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Tricyclic indazole compound, method of preparatfon and pharmaceutical
composition containing ft

ok k ok ok ok kK k kK k k%

FIELD OF THE INVENTION

Th,e‘present invention relates to noyel tricyclic indazole compounds,
a method and intermediates fgr the preparation thereof, a
pharmaceutical composition containfng it, and the use thereof.

In particular, the present invenfion relates to novel tricyclic indazole -

compounds having selective affjhity for the 5-HT2a receptors, useful in

- the treatment of some pathologlies that involve the 5-HT2a receptors, for

example, some disorders offthe central nervous system, as well as
disorders of the smooth mugcles either of the gastrointestinal system or
of the cardiovascular systém. The activity on said receptors is also
uséful in regulating intrafocular pressure and, as consequence, in the

treatment of glaucoma /
STATE OF THE ART

~ The 2A serotghin receptor (5-HT2a) is a receptor coupled to protein
G, pfesént'in ‘ény species and widely distributed in the hUman body.
The process fof transmission of the signal resulting from receptor
activation is ot entirely clear. It is known that activation of this receptor,
via the pr tein G coupled to it, leads to the activation of various
enzymes/such as phospholipase C (with consequent hydrolysis of
phosphgtidylinositol ~ diphosphate and  production  of - inositol
triphogphate) or phospholip.ase A2 (which leads to'the release of
arac ivd'onic acid). The receptor respohse leads, moredver, to a flux of
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calcium ions (Ca®") into the cell and to activatiorf of functional proteins
such as protein kinase C. The receptor is presepit in the central nervous
system, in the cells of the vascular and gastrojntestinal smooth muscles
and »in the platelets.

International patent publication WO20(B061688 describes 2-alkyl-
indazole compounds having selective acjivity on 5-HT, receptors and,

with regard to the various receptor /subtypes, compounds having

preferential affinity on 5-HToa recgptors compared: with 5-HTyc
receptors.

Other compounds are known have preferential affinity for the
5-HT,a receptor, such as, for/example, pimavanserin (ACP-103)
undergoing phase |l clinical tfials for the treatment of Parkinson's

- disease psychosis, and eplfvanserin (SR46349) and . volinanserin

| (M100907), both undergoing phase 1l clinical trials for insomnia.

The 5-HT2a receptor ar¢finvolved in some disorders. of the central
nervous system, such as, for example, sleep disorders (Povpa D.etal,J
_Neurosci. 2005; 25(49):/11231-11238), schiZophrenia (Kapur S et al.,
Am J Psychiatry. 1996/ 153: 466-476) and anxiety (Van Oekelen D et
al., 'L"ife Spi. 2003; 72(22): 2429-2449) as well as smooth muscles

'dis'_order_s 1either off the gastrointestinal system (Briejer MR et al,,

Neurogastroentergl Motil. 1997; 9(4): 231-237) or of the cardiovascular
systevr'n (Nagatorfo T et al., Pharmacol Ther. 2004; 104(1): 59-81).

' Moreover, cpmpounds having 5-HTza receptor selective affinity can

be-effective infregulating intra-ocular pressure and, as consequence, in

the treatmenft of pathologies such as glaucoma (Jesse A. May et al., J A
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SUMMARY OF THE INVENTJON

Now, the Applicant has surprisingly /found novel tricyclic
indazolamide compounds having selectivg/ affinity for the 5-HToa
receptor.

Further, the Applicant has found that the novel tricyclic indazolamide
compounds have a much lower selecive affinity on 5-HTyx receptors
comparéd with 5-HTo4 receptors.

This biological activity markedly dfffers from that of known tricyclic
indazole compounds, for example/from that described in the above
mentioned international patént pubfication WO 2006050803.

Moreover, the compounds of the present invention have a structure

. thatis Vnotably different from the known compounds having preferential

affinity for the 5-HT,a receptoy
‘The novel tricyclic indazgle compounds of the present invention can
be useful in the treatmen Vdf some pathologies that involve the 5-HToa

receptor, for example sgme’ disorders of the central nervous system

such as sleep disorders, schiszhkenia and anxiety, as well as
disorderé of the smog th muscles either of the gastrointestinal system,
such as irritable bowfel syndromé (IBS), chronic cohstipation, diarrhoea,
and functional dygpepsia or of the cardiovascular system, such as
hypertension, _mfyocardial ischemia, cerebral ischemia, migraine,
throrhbdsis, an___'pluatelet aggregation. The activity on said fecéptor is
also useful infregulating intra-ocular pressure and, as consequence, in
the treatmenf of gléhcoma. |

~ Accordirfgly, a first asp_ec.t.of the present invention relates to a
tricyclic igdazole compound-of general formula (1):
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Y is CHor N;
W'is CHor N;
provided that at least one of Y an is a nitrogen atom;

Xy and Xz can be independenfly a ¢ bond, a divalent alkyl chain
containing from 1 to 5 carbon Atoms, a carbony! group, a divalent
(CH2)14- or <(CHa)14 -CO-, wherein the

hydrogen atoms of said alkyf and alkanoyl chains can be optionally

alkanoyl chain of the type -CO,

substituted with one or mofe halogen atoms, one or more Cjsalkyl
groups, one or more Cyzalkpxy groups; ‘
X4 can be a divalent al yl chain containing from 1 to 5 carbon atoms, a
carbonyl group, a dival
(CH2)14 -CO-, wherei
chains can be option lly substituted with one or more halogen atoms, one

t alkanoyl chain of the type -CO-(CHz)14- or -
‘the hydrogen atoms of said alkyl and alkanoyl

or more Cy.salkyl grgups, one or more C4_salkoxy groups;

X2 and Xs can.’bev independently a ¢ bond or a divalent alkyl chain
containing frOm' "to 4 carbon at(jms wherein the hydrogen atorhs of said
alkyl chain canf/be optionally substituted Wlth one or more halogen atoms,
one or more ¢, 3a|kyl groups, one or more Cq.zalkoxy groups;

Ly and Ly/can be independently a o bond or a 1 bond;

Ry can/be independently H, OH, halogen, CN, Cyalkyl, Ci.salkoxy,
NRR' /NO, CF;, CONR'RY SO,R', OCF; N(R")SO.R"

'NN(R™RY), N(RY)C(O)R™:
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R2 can be independently H, OH, halogen, CN/ Cisalkyl, Cq.zalkoxy,
Ci.shydroxyalkyl, Cqsaminoalkyl, NRR", NO,, ¢Fs, CONR'R"Y, SO,RY,
OCF3, N(RM)SO,R", C(NR™N(R*R*), N(R*)C(D)R*";

m” and n can be independently from 1 to 3;

R, R" R", R, RY, R", R", R", R*, R, B, R can be independently
H or Cy.salkyl; »

and its salts of addition with pharmacgutically acceptable organic and

inorganic acids.

Typical examples of pharmaceutigally acceptable acids are: oxalic,
maleic, methanesulphonic, parajoluenesulphonic, succinic, citric,
tartaric, lactic, hydrochloric, phosp oric and sulphuric.

According to a preferred embgdiment of the present invention, in the

- general formula (1) above, X; gan be a carbonyl group, a divalent alkyl

chain’ containing from 1 to 3 'érbon atoms, a divalent alkanoyl chain of
the type -CO-(CHa)1.3- or -(GHz)1.3 -CO-, wherein the hydrogen atoms of
said alkyl and alkanoy! chd ins can be optionally substituted with one or

more halogen atoms, or ofie or more C;. salkyl groups.

Accordmg to an evgn more preferred embodiment of the present
invention, |n the geneyal formula (I) above, X; can be —CO-, -CHz-; or -

~ (CH2)s-.

Accordmg to a referred embodlment of the present invention, in the
gen_er_al-formula f) above, X3 can be a o bond, a divalent alkyl chain
CoAnta"inin‘.g from to 3 carbon atoms, a divalent alkanoyl chain of the type
-CO-(CHa2)1- 2 herein the hydrogen atoms of said alkyl and alkanoyl
channs can o° opﬁenally' substituted with one or more halogen atoms, or
one or morg C1-3alkyl groups.

According to an even more preferred embodiment of the present
inventiog, in the general formula (I) above, X3 can be a ¢ bond, -(CHs).-,
o, or -CHCFr.
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According to a preferred embodiment of the prgsent invention, in the
general formula (1) above, X4 can be a divalent allfyl chain containing from
1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CHz)1.2- or
-(CHz2)12 -CO -, wherein the hydrogen atoms/of said alkyl and alkanoyl
chains can be optionally substituted with ong or more halogen atoms, or
one or more Cqsalkyl groups.

According to an even more preferrgd embodiment of the present

| invenvtio'n,_ in the general formula (1) aboye, X4 can be —(CHy),-, -(CHy)s3-; -

CH2-CO-, or -CO-CH,-.
According to a preferred embodighent of the present invention, in the
general formula (1) above, X, agd Xs can be a divalent alkyl chain-

containing from 1 to 3 carbon atofns, wherein the hydrogen atoms of said

. alkyl and alkanoyl chains can optionally substituted with. one or more

halogen atoms, or one or mor C1_3a|kyl groups.

According to an even rjiore preferred embodiment of the present
inventioh, in the general jormula (1) above, Xz can be Q(CHQ)Q—, or -
(CH2)s- and X5 can be ~QHy-; or -(CHa)o-. '

According to a prefefred embodiment of the present invention, in the'
genefal for_mula (1) aby \)e, Ly and Lo can be both a o bond or both.;a,n B
bond. : ’ - '
- According to a preferred embodiment of the present invention, in the
general formula (I above, Ry can be independently H, OH, F, CI, CN, C;.-
salkyl gfloup, ‘1'-3élkoxy group, NRR" group, NO», CFj, CON_R‘”R‘V'
group, SO;R” fand OCFs, N

According/to an even more preferred embodiment of the present '
invention, i the general formula (1) above, Ry can be independently H,
OH, F, Ct, CF3, and CONHos.

Accoyding to a preferred embodimentv of the present invention, in the
formula. () above, Ry Can be independently H, OH, F, CI, CN, Cy.
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general formula (I) above, mis 1 andnc

~ embodiment thereof, is char

salkyl, Cysalkoxy, Cishydroxyalkyl, Ci.saminoalkdl, NR'R', NO2, CFs,
CONR'R", SO;R", OCFs.

According to an even more preferred empodiment of the present
invehtion, in the general formula (1) above, R{ can be independently H,
OH, F, CH>OH, CHyNH,, CONHy;

According to a preferred embodiment ¢f the present invention, in the
‘ be 1 or 2. ,
A second aspect of the present infention relates to a method for
preparing (i) a tricyclic indazole compound of general formula (1) and,
optionally (i) a salt of acid addfion thereof with pharmaceutically
ids.

the present invention, in a first

acceptable inorganic and organic
Accordingly, the method o
terized in that it comprises (1b) the

condensation of an amide derj /ative of formula (IV):

~ where |
- Ry, Ly, Ly, X4, apid m have the meanings stated previously in relation
to'the compound f formula (N,

with a derivajfve of formula (V)

1, X2, X3, X5, W, Y, and n have the meanings stated previoUst in

relati n to the Compound' of formula (1), and
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Q is a leaving group selected from the group Lomprising a halogen
atom, a mesylate group (CH3SO3") and a tosylatg group (p-MePhSOy3),
to give a tricyclic indazole compound of gengfral formula (1).
Preferably, Q is a chlorine atom, a brominefatom or a mesylate group.
5 Further, the method of the present invepition, w.hen W is a nitrogen
atom, is characterized in that it compriseg (1a) the condensation of an

amine of formula (11}

10 where
X1, X2, Xa, Xs, Y, Ly,
> compound of formula (1),

L2, Ry and m have the meanings stated
previously in relation to t
with a derivative of fofmula (1)

(Ry),

15 5 (1
where , v
X3, Rz an 'n have Vthev meanings stated previously in relation to .the
compound of formula (), and ‘
Qisa eaving group sel_écted from the group comprising a halogen
20 atom, afmesylate group (CH3SO37) and a tosylate group (p-MePhSOy3),
to glve a tricyclic indazole derivative of general formula (1).

Preferably, Q is a bromine atom or a mesylate group.’
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If desired, the tricyclic indazole derivative of /general formula (1) is
made to react with a pharmaceutically acceptaple organic or inorganic
acid to give the salt of acid addition thereof.

The condensation step (1b) can be cafried out by conventional
technigues, in the presence of a basg. For example, an amide
derivative of formula (IV) is reacted with & compound of formula (V) in
which Q is, preferably, a chlorine atom/a bromine atom or a mesylate
group, in the presence of a base. Typical example of base is sodium
hydride.

Preferably, the condensation step (1b) is carried out in the presence
of a diluent at a temperature comfprises between -20°C and the boiling
temperature of the solvent and fior-a time comprised between 0.5 and
48 hours. Preferably, the temperature ranges from 0°C to the boiling
temperature of the solvent. Pfeferably, the reaction time is from 1 to 24
hours.

Typieally, the diluent ysed is a polar apfotic solvent. Examples of

‘suitable polar aprotigf solvents are N,N-dimethylformamide or

tetrahydrofuran. _

The (.:ondensation fep (1a) can also be carried out by conventional
techniques, prefer. ly in the presence of a base. For example, an
amine of formula (1) can be reacted with a compound of formula (ll) in
which Q is, prefgrably, a bromine atom or a mesylate group, preferably
in the pfesenc of a base. Typical examples of bases are carbonate or
bicarbonate -potassium, sodium or caesium. .

Preferably, the. eondensation step (1a) is carried out in the presence
of a dilueglt at a temperature from room temperature (20°C) to 160°C
and for g time from 1 to 72 hours. Preferably, the reaction temperature
ranges from room temperature (20°C) to 100°C. Preferably, the reaction
time ig from 12 to 48 hours. |
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Typically, the diluent used is a protic or aprotic polar solvent. Suitable
examples of protic polar solvents are alcohols sych as ethanol. Suitable
examples of polar aprotic solvents e acetone or N,N-
diméthylformamide.

The compound obtained in either in the/ condensation step (1b) or

(1a) can be purified by conventional/techniques such as flash

chromatography and crystallization.

ThAe'trivcycIic indazole derivative of general formula (1) obtained with
either the condensation step (1b) or {1a) can be made to react with a
pharmaceutically acceptable organi¢/or inorganic acid to form the salt of
acid addition thereof. |

The formation of a salt of facid addition of a tricyclic indazole

- compound of general formula/(l) with a pharmaceutically acceptable

organic or inorganic acid can ppe carried out by conventional technigues.
‘For example, it can be cafried out by first dissolving the compound of
formula (1) in a diluent an /then treating the solution thus obtained with

an organic or aqueous s f’ution of the acid of interest.

Typical exémples off iluents are ethanol, isopropanol, ethyl acetate
and ,"diethyl ether. e obtained salt can then be separated by

* conventional technigfies and, if applicable, purified by crystallization.

- .Some intermedf_"‘tes of formula (II) and (IV) are novel, and they
therefore cbn_st_,it fe a further aspect of the present invention.

'ACCordin'gly, Ar'\ a further aspect, the present invention relates to the

intermediate ¢ mp’ounds of formula (l1):

(1
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where
X1, Xg, X4, X5, Y, |_1, L2, R1 and m hav
previously in relation to the compound of formufa (1);

the meanings stated

In a still -further aspect, the present /invention relates to the

5 intermediate compounds of formula (IV):

where

Ry, L1, Ly, X4 and m have th /meanings stated previously in relation

10 to the compound of formula (1),

provided that, |

when_,R1 is H and L, and/L, are 1 bond, X4 is different from CH'ZCHZ

or CH2CH,CH;, and

when Ry is Hand Ly apd L, are ¢ bond, X4 is different from CHZCHZ.

15 The amine of formulg (1l) as well as the tricyclic derivatives of formula

(IV) can be prepargd by conventional methodé, for example as
described |n scheme/1.

' Scheme 1
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protective group of termiglal amines selected from the group comprising
9-fluorenylmethyl carbamate (Fmoc), tert-butyl carbamate (Boc) and N-
benzylidenamine. Pre fably, Q is a chlorine atom, ai bromine atom or a
mesylate group. ‘ | _ |

Succeséively, protective grorup P, is removed and the resulting
prlmary amine isfintra-molecular reacted with the ester group to give
the cychc aminefof formula (IV).

The latter i
(IX), where

comprising/a halogen atom, a mesylate group (CH3SO3) and a tosylate

alkylated by reaction with the alkylating agent of forrmula

2 indicates a I’eaving' group seleeted from the group

group (p-MePhSOj3) and P, indicates a protective group of terminal
amines selected from the group comprising 9-fluorenylmethyl
carbargate (Fmoc) and tert- butyl carbamate (Boc). Preferab!y, Q2 is a

chlorfhe atom, a bromine atom or a mesylate group.
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successively, the protective group P, is remoyed to form the amine
derivatives of formula ().

The compounds exemplified in the following/Table 1 can be prepared

by the synthetic pattern described above.

5 A TABLE 1

(CH2), | (CH2)

(CHz): | (CHa)

(CHa).

7-CONH, (CH2). (CHy). | CH

N
N
CH, |CHI N } 1 1
N
N

(CHy)2 | CHCO (CH,). | CH

(CHZ)Z (CH,), | (CHy). | CH

(CHy), | COCH: (CH,): | CH

(CHz), | (CH2) (CHy), | CH

N
N
(CHy)2 | (CH2)s CH, |CH| N | 111
N
N

(CHa), | (CH2) (CHy) | CH

1
(CHa)p- | (CHa2)s CH, |CH| N |+ V.
1

(CHa)o | (CHa) | (CHz)p | CH N

(CHo)z | (CHa) | (CHa) CHI N|1]2

(CH2), | (CH2)s (CHy) | CH | N

(CHz), | (CH2) (CHy), | CH | N

1.COCH; | (CHa): (CHz)o | CH | N | 1 1
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19 o H oF CH, | (CH.), | COCH, /(CHQ)2 (CHy) | CH| N
p-OH /
20 - H H CH, | (CHa)s (CHZ);/ (CHa)o | (CHa)o [ CH| N
21 n H oF CH, | (CH,), (C%)2 (CHz), | (CHy), | CH | N
m-CONH
22 n H H CH> | (CHa)s }tHz)z (CHa)s | (CHa) [CH| N
23 r H oF CH, | (CHa), /(CH2)2 (CHa)s | (CHas | CH| N
24 . H p-F CH, | (CHy) ‘ CH,CFa | (CHa), | (CHa) | CH| N
25 ™ H H CH» (07{)2 COCH, | (CH2): | (CHa). | CH | N
26 n H H CH, (}M)2 COCH, | (CHa)s | (CHa), | CH | N
27 n H p-F CH, |ACHa)2 | CHaCF, | (CHa)s | (CHa) | CH | N
28 n H H (Csz CH) | o | (CHap | (CHap | N | cH
29 n H H 072 (CH,)» | CH,CF, | (CHa) | (CHo), | CH| N
30 n H H }le (CHa)> | CHLCF, | (CHa)s | (CHa) | CH | N
31 S Y H /CH2)3 (CHa):| o | (CHa)s | (CHa| N | CH
{32 I | 9cr. | oF J| CH, | (CHaz| (CHs | (CH)s | (CHa) | CH| N
33 x| 8OH oF / CH, | (CHa)a | (CH2a | (CHa) | (CHa)e | CH| N
34 x| oH | 07 CO | (CHa) | (CH)2 | (CHa): | (CHa), | CH| N |

Typical exam .i'es of pathological states that might benefit from

treatment with /the novel tricyclic indazole compound of formula (1)

having select e affinity for the 5-HToa receptor are some disorders of
the central frervous system, such as, for example, sleep disord'ers
(Popa D. gt al., J Neurosci. 2005; 25(49): 11231-11 238), schizophrenia
(Kapur Sfet al., Am J Psychiatry. 1996; 153: 466-476) and anxiety (Van
Oekelef D et al., Life Sci. 2003; 72(22): 2429-2449) as well as smooth
musclgs disorders either of the gastrointestinal system (Briejer MR et
eurogastroenterol Motil. 1997; 9(4): 231-237) or of the
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cardiovascular system (Nagatomo T et al., Pharmacol Ther. 2004;
104(1): 59-81). Moreover, said pharmaceuticdl composition can be
effective in regulating intra-ocular pressure ang, as consequence, in the
treafment of pathologies such as glaucoma (fay JA et al., J Pharmacol
Exp Ther. 2003; 306(1): 301-309).

Another aspect of the present inventipn relates to the use of the

above described tricyclic indazole compogind of general formula (1) or of a

salt thereof with a pharmaceutically Acceptable organic or inorganic
acid, for the preparation of a medicament for the treatment of a
pathological state selected from thefgroup consisting of disorders of the
central nervous system, disorders/ of the smooth muscles either of the

gastrointestinal system or of thfe cardiovascular system, and ocular

- pathologies.

More in particular, the pr¢sent invention relates to the use of the
above described tricyclic indazole compound of general formula (l) or of a
salt the}eof with a pharmfaceutically acceptable organic or inorganic
acid, for the preparation ¢f a medicament for the treatment of a disorder

of the central nervous/system selected from the group consisting of

sleep disorders, schizpphrenia, and anxiety.

“The present inverftion also relates to the use of the above descrlbed
tricyclic indazole cgmpound of general formula (1) or of a salt thereof with
a pharmace_ut_ic , 'ly acceptable organic or inorganic acid, for the:
preparatlon of‘ " medicament for the treatment of a disorder of the
smooth musclgs of the gastrointestinal system selected from the group

Cons|st|ng irritable bowel syndrome (IBS), chronic constipation,

diarrhoea, nd functional dyspepsia.

The prgsent invention also relates to the use of the above described
tricyclic jndazole compound of general formula (1) or of a salt thereof with
a ph maceutlcally acceptable orgamc or inorganic acid, for the

prep ratlon of a medicament for the treatment of a disorder of the




WO 2011/124430 PUT/EP2011/053270

10

15

20

25

30

- 16 -

smooth muscles of the cardiovascular system sejected from the group
consisting of hypertension, myocardial ischenfia, cerebral ischemia,
migraine, thrombosis, and platelet aggregation,

The present invention also relates to the yge of the above described
tricyclic indazole compound of general formula (1) or of a salt thereof with

a pharmaceutically acceptable organic /or inorganic acid, for the

preparation of a medicament for the treajnent of glaucoma.

The present invention further relatesfto a method for the treatment of
a pathological state selected from the/group comprising disorders of the
central nervous system, disorders gf the smooth muscles either of the
gastrointestinal system or of thef cardiovascular system, and ocular -
pathologies comprising the admiglistration in-a patient in need thereof of
a therapeutically effective ampunt of at least one tricyclic indazole
compound of formula (1) as scribed above or of a salt thereof with-a |
pharmaceutlcally acceptabl ergamc or morgamc acid.

In particular, disorders pf the central nervous system which can be
treated with the method/of the present invention are sleep disorders,
schizophrenia, and anxjety. o

Disorders of the s ’_ooth muscles of the gastromtest:nal system which

can be treated with/the method of the present invention are irritable

bowel syndrome (/BS), chronic constipation, diarrhoea, and functional
dyspepsna

D|sorders of [ he smooth muscles of the cardlovascular system which
can be tregfed with the method of the present invention are
hypertensio 'myocardial isChemia, cerebral ischemia, migraine,
thrombosig, and platelet aggregation. '

Ocularf pathologies which can be treated with the method of the
presentf/invention are glaucoma

A further aspect of the present |nvent|on relates to a pharmaceutical

composition comprising an effective amount of at Ieast one tricyclic
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indazole compound of formula (l) as describeg above or of a salt
thereof with a pharmaceutically acceptable organic or inorganic acid
and at least one inert pharmaceutically accept le excipient.

Preferably, the pharmaceutical compositigh of the present invention
is prepared in suitable dosage forms compypising an effective amount of
at least one tricyclic indazole compound of formula () as described

above or of a salt thereof with a pharmageutically acceptable organic or

| inorganic acid and at least one ingrt pharmaceutically acceptable

excipient.
Therefore, a further aspect of thef/present invention relates to the use
of the aforementiohed pharmageutical composition for treating a

pathological state selected from/the group comprising disorders of the

~ central nervous system such As sleep disorders, schizophrenia, and

anxiety, disorders of the smgbth muscles either of the gastrointestinal
system, such as irritable bgwel syndrome (IBS), chronic constipation,
diarrhoe‘a, and functional ‘yspepsia or of the cardiovascular system,
such as hypertension,/ myocardial ischemia, cerebral ischemia,
migraine, thrombosis, ghd platelet aggregation, and ocular pathologies
such as glaucoma. / | ,
| Examples of sui ble dosage forms are tablets, capsules,.coated
tablets, grénules, lutions and syrups for oral administration; solutions,
pomade and oint 'ent for topical administration; medicated patches for
transdermal ad 'inistration; suppositories for rectal administration and
injectable sterjfe solutions. | ,

Other suiteble dosage forms are those with sustained release and
those based on liposome's for oral, injectable or -transdermal
administrgtion. ,

The glosage forms can also contain other traditional-ingredients such

as: prgservatives, stabilizers, surfactants, buffers, salts for regulating
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osmotic pressure, emulsifiers, sweeteners, cologants, flavourings and
the like.

If required by special therapeutic requiremgnts, the pharmaceutical
composition . of the - present inventio can contain  other
pharmacologically active ingredients whose simultaneous
administration is useful.

The amount of the tricyclic indazole cgmpound of formula (1) or of the

'pharma'ce_utically acceptable salt of/ acid addition thereof in the

pharmaceutical composition.of the pfesent invention can vary over a
wide range depending on known ffactors, for example, the type of
pathology, the severity of the disfase, the patient's body weight, the
dosage form, the chosen roufe of administration, the number of

- administrations per day and/the efficacy of the selected tricyclic

indazole compound of formuls “(1). However, a person skilled in the art
can determine the optimum gmount in easily and routinely manner.

Typicélly, the amount o_.fricyclic indazole compound of formula () or
of the pharmaceutically "'eceptable salt of acid addition thereof in the
pharmaceutical compogftion of the present invention will be such as to
ensu_ke é level of 7 d’ministration ~from 0.0001 to 100 mg/kg/day.
F"’referably,f:- the levelf of administ'ra‘;ion is from 0.001 to 50 mg/kg/day,
and even rhore pre ,erébly from 0.01 to 10 mg/kg/day.
A The dosage fg rhs of the pharmaceutical composition of the present
inVentioh‘ can fe “ prepared by techniques that are familiar to a
pharmaceUtic i | chemist,” and comprise mixing, granulation,
compression »di’ssdlUtieh, sterilization and the like.

The desgription that follows is intended for further illustration of the
ention, though without limiting it.

SHORT DESCRIPTION OF THE FIGURE
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Fig. 1 is a graphic showing the effect of tested gompounds following
intraperitoneal administration on head twitch tesyfin mice according to
the procedure of the Test C described hereinbglow. On the Y axis, the
number of head twitches following the intrapefitoneal administration of

the compounds indicated on the X axis, are/reported.
EXPERIMENTAL PART

'"H-NMR spectroscopy: a) Varian fGemini 200 (200MHz) b) Brucker
300 Avance (300 MHz); internal /fstandard = trimethylsilane. [(s) =
singlet; (d) = doublet; (t) = triplet; fq) = quartet; (gn) = quintuplet; (sxt) =
sextuplet; (spt) = septuplet; (bsy= broad singlet; (bd) = broad doublet;
(dd) = double doublet; (dt) =/double triplet; (tt) = triple triplet; (m) =
multiplet; J = coupling constapit; d = chemical shift (in ppm)]. '
' | Example 1
henyl)ethyllpiperidin-4-ylimethyl)-3.4-

dlhvdropvrazmoﬂ 2-blindazol-1(2H)-one hydrochloride
1a) Methyl of 2-(2- ch;l()rethvl) 2H-indazole-3- carboxvlate
1brom020hloreth_ ne (70 ml; 0.84 mol) was added slowly to a

suspensmn of meth | ester of 1H(2H) indazole-3-carboxylic acid (20 g;

0.084 mol) caes'_"‘m carbonate (244 g; 0.177 mol) in acetonitrile
(600 ml) kept Stll‘: ed at.room temperature. The reaction mixture was kept.
under stlmng ) the same temperature for 3 days, then the sohd was

removed by iitration. The solvent was removed by evaporation at

reduced prg sure. The raw compound thus resulting was purified by '

flash Chror'atography on silica gel, using as eluent a mixture of
hexane:glhyl acetate in a ratio of 8:2.
Apprpximately 10g of methyl of 2-(2-chiorethyl)-2H-indazole-3-

carboyylate were thus obtained.
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'H-NMR (300 MHz, CDCl3) 8: 3.9 — 4.1 (m, 5H); 5.24 (t, J = 6.0 Hz;
2H); 7.2-7.4 (m, 2H); 7.79 (d; J = 9.0 Hz; 1H); 8.¢92 (d; J = 9.0 Hz; 1H).

1b) Methyl of 2-(2-azidoethyl)-2H-indazole-3fcarboxylate

Sodium azide (8.8 g; 0.135 mol) was add
2-(2-azidoethyl)-2H-indazole-3-carboxylate

to a solution of methyl of
g, 0.038 mol) in dimethyl
sulphoxide (DMSO) (100 ml) under strong Atirring at room temperature.

The reaction mixture was then professed by cooling it to room
temperéture, diluting it with water (10 ml) and extracting it several
times with ethyl acetate (3x 100 mfl). The organic phases collected
together were washed with water/(3x 25 ml), then with a saturated
solution of NaCl (30 ml) and, at thfe end, dried with anhydrous Na;SO,.
The solvent was removed by gvaporation at reduced pressure thus
thyl of 2-(2-azidoethyl)-2H-indazol-3-

carboxylate, which was used for subsequent reactions without further

Cls) 5: 3.87 (t, J = 6.0 Hz; 2H); 4.04 (s, 3H);
2= 7.4 (m, 2H); 7.80 (t, J = 9.0 Hz; 1H); 8.01

"H-NMR (300 MHz, C
5141 (t, J = 6.0 Hz; 2H);
(d; J=9.0Hz; 1H).  /
A 1.0:) 3.4-dihydropyrgzino[1,2-blindazol-1(2H)-one

A suspénsion cgntaining methyl of 2-(2-azidoethyl)-2H-indazol-3-

carboxylate (6 g; £.024 mol), 10% palladium on charcoal (0.5 g; 05

mmo!) in 5N hydy ychloride ethanol (100 ml) was put in a Parr system to

: hydrogehize' uny A'er‘hydrogen atmosphere at room temperature for 24h.

Once the rkaction was over, the suspension was filtered on celite

and ,fhe solvgnt was removed by evaporation at reduced pressure.
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The organic phase collected together were then washed with a
saturated solution of NaCl (50 ml) and dried with anhydrous Na>SOj,.
Abo_ut 3 g of raw product were obtained. This was purified by flash
chromatography on silica gel, using as eluenf a mixture of hexane:ethyl
acetate in a ratio of 8:2. Thus, 1.5g Jof 3,4-dihydropyrazino[1,2-
blindazol-1(2H)-one were obtained.

"H-NMR (300 MHz, CDCls) &: 3.6 - 3/8 (m, 2H); 4.64 (t, J = 6.0 Hz;

 2H): 7.26 (t, J = 9.0 Hz: 1H); 7.36 (t, J 7/9.0 Hz; 1H); 7.75(d, J = 9.0 Hz;

1H); 7.98 (d; J = 9.0 Hz; 1H).
1d) Tert-butyl 4-[(1-0x0-3 4-di
methyllpiperidine-1-carboxilate
60% NaH (0.72 g; 0.018 mpl) was added to a solution of 3,4-

dropvraz‘inoH 2-blindazol-2(1H)-yI)

. dihydropyrazino[1,2-blindazol-#{2H)-one (2.7 g; -~ 0.015  mol) in

dimethylformamide (DMF) (5¢/ml) kept stirred at room temperature.
- The reaction mixture wasgfkept stirred at the same temperature under

nitrogen atmosphere forf 2h30°, then a  solution of tert-butyl 4-

Al(methylsulphonyl)oxy] 'thyl}piperidine—1—cafboxylate (44 g, 0.015

mol) in DMF (25 ml) whs added slowly. Once the additions were over,
the mixture was. waymed at 150 °C for 6h. The reaction was then
stopped by cooling fhe mixture at room temperature and by removing

the solvent by evaporation at reduced pressure. The residue was taken

up with dichlororfethane and then filtered through a silica gel pad. The-

solvent was y moved by evaporation at reduced pressure, thus
obtaining 3,5 4 of tert-butyl 4-[(1-ox0-3,4-dihydropyrazino[1 ,2—b]indaZoI—
2(1H)-yhme yl]pipéridine-1—carboxylate, used in the subsequent
reactions vfithout further purification steps. - V

"H-N (300 MHz, CDCl3) &: 1.1 — 1.4 (m, 2H); 1.45 (s, 9H); 1.6 —
1.8 (m,2H); 1.9-21 (m‘, 1H); 2.71 (bt, J = 13.2 Hz; 2H); 3.4 -~ 3.6 (m,
2H), ¥89 (t, J = 6.6 Hz, ‘27H)'; 4.0-4.3(m, 2H); 4.69 (t, J = 6.6 Hz; 2H);
72474 (m,2H);7.75(d,J=8.7Hz, 1H); 816 (d, J = 8.7 Hz; 1H).
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1e) 2-(piperidin-4-yimethvyl)-3 4-dihvydropyrazing[1,2-blindazol-1(2H)-

one hydrochloride

A solution containing tert-butyl 4-[(1-0x0f3,4-dihydropyrazino[1,2-
blindazol-2(1H)yl)methyllpiperidine-1-carboxyfate (3.5 g; 0.009 mol),
ethyl acetate (20ml) and 3M hydrochloric/ ethanol (10 ml) was kept
stirred at room temperature for 2h. The rgaction was then stopped by
filtering the solid that had formed and/washing it with ethyl acetate.
Thus, 15 g of 2-(piperidin-4-yfmethyl)-3,4-dihydropyrazino[1,2-
blindazol-1(2H)-one hydrochloride wefe obtained, that was used for the
subsequent reaction without further purification steps.

'"H-NMR (300 MHz, DMSO-d6#D,0) 8: 1,38 (bg, J = 9,0 Hz; 2H);
1,81 (bd, J = 12,0 Hz; 2H); 1,9 /2,1 (m, 1H); 2,80 (bt, J = 9,0 Hz; 2H);
(d, J = 6,0 Hz; 2H); 3,81 (t, d = 6,0 Hz;
2H); 4,74 (t, J = 6 Hz; 2H); 7 7 (t, d =9,0 Hz; 1H); 7,36 (t, J = 9,0 Hz;
1H); 7,75 (d, d = 9,0 Hz; 1H)Y 8,00 (d, J = 9,0 Hz; 1H).

1f)2—({ 1-[2-(4-fluorophe _vfi)ethvl]oiperidin-4-vl}methvl)—3,4—
dihydropyrazino[1,2-blindazol-1(2H)-one hydrochloride

A solution / containing 2-(piperidin-4-yl-methyl)-3,4-
dihydropyrazino[‘l,Z-b hdazol-1(2H)—one hydrochloride (528 mg; 1.64
mmol), potassium dgarbonate (610 mg; 4.4 mmol), 4-fluorophenethyl
bromide (450 mg; 2.2 mmol) in ethanol (10 ml) was kept stirred under
reflux for 24h. Thy » reaction was then stopped by cooling the mixture at
roOm' te“mpera re and- concentrating the solvent under reduced
pressure. Th -résidue_ was taken up with DCM (30 ml) and washed
respéctively ith a saturated solution of NaHCOs (2x 20 ml), water (2x
15 mi) and/a saturated solution of NaCl (10 ml). The organic phase was
then dried with Na,SO4 and-the solvent was removed by evaporation at
reduced/ pressure. The solid raw product was then purified by flash
chrompatography on silica | gel, using as eluent a mixture of
chior form:methénol in‘ a ratio of 9:1. The product thus purified was
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ratio of 10:1 (10 mi)
loric ethanol (0.33 ml).
The solid thus formed was filtered and cpystallized by a mixture

dissolved in a mixture of diethyl ether:ethanol in

isopropanol:diisopropyl ether in a ratio of 3:7/ Thus, 250 mg of 2-({1-[2-
(4-fluorophenylethyl|piperidin-4-yiimethyl)-3,4-dihydropyrazino[1,2-b]-
indazol-1(2H)-one hydrochloride were obtdined.

'"H-NMR (300 MHz, DMSO-d6) &: 1,49 1,78 (m, 2H); 1,81 — 2,10
(m, 2H), 3,17 — 3,40 (m, 2H);
3,47 (d, J = 6,61 Hz; 2H); 3,51 - 3,67Am, 2H); 3,93 (t, J = 6,11 Hz; 2H);
4,75 (t,Jd = 6,11 Hz; 2H); 7,11 - 7,49 (m, 6H); 7,76 (dt, J = 8,59 Hz; J =
J=1,16 Hz; 1 H), 10,51 (bs, 1H).

dihydropyrazigo[1,2-blindazol-1(2H)-one
2a) Tert—bUtvI—Z—bromoethAcarbamate

of 2-bromoethanamine {2.04 g; 0.010 mol) and tert-butoxycarbonyl
anhydride (1.74 g; 0.0%0 mol) in dichloromethane (50 ml), kept under
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Caesium carbonate (19.5 g; 0.06 mol) was gldded to a solution of
methyl 1H-indazole-3-carboxylate (3,5 g; 0,02rpol) and of tert-butyl-2-
F (30 ml), kept under

stirring at room temperature. The mixture wag kept under strong stirring

bromoethylcarbamate (8,9 g; 0,04 mol) in
at room temperature for 48h, then was protessed by adding water (50
ml) and, successively, 1M HCl until a pH of 6 was obtained.

The aqueous phase was extracted ethyl acetate (3x 50 ml) and

the organic phases collected.togethey were washed with a saturated

solution of NaCl (10 ml), then driegd on NazSOs. After removing the
solvent by evaporation at reduced pfessure, the residue was purified by
flash chromatography on silica /gel; using as eluent a mixture of-
6:4. Thus, 2.87 g of methyl 2-[2-(tert-

indazole—3-carboxylate were obtained,

hexane:ethyl acetate in a ratio

used for subsequent reaction Avithout further purification steps.
TH-NMR (200 MHz, CDGJ5) &: 1,36 (s, 9H); 3,74 (q, 2H, J = 5,5 Hz);

4,03 (s, 3H); 4,89 - 5,07 (b5, 1H); 5,03 (t, 2H, J = 5,5 Hz); 7,23 -7,42

(m, 2H); 7,79 (dt, 1H, J 7,5 Hz; J = 1,6 Hz); 8,02 (dt, 1H, J = 7,5 Hz; J

‘ ino[1 .2-blindazol-1 (2H)-one v .
A solution of 1.2 M HCI in 'ethranol (48 ml; 0.06 mol) was added
slowly to a solutiofi of methyl 2-[2-(tert-butoxycarbonylamine)ethyl]-2H-

AindazOIev—?)—carbo ylate (6.38 g; 0.02 mol) in ethyl acetate (50 ml) kept:
stirred at room, Vémperature. The mixture thus obtained was kept under

stirring at roofh temperature for 2h. The solvent was then removed by

evaporation ‘at reduced pressure and the residue was treated with A |

ethyle acejate (20 ml) at room temperature and filtered. The solid thus
obtained /was dissolved in methanol (10 ml) and caesium carbonate
(13.0 g/ 0.04 mol) was added to the resultant solution, kept stirred at
room femperature. The mixture was kept under stirring for 16h at room

templerature, then the solvent was removed by evaporétion at reduced
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pressure. The residue was taken up with water (50 ml) and the aqueous
cetate (5x 50 ml). The
organic phases collected together were dried n Na»>SO4 and about 4g

phase was extracted several times with ethyl

of raw product were obtained after the folvent was removed by
evaporation at reduced pressure. The raw product was then purified by
flash chromatography on silica gel, usiflg a mixture of hexane:ethyl

acetate in a ratio of 82 as elfent. Thus, 34 g of 3,4-

| dihydropyrazino[1,2-blindazol-1(2H)-orfe were obtained. -

"H-NMR (200 MHz, CDCl3) 5: 3,98 (dt, 2H, J = 6,7 Hz; J = 1.7 Hz);
4,72 (t, 2H, J = 6,7 Hz); 6,35 (bs, 1A); 7,27 - 7,46 (m, 2H); 7,78 (dt, 1H,
J=8,4Hz;,J=14Hz); 8,16 (dt, 1H, J =8,4 Hz; J = 1,4 Hz).

2d) Tert-butyl 3-[(1-ox0-3 4-glihydropyrazino[1,2-blindazol-2(1H)-yI)-

, methvl]piperidine—1—carboxvlate/

The product was .prepavéd following the method described in'
example 1d), but using fert-butyl 3-{[(methylsulphonyl)oxy]methyl}-
piperidine-1-carboxylate ag reagent. Thus, 3.8 g of tert-butyl 3-[(1-0x0-

lindazol-2(1H)-yl)methyl]piperidine-1-

3,4-dihydropyrazino[1,2-
carboxylate were obtaigled. A
_ "H-NMR (200 MHz/ CDCIS)ES: 1,20 — 1,45 (m, 1H); 1,43 (s, 3H);:1,55
— 2,10 (m, 4H); 2,6p — 3,05 (m,'2H); 3,30 — 3,75 (m, 2H); 3,75 — 4,05
(m, 2H); 3,90 (t, 2H, J = 6,1 Hz); 4,72 (t, 2H, J = 6,1 Hz); 7,25 - 7,45
(m, 2H); 7,76 (dt/1H, J = 8,4 Hz; J = 1,1 Hz); 8,15 (dt, 1H, J=8.0 Hz; J
= 1,3 Hz). [ -

2e) 2-({1-J2-(4-fluorophenyhethylpiperidin-3-ylimethyl)-3,4-dihydro-
pyrazinolt ,2,/b]indézol—1 (2H)-one

A solutign of 1.25M HCI in ethanol (4.8 ml; 0.006 mol) was added to
a solutipn containing tert-butyl 3-[(1-0x0-3,4-dihydropyrazino[1,2-
blindazgl-2(1H)-yl)methyl]piperidine-1-carboxylate (0.77 g; 0.002 mol) in

ethy! gcetate (7 ml), kept stirred at room temperature.
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The mixture thus obtained was kept under stirring at room
temperature for 2h, then the solvent was remgved by evaporation at
reduced pressure. The residue thus obtained vas taken up with ethyl
acetate (5 ml) and filtered. The solid producf was dissolved with 1-(2-
bromoethyl)-4-fluorobenzene (0.81 g; 0.004/mol) in anhydrous DMF (10

ml). Caesium carbonate (1.95 g; 0.006 mgl) was added to the resultant

solution, kept stirred at room temperatufe. The mixture was then kept

under Vstrong stirring at room tempgrature for 48h and then was
processed by adding water. (20 ml)fand ethyl acetate (25 ml). The
agqueous phase was extracted sevgral times with ethyl acetate (3x 20
ml) and the organic phases' collegted together were dried on NazSOa.
The solvent was then removed By evaporation at reduce pressure and
chromatography on silica gel, using a
mixture of hexane:ethyl acetaje in a ratio of 7:3 as eluent.

Thus, 170 mg of 2-({1-[2/
3,4—dihy.dropyrazino[1 ,2-b]'_- :dazol-1 (2H)-one were obtained.

"H-NMR (300 MHz, DMSO-d6) 5: 8.00 (d, J = 8,48 Hz; 1H), 7,75 (d, J
41 (m, 1H); 7,18 — 7,30 (m, 3H); 6,99 — 7,11
(m, 2H); 4,70 (t, J = 6 14 Hz; 2H), 3,88 (t, J = 6,14 Hz; 2H), 3,32 — 3,56
(m, 2H); 2 63 —2,86/(m, 4H), 2, 39 — - 2,47 (m, 2H);'1,79 - 2,11 (m, 3H);
1,67 (d J=10 23_ Hz; 2H) 1,35 — 1,53 (m, 1H);1,03 (d, J = 9,35 Hz,

.4—ﬂuorophenyl)ethyl]piperidin-3—yl}methyl)-

Examgle 5
| 2- ({ [2 (2 ﬂuorophenyl)ethvl]mpendm 3-yltmethyl)-3 4-
dlhvéropvrazmoﬁ 2- b]mdazol 1(2H)-one hydrochloride

The prgduct was prepared following the method descrived in

example £e), but using 1-(2-bromoethyl)-2-fluorobenzene as reagent.

‘The degfred product was‘puriﬂed by flash chromatography on silica gel,

using g mixture of chloroform:methanol in a ratio of 9:1 as eluent.
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Thus, 350 mg of 2-({1-[2-(2-fluorophenyl)ethyl
3,4-dihydropyrazino[1,2-blindazol-1(2H)-one
obtained.

1Iv—I—Nl\/IR (300 MHz, DMSO-d6) &: 10,81 (ifs, 1H); 8,00 (dt, J = 1,16;
8,26 Hz; 1H); 7,76 (d, J = 8,59 Hz; 1H); 7,09 — 7,42 (m, 6H); 4,71 — 4,81
(m, 2H); 3,93 (t, J = 6,28 Hz; 2H); 3,48 - 5,70 (m, 3H); 3,06 — 3,46 (m
5H); 2,67 — 3,00 (m, 2H); 2,36 — 2,47 (m/ 1H); 1,66 — 2,05 (m, 3H); 1,05

iperidin-3-yl}methyl)-
ydrochloride were

2-({1-[2-(2-fluorophenyhethviipiperidin-4-ylimethyl)-3.4-
dihydropyrazino{1 ,Z—b]indazol—1 (2H)-one
The product was prepared/ following the method descrived in

~ example 2e), but using tertjoutyl 4-[(1-ox0-3,4-dihydropyrazino[1,2-

blindazol-2(1H)-yl)methyl]pipg idine-1-carboxylate (prepared in example
1d) and 1-(2-bromoethyl)-2-flucrobenzene as reagents. The desired

product was purified by _ésh chromatography on silica gel, using a

‘mixture of chloroform:mefhanol in a ratio of 95:5 as eluent.

Thus, 160 mg of 2-f1-[2-(2-fluorophenyl)ethyl]piperidin-4-yl}methyl)-
3,4—dihydropyrazino[1v‘ ‘ -blindazol-1(2H)-one were obtained. 7
H-NMR (300 M z, DMSO- d6)b 8,00 (d, J =8,18 Hz; 1H) 7,74 (d J
= 8,48 Hz; 1H); 7__37 - 7,41 (m, 4H); 7,05 - 7,16 (m, 2H); 4,70 (t, J =
6,30 Hz, 2H); 3,90 (t, J = 6,30 Hz; 2H); 3,41 (d, J = 7,02 Hz; 2H); 2,91
(d, J = 1'.0,52 / ;2H) 2,76 (t, J = 7,50 Hz; 2H), 1,86 — 206 (m, 2H)

1,55—1,'83( 3H) 1,121 37(m 2H).

' . Example 10 ,
2-(f1-[2-(4-fluorophenyl)ethyl]piperidin-3-ylimethyl)-2,3,4,5-

tetrahzdro 1H-[1,4]diazepino[1,2-blindazol-1-one dihydrochloride

10a);ért butyl-3- bromopropvlcarbamate '

Thel product was prepared using the method described in example

using 3-bromopropan-1-amine as reagent. The product was
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purified by flash chromatography on silica gelf using a mixture of

“hexane:ethyl acetate in a ratio of 95:5 as eluegft. Thus, 1.77 g of tert-

butyl-3-bromopropylcarbamate were obtained.

"H-NMR (200 MHz, CDCl3) : 1,41 (s, 9H)72,02 (gn, 2H, J = 6,5 Hz);
3,24 (t, 2H, J = 6,5 Hz); 3,41 (t, 2H, J = 6,5)/4,7 (bs, 1H).

10b) Methyl 2-[3-(tert-butoxycarbonyla ine )propyl]-2H-indazol-3-

carboxylate

ThAeApr,oduct was prepared .using the method described in example
2b), using tert-butyl-3-bromopropylcgfbamate as reagent. The product
was purified by flash chromatography on silica gel, using a mixture of
hexane:ethyl acetate in a ratio of 7/3 as eluent.

Thus, 3.13 g of methyl 2-[3(tert-butoxycarbonylamine)propyl]-2H-

, indazolﬁ-carboxylate were obtdined.

"H-NMR (200 MHz, CDCls)/5: 1,43 (s, 9H); 2,16 (qn, 2H, J = 8,5 Hz);

3,10 (q, 2H, J = 6,5 Hz); 4,08 (s, 3H); 4,97 (t, 2H, J = 6,5 Hz); 4,90 -

5,10 (bs, 1H); 7,20 - 7,40 2H); 7,76 (dt, 1H, J = 8,3 Hz; J = 1,1 Hz);
8,01 (dt, 1H, J = 7,3 Hz; J/= 1,3 Hz).

10¢) 2,34 5-tetrahydfo-1H-[1.4]diazepinol1 .2-blindazol-1-one
. f épared using the method described in example

Th"e product was
, [3—(tert—butovxycarbony|amine)propyl]—2H—indazoI-3-
carboxylate -as feagent. The product was purified by flash
Chromatography {n silica gel, using a mixture of pentane: dlethy! ether in
as eluent. Thus, 3.5 g of 2,3,4,5- tetrahyer1H-
[1 4]d|azep|no ,2- b]mdazol -1-one were obtained.

1H -NMR (200 MHz, CDCls) 8: 2,42 (gn, 2H, J = 6,6 Hz); 3,43 (g, 2H,

a ratio of 95.__

J =6,6 Hz) 4,82 (t, 2H, J = 6,6 Hz); 6,38 (bs, 1H); 7,20 - 7,45 (m, 2H);

7,74 (dt,
Hz). ,
104 Tert-butyl 3-[(1-0x0-4,5-dihydro-1H-[1.4]diazepino[1,2-blindazol-
2(3Hf-yl)methyllpiperidine-1-carboxylate

,J=8,4Hz J=12Hz); 8,06 (dt, 1H,J=84Hz; J=14
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The product was prepared using the method fdescribed in example
1d), using 2,3,4,5-tetrahydro-1H-[1,4]diazepino
tert-butyl  3-{[(metylsulphonyl)oxy]methyl}pip

,2-blindazol-1-one and
idine-1-carboxylate as
reagents. Thus, 3.6 g of tert-butyl /3-[(1-0x0-4,5-dihydro-1H-
5 [1,4]diazepino[1,2-blindazol-2(3H)-yl)methyl{piperidine-1-carboxylate
were obtained. _
'"H-NMR (200 MHz, CDCls) 6: 1,15 — 1/40 (m, 1H); 1,44 (s, 3H); 1.,'50
o 2,10 (m, 4H); 2,45 (gn, 2H, J = 6,7 HY); 2,55 - 2,95 (m, 2H); 3,40 —
A 3,70 (m, 1H); 3,45 (t, 2H, J = 6,7 Hz);/3,80 — 4,15 (m, 3H); 4,77 (t, 2H, J
10 =6,7Hz);7,15-7,40 (m, 2H); 7,72/dt, 1H, J = 8,6 Hz; J = 1,0 Hz);
7,94 (dt, 1H, J = 8,3 Hz; J = 1,2 HZ).
10e) 2-({1-[2-(4-fluorophenylefhylpiperidin-3-ylimethyl)-2,3,4,5-
. tetrahydro-1H-[1,4]diazepino[1 thndazol 1-one dihvydrochioride
The product was prepared using the method described in exampleA
15 2e), using tert-butyl -[(1-0x0-4,5-dihydro-1H-[1 ,4]diazepin0[1‘,2-
" blindazol-2(3H)-yl)methyllfiperidine-1-carboxylate as reagent. The

amine product was purifigd by flash chromatography on silica gel, using

a mixture of chlorofo/n:methanol in a ratio on 9:1 as eluent. The

puriﬂéd broduct was dissolved in a mixture of diethyl ether:ethanol- in a

20 ratio of 10:1 (10 mlyand was prbc_essed at room btemperature with 3M

HCI in ethanol (£.33ml). The solid thus formed was filtered and

crystalhzed from mlxture of isopropanol:diisopropyl ether in a ratio of

8:2. Thus I 8 mg of 2-({1-[2-(4- ﬂuorophenyl)ethyl]plpendm 3-
yl}methyl) -2,34,5- tetrahydro TH-[1 4]d1azep|no[1 2-blindazol-1-one

- 25 dlhydrochlor' e. : .
(300 MHz, DMSO-d6) 6: 11,24 (bs, 1H) 10,96 (bs, 1H) 7,79

1H) 7,70 (d, J = 8,59 Hz; 1H); 7,25 - 7,41 (m 3H); 7,01 —
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Example 13
2-({1-[2-(2-fluorophenyl)ethyllpiperidin-341tmethyl}-2.3.4 .5-
tetrahydro-1H-[1,4]diazepino[1,2-blindazol- -one dihydrochloride

The product was prepared using the mejhod described in example
10e), using 1-(2-bromoethyl)-2-fluorobenzghe as reagent. The amine

product was purified by flash chromatography on silica gel, using a

mixture of chloroform:methanol in a rafio on 9:1 as eluent. The final

product was instead purified by crfstallization from-a mixture of
isopropanol:diisopropyl ether in a ratjp of 8:2. Thus, 163 mg of 2-({1-[2-
(2-fluorophenyl)ethyl]piperidin-3-yl}rfiethyl)-2,3,4,5-tetrahydro-1H-
[1,4]diazepino[1,2-blindazol-1-one/dihydrochloride were obtained.
"H-NMR (300 MHz, DMSO-d6f 5: 11,19 (bs, 1H); 10,40 (bs, 1H); 7,83

- (d, J =8,26 Hz; 1H); 7,70 (d, J F 8,92 Hz; 1H); 7,25 - 7,45 (m, 3H); 7,11

, 2H); 3,04 — 3,86 (m, 10H); 2,68 — 3,04
2,21 — 2,44 (m, TH); 1,79 — 2;05 (m, 3H);

— 7,24 (m, 3H); 4,59 - 4,91 (
(m, 2H); 2,54 — 2,63 (m, 1H
1,15 — 137 (m, 1H).
Example 16 |
2-({1-[2-(4-fluor phenyhethyllpiperidin-4-ylimethyl)-2,3.4,5-
tetrahydro-1H-[1 /]drazeplnoﬁ 2-blindazol-1-one hydrochloride ,
16a) Tert-butyl 4 /1 -0x0-4,5- dlhvdro TH-[1 41d|azepmo[1 2- b]lndazol—
2(3H)- vl)methyl)pzoéndme 1-carboxylate
The product as prepared using the method described in example

1d) using 2,34,5- tetrahydro 1H-[1,4]diazepino[1,2- b]mdazol 1-one as
reagent. The fproduct was purified by flash chromatography on silica

gel, using the mixture of penvtane:diethyl ether in a ratio on-95:5 as |

eluent. Thus, 340 g of tert-butyl 4-((1-ox0-4,5-dihydro-1H-
[1,4]diaz |no[1 2-blindazol-2(3H)- yl)methyl)plper;dme 1-carboxylate

were obfained.




WO 2011/124430

10

15

20

25

30

/EP2011/053270

- 31 -

"H-NMR (200 MHz, CDCl3) 8: 2,41 (s, 3H); 7,26/(d, 2H, J = 8,1 Hz);
7,45 (d, 2H, J = 8,1 Hz); 7,57 (d, 1H, J = 13,6 Hz); 7,99 (d, 1H, J = 13,6
Hz).

16b) 2-({1 -[2—(4-ﬂuorophenvl)ethvi]piperidi 4-ylimethyl)-2,3.4,5-
tetrahydro-1H-[1,4]diazepino[1 ,2—b]indazo|—1/one hydrochloride
ethod described in example

The product was prepared using the
10e), using tert-butyl 4-[(1-ox0-4,5dihydro-1H-[1,4]diazepino[1,2-
b]indazbl—_2(3H)—yl)methyl]piperidine—1— rboxylate as reagent. The
amine product was purified by flash ghromatography on silica gel, using
the mixture chlorofom:methanol in A ratio of 95:5 as eluent. The final
a mixture bof isopropanol:diisopropy!

Thus, 167 mg of 2-({1-[2-(4-

product was instead purified from

ether in a ratio of 4:6.

- fluorophenyl)ethyl]piperidin-4-y methyl)-2,3,4,5-tetrahydro-1H-

[1,4]diazepino[1,2-b]indazol-1/one hydrochloride were obtained.
"H-NMR (300 MHz, DMS®-d6) §: 10,63 (bs, 1H); 7,82 (d, J = 8,59
Hz; 1H); 7,70 (d J=28,92} z 1H); 7,25 - 7,40 (m, 3H); 7,10 -7,25 (m
3H); 4,72 (t, J = 6,94 HZ' / H) 3,45-3,70 (m, 4H) 3,43 (t, J = 6,44 Hz;
2H); 2,75 —3,35 (m, 7H) . 37 (q, J =6,69 Hz; 2H); 1,85 -2,10 (m, 3H);
1,50 — 1,85 (m, 2H). /' |
'7 Examgle 17

esahvdro[vrazmoﬁ 2-blindazol-1(2H)-one hydrochloride
17a) Tert- but)é 4-[(1-0x0-3,4,7,8,9,10-esahydropyrazinol1, 2-
blindazol- 2(1H{yl)methvl]p|per|dme 1-carboxylate
The prodict was prepared using the method described in example

1d), using /3,4,7,8,9,10-esahydropyrazino[1,2-blindazol-1(2H)-one as a
reagent. The raw product was used for the subsequent reaction without
further glurification steps.

"H-{MR (300 MHz, DMSO -d6) o: 4, 17 - 4,28 (m, 2H); 3,92 (d, J =
12,89 Hz; 2H); 3,66 — 3,77 (m, 2H); 3,26 — 3,35 (m, 2H); 2,59 - 2,72 (m




WO 2011/124430

10

15

20

25

30

= 3,11 (m, 2H); 2,77 - 2,96

/EP2011/053270

- 32 -
4H); 2,55 (t, J = 5,85 Hz, 2H); 1,77 — 1,93 (m, 1HY, 1,53 — 1,76 (m, 6H);
1,39 (s, 9H); 1,02 (dd, 2H).
17b) 2-({1-[2-(4-fluorophenyl)ethyllpiperidin-£-ylimethy}-3,4,7.8,9,10-
esahvydropyrazino[1,2-blindazol-1{2H)-one hyfirochloride

The product was prepared using the mgthod described in example
2e), using terf—butyl 4-[(1-0x0-3,4,7/8,9,10-esahydropyrazino[1,2-
blindazol-2(1H)-yl)methyl]piperidine-1-cgfboxylate as a reagent. The
product was purified by crystalfzation from a- mixture of
isopropanol.diisopropyl  ether. TWus, 02 g of 2-({1-[2-(4-
fluorophenyl)ethyl]lpiperidin-4-ylimethyl)-3,4,7,8,9,10-esahydropyrazino -
[1,2-blindazol-1(2H)-one hydrochlgride were obtained.

"H-NMR (300 MHz, DMSO-d6j 8: 10,47 (bs, 1H); 7,26 — 7,40 (m
2H); 7,10 - 7,23 (m, 2H); 4,19 £ 4,32 (m, 2H); 3,73 (t, J = 5,95 Hz, 2H),
3,46 - 3,59 (m, 2H); 3,35 (d, J = 6,61 Hz; 2H); 3,12 — 3,27 (m, 2H); 2,98 '
,2H); 2,65 (t, d = 5,78 Hz; 2H); 2,56 (t, J
(M, 9H). |

Example 20
[(1 -phenethylpfperidin-4- yl)methvl] 3,4-dihydropyrazino[1,2-
b]w(dazol 1(2H)-one hydrochloride
"~ The product was/prepared usmg the method descnbed in example

= 5,78 Hz; 2H); 1,44 — 2.0

10e), using tert-bytyl 4-[(1-oxo-3,4-dihydropyrazino[1,2- b]mdazol 2(1H)-
yhmethyllpiperidifie-1-carboxylate (example 1d) and phenethyl bromide -

as reagénts. The amine product was puriﬁed by flash chromatography

on silica gel, fising the mixture chloroform:methanol in a ratio of 85:15

as eluent. The final product was instead purified by Crystallizati’on from
a mixture isopropanol:diisopropyl ether in a ratio of 3:7. Thus, 121 mg
of -[(1-phenethylpiperidin-4-yl)methyl]-3,4-dihydropyrazino[1,2-b]
indazol/1(2H)-one hydrochloride were obtained.

"H-AIMR (300 MHz, DMSO -d6) 5: 10 84 (bs, 1H); 801 d,J= 826
Hz, H), 7,76(d,dJ = 8,59 Hz; 1H); 7,13 — 7,44 (m, 7H); 4,75 t,J=6,11
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Hz; 2H); 3,94 (t, J = 6,11 Hz; 2H), 3,51 - 3,67 (m,22H); 3,47 (d, J = 6,94
Hz; 2H); 3,01 — 3,39 (m, 6H); 2,78 — 3,02 (m, 2H); 1,81 — 2,28 (m, 3H);
1,53 -1,79 (m, 2H).
Example 22
2-[(1-phenethyipiperidin-4-yhmethyl}2,3 4,5-tetrahydro-1H-
[1,4]diazepino[1 ,2—b]inc}ézol—1 -one

The product was prepared using the/method described in example

v2e), using tert-butyl  4-[(1-oxo-4/5-dihydro-1H-[1,4]diazepino[1,2-

blindazol-2(3H)-yl)methyl}piperidine-1£carboxylate (example 16a) and
phenethyl bromide as reagents. Fhe product was purified by flash
chromatography on silica gel, usigg the mixture chloroform:methanol in
a ratio of 95:5 as eluent. Thus /223 mg of 2-[(1-phenethylpiperidin-4-

~ yhmethyl]-2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-blindazol-1-one

were obtained. .
"H-NMR (300 MHz, DMSP-d6) 5: 7,82 (d, J = 8,18 Hz; 1H); 7,69 (d, J
= 8,48 Hz; 1H); 7,07 - 7, 0 (m, 7H); 4,68 (t, J = 7,02 sz; 2H); 3,34 —

3,55 (m, 4H); 2,94 (d, J 7 11,40 Hz; 2H); 2,65 ~ 2,79 (m, 2H); 2,33 (qn,

J = 6,65 Hz; 2H); 1,97 f, J = 10,82 Hz; 2H); 1,59 — 1,83 (m, 3H); 1,15 —

1,37 (m, 2H).

7 / Example 25 ,
2-{[1-(phenviatetyl)piperidin-4-yllmethyl}-3.4-dihydropyrazinof1,2-
blindazol-1(2H)-one

as prepared using the method described in ekample

The product

© 2e), using te .—butyl 4-[(1-ox0-3,4-dihydropyrazino[1,2-blindazol-2(1H)-

ymethyl]pigeridine-1-carboxylate (example 1d) and benzeneacetyl

chloride asfreagents. The product was purified by flash chromatography

on silica gel, using the mixture chlorofom:methanol in a ratio of 9:1 as
eluent. fhus, 104 mg of 2-{[1-(phenylacetyl)piperidin-4-yllmethyl}-3,4-

dihydrppyrazinol[1 ,2-b]indazdl—1(2H)-one were obtained.



WO 2011/124430 P¢T/EP2011/053270

- 34 -

"H-NMR (200 MHz, CDCls) 8: 0,85 — 1,15 (m, 1); 1,15 - 1,35 (m
1H); 1,85 - 2,15 (m, 1H): 2,61 (td, 1H, J = 13,2 bz, J = 2,8 Hz); 2,95 (td,
1H, J = 13,2 Hz; J = 2,8 Hz); 3,39 (dd, 1H, J = /3,7 Hz; J = 6,9 Hz);
3,54 (dd, 1H, J = 13,7 Hz; J = 7,5 Hz); 3,73 (5| 2H); 3,75 - 4,05 (m, 2H);

5 3,84 (t, 2H, J = 6,3 Hz); 3,86 (d, 2H, J = 6,31z); 4,67 (t, 2H, J = 6,3
Hz); 7,10 — 7,45 (m, 7H); 7,76 (dt, 1H, J =,3 Hz; J = 1,1Hz); 8,14 (dt,
1H, J = 8,2 Hz; J = 1,1 Hz).

2-{[1-(phenylacetyl)piperidin-4-yfimethyl}-2.3 4 5-tetrahydro-1H-
10 [1.4]1diazepino[1 ,2’—b]indazol—1 -one
The product was'preparéd usiflg the method described in example
2e), using tert-butyl  4-[(1/oxo-4,5-dihydro-1H-[1,4]diazepino[1,2-
- blindazol-2(3H)-yl)methyl]piperjdine-1-carboxylate (example 16a) and

benzeneacetyl chloride as reAgents. The product was purified by flash
15 chromatography on silica gef,-using the mixture chlorofom:methanol in a
ratio of 9:1 as eluent. Th /S, 141 mg of 2-{[1- (phenylacetyl)plperldln -4-
yljmethyl}-2,3,4,5-tetrahydro-1H- [1 4]d|azep|no[1 2-blindazol-1-one
were obtalned
1H NMR (200 MH / CDCI3)b 0,85 — 1,45 (m, 2H) 1,85 - 2,15 (m
20 1H); 2,39 (gn, 2H, J'= 6,7 Hz); 2,64 (td, 1H, J =125 Hz; J = 2,2 Hz),
2,98 (d, 1H,J = 12,5 Hz; J = 2,2 Hz); 3,25 - 3,45 (m, 4H), 3,50 - 3,70
(m, 1H); 3,75 (s, 2H)' 389 (bd, 2H, J = 14,2 Hz); 4,50 — 4,80 (m, 2H);
4,67 (t, 2H,‘ J =/ ' 1 Hz); 7,10 — 7,45 (m, 7H); 7,72 (dt, 1H, J = 8,6 Hz; J

=1,1Hz); 7,9 (dt 1H J=8,2Hz; J=1,1 Hz).
25 ‘ : Example 28 ,
2-] -‘(4—phenvlpiperidih—1 -ylpropyl]-3,4-dihydropyrazino{1,2-
/ blindazol-1(2H)-one hydrochloride
28a)/1-(3-chloropropyl)-4- phenvlplperldme

Solfd caesium Carbonate (195 g, O.Qrpmol) was added to a solution
30 of 4,fphenylpiperidine (32 g; 0.2 mol), 1-bromo-3-chloropropane (40 ml,
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0.4 mmol) in anhydrous DMF (300 ml), kgpt stirred at room
temperature. The mixture was kept under /stirring at the same
temperature for 12h. Water (1000 ml) and eth¥! acetate (500 ml) were
added to stop the reaction. After separing fihe phases, the agueous
phase was extracted several times with ethfyl acetate (3x 500 ml). The
organic phases collected together were washed respectively with water
| (100 mt), and then dried on

anhydrous Na,SO4. The solvent wgs removed by evaporation at

(100 ml) and a saturated solution of N
reduced pressure and the residue wag purified by flash chromatography
on silica gel, using a mixture of hexgne:ethyl acetate in a ratio of 1:1 as
eluent. Thus, 29.5 g of 1-(3-
obtained as colorless oil.

'"H-NMR (200 MHz, CDCl3)
6H); 2,35 — 2,65 (m, 3H); 3,0
Hz); 7,05 — 7,45 (m, 5H). : v

28b) 2-[3-(4-phenylpipe din-1-yl)propvl]-3.4-dihydropyrazino[1,2-
blindazol-1(2H)-one h'vdr;gchloride

A solution of 3,4-dilfydropirazyno[1,2-blindazol-1(2H)-one (375 mg;

loropropyl)-4-phenylpiperidine were

- 1,75 — 1,90 (m, 2H); 1,90 — 2,15 (m,
(bd, 2H, J = 6,4 Hz); 3,64 (t, 2H, J = 6,4

2.0 rhmol) in a mixturg of tetrahydrofuran:dimethylformamide (DMF) ina
ratio of 1:-1_: (4 mi) W_S added drdp wise to a suspension of NaH 55% in
mineral oil (104 rfg; 2.4 mmol) in anhydrous tetrahydrofuran (THF),'
kept stirred at rogm temperature under argon atmosphere. The mixture
was-kepf under, rvtir“ring at the same temperature under inert atmosphere
for 1h; then, g solution of 1-(3-chioropropyl)-4-phenylpiperidine (4.4 g;
0.015 mol) i DMF (25rﬁl) was slowly added. Once the additions were
over, the ixture was heatéd at the reflux temperature for 6h. The
reaction yas then stopped by cooling the mixture to room temperature
and by adding‘ethyl acetate (10 ml). The mixture was then filtered
through a silica gel paq,vthéh the solvent was removed by evaporation

at regiuced pressure. The residue was puriﬂed by flash chromatography
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on silica gel, using a mixture of chloform:methanol in a ratio of 9:1 as
eluent. The product thus purified was dissolved in a mixture of diethyl
ether:ethanol in a ratio of 10:1 (10 ml) nd processed at room
temperature with 3M HCI in ethanol (0.33
was filtered and crystallized from a mixtuy
ether in a ratio 1:1. Thus, 197 mg of 2-[3-(A-phenylpiperidin-1-yl)propyl]-

ne hydrochloride were

). The solid thus formed
of isopropanol:diisopropy!

obtamed

'"H-NMR (300 MHz, DMSO-d6) &: 40,88 (bs, 1H); 8,02 (dt, J = 1,16
Hz; J = 8,26 ‘Hz; 1H); 7,77 (dt, J 50,93 Hz; J = 8,55 Hz; 1H); 7,18 —
7,42 (m, 7H); 4,74 — 4,81 (m, 2H)/3,89 — 4,03 (m, 2H); 3,65 (t, J = 6,44
Hz; 2H); 3,57 (d, J = 11,72 Hz; 2/1); 2,92 — 3,18 (m, 4H); 2,70 — 2,87 (m,
,J =12,55 Hz; 2H).
/ Example 31

2 [3-(4- phenvlplper in-1-yl)propyll-2,3,4,5-tetrahydro-1H-
1 4]d|azep|noM2 blindazol-1-one hydrochloride

The product was pre fared using the method described in example
28b), u_sing 2,3,4,5-fetrahydro-1H-[1,4]diazepino[1,2-b]indazol-1-one
(_exafhple 10c) as regigent. The amine product was purified by flash

chromatog,faphy on j ilica gel, using_ a mixture of chloroform:ethanol in a
ratio of 85:15 as/feluent. The final product was instead purified by
crysta‘llization- fro a mixture of isopropanol:diisopropyl ether in a ratio
of 1:1. Thus,

tetrahydro THA 4]d|azep1no[1 2-blindazol-1-one hydrochloride were

17 mg of 2-[3-(4-phenylpiperidin-1-yl)propyl]-2,3,4,5-

obtamed
/(300 MHz, DMSO-d6) 6: 10,94 (bs, 1H); 7,84 (dt, J = 1,11
Hz; J =. ;34 Hz; 1H); 7,71 (dt, J = 0,97 Hz; J = 8,63 Hz; 1H); 7,29 —
), 7,16 — 7,29 (m 4H); 4,73 (t, J = 7,02 Hz; 2H); 3,55 - 3,73
; 3,44 (t, J = 6,36 Hz; 2H); 2,97 — 3,21 (m, 4H); 2,83 (it, J = 3,63
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Hz; J = 12,14 Hz; 1H); 2,42 (gn, J = 6,65 Hz; 2H) 2,04 — 2,26 (m, 4H),

1,96 (d, J = 13,87 Hz; 2H).

Pharmacology
The pharmacological properties of thef compounds of formula (I)

according to the present invention wer¢g evaluated by the methods

described in the following sections Tests/A, B and C.

Test A {in vitro)

The afﬂmty of the compounds offformula (I) according to the present
invention for the human recombiant 5-HT.a serotonin receptor was
demonstrated by the standard nmiethodology by Bonhaus DW, Bach C,
DeSouza A, Rich Salazar FH, Matsuoka BD, Zuppan P, Chan HW and
Eglen .RM (1995) in “The p larmacology and distribution of human 5
hydroxytryptamine 2B (5-HT.g) receptor gene products: Compariso__n
with 5-HT2A and 5-HT ¢ refeptors”. Br. J. Pharmacol. 115: 622 — 628.

In particular, binding fo the human 5-HT,a serotonin receptor was
performed using, as stgrting material, a preparation of membranes from'
stable recombmant / HO K1 cell line expressmg the human 5 HT2A -
receptor.. ’

Dlsplacement st udles were conducted using 0.5 nM [*H]- -ketanserin

as radioligand. hlS concentration was selected on the basis of

saturation stu "es which made possible to obtain a Bmax of 0.51

‘pmol/mg protgin and a Kd of 0.2 nM.

The nony pec;ﬂc binding was measured in the presence of 1 pl\/!
mianserin./The assay was conducted in Tris-HCI 50 mM buffer (pH 7.4
at-37°C)/with incubation for 1 hour at 25°C. The test compounds were
dissolvgd in DMSO, then diluted in buffer (final DMSO concentration
0.01%/) and plated on 96 well plates. The Compounds were tested in

duplfcate in an 8- pomts concentration response curve (in a Log scale
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ranging from 10"? to 10° M). Ketanserin wab used as reference
compound.

After incubation, the membranes were filtgred on glass-fibre filters
(GF/B) (Unifilter, Packard) treated with 0.59
the filters were washed with buffer soluyfon and oven-dried for 30

o polyethyleneimine. Then

minutes at 45°C. The scintillation liquid was added to each well, and at

least 16 hours later the radioactivity wag'measured for 1 minute using a

The IC50 values for each compound were calculated using non-linear
regression analysis (GraphPad PRISM software) and the inhibition
constants Ki were determined usjhg the equation described by Cheng
Y. and Prussof W.H. (1973)/
constant (Ki) and the concentrgtion of inhibitor which causes 50 percent

"Relationship between the inhibition

inhibition (1560) of an enzyme feaction." Biochem. Pharmacol. 22: 3099-
3108.

The values of the affinify of representative compounds bf formula (1)

according to the present/invention for the 5-HT,a receptor are shown in

Table 2, in which the affinity is greater for a higher value of pKi.

TABLE 2

Compo/nd (No.) 5-HT2a (pKi)

-/1 : 7.71

/' 2 5.94

/ 5 v 6.16

/ 8 - 874

/ 10 6.56

/ 13 6.59

/' 16 8.14
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17 / 7.53

20 / 7.78

22 ' / 7.68

28 / 713

31 - A / 7.34

Ketanserin / 9.65

The affinity of the-compounds of formula (!) according to the present
invention for the 5-HTyc serotorfn receptor was demonstrated by the
standard rhethodology describ by Wolf W.A. and Schutz J.S. (1997)
in "The serotonin 5-HTzc recgptor is a prominent seroz‘onih receptor in
basal ganglia: evidence frogh functional studies on serotonin-mediated
phosphbinosit/de hydrolysig J. Neurochem..69: 1449-1458.

In particular, binding ) the human serotonin 5-HT,c receptor was

performed using, as stafting material, a preparation of membranes from

stable recombinant GHO-K1 cell line expressing' the human 5-HTaxc

receptor. -/ o o 7
Displacément S .d_ies were conducted using 1 nM [3H]-mesulergine

as radioligand. fhis concentration was selected on the basis of

saturation studi which made possible to obtain a Bmax of 4.9 pmol/mg

protein and a id of 1.1 nM..

The non-gpecific binding was measured in the presence of 1 pM
mianserin. ffhe assay was conducted in Tris-HCI 50 mM buffer (pH 7.4
at 37°C),/0.1% Ascorbic Aéid, 10 uM Pargyline, with incubation for 1
hour at/25°C. The test'compoundsvwere' dissolved .in DMSO, then
diluted/in buffer (final DMSO concentration 0.01%) and plated on 96-well
platep The compounds were tested in duplicate in an 8-points

confentration response curve (in a Log scale ranging from 107 to 107
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M). SB 242084 was used as reference compoynd. SB 242084 is a
selective 5-HTy; serotonin receptor antagonist manufactured and sold

by Sigma-Aldrich having the following structurgf formula:

After incubation, the membranes
(GF/B) (Unifilter, Packard) treated /with 0.5% polyethyleneimine. Then
the filters were washed with buffer solution and oven-dried for 30

ere filtered on glass-fibre filters

minutes at 45°C. The scintillatiog liquid was added to each well, and at
least 16 hours later the radioa
TopCount (Packard).

The IC50 values for each/compound were calculated using non-linear

ivity was measured for 1 minute using a

regression analysis (Gra hPad PRISM software) and the inhibition
constants Ki were deterpnined using the equation described by Cheng
Y. and Prussof W.H/ (1973) "Relationship between the inhibition
constant (Ki) and the foncentration of inhibitor which causes 50 percent .
inhibition (150) of a .énzyme reaction." Biochem. Pharmacol. 22: 3099-
3108. R
The values ;o_f:‘affinity of representative compounds of formula (1)
according to the present invention for the 5-HT, receptors of human
recombinant cglls are shown in Table 3, in which the affinity is greater for
a higher val e of pKi.
| TABLE 3

Compound (No.) (h)5-HT>c (pKi)

1 5.77

16 : <5
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17 5.1/
28 7/5
31 /<5

SB 242084 / 9.33

The comparison between the values of inity reported in Tables 2 and

- 3 above shows that the compounds of th present invention have a higher

selective affinity on 5-HT . receptors cophpared with 5-HT o receptors.

v » Test ¢ (in vivo)
The interactions of the compagunds of formula () according to the
present invention with the serotorfinergic system was tested following the

“"head twitch" model in the/ mouse, according to the standard

methddology'described by pztanke K., Fidecka S., Kedzierska E.,

Karczmarzyk Z., Pihlaja K/, Matosiuk D. (2005) in "Antionociéeptive

activity of new imidazole fcérbony/ derivatives. Part 4. Synthesis and
pharmacological - aglivily of 8-aryl-3,4-dioxo-2H,8H-6, 7-
dihydrimidazo[2,1c][1,2 A]triazine." Eur. J. Med. Chem. 40: 127-134, and

in Come S.J., Pickgfing RW., Wamer B.T. (1963) "A method for

asSeSsing' “ the effects of drugs on the central actions of b5-
hydroxytryptamine}fBr. J. Pharmacol. Chemother. 20: 106-120.
- The "head twi -hes" are a characteristic shaking of the head induced
in the arnim‘a'lrs ¢ the increase in central levels of serotonin.

Male CD-1 :‘mice weighing 25-30 g were used for the *head twitch”

test.Molec iés were suspended in a 0.5% methylcellulose agueous

solution (MTC) and the animals were treated intraperitoneally with the

test compounds at the dose of 5 mg/kg (10 ml/kg body weight). The
control Animals received the. vehicle alone (MTC) by the same route.
Head ftwitches, considered as a specific behavioural model for the

activhtion of serotoninergic neurons, were induced by an intraperitoneal
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recursor of serotonin
iven at 300 mg/kg 30

administration of 5-hydroxytryptophan (5-HTP), a
(5-HT), dissolved in a 0.5% MTC solution and
min following drug administration.

The number of head twitches,}which constitutes the parameter for
assessment of the serotoninergic responfse, was measured in the
interval from 24 to 26 minutes after adminjstration of 5-HTP.

"Head Twitch” test with the
tested compounds are shown in Fig. 1 And in the following Table 4.

TABYE 4
COMPOUND |/ % INHIBITION
1 - 50
8 / 70
16 / 56
17/ 32

In particular, as showry In Fig. 1, the compounds of the invention

The inhibition values obtained in th

induce a reduction in the/number of head twitches ranging between 32
and 70 percent, calcylated with respect to vehicle treated group,
demronstArating the cg écity for antagonizing the sérotoninergic_effects
ihduced by_b administyation of 5—HTPT
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CLAIMS

A tricyclic indazole compound of general fofmula (1):

where
Y isCHorN;
W is CH or N; |
provided that at least on¢ of Y and W is a nitrogen atom;

X1 and Xs can bé ind¢pendently a ¢ bond, a divalent alkyl chain
containing from 1 to $.carbon atoms, a carbonyl group, a divalent
 type -CO-(CH2)1.4- or (CHz)14 -CO-, wherein
the hydrogen atogms of said alkyl and alkanoyl chains can be

alkanoyl chain of t

optionally substitfted with one or more halogen atoms, one or more
Ci.zalkyl group ,'one or more C{-galkoxy groups; ' |

X4 can be afdivalent alkyl chain Contéining from 1 to 5 lcarbon
atoms, a ca V Ohyl group, a divalent alkanoyl chain of the type -CO-
(CHa)1a- C
and alka V(')'yl chains can be optionally substituted with one or more

'Q(CHQ)M -CO-, wherein the hydrogen atoms of said alkyl

o

halogerf atoms, 'o‘ne or more Cjsalkyl groups, one or more'C1-
salkoxly groups; '

Xo
copitaining from 1 to 4 carbon atoms, wherein the hydrogen atoms of

d Xs can be indépendently a o bond or a divalent alkyl chain

spid alkyl chain can be optionally substituted with one or more

alogen atoms, one or more Cjzalkyl groups, one or more Ci.
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salkoxy groups, and at least one of X; and/Xs is different from o
bond,;

L1 and L, can be independently a c bond of a 1 bond;

Ry can be independently H, OH, hdglogen, CN, Cjsalkyl, Cy.
salkoxy, NRR", NO,, CF3, CONR"R", BO,R", OCF3, N(R")SO,R",
C(NRviii)N(RixRx)’ N(RXi)C(O)RX“; |

R. can be independently H, OH, halogen, CN, Cj.salkyl, Cq.

salkoxy,  Cishydroxyalkyl, CiAaminoalkyl, NRR" NO,, CFs,

CONR'"RY,  SO,RY, OCF3; /NRMSO:R" C(NRMN(R*RY),
N(R®)C(O)R™';

m and n can be indevperndent from 1 to 3;

Ri, Rii,‘ Riii’ Riv) _Rv, RVi,_RVii, Rviii’ Rix, Rx’ in’ ini can be
independently H or C.salilyl;

‘and its salts of addition fvith pharmaceutically acceptable organic

and inorganic acids.

The compound acc :rdin'g to Claim 1, characterized in that X4 can

be a carbonyl groyp, a divaleht alkyt chain containing from 1 to 3
_'Carbo__n atoms, a ¢ ivalent alkanoyi chain of the type -CO-(CHz),3- or
~(CHa)1.3 -CO-, 4 herein the hydrogen atoms of said alkyl and

alkanoyl chairfs can be optionally substituted with one or more

halogen atoy 1S, Or ONne or more Ci.zalkyl groups.

The compound according to claim 1 or 2, characterized in that X3

,Acan beh o bohd, a divaleht alkyl chain containing from 1 to 3 carbon
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4. The compound according to anyone preceding claims,
characterized in that X4 can be a divalenf alkyl chain containing
from 1 to 3 carbon atoms, a divalent alkangyl chain of the type -CO-

(CHg)10- or -(CH2}12 -CO , wherein the hydrogen atoms of said alkyl

5 and alkanoyl chains can be optionally gubstituted with one or more

halogen atoms, or one or more C4.zalkfl groups.

| 5. The compound according to fanyone of preceding claims,

, characterized in that X, and £s can be a divalent alkyl chain
10 containing from 1 to 3 carbon ajoms, wherein the hydrogen atoms of
said alkyl and alkanoyl chaing/can be optionally substituted with one

or more halogen atoms, or ofie or more Cialkyl groups.

6. The compound accorging to anyone of preceding claims, |
15 v characterized in that Lf and L, can be both a o bond or both a 1
' bond.

7. The compound /faccording to anyone of preceding claims, _

. A_'Charapterized infthat Rq can be independently H, OH, F, CI,.CN,

20 -C1_3aikyl group, Ciraalkoxy group, NRR' group, NOz, CFs,
CONR'R" grdup, SO.R", and OCFs. .

8. , VThé com V‘ou'nd according to anyone of precedihg Claims,
charactefized in that R, can be independently H, OH, F, CI, CN,
25 Craalkyl, C1-3élkoxy,- Ci.shydroxyalkyl, Ci.saminoalkyl, NR'R', NO,,
CF3, ZONR'RY, SO,R", OCFs.

9. The compound according to any one of the preceding claims,
aracterized in that the pharmaceutically acceptable organic or

inorganic acid is selected from the group comprising oxalic,
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maleic, methanesulphonic, paratoluenesulphnic, succinic, citric,

tartaric, lactic, hydrochloric, phosphoric ang sulphuric acid.

10. A method for preparing a tricyclic indazgle compound of formula (1)

5 as defined in any one of the pfeceding Claims 1 to 9,

characterized in that it comprises [1b) the condensation of an
amide derivative of formula (IV):

10 R¢, L1, L2, X4, and m hafe the meanings defined in any one of

W)

15 4, X5, W, Y, and n have the meanings defined in any

20 to givé a tricyclic indazole compound of general formula (1).

11. A ynethod for preparing a tricyclic indazole compound of formula (1)
defined in any one of the preceding Claims 1 to 9,
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" condensation of an

characterized in that it comprises (1a) th

amine of formula (I1)
(R

where
X1, Xo2, X4, X5, Y, Ly, L2, Ry @
any one of preceding claims ¥to 8,

with a derivative of formula

)

where

X3, Rz and n ha ,é the meanings defined in ahy one of preceding
claims 1 to 8, afid ‘ ' -

Qisa leaving/group selected from the group comprising a halogen

atom, a m Sylate group (CH3803') and. a tosy'late group (p-

 MePhsOs),

to give a _ribyclic indazole derivative of general formula (1).

“An intdrmediate of formula (ny:
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where

5
13. An intermediate of formula (I
(R
where /
R:, X4 and m have the meanings defined in any one of preceding
10 claims 1 to 8,

L; and L, are o bbnd,
provided that, » ,
when R; is H /X, is different from CH2CH.

15 14, A pharma utical composition comprising an effective amount of at

least oneftricyclic indazole compound of formula (1)
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inwhich Y, W, X, X», X3, X4, X5, L1, Lo, Ry, R/ m and n have the

meanings defined in any one of preceding ¢laims 1 to 8, or of a

salt thereof with a pharmaceutically acceptable organic or

inorganic acid, and at least one pharmacgutically acceptable

excipient.

Use of tricyclic indazole compound of general formula (1):

in which Y, W, X1,"X2, X4 Xa, Xs, L1, Lo, Ry, R2, m and n have the

meanings defined in y one of preceding claims 1 to 8, orof a
salt thereof with a phfarmaceutically acceptable organic or

inorganic acid, for fhe preparation of a medicament for the

~treatment of a paj '.ological state selected from the group

orders of the central nervous system, such as
, sch_izophrenia, and anxiely, disorders of the

smooth m’usileé both of the gastrointestinal system, such as

'irrit-able' b'(')‘*:ell syri_drome (IBS), chronic constipation, diarrhoea,

| and func bnal dyspepsia, and of the cardiovascular system, such

tension, myocardial ischemia, cerebral ischemia,

“migraipe, thrbmbosis, and platelet aggregation, and ocular

path iogies, such as glaucoma.
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TRICYCLIC INDAZOLE COMPOUND, METHOD OF PREPARATION AND
PHARMACEUTICAL COMPOSITION CONTAINING IT

Description
FIELD OF THE INVENTION

[0001] The present invention relates to novel tricyclic indazole compounds, a method and intermediates for the prep-
aration thereof, a pharmaceutical composition containing it, and the use thereof. )

[0002] In particular, the present invention relates to novel tricyclic indazole compounds having selective affinity for the
5-HT,, receptors, useful in the freatment of some pathologies that involve the 5-HT,, receptors, for example, some
disorders of the central nervous system, as well as disorders of the smooth muscles either of the gastrointestinal system
or of the cardiovascular system. The activity on said receptors is also useful in regulating intra-ocular pressure and, as
consequence, in the treatment of glaucoma.

STATE OF THE ART

[0003] The 2A serotonin receptor (5-HT,,) is a receptor coupled to protein G, present in many species and widely
distributed in the human body. The process of transmission of the signal resulting from receptor activation is not entirely
clear. It is known that activation of this receptor, via the protein G coupled to it, leads to the activation of various enzymes
such as phospholipase C (with consequent hydrolysis of phosphatidylinositol diphosphate and production of inositol
triphosphate) or phospholipase A2 (which leads to the release of arachidonic acid). The receptor response leads, more-
over, to a flux of calcium ions (Ca2*) into the cell and to activation of functional proteins such as protein kinase C. The
receptor is present in the central nervous system, in the cells of the vascular and gastrointestinal smooth muscles and
in the platelets.

[0004] International patent publication WO2008061688 describes 2-alkyl-indazole compounds having selective activity
on 5-HT, receptors and, with regard to the various receptor subtypes, compounds having preferential affinity on 5-HT,4
receptors compared with 5-HT 5. receptors.

[0005] Other compounds are known to have preferential affinity for the 5-HT,, receptor, such as, for example, pima-
vanserin (ACP-103) undergoing phase {1l clinical trials for the treatment of Parkinson’s disease psychosis, and eplivan-
serin (SR46349) and volinanserin (M100907), both undergoing phase Hli clinical trials for insomnia.

[0006] The 5-HT,, receptor are involved in some disorders of the central nervous system, such as, for example, sleep
disorders (Popa D. et al., J Neurosci. 2005; 25(49): 11231-11238), schizophrenia (Kapur S et al., Am J Psychiatry. 1996;
153:466-476) and anxiety (Van Oekelen D et al., Life Sci. 2003; 72(22): 2429-2449) as well as smooth muscles disorders
either of the gastrointestinal system (Briejer MR et al., Neurogastroenterol Motil. 1997; 9(4): 231-237) or of the cardio-
vascular system (Nagatomo T et al.; Pharmacol Ther.2004; 104(1): 59-81).

[0007] Moreover, compounds having 5-HT 5 receptor selective affinity can be effective in regulating intra-ocular pres-
sure and, as consequence, in the treatment of pathologies such as glaucoma (Jesse A. May et al., J Pharmacol Exp
Ther. 2003; 306(1): 301-309). )

[0008] International patent publication WO2006050803 discloses bi- or tricyclic indazole compounds and saits thereof,
for seléctively combating harmful plants in cultures of useful plants or for regulating the growth of plants.

SUMMARY OF THE INVENTION

[0009] Now, the Applicant has surprisingly found novel tricyclic indazolamide compounds having selective affinity for
the 5-HT,, receptor. : -

[0010] Further, the Applicant has found that the novel tricyclic indazolamide compounds have a much lower selective
affinity on 5-HT,¢ receptors compared with 5-HT,, receptors.

[0011] This biological activity markedly differs from that of known tricyclic indazole compounds, for example from that
described in the above mentioned international patent publication WO 2006050803.

[0012] Moreover, the compounds of the present invention have a structure that is notably different from the known
compounds having preferential affinity for the 5-HT,, receptor.

[0013] The noveltricyclic indazole compounds of the present invention can be useful in the treatment of some pathol-
ogies thatinvolve the 5-HT, receptor, for example some disorders of the central nervous system such as sleep disorders,
schizophrenia and anxiety, as well as disorders of the smooth muscles either of the gastrointestinal system, such as
irritable bowel syndrome (IBS), chronic constipation, diarrhoea, and functional dyspepsia or of the cardiovascular system,
such as hypertension, myocardial ischemia, cerebral ischemia, migraine, thrombosis, and platelet aggregation. The
activity on said receptor is also useful in regulating intra-ocular pressure and, as consequence, in the treatment of
glaucoma.

[0014] Accordingly, afirst aspect of the presentinvention relates to a tricyclic indazole compound of general formula (I):
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(Ra)y

where

Yis CHorN;

Wis CHor N;

provided that at least one of Y and W is a nitrogen atom;

X; and X3 can be independently a ¢ bond,-a divalent alkyl chain containing from 1 to 5 carbon atoms, a carbonyl
group, a divalent alkanoyl chain of the type -CO-(CHy),_4- or -(CH5)y_4 ~-CO-, wherein the hydrogen atoms of said
alkyl and alkanoyl chains can be optionally substituted with one or more halogen atoms, one or more C4_salkyl
groups, one or more C,_zalkoxy groups;

X4 can be a divalent alkyl chain containing from 1 to 5 carbon atoms, a carbonyl group, a divalent alkanoyl chain of
the type -CO-(CH,)4_4- or-(CH,);4 -CO-, wherein the hydrogen atoms of said alkyl and alkanoyl chains can be
optionally substituted with one or more halogen atoms, one or more C,_salkyl groups, one or more C,_salkoxy groups;
X, and X5 can be independently a ¢ bond or a divalent alkyl chain containing from 1 to 4 carbon atoms, wherein
the hydrogen atoms of said alkyl chain can be optionally substituted with one or more halogen atoms, one or more
C,_salkyl groups, one or more C,_salkoxy groups; and at least one of X, and X; is different from a ¢ bond

Ly and L, can be independently a ¢ bond or a = bond;

R, can be independently H, OH, halogen, CN, C,_jalkyl, C;_salkoxy, NRIRI, NO,, CF5, CONRIIRY, SO,RY, OCFj,
N(R‘”)SOzR"" C(NRVIII) (RlXRX) N(RXi)C(O)RX"

R, can be independently H, OH, halogen, CN, C,_salkyl, C1 salkoxy, C4_shydroxyalkyl, C4_zaminoalkyl, NRIRil, NO,,
CF;, CONRIIR, SO,RY, OCF;, N(R¥)SO,RVI, C(NRVIN(R*RX), N(R¥)C(O)R;

m and n can be independently from 1 to 3;

Ri, Rii, Riil, Riv, Rv, Rvi, Rvii, Rviil, Rix, RX Rxi, R¥ii can be independently H or C,_salkyl;

and its salts of addition with pharmaceutically acceptable organic and inorganic acids.

[0015] Typical examples of pharmaceutically acceptable acids are: oxalic, maleic, methanesulphonic, paratoluenesul-
phonic, succinic, citric, tartaric, lactic, hydrochloric, phosphoric and sulphuric.

[0016] According to a preferred embodiment of the present invention, in the general formula () above, X, can be a
carbonyl group, a divalent alkyl chain containing from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type
-CO-(CHy)4_3- or -(CH,) 4.3 -CO-, wherein the hydrogen atoms of said alkyl and alkanoyl chains can be optionally sub-
stituted with ene or more halogen atoms, or one or more C4_salkyl groups.

[0017] According to an even more preferred embodiment of the present invention, in the general formula (1) above
X4 can be -CO-~, -CH,-, or - (CH,)5-.

[0018] According to a preferred. embodiment of the present invention, in the genera| formula (I) above, X5 canbe ac
bond, a divalent alkyl chain containing from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CH,); 5,
wherein the hydrogen atoms of said alkyl and alkanoyl chains can be optionally substituted with one or more halogen
atoms, or one or more C,_zalkyl groups.

[0019] According to an even more preferred embodiment of the present invention, in the general formula (1) above,
X5 can be a ¢ bond, -(CHj),-, -CO-CH,-, or -CH,CF»-.

[0020] According to a preferred embodiment of the present invention, in the general formula (1) above, X, can be a
divalent alkyl chain containing from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CH,),_,- or -(CH,),_,
-CO, wherein the hydrogen atoms of said alkyl and alkanoyl chains can be optionally substituted with one or more
halogen atoms, or one or more C4_alkyl groups.

[0021] According to an even more preferred embodiment of the present invention, in the general formula (1) above,
X4 can be -(CH,),-, (CH,)3--CH,-CO-, or -CO-CH,-.

[0022] According to a preferred embodiment of the present invention, in the general formula (1) above, X, and X5 can
be a divalent alkyl chain containing from 1 to 3 carbon atoms, wherein the hydrogen atoms of said alkyl and alkanoyl
chains can be optionally substituted with one or more halogen atoms, or one or more C4_salkyl groups.
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[0023] According to an even more preferred embodiment of the present invention, in the general formula (1) above,
X5 can be -(CHy),-, or-(CH,)3- and X5 can be -CHoy-, or -(CHy)o-.

[0024] According to a preferred embodiment of the present invention, in the general formula (1) above, L4 and L, can
be both a ¢ bond or both a = bond. :

[0025] According to a preferred embodiment of the present invention, in the general formula () above, R, can be
independently H, OH, F, Cl, CN, C,_salkyl group, C,_salkoxy group, NRIR# group, NO,, CF5, CONRIIRY group, SO,RY,
and OCF,.

[0026] According to an even more preferred embodiment of the present invention, in the general formula (1) above,
R, can be independently H, OH, F, CN, CF3, and CONH,.

[0027] According to a preferred embodiment of the present invention, in the general formuia (l) above, R, can be
independently H, OH, F, CI, CN, C, _jalkyl, C,_salkoxy, C,_3hydroxyalkyl, C,_saminoalkyl, NRIRi, NO,, CF,, CONRIiR¥Y,
S0O,RY, OCF3.

[0028] According to an even more preferred embodiment of the present invention, in the general formula (1) above,
R, can be independently H, OH, F, CH,OH, CH,NH,, CONH,;

[0029] According to a preferred embodiment of the present invention, in the general formula (I) above, mis 1 and n
can be 1 or 2.

[0030] A second aspect of the present invention relates to a method for preparing (i) a tricyclic indazole compound of
general formula (1) and, optionaily (ii) a salt of acid addition thereof with pharmaceutically acceptable inorganic and
organic acids.

[0031] Accordingly, the method of the present invention, in a first embodiment thereof, is characterized in that it
comprises (1 b) the condensation of an amide derivative of formula (IV):

where

R;, Ly, Ly, X4, and m have the meanings stated previously in relation to the compound of formula (1),
with a derivative of formula (V)

X
VRN (Ryin
! X

Q
Xs

2
(V)

where .

Ry, X4, X5, X3, X5, W, Y, and n have the meanings stated previously in relation to the compound of formula (1), and
_ Qis aleaving group selected from the group comprising a halogen atom, a mesylate group (CH35057) and a tosylate

group (p-MePhSO-;), to give a tricyclic indazole compound of general formula (l).

[0032] Preferably, Q is a chlorine atom, a bromine atom or a mesylate group.
[0033] Further, the method of the present invention, when W is a nitrogen atom, is characterized in that it comprises
(1 a) the condensation of an amine of formula ()
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L,
\ AN 0 /X5\/NH
N~-N_ N /X
\X/ \X 2

4

! o

where

X4, X9, X40 X5, Y, Ly, Ly, Ry and m have the meanings stated previously in relation to the compound of formula (1),
with a derivative of formula (i}

(Ra)y

Q~x; (i

where

X3, R, and n have the meanings stated previously in relation to the compound of formula (1), and v

Q s aleaving group selected from the group comprising a halogen atom, a mesylate group (CH3805") and a tosylate
group (p-MePhS0;), to give a tricyclic indazole derivative of general formula (1).

[0034] Preferably, Q is a bromine atom or a mesylate group. .

[0035] If desired, the tricyclic indazole derivative of general formula (1) is made to react with a pharmaceutically ac-
ceptable organic or inorganic acid to give the salt of acid addition thereof.

[0036] The condensation step (1 b) can be carried out by conventional techniques, in the presence of a base. For
example, an amide derivative of formula (1V) is reacted with a compound of formula (V) in which Q is, preferably, a
chlorine atom, a bromine atom or a mesylate group, in the presence of a base. Typical example of base is sodium hydride.
[0037] Preferably, the condensation step (1 b) is carried out in the presence of a diluent at a temperature comprises
between -20°C and the boiling temperature.of the solvent and for a time comprised between 0.5 and 48 hours. Preferably,
the temperature ranges from 0°C to the boiling temperature of the solvent. Preferably, the reaction time-is from 1 to 24
hours.

[0038] Typically, the diluent used is a polar aprotic solvent. Examples of suitable polar aprotic solvents are N,N-
dimethylformamide or tetrahydrofuran.

[0039] The condensation step {1 a) can also be carried out by conventional techniques, preferably in the presence of
a base. For example, an amine of formula (I1) can be reacted with a compound ef formula (lll) in which Q is, preferably,
a bromine atom or a mesylate group, preferably in the presence of a base. Typical examples of bases are carbonate or
bicarbonate of potassium, sodium or caesium.

[0040] Preferably, the condensation step (1a) is carried out in the presence of a diluent at a temperature from room
temperature (20°C) to 160°C and for a time from 1 to 72 hours. Preferably, the reaction temperature ranges from room
temperature (20°C) to 100°C. Preferably, the reaction time is from 12 to 48 hours.

[0041] Typically, the diluent used is a protic or aprotic polar solvent. Suitable examples of protic polar solvents are
alcohols such as ethanol. Suitable examples of polar aprotic solvents are acetone or N,N-dimethylformamide.

[0042] Thecompoundobtainedineitherinthe condensation step (1b)or(1a)can be purified by conventionaltechniques
such as flash chromatography and crystallization. '
[0043] The tricyclic indazole derivative of general formula (1) obtained with either the condensation step (1 b) or (1 a)
can be made to react with a pharmaceutically acceptable organic or inorganic acid to form the salt of acid addition thereof.
[0044] The formation of a salt of acid addition of a tricyclic indazole compound of general formula (I) with a pharma-
ceutically acceptable organic or inorganic acid can be carried out by conventional techniques.

[0045] Forexample, it can be carried out by first dissolving the compound of formula (I) in a diluent and then treating
the solution thus obtained with an organic or aqueous solution of the acid of interest.
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[0046] Typical examples of diluents are ethanol, isopropanol, ethyl acetate and diethy! ether. The obtained salt can
then be separated by conventional techniques and, if applicable, purified by crystallization.

[0047] Some intermediates of formula (Il) and (V) are novel; and they therefore constitute a further aspect of the
present invention.

[0048] Accordingly, in a further aspect, the present invention relates to the intermediate compounds of formula (il):

(I
where
X1, X5, X4, X5, Y, Ly, Ly, Ry and m have the meanings stated previously in relation to the compound of formula (1);

[0049] In a still further aspect, the present invention relates to the intermediate compounds of formula (IV):

where

Rj, X4 and m have the meanings stated previously in relation to the compound of formula (1), L; and L, are ¢ bond
provided that,
when'Ryis Hand L, and L, are ¢ bond, X, is different from CH,CH,,.

[0050] The amine of formula (lI) as well as the tricyclic derivatives of formula (IV) can be prepared by conventional
methods, for example as described in scheme 1.



10

.20

25

30

35

40

45

50

55

Scheme 1

[0051] The synthetic pattern provides, as first step, an alkylation of indazole-carboxylic acid ester derivative of formula
(V1) by means of the alkylating agent of formula (VII), where Q; indicates a leaving group selected from the group
comprising a halogen atom, a mesylate group (CH3S057), and a tosylate group (p-MePhSOy7), and P, indicates a
protective group of terminal amines selected from the group comprising 9-fluorenylmethyl carbamate (Fmoc), tert-butyl
carbamate (Boc) and N-benzylidenamine. Preferably, Q, is a chlorine atom, a bromine atom or a mesylate group.
[0052] Successively, the protective group P, is removed and the resulting primary amine is intra-molecular reacted
with the ester group, to give the cyclic amine of formula (IV).

[0053] The latter is alkylated by reaction with the alkylating agent of formula (IX), where Q, indicates a leaving group
selected from the group comprising a halogen atom, a mesylate group (CH;S0O3") and a tosylate group (p-MePhSO457)
and P, indicates a protective group of terminal amines selected from the group comprising 9-fluorenylmethyl carbamate
(Fmoc) and tert-butyl carbamate (Boc). Preferably, Q, is a chlorine atom, a bromine atom or a mesylate group.

[0054] Successively, the protective group P, is removed to form the amine derivatives of formula (I1).

[0055] The compounds exemplified in the following Table 1 can be prepared by the synthetic pattern described above.

TABLE 1
No. | Ly | L, R1 R2 X1 X, X4 X, X Y| W |m|n
IERE p-F CH, | (CHp)y | (CHy)y | (CHp); | (CHp), [ CH | N | 1 [ 1
2 || H CH, | (CHps | (CHy)y | (CHyp | CHy | CH| N | 1|1
3 T | on 7-F o-F CH, | (CHa)s | (CHL), | (CHp)p | (CHy)p | CH | N | 1 |1
4 | x|l x| 7CN o-F CHy, | (CHp)y | (CHy)y | (GHy)p-] (CHy)p | CH | N | 1 | 1
5 |n|n H o-F CH, | (CHu)3 | (CHy,), | (CHp), | CHy, | CH | N | 1|1
6 | n | n | 7-CONH, o-F CH, | (CHp)y | (CH,), | (CHyy | (CHW), | CH | N | 1 | 1
7 o |nx H o-F CHy | (CHy)y | (CHp), | CH,CO | (CHy)y | CH | N | 1 |1
8 | n|n H o-F CHy, | (CHy)y | (CHa)y | (CHy)y | (CHu)p | CH | N | 1 | 1
9 |n|n H o-F CH, | (CHy)y | (CHy), | COCH, | (CHo), | CH | N | 1 | 1
10 | n |« H p-F CHy | (CHy)3 | (CHy)y | (CH); | CHy | CH| N | 1|1
11 | n|n H p(_)'OFH CH, | (CHy)y | (CHy), | (CHy)y | (CHp), | CH| N | 1] 2
12 | n|n H oF CH, | (CHy)y | (CHy)y | (CHp)y | (CHy)y | CH | N | 1| 2
p-CH,OH
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(continued)

No. | Ly | Ly R1 R2 X1 X, X3 X4 Xg Y W | m]|n

13 i s H o-F CH, (CH»)3 (CH5), (CH»)3 CH, CH N 1 1
o-F

14 i s H p-CH,NH, CH, {CH>), (CH,)» (CHy) | (CHy), | CH | N 112
o-F

15 i3 n H m'-CONH, CH, (CHy), (CH»), (CHy)s | (CH,), | CH N 112

16 i3 n H p-F CH, (CH5)» (CHy), (CHy)3 | (CH5), | CH N 1 1

17 c 1] H p-F CH, (CHy), (CHs), (CHy), | (CH,), | CH N 1 1

18 o c H o-F CH, (CH,), | COCH, (CH,), | (CHy), | CH N 1 1
o-F .

19 o G H p-OH CH, (CHy), | COCH, | (CH,)s | (CH,), | CH N 112

20 s h1s H H CH, (CHy), | (CHy), (CHy), | (CHy), | CH N 1 1

21 | n | = H - CO(')FNHZ CH, | (CHy), | (CHy)y | (CHypy | (CHy), | CH| N [ 1] 2
22 | n|n H H CH, | (CHy)y | (CHy)y | (CHy)s | (CHp), | CH | N | 1 | 1
23 | n | H o-F CH, | (CHy)y | (CHy)p | (CHy)s | (CHp)y | CH | N | 1 | 1
24 | x| n H p-F CH, | (CHy), | CH,CF, | (CHy)y |(CHQ), | CH | N | 1 | 1
25 | n | n H H CH, | (CHp), | COCH, | (CHy), | (CHu), | CH | N | 1 | 1
26 | | x H H CH, | (CHp), | COCH, | (CHy)s | (CHp), | CH | N | 1 |1
27 | n | n H - pF CH, | (CHy), | CH,CF, | (CHy); | (CHyp, | CH | N | 1|1
28 | n | n H H (CHy)3 | (CHy), of (CHy), | (CHy), | N [ CH| 1|1
29 | n | =n H H CHy | (CHy), | CH,CF, | (CHo)y | (CHp), | CH | N | 1 |1
30 | n|n H H CHy | (CHy), | CH,CF, | (CHy)z | (CHp), | CH | N | 1 |1
31 | n|n H H (CHp)3 | (CH,), s (CHy)s | (CHp, | N | CH | 1 |1
32 | m | n | 9CF, o-F CH, | (CHy)y | (CHy)y | (CHy), | (CHy), | CH | N | 1 | 1
3 | n | = 8-OH o-F CH, | (CHy), | (CHy), | (CHu), | (CHy | CH I N [ 1 | 1
3 | n |« H o-F CO | (CHpy | (CHy), | (CHy)y | (CHy, [ CH| N |1 |1

[0056] Typical examples of pathological states that might benefit from treatment with the novel tricyclic indazole com-
pound of formula (1) having selective affinity for the 5-HT,, receptor are some disorders of the central nervous system,
such as, for example, sleep disorders (Popa D. et al., J Neurosci. 2005; 25(49): 11231-11238), schizophrenia (Kapur S
et al., Am J Psychiatry. 1996; 153: 466-476) and anxiety (Van Oekelen D et al., Life Sci. 2003; 72(22): 2429-2449) as
well as smooth muscles disorders either of the gastrointestinal system (Briejer MR et al., Neurogastroenterol Motil. 1997;
9(4): 231-237) or of the cardiovascular system (Nagatomo T et al., Pharmacol Ther. 2004; 104(1): 59-81). Moreover,
said pharmaceutical composition can be effective in regulating intra-ocular pressure and, as consequence, in the treat-
ment of pathologies such as glaucoma (May JA et al., J Pharmacol Exp Ther. 2003; 306(1): 301-309).

[0057] Another aspect of the present invention relates to the use of the above described tricyclic indazole compound
of general formula (1) or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation
of a medicament for the treatment of a pathological state selected from the group consisting of disorders of the central
nervous system, disorders of the smooth muscles either of the gastrointestinal system or of the cardiovascular system,
and ocular pathologies.

[0058] More in particular, the present invention relates to the use of the above described tricyclic indazole compound
of general formula (1) or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation
of a medicament for the treatment of a disorder of the central nervous system selected from the group consisting of
sleep disorders, schizophrenia, and anxiety.
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[0059] The present invention also relates to the use of the above described tricyclic indazole compound of general
formula (1) -or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation of a
medicament for the treatment of a disorder of the smooth muscles of the gastrointestinal system selected from the group
consisting of irritable bowel syndrome (IBS), chronic constipation, diarrhoea, and functional dyspepsia.

[0060] The present invention also relates to the use of the above described tricyclic indazole compound of general
formula (1) or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation of a
medicament for the treatment of a disorder of the smooth muscles of the cardiovascular system selected from the group
consisting of hypertension, myocardial ischemia, cerebral ischemia, migraine, thrombosis, and platelet aggregation.
[0061] The present invention also relates to the use of the above described tricyclic indazole compound of general
formula (1) or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation of a
medicament for the treatment of glaucoma.

[0062] The present invention further relates to a method for the treatment of a pathological state selected from the
group comprising disorders of the central nervous system, disorders of the smooth muscles either of the gastrointestinal
system or of the cardiovascular system, and ocular pathologies comprising the administration in a patient in need thereof
of a therapeutically effective amount of at least one tricyclic indazole compound of formula (I) as described above or of
a salt thereof with a pharmaceutically acceptable organic or inorganic acid.

[0063] In particular, disorders of the central nervous system which can be treated with the method of the present
invention are sleep disorders, schizophrenia, and anxiety.

[0064] Disorders of the smooth muscles of the gastrointestinal system which can be treated with the method of the
present invention are irritable bowel syndrome (IBS), chronic constipation, diarrhoea, and functional dyspepsia.
[0065] Disorders of the smooth muscles of the cardiovascular system which can be treated with the method of the
present invention are hypertension, myocardial ischemia, cerebral ischemia, migraine, thrombosis, and platelet aggre-
gation.

[0066] Ocular pathologies which can be treated with the method of the present invention are glaucoma.

[0067] Afurtheraspectofthe presentinventionrelates to a pharmaceutical composition comprising an effective amount
of at least one tricyclic indazole compound of formula (1) as described above or of a salt thereof with a pharmaceutically
acceptable organic or inorganic acid and at least one inert pharmaceutically acceptable excipient. _
[0068] Preferably, the pharmaceutical composition of the present invention is prepared in suitable dosage forms
comprising an effective amount of at least one tricyclic indazole compound of formula (1) as described above or of a salt
thereof with a pharmaceutically acceptable organic or inorganic acid and at least one inert pharmaceutically acceptable
excipient.

[0069] Therefore, a further aspect of the present invention relates to the use of the aforementioned pharmaceutical
composition for treating a pathological state selected from the group comprising disorders of the central nervous system
such as sleep disorders, schizophrenia, and anxiety, disorders of the smooth muscles either of the gastrointestinal
system, such as irritable bowel syndrome (IBS), chronic constipation, diarrhoea, and functional dyspepsia or of the
cardiovascular system, such as hypertension, myocardial ischemia, cerebralischemia, migraine, thrombosis, and platelet
aggregation, and ocular pathologies such as glaucoma.

[0070] Examples of suitable dosage forms are tablets, capsules, coated tablets, granules, solutions and syrups for
oral administration; solutions, pomade and ointment for topical administration; medicated patches for transdermal ad-
ministration; suppositories for rectal administration and injectable sterile solutions.

[0071] Other suitable dosage forms are those with sustained release and those based on liposomes for oral, injectable
or transdermal administration. .

[0072] The dosage forms can also contain other traditional ingredients such as: preservatives, stabilizers, surfactants,
buffers, salts for regulating osmotic pressure, emulsifiers, sweeteners, colorants, flavourings and the like.

[0073] If required by special therapeutic requirements, the pharmaceutical composition of the present invention can
contain other pharmacologically active ingredients, whose simultaneous administration is useful.

[0074] The amount of the tricyclic indazole compound of formula (1) or of the pharmaceutically acceptable salt of acid
addition thereof in the pharmaceutical composition of the present invention can vary over a wide range depending on
known factors, for example, the type of pathology, the severity of the disease, the patient's body weight, the dosage
form, the chosen route of administration, the number of administrations per day and the efficacy of the selected tricyclic
indazole compound of formula (). However, a person skilled in the art can determine the optimum amount in easily and
routinely manner.

[0075] Typically, the amount of tricyclic indazole compound of formula (1) or of the pharmaceutically acceptable salt
of acid addition thereof in the pharmaceutical composition of the present invention will be such as to-ensure a level of
administration from 0.0001 to 100 mg/kg/day. Preferably, the level of administration is from 0.001 to 50 mg/kg/day, and
even more preferably from 0.01 to 10 mg/kg/day.

[0076] The dosage forms of the pharmaceutical composition of the present invention can be prepared by technigues
that are familiar to a pharmaceutical chemist, and comprise mixing, granulation, compression, dissolution, sterilization
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and the like.
[0077] The description that follows is intended for further illustration of the present invention, though without limiting it.

SHORT DESCRIPTION OF THE FIGURE

[0078] Fig. 1 is a graphic showing the effect of tested compounds following intraperitoneal administration on head
twitch test in mice according to the procedure of the Test C described hereinbelow. On the Y axis, the number of head
twitches following the intraperitoneal administration of the compounds indicated on the X axis, are reported.

EXPERIMENTAL PART

[0079] 'H-NMR spectroscopy: a) Varian Gemini 200 (200MHz) b) Brucker 300 Avance (300 MHz); internal standard
= trimethylsilane. [(s) = singlet; (d) = doublet; (t) = triplet; (q) = quartet; (qn) = quintuplet; (sxt) = sextuplet; (spt) = septuplet;
(bs) = broad singlet; (bd) = broad doublet; (dd) = double doublet; (dt) = double triplet; (tt) = triple triplet; (m) = multiplet;

J = coupling constant; & = chemical shift {(in ppm)].

Example 1

2-({1-[2-(4-fluorophenylethyllpiperidin-4-ylimethyl)-3,4-dihydropyrazino[1,2-blindazol-1{2H)-one hydrochloride

1 a) Methyl of 2-(2-chlorethyl)-2H-indazole-3-carboxylate

[0080] 1-bromo-2-chlorethane (70 ml; 0.84 mol) was added slowly to a suspension of methyl ester of 1H(2H)-indazole-
3-carboxylic acid (20 g; 0.084 mol), caesium carbonate (24.4 g; 0.177 mol) in acetonitrile (600 ml) kept stirred at room
temperature. The reaction mixture was kept under stirring at the same temperature for 3 days, then the solid was removed
byfiltration. The solvent was removed by evaporation atreduced pressure. The raw compound thus resulting was purified
by flash chromatography on silica gel, using as eluent a mixture of hexane:ethyl acetate in a ratio of 8:2.

[0081] Approximately 10 g of methyi of 2-(2-chlorethyl)-2H-indazole-3-carboxylate were thus obtained.

[0082] TH-NMR (300 MHz, CDCly) &: 3.9-4:1 (m, 5H); 5.24 {, J = 6.0 Hz; 2H); 7.2-7.4 (m, 2H); 7.79 (d; J = 9.0 Hz; 1
H); 8.02 (d; J = 9.0 Hz; 1 H).

1b) Methyl of 2-(2-azidoethyl)-2H-indazole-3-carboxylate

[0083] Sodium azide (8.8 g; 0.135 mol) was added to a solution of methyl of 2-(2-azidoethyl)-2H-indazole-3-carboxylate
(9 g, 0.038 mol) in dimethyl sulphoxide (DMSO) (100 ml) under strong stirring at room temperature.

[0084] The reaction mixture was then processed by cooling it to room temperature, dituting it with water (100 mi) and
extracting it several times with ethyl acetate (3x 100 mi). The organic phases collected together were washed with water
(3x 25 ml), then with a saturated solution of NaCl (30 ml) and, at the end, dried with anhydrous Na,S0Q,. The solvent
was removed by evaporation at reduced pressure thus obtaining about 6 g of methyl of 2-(2-azidoethyl)-2H-indazol-3-
carboxylate, which was used for subsequent reactions without further purification steps.

[0085] 'H-NMR (300 MHz, CDCly) 8: 3.87 (t, J = 6.0 Hz; 2H); 4.04 (s, 3H); 5.11 {t, J = 6.0 Hz; 2H); 7.2 - 7.4 (m, 2H);
7.80-(t, J = 9.0 Hz; 1H); 8.01 (d; J = 9.0 Hz; 1 H).

1 ¢) 3,4-dihydropyrazino[1,2-blindazol-1{2H)-one

[0086] A suspension containing methyl of 2-(2-azidoethyl)-2H-indazol-3-carboxylate (6 g; 0.024 mol), 10% palladium
on charcoal (0.5 g; 0.5 mmol) in 5N hydrochloride ethanol (100 ml) was put in a Parr system to hydrogenize under
hydrogen atmosphere at room temperature for 24h.

[0087] Once the reaction was over, the suspension was filtered on celite and the solvent was removed by evaporation
at reduced pressure.

[0088] The raw product thus obtained was dissolved in absolute ethanol (250 m!), added with triethylamine (12 mi;
0.12 mol) and stirred under reflux for 48h. The reaction was then stopped by removing the solvent by evaporation at
reduced pressure. The residue was taken up with water (100 ml) and extracted with dichioromethane (DCM) (3x 150
ml). The organic phase collected togevther were then washed with a saturated solution of NaCl (50 ml) and dried with
anhydrous Na,SO,. About 3 g of raw product were obtained. This was purified by flash chromatography on silica gel,
using as eluent a mixture of hexane:ethyl acetate in a ratio of 8:2. Thus, 1.5 g of 3,4-dihydropyrazino[1,2-blindazol-1
(2H)-one were obtained.

{0089] TH-NMR (300 MHz, CDCl3) 5: 3.6 - 3.8 (m, 2H); 4.64 (t, J = 6.0 Hz; 2H); 7.26 (t, J = 9.0 Hz; 1H); 7.36 (t, J =
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9.0 Hz; 1H); 7.75 (d, J = 9.0 Hz; 1H);7.98(d;J=9.0Hz; 1H).

1d) Tert-butyl 4-[(1-ox0-3,4-dihydropyrazino[1,2-blindazol-2(1H)-yl) methylpiperidine-1-carboxilate

[0090] 60% NaH (0.72 g; 0.018 mol) was added to a solution of 3,4-dihydropyrazino[1,2-blindazol-1(2H)-one (2.7 g;
0.015 mol) in dimethylformamide (DMF) (50 ml) kept stirred at room temperature. )

[0091] The reaction mixture was kept stirred at the same temperature under nitrogen atmosphere for 2h30', then a
solution of tert-butyl 4-{[(methylsulphonyl)oxy]methyl}piperidine-1-carboxylate (4.4 g; 0.015 mol) in DMF (25 ml) was
added slowly. Once the additions were over, the mixture was warmed at 150°C for 6h. The reaction was then stopped
by cooling the mixture atroom temperature and by removing the solventby evaporation atreduced pressure. The residue
was taken up with dichloromethane and then filtered through a silica gel pad. The solvent was removed by evaporation
at reduced pressure, thus obtaining 3,5 g of tert-butyl 4-{(1-oxo-3,4-dihydropyrazino[1,2-blindazol-2(1 H)-yl)methyl]pip-
eridine-1-carboxylate, used in the subsequent reactions without further purification steps.

[0092] 'H-NMR (300 MHz, CDCl3) §: 1.1- 1.4 (m, 2H); 1.45 (s, 9H); 1.6-1.8 (m, 2H); 1.9- 2.1 (m, 1 H); 2.71 (bt, J =
13.2Hz; 2H); 3.4 - 3.6 (m, 2H), 3.89 {t, J = 6.6 Hz, 2H); 4.0 - 4.3 (m, 2H); 4.69 (1, J = 6.6 Hz; 2H); 7.2 - 7.4 (m, 2H); 7.75
(d, J = 8.7 Hz; 1 H); 8.16 (d, J = 8.7 Hz; 1 H).

1e) 2-(piperidin-4-ylmethyl)-3,4-dihydropyrazino[1,2-blindazol-1 (2H)-one hydrochloride

[0093] A solution containing tert-butyl 4-[(1-oxo-3,4-dihydropyrazino[1,2-blindazol-2(1H)yl)methyl]piperidine-1-car-
boxylate (3.5 g; 0.009 mol), ethyl acetate (20ml) and 3M hydrochloric ethanol (10 m!) was kept stirred at room temperature
for 2h. The reaction was then stopped by filtering the solid that had formed and washing it with ethyl acetate. Thus, 1.5
g of 2-(piperidin-4-ylmethyl)-3,4-dihydropyrazino[1,2-b]indazol-1{(2H)-one hydrochloride were obtained, that was used
for the subsequent reaction without further purification steps. '

[0094] 'H-NMR (300 MHz, DMSO-d6+D,0) &5: 1,38 (bg, J = 9,0 Hz; 2H); 1,81 (bd, J = 12,0 Hz; 2H); 1,9-2,1 (m, 1H);
2,80 (bt, J = 9,0 Hz; 2H); 3,25 (bd, J = 12,0 Hz; 2H); 3,42 (d, J = 6,0 Hz; 2H); 3,81 (t, J = 6,0 Hz; 2H); 4,74 (t, J = 6 Hz;
2H); 7,27 (t, J = 9,0 Hz; 1 H); 7,36 (t, J = 9,0 Hz; 1 H); 7,75 (d, J = 9,0 Hz; 1 H); 8,00 (d, J = 9,0 Hz; 1 H).

1f) 2-({1-[2-(4-fluorophenyi)ethyl]piperidin-4-ylimethyl-)3,4-dihydropyrazino[1,2-blindazol-1{2H)-one hydrochloride

[0095] A solution containing 2-(piperidin-4-yl-methyl)-3,4-dihydropyrazino[1,2-blindazol-1{2H)-one hydrochloride (528
mg; 1.64 mmol), potassium carbonate (610 mg; 4.4 mmol), 4-fluorophenethyl bromide (450 mg; 2.2 mmol) in ethanol
(10 ml) was kept stirred under reflux for 24h. The reaction was then stopped by cooling the mixture at room temperature
and concentrating the solvent under reduced pressure. The residue was taken up with DCM (30 ml) and washed re-
spectively with a saturated solution of NaHCO4 (2x 20 ml), water (2x 15 ml) and a saturated solution of NaCl (10 ml).
The organic phase was then dried with Na,SO, and the solvent was removed by evaporation at reduced pressure. The
solid raw product was then purified by flash chromatography on silica gel, using as eluent a mixture of chloroform:methanol
in a ratio of 9:1. The product thus purified was dissolved in a mixture of diethyl ether:ethanol in a ratio of 10:1 (10 ml)
andtreated atroom temperature with 3M hydrochloric ethanol (0.33 ml). The solid thus formed was filtered and crystallized
by a mixture isopropanol:diisopropyl ether in a ratio of 3:7. Thus, 250 mg of 2-({1-[2-(4-fluorophenyl)ethyl]piperidin-4-
yl}methyl)-3,4-dihydropyrazino[1,2-b}-indazol-1(2H)-one hydrochloride were obtained.

[0096] 1H-NMR (300 MHz, DMSO-d6) &: 1,49 - 1,78 (m, 2H); 1,81 - 2,10 (m, 3H); 2,76 - 2,99 (m, 2H); 3,00 - 3,12 (m,
2H); 3,17 - 3,40 (m, 2H); 3,47 (d, J = 6,61 Hz; 2H); 3,51 - 3,67 (m, 2H); 3,93 (t, J = 6,11 Hz; 2H); 4,75 (t, J = 6,11 Hz;
2H), 7,11 -7,42 (m, 6H); 7,76 (dt, J = 8,59 Hz; J = 0.99 Hz; 1 H); 8,01 (dt, J = 8,26 Hz; J = 1,16 Hz; 1 H), 10,51 (bs, 1 H).

Example 2

2-({1-[2-(4-flucrophenyl)ethyl]piperidin-3-ylimethy{)-3 4-dihydropyrazino[1,2-blindazol-1(2H)-one

2a) Tert-butyl-2-bromoethylcarbamate

[0097] Triethylamine (2.02 g; 0.020 mol) was added drop wise to a solution of 2-bromoethanamine (2.04 g; 0.010 mol)
and tert-butoxycarbonyl anhydride (1.74 g; 0.010 mol) in dichloromethane (50 ml), kept under stirring at 0°C. The reaction
was kept stirred for 15 minutes at 0°C, then for 8h at room temperature. The mixture was washed with water (2 x 50 ml)
and the organic phase was dried on Na,S0O,. After removing the solvent by evaporation at reduced pressure, the residue
was purified by flash chromatography on silica gel, using as eluent a mixture of hexane:ethylacetate in a ratio of 8:2.
Thus, 1.79 g of tert-butyl-2-bromoethyl-carbamate were obtained. This solid was used for the subsequent reaction without
further purification steps.
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[0098] TH-NMR (200 MHz, CDCly) 8: 1,41 (s, 9H); 3,24 - 3,59 (m, 4H); 4,95 (bs, 1 H).

2b) Methyl 2-[2-{tert-butoxycarbonylamino)ethyl]-2H-indazol-3-carboxylate

[0099] Caesium carbonate (19.5 g; 0.06 mol) was added to a solution of methyl 1H-indazole-3-carboxylate (3,5 g;
0,02mol) and of tert-butyl-2-bromoethylcarbamate (8,9 g; 0,04 mol) in BMF (30 ml), kept under stirring at room temper-
ature. The mixture was kept under strong stirring at room temperature for 48h, then was processed by adding water (50
ml) and, successively, 1 M HC! until a pH of 6 was obtained.

[0100] The aqueous phase was extracted by ethyl acetate (3x 50 ml) and the organic phases collected together were
washed with a saturated solution of NaCl (10 ml), then dried on Na,SQ,. After removing the solvent by evaporation at
reduced pressure, the residue was purified by flash chromatography onsilica gel; using as eluent a mixture of hexane:ethyl
acetate in a ratio of 6:4. Thus, 2.87 g of methyl 2-[2-(tert-butoxycarbonylamino)ethyl]-2H-indazole-3-carboxylate where
obtained, used for subsequent reaction without further purification steps.

[0101] TH-NMR (200 MHz, CDCl3) 8: 1,36 (s, 9H); 3,74 (g, 2H, J = 5,5 Hz); 4,03 (s, 3H); 4,89 - 5,07 (bs, 1 H); 5,03 (t,
2H,J=5,5Hz); 7,23-7,42 (m, 2H); 7,79 (dt, 1 H, J = 7,5 Hz; J = 1,6 Hz); 8,02 (dt, 1 H, = 7,5 Hz; J = 1,6 Hz).

2c¢) 3,4-dihydropyrazino[1,2-blindazol-1(2H)-one

[0102] A solution of 1.25M HCI in ethanol (48 mi; 0.06 mol) was added slowly to a solution of methyl 2-[2-(tert-
butoxycarbonylamine)ethyl}-2H-indazole-3-carboxylate (6.38 g; 0.02 mol) in ethyl acetate (50 ml) kept stirred at room
temperature. The mixture thus obtained was kept under stirring at room temperature for 2h. The solvent was then
removed by evaporation atreduced pressure and the residue was treated with ethyle acetate (20 ml) atroom temperature
and filtered. The solid thus obtained was dissolved in methanol (10 ml) and caesium carbonate (13.0 g; 0.04 mol) was
added to the resultant solution, kept stirred at room temperature. The mixture was kept under stirring for 16h at room
temperature, then the solvent was removed by evaporation at reduced pressure. The residue was taken up with water
(50 ml) and the aqueous phase was extracted several times with ethyl acetate (5x 50 ml). The organic phases collected
together were dried on Na,SO, and about 4g of raw product were obtained after the solvent was removed by evaporation
at reduced pressure. The raw product was then purified by flash chromatography on silica gel, using a mixture of
hexane:ethylacetate in aratio of 8:2 as eluent. Thus, 3.4 g of 3,4-dihydropyrazino[1,2-blindazol-1(2H)-one were obtained.
[0103] . TH-NMR (200 MHz, CDCl,) 8: 3,93 (dt, 2H, J = 6,7 Hz; J = 1.7 Hz); 4,72 (t, 2H, J = 6,7 Hz); 6,35 (bs, 1 H); 7,27
-7,46{(m, 2H); 7,78 (dt, 1 H,J = 8,4 Hz; J = 1,4 Hz); 8,16 (dt, 1 H, J = 8,4 Hz; J = 1,4 Hz).

2d) Tert-butyl 3-[(1-0x0-3 4-dihydropyrazino[1,2-blindazol-2(1H)-yl)-methyllpiperidine-1-carboxylate

[0104] The product was prepared following the method described in example 1d}), but using tert-butyl 3-{[(methyl-
sulphonyl)oxy]methyl}-piperidine-1-carboxylate as reagent. Thus, 3.8 g of tert-butyl 3-[(1-ox0-3,4-dihydropyrazinof1,2-
blindazol-2(1H)-yt)methyl]piperidine-1-carboxylate were obtained.

[0105] "H-NMR (200 MHz, CDCl3) &: 1,20 - 1,45-(m, 1 H); 1,43 (s, 3H); 1,55 - 2,10 (m, 4H); 2,65 - 3,05 (m, 2H); 3,30
- 3,75 (m, 2H); 3,75 - 4,05 (m, 2H); 3,90 (t, 2H, J = 6,1 Hz); 4,72 (1, 2H, J = 6,1 Hz); 7,25 - 7,45 (m, 2H); 7,76 (dt, 1 H,
J=8,4Hz;J=1,1Hz);8,15(dt, 1 H, J = 8.0 Hz; J =1,3 Hz).

2e) 2-({1-[2-(4-fluorophenyl)ethyllpiperidin-3-yl}ethyl)-3,4-dihydro-pyrazino[1,2-blindazol-1 (2H)-one

[0106] A solution of 1.25M HCl in ethanol (4.8 ml; 0.006 mol) was added to a solution containing tert-butyl 3-[(1-oxo-
3,4-dihydropyrazino[1,2-bjindazol-2(1H)-yl)methyllpiperidine-1-carboxylate (0.77 g; 0.002 mol) in ethyl acetate (7 ml),
kept stirred at room temperature.

[0107] The mixture thus obtained was kept under stirring at room temperature for 2h, then the solvent was removed
by evaporation at reduced pressure. The residue thus obtained was taken up with ethyl acetate (5 ml) and fiitered. The
solid product was dissolved with 1-(2-bromoethyh)-4-fluorobenzene (0.81 g; 0.004 mol) in anhydrous DMF (10 ml).
Caesium carbonate (1.95 g; 0.006 mol) was added to the resultant solution, kept stirred at room temperature. The mixture
was then kept under strong stirring at room temperature for 48h and then was processed by adding water (20 ml) and
ethyl acetate (25 ml). The aqueous phase was extracted several times with ethyl acetate (3x 20 ml) and the organic
phases collected together were dried on Na,SO,. The solvent was then removed by evaporation at reduce pressure
and the residue was purified by flash chromatography on silica gel, using a mixture of hexane:ethyl acetate in a ratio of
7:3 as eluent.

[0108] Thus, 170 mg of 2-({1-[2-(4-fluorophenyl)ethyllpiperidin-3-ylimethyl)-3,4-dihydropyrazino[1,2-blindazol-
1(2H)-one were obtained.

[0109] 'H-NMR (300 MHz, DMSO-d6) 5: 8.00 (d, J = 8,48 Hz; 1 H), 7,75 (d, J = 8,77 Hz; 1H); 7,31 - 7,41 (m, 1H);
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7,18 - 7,30 (m, 3H); 6,99 - 7,11 (m, 2H); 4,70 (t, J = 6,14 Hz; 2H), 3,88 (t, J = 6,14 Hz; 2H), 3,32 - 3,56 (m, 2H); 2,63 -
2,86(m,4H);2,39-2,47 (m, 2H); 1,79-2,11 (m, 3H); 1,67 (d, J =10,23 Hz; 2H); 1,35-1,53 (m, 1H);1,03(d, J=9,35 Hz; 1H).

Example 5

2-({1-[2-(2-fluorophenyl)ethyllpipéridin-3-yimethyl)-3,4-dihydropyrazino[1,2-blindazol-1(2H)-one hydrochloride

[0110] The product was prepared following the method descrived in example 2e), but using 1-(2-bromoethyl)-2-fluor-
obenzene as reagent. The desired product was purified by flash chromatography on silica gel, using a mixture of chlo-
roform:methanol in a ratio of 9:1 as eluent.

[0111] Thus, 350 mg of 2-({1-[2-(2-fluorophenyl)ethyl]piperidin-3-yl}methyl)-3,4-dihydropyrazino[1,2-bjindazol-
1(2H)-one hydrochloride were obtained.

[0112] 'H-NMR (300 MHz, DMSO-d6) &: 10,81 (bs, 1H); 8,00 (dt, J = 1,16; 8,26 Hz; 1 H); 7,76 (d, J = 8,59 Hz; 1 H);
7,09 - 7,42 {m, 8H); 4,71 - 4,81 (m, 2H); 3,93 (t, J = 6,28 Hz; 2H); 3,48 - 3,70 (m, 3H); 3,06 - 3,46 (m, 5H); 2,67 - 3,00
(m, 2H); 2,36 - 2,47 (m, 1 H); 1,66 - 2,05 (m, 3H); 1,05 - 1,39 (m, 1H).

Example 8

2-({1-[2-(2-fluorophenyl)ethylpiperidin-4-ylimethyl)-3,4-dihydropyrazino[1,2-blindazol-1 (2H)-one

[0113] The product was prepared following the method descrived in example 2¢), but using tert-butyl 4-{(1-ox0-3,4-
dihydropyrazino[1,2-blindazol-2(1H)-ylmethyl]piperidine-1-carboxylate (prepared in example 1d) and 1-(2-bromoethyl)-
2-fluorobenzene as reagents. The desired product was purified by flash chromatography on silica gel, using a mixture
of chloroform:methanol in a ratio of 95:5 as eluent. V

[0114]) Thus, 160 mg of 2-({1-[2-(2-fluorophenyl)ethyllpiperidin-4-yl}methyl)-3,4-dihydropyrazino[1,2-blindazol-
1(2H)-one were obtained.

[0115] 'H-NMR (300 MHz, DMSO-d6) &: 8,00 (d, J = 8,18 Hz; 1 H); 7,74 (d, J = 8,48 Hz; 1H); 7,17 - 7,41 (m, 4H);
7,05-7,16 (m, 2H); 4,70 (t, J = 6,30 Hz, 2H); 3,90 (t, J = 6,30 Hz; 2H); 3,41 (d, J = 7,02 Hz; 2H); 2,91 (d, J = 10,52 Hz;
2H); 2,76 (t, J = 7,50 Hz; 2H), 1,86 - 2,06 (m, 2H); 1,55 - 1,83 (m, 3H); 1,12 - 1,37 (m, 2H).

Example 10

2-({1-[2-(4-fluorophenyl)ethyllpiperidin-3-ylimethyl)-2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-blindazol-1-one dihydro-
chloride

10a) tert-butyl-3-bromopropylcarbamate

[0116] The product was prepared using the method described in example 2a), using 3-bromopropan-1-amine as
reagent. The product was purified by flash chromatography on silica gel, using a mixture of hexane:ethyl acetate in a
ratio of 95:5 as eluent. Thus, 1.77 g of tert-butyl-3-bromopropylcarbamate were obtained.

[0117] TH-NMR (200 MHz, CDCl3) &: 1,41 (s, 9H);. 2,02 (gn, 2H, J = 6,5 Hz); 3,24 (t, 2H, J = 6,5 Hz); 3,41 (t, 2H, J =
6,5); 4,7 (bs, 1 H).

10b) Metyl 2-[3-(tert-butoxycarbonylamine)propyl}-2H-indazol-3-carboxylate

[0118] The productwas prepared using the method described in example 2b), using tert-butyl-3-bromopropylcarbamate
as reagent. The product was purified by flash chromatography on silica gel, using a mixture of hexane:ethyl acetate in
aratio of 7:3 as eluent.

[0119] Thus, 3.13 g of methyl 2-[3-(tert-butoxycarbonylamine)propyl}-2H-indazol-3-carboxylate were obtained.
[0120] "H-NMR (200 MHz, CDCIy) &: 1,43 (s, 8H); 2,16 (gn, 2H, J = 6,5 Hz); 3,10 (q, 2H, J = 6,5 Hz); 4,03 (s, 3H);
4,97 (t, 2H, J = 6,5 Hz); 4,90 - 5,10 (bs, 1 H); 7,20 - 7,40 {m, 2H); 7,76 (dt, 1 H, J = 8,3 Hz; J = 1,1 Hz); 8,01 (dt, 1 H, J
=7,3Hz;J=13Hz).

10¢) 2,3,4,5-tetrahydro-1H-[1,4]diazepinof1,2-blindazol-1-one

[0121] The product was prepared using the method described in example 2c), using methyl 2-[3-(tert-butoxycarbo-
nylamine)propyl]-2H-indazol-3-carboxylate as reagent. The product was purified by flash chromatography on silica gel,
using a mixture of pentane:diethyl etherin aratio of 95:5as eluent. Thus, 3.5 g of 2,3,4,5-tetrahydro-1H-{1,4]diazepino[1,2-
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blindazol-1-one were obtained. :
[0122] 'H-NMR (200 MHz, CDCl,) &: 2,42 (gn, 2H, J = 6,6 Hz); 3,43 (q, 2H, J = 6,6 Hz); 4,82 (t, 2H, J = 6,6 Hz); 6,38
(bs, 1 H); 7,20 - 7,45 (m, 2H); 7,74 (dt, 1 H, J = 8,4 Hz; J = 1,2 Hz); 8,06 (dt, 1 H, J = 8,4 Hz; J = 1,4 Hz).

10d) Tert-butyl 3-[(1-o0x0-4,5-dihydro-1H-[1,4]diazepino[1,2-blindazol-2(3H)-ylYmethyl]piperidine-1-carboxylate

[0123] The product was prepared using the method described in example 1d), using 2,3,4,5-tetrahydro-1H-[1,4]di-
azepino[1,2-blindazol-1-one and tert-butyl 3-{[(metylsulphonyl)oxy]lmethyl}piperidine-t-carboxylate as reagents. Thus,
3.6 g of tert-butyl 3-[(1-oxo0-4,5-dihydro-1H-[1,4]diazepino[1,2-b]indazol-2(3H)-yl)methyl]piperidine-1-carboxylate were
obtained.

[0124] 'H-NMR (200 MHz, CDCly) 8: 1,15- 1,40 (m, 1H); 1,44 (s, 3H); 1,50 - 2,10 (m, 4H); 2,45 (qn, 2H, J = 6,7 Hz);
2,55-2,95 (m, 2H); 3,40-3,70 (m, 1 H); 3,45 (t, 2H, J = 6,7 Hz); 3,80-4,15 (m, 3H); 4,77 (t, 2H, J = 6,7 Hz); 7,15- 7,40
(m, 2H); 7,72 (dt, 1 H, J = 8,6 Hz; J = 1,0 Hz); 7,94 (dt, 1 H, J = 8,3 Hz; J = 1,2 Hz).

10e) 2-({1-[2-(4-fluorophenylethyllpiperidin-3-ylimethyl)-2,3 4 5-tetrahydro-1H-[1,4]diazepino[1,2-blindazol-1-one di-
hydrochioride

[0125] The product was prepared using the method described in example 2e), using tert-buty! 3-[(1-oxo-4,5-dihydro-
1H-[1,4]diazepino[1,2-b]indazol-2(3H)-yl)methyl]piperidine-1-carboxylate as reagent. The amine product was purified
by flash chromatography on silica gel, using a mixture of chloroform:methanol in a ratio on 9:1 as eluent. The purified
product was dissolved in amixture of diethylether:ethanolin aratio of 10:1 (10ml) and was processed at room temperature
with 3M HCl in ethanol (0.33ml). The solid thus formed was filtered and crystallized from a mixture of isopropanol:diiso-
propyl ether in a ratio of 8:2. Thus, 188 mg of 2-({1-[2-(4-fluorophenyl)ethyl]piperidin-3-yl}methyl)-2,3,4,5-tetrahydro-
1H-{1,4]diazepino[1,2-blindazol-1-one dihydrochloride. '

[0126] TH-NMR (300 MHz, DMSQ-d6) &: 11,24 (bs, 1 H); 10,96 (bs, 1 H); 7,79 - 7,86 (m, 1 H); 7,70 (d, J = 8,59 Hz;
1H); 7,25 - 7,41 (m, 3H); 7,01-7,25 (m, 3H); 4,64 - 4,88 (m, 2H); 3,00 - 3,85 (m, 10H); 2,67 - 2,97 (m, 2H); 2,53 - 2,65
(m, 1 H); 2,24 -2,43 (m, 1 H); 1,80 -2,04 (m, 3H); 1,14 - 1,39 (m, 1 H).

Example 13

2-({1-[2-{2-fluorophenyl)ethyl]piperidin-3-ylimethyl)-2,3-4,5-tetrahydro-1H-[1,4]diazepino{1,2-blindazol-1-one dihydro-
chloride

[0127} The product was prepared using the method described in example 10e), using 1-(2-bromoethyl)-2-fluoroben-
zene as reagent. The amine product was purified by flash chromatography on silica gel, using a mixture of chloro-
form:methanol in a ratio on 9:1 as eluent. The final product was instead purified by crystallization from a mixture of
isopropanol:diisopropyl ether in a ratio of 8:2. Thus, 163 mg of 2-({1-[2-(2-fluorophenyl)ethyllpiperidin-3-yl}methyl)-
2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-b]indazol-1-one dihydrochioride were obtained.

[0128] "H-NMR (300 MHz, DMSO-d6) &: 11,19 (bs, 1 H); 10,40 (bs, 1 H); 7,83 (d, J = 8,26 Hz; 1 H); 7,70 (d, J = 8,92
Hz; 1 H); 7,25- 7,45 (m, 3H); 7,11 - 7,24 (m, 3H); 4,59 - 4,91 (m, 2H); 3,04 - 3,86 (m, 10H); 2,68 - 3,04 (m, 2H); 2,54 -
2,63 (m, 1 H); 2,21 -2,44 (m, 1 H); 1,79 - 2,05 (m, 3H); 1,15- 1,37 (m, 1H).

Example 16

2-({1-[2-{4-fluorophenylethyllpiperidin-4-ylimethyl}-2,3,4,5-tetrahydro-1H-[ 1 4]diazepino[1,2-blindazol-1-one hydro-
chloride

16a) Tert-butyl 4-((1-ox0-4,5-dihydro-1H-[1,4]diazepino[1,2-blindazol-2(3H)-ylYmethyl)piperidine-1-carboxylate

[0129] The product was prepared using the method described in example 1d), using 2,3,4,5-tetrahydro-1H-[1,4]di-
azepino[1,2-blindazol-1-one as reagent. The product was purified by flash chromatography on silica gel, using the mixture
of pentane:diethyl etherin aratio on 95:5 as eluent. Thus, 3.40 g of tert-butyl 4-({1-ox0-4,5-dihydro-1H-[1,4]diazepino([1,2-
blindazol-2(3H)-yl)methyl)piperidine-1-carboxylate were obtained.

[0130] 'H-NMR (200 MHz, CDCI,) &: 2,41 (s, 3H); 7,26 (d, 2H, J = 8,1 Hz); 7,45 (d, 2H, J = 8,1 Hz); 7,57 (d, 1 H, J =
13,6 Hz); 7,99 (d, 1 H, J = 13,6 Hz).
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16b) 2-({1-[2-(4-fluorophenyl)ethyllpiperidin-4-ylimethyi)-2,3 4 5-tetrahydro-1H-[1,41diazepino[1,2-blindazol-1-one hy-
drochloride

[0131] The product was prepared using the method described in example 10e), using tert-butyl 4-[(1-ox0-4,5-dihydro-
1H-[1,4]diazepino[1,2-blindazol-2(3H)-yl)methyllpiperidine-1-carboxylate as reagent. The amine product was purified
by flash chromatography on silica gel, using the mixture chlorofom:methanolin a ratio of 35:5 as eluent. The final product
was instead purified from a mixture of isopropanol:diisopropy! ether in a ratio of 4:6. Thus, 167 mg of 2-({1-[2-(4-fluor-
ophenyljethyllpiperidin-4-yiymethyl)-2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-b]indazol-1-one hydrochloride were ob-
tained.

[0132] TH-NMR (300 MHz, DMSO-d6) 5: 10,63 (bs, 1 H); 7,82 (d, J = 8,59 Hz; 1 H), 7,70 (d, J = 8,92 Hz; 1 H); 7,25 -
7,40 (m, 3H); 7,10 - 7,25 (m, 3H); 4,72 (1, J = 6,94 Hz; 2H); 3,45 - 3,70 (m, 4H); 3,43 (t, J = 6,44 Hz; 2H); 2,75 - 3,35
(m, 7H); 2,37 (q, J = 6,69 Hz; 2H); 1,85- 2,10 {m, 3H); 1,50 - 1,85 (m, 2H).

Example 17

2-({1-[2-(4-fluorophenylethyilpiperidin-4-yltmethyl)-3.4,7 8,9,10-esahydropyrazino[1,2-blindazol-1(2H)-one hydrochlo-
ride

17a) Tert-butyl 4-{(1-ox0-3,4,7,8,9,10-esahydropyrazino[1,2-blindazol-2(1H)-ymethyl]piperidine-1-carboxylate

[0133] The product was prepared using the method described in example 1d), using 3,4,7,8,9,10-esahydropyrazi-
no[1,2-blindazol-1(2H)-one as a reagent. The raw product was used for the subsequent reaction without further purifi-
cation steps.

[0134] TH-NMR (300 MHz, DMSO-d6) 5: 4,17 - 4,28 (m, 2H); 3,92 (d, J = 12,86 Hz; 2H); 3,66 - 3,77 (m, 2H); 3,26 -
3,35(m, 2H);2,59-2,72(m, 4H); 2,55 (t, J = 5,85 Hz, 2H); 1,77- 1,93 (m, 1 H); 1,53- 1,76 (m, 6H); 1,39 (s, 9H); 1,02 (dd, 2H).

17b) 2-({1-[2-(4-flucrophenylethyllpiperidin-4-ylimethyl)-3,4,7,8,9,10-esahydropyrazinon[1,2-blindazol-1(2H)-one hy-
drochloride

[0135]  The product was prepared using the method described in example 2e), using tert-butyl 4-[(1-ox0-3,4,7,8,9,10-
esahydropyrazino[1,2-b]indazol-2(1H)-yl)methylipiperidine-1-carboxylate as areagent. The productwas purified by crys-
tallization from a mixture of isopropanol:diisopropyl ether. Thus, 0.2 g of 2-({1-[2-(4-flucrophenyl)ethyl]piperidin-4-ylime-
thyl)-3,4,7,8,9,10-esahydropyrazino [1,2-b]indazol-1(2H)-one hydrochloride were obtained.

[0136] TH-NMR (300 MHz, DMSO-d6) &: 10,47 (bs, 1 H); 7,26 - 7,40 (m, 2H); 7,10 - 7,23 (m, 2H); 4,19 - 4,32 (m, 2H);
3,73 (t, J = 5,95 Hz, 2H); 3,46 - 3,59 (m, 2H); 3,35 (d, J = 6,61 Hz; 2H); 3,12 - 3,27 (m, 2H); 2,98 - 3,11 (m, 2H); 2,77 -
2,96 (m, 2H); 2,65 (t, J = 5,78 Hz; 2H); 2,56 (t, J = 5,78 Hz; 2H); 1,44 - 2,05 (m, 9H).

Example 20

2-[(1-phenethylpiperidin-4-ylYmethyl]-3,4-dihydropyrazino[1,2-blindazol-1(2H)-one hydrochloride

[0137] The product was prepared using the method described in:example 10e), using tert-butyl 4-[{1-0x0-3,4-dihydro-
pyrazino[1,2-blindazol-2(1H)-yl)methyljpiperidine-1-carboxylate (example 1d) and phenethyl bromide as reagents. The
amine product was purified by flash chromatography on silica gel, using the mixture chloroform:methanol in a ratio of
85:15 as eluent. The final product was instead purified by crystallization from a mixture of isopropanol:diisopropyl ether
in a ratio of 3:7. Thus, 121 mg of 2-[(1-phenethylpiperidin-4-ylymethyi]-3,4-dihydropyrazino[1,2-b] indazol-1(2H)-one
hydrochloride were obtained.

[0138] 'H-NMR (300 MHz, DMS0-d6) &: 10,84 (bs, 1 H); 8,01 (d, J = 8,26 Hz; 1 H); 7,76 (d, J = 8,59 Hz; 1 H); 7,13 -
7,44 (m, 7H); 4,75 (1, J = 6,11 Hz; 2H); 3,94 (t, J = 6,11 Hz; 2H), 3,51 -3,67 (m, 2H); 3,47 (d, J = 6,94 Hz; 2H); 3,01 -
3,39 (m, 6H); 2,78 - 3,02 (m, 2H); 1,81 - 2,28 (m, 3H); 1,53-1,79 (m, 2H).

Example 22

2-[(1-phenethylpiperidin-4-ylymethyll-2,3,4,5-tetrahydro-1H-[1,4]diazepino[ 1,2-blindazol-1-one

[0139] The product was prepared using the method described in example 2e), using tert-butyl 4-[(1-0x0-4,5-dihydro-
1H-[1,4]diazepino[1,2-b]indazol-2(3H)-yl)methyl]piperidine-1-carboxylate (example 16a) and phenethyl bromide as re-
agents. The product was purified by flash chromatography on silica gel, using the mixture chloroform:methanol in a ratio
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of 95:5 as eluent. Thus, 223 mg of 2-[(1-phenethylpiperidin-4-yl)methyl]-2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-b]in-
dazol-1-one were obtained.

[0140] "H-NMR (300 MHz, DMS0O-d6) &: 7,82 (d, J = 8,18 Hz; 1 H); 7,69 (d, J = 8,48 Hz; 1 H); 7,07 - 7,40 (m, 7H);
4,68 (t, J = 7,02 Hz; 2H); 3,34 - 3,55 (m, 4H); 2,94 (d, J = 11,40 Hz; 2H); 2,65 - 2,79 (m, 2H); 2,33 (gn, J = 6,65 Hz; 2H);
1,97 (t, J = 10,82 Hz; 2H); 1,59 - 1,83 (m, 3H); 1,15 - 1,37 (m, 2H).

Example 25

2-{[1-(phenylacetyl)piperidin-4-yllmethyl}-3,4-dihydropyrazino[1,2-blindazol-1(2H)-one

[0141] The product was prepared using the method described in example 2e), using tert-butyl 4—[(1-oxo-3,4—dihydro-
pyrazino[1,2-blindazol-2(1H)-yl)methyllpiperidine-1-carboxylate (example 1d) and benzeneacetyl chloride as reagents.
The product was purified by flash chromatography on silica gel, using the mixture chlorofom:methanol in a ratio of 9:1
as eluent. Thus, 104 mg of 2-{[1-(phenylacetyl)piperidin-4-yllmethyl}-3,4-dihydropyrazino[1,2-blindazol-1{2H)-one were
obtained.

[0142] 'H-NMR (200 MHz, CDCly) &: 0,85- 1,15 (m, 1H); 1,15- 1,35 (m, 1 H); 1,85- 2,15 (m, 1 H); 2,61 (td, 1 H, J
13,2 Hz; J = 2,8 Hz); 2,95 (td, 1 H, J = 13,2 Hz; J = 2,8 Hz); 3,39 (dd, 1 H, J= 13,7 Hz; J = 6,9 Hz); 3,54 (dd, 1 H, J
13,7 Hz; J =7,5 Hz); 3,73 (s, 2H); 3,75 - 4,05 (m, 2H); 3,84 (t, 2H, J = 6,3 Hz); 3,86 (d, 2H, J = 6,3 Hz); 4,67 (t, 2H, J
6,3 Hz); 7,10 - 7,45 (m, 7H); 7,76 (dt, 1H, J = 8,3 Hz; J = 1,1 Hz); 8,14 (dt, 1H, J = 8,2 Hz; J = 1,1 Hz).

n

Example 26

2-{[1-(phenylacetyl)piperidin-4-yllmethyl}-2,3,4,5-tetrahydro-1H-[1,4]diazepinof1,2-blindazol-1-one

[0143] The product was prepared using the method described in example 2e), using tert-buty} 4-[(1-oxo0-4,5-dihydro-
1H-[1,4]diazepino(1,2-b]Jindazol-2(3H)-yhmethyl]piperidine-1-carboxylate (example 16a) and benzeneacetyi chloride as
reagents. The product was purified by flash chromatography on silica gel, using the mixture chlorofom:methanol in a
ratio of 9:1 as eluent. Thus, 141 mg of 2-{{1-(phenylacetyl)piperidin-4-yljmethyl}-2,3,4,5-tetrahydro-1H-[1,4]diazepi-
no[1,2-blindazol-1-one were obtained.

[0144] *H-NMR (200 MHz, CDCl;) 8: 0,85 - 1,45 (m, 2H); 1,85 - 2,15 (m, 1 H); 2,39 (gn, 2H, J = 6,7 Hz); 2,64 (id, 1
H,J=125Hz J=22Hz),2,98 (td, 1 H, J = 12,5 Hz; J = 2,2 Hz); 3,25 - 3,45 (m, 4H); 3,50 - 3,70 (m, 1 H); 3,75 (s,
2H); 3,89 (bd, 2H, J = 14,2 Hz); 4,50 - 4,80 (m, 2H); 4,67 (t, 2H, J = 7,1 Hz); 7,10- 7,45 (m, 7H); 7,72 (dt, 1 H, J= 8,6
Hz; J=1,1Hz); 7,93 (dt, 1H, J = 8,2 Hz; J = 1,1 Hz).

Example 28

2-[3-(4-phenylpiperidin-1-yl)propyl]-3,4-dihydropyrazino[1,2-blindazol-1 (2H)-one hydrochloride

28a) 1-(3-chloropropyl)-4-phenyipiperidine

[0145] Solid caesium carbonate (195 g ; 0.6mmol) was added to a solution of 4-phenylpiperidine (32 g; 0.2 mol), 1-
bromo-3-chloropropane (40 ml; 0.4 mmol) in anhydrous DMF (300 ml), kept stirred at room temperature. The mixture
was kept under stirring at the same temperature for 12h. Water (1000 ml) and ethyl acetate (500 ml) were added to stop
the reaction. After separing the phases, the aqueous phase was extracted several times with ethyl acetate (3x 500 mi).
The organic phases collected together were washed respectively with water (100 mi) and a saturated solution of NaCl
(100 ml), and then dried on anhydrous Na,S0O,. The solvent was removed by evaporation at reduced pressure and the
residue was purified by flash chromatography on silica gel, using a mixture of hexane:ethyl acetate in a ratio of 1:1 as
eluent. Thus, 29.5 g of 1-(3-chloropropyl)-4-phenylpiperidine were obtained as colorless oil.

[0146] 'H-NMR (200 MHz, CDClg) &: 1,75 - 1,90 (m, 2H); 1,90 - 2,15 (m, 6H); 2,35 - 2,65 (m, 3H); 3,02 (bd, 2H, J =
6,4 Hz); 3,64 (t, 2H, J = 6,4 Hz); 7,05 - 7,45 (m, 5H).

28b) 2-[3-(4-phenylpiperidin-1-yl)propyl]-3,4-dihydropyrazino[1,2-blindazol-1(2H)-one hydrochloride

[0147] A solution of 3,4-dihydropirazyno[1,2-blindazol-1(2H)-one (375 mg; 2.0 mmol) in a mixture of tetrahydro-
furan:dimethylformamide (DMF) in a ratio of 1:1 (4 mi) was added drop wise to a suspension of NaH 55% in mineral oil
(104 mg; 2.4 mmol) in anhydrous tetrahydrofuran (THF), kept stirred at room temperature under argon atmosphere. The
mixture was kept under stirring at the same temperature under inert atmosphere for 1h; then, a solution of 1-(3-chloro-
propyl)-4-phenylpiperidine (4.4 g; 0.015 mol) in DMF (25ml) was slowly added. Once the additions were over, the mixture
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was heated at the reflux temperature for 6h. The reaction was then stopped by cooling the mixture to room temperature
and by adding ethyl acetate (10 ml). The mixture was then filtered through a silica gel pad, then the solvent was removed
by evaporation at reduced pressure. The residue was purified by flash chromatography on silica gel, using a mixture of
chloform:methanol in a ratio of 9:1 as eluent. The product thus purified was dissolved in a mixture of diethyl ether:ethanol
in a ratio of 10:1 (10 ml) and processed at room temperature with 3M HCI in ethanot (0.33 ml). The solid thus formed
was filtered and crystallized from a mixture of isopropanol:diisopropyl ether in a ratio 1:1. Thus, 197 mg of 2-[3-(4-
phenylpiperidin-1-yl)propyl]-3,4-dihydropyrazino[1,2-blindazol-1{2H)-one hydrochloride were obtained.

[0148] 'H-NMR (300 MHz, DMSO-d6)5: 10,88 (bs, 1H); 8,02 (dt, J = 1,16 Hz; J = 8,26 Hz; 1 H); 7,77 (dt, J = 0,93 Hz;
J=8,55Hz; 1 H); 7,18 - 7,42 (m, 7TH); 4,74 - 4,81 (m, 2H); 3,89 - 4,03 (m, 2H); 3,65 (t, J = 6,44 Hz; 2H); 3,57 (d, J =
11,72 Hz; 2H); 2,92 - 3,18 (m, 4H); 2,70 - 2,87 (m, 1H); 2,01 - 2,26 {m, 4H); 1,94 (d, J = 12,55 Hz; 2H).

Example 31

2-[3-(4-phenylpiperidin-1-yl)propyl-2.3.4,5-tetrahydro-1H-[1,4]diazepinof1,2-blindazol-1-one hydrochloride

[0149] The product was prepared using the method described in example 28b), using 2,3,4,5-tetrahydro-1H-[1,4]di-
azepino[1,2-blindazol-1-one (example 10¢) as reagent. The amine product was purified by flash chromatography on
silica gel, using a mixture of chioroform:ethanol in a ratio of 85:15 as eluent. The final product was instead purified by
crystallization from a mixture of isopropanol:diisopropyl ether in a ratio of 1:1. Thus, 317 mg of 2-[3-(4-phenylpiperidin-
1-yl)propyil-2,3,4,5-tetrahydro-1H-[1,4]diazepino[1,2-blindazol-1-one hydrochloride were obtained.

[0150] TH-NMR (300 MHz, DMSO-d6) 5: 10,94 (bs, 1H); 7,84 (dt, J = 1,11 Hz; J = 8,34 Hz; 1 H); 7,71 (dt, J = 0,97 Hz;
J=8,63Hz; 1 H);7,29-7,40 (m, 3H); 7,16 - 7,29 (m, 4H); 4,73 (1, J = 7,02 Hz; 2H); 3,55 - 3,73 (m, 5H); 3,44 (t, J = 6,36
Hz; 2H); 2,97 - 3,21 (m, 4H); 2,83 (i, J = 3,63 Hz; J = 12,14 Hz; 1H); 2,42 (qn, J = 6,65 Hz; 2H); 2,04 - 2,26 (m, 4H);
1,96 (d, J = 13,87 Hz; 2H).

Pharmacology

[0151] The pharmacological properties of the compounds of formula (1) according to the present invention were eval-
uated by the methods described in the following sections Tests A, B and C.

Test A (in vitro)

[0152] The affinity of the compounds of formula (1) according to the present invention for the human recombinant 5-
HT,, serotonin receptor was demonstrated by the standard methodology by Bonhaus DW, Bach C, DeSouza A, Rich
Salazar FH, Matsuoka BD, Zuppan P, Chan HW and Eglen RM (1995) in "The pharmacology and distribution of human
5-hydroxytryptamine 2B (5-HT2B) receptor gene products: comparison with 5-HT2A and 5-HT2C receptors™. Br. J.
Pharmacol. 115: 622 - 628.

[0153] In particular, binding to the human 5-HT,, serotonin receptor was performed using, as starting material, a
preparation of membranes from stable recombinant CHO-K1 cell line expressing the human 5-HT,, receptor.

[0154] Displacement studies were conducted using 0.5 nM [3H]-ketanserin as radioligand. This concentration was
selected on the basis of saturation studies, which made possible to obtain a Bmax of 0.51 pmol/mg protein and a Kd of
0.2 nM. '

[0155] The non-specific binding was measured in the presence of 1 uM mianserin.-The assay was conducted in Tris-
HCI 50 mM buffer (pH 7.4 at 37°C), with incubation for 1 hour at 25°C. The test compounds were dissolved in DMSO,
then diluted in buffer (final DMSO concentration 0.01%) and plated on 96-well plates. The compounds were tested in
duplicate in an 8-points concentration response curve (in a Log scale ranging from 10-'2 to 105 M). Ketanserin was
used as reference compound.

[0156] Afterincubation, the membranes were filtered on glass-fibre filters (GF/B) (Unifilter, Packard) treated with 0.5%
polyethyleneimine. Then the filters were washed with buffer solution and oven-dried for 30 minutes at 45°C. The scin-
tillation liquid was added to each well, and at least 16 hours later the radioactivity was measured for 1 minute using a
TopCount (Packard).

[0157] The IC50 values for each compound were calculated using non-linear regression analysis (GraphPad PRISM
software) and the inhibition constants Ki were determined using the equation described by Cheng Y. and Prussof W.H.
(1973) "Relationship between the inhibition constant (Ki) and the concentration of inhibitor which causes 50 percent
inhibition (I150) of an enzyme reaction.” Biochem. Pharmacol. 22: 3099-3108.

[0158] The values of the affinity of representative compounds of formula (1) according to the present invention for the
5-HT,, receptor are shown in Table 2, in which the affinity is greater for a higher value of pKi.
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TABLE 2

Compound (No.} | 5-HT,, (pKi)
1 7.71
2 5.94
5 6.16
8 8.74
10 6.56
13 6.59
16 8.14
17 7.53
20 7.78
22 7.68
28 7.13
31 7.34
Ketanserin 9.65

Test B (in vitro)

[0159] The affinity of the compounds of formula (1) according to the present invention for the 5-HT, serotonin receptor
was demonstrated by the standard methodology described by Wolf W.A. and Schutz J.S. (1997) in "The serotonin 5-
HT2C receptoris a prominent serotonin receptor in basal ganglia: evidence from functional studies on serotonin-mediated
phosphoinositide hydrolysis.” J. Neurochem. 69: 1449-1458.

[0160] In particular, binding to the human serotonin 5-HT . receptor was performed using, as starting material, a
preparation of membranes from stable recombinant CHO-K1 cell line expressing the human 5-HT . receptor.

[0161] Displacement studies were conducted using 1 nM [3H]-mesulergine as radioligand. This concentration was
selected on the basis of saturation studies, which made possible to obtain a Bmax of 4.9 pmol/mg protein and a Kd of
1.1 nM.

[0162] The non-specific binding was measured in the presence of 1 .M mianserin. The assay was conducted in Tris-
HCI 50 mM buffer (pH 7.4 at 37°C), 0.1% Ascorbic Acid, 10 wM Pargyline, with incubation for 1 hour at 25°C. The test
compounds were dissolved in DMSO, then diluted in buffer (final DMSO concentration 0.01%) and plated on 96-well
plates The compounds were tested in duplicate in an 8-points concentration response curve (in a Log scale ranging
from 101210 10-5 M). SB 242084 was used as reference compound. SB 242084 is a selective 5-HT . serotonin receptor
antagonist manufactured and sold by Sigma-Aldrich having the following structural formula:

_ H . o
N , N N
L Y
] J Me
N
T N
Cl
2HCI

[0163] Afterincubation, the membranes were filtered on glass-fibre filters (GF/B) (Unifilter, Packard) treated with 0.5%
polyethyleneimine. Then the filters were washed with buffer solution and oven-dried for 30 minutes at 45°C. The scin- .
tiltation liquid was added to each well, and at least 16 hours later the radioactivity was measured for 1 minute using a
TopCount (Packard).

[0164] The IC50 values for each compound were calculated using non-linear regression analysis (GraphPad PRISM
software) and the inhibition constants Ki were determined using the equation described by Cheng Y. and Prussof W.H.
(1973) "Relationship between the inhibition constant (Ki) and the concentration of inhibitor which causes 50 percent
inhibition (150) of an enzyme reaction.” Biochem. Pharmacol. 22: 3099-3108.
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[0165] The values of affinity of representative compounds of formula (l) according to the present invention for the 5-
HT, receptors of human recombinant celis are shown in Table 3, in which the affinity is greater for a higher value of pKi.

TABLE 3
Compound (No.) | (h)5-HT,¢ (pKi)
1 5.77
16 <5
17 5.13
28 <5
31 <5
SB 242084 9.33

[0166] The comparison between the values of affinity reported in Tables 2 and 3 above shows that the compounds of
the present invention have a higher selective affinity on 5-HT,, receptors compared with 5-HT, receptors.

Test C (in vivo)

[0167] The interactions of the compounds of formula () according to the present invention with the serotoninergic
system was tested following the "head twitch" model in the mouse, according to the standard methodology described
by Sztanke K., Fidecka S., Kedzierska E., Karczmarzyk Z., Pihlaja K., Matosiuk D. {(2005) in "Antionociceptive activity
of new imidazole carbonyl derivatives. Part 4. Synthesis and pharmacological activity of 8-aryl-3,4-dioxo-2H,8H-6,7
dihydrimidazo{2,1c][1,2,4]triazine.” Eur. J. Med. Chem. 40: 127-134, and in Come S.J., Pickering R.W., Warmer B.T.
(1963) "A method for assessing the effects of drugs on the central actions of 5-hydroxytryptamine.” Br. J. Pharmacol.
Chemother. 20: 106-120.

[0168] The "head twitches" are a characteristic shaking of the head induced in the animals by the increase in central
levels of serotonin.

[0169] Male CD-1 mice weighing 25-30 g were used for the "head twitch" test. Molecules were suspended in a 0.5%
methylcellulose aqueous solution (MTC) and the animals were treated intraperitoneally with the test compounds at the
dose of 5 mg/kg (10 ml/kg body weight). The control animals received the vehicle alone (MTC) by the same route. Head
twitches, considered as a specific behavioural model for the activation of serotoninergic neurons, were induced by an
intraperitoneal administration of 5-hydroxytryptophan (5-HTP), a precursor of serotonin (5-HT), dissolved ina 0.5% MTC
solution and given at 300 mg/kg 30 min following drug administration.

[0170] The number of head twitches, which constitutes the parameter for assessment of the serotoninergic response,
was measured in the interval from 24 to 26 minutes after administration of 5-HTP.

[0171] The inhibition values obtained in the "Head Twitch" test with the tested compounds are shown in Fig. 1 and in
the following Table 4.

TABLE 4
COMPOUND | % INHIBITION
1 50
8 70
16 56
17 32

[0172] In particular, as shown in Fig. 1, the compounds of the invention induce a reduction in the number of head
twitches ranging between 32 and 70 percent, calculated with respect to vehicle treated group, demonstrating the capacity
for antagonizing the serotoninergic effects induced by administration of 5-HTP.
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Claims

1.

A tricyclic indazole compound of general formula (1):

(Ra),

where

Yis CHorN;

Wis CHorN;

provided that at least one of Y and W is a nitrogen atom;

X3 and X5 can be independently a ¢ bond, a divalent alkyl chain containing from 1 to 5 carbon atoms, a carbonyl
group, a divalent alkanoyl chain of the type -CO-(CH,),_4- or -(CH,),4 -CO-, wherein the hydrogen atoms of
said alkyl and alkanoyl chains can be optionally substituted with one or more halogen atoms, one or more
C,_zalkyl groups, one or more C,_salkoxy groups; '

X, can be a divalent alkyl chain containing from 1 to 5 carbon atoms, a carbonyl group, a divalent alkanoyl chain
of the type -CO-(CH,),_4- or -(CH,),_4 -CO-, wherein the hydrogen atoms of said alkyl and alkanoyl chains can
be optionally substituted with one or more halogen atoms, one or more C,_salkyl groups, one or more C,_salkoxy
groups;

X, and X; can be independently a ¢ bond or a divalent alkyl chain containing from 1 to 4 carbon atoms, wherein
the hydrogen atoms of said alkyl chain can be optionally substituted with one or more halogen atoms, one or
more C,_salkyl groups, one or more C,_salkoxy groups, and at least one of X, and Xy is different from ¢ bond,
Ly and L, can be independently a ¢ bond or a n bond,;

R, can be independently H, OH, halogen, CN, C,_salkyl, C,_salkoxy, NRIR#, NO,, CF;, CONRIRY, SO,RY,
OCF3, N(RY)SO,RYi, C(NRYIN(R*RX), N(R¥)C(O)Rx;

R, can be independently H, OH, halogen, CN, C,_salkyl, C,_salkoxy, C4_shydroxyalkyl, C,_saminoalkyl, NRIR¥,
NO,, CF3, CONRIRY, SO,RY, OCF3, N(R¥)SO,RYI, C{NRVIN(R*RX), N(R¥)C(O)Rx!;

m and n can be independently from 1 to 3;

Ri, Rii, Riii, Riv, Rv, Rvi, Rvii, Rviil, Rix, Rx R, R can be independently H.or C_salkyl;

and its salts of addition with pharmaceutically acceptable organic and.inorganic acids.

The compound according to Claim 1, characterized in that X, can be a carbony! group, a divalent alkyl chain
containing from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CH,),_3- or -(CH,),_3 -CO-, wherein
the hydregen atoms of said alkyl and alkanoyl chains can be optionally substituted with one or more halogen atoms,
or one or more C,_salkyl groups. '

The compound according to claim 1 or 2, characterized in that X5 can be a ¢ bond, a divalent alkyl chain containing
from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CH,),_,-, wherein the hydrogen atoms of said
alkyl and alkanoyl chains can be optionally substituted with one or more halogen atoms, or one or more C,_zalkyl
groups.

The compound according to anyone of preceding claims, characterized in that X, can be a divalent alkyl chain
containing from 1 to 3 carbon atoms, a divalent alkanoyl chain of the type -CO-(CHs)4_o- or -(CH,);_, -CO, wherein
the hydrogen atoms of said alkyl and alkanoyl chains can be optionally substituted with one or more halogen atoms,
or one or more C,_zalkyl groups.

The compound according to anyone of preceding claims, characterized in that X, and Xg can be a divalent alkyl

chain containing from 1 to 3 carbon atoms, wherein the hydrogen atoms of said alkyl and alkanoyl chains can be
optionally substituted with one or more halogen atoms, or one or more C,_salkyl groups.
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6.

8.

The compound according to anyone of preceding claims, characterized in that L, and L, can be both a 5 bond or
both a n bond.

The compound according to anyone of preceding claims, characterized in that R, can be independently H, OH,
F, Cl, CN, C4_alkyl group, C4_salkoxy group, NRIR group, NO,, CF5, CONRIIRY group, SO,RY, and OCF,.

The compound according to anyone of preceding claims, characterized in that R, can be independently H, OH,
F, Cl, CN, C,3alkyl, C,_zalkoxy, C4_shydroxyalkyl, C,_saminoalkyl, NRIR#, NO,, CF3, CONRIIRY, SO,RY, OCF.

The compound according to any one of the preceding claims, characterized in that the pharmaceutically acceptable
organic or inorganic acid is selected from the group comprising oxalic, maleic, methanesulphonic, paratoluenesul-
phonic, succinic, citric, tartaric, lactic, hydrochloric, phosphoric and sulphuric acid.

10. A method for preparing a tricyclic indazole compound of formula (I) as defined in any one of the preceding Claims

1to 9, characterized in that it comprises (1 b) the condensation of an amide derivative of formula (IV):
where

R4, Ly, Ly, X4, and m have the meanings defined in any one of preceding claims 1 to 8,
with a derivative of formula (V)
where

a Y/ Xs\w (Ra)n
TN
2

(V)

Ra, Xy, X5, X4, X5, W, Y, and n have the meanings defined in any one of preceding claims 1 to 8, and

Q is a leaving group selected from the group comprising a halogen atom, a mesylate group (CH;S037) and a
tosylate group (p-MePhSO37),

to give a tricyclic indazole compound of general formula (I).

11. A method for preparing a tricyclic indazole compound of formula (I) as defined in any one of the preceding Claims

1to 9, characterized in that it comprises (1a) the condensation of an amine of formula (If)

Rm
XL:&
L,
] O XS\
,\\J\ Y/ /NH
J— ~—
N\ /N\X/ XZ
X4 1 (I1)
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where

Xy, Xo, X4 X5, Y, Ly, Ly, Ry and m have the meanings defined in any one of preceding claims 1 to 8,
with a derivative of formula (111)
where

(R2)n

4= (n)

X3, Ry and n have the meanings defined in any one of preceding claims 1 to 8, and

Q is a leaving group selected from the group comprising a halogen atom, a mesylate group (CH3;S057) and a
tosylate group (p-MePhSOy57),

to give a tricyclic indazole derivative of general formula ().

12. An intermediate of formula (Il): where

Ridm
XL?
L, v
i O x
5\
r\\J\ Y/\ /NH
—N N / X
\X/ \X 2

1 (1)

X1, Xa, X4, Xg, Y, Ly, Ly, Ry and m have the meanings defined in any one of preceding claims 1 to 8.

13. An intermediate of formula (IV):
where

(V)

R, X4 and m have the meanings defined in any one of preceding claims 1 to 8,
L4 and L, are ¢ bond,

provided that,

when R, is H, X, is different from CH,CH,,.

14. A pharmaceutical composition comprising an effective amount of at least one tricyclic indazole compound of formula

0
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15.

(Rz)n

inwhich Y, W, X, X,, X3, X4, Xs, Ly, Ly, Ry, Ry, m and n have the meanings defined in any one of preceding claims
1 to 8, or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, and at least one pharma-
ceutically acceptable excipient. . i

Use of tricyclic indazole compound of general formula (1):

in which Y, W, Xy, X5, X3, X4, X5, L1, Lo, Ry, Ry, m and n have the meanings defined in any one of preceding claims
1to 8, or of a salt thereof with a pharmaceutically acceptable organic or inorganic acid, for the preparation of a
medicament for the treatment of a pathological state selected from the group consisting of disorders of the central
nervous system, such as sleep disorders, schizophrenia, and anxiety, disorders of the smooth muscles both of the
gastrointestinal system, such as irritable bowel syndrome (IBS), chronic constipation, diarrhoea, and functional
dyspepsia, and of the cardiovascular system, such as hypertension, myocardial ischemia, cerebral ischemia, mi-
graine, thrombosis, and platelet aggregation, and ocular pathologies, such as glaucoma.
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