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3- Het eroaryl - 3, 5- di hydr o- 4- oxo- 4H- pyri dazi no[ 4, 5- b] indolmmmmmmwmmmmmide
derivatives, their preparation and therapeutic use A subj f the
I nvention is 5 conpounds derived from 3-heteroaryl -3, 5-di hydrQsds0xo

4H pyri dazi no 4,5-%%%Qdole-l-carboxanide. Compounds derived from

3, 5-di hydr opi? i B¥A3RBG4, 5-b]i ndol e, didcl osed in t he P§FIEFRO%/ 03979

WO A- 00/ 44751, are already known, which conpounds have an in vitro 10
affinity forzpesddhedayr1y e denZot azepkdes Hesepl @i sidEPBR ®rpp-sites).

There still exists a need to find and devel op products exhibiting a good in
Vi vo acti vi tinddhe- i fweribi-amimetdethvst iaeget thyiprovéeh ngt 16n nané!
conmpounds which exhibit an in vitro and in vivo affinity for
peri pher al - t tyiperdyperiotk azepi ne receptors. A first subject-matter of the
I nvention relates to the conpounds corresponding to the general
A subject-matter of the invention is
5 compounds derived from 3-heteroaryl-3,5-dihydro-4-oxo-
4H-pyridazino[4,5-b]indole-1-carboxamide.
Compounds derived from 3,5-dihydropyridazino-
[4,5-b]indole, disclosed in the document WO-A-00/44751,
are already known, which compounds have an in vitro
10 affinity for peripheral-type benzodiazepine receptors
(PBR or p sites).
There still exists a need to find and develop
products exhibiting a good in vivo activity.
The invention meets this target by providing
15 novel compounds which exhibit an in vitro and in wvivo
affinity for peripheral-type benzodiazepine receptors.
A first subject-matter of the invention
relates to the compounds corresponding to the general
formula (I) below.
20 Another subject-matter of the invention
relates to processes for the preparation of the
compounds of general formula (I).
Another subject-matter of the invention
relates to compounds which can be used in particular as
25 intermediates in the synthesis of the compounds of
general formula (I).

Another subject-matter of the invention

relates to the uses of the compounds of general

I

*G00002*



formula (1) below. 20 Another subject-matter of the invention relates to
processes for the preparation of the conpounds of general fornula (I).

Anot her subject-matter of the invention relates to conpounds which can be
used in particular as 25 internediates in the synthesis of the conpounds of
general formula (1). Another subject-matter of the invention relates to the

uses of the conpounds of general 2 formula (1), in particular in
medi canments or in pharnaceutical conpositions. The conpounds of the
i nvention cofeespdad(Lp,the gereialhlber il aellyamBntsRarf ih ~~ Het (1) 5

in which X represents a hydrogen or hal ogen atom Rl represents a hydrogen
atom or a (Gih&hatkytigadbuppmPesandoR8.each represent, independently of
one another, 10 a hydrogen atomor a (Cl-C4) al kyl group or else R2 and R3
form wth the nitrogefhat opmphiinscakr tbe theantaopyrpoksgprpd, to

pi peridinyl, norpholinyl or 4-alk¥lpiperazinyl group, and Het represents a
heteroaronattheggénﬁréx Bormailayl(L) 15 1- oxi dopyri di nyl, quinolinyl,

i soqui nolinyl, pyrimdinyl, pyrazinyl or pyridazinyl type, it being

possi ble for the heteroaromatic group to cakry one or nore hal ogen atons
and/ or one or nore (Cl-C4)al kyl or (C1 Na] koxy groups . 20 In the
context of the present invention: - a (CIyC4)al kyl group represents a
saturated and =N

X

in which

X represents a hydrogen or halogen atom,

R1 represents a hydrogen atom or a (Ci-Ci)alkyl group,
R, and R; each represent, independently of one another,

10 a hydrogen atom or a (Ci-Cy)alkyl group or else R; and R;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or
4-alkylpiperazinyl group, and
Het represents a heteroaromatic group of pyridinyl,

15 1-oxidopyridinyl, quinolinyl, isoquinolinyl,
pyrimidinyl, pyrazinyl or pyridazinyl type, it being
possible for the heteroaromatic group to carry one or
more halogen atoms and/or one or more (Ci-C4)alkyl or
(C1-Cy)alkoxy groups.

20 In the context of the present invention:

- a (Ci-Cs)alkyl group represents a saturated and
linear or branched aliphatic group comprising 1 to 4

carbon atoms. Mention may be made, by way of



| i near or branched aliphatic group conprising 1 to 4 carbon atons. Mention
may be made, by way of 3 exanples, of the nmethyl, ethyl, propyl,
i-sopropyl, butyl, isobutyl or tert-butyl groups. - a (Cl-C4)al koxy group
represents an oxygen radi cal substituted by an al kyl group conprising from
L to 5 4 carbon atons as defined above. Preferred conmpounds according to
the invention are the conpounds for whi éh X represents a hal ogen atom
and/or Rl represents a (Cl-C4)al kyl; and/or 10 R2 and R3 each represent,

i ndependent | y oéxamel esmptdBrtha twydiwheneidhw osreapyTl- Tddptdayy1l gr oup, nore
particularly a methyl or an ethyl, or else RZ and R3 form wth the

ni trogen at om vihitchl carsdlmstyherr wepyrhbotsdi gydyuppi peri di nyl, norphol i nyl
or 15 4-al kyl pi perazi nyl group; and/or Het represents a heteroaronatic
group of pyridimyigrﬁhgﬁégpﬁylgrpgﬁqmﬁpéﬁﬁﬁytﬁ pyr orivdieny ikadpgedzi nyl or
pyridazi nyl type which can carry one or nore hal ogen atons, nore

particul arly a $H%FhelERdnbY i/ dkvhedBPUROCHBPEL §E19 CAY@MkY/| EQr oups,
nore particularly a nethyl, or (Cl-C4)al koxy groups, nore particularly a
met hoxy. Tonpouhd<@FRPn vt ehs X@s Fief Foed PGVE- Het simul t aneously are’ as
defined above in the sgbgéou S . of refe%red congounds are particularly
preferred and nore 25 Spectftcal FYPIMNY 2ReSEI 1 e RoMBunds for which: X

opn osent s SILALINE AEMANC Rl eREESEOL S, AR Y1 0TOuD- BY vey of

X represents a halogen atom; and/or
R;1 represents a (Ci-Cs)alkyl; and/or

10 R; and Ry each represent, independently of one another,
a hydrogen atom or a (C;-Cs)alkyl group, more
particularly a methyl or an ethyl, or else R, and R;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or

15 4-alkylpiperazinyl group; and/or
Het represents a heterocaromatic group of pyridinyl,
quinolinyl, isoquinolinyl, pyrimidinyl, pyrazinyl or
pyridazinyl type which can carry one or more halogen
atoms, more particularly a bromine atom, and/or one or

20 more (Ci-C4)alkyl groups, more particularly a methyl, or
(C1-Cy)alkoxy groups, more particularly a methoxy.

Compounds for which X, R;, Rz, R; and Het

simultaneously are as defined above in the subgroups of
preferred compounds are particularly preferred and more

25 specifically, among these, the compounds for which:
X represents a chlorine atom and R; represents a methyl
group.

By way of example, compounds of the invention



e the follow ng: 1:
uoro-N, N, 5-trinet hyl - 4- oxo- 3- (pyridin-2-yl) 3, 5-di hydr o- 4H pyri dazi no[ 4,
i ndol e- 1-carboxam de 2: 7-fluoro-N, N, 5-trinethyl-4-o0xo-3-(pyridin-3-yl)
5-di hydr o- 4H pyri dazi no[ 4, 5- b] i ndol e- 1- car boxam de 3:

oro-N, N, 5-trinethyl - 4-oxo-3-(pyridin-4-yl)3,5-di hydro-4H pyri dazi no[ 4,

ndol e- 1- car boxam de hydrochl ori de él 1) 4.

oro-N, N, 5-tri et hyl - 4- oxo- 3- ( 2- met hoxypyridin 10

3, 5- dlawriﬁleru—ﬂpy]rqvehazgnow 5-b]i ndol e 1-carboxamn de 5:
oro-N, N, 5-trinethyl -4-oxo0-3-(quinolin-3-yl)
i hydr o-Y pyrilg@ziond], 47, 5-tyrimediheldcammsordantinyer iglin-2-y1) -

quoroSnethyI rﬁ%)yrlmdan | )-4-oxo_ 15

ar
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nm=3 hgl i -[ 7 fI & ]U(9§Pog\ﬁ§%\fr%p 3-: Eé %40&)%}%16(111 di %ro 4H pyri daz
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T B e B o oo o irernic
di hydr o-ylFdRydn oazi Wl & 5 p] i ndol e- 1- car boxam de 5 12:
| oro-N, N,5-trinmethyl-4-oxo-3-(pyridin-3-yl)3,5-di hydro-4H pyri dazi no[ 4,

[
[
|
d
h
h
]hl ndol e- 1g carbaxabrde Nnd et iedd ta8, (-1 -19kalF - (2-methoxypyridin-
h
]
h
|
h

| oro-N, N, 5-trinethyl -4-oxo-3-(pyridin-4-yl)5

di hyro o-3Hy¥-1py+3 dizd 110t dly; - 4+ o] @a A+ €A [ Hox-abi theddde-

I oro-N, N, 5-trimethyl-4-oxo-3-(pyridin-4-yl)3,5-di hydro-4H pyri dazi no[ 4,
i ndol e- 1t-esaimxeecamidde hydr ochl oride (1:1) 15:

| oro-N, N, 5-trinet hyl - 4- oxo- 3- (5- net hyl pyri di n10

)-3, 5- dlﬁwdﬁo-fqugwﬂwa\m&mf[nﬁ,r@tﬂwlnch{@cdl Tafdoxem de-3671) -

|l oro-N, N, 5-trinethyl -4-oxo-3-(2- methoxzf)yrldl n5-yl) -3, 5-di hydro-4H pyri
azi no[ 4, 5- B i T heIdnr Sy Beazino [4, 5

6: 1-[[7-fluoro-5-methyl-3-(pyrimidin-2-yl)-4-oxo-
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indole~1-carboxamide

15 3,5-dihydro-4H-pyridazino([4,5-b]indol-1-yl]carbonyl]-
pyrrolidine
7: 4-methyl-1-[[7-fluoro-5-methyl-3-(pyridin-3-yl)-
4-0x0-3,5-dihydro-4H-pyridazino[4,5-b]indol-
l-yl]lcarbonyllpiperazine hydrochloride (1:1)

20 8: 1-[[7-fluoro-5-methyl-3-~(pyridin-3-yl)-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]lindol-1-yl]carbonyl]-
pyrrolidine
9: 7-fluoro-N,5-dimethyl-4-oxo0-3- (pyridin-3-yl)-
3,5-dihydro-4H-pyridazino([4,5-b]indole-1-carboxamide

25 10: 7-fluoro-5-methyl-4-oxo-3- (pyridin-3-yl) -
3,5-dihydro-4H-pyridazino[4,5-blindole-l-carboxamide
11: 7-chloro-N,N,5-trimethyl-4-oxo-3- (pyridin-2-yl)-

3,5-dihydro-4H-pyridazino([4,5-b]indole-1l-carboxamide



15 17:

{-chloro-N, N, 5-trimethyl -4-oxo-3-(2-nethyl pyridinb-yl)-3,5-di hydro-4H- pyrid
azi no[ 4, 5-b] i ndol el- car boxan de 18:

7-chloro-N, N, 5-trinet hyl - 4- oxo- 3- (2- bronopyri di n5-yl ) - 3, 5-di hydr o- 4H pyri da
zi no[ 4, 5- b] i ndol e20 1-car boxam de 19: 5
7-chloro-N, N, 5-trinet hyl - 4- oxo- 3- (qui nol
, 5-b] i ndol e- 1- car boxam de 20:

7-chl or o- N, N2 tir-iaatchad Vg7 X0~ t3 (i estimyudi -ndo! dorot-3 oy, i5tidti +8dr -4 H- pyr i dazi n
o[ 4, 5-b] i ndol e25 1-carboxam de 21:

7-chl oro- N, Nt 5tdihedhyt 4 d-pwol @2 Baerbd hytbyindelkénl 3=gthogasidé hydr o- 4H py
ri dazi no[ 4, 5-b] i ndol el-carboxam de 6 22:

7-chl oro- N, Ng lfCPCFl'hJtehlﬂeMbkblB (pyrim di n-5-yl) 3, 5-di hydr o- 4H pyri dazi no[

4,5-b]indol e-1- cac%g;(amd

7-chl or o- N, N5t iGTEtRA - 1\@1\5)(50 tsrl(“ﬁﬁ):rl'ﬁfﬂ 1R ) @i ot oW pyri dazi nof

? Smb!)'r gdﬂ ﬁ?és ]ﬁn}fﬁ %l%a%ﬁﬁy%'% ngwgiole 1-carboxamide
3, 5-di hyd d b de 2
1- [[7I c%l (r)?o Cﬁ&aﬂ ”q%éyl di ] %‘1’) ]Zl zgioé%poxfg% ¢ %lrﬁ'l—é FX/JI’ ‘dazi no[ 4, 5-b

}indol - 1-y 1% bﬁ%&%%ﬁ{@ﬂ@%&’% pENLOR} dﬁsaéie_li_égr%éxamde

4- oxo- 3, 5-di dazli o[ 4, 5-b] i ndol 1-yl ] car bonyl ] pi per azi ne
hydr ochl ori c}wc?f ])4:[‘!59}’&1_;. eeiLp

1-[[ 7- chl or or s metdhil ox35-(P),| it Anei By - X8 53 0 el s pyf ddazi no[ 4, 5-b

]indol -1-yl]carbonyl] 15 pyrrol i di ne 28y

7-chl or oz N, 22 ey et hys -diloxar3- { pypyoi dadinbd) 8, 5- Bl hydovedH pyri dazi no[ 4, 5-b

] i ndol e- 1- car boxam de 29:

7- chl or 0- 5- netdytbdxaxndd- (pyri di n-4-yl ) 3, 5-di hydr o- 4H pyri dazi no[ 4, 5-b] i nd

ol e- 1- carboxam de 20 30: 7-chloro-N, N, 5-tri net hyl - 4- oxo- 3- (4- et hoxypyridin

2 yl)-3,5- dlmdr7aa¢ﬂqga1MAhd{mrﬁﬁtﬂ1yhdb+@¢oﬂhf boxreeti nlexBdyridin-
1-[[7-chl oro-5-nethyl -3-(pyridin-4-yl)-4-0x03, 5-di hydro- 4H pyri dazi no[ 4, 5-b

]indol 25 1- y-rP“]Xila)r'b%)n§l+qlw<éh@’rﬂﬁep}821da21n0[4 5-blindole-

I n-3-yl) 3, 5-di hydro-4H pyri dazi no[ 4

7-chloro-N, N |ethyl 5- et hyl - 4- oxo- 3- (pyri di n4-yl) -3, 5-di hydro- 4H pyri daz
i no[ 4, 5-b] | nkoFaER @a@rsb%m de  33:

7-chl oro: -dlrreth 0XO0 i di n4- 5-dj hyd 4H- ridazi
no[ 4, 5- b:}%\l_ dﬁ]e 53—4tr{(met?}13$f—yi 0OXO0- 3yH methy p}yr:[gl Py

% [5[ gl ESL?LO%H{%? ?y% h}g{'%“ d%ﬁ} %%fl‘éizﬁl?gﬁr Bo‘mf‘?dﬁ}ﬁerl di ne 35:

7-chloro-N, N 55 a4-o0xo0-3-(2- et hyl pyridi n4-yl) -3, 5-di hydro-4H pyrid
azi no[ 4, 5- bﬁ' ndé%i) %:Ig%/ oxanm de 10 36:

1-[[7-chl or oy §; mRtdWl 5135 (o¢ S Tk Y d 18l 1= 4= Yk d -3 - (2-bromopyridin-
4- oxo- 3, 5- di hydr o- 4H pyri dazi no[ 4, 5- b]i ndol 1-yl ] car bonyl | pyrrolidine 37:

7-chl oro-N, nglflﬂe:@h&ih dtd- @HLﬁgi?YahQiﬁo‘ﬂrin)ﬁ) 9%8o38ed- di hydr o- 4H pyri da
zi no[ 4, 5-b] i ndol e15 1-carboxam d 8: 7-chloro-3 22 met hoxypyri di n-4-yl)-N,

N, 5-t ri ne6 hyl 4c&x60R8ami dé hydr o- 4H pyri dazi no[ 4, 5- b] i ndol el- car boxani de 39:
3-(2-bronopyridin-4-yl)-7-chloro-N, N, 5-trinet hyI 20
4- ox0- 3, 5- di Iy dro-ctid-quyw+Na¥, 5rof 2 ety habt @de €3+ boxamo ben-3-y1) -
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide
20: 7-chloro-N,N,5-trimethyl-4-oxo-3-(isoquinolin-
4-y1)-3,5-dihydro-4H-pyridazino[4,5-b]lindole-
25 1l-carboxamide
21: 7-chloro-N,N,5~trimethyl-4-oxo-3-(6-methyl-
pyridazin-3-yl)-3,5-dihydro-4H-pyridazino[4,5-b)indole-

l-carboxamide



The conpounds of the invention can exist in the formof bases, of addition
salts with acids, of solvates or of hydrates. 25 The conpounds of general

formula (1) can be prepared by the processes illustrated subsequently.
Throughout the continuation of the description, the internediate conpounds
GrHey, (e, 8 (IV) and (V) are those presented in the schene bel ow
According to a first preparation route, conpound of general fornmula (I1),

in which X and Rl are as defined above and R and R' each represent, 5

i ndependent | 32 of7 -l carpiher, 5 -a idlet®d) 18l 4 x GrPUPyHisnidigated, Wit h a

het er oaryl hydrazine in a polar solvent in the presence of acid at the

refl ux tenpes a8 +dehydio-otepyt Ddabind M aF- BEiwdo bé- Jecetbbxdwtaal a (111) in
which X, Rl, Het and R' are as defined above. 10 This ester is converted to
t he am de of23erkerdlldmr-10lM0a 5HOr ime thasdct4 -axav 3 -h( @an- iami dien -f -yglener al
formula HNR2R3, in which R2 and R3 are as defined above, for exanple in the
presence of ¥ 3rdEhkgret 4 pyridaeinebd i yebl indoket Vemarbosamade15 t ol uene,
or else b safonification of the ester of general formula (I11) to the
aci d, usihg,24 br7 wShEdce NN 15 rnsdnohd 4eoXor I mEas e of -yt hanol , wat er
and an ethereal solvent, and then by coupling the acid obtained, according
to nethods khowrPFtY S PedB Ry ordaking by, bt Fedater luFeRPaneBifife of
general for a_H s defj ned _ahove. K Accor di to a second preparation
route, a di g%'erl" g'é’r%%o'féo'ﬁ‘}ﬁﬁly 137 (B P B W T4 AT azi ne by

acid, T o dbro TS AR T A CERG b0 bRner AT -ROPRLE B {1 7+ PRWAY £ X, RL

?ng E%' ~ar-e-@(g}eﬁ?‘?gﬁ{?g@@rgdeﬁg§ggﬁn:@ﬁ%(:?I%) r NOOOR I R~ ~Rn QR" N X

10 26: 4-methyl-1-[[7-chloro~5-methyl-3-(pyridin-3-y1)-
4-0ox0-3,5-dihydro-4H-pyridazino[4,5-blindol-
l-yllcarbonyllpiperazine hydrochloride (1:1)

27: 1-[[7-chloro-5-methyl-3- (pyridin-4-yl)-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-blindol-1-yl]lcarbonyl] -

15 pyrrolidine
28: 7-chloro-N,5-dimethyl-4-oxo-3- (pyridin-4-yl) -
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide
29: 7-chloro-5-methyl-4-oxo-3-(pyridin-4-y1l)-
3,5-dihydro-4H-pyridazino{4,5-b]indole-1l-carboxamide

20 30: 7-chloro-N,N,5-trimethyl-4-oxo-3-{4-methoxypyridin-
2-yl)-3,5-dihydro-4H-pyridazino[4,5-b]lindole-
1l-carboxamide
31: 1-[[7~-chloro-5-methyl-3- (pyridin-4-yl)-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]indol-

25 1l-yllcarbonyl]lmorpholine
32: 7-chloro-N, N, -diethyl~-5-methyl-4-oxo-3- (pyridin-
4-y1)-3,5-dihydro~-4H-pyridazino[4,5-blindole-

l-carboxamide



O NRRs ~ OR. ~NN,H(~) x ~\ \" N~ (Ill) Het NRpRa a / \ _N(I) X ~ ~

N -Het NR O This ester is converted to the am de of general formula (V) ,
in which X, RL, R2 and R3 are as 5 defined above, by reaction with an am ne
‘of general fornmula HNR2R3, in which Rz and R3 are as defined above, for
exanple in the presence of a trialkylalumniumderivative in a solvent such
as toluene. Finally, an N-heteroarylatidh is carried out 10 by a coupling
reaction in the presence of a heteroaryl halide or else of a

het er oar yl bos®ni - @tl el alev+ ertethy VeV afreld afie teh it 4 o6 3 5 (Seihdas- a copper
salt, resulting 10 in a compound of general formula (I). This

N- het er oar yl 4+vbh-3 eaetlibpdecand H-pprbdazanoi éd5ebf indolbe conpound of
general formula (1V) to result in the ester of general fornmula (I111). This
5 ester is finagkfhoxemydeted to the am de of general fornmula (1) by
reaction with an am ne of general formula HNRZR3, in which R2 and R3 are as
defi ned abovd4:flbr( Ekzeipl@remh aneirin e Pysodierd syl budtoxe: in
particul ar, dichl oronmethane and _nethanol. 10 The_am des of general fornul ae
(V) and (P) 2an-atRydpe-tfrayhédaBineibponrPi EaePdnlov 1l RrarbonEl$-of
respective general .formulae (1V) and (I11) to the acids and by then
coupl i ng t hePLRPHLILBRai ned with an amine of general formula HNR2R3, as

art. ”?ﬁ_ealﬁ:ciY%ﬂf 2’_’-'21%‘1?;18‘9%2#3&{ e e : P o o e
nown - thed Y Ebr 8¢ tr aLpegR0r 2B ERARERaRLA T8 BPRRRIEL NI 20 o ar .

J. Med. Chem .. 1998xa384e4570). The conpounds of general formula (1) for
which X, Rl, RZ and R3 are as defined above and for which Het represents a

het er oar gpat 36 af-OUP7 oéh ol slopyEngl Myl (3 yREc AT PLi @1 ePaLd) by oxidation,
4-0x0-3,5-dihydro-4H-pyridazino[4,5-b]lindol-
l-yl]lcarbonyl]lpyrrolidine
37: 7-chloro-N,N,5-trimethyl-3-(l-oxidopyridin-4-yl)-
4-0x0-3,5~-dihydro-4H-pyridazino[4,5-b]indole~-
15 1-carboxamide
38: 7-chloro-3- (2-methoxypyridin-4-y1)-N,N,5-trimethyl-
4-0x0-3,5-dihydro-4H-pyridazino[4,5-b]indole-
l-carboxamide
39: 3-(2-bromopyridin-4-yl)-7-chloro-N,N,5-trimethyl-
20 4-0xo0-3,5-dihydro-4H-pyridazino[4,5-b]indole-
l-carboxamide
The compounds of the invention can exist in
the form of bases, of addition salts with acids, of
solvates or of hydrates.
25 The compounds of general formula (I) can be
prepared by the processes illustrated subsequently.
Throughout the continuation of the

description, the intermediate compounds (II), (III),



25 using an oxi di zi ng agent such as hydrogen peroxi de, of the equival ent
derivative for which Het represents a heteroaromatic group of pyridinyl
type. The conpounds of general formula (1) for 11 which X, Rl, R2 and R3
‘are as defined above and for which Het represents a heteroaromatic group of

2- hal opyridinyl type can be prepared by hal ogenation, using a phosphorus

trihalide, for exanple, of the 5 equivaﬁ%nt derivative for which Het

represents a heteroaronmatic group of 1-oxidopyridinyl type. The conpounds
of general foOIviulandl JVf carahtlobs& pRisemZedniin RBhar echsmddbehed. above and
for which Het represents a heteroaromatic group of 10 2-al koxypyri di nyl
type can be prepared byceebding utd on, fbysneanspafatisndiontal kaxi de, for
exanpl e, of the equival ent derivative for which Het represents a
het er oar onat feMgeeRp of gemerabyiewnala {ypb. IhewhiepaXapndnRofanece
starting conpounds, of (15 general formula (11) is disclosed in the docunent
WO A- 00/ 447538 | fet Heed adleo iR ered )R | sard chf oprelR BERFESTAFs preparation
nethod is en£$8 ed ﬁnal ously when is a fluorine_atom Another

t et

subj ect - mat : _ SF I eNt | GRS P EREY est 6C1He ) GdRYSURISUBY d&ner al

forrul s (11)cLg,buch: i} 1 opbesesto pdionsn slop gls (Coel vl

Cl-Cq ) alkyinQEQgppresence of acid at the reflux temperature, in
order to obtain an ester of general formula (III) in
which X, R;, Het and R” are as defined above.

10 This ester is converted to the amide of
general formula (I) by reaction with an amine of
general formula HNR;R3, in which R; and R; are as defined
above, for example in the presence of a
trialkylaluminium derivative in a solvent such as

15 toluene, or else by saponification of the ester of
general formula (III) to the acid, using, for example,
lithium hydroxide in a mixture of methanol, water and
an ethereal solvent, and then by coupling the acid
obtained, according to methods known to a person

20 skilled in the art, with an amine of general formula
HNR;R3 as defined above.

According to a second preparation route, a
diester of general formula (II) is treated with
hydrazine by heating in a solvent, such as acetic acid

25 or toluene, in the presence of acid, in order to obtain

an ester of general formula (IV) in which X, R; and R”

are as defined above.



12 of use as synthetic intermediates in the preparation of the conpounds of
general formula (l). Another subject-matter of the invention relates to the
conpounds of general forrmula (I11) OR" Met I1l) 5 in which X represents a
‘hydrogen or hal ogen atom Rl represents a hydrogen atom or a (Cl-C4)al kyl
group, Het represents a heteroaronatic ggoup of pyridinyl, 10 quinolinyl,
isoquinolinyl, pyrimdinyl, pyrazinyl pyridazinyl type, it being
possible for the het eroar omati c group to carry one or nore hal ogen atons
and/ or one or nore (Cl-CQ al kyl or (%heg al koxy groups, R' represents a
(C1-C4) al kyl group, 15 of use as synthetic internediates in the
preparation of the conpounds of gen@ralprformula (I). Another subject-matter
of the invention relates to th 0 ds of (general formula (I1V) OR" 20
in which X represents a hydr or\\ ha? ogen at om 13 R1 represents a
hydrogen atomor a (Cl-C4)al kyl uﬁm°R represents a (Cl-C4)al kyl group
of use as synthetic internedi ates mn the preparation of the conpounds of
general formula (l1). 5 Ang%bﬁr’subjec matter of the invention relates to
t he conpounds of genergl, mul a (V)

O

R

N
1
R

1

This ester i1s converted to the amide of
general formula (V), in which X, R;, R; and R; are as
5 defined above, by reaction with an amine of general
formula HNR;R;, in which R; and R: are as defined above,
for example in the presence of a trialkylaluminium
derivative in a solvent such as toluene.
Finally, an N-heterocarylation is carried out
10 by a coupling reaction in the presence of a heteroaryl
halide or else of a heterocarylboronic acid derivative

and of a metal salt, such as a copper salt, resulting



in which X represents a hydrogen or hal ogen atom 10 Rl represents a

hydr ogen atomor a (Cl-Ca)al kyl group, R2 and R3 each represent,
i.ndependently of one another, a hydrogen atomor a (Cl-C4)al kyl group or
‘else R2 and R3 form with the nitrogen atomwhich carries them a

pyrrol sdi nyl, piperidinyl, norpholinyl f 15 4-al kyl pi perazi nyl group, of
use as synthetic internediates in the preparation of the conpounds of
general formula (lI). Qher conmpounds are novel and of use as synthetic

i nt er nedi at esn ign ¢drerpuEparfatgeredl tfer@laotpounds of general fornul a
(I'). They are the conpounds of general fornulae (I1l1) and (1V) above in

whi ch R' no | onger repfRiseiihetacat kgt reacplidutcan yisoden atom The
exanpl es which followillustrate the 14 preparation of sone conpounds of
the inventi GFRrOHRA PEhHER dfher eomReing sef gererdb fwrmate NV speetra

confirmthe structures of the conpounds obtai ned, ExanPI e 1 (Conmpound No.
1) 5 result in the ester of general formula (III). This

7-Fluoro-N, N, 5-trinet hyl - 4- oxo- 3- ridin-2-yl)3,5-di hydro-4H pyri dazi noJ[ 4,
5-b] i ndol - ELFbox® '%‘éaﬁl.li.c%‘féfg‘g‘?%rﬁo e i de ot general

2- (4-fluoro-2-nityophenyl)-1-net hoxycarbonyl et henol ate 47 (0.419 nol) of
po'g assi um t - bu I%‘?(#%e o &P 1&?%?530%8'&%1? n?% Wﬁogfg‘?%‘??%%ydrof uran. The

ti | t : oxi gat =5 90, ™. of th I
aaded. 615 5 (0 LTI of "ol ot s B S MRl HieBhlced. A
sol ution of £ I s O3 j to e,in 100 m of 15

£6r G a(}n;%g@ f®ld n%.&célfél@f sg]t\?éﬁEQ, LUeRe L

tetrahydrofuran is then added dropw se at Tow tenhperature. Stirring is

mai nt ai ned fdrdPcima¢, addbiedr SROPeARd US8a ddensebution is filtered. The
solid obtained is washed with diethyl ether and dried under reduced

pressurel020 78 g of arkeirghdsdldtl Gotiardl of opRbBSST Y and (I)

2- (4-fluoro-2-nitrophenyl)-1-nmet hoxycarbonyl et henol ate are obt ai ned,

conpri si ng feaamdDsd dRMbtdinpad dsgi siponification of the esters of
2-(4-fluoro-2-nitrophenyl)-1-ethoxycarbonyl et henolate. 1.2. Methyl

6-f | uor o- 1H-¥erRtet Dve aydroxsd ht Eobulaai kI eandt 851F) ofopohasacidssal t
obtained in stage 1.1. in 500 m of ethanol is cooled to approximately 0OC.
80 nl of corretthatdeemhyerwehing | thecheids echtdtned nwitil anpaminens. 35 g

(627 mmol ) of ) ,
of general formula HNR;R3;, as defined above, according

15 to methods known to a person skilled in the art.

The boronic acid derivatives carrying a
heterocaromatic group are commercially available or can
be prepared by methods analogous to those known in the
literature (Synth. Commun., 1996, 26, 3543 and Li

20 et al., J. Med. Chem., 1995, 38, 4570).

The compounds of general formula (I) for
which X, R;, R; and R3; are as defined above and for
which Het represents a heterocaromatic group of
l-oxidopyridinyl type can be prepared by oxidation,

25 using an oxidizing agent such as hydrogen peroxide, of
the equivalent derivative for which Het represents a
heterocaromatic group of pyridinyl type.

The compounds of general formula (I) for



15 iron powder are also added portionwi se. The m xture is heated at
for 5 h and then cooled and filtered. The solid obtained is rinsed with
di chl oronet hane. The filtrate is concentrated under reduced pressure. The 5

‘residue is purified by chromatography on a colum of silica gel

refl ux

with a

m xture of solvents (dichloronethane/ ethyl acetate: 100/0 to 70/30). The

chromat ography fractions are partially ¢oncentrated. The solid which

precipitates is collected by filtration, washed with 10 cycl ohexane and
dri ed under wkidkel, pResRyr endl&;gané aswiefensdl abofrer ard 66rnet hyl
6-fl uoro- 1H-i ndol e- 2- car boxyl ate are obtai ned, conprising 10 to 20~
et hyl 6-fl uowbidiHHatdorepResanbexsl heterddrémdtidkbyhyglip of

6- fl uor o- 1- net hyl - 1Hi ndol e- 2- car boxyl ate A suspension of 7.9 g(197 mol)
of 600 sodi uArhytepyieldihay bf tgpelcgn(b@6pneparedf byehaybgénationo

1H i ndol e- 2-

carboxylate (obtained in stage 1.2.) in 250 m of

of

N, N- di met hyl #3+Rein¢ dehpsrBerupetiribpldn, afopoesabbéat pénpbeature. 12 m
(193 nnol% of iodoyethane in 50 mM of N, N-dinethylfornmam de are

subsequen
The above r

Di chl or ot HAREST R2LARE: Gngr

action nediumis goureg into a m x{ f water and ice.

8Pt RE AgHEd

hydrochl ori c acid (1h@Thgthor ani.c ggase is_se aratfg Riés?ttling,
0 n

with water,
reduced pre
col um of si

(cycl ohexanefQi ghl @& et

dried over” sodfd _H?%ﬁa ,9??Ff%?e OLhd
Ln ANert oS AU %, 238 BUTLLECH-BY.RB(QMBLQOERRNY O
Wi ar Sol Vent s

ica gel th“a m xturée of "So

100/0 to 70/30).

10

15

20

25

2-alkoxypyridinyl type can be prepared by substitution,
by means of a sodium alkoxide, for example, of the
equivalent derivative for which Het represents a
heteroaromatic group of 2-halopyridinyl type.

The preparation of the starting compounds of
general formula (II) is disclosed in the document
WO-A-00/44751 in the case where X is a chlorine atom.
This preparation method is employed analogously when X
is a fluorine atom.

Another subject-matter of the invention
relates to the compounds of general formula (ITI)

QA or

(I

COOR'

T~

in which
Ri1 represents a hydrogen atom or a (C;-C4)alkyl group,
R’ and R” each represent, independently of one another,

a (C1-Cy)alkyl group,

Iye%HH%ﬂ.eﬁﬁedﬁ¥%YﬁFéV?sf§¥iWbé@haﬁeénﬁﬁEﬁﬁsﬁéﬁﬁeﬁature for 12 h.
re
EPY¥haSE™Ys h¥BEralized with

washed

Pat ed under

a

B3P&senPLSY: nbhepodi-6hheranglhapeset hyl acetate:



5 37.2 g (170 nmol ) of a white conmpound forned of nethyl

6-fl uoro- 1- net hyl - 1H-i ndol e- 2- carboxyl ate are isolated, conprising 10 to
20% of ethyl 6-fluoro 1-nmethyl-1Hindol e-2-carboxylate. 1.4. Ethyl

‘6-fl uoro-2- (nmet hoxycar bonyl ) -1-met hyl -a 10 oxo- 1Hi ndol e-3-acetate A
solution of 6.7 m (60 nmmol) of ethyl c? orooxoacetate in 220 m of
1,2-dichloroethane is cooled to OC. 6.6 (60 mmol ) of titanium
tetrachloride are added in snmall portions. The reaction 15 nediumis
stirred for 30 wFAa as egnthetyc (irtemmediateseihythe preparation of

6-fl uoro- 1- net hyl - 1H-i ndol e- 2- car boxyl ate (obtained in stage 1.3.) are
added. StirrFhRg FOMRAVRESA ABdgeRerad Fommudabil&ht tenperature. The nixture
is poured into a mxture of water and ice and extracted 20 with

di chl or onet hane. The ofBahier pakiers-Bapheht ed byestrvenhgonwashed with
water, dried_ o eé sodiunhsul hate, filtered and concentrated under reduced
pressure. Thﬁe¥% PAUEC] ERBUFPTPRNES ehr9RReEaL appy™BA2a (EBLUM of silica
gel with a mxture of solvents 25 (cycl gP®Rane/ di chl or net hane: 50/50; then
di chl or onet hane/ et hyl acet at e: 100/ 0%® 90/10). The solid is recrystallized
froma m xture of dichloronethange—g acet ate. 17 12.1 g of
yel l owi sh solid fornmed of ethyl
6-f | uor o- 2- (met hoxycar bonyl ) -X=neLh G 0
i sol ated, conprising 10 to 200 of et
6-f|uoro-2-(ethoxycarbony|)-l-nethyl{g-ox&llH-indole 5 3-acetate. Melting
point: 88591C. 1.5. Ethyl !

7-f 1 uoro-5-net hyl : 4- oxo- 3- (pyridi n-2-yl)3, 5-di hydro- 4H pyri dazi no[ 4, 5- b] i nd
oIe-l-carboxy?é%%lﬁpsolution of 0.40 g (1.36 nmol) of ethyl 10

6-1 uor o- 2- (greg hoxycarpony! ) - d; et hyl - a; oxo- 1H i ndol e

R; represents a hydrogen atom or a (C;-C4)alkyl group,

(]
OUHét i n(dlt)l e 3-acetate are

Het represents a heterocaromatic group of pyridinyl,

10 quinolinyl, isoquinolinyl, pyrimidinyl, pyrazinyl or
pyridazinyl type, it being possible for the
heteroaromatic group to carry one or more halogen atoms
and/or one or more (Ci;-Cs)alkyl or (C;-Cs)alkoxy groups,
R"” represents a (C;-C4)alkyl group,

15 of use as synthetic intermediates in the preparation of
the compounds of general formula (I).

Another subject-matter of the invention

relates to the compounds of general formula (IV)

20 in which

X represents a hydrogen or halogen atom,



3-acetate (obtained in stage 1.4.), of 30 m of absolute ethanol, of a few
drops of glacial acetic acid and of 0.60 g (5.5 mmol ) of

2-pyridinyl hydrazine is brought to reflux for 17 h. 15 The mediumis

‘cool ed. The insoluble material is collected by filtration, washed with

di ethyl ether and purified by chronatogi?phy on a colum of silica gel with
a mxture of solvents (dichloronethane/ethyl acetate: 100/0 to 0/100, then
et hyl acetate/ nethanol: 20 100/0 to 90/10). A conpound (0.20 g; 0.55 mmol)

i s isol at ed Rin neprdfsemnhsofa dvdetdaam sgidml.oxl.s6.(C1-C4) alkyl group,
7-FIuoro-N,N,5-trinethyl-4-oxo-3-&p ridin-2-yl)

3, 5-di hydr o-BH BS5PT e w4, blGnadkelligeapboxani de 25 A sol ution of

di met hyl am ne_hydrochloride (0.50 g; 6 mmol) in 50 m of toluene under
argon i s cooPEdit® DT SYRILRAERC 4l RFerBedhat§s ofn atlhe i HeeRgrani ofi af um
solution (2M.,in toluene) are added jn_snall 18 portions. Stirring is

mai nt ai ned forS CHRPURAS; ¥ht IPRAPRL af oFBULE: hT) -

7-fl uoro-5-net hyl - 4- oxp- 3- ridin2-yl)-3,5-di hydro-4H pyridazi no[4, 5-b]ind
ol el-carbdxyl ate in th&n%gégﬁ ?g?%?f%7%§t5?r19g ﬁ%%l}?vgng?%ined in stage
1.5., is sub I d.and the reaction diumis heated at 110C for 5
h. The solutfgﬁyfgéc%%le t%&g%%?%gfn% e ¥ o an ﬁﬂ?i? ?gsadded dr opwi se.
Di chl oronet hane and then 300 sodi um hydr oxNB#,are subsequently added unti |
the 10 al um nium derivatives have di ssoffed. The organi ¢ phase is separated
by settling, washed with water, drieg ove3~§pdiu sul phate, filtered and
concentrated under reduced pressu resy duelYk purified by

chromat ography on a col um of KXTN¢a-{ i ;N8 mi xture 15 of solvents

(di chl oronet hane/ et hyl acetate: 90/10 Wo 0/\{00, then ethyl

acet at e/ net hanol : 100/0 to 90/10). The/sol i@ obtained is recrystallized
froma mixture of dichloronmethane and ethyl acetate. 0.070 g (6.5 mmol) of

conmpound is jsolated in 20 the formof a white solid.
in which

X represents a hydrogen or halogen atom,

10 R; represents a hydrogen atom or a (C;-C4)alkyl group,
R; and Rz each represent, independently of one another,
a hydrogen atom or a (C;-Cs)alkyl group or else R, and R;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or

15 4-alkylpiperazinyl group,
of use as synthetic intermediates in the preparation of
the compounds of general formula (I).

Other compounds are novel and of use asg

synthetic intermediates in the preparation of the

20 compounds of general formula (I). They are the
compounds of general formulae (III) and (IV) above in
which R” no longer represents a (C;-Cs)alkyl group but a
hydrogen atom.

The examples which follow illustrate the



Chl oro-N, N, 5-tri net hyl - 4- oxo- 3-(pyridin-3-yl)

, 5-di hydr o- 4H pyri dazi no[ 4, 5- b] i ndol e- 1- car boxam de 25 hydrochl oride (1:1)
‘2.1. Ethyl 7-chl oro-5-nethyl-4-oxo-3,5-di hydro-4H
pyri dazi no[ 4, 5-b] i ndol e- 1- car boxyl at e Zolution of 4.38 g (13.5 mmmol ) of
et hyl 19 6-chl oro-2-(ethoxycarbonyl)-1-net hyl - a- oxo-1Hi ndol e3-acetate
(disclosed in WO A-00/44751), of 65 ml of glacial acetic acid and of 2.7 m
(55.7 mmol ) pfebyortidneofionohy deameousddrofighhet invehtiznt orh8 h. 5 The
mediumis cooled. An insoluble material is collected by filtration, washed
with water afbemeRed] upberoaraliveds prrdsuhe. IR, 88dgNYR 1sPeanps) of conpound
are isolated in the formof a white solid. 10 Melting point: 302-303C 2.2.
7- Chl or o- N, NE@R £+ ¥RetR9| srexbuBes- of hijde ocgppounds obtained.

pyridazino[4i5-b!!ndﬁl?-l-carb xam de 2.45 g (30 mmol ) of di met hyl am ne
hydr ochl ori PPV nC ar®) i ntroduced under 15 argon. The

| uti i dto_Q dtih 1 30 1), trimethylal um ni
S0l Ut on oV TRLEEFHENey g?‘érhra‘g&iyfﬁﬂs‘ﬁ%‘l’ﬁgg&’%bﬁté??%h{éi?rgac?i SR”?ESE am
i ti df 2 i t 1 ... 30 20. 1 t
sol ut o' pr oo S 38 Bor By EREBE - tndhirn- 6rPEskrecs ot ) of
t hyl : .
?-CKIoro-S-H%i%yl-4P%§%§%?%Td%ﬁ&%?%%ﬁ$ﬁ3?%a%%Fﬁ%?H?%¥%iT%H@?Eb3¥¥érboxylate

(obtai ned i nagt Zetdhenbz 9 m of toluene. The reaction nmediumis heated
at 100C for 3 h. The solution is cooled to approxi mately 0C

47 g (0.419 mol) of potassium t-butoxide are

Mel ting point: 199-200C. Exanple 2 (Conpound No. 12)
7- Chl
3

10 introduced into 900 ml of tetrahydrofuran. The reaction
medium is cooled to approximately -5°C and 90 ml of
methanol are added. 61.2 g (0.419 mol) of ethyl oxalate
are subsequently introduced. A solution of 54 g
(0.348 mol) of 4-fluoro-2-nitrotoluene in 100 ml of

15 tetrahydrofuran is then added dropwise at low
temperature. Stirring is maintained for 12 h at ambient
temperature. The solution is filtered. The solid
obtained is washed with diethyl ether and dried under
reduced pressure.

20 78 g of a purple solid formed of potassium
2-(4-fluoro-2-nitrophenyl) -1l-methoxycarbonylethenolate
are obtained, comprising from 10 to 20% of potassium
2-(4-fluoro-2-nitrophenyl)-1l-ethoxycarbonylethenolate.
1.2. Methyl 6-fluoro-1H-indole-~2-carboxylate

25 A mixture of 35 g of potassium salt obtained
in stage 1.1. in 500 ml of ethanol is cooled to
approximately 0°C. 80 ml of concentrated hydrochloric

acid are added in small portions. 35 g (627 mmol) of



and poured into a m xture of an aqueous hydrochloric acid solution (1M and
ice. The reaction nediumis subsequently basified with an aqueous sodi um
hydr oxi de 20 solution (1M. The precipitate obtained is filtered off,
"washed with water and dried under deduced pressure. A conpound (1.99 g; 6.5
mmol) is isolated in 5 the formof a Ilggt beige solid. Melting point: >
300C. 2.3.

7-Chl oro-N, N, S-trinet hyl - 4- oxo- 3- (pyri di n-3-yl) 3, 5-di hydro- 4H—pyr|da2|no[4
5- b] i ndol e- 1léaﬂbﬁﬂuﬁﬁéeaﬁ§d&b§ﬁleﬂdaé pOroidngisé. 7Tcdl migthe is

N, 5-trinethy] -4-oxo 3, 5-di hydro- 4F+gyrrdazrno[4 5-b] i ndol e- 1- car boxam de
(1.3 mmol ), Bﬁﬁéﬁﬁeﬂtlﬁegﬂﬁﬁef2r25 |§n@|§§@Dv@@01ﬁ 3andi fpltered.
N—nethylpyrro |done é 2.6 mol) Egrldlne 0.36 M (2.6 mmol) of
triethyl ani neRe33plig ¢Btain IéEuFéFS§ﬁeWé OdH?th{Qmﬁthﬂﬁﬁ) Bhecupric
acetate and g ﬁﬁg %2 6 nnnlé of 2- ﬁpxrldln 3-yl) 1,3, 2-di oxabori nane are

i ntroduced af>aRbfERt 1T eABBFEREFRESd ﬁﬂﬁérrﬁﬂuﬁ?ﬂoﬂréﬁﬁBEBheTBe Af ter

reacting t he inso%u l,e na are %0 separat d by filtration

and 0. 21 %frfﬁs% Rfoty BF H +EQi RE, © r%@a 9¥PBY N8I § ©F P@Fe?ﬁylanlne
340 f 4 f t at d,0. 42
(26 ol ) of T5Lea g Bk e i S bPaPaR TR v € Pl SufiSEhReEndRg O 4 O
sol uti on. Stéfm(ﬂgagétaeenawé?pneg 787388 NrndNentOnoluble fipter ials are

separated by filtration. The solvent I's renoved under pressure

Di chl or omet hapgcenen¥es£6 85 Lt added &Qnéeﬁteaeeara&h@“s6f§&dwﬁlcﬁhe aqueous
phase is 21 extracted with dichloronethane. The organic phases are

combi ned, maﬁhedlprtateatgg,cdlleet@aebyseﬂraﬂaﬁybﬁhareshéal&@Eﬁd and
concentrated under reduced pressure. The residue is purified by
chr onat o0 apbycbohé&xane ohndmdof edi hhdar (ebaesta peptgaséet hyl acet at e:
18 g of a white solid formed of methyl
6-fluoro-1H-indole-2-carboxylate are obtained,
comprising 10 to 20% of ethyl 6-fluoro-l1H-indole-
2-carboxylate.
15 1.3. Methyl 6-fluoro-l-methyl-1H-indole-2-carboxylate
A suspension of 7.9 g(197 mmol) of 60% sodium
hydride and of 36.1 g (176 mmol) of methyl 6-fluoro-
1H-indole-2-carboxylate (obtained in stage 1.2.) in
250 ml of N,N-dimethylformamide is stirred for 2 h at
20 ambient temperature. 12 ml (193 mmol) of iodomethane in
50 ml of N,N-dimethylformamide are subsequently added.
The mixture is stirred at ambient temperature for 12 h.
The above reaction medium is poured into a
mixture of water and ice. Dichloromethane is added and
25 the aqueous phase is neutralized with hydrochloric acid
(1M) . The organic phase is separated by settling,
washed with water, dried over sodium sulphate, filtered

and concentrated under reduced pressure. The residue is



10/90). The white solid obtained is triturated in diethyl ether. 400 ng of
a white solid are isolated. The hydrochloride is fornmed by dissolution of
the solid isolated above in ethanol and by addition of 10 a sol ution of
"hydrochloric acid (5N) in propan-2-ol. After recrystallization from
propan-2-ol, a conpound (0.35 g; 0.84 |) is isolated in the formof a
White solid. Melting point: 228-230C. 15 Exanple 3 (Conpound No. 4)
7-Fluoro-N, N, 5-trimet hyl - 4- oxo- 3- (2- met hoxypyridin

5-yl) -3, 5- diPyekblag byr casenasparaphy i erok ecolemnbofasi déca. gelEt hyl
7-fluoro-5-net hyl - 4- oxo- 3, 5-di hydro-4H 20
pyrlda2|no[4”Bt%]?nﬁb¥%u{ec%?b%R%Y%@ESA(%th?h@ﬁaﬁﬁ/¢18b1§rW26h6nﬁﬁDI) of

et hyl 6-fluo hox nmet hyl - a- oxo- 1Hi ndol e 3-acetate

(obt ai ned |ﬁ£§f§%én§£ %fgéﬁﬁﬁ%Tétﬁ?neé?gébg AFSbRtEF atP8r Oaketic acid and
of 5 nm (10 Qz of 25 hydr azi ne nonohydrate is heated at 90C for 20 h.
The nedlun1|s&y% éd. After addition of mater an insoluble material is

d d d d
pressure® 22 5 60 g tlot S mry BioLhigbAavat kT SarRPBAS) FOPRES or m of a
whi te SOl'dP?éf%%# 1PELPY ;o34 S%égh%fde—hﬁggle—z—carboxylate are

7- Fl uoro-N th | -4-0x0-

pyr i dazi nO[%é@P&lE@éP'éo$p£§é99§aﬂbd€opz§59'Hfi8E'h9i 8-99,8r630- 6 mmol ) of

l-methyl-1H-indole-2-carboxylate.
1.4. Ethyl 6-fluoro-2- (methoxycarbonyl)-1l-methyl-o-
10 oxo-1lH-indole-3-acetate
A solution of 6.7 ml (60 mmol) of ethyl
chlorooxoacetate in 220 ml of 1,2-dichloroethane is
cooled to 0°C. 6.6 ml (60 mmol) of titanium
tetrachloride are added in small portions. The reaction
15 medium is stirred for 30 min at 0°C. 10 g (47 mmol) of
methyl 6-fluoro-l-methyl-1H-indole-2-carboxylate
(obtained in stage 1.3.) are added. Stirring is
maintained for 12 h at ambient temperature. The mixture
is poured into a mixture of water and ice and extracted
20 with dichloromethane. The organic phase is separated by
settling, washed with water, dried over sodium
sulphate, filtered and concentrated under reduced
pressure. The residue is purified by chromatography on
a column of silica gel with a mixture of solvents
25 (cyclohexane/dichlormethane: 50/50; then
dichloromethane/ethyl acetate: 100/0 to 90/10). The
solid is recrystallized from a mixture of

dichloromethane and ethyl acetate.



di met hyl am ne hydrochloride in 150 ml of toluene, under argon, is cooled to
0C and then 18 m (36 mmol ) of a trinmethylalum niumsolution (2Min
toluene) are added 10 in small portions. Stirring is maintained for 2 h at
“anbi ent tenperature. 2.6 g (9 nmmol) of ethyl
J-fluoro5-nethy|-4-oxo-3,5-dihydro-4k+p¥5idazino[4,5-b]indolel-carboxylate
in the solid form (obtained in stage 3.1.) are subsequently added. The
‘reaction nedium 15 is heated at 110C for 18 h. The solution is cooled to
approxi mately 0C. Wat ek2 ahdy tdernyel ldwhsklr ookl drfermed dosodtitybn are added
dropwi se until _a pH of between 1 and 2 is obtained. The precipitate is

col | ect ed by6T$1luenedn(methemetrebonyh) watreetanb-ar oo Ldendo keuced
pressure in the presence of phosphorus pentoxide. A conpound (1.10 g; 3.8
mol) is isol REVUCRFE tHee b dEed vRPTRr 591 nd. 13Ete i 2% pof nethyl 300C. 25

3.3. 7-Fluorpo-N N 5-trinethyl-4-o0xo0-3-(2-met hox '

pyri di n-5-y|§tg5%é’a??é/ﬁf%?t}lf#3@%¥MY%bthtfseH}Y Tt @xQ=bHr bedahede A

sol ution of iFS %&%1'04 mol ) of 7-fluoro 23

N, N, 5- t ri fret hyfSAEB%0: 3, 5- di hydr o- 4H- pyri dazi no[ 4, 5- b] i ndol e- 1- car boxani de

(obt ai ned i{lv)‘é%‘faﬁg%%giat‘ 058 0%%@n(gtg (0.63 Mol ) of cuprous iodide, of 0.20

g (1.45 mo t*assi um car e and of 0.60 g 5 (3.19 mmol) of

R G

150C for 20 The reaction mxture 1S ol e )naer

reduced pressuseq; &b Of LIRINEANE, i Wf £7'5 apfl 8q SOl ur | ge, sol ution
(1M are added. T%E?organic phase %s 0'sepg#atedgﬁgq%ett gﬁgggﬁashed wth

water, dried over sodianesulpisd eof fol4i@rgedants cRRSENtE At & ynder reduced
pressure. The residue is purified by chromatography on a colum of silica
gel (el uemt :6-¢f idos-avetrhetiedef dytbaeet Bt B:md O - ¢ 0oRb 1085 i A6 -
3-acetate (obtained in stage 1.4.), of 30 ml of
absolute ethanol, of a few drops of glacial acetic acid
and of 0.60 g (5.5 mmol) of 2-pyridinylhydrazine is
brought to reflux for 17 h.
15 The medium is cooled. The insoluble material
is collected by filtration, washed with diethyl ether
and purified by chromatography on a column of silica
gel with a mixture of solvents (dichloromethane/ethyl
acetate: 100/0 to 0/100, then ethyl acetate/methanol:
20 100/0 to 90/10).
A compound (0.20 g; 0.55 mmol) is isolated in
the form of a yellow solid.
1.6. 7-Fluoro-N,N,5-trimethyl-~4-oxo0-3- (pyridin-2-y1) -
3,5-dihydro-4H-pyridazino[4,5-b]lindole-1-carboxamide
25 A solution of dimethylamine hydrochloride
(0.50 g; 6 mmol) in 50 ml of toluene under argon is

cooled to 0°C and then 4 ml (8 mmol) of a trimethyl-

aluminium solution (2M in toluene) are added in small



15 ethyl acetate/nmethanol: 95/5). The white solid obtained is
recrystallized froma dichloronethane/ethyl acetate m xture and washed with
diethyl ether. A white solid (0.26 g; 0.66 nmol) is isolated. Melting

“poi nt: 225-226C. 20 Exanple 4 (Cbnpound No. 9)

7- Fl uoro- N, 5-di net hyl - 4- oxo- 3- (pyridin-3-yl)

3, 5-di hydr o-4H pyri dazi no[ 4, 5- b] i ndol e- 18Car boxani de 4. 1. Et hyl

7-f1 uor o- 5- met hyl - 4- oxo- 3- (pyri di n-3-yl )3, 5-di hydr o- 4H pyri dazi no[ 4, 5- b] i nd
ol e- 1- car boxyd=at £o2S. Estiytr Ing| Liorma tnteityd - Boox®- 1B, &t dakydent 4H

pyri dazi no[ 4, 5-b] i ndol e- 1-carboxylate (0.9 g; 3.11 nmol), obtained in stage
3.1. of Exanp¢ﬁp8rat@rdisEbhybd7+ﬁlﬁﬁr@+5fme®hm®%hy¢$gFBekpﬁnn@ine.50 m

24 (6.2 mol grldlne 0.8 mM (5.7 nnDI) of triethylam ne, 4 g of

mol ecul ar si VEl)i 05gd{BY@r©nﬁH7pbfl@®@¢m@ 4cetht tnanden. 90 g (5.5 mol)
of 2-(3-pyridinyl)-1, 3 2- di oxabori nane are introduced at 5 anbi ent

t enper at ur e &meR lake at@obrhat ebpfef@rmAf @ e?8r@acti Agimol) 24 h, the
solvent is renoved under reduced pressure. Dichloronethane, water and

sodi um hy®lr oXPeRIaH) 1ar etageel: 5 Thelf nswpeewechiat vr pafedpadsehar at ed by
filtration, the organic_phase is separated 10 by sett]ing and the aqueous
phase is ext?%i?% i ped ?@h*%r%ﬁ%?%g Rt Th® %ré% i¢ Bhases are conbi ned,

hed with wat dried di | fltdd trated
Under reduced pressur el TrEo FRET e T BT FF | B0 BYPEREORAL Bb7 oy on a

| f 1 00/ 0
57100, ot ny1 afardbey (b [ £0dEa  qrlpalb 8! CRPCHROFORL N mBCERE Bagtsl () 1P
i sol ated. N@i@%nQo@Puﬂthyaﬁéxgéécéré gub§e?uently added until the

7- Fl uor o- N, 5- di net hyl - 4-oxo- 3- (pyridin-3

3, 5- di hydp o- dthmyhi @azaapl ¢a b1 Pbé eV E- ézggépeéém 'ﬂﬁe%;@%&ﬁ@@ gaﬁagéseous
nmet hylam ne is introduced into a solution of O. et hyl

7-f1 uor o- 5- kg hydpdr &%6d 3p¢ pyet gl ing; Y sBed- ﬁibMdWQter, dried over
4H pyri dazi no[ 4, 5-b] i ndol e- 1- car boxyl ate (obtained in 25 stage 4.1.) in 30

m of dichl csodbthamel phat&) fil loéradt mdotonSentrabtgdi endeint ai ned for 4
h. The reaction nmediumis concentrated under reduced pressure. The
reduced pressure. The residue is purified by
chromatography on a column of silica gel with a mixture
15 of solvents (dichloromethane/ethyl acetate: 90/10 to
0/100, then ethyl acetate/methanol: 100/0 to 90/10).
The solid obtained is recrystallized from a mixture of
dichloromethane and ethyl acetate.
0.070 g (6.5 mmol) of compound is isolated in
20 the form of a white solid.
Melting point: 199-200°C.
Example 2 (Compound No. 12)
7-Chloro-N,N,5-trimethyl-4-oxo-3- (pyridin-3-y1)-
3,5-dihydro-4H-pyridazino[4,5-b]lindole-1-carboxamide
25 hydrochloride (1:1)
2.1. Ethyl 7-chloro-5-methyl-4-oxo-3,5-dihydro-4H-
pyridazino[4,5-blindole-1-carboxylate

A solution of 4.38 g (13.5 mmol) of ethyl



residue is purified by chromatography on a col um of 25 silica gel

(el uent: dichl oronet hane/ net hanol: 100/0 to 90/10). The solid obtained is
recrystallized froma m xture of dichloromethane and ethyl acetate. A white
"solid (0.22 g) is isolated. 5 Melting point: 270-272C. Exanple 5 (Conpound
No. 6) 1-[[7-Fluoro-5-nethyl-3-(pyrimdin-2-yl)-4-o0oxo0
3,5-dihydro-4Fprridazino[4,5-b]indol-llgl]carbonyl] pyrrolidine 10 5.1.
1-[[ 7- Fl uor o- 5- net hyl - 4- oxo- 3, 5- di hydr o- 4H

pyri dazi no[ 465eh)lopdeb~leyhbrgehobyphipyrLohedhpe-d2orb- (24 iadBILE-O0f a
trinmethylal um niumsolution (2Min toluene) in 100 m of toluene, under
argon, are cdoehedthbe0Cdandlbohed 2nnWOFR400dKRYSdl , 16£p¢brolli difne are added
in small portions. Stirring is nmaintained for 2 h at anbi ent tenperature.
2.0 g (6.9 nebpyisl achyic acid and of 2.7 ml (55.7 mmol) of
7-fluoro-5-nethyl - 4-o0x03, 5-di_hydr o-4H-pyri dazi no[ 4, 5- b] i ndol e- 1- car boxyl at e
(obt ai ned i nh¥fiageise1mopphpdaapreis) braughé §6| F&IEBXME2D &r 8-subsequent |y
added. The reaction nmedjumis heated at _110C for 18_h, _The soluytion is

cool ed to2approxi mat el YRECTeRAEBr 18nHOPKER - aPBolBEPOIHPE REdPEERLori ¢ aci d
(1M are added dropw se until., H of between.1 and 2 is 25 qgbtai.ned. The

b oki pi tate. 9Bt SPRCRCESSY Pyt £i SR OnnatREHSH b HaBF SEnandr P2 Sinder
reduced pressure_in éhe gr gsence of phosphorus pentoxide. A conpound (1.50
g, 4.6 mol ) “FESFsbPAEEES RESSSure:

3.58 g (11.7 mmol) of compound are isolated
in the form of a white solid.
10 Melting point: 302-303°C.
2.2. 7-Chloro-N,N,5-trimethyl-4-oxo0-3,5-dihydro-4H-
pyridazino[4,5-b]indole-1l-carboxamide
2.45 g (30 mmol) of dimethylamine
hydrochloride in 30 ml of toluene are introduced under
15 argon. The solution is cooled to 0°C and then 15 ml
(30 mmol) of a trimethylaluminium solution (2M in
toluene) are added in small portions. The reaction
medium is stirred for 2 h at ambient temperature.
30 ml (20.1 mmol) of the solution prepared
20 above are added to a suspension of 2 g (6.5 mmol) of
ethyl 7-chloro-5-methyl-4-oxo-3,5-dihydro-4H-
pyridazino[4,5-blindole-1-carboxylate (obtained in
stage 2.1.) in 60 ml of toluene. The reaction medium is
heated at 100°C for 3 h.
25 The solution is cooled to approximately 0°C
and poured into a mixture of an aqueous hydrochloric
acid solution (1M) and ice. The reaction medium is

subsequently basified with an aqueous sodium hydroxide



6 the formof a white solid. Melting point: > 300C. 5. 2.

26 t

1-[[7-Fluoro-5-net hyl -3-(pyrimdin-2-yl)-4-0x03, 5-di hydro-4H- pyri dazi no[ 4, 5
-b]indol -1-yl]carbonyl] 5 pyrrolidine A solution of 0.24 g (0.73 nmol) of
"1-[[7-fl uoro-5-nethyl - 4- oxo- 3, 5-di hydr o- 4H

pyridazino[ 4, 5-b]indol -1-yl]carbonyl]pyrrolidine (obtained in stage 5.1.),
of 0.120 g (0.63 mmol) of 10 cuprous ioapde, of 0.15 g (1.09 mmol ) of

‘pot assi um car bonate and of 0.30 g (1.89 mmol) of 2-bronopyrinidine in 40 n
of N, N-di net hgltoionn(tiM) i sTheapedcapitaB€ bbtaifiell. igheéineagton m xture
is cooled and concentrated under reduced pressure. 15 Dichl oronet hane,

wat er and a cbhcewdsheddwsbdi wathydandi deiedl uhden aeduadded. The organic
phase is separated by settling, filtered through Celite, washed with water,
dried over spdeaausalphate, filtered and concentrated under reduced
pressure. The residue is 20 purified by chromatography on a col um of
silica gel (eluent: di&hFereRenfanéd.8Phgl 8cbtamel)8dr20spdadredodn et hyl
acetate/ nethanol ;. 100/Q to 90/10%.,The solid obtained is recrystallized
from a di ehl BRBmEPRANBE et hyL9BEcP8igenfRidtfe and washed with diethyl ether.

25 A white sglid,(0.04.g; 0.1 |) is isolated. Melting point: 238-239C
27 Exanpl o &Y %g guRaiRG: 26500°C.

4-thﬁgr-i-[ ?-cﬁ%ogg-g-neth ?- =( rid'ﬂ- - I%-4- X03 5:thygro-4H-pyridaz
i no[ 4, 5-b] i NAd: 1-yIT & %86%9&1%?5@E§%Wﬁ§ Hiaga ﬁP68r38YEi.iF‘ ¥l

4-Methyl -1-[L7 ! - - et 4- -3,9 , .

i hydr o ar pof s O PR YR Y80 e 5 B AP LT BaSAEPRERIES! uti on of

4- et hyl pi pepggi-8enidriqal; 10 mml) in 10 m of toluene is cooled to OC
under 10 argon. 5 (10 mmol ) of a trinmethylalum niumsolution (2Min

toluene)1gre added in gnaly peryienAserSLi K, Btk SmBRhYTaknggdLor 2 h at
anbi ent tenperature. 1.0 g (3.27 mmvol) of ethyl
7-chl oro- 5- nBf bylliByaxo34H-pgibydaeiAbipy6-8aihael é-2-bhirbegkengecar boxyl at e
(1.3 mmol), obtained in stage 2.2., is dissolved in
35 ml of N-methylpyrrolidone. 0.21 ml (2.6 mmol) of
pyridine, 0.36 ml (2.6 mmol) of triethylamine, 340 mg
15 of molecular sieve, 0.47 g (2.6 mmol) of cupric acetate
and 0.42 g (2.6 mmol) of 2-(pyridin-3-yl)-
1,3,2-dioxaborinane are introduced at ambient
temperature and under an argon atmosphere. After
reacting for 24 h, the insoluble materials are
20 separated by filtration and 0.21 ml (2.6 mmol) of
pyridine, 0.36 ml (2.6 mmol) of triethylamine, 340 mg
of molecular sieve, 0.47 g (2.6 mmol) of cupric acetate
and 0.42 g (2.6 mmol) of 2-(pyridin-3-yl)-
1,3,2-dioxaborinane are added to the solution. Stirring
25 1is maintained for 24 h. The insoluble materials are
separated by filtration. The solvent is removed under

reduced pressure. Dichloromethane and water are added

to the evaporation residue. The aqueous phase is



15 (obtained in stage 2.1. of Exanple 2) in 30 ml of toluene is
subsequently added. The reaction nmediumis heated at 110C for 2 h. The
solution is cooled to approximately OC. Water and then a concentrated
“sodi um hydr oxi de solution 20 are added dropw se. The precipitate is
filtered off, washed with water and dri guunder reduced pressure in the
presence of phosphorus pentoxide. A con% nd (0.89 g) is isolated in the
formof a white solid. 25 6. 2.

4- Met hyl - 1- [ p%techlcded- St kiilch3-ofpyneittiane3- wihed oagand o5 pthalsedr aréH pyri daz
i no[ 4, 5-b]indol 1-yl]carbonyl]piperazi ne hydrochloride (1:1)

4- Met hyl - 1- [ fpabhinedo- Srasbeldy withowater28dried over sodium

3, 5-di hydr o- 4H-pyri dazi no[ 4, 5- b] i ndol - 1-yl ] car bonyl | pi perazine (0.75 g; 2.1
mol ), obt ai fEdPhatst ada lsered pnddiconsiendd aitigdsnglerofreduced

N-met hyl pyrrolidone. 0.39 nl (4.8 mmol) of pyridine, 0.67 m (4.8 mmmol) of
5 triet hyl anPRESSEEES -ng16f resicee 45 Puasidied By ghreometegsaphyt osupric
acetate and 0.78 %ﬁ&f-8 1) of 2-(pyridin-3-yl)-1,3, 2-di oxaborinane are

i ntroduced af &SRB ofe fperstur @ Lasd tindeP tanedeidN laBrssFvere. After

0°36. (4 1809 -ofttsy Mrktie SCd 8y SRS ol LGRLAedt A ani ne. 2. 0y
f | | i 0.87 S | f i tate ., .7 4.8

of T SeULar SheSn QU810 Ghobraml oLy cul Lo acergte A 0. p o (4

Stirring 15 1S extendedylony o biphhes 24 cHinsobenl ot amayed ainder

reduced pressure. Dichloro ane and water are ad i 'nsol uble

materials arengepanalied sbY atlddst HAVRN 1 nT R HALIANIG PRRAS @A rSeRATAL €d by
settling and the aqueous phase is extracted wth 20 dichl oronet hane. The

organi ¢ plpases salatéembiofe thy dveehedrict Bcwat g5N)drHinegrvem-20¢1um sul phat e,
filtered and concentrated under reduced pressure. The residue is triturated

i n diisopropgfterheecriiseapiaecapiibat €rohf arogadn-2-odl,] ecteethdoudd | tration
and purified by 25 chronmat ography on a colum of silica gel (eluent:
di chl or onet hdfeBAeghafolB4 HB0/A0 tie 9GOLAXedAicr edm dolraurcdd aseihide 0. 3 Q)
is isolated. The hydrochloride is forned by dissol ution of
solid.
Melting point: 228-230°C.
15 Example 3 (Compound No. 4)
7-Fluoro-N,N,5-trimethyl-4-oxo-3- (2-methoxypyridin-
5-y1l)-3,5-dihydro-4H-pyridazino[4, 5-b]indole-
l-carboxamide
3.1. Ethyl 7-fluoro-5-methyl-4-oxo-3,5-dihydro-4H-
20 pyridazino[4,5-blindole-1-carboxylate
A solution of 7.80 g (26.6 mmol) of ethyl
6-fluoro-2- {methoxycarbonyl)-1l-methyl-o-oxo-1H-indole~
3-acetate (obtained in stage 1.4. of Example 1), of
200 ml of glacial acetic acid and of 5 ml (103 mmol) of
25 hydrazine monohydrate is heated at 90°C for 20 h.
The medium is cooled. After addition of

water, an insoluble material is collected by filtration,

washed with water and dried under reduced pressure.



29 the solid in propan-2-of and by addition of 7 ml of a solution of
hydrochloric acid (0.1N) in propan-2-ol. After recrystallization from
propan-2-ol, a conpound (0.23 ¢g; 0.44 mol) is isolated in the formof a
"white 5 solid. Melting point: 267-268C (deconposition). Exanple 7 (Conpound
No. 11) 7-Chloro-N/ N, S-trinethyl-4-oxo- 2(pyridin-2-y|)

3, 5-di hydr o-4H pyri dazi no[ 4, 5- b] i ndol e-1-car boxam de 10 0.4 g of
“7-chloro-N, N,5-trimethyl-4-oxo

3, 5-di hydr o- 4H pyri dazb nof 49 5(1 i hduhel 1 -chrboxpoind 4#e 3iswvbadedobt ai ned
in stage 2.2, of Exanple 2, is dissolved in 35 nl of N-nethylpyrrolidone.
0.2 m (2.6 Hhotye ofolyrodimehdtgesedidn. 6 mml) of 15 triethyl am ne, 420
ng of nol ecul si eve,, 0.48 (2.6 mmol) of cupric acetate and 0.874 g (2.6
mol ) of a H¥§£Eﬁ%§[E?Hﬂtiﬁ3fht}ﬁ§ﬁﬁtripropoxypyridin2-y|boronate and

I i nt t anbjient t { d d
B moapher o, Arier  2b N BUED Tl W ot BaHECey b frote: b TRIIY GO DR di ne, 0. 36
m (2.6 I f ' | am 420 f I I [ , 0.48 2.6
oty of Supt e ke L SP O Al TH AR s mxtare [104] o
l'ithi tri i Ai =2 n nol .are added 25 to the
sglu;?gh.rgﬁ{?P?ﬁépygug;?éﬁﬂ%%gfggpg%ﬁ%g&?tF%%g?Iﬁﬁpﬁz %ﬁe solvent is

evapor at ed. DIy RTRLASNG, SIS a8l 5, adedyy The erganie Allasg i S

separated by settling and the agueous phase 1s extra

di chl or omet hangon Thes aranie phases e @bl fedy driedupyey sedi um

sul phate, filtered and concentrated under reduc pressure. e residue is
purified by tehintseEiyiglapih Qfin &0k t4Bh 0f 2181 11k e Bednd £l At agdeq

di chl or onet hane/ net hanol : 100/0 to 95/5). The solid obtained iIs
recrystalQi zied smednh eddianiodns A $tiightiei e mointh{®5F@ 2 shisw©l at ed.
Melting point: 210-211C. Exanple 8 (Conmpound No. 14) 10
7- Chl or o- N, Nugriteri theigmperhtoxee 3-2 /rg di h-Mrgll) of ethyl 7-fluoro-
5-methyl-4-oxo-3,5-dihydro-4H-pyridazino[4, 5-b]indole-
l-carboxylate in the solid form (obtained in
stage 3.1.) are subsecquently added. The reaction medium
15 is heated at 110°C for 18 h.
The solution is cooled to approximately 0°C.
Water and then a 1M hydrochloric acid solution are
added dropwise until a pH of between 1 and 2 is
obtained. The precipitate is collected by filtration,
20 washed with water and dried under reduced pressure in
the presence of phosphorus pentoxide.
A compound (1.10 g; 3.8 mmol) is isolated in
the form of a white solid.
Melting point: > 300°cC.
25 3.3. 7-Fluoro-N, N, 5~trimethyl-4-0ox0-3- (2-methoxy-
pyridin-5-yl)-3,5-dihydro-4H-pyridazino[4, 5-b] indole-

l-carboxamide

A solution of 0.3 g (1.04 mmol) of 7-fluoro-



3, 5-di hydr o- 4H pyri dazi no[ 4, 5- b] i ndol e- 1- car boxam de hydrochl oride (1:1)
0.4 g of 7-chloro-N, N,5-trinethyl-4-oxo

3, 5-di hydr o- 4H pyri dazi no[ 4, 5-b] i ndol e- 1- car boxani de 15 (1.3 mmol),
“obtained in stage 2.2. of Exanple 2, is dissolved in 35 m of

N-nmet hyl pyrrolidone. 0.2 m (2.6 mmol) gg pyridine, 0.4 m (2.7 mol) of
triethylamne, 300 ng of nolecular sievé; 0.48 g (2.6 mmol ) of cupric
‘acetate and 0.32 g (2.6 mmol) of 20 pyridin-4-ylboronic acid are introduced
at anbi ent tEneratuimebhdl uhdexroad, ardonyatovsépheyeiddtiero [4e8ebing for 24
h, the insoluble materials are separated by filtration and 0.2 m (2.6
mol ) of pyrl@d@be b-dapboxamydembdptainedi enhytagend, 23D of of 25

nol ecul ar sieve, 0.48 g (2.6 nml ) of cupric acetate and 0.32 g (2.6 mmvl)
of pyridin- 40yl%@r@ni(6 geimmat e afldedproushiodoflet i oh. 0SRPrging is

mai ntai ned for 24 h. The insoluble materials are separated by filtration.

31 The sol veht- 432 m@ﬂ%beﬁfuﬂﬁéﬁsﬁéﬁmc@@r%QQ@EQr@ndEPEhDoﬁ@nﬁthane and wat er
are added_to,the eva atlon re5|due The aqueous, phase is extracted W th
di chl or ot hk 191%@ g%ﬁl% ha®asb aW%tE%ﬁ%PﬁéﬂdlBemh§h§9 Wt Afwat er,

g;%aggu?\é?r A RIS Sepebi a8 BF B %s%é{‘%g”;éﬁ sdzundep pedced
90

g?chfgrgﬁgzha%%§£9$§gﬁg§é§ggy£§ags%gééh? Y8 S5 §6a5%?aF%%8r.s triturated

in diethyl ce§5$ﬂQFsQ£e Déc lorometh ne[)%ager.

7-chl oro-N, N -trine 4- oxo- pyrirdrn-4-y ngr%-ﬁgéﬁﬁwidazino[4,

5- b] i ndol e- o] 1 e I o] of a
001 g enae S Camonn) N hggar RS gk RS PR

di ssol ution eépihereal by ssetaisrg, amyﬁeanwgtmnaateanddpyeadgbékon of a
sol ution of hydrochloric acid (5N) i n propan-2-ol After recrystallization

from propan-2edlymascbppavad 201€6xra8 gndocaﬁcaﬂeﬁtea ug@kated in the form
of a white solid. Melting point: 263-265C.
reduced pressure. The residue is purified by
chromatography on a column of silica gel (eluent:
dichloromethane/ethyl acetate: 100/0 to 0/100; then
15 ethyl acetate/methanol: 95/5). The white solid obtained
is recrystallized from a dichloromethane/ethyl acetate
mixture and washed with diethyl ether. A white solid
(0.26 g; 0.66 mmol) is isolated.
Melting point: 225-226°C.
20 Example 4 (Compound No. 9)
7-Fluoro-N, 5~-dimethyl-4-o0oxo-3- (pyridin-3-yl) -
3,5-dihydro-4H-pyridazino([4,5-b]indole-1-carboxamide
4.1. Ethyl 7-fluoro-5-methyl-4-oxo-3- (pyridin-3-yl)-
3,5-dihydro-4H-pyridazino[4,5-b]lindole~1-carboxylate
25 Ethyl 7-fluoro-5-methyl-4-oxo-3,5-dihydro-4H-
pyridazino[4,5-blindole-1-carboxylate (0.9 g;
3.11 mmol), obtained in stage 3.1. of Example 3, is

dissolved in 60 ml of N-methylpyrrolidone. 0.50 ml



Exanpl e 9 (Conpound No. 37)

7-Chloro-N, N, 5-trinethyl-3-(1-oxidopyridin-4-yl)-4-o0xo0 25

3, 5-di hydr o- 4H pyri dazi no[ 4, 5- b] i ndol e- 1- car boxani de 0.35 g (0.92 mml) of
“7-chloro-N, N, 5 trinmethyl -4-oxo-3-(pyridin-4-yl)-3,5-di hydro- 4H

pyridazi no[ 4, 5- b] i ndol e- 1- car boxam de, tained in 32 Exanple 8, is
dissolved in 30 m of glacial acetic actd. 3.5 g (36 nmol) of a hydrogen
‘peroxi de solution (35~ in water) are slowy added. The reaction mxture is
heat ed at 80Ccf2rm801lh ahdpyhedineol @d8tmlafbi entmbdl} eaperature. Water and
t hen sodi um hydrogencarbonate are added until a pH of approximately 8 is
obt ai ned. Theragtbwlsmphasedi s ektmateedlart aidivehl br Onet HAn6. mWheé) or gani ¢
phase is washed with water, dried over sodium sul phate, filtered and
concent r at ed°fingdpPrio pregtakd @n@s§u9@.9Thé-5e§m§Eé PE purified by

chromat ography on a colum of silica gel (eluent: dichloronethane/ nethanol:
98/ 2 to 80/ 207 {3 TRET6LRYL bt a? néadieXpkerjRaRe| predintsafueetandl . 100 ny

of conpougd are.obtajned in the formof a white solid. 15 Melting point:
301- 304C. > Ex&Hpt 81 t0- ERBRPBLIES Ngndggpder an argon atmosphere.

) il h i din-4- N o h
o oo s 5 o REREE SREBLHhEEPhote Bl b hronP v EEL L] Boxampusd Edsry

3-(2-B i din-4- - Z1-¢hl - .
trfnetL;P?gyﬁégﬁg?é-%%%?%?%gagég§$#§%§WﬁB FNE: b RHGEI 871 88FB8%ani de 0.34 g
(0.85 nmol) fd?éﬁbhgr@lﬁbh&?ey?§§i§bng§ %§§?%§ %8_%EF§§ials are

trinethyl-3-( -ox!dopyrldln-4- . . ( . .
pyri dazi no[ 4s8phlhpdal By 1f cof boxash dernabb aaRd | hEéé”BEeigﬁ?k?EQ§55°|Ved

in 50 m of dichloronethane under an inert atnosphere. 0.2 nmol )
of triethyl apyneetslddgesnd Thee nhytidbesi phese! €d wkthadted with
dichloromethane. The organic phases are combined,
washed with water, dried over sodium sulphate, filtered
and concentrated under reduced pressure. The residue is
purified by chromatography on a column of silica gel
15 (eluent: dichloromethane/ethyl acetate: 100/0 to 0/100;
ethyl acetate/methanol: 100/0 to 90/10).
A white solid (0.57 g) is isolated.
Melting point: 214-215°C.
4.2. 7-Fluoro-N,5-dimethyl-4-oxo-3- (pyridin-3-yl) -
20 3,5-dihydro-4H-pyridazino[4,5-blindole-1l-carboxamide
A stream of gaseous methylamine is introduced
into a solution of 0.28 g (0.76 mmol) of ethyl
7-fluoro-5-methyl-4-oxo-3- (pyridin-3-yl)-3, 5-dihydro-
4H-pyridazino[4,5-blindole-1-carboxylate (obtained in
25 stage 4.1.) in 30 ml of dichloromethane and 70 ml of
methanol. Stirring is maintained for 4 h. The reaction
medium is concentrated under reduced pressure. The

residue is purified by chromatography on a column of



33 bath of ice-cold water and 0.49 g (1.7 mmol ) of phosphorus oxybromde is
added in small portions. The reaction nediumis stirred for 30 m nutes at
anbi ent tenperature, then heated for 2 h 30 at reflux and, 5 finally,
‘cool ed to anbient tenperature. It is subsequently poured onto crushed i ce.
Di chl or omet hane and an aqueous sodiunthﬁgroxide solution (1M are added
until a basic pHis reached. The organi €”phase is separated by settling,
‘washed with water, dried over 10 sodi um sul phate, filtered and concentrated
under reducesiptessger. (dheenesi diehl srouethaed/ hytlsdmobat byd Aphyoon a
columm of silica geI (eluent: dichl oronethane/ethyl acetate: 80/20 to
0/100). 180 9%/ D1b) a Wheteosddi dobatnedol et eecribisl tbonpdufidomsaused as 15
isin the followi ng stage. 10.2. 7-Chloro-3-(2-nethoxypyridin-4-yl)-NN,5
trimet hyl - 4-1eietgrs- @fh&b@blqrpmgthdeil@@@486h%}|@@@t@tavcarboxanlde 120 ny
(5.2 mmol ) of sodluntare added under 20 an inert atnosphere to 20 m of

nmet hanol . 180 g (O. 30A }ye ofolid (0.22 g) is isolated.

3-(2-bro pyr i n-4- 7-C Strimet hyl - 4- oxo- 3, 5- di hydr o- 4H pyri da
zi no[ 4, 5 %ﬂ c%?%% an?%@ Seg%grned in Exanple 10.1., and 20 m of

N, N—dlnethyl or e adde The qution is heated 25 at 80C for 14 h
It is cooledé¥%£§£%+§ ?é gtﬁ d then concentrated under reduced
pressure. I n t esidue. The organic
phase is separ ﬁ %géggt |.%§$§f & mater f? é4 ﬁ?led over sodi um

sul phat e, flitgrggh pﬁ995ﬂ££é%§?nﬁﬁge§ EFfﬂggﬁ Prg%zgég%?aye][e5|due IS

purified by thronmatogra i ca gel
di chl or onet hapel et hylnacetate: 80/20 to 0/100). The 5 solid obtained is
recrystalliZed froma dichl oronethane/ ethyl acetate m xture and then rinsed

with diethyls et her.160[7OFDhofoWpiherspl L 4-8x6-3 s9lat BYdro-4H-
pyridazino[4,5-b]lindol-1-yl]carbonyl]lpyrrolidine
12 ml (24 mmol) of a trimethylaluminium
solution (2M in toluene) in 100 ml of toluene, under
argon, are cooled to 0°C and then 2 ml (24 mmol) of
15 pyrrolidine are added in small portions. Stirring is
maintained for 2 h at ambient temperature. 2.0 g
(6.9 mmol) of ethyl 7-fluoro-5-methyl-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxylate
(obtained in stage 3.1. of Example 3) in the solid form
20 are subsequently added. The reaction medium is heated
at 110°C for 18 h.
The solution is cooled to approximately 0°C.
Water and then a solution of hydrochloric acid (1M) are
added dropwise until a pH of between 1 and 2 is
25 obtained. The precipitate obtained is filtered off,
washed with water and dried under reduced pressure in
the presence of phosphorus pentoxide.

A compound (1.50 g; 4.6 mmol) is isolated in



Melting point: 237-238C. 10 The chem cal structures and the physi cal

properties of some conpounds of the invention are illustrated in the
following table. In the "Salt" colum of this table, "HCL" denotes a
“hydrochl oride and "-" denotes a conpound in 15 the formof the base. The

acid: base nolar ratios are indicated opgﬁéite. 35 Table R2 ~3 '~ Het
Conmpound No. ~RyNRzR~Het ~b5altM p. (O 1F N(CH~) 2pyridin-2-yl 1"~ 199 -
"2002FCHaN( CH3) 3pyr | di n-3-yl -220 - 2213FCH3N( CHs) 2pyri di n-4-yl HCl 1: 1266 -
2714FCHQ\( CHehe2faemhoRypywhilta- Soyfid225- 2265FCH3N( CH3) zqui nol | rnS-yl - 237 -
2386FCH3N~pyri m di n-2-yl -238 - 2397FCH3 pyridin-3-yl HCl 1:1 269 -
2738FCHaN~ AMeltpNUIEPhnB yP-200°C.2219FCHsNH{ H 9) Cpyr (di n-3-yl-270 -
27210FCH3NH2pyri dl n- 3- ¥ -319 - 32011CI CHON( CH3) 2pyri di n-2-yl -210 -

21172C CHy N( )2py?~rcﬂ A= §lypmr51m§2128123@13mmﬂé&|2yy@yr(idpuo4 yl -276 -
27814CICH5N(CH3 xp%rldln 4-y 1:1263 - 26516CI CHsN( CHI) x 8- nethylpyrldln
2-yl' 222-2243:5-88 YQBPe‘l{chMFiL aatnent . okpoudelne -XRIRRYPORRL] ~Sal t M p.

C) 18C a t hox ri dtn-5-yl-236 -
(23)717CI gﬁ @ﬁ%@%ﬁgeﬂ |p§$u>/d| n-5-yl y214 - 2161 _ _
gCICHaN(CHS)aZ br onopy |d|?th¥9l5?88.2%551?8{9§3Q&ST723¥|nolln-3-yl-271 -

27220CI CHsN( CHa) zI soqui*nf

-1921CICHs i p- 3-y| 2238 -2

2392201 CHON C@S@%ﬁﬁ% ygpéékﬂ%%@“gxﬁéi2§§%ﬁf%fi§pyri i df n-2-yl - 272 -
2742~1Cl C:Hsl\ﬁfr@ 2 | HCl 1:123Z -
2342f1 Cl GH9 55?%§§an% g¥§?éé% %§§§§E%§%g¥;é?%hg%~ yrléln 4-yl -236 -
23728C1 CHaNH( 6hie3 et diA- deybe3811 ; )32829@ CHgNGZRYr 681 Ry - 341 -

34630CI CHaN( CH3) z4- mat hoxypyri di n- 2- yI 243 - 242431C CHot ~ Opyrldln 4-yf~ 3D7
- 30832C1 CHadl ekl aRyaedi 4oyl 5247 (1 . 092T§01) of potassium

21833CI CHONCHa( CHaCHa) pY~'idin-4-yl-2i 1 -
carbonate and of 0.30 g (1.89 mmol) of
2-bromopyrimidine in 40 ml of N,N-dimethylformamide is
heated at 150°C for 16 h. The reaction mixture is
cooled and concentrated under reduced pressure.

15 Dichloromethane, water and a concentrated sodium
hydroxide solution are added. The organic phase is
separated by settling, filtered through Celite®, washed
with water, dried over sodium sulphate, filtered and
concentrated under reduced pressure. The residue is

20 purified by chromatography on a column of silica gel
(eluent: dichloromethane/ethyl acetate: 80/20 to 0/100;
ethyl acetate/methanol: 100/0 to 90/10). The solid
obtained is recrystallized from a dichloromethane/ethyl
acetate mixture and washed with diethyl ether.

25 A white solid (0.04 g; 0.10 mmol) is

isolated.

Melting point: 238-239°C.



-

37 Tabl e (continuation) Conpound No. xR, NR2ZRsHet Sal t M p. (C)34CI CH3N. )
Vpyridin-4-yl-242 - 24336CI CHgN( CH 3) 22- net hyl pyr | di n-4-yi - 267 -

26936CI CHsN. | 2-net hyl pyridi n-4-yl-246 -

24737ClI CH3N( CNa) x1oxi dopyri di n-4-yl -301 -304~Cl ' CH3 JN(CHa) 2

~2- et hoxypyridin-4-yl ~-~ 237 - 238 Th§7conpounds of the invention have
been subjected to pharnacol ogi cal tests“which have 5 denonstrated their

‘advant age as substances with therapeutic activities. The conpounds of the

i nvention al&=oanmxhé bbt (Chpach@risti26) of solubility in water which pronote
good in vivo activity. 10 Study of the binding of [3H Ro5-4864 to

peri pher al - t§éeteyikoli hFéprhtorecepretBy { PBR(oyr pdEnt 2sylThé-akéini ty of

t he conmpounds of _the_invention for PBR or sites (sites of binding of

peri pher al t@p%‘@bh%@ﬁgbﬁHaE%ﬁ+@®§}nﬂé%r@e£b¢@¢@%xﬂ-ﬁB]Q%éb®nxlie receptors
can be | abell ed sel ectively in_rat _kidney nmenbranes incubated in the
presence of ?%ﬁﬁ?&ﬁ&ﬁ%é@¥d§%%h%%ﬁb@%nﬁ%:%* the invention have forned the

eceptorss 2 e dhiMRReyitba! be IPES it et @O Tt A (1114 Or edo)
Tsaue s hoTDaet el Ry Stat g b poplETonkns ronbRerRRRF L for o
piperazine
A solution of 4-methylpiperazine (1.1 ml;
10 mmol) in 10 ml of toluene is cooled to 0°C under
10 argon. 5 ml (10 mmol) of a trimethylaluminium solution
(2M in toluene) are added in small portions. Stirring
is maintained for 2 h at ambient temperature. 1.0 g
(3.27 mmol) of ethyl 7-chloro-5-methyl-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]lindole-1-carboxylate
15 (obtained in stage 2.1. of Example 2) in 30 ml of
toluene is subsequently added. The reaction medium is
heated at 110°C for 2 h.
The solution is cooled to approximately 0°C.
Water and then a concentrated sodium hydroxide solution
20 are added dropwise. The precipitate is filtered off,
washed with water and dried under reduced pressure in
the presence of phosphorus pentoxide.
A compound (0.89 g) is isclated in the form
of a white solid.
25 6.2. 4-Methyl-1-[[7-chloro-5-methyl-3- (pyridin-3-yl)-
4-0x0-3,5-dihydro-4H-pyridazino[4,5-b]indol-
l-vl]carbonyl]piperazine hydrochloride (1:1)

4-Methyl-1-[[7-chloro-5-methyl-4-0oxo-



38 2 mn at 6/10 of the maxi mum speed in 35 volunes of 50 nM Na2HPO04
phosphate buffer at a pH adjusted to 7.5 with NaHzP04. The nenbrane
honogenate is filtered through gauze and diluted tenfold with buffer. 5

‘[ 3H] Ro5- 4864 (specific activity: 70-90 C/mmol; New England Nuclear), at a
concentration of 0.5 nM is incubated i?Sthe presence of 100 ul of the
menbr ane honogenate in a final volume of "1 m of buffer conprising the test
“conpound. 10 After incubating for 3 h at 0C, the nenbranes are recovered by
filtration tArbudbhhWinondH-oFrBARELNDL ér §-washddlwltl2cairenyd]5 ml  of
cold (0C) incubation buffer. The anount of radioactivity retai ned by the
filter i s neRsneeazppel (qui’8 ge¢i At tgmaphy, obtronedadh sbmgenbration of

st udi ed compound, the perc¢entage_of _inhibition of the binding of
[ 3H] Ro5- 48641 FsddacerirAedRahf mheﬁftHbmﬁE§Ml§wﬁé@hﬂdapﬁenP-8ﬁeml
concentratioE whi ch hghh%its 50~ of the_specific binding, is determ ned. 20
The 1 Cso val §&s®ofmP sPYReHiDE: cBnPpduttds (6f St BEOLAvEAti on exhi bit

val ues rapgi f 1 nMto 0 nM _The_conpounds of the_[nvention are
thereforeE?iggﬁagg§??wlﬁﬁ'aﬁﬁ nW?yOFoP°ﬁ8F£Eﬁ€r§F9Y9pe 287ph8nzodi azepi ne
receptors. 9,S of -t he neurotr iLc_act Vi Test ,of survivyal of the
nDtoP neuronég'gf%égxgegFiSﬁpfﬁé ?Sgggpgngp eb¥2%¥8t§ﬁa8e8mﬂﬁégb Af ter

Leston of the {igokaliAesVGL) N1l STBLYE 8, apbRt AankNE, E0L AL AAULARES O L he

facial nucl eus perience” heur y apopt osr's. aronal” survival is

eval uat ed usippgiBBUr 0BRAbeEqUALEN ngd,,ALst glogi mmature rats
aged 4 days arelanaesthgsizgdg%ogaﬁtﬂnESEtg%a?%??glg?%gﬁgﬁﬁégby the i.p.

route). The nkght tastalingerye bs Bxpenediandiseeti ARedrabikt graut! et from
the stylomastoid foranen. After waking up, the young rats are returned to

their notbersepadaaed byefiiddrheior .daysowmih.(40BempblyWasdai ly 15
adm ni strations, by the oral or intraperitoneal route,
pyridine, 0.67 ml (4.8 mmol) of triethylamine, 2.0 g of
molecular sieve, 0.87 g (4.8 mmol) of cupric acetate
and 0.78 g (4.8 mmol) of 2-(pyridin-3-yl)-
1,3,2-dioxaborinane are added to the solution. Stirring
15 is extended for a further 24 h. The solvent is removed
under reduced pressure. Dichloromethane and water are
added. The insoluble materials are separated by
filtration. The organic phase is separated by settling
and the aqueous phase is extracted with
20 dichloromethane. The organic phases are combined,
washed with water, dried over sodium sulphate, filtered
and concentrated under reduced pressure. The residue is
triturated in diisopropyl ether. The precipitate
obtained is collected by filtration and purified by
25 chromatography on a column of silica gel (eluent:
dichloromethane/methanol: 100/0 to 90/10). A cream-

coloured solid (0.3 g) is isolated.

The hydrochloride is formed by dissolution of



at doses ranging from1l to 10 ng/kg. 7 days after the lesion, the aninmals
are decapitated and the brains are frozen in isopentane at -40C. The entire
facial nerve is cut with a cryostat 20 into sections with a width of 10 um
* The notor neurones are stained with cresyl violet and counted using the

H stoTM software (BiocomlM . In this nggel, t he conpounds of the invention
i ncrease neuronal survival by approxinmatély 10 to 30~. 25 The results of
‘the tests show that the nost active conpounds of the invention pronote
nerve regenethei splidhencpnppandd-ol &hé byveddibihonaofthemefofea 40
participate in_the conposition of a nmedicament. They can be used for the
prepar ati on 8flwkdpPeapEntgdrackhdedct @eidhé0 ptByehni pnopansdrolr eat ment of
various types_of peripheral neuropathies, 5 such as traumatic or ischaemc
neur opat hi esPEFR¥ eERFBVSta I £aRbl PR, THRW| RYPRRANO? -gbnedi eoMRORBBat hi es, and
not or neuron? c$gditi nz4 such as spinal anyotrophi es and anyotrophic

| ateral sclefBstd.9Thse? mBAPEhNEAt 35 RFed] 8 Fhadfarmaphl acwbibh in the
10 treatnEnt oL.&eurodegenerative di seases of the central nervous system

ei ther of2actfe’fype, such as strokes and cranial and nedul | ar traunas, or

oF jshront o tgpes sichagae putehugs ol seases (oM pl e selerosie) L L
ther apout i o Serafe 2t (EUhBbLER K8 ot Fhe i nvent i on can also be used for the
preparati on ofciedisagER! 5-+ALABERYI 8T okhe3 PYSYLDAL AN aPg) or treatnent of
anxi ety, of epilepsy
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide
10 0.4 g of 7-chloro-N,N,5-trimethyl-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide
(1.3 mmol), obtained in stage 2.2. of Example 2, is
dissolved in 35 ml of N-methylpyrrolidone. 0.2 ml
(2.6 mmol) of pyridine, 0.36 ml (2.6 mmol) of
15 triethylamine, 420 mg of molecular sieve, 0.48 g
(2.6 mmol) of cupric acetate and 0.874 g (2.6 mmol) of
a mixture [1l:1] of lithium tripropoxypyridin-
2-ylboronate and propanol are introduced at ambient
temperature and under an argon atmosphere. After
20 reacting for 24 h, 0.2 ml (2.6 mmol) of pyridine,
0.36 ml (2.6 mmol) of triethylamine, 420 mg of
molecular sieve, 0.48 g (2.6 mmol) of cupric acetate
and 0.874 g (2.6 mmol) of a mixture [1:1] of lithium
tripropoxypyridin-2-ylboronate and propanol are added
25 to the solution. Stirring is extended for an additional
24 h. The solvent is evaporated. Dichloromethane and

water are added. The organic phase is separated by

settling and the aqueous phase is extracted with



20 and of sleep disorders. This is because ligands of the PBR or p sites
stinulate the production of neurosteroids, such as pregnenol one,
dehydr oepl andr ost erone and 3a- hydr oxy- 5a- pr egnan- 20- one, by pronoting the
transfer of cholesterol fromthe outside to the 25 inside of the
.mtochondrial nenbrane. These neurosterg'ds nodul ate the activity of the
GABAA chl ori de channel rmacronol ecul ar ¢ | ex and can thus produce
“anxi ol ytic, anticonvul sant and sedative 41 activities (D. Bitran et al.,
Psychophar medotloggroredbangé51Thé4o7dan B whayasmare abmbihefle &cied 1999,
64 (16), 1455-1464; L.D. McCauley et al., Eur. J. Pharnmacol., 1995, 276,
145-153; S. Kovn| Raghpmegujphats, DEugsened Taddycongestrated4@rdds58) . The
conmpounds of the invention can _al so be _used in the treatnent of acute or
chroni ¢ renaFefRSBAf PEPEREYS - 0TI BRBEGVBNEPHPEFEE1e8fPYi abet i c
nephropat hy, of cardiac jschaem a and cardi ac.10 insuffjciency, of

myocar di al iﬁ?ﬁ?@?F8ﬂFa8%yigﬁhaeﬁ? ugR ?%es} wef g?ibé? BFREor onary

FEPES SEhachPaUBR ehe TbdeL8PaEor onary
Vaives. ob (% arnRenryFraa/renfenllio o870 CFRcIarFAe: RalEotaocar di of oxi c
di I f 1 f h I [ d of
T ¢ hr onboctBETRedonpl FEStYBRaL broR Sk aloerualhi o el (rej eot one, or of

conditions rel ated tthpgﬁéﬁgcﬁeggglggfiatggg9sgginggr£§8&a 'g(ation of

snoot h nuscl e cel | s. rnor €, “recent d he literature 20 i ndicate

that the perﬁgfgiﬁ%-5gpﬁtbegg@d§@ge@[ne receptor mght play a fundanmental
role in the regulation of cell proliferation and cancerization processes.

Ceneral |y, apdaipleospacbspbuntit Ronotaml tissues, an increased density of
peri pheral -type 25 benzodi azepi ne receptors is observed in various types of

tumours aod Taokeksso-NnNhBrapimethotyteoors-3theykedeh-afyexpressi on of the
peri pheral -type benzodi azepi ne
3,5-dihydro-4H-pyridazino[4,5-blindole-l-carboxamide
hydrochloride (1:1)
0.4 g of 7-chloro-N,N,5-trimethyl-4-oxo-
3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide
15 (1.3 mmol), obtained in stage 2.2. of Example 2, is
dissolved in 35 ml of N-methylpyrrolidone. 0.2 ml
(2.6 mmol) of pyridine, 0.4 ml (2.7 mmol) of
triethylamine, 300 mg of molecular sieve, 0.48 g
(2.6 mmol) of cupric acetate and 0.32 g (2.6 mmol) of
20 pyridin-4-ylboronic acid are introduced at ambient
temperature and under an argon atmosphere. After
reacting for 24 h, the insoluble materials are
separated by filtration and 0.2 ml (2.6 mmol) of
pyridine, 0.4 ml (2.7 mmol) of triethylamine, 300 mg of
25 molecular sieve, 0.48 g (2.6 mmol) of cupric acetate
and 0.32 g (2.6 mmol) of pyridin-4-ylboronic acid are

added to the solution. Stirring is maintained for 24 h.

The insoluble materials are separated by filtration.



42 receptor is correlated with the degree of malignancy of the tunour, the
proliferation index and the survival of the patients. In human cerebral
tunours, the increase in the nunber of peripheral-type benzodi azepi ne 5
‘receptors is used as a diagnostic indication in nmedical imging and as a

t herapeutic target for conjugates forneg froma ligand of the

peri pheral -type benzodi azepi ne recept or and from a cytostatic drug. A high
‘density of peripheral -type benzodi azepine 10 receptors is al so observed in
ovari an carcThemaslardtbisasemoardenadess redgaedsprkeshatter, it has been
denonstrated that the | evel of expression of the peripheral-type

benzodi azepi Réchéospmetbane apfaweteroatrkeaddgdessi thepevepbiratioh t he
tumour; furthernmore, 15 the presence of a peripheral -type benzodi azepi ne

r ecept or agoﬁ?§@d§?|nﬁh&tégu?ﬁésgpbWSﬁ 6F axtupriey watber |ine. These
conbi ned results, which suggest a deleterious function of the

peri pher al -t $peh QGrB@ﬁEBEPSZeBPﬁeoFéééﬁFoPhﬁﬁeéaﬁéérF?Qbﬂﬁﬁdprocesses
constitute a reias antﬁga5|s for the search faqr synthetic Ilgands specific

for the pari BAE waﬁ%ad.QféﬁénQVPécéaéavmwﬁpéﬁhaF@ capabrE sk

bl ocki ng the_effects tE a ) unds can therefore he used for
the treat menfiof SPOHEH gﬁg oz 8§r§e ?Eg BFFSﬁBF§I bﬁerﬁéﬁ Ei&fepine
receptors arﬁuﬁk§9earg§egk Ha%g§53§h9t§%39e n-this sggﬁ Be & 43

conmpounds wh can be’used Acco %ventl ed for the

prophyl axi s ?glagﬁttreg&mgﬂ&xgheggkﬁgﬁog%e%g&%sS1076% t e, cutaneous

stress" is understood nmean arrous situations I ch m ght cause

damage, in pakthtBkahetfahBemeRhdBEM. S osYAAL exaL (RS R0eRY 1Whi ch causes
this stress. This agent can be internal and/or external to the body, such

as a chenpcabbesiheaeikadirealirageat inotieksglextaeral 3ssualy ag 10
ul traviolet radiation. Thus, the conpounds which can be used
7-chloro-N,N,5-trimethyl-4-oxo0-3- (pyridin-4-y1l) -
3,5-dihydro-4H-pyridazino[4, 5-b]indole-1l-carboxamide
(Compound No. 13) are isolated in the form of a white
solid.
15 Melting point: 276-278°C.
The hydrochloride is formed by dissolution of
the solid isolated above in ethanol and by addition of
a solution of hydrochloric acid (5N) in propan-2-ol.
After recrystallization from propan-2-o0l, a compound
20 (0.30 g; 0.72 mmol) is isolated in the form of a white
solid.
Melting point: 263-265°C.
Example 9 (Compound No. 37)
7-Chloro-N,N,5-trimethyl-3- (l-oxidopyridin-~-4-yl)-4-oxo-
25 3,5-dihydro-4H-pyridazino(4,5-b]indole-1~carboxamide
0.35 g (0.92 mmol) of 7-chloro-N,N,5-
trimethyl-4-oxo-3-(pyridin-4-yl)-3,5-dihydro-4H-

pyridazino[4,5-b]indole-l-carboxamide, obtained in



according to the invention are intended to prevent and to conbat cutaneous
Irritation, dry patches, erythemas, dysaesthetic sensations, heating
sensations, pruritus 15 of the skin and/or nucous nenbranes, or ageing, and
“can al so be used in cutaneous disorders, such as, for exanple, psoriasis,
pruriginous di seases, herpes, photoder oses, atopic dermatitides, contact
dermatitides, lichens, prurigo, pruritus,” insect 20 stings, in fibroses and
ot her disorders of collagen maturation, in inmmunol ogical disorders or in
der mat ol ogi cakaoohei Bi.ons, ddeshlasdednedh. mThefcghpaundsackttike i nvention
can al so be used for the prevention and treatnent of chronic 25

i nf 1 ammat or yagideasde$, 9|ﬁ3§amﬂpéalaﬁ ehbwdarged perbkxitlies sodndipul nonary

i nfl anmat ory dlseases particul ar asthma, acute respiratory distress
syndrone CARDSP3anid Wﬁutsm aé‘ﬁsﬁll@&’tlh’védéﬁldrmﬁ‘hleyréﬁs}éa@@smlmr@C@D)

cystic flbroslsh broac nDnary dlseases | ung di seases or pul nonary
fibrosis. Thu§, "§35§ @Et QaptéProﬁ tHeaPﬁvéﬁ?Poﬁopéeéhépnﬁﬁéaﬁpéal
conp03|t| ns, co ap _effective 5 dos | east one conpound of
general fdr miFaP % WE%F5rﬁngtpﬁ8 SSgé %YgrﬁﬁgpﬁéEéﬁpﬁéﬁlly

accept abl e sg

[ 1 [ vat f
pharnaceutlca#%y accep abﬁe %;gh 3 E%égﬁﬁﬁgﬁhg g?FgZBEF%BP%QtZ Wwith
t abl di to th
by macout ) caferbleotd PRESBTLE EXEALERLSLALE BIERTR, BREZRANAD 1O (he
phar maceut | caheCaEBARKL! pRASE! 1LNGaLRKANY: o] {}axéekhuar%d' alegoed for oral,

subl i ngual , 15 subcut aneous, intranuscul ar, infravénous, topica
sodium sulphate, filtered and concentrated under
10 reduced pressure. The residue is purified by
chromatography on a column of silica gel (eluent:
dichloromethane/methanol: 98/2 to 80/20). The solid
obtained is recrystallized from methanol. 100 mg of
compound are obtained in the form of a white solid.

15 Melting point: 301-304°C.

Example 10 (Compound No. 38)

7-Chloro-3- (2-methoxypyridin-4-yl)-N,N,5-trimethyl-
4-o0x0-3,5-dihydro-4H-pyridazino[4, 5-b]indole-
l-carboxamide
20 10.1. 3-(2-Bromopyridin-4-yl)-7-chloro-N,N,5-
trimethyl-4-oxo-3,5-dihydro-4H-pyridazino[4,5-b]indole-
l-carboxamide
0.34 g (0.85 mmol) of 7-chloro-N,N,5-
trimethyl-3-(1l-oxidopyridin-4-yl)-4-oxo-3,5-dihydro-4H-
25 pyridazino([4,5-blindole-1-carboxamide, obtained in
Example 9, is dissolved in 50 ml of dichloromethane
under an inert atmosphere. 0.24 ml (1.7 mmol) of

triethylamine is added. The mixture is cooled with a



intratracheal, intranasal, transdermal, rectal or intraocul ar

adm nistration. The unit adm nistration forns can be, for exanple, tablets,
gel atin capsul es, granul es, powders, 20 solutions or suspensions to be
“taken orally or to be injected, transdermal patches or suppositories.

O ntnments, lotions and collyria can be ggvisaged for topical

.adm nistration. The said unit forns are”dosed to allow a 25 daily

adm nistration of 0.001 to 20 ng of active principle per kg of body weight,
accordi ng tobahke phaicaceoldcadtensagd 6oton gTOLprepasce) tabl ets, a

phar maceuti cal vehicl e, 45 whi ch can be conmposed of diluents, such as,
for exanpl e, Phagpherus npxybroypsdal { & neddedl| ihossadt poattbnsanthéor nul ati on
adj uvants, such as binders (polyvinylpyrrolidone,

hydr oxypr opy¥ @€ hiyPRele@ivsel s sshhtre@delor ka) miheweagehtsmbsenh as silica,
or lubricants, such as magnesium stearate, stearic acid, glyceryl
tribehenat e BFTREHRLATSt eBRST{ BRRFAF O s2al00230 b ¥RELWKCABAI zed or

unm croni zed_actiyve principle. Wetting or surface-active agents, such as 10
sodi um | a ry$1§%i%%at%?°£§§ 5P sYUBLERHJEFPFHRtPF 8pat &t +8n t echni ques can

be direct ta_&g ranul atio hot nelt. The

tabl ets can be %%ne?ng%%tgég€# ﬁééggé?¥§t%ggo?C%xaﬂbgﬁféf?%egﬁﬁPﬁse, or

ted with i th iate.materjals. Th b
oot gned 1o YEkecaBREHIE! Soflef Ve BRPAR RIS MR uTHT Bke "Bideie act i ve
princi ple by,yifiug BisPO! YiFels "BELLRES. OFnlf oPRESLLT §nRQLYNETS used in the

coati ng.
separated by settling, washed with water, dried over

10 sodium sulphate, filtered and concentrated under
reduced pressure. The residue is purified by
chromatography on a column of silica gel (eluent:
dichloromethane/ethyl acetate: 80/20 to 0/100). 180 mg
of a white solid are isolated. This compound is used aé

15 is in the following stage.

10.2. 7-Chloro-3-(2-methoxypyridin-4-y1l)-N,N, 5-
trimethyl-4-ox0-3,5-dihydro-4H-pyridazino[4,5-b]indole-
l-carboxamide

120 mg (5.2 mmol) of sodium are added under

20 an inert atmosphere to 20 ml of methanol. 180 mg
(0.39 mmol) of 3-(2-bromopyridin-4-yl)-7-chloro-N,N,5-
trimethyl-4-oxo-3,5-dihydro-4H-pyridazino[4,5-b]indole-
l-carboxamide, obtained in Example 10.1., and 20 ml of
N,N-dimethylformamide are added. The solution is heated

25 at 80°C for 14 h. It is cooled to ambient temperature
and then concentrated under reduced pressure. Water and
dichloromethane are added to the residue. The organic

phase is separated by settling, washed with water,



20 To prepare gelatin capsules, the active principle is mxed with dry
pharmaceutical vehicles (sinple mxing, dry or wet granulation, or hot
melt) or liquid or sem solid pharnaceutical vehicles. The gelatin capsul es
“can be hard or soft and 25 coated or uncoated with a thin film so as to
have a rapid, sustained or del ayed activity (for exanple, for an enteric
form. A conposition in the formof a séﬁup or an 46 elixir or for
‘admi ni stration in the formof drops can conprise the active principle in
conj uncti on dkibdaoseeesedenm pnébpbaabl yfalcakedi enfir eensenerened,

met hyl par aben or propyl paraben, as antiseptic, a 5 flavour enhancer and a
col orant. Thendareredbspérprpbeupewd®he aadignaniubepucaniednpyi se t he
active principle as a mxture with dispersing agents or wetting agents, or
di spersi ng agBRPBAtegEAPRY ﬁ@l?vpﬁ}Pwyrpélﬁéghéﬁ gelwéplugstwi th 10

sweet ener s aagcﬁiavour-correctin agents. Recourse is had, for rectal

admi ni strati greuppberesrreEl prephres  wBPh2Bi haeP£1AA) chThel t at the
(56 1S b, P oLapPERLBRAI L AFPRFEPPALEORCToP aluBOS Suspensi ons,
Conpr1 51 ng. PRSE RGBT UG PEA £y Eb%hatTBr & h BpRreF RaeRgoEemakanaR St t | ng
o inci bl ¢ cal: o 4 By 2 Rl o Lo Pre BT B HbY ek G SEABER cs. opti onal |y
with one or pEes€cafriers or additives, or else wth a pol yner

Melting point: 237-238°C.

10 The chemical structures and the physical
properties of some compounds of the invention are
illustrated in the following table.

In the “Salt” column of this table, “HCl~”
denotes a hydrochloride and “-" denotes a compound in

15 the form of the base. The acid:base molar ratios are

indicated opposite.



matrix or wwth a cyclodextrin (transdermal patches or 25 sustained rel ease
forns). The topical conpositions according to the invention conprise a
medi um conpatible with the skin. They can be provided in particular in the
“form of 47 aqueous, al coholic or aqueous/al coholic solutions, of gels, of
water-in-oil or oil-in-water enulsionségfving t he appearance of a cream or
of a gel, of mcroenul sions or of aero s or in the formof 5 vesicular
“di spersions conprising ionic and/or nonionic |ipids. These pharnaceuti cal
dosage forns are prepared accordi ng toalsk¢hods conventional in the fields
under consi derati on. WO 03/ 055884 48 PCT/ FR02/ 03979 CLAIMS 1. Conpound
corresponding to the general fornmula (I) R~ Het (1) 5 which can exist in
the formof the base, of an addition salt wth acids, of a solvate or of a
hydrate, in which X represents a hydro en F hal ogen atom Rl represents a
hydrogen atomor a (Cl-C4)al kyl group,™&4 nd R3 each represent,
|ndependently of one another, a hydrogen\atom®or a (Cl-C4)al kyl group or
else R2 and R3 form wth t he nll en aj/tm ich carries them a
pyrrolidinyl, piperidinyl, no t‘ 4- ﬁlkylplpera2|nyl group, and

™ Het

I
O
F‘1
@

Compoundix Ry | NRgRs Het Satt | M.p. (C)
1 F |{CHs | N(CHs)a pyridin-2-yl - [199-200
2 F |CHs |N(CHa) pyridin-3-yi - |220-221
3 F |CHa |N(CHs)z pyridin-4-y! HCI 1:1{266-271
4 F [CHq N(CHj); 2-methoxypyridin-5-yl - 225 - 226
5 F |CHa | N(CHg), quinolin-8-yl - 237-238
6 F ]CH, N(j pyrimidin-2-vi - 238 - 239

N\ o
7 F [CHs [N N-CH pyridin-3-yl HCI 1:1 | 269 - 273
8 F {CH, NO pyridin-3-yl - 220 - 221
] F [CHs |NH(CHs) pyridin-3-yi - {270-272
10 F [CHs |NH; pyridin-3-yl - 319-320
11 Gl |CHy | N(CHg)2 pyridin-2-yl - 210-211
12 |Cl [CHy |N(CHs): pyridin-a-yl HC! 1:1[228-230
13 |[Cl {CHs [N(CHy): pyridin-4-yl - {278-278
14 |CICHy | N(CHa): pyridin-d-yl HCl 1:1|263-265
18 16l |CGHs | N(CHg)s S-methylpyridin-2-yl - |222-224




15 Het represents a heteroaromatic group of pyridinyl, 1-oxidopyridinyl,
quinolinyl, isoquinolinyl, pyrimdinyl, pyrazinyl or pyridazinyl type, it
bei ng possible for the heteroaromatic group to carry one or nore hal ogen
atons and/or one or nore (Cl-C4)alkyl or 2 0 ( C1-C4 ) al koxy groups . 2.
Conpound according to Gaim1l, characterized in that X represents a hal ogen
atom - 49 R represents a (Cl-C4) éﬁkyl; RZ and R3 each represent,

‘i ndependently of one another, a hydrogen atomor a (Cl-C4)al kyl group, nore
particularly a nethyl or an ettyhleolcehseniRtand) R3 5 form with the
nitrogen atom which carries them a pyrrolidinyl, piperidinyl, norpholinyl
or 4-al kyl pi perazinyl group; Het represents a heteroaromatic group of

pyridinyl , qui pek nnal ~—hSegu-hronyl —pyrinmidinyl _nyraziny] _or 10
pyridazinyl ty|Serhi'd¥ dBn cH¥R:Re one operror e halogen t Sals, | g, €C)
particularly a brom e aton1 and/or atkyt gluup:, nor e
particul arly a me¥hyl|& ofy O {@hkal koxi- mythoupysdin Emtbre _par ti cyar2y a
nmet hoxy. 3. mpognd[ar 8ru|| to—CHarmi—o1 charactertzed—+N that X
represents a d ' {8 mﬁhprespﬁﬁ@%@ﬂﬁﬁ%ﬁl ar oup:_4|2'r ¥ess for
the preparatign ol a Gbngaunduoahgenera%mhqwmub@|(I), Ra.l +zsp=24¥et (r) 20
I n which X represgnts ar or na N 1 Tt dr ogen
NSl £y [RE, O MGG JT O R TEPTES TR Yo

atomor a (Cl-SHaHep—gfe

20 Cl CHa N(CHa)z Isoquinolin-4-yi - 189 - 191

21 Cl {CHa N(CHa)z 6-methylpyridazin-3-yi - 238 -239

22 Cl {CHs [N(CHa): pyrimidin-5-yl - 251-252

23  |Cl |[CHy [N(CHae pyrimidin-2-yl - |272-274

24 Cl {CHs | N(CHs). pyrazin-2-yl - 231-232

25 Cl |CH, NO pyridin-3-y1 HCI 1:1 [232-234

/\

26 Gl |CHy [N N, pyridine3-yl HCl 1:1 {267 - 268

27 |0 |on, NO pyridin-4-yi - |296-287

28 Cl [CHy | NH(CHy) pyridin-4-yl - 321-323

29 Ct |CHs |NH, pyridin-4-yl . 341-346

30 Cl {CHy N{CHa)2 4-methoxypyridin-2-yl - 243 - 244

™\ .

3 Cl [CHs |N © pyridin-d-yl . 307 - 308

32 Cl |CHy | N(CHzCHy)a pyridin-4-y| - 217-218

a3 Cl |CHs  [NCH,(CH,CH,) |pyridin-d-yi - 211-213




J - 50 R2 and R3 each represent, independently of one another, a hydrogen
atomor a (Cl-C4)al kyl group or else R and R3 form with the nitrogen atom
which carries them a pyrrolidinyl, piperidinyl, nmorpholinyl or 5
“4-al kyl pi perazinyl group, and Het represents a heteroaromatic group of
pyridinyl, 1-oxidopyridinyl, quinolinyl 3 i soqui nolinyl, pyrimdinyl,
pyrazinyl or pyridazinyl type, it being Bossible for the heteroaronmatic
‘group to carry one or 10 nore hal ogen atons and/or one or nore (Cl-C4)al kyl
or ( Cl-C4 ) al koxy groups , Chaiple s{ctmti:t’rmatt:age) consisting in converting
t he ester of prmota—{H1+H—eR—Het—(+H+—h+—215—+h—-whi-ch—X- R1 and
Het are as deflgrﬂ% ﬁoﬁe, F'Nﬁp%preserﬁst a (Cl-C4)al kyl §?’foupMPtbC)t he ami de
of general formula {I)|abovie @t her [by reaction Wtnjan ammeouf—pener al
0

formul a 20 HNRzR3, i@ yHsch nd R3pgitia4gs defi ned ﬁlbove, 25 . iy
saponification of the pster enerdl forrmula (111) tto thelacid agd t hen
by coupling tjhe 38ci ¢CloptHal nfedCHy, T h ar 2amf,mg,n@ﬁ.4.general for " R3, in
which RZ and [R3 are

T

as| det rjned—above. 51— 5 —Progess—aycortdi D to
Cl ai m 4, charfactseri zed|¢Ha tha@ he eqeaith@byrigenaral formul al44kL 34y, '
(I'11) ~Het 5in whi¢h Rl, Het™dnd R' |are as defined akhove, [|s prephred by
reacting a canpd@@énd]|af | GHRNENGEH,E O MUT|&-ofidobyridinA-yIOR - 301 - 304
38 G |CH:  IN(CHa): 2-methoxypyridin-4-yl . 237 - 238

The compounds of the invention have been
subjected to pharmacological tests which have
5 demonstrated their advantage as substances with
therapeutic activities.
The compounds of the invention also exhibit
characteristics of solubility in water which promote
good in vivo activity.

10 Study of the binding of [’H]Ro5-4864 to peripheral-type

benzodiazepine receptors (PBR or p sites)

The affinity of the compounds of the
invention for PBR or p sites (sites of binding of
peripheral type to benzodiazepines) was determined.

15 The p site receptors can be labelled
selectively in rat kidney membranes incubated in the
presence of [’H]Ro5-4864. The compounds of the invention
have formed the subject of an in vitro study with
respect to their affinity for these receptors.

20 The animals used are male Sprague-Dawley rats
(Iffa Credo) weighing 180 to 300 mg. After
decapitation, the kidney is removed and the tissue is

homogenized at 4°C using a Polytron™ homogenizer for



(1) y N~COOR
each represent, .
a heteroaryl hydrazine in a polar solvent in the 15 presence of acid at the

“refl ux tenperature.
formula (1) Rz ~9 t

R~ 10 in which X and Rl are as defined above, R and R"
i ndependently of one another, a ( Cl1-CQ ) al kyl group, with

6. Process for the preparation of a conpound of general
- 52 in which X _represents a hydrogen or hal ogen

atom Rl represents a hydrogen atom or 38(C1-C4)alkyl group, R2 and R3 each
i ndependently of one another, 5 a hydrogen atomor a

represent,

(C1- C4) al kyl 2gmonpasr 6€ll§ecR2thrdmBRifmammspeetinihhasnivblages atom whi ch
carries them a pyrrolidinyl, piperidinyl, norpholinyl or

4- al kyl pi per ag2i mifl NgeiBeQy rdwdpHette dmidsentas: & et exdyarsarat ito gr.dup of
10 1-oxi dopyridinyl, quinolinyl, isoquinolinyl, pyrimdinyl,

pyri di nyl,

pyrazi nyl orWpthi ¥aFeky4- (Bhse membrissiendiommasinste fier fiiHedrmtder oar omat i ¢
one_or nore hal ggen atons and/or one or nore (Cl-C4)al kyl or

group to carr
( Cl-¢4) a|E§%

out an N

NR . R .

H

10

15

20

25

pughodpyze 3ndcemprterngenmrelst wgshcbusifering in carrying
geteroarylati?ngeaction on an anide of general formula (V),
p

Ro5-4864 (specific activity:

70-90 Ci/mmol; New England Nuclear), at a concentration

of 0.5 nM, is incubated in the presence of 100 ul of

the membrane homogenate in a final volume of 1 ml of

buffer comprising the test compound.

After incubating for 3 h at 0°C, the

membranes are recovered by filtration through Whatman

GF/B™ filters washed with 2 times 4.5 ml of cold (0°C)

incubation buffer. The amount of radioactivity retained

by the filter is measured by liquid scintigraphy.

For each concentration of studied compound,

the percentage of inhibition of the binding of

[’H]R05-4864 is determined and then the ICsg

concentration, the concentration which inhibits 50% of

the specific binding, is determined.

The ICso values of the most active compounds

of the invention exhibit values ranging from 1 nM to

200 nM.

The compounds of the invention are therefore

ligands with an affinity for peripheral-type

benzodiazepine receptors.



in which X, R, R2 and R3 are as defined above. 20 7. Process according to
Caim6, characterized in that the am de of general formula (V) - 53
NRR. (V) ~Hin which X, Rl, R2 and R3 are as defined above, is prepared
by converting the ester of general formula (1V) OR" (IVY 5" in which X, Rl
and R' are as defined above, either by %gaction wi th an am ne of general
formula HNR2ZR3, in which Rz and R3 are defi ned above, 10 or by

‘Saponi fication of the ester of general formula (IV) to the acid and then by
coupl i ng t heStdyl @bt tiaetewrobhraphim aet Dfitgeneral fornmula HNR2R3, in
which R2 and R3 are as defined above. 8. Process for the preparation of a
15 conpound Pgstyepiersiryyadi| af (the Rpot®e neyroges afger sectionbag jn

whi ch X represents a hydrogen or hal ogen_at om
the facial nerve in rats aged 4 days

After lesion of the facial nerve in immature
5 rats, the motor neurones of the facial nucleus
experience neuronal death by apoptosis. Neuronal
survival is evaluated using neuronal counting and
histological methods.

Immature rats aged 4 days are anaesthetized

10 with pentobarbital (3 mg/kg by the i1i.p. route). The
right facial nerve is exposed and sectioned at its
outlet from the stylomastoid foramen. After waking up,
the young rats are returned to their mothers and are
treated for 7 days with one or two daily

15 administrations, by the oral or intraperitoneal route,
at doses ranging from 1 to 10 mg/kg.

7 days after the lesion, the animals are
decapitated and the brains are frozen in isopentane at
-40°C. The entire facial nerve is cut with a cryostat

20 into sections with a width of 10 um. The motor neurones
are stained with cresyl violet and counted using the
Histo™ software (Biocom™) .

In this model, the compounds of the invention
increase neuronal survival by approximately 10 to 30%.

25 The results of the tests show that the most
active compounds of the invention promote nerve
regeneration.

The compounds of the invention can therefore



R1 represents a hydrogen atomor a (Cl-C4)al kyl group, R2 and R3 each
represent, independently of one another, 5 a hydrogen atomor a (Cl-Cg)

‘al kyl group or else RZ and R3 form wth the nitrogen atom which carries
"them a pyrrolidinyl, piperidinyl, norpholinyl or 4-alkylpiperazinyl group,
and Het represents a heteroaronmatic group of pyridinyl, 10

1- oxi dopyridi nyl, quinolinyl, isoquinol4 yl, pyrimdinyl, pyrazinyl or
‘pyridazinyl type, it being possible for the heteroaromatic group to carry
one or nor e MahogeThatd NMn alltd AforFss 1 drEef (LCndd)@dert or (Cl- C4) al koxy
groups, 15 conprising the stage consisting in converting the ester of
general formula (I111) Ty (ddd )be 'U#d | fomhilod pEedgdetat Rin agtl R' are as
defi ned above, either by reaction with an am ne of general fornula 20
HNR2R3, i n wiedicdzerrsl Rardedistaeftimedoxdromre;ior doydsaponi ficati on of
the ester of general fornmula (1V) to the acid and then by coupling the acid
obt ai ned wi ttreatmenneobivaeieysl tyresdh PRI rdh meetpFhier R3 are as
defi ned above. - 55 9. formula (I1) in which Conpound corresponding to
the generfal ¢ depreawrrslia ¢y dFIRACBI QMR PTLLA) al kyl group, R and
R' each represent, i ndependent]ly of opne another, a (. C1-CQ ) al kyl group .
10. ConpoundifRFespiohdi MLUP I e g}%‘?@%n@%r%l%\e?&ﬁ CR')Het {0 ign V\Ei ch

neuropathies, and motor neurone conditions, such as
spinal amyotrophies and amyotrophic lateral sclerosis.
These medicaments will also find an application in the
10 treatment of neurodegenerative diseases of the central
nervous system, either of acute type, such as strokes
and cranial and medullar traumas, or of chronic type,
such as autoimmune diseases (multiple sclerosis),
Alzheimer’'s disease, Parkinson’s disease and any other
15 disease in which the administration of neurotrophic
factors is supposed to have a therapeutic effect.

The compounds of the invention can also be
used for the preparation of medicaments intended for
the prevention and/or treatment of anxiety, of epilepsy

20 and of sleep disorders. This is because ligands of the
PBR or p sites stimulate the production of
neurosteroids, such as pregnenolone, dehydroeplandro-
sterone and 3a-hydroxy-50-pregnan-20-one, by promoting
the transfer of cholesterol from the outside to the

25 inside of the mitochondrial membrane. These
neurosteroids modulate the activity of the GABA,-
chloride channel macromolecular complex and can thus

produce anxiolytic, anticonvulsant and sedative



X represents a hydrogen or hal ogen atom Rl represents a hydrogen atom or a
(Cl-C4)al kyl group, Het represents a heteroaromatic group of pyridinyl, 15
"1- oxi dopyri di nyl, quinolinyl, isoquinolinyl, pyrimdinyl, pyrazinyl or
“pyridazinyl type, it being possible for the heteroaromatic group to carry
one or nore hal ogen atons and/ or one or re (Cl-C4)alkyl or ( C1-C4 )

al koxy groups , 20 R' represents a (Cl-C4)al kyl group. 11. Conpound
“corresponding to the general - 56 formula below DH '-M-t t~, in which
X represent saathydcogen (dr. Balkogeneat ed. ,5 PRy chephesenics lagyydrog@en at om or
a (Cl-Ca)al kyl group, Het reﬁresents a heteroaromatic group of pyridinyl,
1- oxi dopyri dLhyl, 64ui’Ael SnyPkuyesguietokilny| Lifer iSaiidi, nE®99py64zi nyl or
pyridazinyl type, it being possible for the heteroaromatic group to carry
one or 10 nnﬁi6haléééﬁ-éﬂgﬁs &nd-oMc8avley ebrel(ClECL).alkyl or (Cl-C4 )

al koxy groups_.. 12. Conpound corresponding to the general formula (1V) OR
(1~ 15 in whfBRTREFERr eséAPE  a2fPdr 34€n 188 in&l-BgeKudkomniretr édresents a

hydrogen atom or a (Cl- al kyl grqup, R! represents a (C_-C4)al kyl group.
1%. anpogndDEBFFeQ oﬁ@g%éVtggpﬁe denefaP ~28°drnul a bel ow

The compounds of the invention can also be
used in the treatment of acute or chronic renal
insufficiency, of glomerulonephritis, of diabetic
nephropathy, of cardiac ischaemia and cardiac

10 insufficiency, of myocardial infarction, of ischaemia
of the lower limbs, of coronary vasospasm, of angina
pectoris, of pathologies associated with the heart
valves, of inflammatory heart diseases, of side effects
due to cardiotoxic medicaments or as a result of heart

15 surgery, of atherosclerosis and of its thromboembolic
complications, of restenosis, of graft rejections, or
of conditions related to incorrect proliferation or
incorrect migration of smooth muscle cells.

Furthermore, recent data in the literature

20 1indicate that the peripheral-type benzodiazepine
receptor might play a fundamental role in the
regulation of cell proliferation and cancerization
processes. Generally, and in comparison with normal
tissues, an increased density of peripheral-type

25 benzodiazepine receptors is observed in various types
of tumours and cancers.

In human astrocytomas, the level of

expression of the peripheral-type benzodiazepine



- 57 ONO-- NXI ~1 N-HN_\a Ry in which X represents a hydrogen or
hal ogen atom Rl represents a hydrogen atomor a (Cl-Cg)al kyl group. 5 14.
‘Conpound corresponding to the general formula (V) (v) '-HR in which X
“represents a hydrogen or hal ogen atom 10 Rl represents a hydrogen atom or
a (C1-cA4)al kyl group, RZ and R3 each regéesent, i ndependently of one
anot her, a hydrogen atomor a (Cl-C4) alFRyl group or else Rz and R3 form
‘'wWith the nitrogen atom which carries them a pyrrolidinyl, piperidinyl,
mor phol i nyl »ecastaraikyterpetazédyvighotpe dSgrékdofamebignshayacteri zed
in that it conprises a conpound according to any one of Clains 1 to 3. 16.
Phar maceut i cilite cewpesrii bhe poothfenateonzendén anflathet scompvatesfat | east
one conpound according to any one of Clains 1 to 3, in the - 58 form of
the base, oftheppathedeati fal Pynarceprabral shimouss, athhainereasecal |y
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synthetic ligands specific for the peripheral-type
benzodiazepine receptor which are capable of blocking
the effects thereof.
25 The compounds can therefore be used for the
treatment of tumours and cancers.
The peripheral-type benzodiazepine receptors

are also present in the skin and, in this respect, the
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1OB)MMyZM%[Ngoég % A;t 1ggst one compound of general formula (I),
in the form of the base, of a pharmaceutically
acceptable salt, of a pharmaceutically acceptable
solvate or of a pharmaceutically acceptable hydrate, as
a mixture, if appropriate, with suitable excipients.

10 The said excipients are chosen according to
the pharmaceutical form and the method of
administration desired.

The pharmaceutical compositions of the
invention may thus be intended for oral, sublingual,

15 subcutaneous, intramuscular, intravenous, topical,
intratracheal, intranasal, transdermal, rectal or
intraocular administration.

The unit administration forms can be, for
example, tablets, gelatin capsules, granules, powders,

20 solutions or suspensions to be taken orally or to be
injected, transdermal patches or suppositories.
Ointments, lotions and collyria can be envisaged for
topical administration.

The said unit forms are dosed to allow a

25 daily administration of 0.001 to 20 mg of active

principle per kg of body weight, according to the

pharmaceutical dosage form.

To prepare tablets, a pharmaceutical vehicle,
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10" 10" 10 sodium lauryl sulphate, can also be added.
The preparation techniques can be direct
tableting, dry granulation, wet granulation or hot
melt.
The tablets can be bare, coated with sugar,
15 for example with sucrose, or coated with wvarious
polymers or other appropriate materials. They can be
designed to make possible rapid, delayed or sustained
release of the active principle by virtue of polymer
matrices or of specific polymers used in the coating.
20 To prepare gelatin capsules, the active
principle is mixed with dry pharmaceutical vehicles
(simple mixing, dry or wet granulation, or hot melt) or
ligquid or semisolid pharmaceutical vehicles.
The gelatin capsules can be hard or soft and
25 coated or uncoated with a thin film, so as to have a
rapid, sustained or delayed activity (for example, for
an enteric form).

A composition in the form of a syrup or an
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to suppositories prepared with binders which melt at
the rectal temperature, for example cocoa butter or
polyethylene glycols.

15 Use is made, for parenteral administration,
of aqueous suspensions, isotonic saline solutions or
sterile solutions which are injectable comprising
pharmacologically compatible dispersing agents and/or
wetting agents, for example propylene glycol or

20 butylene glycol.

The active principle can also be formulated
in the form of microcapsules, optionally with one or
more carriers or additives, or else with a polymer
matrix or with a cyclodextrin (transdermal patches or

25 sustained release forms).

The topical compositions according to the
invention comprise a medium compatible with the skin.

They can be provided in particular in the form of
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5 which can exist in the form of the base, of an addition
salt with acids, of a solvate or of a hydrate,
in which
X represents a hydrogen or halogen atom,
R1 represents a hydrogen atom or a (Ci1-C4)alkyl group,
10 R; and R3 each represent, independently of one another,
a hydrogen atom or a (Ci-Cs)alkyl group or else R; and R;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or
d-alkylpiperazinyl group, and
15 Het represents a heterocaromatic group of pyridinyl,
l-oxidopyridinyl, quinolinyl, isoquinolinyl,
pyrimidinyl, pyrazinyl or pyridazinyl type, it being
possible for the heteroaromatic group to carry one or
more halogen atoms and/or one or more (C;-C4)alkyl or
20 (C1-Cy)alkoxy groups.
2. Compound according to Claim 1,
characterized in that

X represents a halogen atom;
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10%&f()'L+1Q%$é(ﬁe§£§§€ﬁ€§%£:ﬂ@teroaromatic group of pyridinyl,
quinolinyl, isoquinolinyl, pyrimidinyl, pyrazinyl or
10 pyridazinyl type which can carry one or more halogen
atoms, more particularly a bromine atom, and/or one or
more (C;-Cq)alkyl groups, more particularly a methyl, or
(C1-Cq)alkoxy groups, more particularly a methoxy.
3. Compound according to Claim 1 or 2,
15 characterized in that
X represents a chlorine atom;
R; represents a methyl group.
4. Process for the preparation of a

compound of general formula (I),

R,
O N\Hs
=N
\
X \ N~ et
N
R 0

Y
20

in which
X represents a hydrogen or halogen atom,

R; represents a hydrogen atom or a (C;-Cs)alkyl group,
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pyrrolidiny piperidinyl, morphollnyl or

5 4-alkylpiperazinyl group, and
Het represents a heteroaromatic group of pyridinyl,
l-oxidopyridinyl, quinolinyl, isoquinolinyl,
pyrimidinyl, pyrazinyl or pyridazinyl type, it being
possible for the heterocaromatic group to carry one or
10 more halogen atoms and/or one or more (Ci;-Cslalkyl or
(C1-C4)alkoxy groups,
comprising the stage consisting in

converting the ester of general formula (III)

OHII
0
=N I
X N\ N (D
TR
R‘l

15 in which
X, R; and Het are as defined above,
R” represents a (C1-Cy)alkyl group,
to the amide of general formula (I) above,
either by reaction with an amine of general formula
20 HNR;R3, in which R; and R; are as defined above,
or by saponification of the ester of general
formula (III) to the acid and then by coupling the acid
obtained with an amine of general formula HNR;R3, in

which R; and R; are as defined above.
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5 in which
R;, Het and R” are as defined above,
is prepared by reacting a compound of general

formula (II),
QA  om

(n

COOR'

-2

10 in which
X and R; are as defined above,
R’ and R” each represent, independently of one another,
a (Ci-Cs)alkyl group,
with a heterocarylhydrazine in a polar solvent in the
15 presence of acid at the reflux temperature.
6. Process for the preparation of a

compound of general formula (I)
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carrying out an N-heterocarylation reaction on an amide

of general formula (V),

in which X, R;, R; and Ri: are as defined above.
20 7. Process according to Claim 6,

characterized in that the amide of general formula (V)
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either by reaction with an amine of general formula

HNR;R3, in which R; and R; are as defined above,
10 or by saponification of the ester of general
formula (IV) to the acid and then by coupling the acid
obtained with an amine of general formula HNR,R;, in
which R; and R; are as defined above.
8. Process for the preparation of a

15 compound of general formula (I)
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in which

X represents a hydrogen or halogen atom,

Ry represents a hydrogen atom or a (C;-Cs)alkyl group,
R, and R3 each represent, independently of one another,
a hydrogen atom or a (C;-Cs)alkyl group or else R; and Rj;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or
4d-alkylpiperazinyl group, and

Het represents a heterocaromatic group of pyridinyl,
l-oxidopyridinyl, quinolinyl, isoquinolinyl,
pyrimidinyl, pyrazinyl or pyridazinyl type, it being
possible for the heterocaromatic group to carry one or
more halogen atoms and/or one or more (C:-Cs)alkyl or
(C1-Cs)alkoxy groups,

comprising the stage consisting in

converting the ester of general formula (III)
OR"

in which X, Het, R; and R” are as defined above,
either by reaction with an amine of general formula
HNR;R3, in which R, and Rs; are as defined above,

or by saponification of the ester of general

formula (IV) to the acid and then by coupling the acid
obtained with an amine of general formula HNR3;R:, in

which R; and R; are as defined above.
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5 R; represents a hydrogen atom or a (C;-Cs)alkyl group,
R’ and R” each represent, independently of one another,
a (C1-Cs)alkyl group.
10. Compound corresponding to the general

formula (III)

OH“
0
=N I
X N Neper (1D
oo
R,
10
in which

X represents a hydrogen or halogen atom,
R; represents a hydrogen atom or a (C;-C4)alkyl group,
Het represents a heterocaromatic group of pyridinyl,
15 1l-oxidopyridinyl, quinolinyl, isoquinolinyl,
pyrimidinyl, pyrazinyl or pyridazinyl type, it being
possible for the heterocaromatic group to carry one or
more halogen atoms and/or one or more (C;-Cs)alkyl or
(C1-Cs)alkoxy groups,
20 R” represents a (C;-Cq)alkyl group.

11. Compound corresponding to the general
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R; and R; each represent, independently of one another,

a hydrogen atom or a (C;-C4)alkyl group or else R; and R;
form, with the nitrogen atom which carries them, a
pyrrolidinyl, piperidinyl, morpholinyl or
15 4-alkylpiperazinyl group.
15. Medicament, characterized in that it
comprises a compound according to any one of Claims 1
to 3.
16. Pharmaceutical composition,
20 characterized in that it comprises at least one

compound according to any one of Claims 1 to 3, in the
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