal | adi um The reacti on
IR e |5 %azar% &F] 100C, under an inert atnosphere,
‘%‘%ﬁ “fours “The solution is then filtered to renove
Mabiecti@fimnany fMdBodqoal {*fadi um and the filtrate is

evaporated to dryness. Purifi cati on by flash 20
chr omat ogr aphy over silica gel (petroleum ether/ethyl

Stef gL BhEman RS Riakh% A BB RS 61 A exinep -
. VCa OT-c]chkBioledilGsTHE-CutboicvidRH= 3432 cm -1. Mass
sp\éct]%’:ho ﬁﬁsgjc[ +0f] ﬁ. Ffmi K R 2007 -56 EXAMPLE 34
tert-Buty

4- hen - - dj ox :
The R op@%“f* Spiphed SR b O Moot dpeSigg of
Exandebtarting ﬁbmltﬁac&apgmﬂ oldinédhe Stgnpavbeek. of Exanpl e 33
in 5 mM of acetone there are added 458.05 gnol of dry
pot assi um car bonate and 763. 41 gnol of nethyl iodide. ;
eqeitl t e
R b e el M B R S T R T
vacuo, andith(tIOpy)tﬂoth,éeh]caas*.uadmle—6(b‘1)ﬁmbemlylafe| | tered
and rinsed with nethanol before being dried in vacua,
all owi ng the expected product to be isolated. Melting
TheP&ipbéted pﬁ)dﬁ&ag:obiaﬁlelﬂaﬁ the ¥&irse of ﬁxmﬁatléﬂgfqth‘é Fompothtd of Step B
Mass spectrum: 473.5 [M + 1] +.
OfFA‘-a{nP -hoxyphenoxy) - 2- et hyl pyrrol o[ 3, 4- cI car bazol e- 1,
3(2H, 6H) -

Melting point : 198°C.
IR (KBr) : ve—o = 1725, 1757 em™ ; vopunu= 3277 cm’™.
Mass spectrum : 551.5 [M + 1]".

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.
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

products of the four procedures are combined. The residue obtained is washed, filtered and
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di one 84.6 gnol of the conpound of Exanple 34 are
dissolved in 2 m of trifluoroacetic acid and theq,gthR
reaction mxture is stirred at anmbient tenperature for 2007
3 hours. The acid is renoved 15 in vacua, and the
residue is then washed, filtered and rinsed with
nmet hanol before being dried-i'n vacua, allow ng the

. expected product to be isolated. Melting point : 228C

ringerh with methpaolyand isethen eya®satedhi Purificatierl by f3g thro8uttGraphy over

o ey + 11+. 20 MPLE 36
s e RGP B B e PR 0 B solpted

3(2H, 6H) - dione 261.7 gnol of the conpound of Exanple

ﬁB are dissolved in 7 nl of formc acid; the reaction
Me ‘1é0%hen stirred at anbient tenperature for 18

s,,_ The i vad in cua;and the residue is

Ei@%%%'Kﬁ?ﬁéaﬁﬁ#??%ggzgygﬁd’FP%&%%?%&WH1 net hanol before
Mabedpagnh i: 665.0 281 + m'vacua, all owi ng the expected product

to be isolated. 1 APR 2007 -57 Melting point : 258C.
IR KBr : vc_o = 1695, 1757 cm 1l ; VOH, NH= 3243, 3525

EXAM %@ E§ 3:2?.?)3-1_1?78Fo%(tyr-éy-@-hyg’l%?(ykMn%x%-i-‘m%%%n%lg[gﬁ:-c]carbazole—

2- met hyl - 11, 3286Hpdibne2- {[ (tri fl uoronet hyl ) sul phonyl ] ox
y} 5
phenoxy) - 2, 3- di hydr opyrrol o[ 3, 4-c] car bazol e-6(I H) - car bo
The‘dlpatied proftetds BBlaid dc ( Sarti
dié@%lvgd, under an anﬁ%gﬁ%gg a ﬁ%%%ﬁé?@?kﬁﬂﬁ%1§1§%anﬁ°m
the deppalindif dixemptene. The tenperature of the solution is
| onered to OC and then 161.5 gnol of triethylam ne and
161.5 pnol of triflic anhydride are successively added
Meﬁﬁlg@wrﬁezypd(ﬁ&({nﬁ%m&;} m xture, which is stirred for
| hour 20 mnutes 10 from OC to anbi ent tenperature.
IR (KBrét vivgdt B99s1 25 Awint h; ehinsiui=l 3366 omst er, the reaction

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

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 pmol of the compound of Preparation E, 61.7 pmol of copper iodide
and 61.7 pmol 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
chromatography over silica gel (petroleum ether/ethyl acetate : 7/3) allows the expected
product to be obtained.

Melting point : 182°C (decomposition).
IR (KBI) : ve=o = 1697, 1730, 1757 em™ ; vop= 3432 cm”™.
Mass spectrum : 459 [M + 17"
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m xture is diluted wth dichloronmethane and then the
aqueous phase is extracted three tinmes with the sane

sol vent. The organi c phases are conbined, dried 0Veﬁ 1 APR 2007

magnesi um sul phate, filtered and concentrat ed.
Purification by chronatogrQ§?x over silica gel
(petrol eum et her/ et hyl acet 7/3) allows the

ex ected product to_ be |solated. 15 Melting point :
: tragrButyl drg2-gnethaxyphengxy32-methyd 1 ghdioxoRids s

spectrum E

2-1 ( 2- Met E@ﬁ}y‘g%ya’f‘%% T ?Eg"'?%{l%cacﬂb% i1 o[ 3, 4- ¢]

car bazol - 4 yl ) oxy] phenyl trifluoroneth anesul pho n ate

20 Under i nert_ atnosphere, 67.7 mpl of the conpound
To BPOIEQ%ﬁf 9 el o B8 GPpeeMIot Fxample,d3 & 3l of agptone there are
ddgf "Brffbot Ecdt '
ol TSR OYL00 TR e BERRRTER, o 1, TR oG e T
rea(ﬂfondmymire udﬂhdamdc:h Irdﬂmﬁmdastdreﬂ]foﬂZ howks 26fmi31u&s The solvent is then

abi c 5.4.0 c-7-ene. After stirring at
romPuRT 1 WSO RRLFRG e 1 WAt ORGP0 BT v sdhancl
bef@ detrerr il WRLAbS AloWRL dR éxﬁeétmoaﬁmys&so?%' fication
by 257 chromat ography over silica gel (petroleum
ether/ethyl acetate : 6/4) allows the expected product

fo be. |sg%§%%g 1 APR 2007 -58 Melting point : 214C.
Meliae oty = 1700- 1708, 1757 cm1 ; VNH= 3430

IR ®Br}: vc_léfééﬁcgpeméﬂm 491 [M + 1]+. EXAWPLE 39 :
tert-Butyl
Mags sphetruny | 433/ IM-*( B} hydr oxyphenoxy) - 2- net hyl - 1, 3- di oxo-
5 2, 3-di hydropyrrol o[ 3, 4-c] car bazol e- 6( 1H) - car boxyl at e
The expected product is obtained in the course of
EXAMPLEGS!: |40(Q-Mfetﬂdi@1éﬁéﬂ'@@)l-|2%&i1y$yﬁﬁblﬂ3 Q¢ chtagtlea , ¥ 2H, 6 H)-

Mel't1 ng poi nt
dione

84.6 umol 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
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=o = 1698, 1753 cm’™ ; vap= 3341, 3643 cm’.
Mass spectrum : 373 [M + 1]".

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

dione

261.7 umol 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

in vacuo, allowing the expected product to be isolated.
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IR KBr : vc-o0 = 1701, 1734 cm -1 ; voH= 3425 curl. 10

Mass spectrum: 565 [M+ 1]+ EXAMPLE 40 : tert-Butyly ppp 2007

8- (benzyl oxy) - 2- net hyl - 1, 3- di oxo- 4- (2-{
[(trifluoronethyl)

sulphonyl]oxy}phenoxy)-2,3-g' ydr opyrrol o[ 3, 4-c] car bazo
| e-6(1H) - carboxyl ate The e cted product is obtained
according to the procedure of Exanple 37, starting from
15 the conpound of Exanple 39. Melting point : 186C IR

c 1703, 1714, 1724 cm . Mass spectrum: 697
‘%vrg;p—rw e poidt BT O e 4T

B_@Mdr\@‘d/“4692'1n§ﬁbm55¥96§ﬂ}@(3’2432 3524 ' pyrrol o[ 3, 4-c] ca
rbazol e- 3(2H, 6H) - di one The expected product is
&NHT b to the procedure of Exanple 18,
starting fron1 t he conpound of Exanple 39. Melting
point : 200C. IR KBr : vc=0 = 1691 cm 1 ; voH NH = 3399
EXMPLE 37 ﬂ:eﬁd?ﬂu@@@;hnethﬁm,h’aﬁs:cmng[(&ﬁﬁﬁbf&ﬂe’iﬁm&hﬂmnyu oxy}
EXAMPLE 42 : tert-But
12- (benz hyEFF%ﬂ%&ﬂﬁﬂlgﬁiwyﬂ&l(@drﬁmbﬁ,ztﬂe-@i(mcmpﬁxﬁ}lte
benzodi oxi no[ 2, 3-a] pyrrol of 3, 4-c] car bazol e- 13(6H) - car bo
xylate to A: tert-Butyl
12473 (ieh zdty (ﬂhl‘é/ |coxippuidd [ef- Ekprhplee330die0XisdolZed, under an anhydrous

5-di hyd |
et e e e BH b s v
0°® Qi‘h@' ihedl ?63105%1@1'01" Obft QictganRheC url@l ggﬁ‘&g 91? i %h%n@e are

of Exanple 5, startingfromt
sucpysiyalyaaddesh dl@PWWI to Ithq}ep@lontmlxtuta&@n(:ld ectned $ort I lwouy 20 minutes

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.

Melting point : 182°C.
IR (KBr) : ve—o = 1710, 1737, 1766 cm’.

Mass spectrum : 591 [M + 17"

EXAMPLE 38 : 2-[(2-Methyl-1,3-dioxo-1,2,3,6-tetrahydropyrrolo[3,4-c]carbazol-

4-yl)oxy]phenyl trifluoromethanesulphonate

Under an inert atmosphere, 67.7 pmol of the compound of Example 37 are dissolved in
I'ml of distilled dimethylformamide in the presence of 6.8 umol of bis(triphenyl-
phosphine)palladium chloride, 203.1 pmol of dry lithium chloride and 81.2 pmol 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
chromatography over silica gel (petroleum ether/ethyl acetate : 6/4) allows the expected

product to be isolated.
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IR KBr : vc_o = 1707, 1753 cm1l. 10 Mass spectrum:
641,5 [M+ 1]+. to B : tert-Butyl
12- (benzhydryl oxy) - 7- net hyl - 6, 8- di oxo- 7, 8-di | : ydro[4,:4
bengo_ ydryl oxy) y ydrol.g ]APR 2007
di oxi no[ 2, 3-aJpyrrol o] 3, 4- cJgar bazol e- | 3(6H) - car boxyl at
e The expected product is tai ned according to the
procedure described in Step B of Exanple 17, starting
fromthe conpound of Step A above. 15 PHARVACOLOQ CAL
] P 2PRPOUNDS OF THE | NVENTI ON EXAMPLE 43 @ In
M"@%EM% vity L1210 nurine | eukaenm a L1210 nuri ne
IR (IEBRaepip= W2E0- U] 17357 atht 1@ u=Bagoegl s are cultured in
RPM 1640 conpl ete culture medium containing 10 %
arPl Bdriub- 2nM gl utamine, 50 units/m of 20
penicillin, 50 g/nil of streptonycin and 10nM Hepes, pH
= 7.4. The cells are distributed on microplates and are
EXeXVIBEEBY: :tef tiBu g 8 J 2 oXyPhetto - -
periods, or 1 13,{;;{{)2007 xtwgvg( 4 ou}?gl Tﬁg&gﬁbﬂﬂrll%dmxo
viabl e cel2-3dikydrapyr rql%fhﬂﬁqaéhawe-é(ldﬁmrbweﬂatﬁc
assay, the Mcroculture Tet razol i um Assay (J.
Carm chael et al., Cancer Res.; 47, 939-942 (1987)).
TheTtrperted prddichiseobeaiprdeinsthel cagsd hﬁpxhﬁﬁﬁtloﬁ Bethe compound of Step B
of 7&3&5 éjfatlon of cytotoxic agent which inhibits the
%ti-cells by 50 % Al the compounds of the
Meltﬁ}égﬂﬂtomgpa@i bit good cytotoxicity 5 with respect to
I's cell line. By way of exanple, the conmpound of
_@ﬁpk&oﬁ)l’mﬂslm crth C5@ef34050#4. M wi th respect to
L1210 Hugggg\% +l'ines The conpounds of the invention
d ]on human cell lines originating from
solid tunours, in accordance with the sane test
prot ocol as that described for L1210 10 nuri ne

EXAMRBE #0z tbxttBwiiyl &-(bmhay)—bnnq:thyl nasimfo-m-(mummmha&dlyl)
of 2 days | lustration, the conpound
Beampl o 28 RoRSoRasher L8 g dran IS et er el AL

carboxylate

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

the compound of Example 39.

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

Mass spectrum : 697 [M + 11"

EXAMPLE 41 : 8-Hydroxy-4-(2-hydroxyphenoxy)-2-methylpyrrolo[3,4-c]carbazole-
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—p = 1691 cm’ ; Vounn = 3399 em™.
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prostate carci noma and of the order of from 10 to 200nM
Wth respect to human lines originating from A549
non-snal I -cell |ung carcinoma, HT-29 col on carcinona { 1 APR 2007
and KB-3-1 epidernoid carcinoma. 15 EXAVPLE 44 :
Action on the cell cycle L12 cells are incubated for
21 hours at 37C in the presenice of various
concentrations of . test conmpounds. The cells are then
Mass spegtpip “AT5dM YY) et hanol, washed twice in PBS and
i ncubated for 30 mnutes at 20C in PBS that contains
100 g/ of RNAse and 50 g/m of propidiumiodide. The
EXAMPI 421 eere Butdd3qUendhydeyloky)of-nieey1ms- aﬁﬁb@%dﬂf dr b 4]-
cells that 20 accunul ate in the GQ+M phase after {
hours, conpeitzedioxingi2.8tidpyisalolbei-cjeashazode-13(88)parboxyhate
conpounds of the invention are especially interesting,
at a concentration of |less than 2.5M causing
Stepet utent-Buiyd ﬁ-(bxfnzbjzdrivb&ﬁ)—3-71ﬂ(})/d-<bﬁnzb%dx$n-lzljzl)tb-ﬁze%‘ﬂyl 5-dzoxo-
phass d%* }Ihours APR 2007 -61 EXAMPLE 4
Vi vo2dt rf’yl “RHTok3 MW@F"&’@(%‘%CFVO&WIP 388 | eukaem a
Li ne P388 (nurine | eukaenm a) was supplied by the
Nati onal Cancer Institute (Frederick, USA). The tunour
The ekpert¢d @ dvel isspbinined dcnardirigatoetheopradedure desdrivetihi@ Step A of

oneal aV| | e B6D2F1 mce (Iffa Credo,

Ex%nlﬁ§EQm%§g CQEWGWV%ﬂﬂﬁF%ﬁWTgl 0 20 g were used in

Meaggi_pcﬁﬁstmgcr@(&cor}ﬁﬁ&lm ducts were adm nistered by the
i ntraperitoneal route on day 1. The anti-tunour

IR geBilviveso T $7@kp78semd. as % T/ C : Medi an survival tine
f the tr s TIC (nmouse) = x 100 Medi an
hk%%gggggp ??LS?%fDJﬂE control animals The results

obt ai ned show excellent in vivo activity in the P 388
| eukaemi a nodel, with a 10 T/C of 210 % for a dose of

Step B ‘tgrieBptybl 2othgnaliydtyloxovs e xihpl-6,§-dibxa- R 8-dikondpaiiwibenzo-
i ndi (fi%nﬁﬂz 3- gj}yyrro?o%' -c?carzgzeogea-lyﬁgy)-car&xyeit(zte

The expected product is obtained according to the procedure described in Step B of
Example 17, starting from the compound of Step A above.

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
penicillin, 50 ug/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
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EXAMPLE 46 : Pharnmaceutical conposition : injectable

sol ution Conpound of Exanple 20 11 APR 2007

............................................ 25 m 1 I
APR 2007 -62 -CLAIM 1. Compounds of fornula (1) O
48 hgugs. 11he (l]ll}’lbel‘ Qf wiabje Qelﬁzlsa@eg quRatifigd bai & cogm,gpetnc assay, the

MidrOGRE et A Ruh N ssh PQ;hn?ﬁc% e?‘(& .""&h&!&E ?te%' bosdess (19s7).
1repr esents a Br ouspS %g or rru?zg1 a ’ ’%’ \/\?%2 ( )
Thel 28ults2arblexpibsded as(thy) 1{h,) the cahaneation of cytotoxic agent which inhibits
the treated cells by 50 %. All the compounds of the invention exhibit good cytotoxicity

with respect to this cell line. By way of example, the compound of Example 20 has an

IC50 of 0.074 uM 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
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.

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
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.
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4- W, together with the carbon atons to which it is

bonded, represents a phenyl group or 1o a pyridyl ] 1 APR 2007
group, I 1 APR 2007 -63 Z represents a group sel ected

from hydrogen and hal ogen atons and the groups |inear

or branched (G -Co6)al kyl, nlé cyano, hydroxy, |inear

or branched (G -C6)al koxy éryl aryl-(Cl-C6)al kyl (in

ich the alkyl noiety is linear or branched), aryloxy

E&—é@)ﬂé(@”%?‘é!‘w&y (in which the al koxy noiety is

i near or 5 branched) and NRS5R6 wherein R5 and R6,

which are identical or different, each independently
AngGftutiner attivety ondp3 &lenkaensiagr oup sel ected from a

hydrogen atom and a |inear or branched (G -C6)al kyl

group, R4 represents a group selected froma hydrogen
Lin@t ! i

o o ar o PR RO L AREREH Con it Bpgericr
USiA3. Therfempuneells {00°rels) ohee )nooulatd gnaiap 0-0 Ghe ﬂﬁt&neal cavity of

R5r nt up selec dfromthe gr oups
femA ATl 87 R0 o oSS ME P g feom 16 fo 20 £ werd ised
in @Eh/{esl(ﬁbuﬁ)lﬂﬂﬁéﬂuc{s'v%r@'ﬁ&rﬁhn&&%d @Sf k¥ in Eeﬁéh‘?%bé | Dul 'o@xetﬁgfl

or branched), Y represents a group se Friom an
oxygen atom and a net hyl ene group, R2 represents a
at.om and, in 15 R3 represents a
Théﬁ%q{&gl%ﬂf {méf % e’gjresge(%?gd{ c;g A atom and t he gr oups
Ilnear or bMedehedrviydits) bihleyteatedragimals

% B/ mqusg): tyl1GG |inear
or br ancheggiedléﬂéu@mlﬁ@ie ofghe pontggl@nimgals or m a bond,

Rl represents a group selected froma hydrogen at om and
the groups linear or branched 20 (G -C6)alkyl, aryl

TheAReu1Br otaih&d sHe®) é‘)lcléMént Gh r\‘/n}MHcﬁOlt}; hemapars lggﬁa%}n\fa h%del with a

linear or branched) or a linear or branch
T/ 21665 &rieydasnef 8hmgrkes alosg iwtititlew thyicioyef the compeunds, indicating

a di fferent groups selected from-OR'S and
anexﬁé&gkﬁﬁrwlﬁ 5 and R'6 are

EXAMPLE 46 : Pharmaceutical composition : injectable solution

Compound of EXample 20 ......cccoovouiiiuioriuiiieeeeeeeee e, 10 mg

Distilled water for injectable preparations..............cocveveeoevvviovenenn. 25 ml



as defined for R5 and R6 defined hereinbefore, Z, and
Z2, each represent a hydrogen atomor 25 Z1 and Z2,
together with the carbon atons carryi ng them forn1a1 1 APR 2007
phenyl group, 1 1 APR 2007 -64 with the proviso that, "’
when Z represents a hydrogen.atom R, is other than a
hydrogen atom their enantidners, diastereoisoners,
N-oxi de, and addition salts thereof with a
pharmaceutically acceptable acid or base, 5 wherein
"aryl" is to be understoo ani ng a phenyl,
napht hyl , dihydronaphthylgggggggahydronaphthyl, i ndenyl
or indanyl group, each of those groups being optionally
substituted by one or nore identical or different
groups selected from hal ogen, linear or branched

( -g@%ﬂ ' r or branched (C, -C6)tri hal oal kyl,

1 H%ﬁ? xy,LF?%gg?hb branched (Cl-C6)al koxy, and am no
optionally substithited by one or two Iinear or branched
10 (Cl-C6)al kyl grbups. 2. Conpounds of forrmula (I)
according to ' paracterised in that they
repr esent formula (IA) : RRE O NO Z W
(1A, NR4 O %I

@,
Y A
A
R
>0 z,
\
R,
wherein :
5 ¢ A, together with the carbon atoms to which it is bonded, represents a group of
formula (a) or (b) :
Z
w 1 ’ 0
1
1 ¥
R
4 R,
a
® (b),
wherein :

< Wi, together with the carbon atoms to which it is bonded, represents a phenyl group or
10 a pyridyl group,
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25

wherein Rl, R4, W, Z, ZI and Z2 are as defined for
formula (1), their enantioners, 15 diastereoisoners

N-oxi de, and addition salts thereof with a 11 APR 2007

pharmaceutical Iy acceptable acid or base. 3. Conpounds

of formula (1) according to gither claim1l or claim 2,
characterised in that they Tepresent conpounds of

forpula (1B) : 1 1 APR 2007 -65 Rl ONO Z (E3), 00

NP R TPESENTS 2B pelegiedRironRhydrggenzandahajogen alpms asd the groups

def i; I heji.r e i 0 .
d ie ag ? %? eglio ;bgérlgrhgaj ﬁlg(i:(‘i))%ue(?l’ aljﬁl{ O’ag glglidl oﬁ‘}?éréﬂ’s lipgax @, fbranched
wi t (CaCphlkoxmpcayt,i agl-(G)-@gakplt gih| ®hicacihé ﬁkylbﬁll‘é)ﬁa_ty 5?[ 4inear or
f f I ing to either claim1 or
ORASERLoL Sbld SHE) Do ot s i
conpRHARd) ahd PR BhdbiD R: afi Rﬁ,'\lNBChchré L &ehntical or different, each

independently of the other represents a group selected from a hydrogen atom and a

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

R4 represents a group selected from a hydrogen atom and the groups linear or branched
(Ci-Ce)alkyl, aryl and aryl-(C;-Ce)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,-Cg)alkyl, aryl and aryl-(C,-Cg)alkyl (in which the alkyl

moiety is linear or branched),

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

R, represents a hydrogen atom and, in that case:
R; represents a group selected from a hydrogen atom and the groups linear or branched

(Ci-Ce)alkyl, aryl, aryl-(C;-Cg)alkyl (in which the alkyl moiety is linear or branched)
and SO,CF3,

or R, and R3 form a bond,

R; represents a group selected from a hydrogen atom and the groups linear or branched
(Ci-Cﬁ)alkyl, aryl and aryl-(C;-Cg)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"s wherein R"s and R"s are
as defined for Rs and R¢ defined hereinbefore,

Z,; and Z,, each represent a hydrogen atom or

2., and Z,, together with the carbon atoms carrying them, form a phenyl group,
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15

NNRO 4 7 z2 wherein R, R4i Z, Z1 and Z2 are as

defined for fornula (1), their enantioners, 11 APR 2007

di astereoi soners, N-oxide, and addition salts thereof
with a pharmaceutically acceptable 10 acid or base. 1
1 APR 2007 -66 5. Con'pounq§40_f formula (1) according
to claiml, characterised in that they represent
.compounds of formula (ID : R ON ZO(ID, W Oz
withythe; prpvige thatg Whss e sprerents Rahydrggenygtomy Ry s o trn ahgdrogen
ato]gs defined for formula (I), their enantioners, 5
i ast ereoi soners, N-oxide, and addition salts thereof
with a pharmaceutically acceptable acid or base. 6.
Conmpounds of formula (1) according to_either claim1 or
theig) SPAAUSMEE, A HEERIOBHT n N LS Ry HGhPRsEls thereof with a

phafRIRAHEAS, REetOHiE of hEE,

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

(C1-Cg)alkyl groups.

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

compounds of formula (IA) :

(1A),

wherein Ry, Ry, Wi, 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.

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

they represent compounds of formula (IB) :



ONO Z (IE), NR4 O: z2 R3 10 wherein R, R3, R4,

Z, Z, and Z2 are as defined for fornmula (I), their

enanti omers, diastereoisoners, N oxide, and additior]'{ APR 2007
salts thereof with a pharnmaceutically acceptable acid ’
or base. 7. Conpounds of forymula (I) according to

either claiml or claimb5, characterised in that they

represent conpounds of formula (IF) : 1 1 APR 2007 -67

RL ONO Z (IF), Z, N O\ 4\ / : R3 wherein

R, R3, R4, Z, Z1 and @2 arg as defined for fornula

(1), their enantioners, ydi ast ereoi soners, N oxide, and
addition salts thereof wijth g @rmaceutical ly

accept abl e , acka=wr base

(IB),

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

they represent compounds of formula (IC) :

(10,

wherein Ry, Ry, 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.
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5 8. Conpounds of fornmula (1) according to either claim
1 or claimb5, characterised in that they represent
compounds of formula (1G : O/' N Z OO W (19, 1N APR 2007
OR4A OZI z2 wherein RL, R4, W, Z, Z1 and Z2 are as
defined for formula (1), the(iﬁsr enanti oners,
di ast ereoi somers, N oxide, and addition salts thereof
w_th a pharnmaceutically acceptable 10 acid or base. 9.
5. CoripBeds obfompmilaccordingclootiaiing, cloradterised i ek thel wpresent

claj 9fh[§ ised in that they represent
coogh‘pﬂc;gﬁlﬁgss 0 f‘?@?ﬁ@% (IH 11 APR 2007 -68 O/R N O
O R4 OZ z2 wherein RR;, R4, Z, Z1 and Z2 are as

defined for formuha (I [ their enanti oners,
[ and addition salts thereof

with a ph%r maceuti c xecept abl e (D),
w 0 z,
N
L

wherein R;, R3, 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

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) :

/Rl
Ox N
O
Z (IE),
[ 0 z,
1
R 4 O\ ZZ
R

wherein Ry, R3, Ry, Z, Z; and Z, are as defined for formula (D), 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) :



acid or base. 5 10. Conpounds of forrmula (1) according
to either claim1 or claim8, characterised in that
they represent conpounds of formula (1J) : O/1 C&ﬁk 2007
NO R4 OZ Z2 wherein RI, R4, Z, Z and Z2 are asl
defined for formula (1), theLy enantioners,

di ast ereoi somers, N oxide, and addition salts thereof
with a pharmaceutically acceptable 10 acid or base. 1
1 APR 2007 -69 11. Conpg¢unds of formula (1) according
i 0% 10, characterised in that Z
represents a hydrogeng—atem hal ogen atom or hydroxy
group, their enantioners, —dihstereoi soners, N-oxide,

and addgti e0f with a pharnaceuticaﬁt
accept able 2 Cbnpounds of fo la (I)
accordi ng\{o a ; Q ~1 characteri sed
in that S T h the atoms to which it
i's bonded, repre nts a group ormula : Z Z or cc

1-1 their enantignrers, diasp
addition salts t reof witha

3

reo 3 N- oxi de, and

wherein Ry, R3, Ry, Z, Z; and Z, are as defined for formula (D), their enantiomers,

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

acid or base.

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

they represent compounds of formula (IG) :

(16,

wherein Ry, 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

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 pharnmaceutically acceptable acid or base. 13.
Conpounds of fornula (1) according to any one of clains
| to 12, characterised in that R3 represents a 11 APR 2007
hydrogen atom or a linear or branched (G -C6)al kyl
group, their enantioners, _\cgg[aster eoi sonmers, N oxide,
and addition salts thereof h a pharnmaceutically
acceptabl e acid or base. 15 14. Conpounds of formula
(1) according to any one © claifs | to 13,
characterised in that R Xeprgsents a hydrogen atom a
i near or branched (Cl -C6) group or a linear or

3y i tuted by one or

gr oups sel ected from

nore identica

-NR5R6 wher é as defined forllernul a
(), their 1 er eoi soners, N-oxide, and
addition salts there i ) phar maceutically
acceptable acid or b .15 pounds of formula (1)

0 14, characterised
hjen atons, their
Mi de, and addition

according to any one cl

in that Z, and Z2 represent

enanti omers, diastereoi soners

salts thereof with a pharnmaceutiNeal | yzaccept abl e aci d

or base. | | APR 2007 -70 16. npounas of formula (1)

according to claim1, which areZ4, 7-nethyl]

|, 4] benzodi oxi no[ 2, 3-a] pyrrol of 3, 4-c] car bazol e- 6, 8-di on

e,

10-f Luor.p-7- hyl 4] benzodi oxi ng[ 2, 3-a rrolo[3,4-c
WhTrglgr lggz dﬁe_%,ng] defL (192’2 ]are ag gelzf?nxeld o[r fonnulap ), their[ enantiomers,
diagdrebisSaER; K-oBidYank laadiiRa NG X dTak #h %’;ﬁ)laﬂﬂﬁg QIS &«

_écarbazole-6,8-dione, 5 By dbebpiable
aciqof Bas¢.di met hyl ami no) et hyl ] - 10-f | uor o[ 1, 4] benzodi oxi no[ 2
, 3-a] pyrrol o[ 3,4-c]- carbazol e-6, 8-di one,
10- hydr oxy[ 1, 4] benzodi oxi no[ 2, 3- a] pyrrol of 3, 4- c] car bazo
5 10.| Gorhpdmds @Ndrmula (1) according to either claim 1 or claim 8, characterised in that
11-hydroxy[1,4]benzod|OX|no}2,3-a]pyrro|o[3,4-c]carbazo

|the)6r,egte§(pr5 ﬁglppounds of formula (1))

7-[2-(di met hyl am no) et hyl ][ 1, 4] bgnzodi oxi no[ 2, 3-a] pyrro

| o[ 3, 4-c] car bazol e- 6, 8- 1€.di ong,'

N

a1,

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.
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11.

12.

13.

14.

15.

[ 2- (di et hyl am no) et hyl ] -10-hydroxy[ 1, 4] benzodi oxi .
, 3-a] pyrrol o[ 3,4-c]- carbazol e-6, 8-di one, T '{ APR 2007
[ 2- (di met hyl am no) et hyl ] -1
| rydroxy[ 1, 4] benzodi oxi no[ 2, 3-a] pyrrol o[ 3, 4-c] -
ar bazol e- 6, 8-di one, 15 _f0.
7 [ 2- (di met hyl am no) et hyl ] [ f 4] benzodi oxi no[ 2 3- e] pyri d
2',3:5, 6}[1 4] oxazi no- [ 3 i sai ndo| e-
rougfsft osmaladD B&Fg@v@rte&ing@ﬁ%%clalwwt%@ ca%factensed in that
sS h I
accé%t a ngg(?rgtgor asel\Ml& na%?%c(zlrsgﬁ}or (gﬁcglp’ Yheir enantiomers,
phaspmeca!;omms ofN-opimtpo Lands additibor salis atheteof awdthr di pharhraceutically
claim Wio characterised in that there is used as
g2l 0eP#81 2 conmpound of formula (11) O Z ao
ZZ wherein Zt and Z2 are as defined for formula (1),
whi ch conpound of formula (I1) is reacted with
NEdanmmng sl of fomnpiad & acnondir@ torapg enc ef claiinsbictozbly kchgrestentieden that

4 YoBtorah R Poon s & Wil o i bordefaToeRE adrouw of
defhmigd herei nbef ore, V\,hl ch conpound of formila (ree)

is reacted W|th SOdI umiodide to yield the conpound of
erein Zzand Z2 are as defined

her ei nbef org i . orrpound of is reacted
with n-buty i andthenvvl

N~ 2

H

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

7.
2
7!
1-
C

pharmaceutically acceptable acid or base.

Compounds of formula (I) according to any one of claims 1 to 12, characterised in that
Rj3 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.

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;-Ce)alkyl group or a linear or
branched (C;-Ce)alkylene chain substituted by one or more identical or different
groups selected from -NRsR¢ wherein Rs and Rg are as defined for formula (I), their
enantiomers, diastereoisomers, N-oxide, and addition salts thereof with a

pharmaceutically acceptable acid or base.

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

addition salts thereof with a pharmaceutically acceptable acid or base.
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trimethyltin chloride to yield the conpound of fornula
(V) (V), ::se3 10 wherein Z, and Z2 are as defined

herei nbefore, which conpound of formula (V) is: 11 APR 7007

either treated, in the presence of 0), with
tetrakls(trlphenylphosphlne) Il adi u W t a
conpound of formula (V) (jqﬁ O z CNI/\I p~I(OPh)2
(M), P1_ 15 Po | 1 APR 2007 -72 wherein PG

16 g&&@%@ﬁ¥§f§HnHW1ﬂbvaﬁh@bwﬂﬁ@ng}oﬂde§b| known in

LR L BT ER,
G 1 MN-fludnyl A ﬁlethyg@ 4@eﬁkod13)an5[2m %5‘10@304 c%mbgkolF 4%-80fle,

W are as defin herelnbefore
f &r mMlrBuqrd I)leihyl[ﬂﬂélmmﬁlwmcbi?_aﬂ a:]pmoﬂu[ﬁﬂ-ofcafbamw%éti dione,

(¥ ’)—EZ-(dlmethylammo)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,

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,

o 7-[2-(dimethylamino)ethyl]-11-hydroxy[1 ,4]benzodioxino[2,3-a]pyrrolo[3,4-c]-
carbazole-6,8-dione,

o 7—[2—(dimethylamino)ethyl][l,4]benzodioxino[2,3—e]pyn'do[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,

characterised in that there is used as starting material a compound of formula i :
Z, O
Z; @)

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

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



Rla~C O(VIl), OGwherein R, represents a

hydr ogen atom or a net hyl group, to yield the congu%PR 2007
of 10 formula (IX) Oj la N Z OONO(IX,

Z2 1 1 APR 2007 73 wherein Po, Ria, Z Z1, Z2 and W

are as defined herei nbefore,7 whi ch conpound of fornula

(IX) is treated with N-brono éucci ni m de and benzoyl

peroxi de to yield the compaund of formula (l1/a), a

particul ar cas ' S PbundsBof  formul a (1) O/ la

N ZOONO Po O erein Po, a, Z, 71, Z2
. , '(ITD),

and W are as defi ei nbef ore,

wherein Z; and Z, are as defined hereinbefore,

which compound of formula (IIT) is reacted with sodium iodide to yield the compound

of formula (IV) :
Z, O
Z; 0)

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) :
Zl : i : io:]\
Z; 0 SnMe

wherein Z; and Z; are as defined hereinbefore,

10

which compound of formula (V) is :

o either treated, in the presence of tetrakis(triphenylphosphine)palladium(0), with

a compound of formula (VI) :

Z 0
DG
ITI o—P(OPh),

15 G
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whi ch conpound of formula (Pa) is optionally treat efl
with a conpound of fornmula (X) : 10 Rlb NH2 (X), 1 APR 2007
wherein Rib has the sane definition as R, in forma (1)
but is other than a hydrogen atom or a nethyl group,
to yield the conpound of forpgula (Pb), a particular
case of the conpounds of fofnmula (1) 15 1 1 APR 2007
-74 Q/RRb N ZOONO(lI/b), HOZ ZZ whergein
RYlISTeln Pozepreseptspampyne greiceiiegapymeg! kapwn iberegris synthesis and

o, eyl KO O, B AR SRR

71
Z 0
lf 2 (VID),
P, 0

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

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

Ovo (VIID),

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

formula (IX) :

O /Rl a
N
Z 0 0
@I
Y 7 (IX),
P, O



10

15

ZZ wherein R 4 represents a hydrogen atomor a group

Po, and Rl, Z, Z1, z2 and W are as defined 11 APR 2007
her ei nbefore, to (r) or treated in the presence of

bi s(tri phenyl phosphi ne)pal  adium(11) chloride with a

conmpound of formula (XI) : %31 APR 2007 -75 R ONO

ZW11 1Br (XI), NBoc wierein Boc represents a

te t-bg}o carbog% %roup and R a and Z are as
dBRTRES G éi fib&n GP VVW%G?ﬁ@#Hw@ﬁ@EE@ﬁﬁﬁﬁnd of fornula

(\%llulzl)l ﬁi‘r%ouﬁ?l QF %oxgnﬁa 9?() t%gteglmtﬂ 'N- %ro%’?osgecrlm 1%&: and benzoyl

wher ei are as

hereiidbef veld, the medundmf‘rﬁmmlﬂia @fa) f opamidiaar(cdbd of the compéunds of
%%thﬁr irradlated with a UV lanp, in the presence of
()ln a non-polar and aprotic solvent, to yield
t he conpounds of fornuIﬁF (I/dR and (l/e), particular
cases 10 of the conpouhds of/fdrnula () :

z 0 0
@Z (I/a),
¥

wherein Pg, Ri,, 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 Ry, has the same definition as R; in formula (I) but is other than a hydro gen

atom or a methyl group, to yield the compound of formula (I/b), a particular case of the

compounds of formula (I) :
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\ ZWIN1/ o/ N HOz2 O 130C Boc zl Zz (I/d)]“ APR 200'{
wherein Boc, RI,, Z, Z, Z2 and W are as defined

her ei nbefore, which conpounds of formula (1/d) : 5 P
optionally are subjected to fiﬁfprot ection of the am ne

function according to conventional nethods of organic
synthesis to yield the conpound of fornmula (hf), a
particul ar case of theQOgonpo of formula (1) RO N
la O ZW I 10zl [/ Z wherein Ra, Z ZI, Z2
and W are as defined herei nhefore,

(I/b),

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

which compounds of formulae (I/a) and (U/b) constitute the compounds of

formula (I/c) :
5
0] /Rl
N
Z 0 0
@: o),
ITI 0]
R, O
Z,
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) :



to or optionally are subjected to the action of a
conpound of formula (XI11) R3a G (X11), 1 1 APR 2do7 APR 20D7
_77_ wherein R3a, has the sanme definition as R3 in
formula (1) but is other than a hydrogen atomand Gis
as defined hereinbefore, ,yleld t he compound of
formula (1/9), a partlcularscase of the conpounds of
formula (1) %la ONO_ZW OIl \ ZI. NBoc \ / ZZ 5
R3a wherein Boc, Ria, Rﬁéa Z, ZI, Z2 and W are as

defi ned herei nbefore, ch conpounds of fornmul ae
(1/d), (1/e) and (O FOut e the conpound of
formul a (Ph) 10 % | ONO ZWOI \ Z (I/h), N

Br (XI),

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

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

(X11),

wherein Boc, Ry,, 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

aprotic solvent, to yield the compounds of formulae (I/d) and (I’e), particular cases

of the compounds of formula (I) :



Il O ZZ R3 wherein Boc, Ria, R3, Z Z, Z2 and W are
as defined herei nbefore, which conpound of fornul a1 1 APR 2007
(I/h) optionally is subjected to the sanme reaction
conditions as the conpound of formula (I/a) to yield
the conpound of fornula (1/|,) a 15 particular case of
t he conpounds of fornula (I‘) "1 1 APR 2007 -78 %lb
ONO z Z (1/1i1), N\/Z R3 wherein Ri b, R3, Z,
Z1, Z2 and/ are as defined hereinbefore, (r) o

subJ g5t ed No the action of hydrochloric acid t0/yiael d

t he corypelnd ofoforrrula (XIV) : R19 OO0 I 1

Boc 2
Z
Z,
1/d) Ve),
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 /1), a

particular case of the compounds of formula (I) :

R

la

19,

Tz

HO V4

wherein Ry, Z, Z,, Z; and W are as defined hereinbefore,
10

< or optionally are subjected to the action of a compound of formula (X1I0) -

R

G (XIID),

3a



10

15

wherein R" Z, Z1, Z2 and WL are as defi ned ,
her ei nbef ore, which conpound of formula (XI'V) is 11 APR 2007
subjected to the action of a conmpound of fornula (XV)
RdaG (XV), to wherein Grepresents a |eaving group
and R42 has the sane definition as R4 in formula (1)
but is other than a hydrogeh75ton1 to yield the
compound of fornmula (XVI) : APR 2007 -791a O0O0ZO
Z¥hgweiry Rg, hasghe gipg definitinhes 8 in Rirayulddpbutds ofhikr thaad adiydlirogen

efi ned herei nbefore, i,ch conmpound of
ol o B 6 5 PERGE hEBR e, To b ldcthe PR T ormula (Vg), o
cpardedloase astht BempeaimRAIsnRfa ffpr mul a (Xi1) to yield
t he conpounds of formulae (1/j) and (1/k), 5

particul ar cases of the conmpounds of formula (I) Nla O
Nla 0zO0OzZO W I 1z-0W OZ 0/ RHOR Z2 4a
4a /"

0

Z1
g),

wherein Boc, Ri,, Raa, Z, Z1, Z, and W, are as defined hereinbefore,

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

‘ (/h),

wherein Boc, Ri,, R3, Z, Z1, 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

particular case of the compounds of formula (I) :



10

Z 72 (1/j) (1/k), wherein Ra, Rda, Z, Z1, Z2 and W

are as defined herei nbefore, which conpound of fornula

(1/k) optionally is subjected to the action of al1 APR 2007
compound of fornmula (XI11) as defined hereinbefore to

yield the conpound of fornul% (rrr)y 10 1 1 APR 200/

80 RB ONO ZW O\ zZI"/NR4a O:a Zz R3a

wherein Rla, R3a, R4a, Z, Z1, Z2 and W are as defined

her ei nbef ore, which conpgunds of formul ae (17j), (17k)

and (1/1) consti e H@e conmpounds of forniula (Un O
RRBO ZW OZ (I Rda \ Zz

! I,

wherein Ry, R3, Z, Z1, Z, and W, are as defined hereinbefore,

¢ or subjected to the action of hydrochloric acid to yleld the compound of
formula (XIV) :

(XIV),

wherein Ry, 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) :

e € (XV),

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 yteld the compound of
formula (XVI) :



10

5 R3 wherein Rla, R3, Rda, Z, Z1, Z2 and W are as

defi ned herei nbefore, which conmpound of formula (1/m
optionally is subjected to the sanme reaction 11 APR 2007
conditions as the conpound of formula (I/h) to yield

t he conpound of fornula (Un) Ib ONO ZW I 10\
|l Z NR4a O:a Zz R3 i 1 2007 -81 wherein Rw,
R3, Raa, Z, Z I, Z2 and WI are as defined

her ei nbef ore, which é%npounds of forrmulae (1/e), (Un)
and (1/i), (T/rn) and,(1/n) constitute the conpounds
of formula (1/ P~ O zZ(l/o), ZW Oal N

0 z,
w (XVI),

wherein Ry,, Ry, Z, 71, 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 (I5) and (I/k),

particular cases of the compounds of formula (I) :

13) k),

wherein Ri,, Rsa, 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 (I/1) :



I\ Z2 a5 R3 wherein R, R3, R4, Z, Z1, Z2 and W

are as defined herei nbefore, which conpounds of

formulae (1/a) to (1/c) constitute the totality of 1ﬂeAPR 2007
conmpounds of forrmula (1), which are purified, where

necessary, according to convggtional 10 purification

t echni ques, which maybe separated, if desired, into

their different |soners according to a conventiona

separation technique, #md which are converted, if

desired, into tBeir N oxides and, when appropriate,

into their additiog~saNts with a pharmaceutically

acceptable acid or base.@ 18. Pharmaceuti cal

conposi t 8 as active ingredient, at |east

one conmpgynt 1) according to any one of

clains 1o

‘ 8 ofri nat4on wth one
nore pharmaeeut | accept g inert, non-
exci pi ents or %hrrlers 19. p r‘;pceutical §p25|t|ons
according to clai m18 forpuUse™&8 -:Tfanents in the

treat ment of carcers. \
R

3a

wherein Ry,, R3a, Raa, Z, Z1, Z, and Wy are as defined hereinbefore,
which compounds of formulae (I4), (k) and (I') constitute the compounds of

formula (I/m) :

(I/m),

wherein Ry,, R3, Ryy, 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) :

Rlb
0 /

Z 1 (I/ n) >
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15

18.

19.

11 APR 2007
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wherein Ry, R3, Raa, Z, Z1, Z; and W, are as defined hereinbefore,
which compounds of formulae (I’e), (I/h) and (I/i), (I/m) and (I/n) constitute the

compounds of formula (I/o) :

Z] (I/O)s

wherein Ry, Rs, Rs, Z, Z1, 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.



