NEW CHROVENE COVPOUNDS, A PROCESS FOR: THEI R PREPARATI ON AND
PHARMACEUTI CAL COMPCSI TI ONS CONTAI Nl NG''THEM The present invention
relates to neEVE CHROBTESIECCOWPOUKNSS, A PROCPSSEGR THEMR PREPARATION AND
preparation and to FHARMAGEITICAL COMPOSHTIIONS CONTAMNINGITHEY t hem It is
wel | established that the dopam nergic pathways projecting to the
linmbic structures and the frontal cortex play inportant parts in the
cont rol ofhenrpeagenti invieptierr delpteentorreenal, clirnmede motpouhdm ctbi enpracasi for their
cognition, D3 dopaninergic receptors gre present in high
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al though™ts inpact on positive sy s not been el
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function gnd, cqunters cat p (Therapie 2008, 635 187-229). These
obser vat i(bi&? @‘EOﬁ‘t’Watl@gg’ %30% Cﬁ‘i‘%’/&? mg‘nbbgﬁfq~ 88 d apgess 2080, hy?s-
wayiof pogferential antagonist activity with respect to D3 receptors

and adequate antagonist activity with respect to D2 receptors, could
be situated within an ideal "therapeutic 20 wi ndow' for optinum

control flocihg Teresy B OBBnAl abdGhiad ARSI I3kiklE Sherhd 86! §s b
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10, 917-25). Blocking D3 receptors, however, although its impact on positive symptoms

15 has not been definitely demonstrated, has a favourable influence on mood, improves

cognitive function and counters catalepsy (Thérapie 2008, 63, 187-229).

These observations suggest that a compound having an optimised ’proﬁ'le, by way of
preferential antagonist activity with respect to Dj receptors and adequate antagonist
activity with respect to D, receptors, could be situated within an ideal "therapeutic

20 window" for optimum control of all the symptoms of schizophrenia whilst freeing itself of
extrapyramidal side effects (catalepsy) and other disadvantages associated with highly
selective blocking of each of the dopaminergic receptors (Drug Discov. Today, 2005, 10,
917-25; Thérapie 2008, 63, 187-229). ' |

On the basis of those observations and various results documented in the literature it will

25 be understood that preference for Ds over: D, receptors provides the compounds of the
" invention with major value in use as medicaments in the treatment of schizophrenia and

other psychoses (Drug Discov. Today, 2005, 10, 917-25; Neurosci. Behav. Rev., 2001, 25,
427-43), and abuse of drugs, including "recidivism" (Brain Res. Rev., 2005, 49, 77-105; J.



On the basis of those observations and various results docunmented in
the literature it wll 25 be understood that preference for D3 over
.D2 receptors provides the conpounds of the invention with nmajor

val ue in use as nedicaments in the treafnment of schizophrenia and

ot her psychoses (Drug Di scov. Today, 2005, 10, 917-25; Neurosci.
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the treatnment of Parkinson's di sease, when admi nistéred’ on their

or in ass®diearempchintt.\Gelspar)derigils, é@%ﬂﬁkt@dmggr_esm8$ BblN@llmloﬂ‘ransm
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2007, 13Qr id45%chfibn vxdthsdlj’pﬁﬁﬁﬁ?er% aBBHBs Yor AND OPA e e OBIB1. 1Di¥ €2009, in press;
di sorders associated with &8 iatric and neur ol Sﬁgﬁcal di seases such

as benenthis Naveola 2004i hé. B8-H)stheskcatmeyicof epsprimrdesloasdyNARHE®06, 103,
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dlsorders in ch ren of adol 8scent s SUCHh as &u spec
di sor der asmgtiated with psychiatric and neurologlcal diseases such as dementias and Alzheimer's

disease (Psychopharmacology, 2005, 179, 567-75; J. Neurochem., 2007, 100, 1047-61),
developmental disorders in children or adolescents such as autistic spectrum disorder and
20 attention-deficit hyperactivity disorder (Biol. Psychiatry, 2008, 65, 625-30), the treatment
of pain, for example in association with opiates (Psychopharmacology, 1999, 144, 239-47,
Prog. Neurobiol., 2002, 66, 355-474), or also of nausea caused, for example, by cytotoxic
agents and dopaminergic agonists (J. Neural Transm., 1999, 105, 1045-61; Eur. J.
Pharmacol., 1996, 301, 143-9). The compounds of the invention are also useful in the
25 treatment of premature ejaculation (J. Sex. Med. 2009, 6, 980-8; Br. J. Pharmacol. 2008,
154, 1150-9) and also in renal protection, for example associated with diabetes or with
chronic treatfnent with a metabolism-disrupting antipsychotic agent (Lab. Investigation,

2006, 86, 262-74; Naunyn Schmiedebergs Arch. Pharmacol., 2005, 371, 420-7).

The compounds of this invention, besides being new, have especially valuable properties in

30 that they bind powerfully and preferentially to D3 dopaminergic receptors.



20 attention-deficit hyperactivity disorder (Biol. Psychiatry, 2008,
65, 625-30), the treatnment of pain, for exanple in association with
_opi ates (Psychophar nacol ogy, 1999, 144, 239-47; Prog. Neurobiol.,
2002, 66, 355-474), or also of nausea caused, for exanple, by
cytotoxic agents and dopam nergic agoﬁ?sts (J. Neural Transm, 1999,
105, 1045-61; Eur. J. Pharmacol., 1996, 301, 143-9). The conpounds
of the i nVertsporifiazlly, Hlegueseseinykntion relates 26 compatnds of fomupr @rat ur e

ej aculation (J. Sex. Med. 2009, 6, 980-8; Br. J. Pharmacol. 2008,

154, 1150-9) and also in renal protection, for exanple associated
with diabetes or with phronic treatnent wth a getabol i smdisrupting

anti psychotic agent (Lab.\Investigation, 2006, B6, 262-74; Naunyn
Schm edebergs Arch. Phar naee 2008y 374~ 420- The conpounds of
o have espettal | yRyal Uabl e
S ully and preferentially to D3

this invention, besides
properties in 30 that t I\
dopam nergi c receptors. peci fically, the present invention
rel ates to conpounds of fornulig - NCR NR 2 (1), Owherein RL
and R2 together formthe follow ng carbon-containing chain: R3\NiR4
5 wherein: - R3 represents a hydrogen atomor a linear or branched (C
i -C6)al kyl group, R4 represents: a hydrogen atom a linear or
br anched Wigreiady anidyR. togathdr forethefoldowing sarb@n4otiapieg ¢eliwbut enyl
group, 10 each of those groups optionally being substituted by one
or nore identical or different groups selected from hal ogen; I|inear
or branched (C -C6)al kyl; |inear OR,~_ _R,

N

——(CHZ)Z)\(CHZ)Z— :

5 wherein:

» Rsrepresents a hydrogen atom or a linear or branched (C;-Cg)alkyl group,

> R4 represents:

a hydrogen atom,
e a linear or branched (C;-Ce)alkyl, aryl, heteroaryl or 3,4-dioxocyclobutenyl group,
10 each of those groups optionally being substituted by one or more identical or
different groups selected from halogen; linear or branched (C;-Cg)alkyl; linear or
branched (C;-Cg)alkylcarbonyl; carbbxy; hydroxy; cyano; nitro; aminocarbonyl
which is unsubstituted or substituted by one or more linear or branched
(Ci-Ce)alkyl groups; and amino which is unsubstituted or substituted by one or two
15 linear or branched (C;-Cg)alkyl groups, »
e agroup —CORs, |
e agroup —SO,R;,

» Rs represents a linear or branched (C;-Cg)alkyl, (Cs-Cs)cycloalkyl, heterocycloalkyl,

aryl or heteroaryl group, each of those groups optionally being substituted by one or



branched (C - C6)al kyl carbonyl ; carboxy; hydroxy; cyano; nitro;

am nocar bonyl which is unsubstituted or substituted by one or nore
linear or branched (G -C6)alkyl groups; and am no which is
unsubstituted or substituted by one or two 15 linear or branched

(G -Co6)al kyl groups, a group -CCKS, ‘é'group -S02R5, - R5

represents a linear or branched (C C6)al kyl, (C3-Cs)cycloal kyl,

het er ocycl oaloky| identaray | orordiffeter garups eeleup] feanh helbgetmosieeayr ouplsranched

optionally bei ubstituted b r, -4- re identical or e
OO R PR S e b kBl eyanos i
j - G6) al kyl ; ahiifRaboRY] Whidh eh@thubstnc®bAkibslieREPONYhe oCRPRMMar or branched
hydr oxy; cyano; nitro; am nocarbonyl which is unsubstituted or

subst i t ut ed (byConkyberawpseaid momo whichriasnohadtituted oC)batikydd by oupor two
and am no ich is unsu i tut or substituted by one or two 5
Iinegr or 3&3%%@@§“P€§?€§;é@%ﬁﬁgd¥8ﬂﬁs, - or R3 and R4, together with
the nitrogen atomcarrying them forma 5- to 8-nenbered ring, the

ring thereby defined optionally being substituted by one or nore

i dent i cal > ofr RelitRd Brelagetherovil theatiseganchiomsaitiimicdhen; formredrtod-membered
branched (C.- | kvl ; r ; ; .00 Whi ¢h i S
unsubstituféagg%géu g???ﬁfg§5%§i@ﬁgm%¥fﬁﬁggﬁﬁﬁﬁgﬁg%ﬁygpgﬁg éﬁel%%ﬁwalm?
(G - C6) al kyUiffraupsoupsGelehied fropoBalb g@n diheirse Mefikched (C t-08hIkyl; hydroxy; oxo;
enantioners, to their diaster%olsoners, and also to addition salts

ther eof wit Al 3PHRG PAEGULS BRTUDHItcd et Bbrtuted; by one pasiavo pgswpri ranched

phajgraceut i gal_f ceRtabl e acids there nay be nentioned, w thout
ionying aﬁ% Ipﬁgﬁa??oﬁ? hydrochl ori ¢ acid, hydrobrom c acid,

sul phuric acid, acetic acid, 15 trifluoroacetic acid, lactic acid,

mal oni ¢ aci d,. succinic. acid, glutamc acid, fumarig¢ acid, nmaleic

el d o b i1GeisdioaoBaisP Ry 18 (e HANBEHBHTET dpeotsomets and also to
benzenes yJahpmisalt@fhefbof with a pharmaceutically acceptable acid or base.

Among the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, acetic acid,
15 trifluoroacetic acid, lactic acid, malonic acid, succinic acid, glutamic acid, fumaric acid,
maleic acid, citric acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid,

camphoric acid etc..

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

any limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine etc..
20 An aryl group is understood to be a phenyl or naphthyl group.
A heteroaryl group is understood to be a monocyclic or bicyclic group in which at least one

ring is aromatic, containing from 5 to 11 ring members and from 1 to 4 hetero atoms

selected from nitrogen, oxygen and sulphur.



canphoric acid etc.. Anong the pharmaceutically acceptabl e bases

there may be nentioned, without inplying any limtation, sodium

.hydroxi de, potassium hydroxide, triethylamne, tert-butylamne etc..

20 An aryl group is understood to be a ggenyl or napht hyl group. A

het eroaryl group is understood to be a fronocyclic or bicyclic group

in which at least one ring is aromatic, containing fromb5 to 11 ring

menber s ahitt ferorheferogyclbaliet eeforsatbansongebebi-edlity non-aiotratigemouposygEning

and sul phur. -5-_ The term heterocycl gal kyl refers to a no- .or .

b1 - cycl | oo chi®at biie e B BRGE GOy | P opRLEroTS STRHG fRHbB e,

and havi ngybeomdsdlghd. hetero atonms selected fromnitrogen, oxygen

and sul phur. A preferred aryl group is a phenyl group. 5 Preferred

het eroaryl groups are pyridyl and pyrimdinyl groups. A preferred

het erocyc) oalkyl . group i s an azetidine group. In the conpounds of

f or mul a (%%?ﬁé%a%%¥?%£3%ﬂ§aﬂﬁﬁv g8HP's a hydrogen atom or a net hyl

group. The conpounds of fornula (1) are advantageously conpounds

wherein R4 represents a 10 hydrogen atomor a linear or branched (C

i - CB) al Kyefegied hgterqrgigounsdre aad primidieylighewdst i on are those

wherein R4 represents the group -COR5, where R5 is as defined

her ei nbefore. O her preferred conpounds of the invention are those

wher ei n R4 prefprebients cydiealigyl Qugup is SRARIdivd@bep.RS is as defined

her ei nbefore. 15 The R5 group preferably represents a |linear or

branched (G -C6)al kyl group, a (C3-Cs)cycloal kyl group, an aryl

group or 1 f 0 u

Pormil a (1 TarSRBuKs, e RHARaE R eRELL e ShE PRIGOLGPABAMECR iy
group.

The compounds of formula (I) are advantageously compounds wherein R, represents a

10 hydrogen atom or a linear or branched (C;-Ce)alkyl group.

Preferred compounds of the invention are those wherein R4 represents the group —CORs,

where R;s is as defined hereinbefore.

Other preferred compounds of the invention are those wherein R4 represents the group

-SO,R5, where Rjs is as defined hereinbefore.

15 The Rs group preferably represents a linear or branched (C;-Cglalkyl group, a
(Cs-Cg)cycloalkyl group, an aryl group or a heteroaryl group.

More especially, preferred compounds of formula (I) are compounds wherein R4 represents

—CORs, where Rs is a linear or branched (C,-Cg)alkyl group.

Another preferred possibility for the compo.unds of formula (I) consists of R4 representing

20 —COR; where Rs is an optionally substituted (C;-Cg)cycloalkyl group.



-COR5, where R5 is a linear or branched (Cl-C6)al kyl group. Another
preferred possibility for the conpounds of formula (1) consists of R4
representing 20 -COR5 where R5 is an optionally substituted
(C3-Cs)cycl oal kyl group. The conpounds of formula (1) preferably are
conmpounds wherein R4 represents -CORS “fhere R5 is an optionally
substituted aryl group. More especially, the conpounds of Forrmula (I)
ar e conpolimdsompeurels wf Rdrm@pr(Bspmiesably 862 Ronpierde vREeréis Rynrepptsern alOOR s

substituted aryl. et er,oaryl. grou 5 Anot her advant ageous
possi bi | i‘Evger&%é?%ft%P YieRs s %Ht‘g&é)arg{)%@?ﬂer with the nitrogen atom
carrying them formng a 5-nenbered ring, the ring thereby fornmed

opti onal lkl/l being substituted. Preferred conpounds of the invention
are: ore especially, the compounds of formula (I) are compounds wherein Ry represents

e o S A MM e, o oran

(3aS, 9bR) - 2-{2-[trans- 4- (net hyl am no) cycl ohexyl ] et hyl)
-1, 2,3, 3a, 4, 9b- hexahydro- chroneno [3 ,4-c]pyrrole-8-carbonitrile;
( 3aS> 9bR) Apather. advaniageons ngswbil iy carfisiv PE RelaoH dey [qasthiey (with the nitrogen atom

kR RO AR YOV B Ly N

yrrol - 2(bttytelet hyl } cycl ohexyl ) acet am de;
N-(trans-4-{2-[(3aS, 9bR) -8-cyano-1, 3a, 4, 9b-t etrahydrochroneno[ 3, 4-c]p
yrrol - 2(3H)-yl]ethyl}eycl ohexyl)-2,2-di nethyl propanan de;

N-(trans- ﬁrefe?re[d(:gﬁﬁ O%Qg)ofghétﬁﬁ@&%dh /{3}@ 4, 9b-t et rahydrochrorreno[3, 4-e]p
yrrol - 20 2(3H)-ylJethyl }eycl ohexyl)-N net hyl acet am de;

N (trans-4-{2-[(3aS, 9bR)-8-cyano-1, 3a,4,9b-tetr ahydr ochroneno[ 3, 4-c]p
yrrol- 2( 311) (%a;]:' Slt)%y i }[f %t(f:fclzr%hf )2(1%'1300%//010 ex tl)e&xef]a{,gg a4, 9('13 hexahydro-
10 chromeno|3,4-c]pyrrole-8-carbonitrile;
e (3aS,9bR)-2-{2-[trans-4-(methylamino)cyclohexyl]ethyl}-1,2,3,3a,4,9b-hexahydro-
chromeno|3,4-c]pyrrole-8-carbonitrile;
e (3aS5,9bR)-2-{2-[trans-4-(dimethylamino)cyclohexyl]ethyl}-1,2,3,3a,4,9b-
hexahydrochromeno|3,4-c]pyrrole-8-carbonitrile;
15 e N-(frans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl}cyclohexyl)acetamide;
e N-(frans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl}cyclohexyl)-2,2-dimethylpropanamide;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
20 2(3H)-yl]ethyl} cyclohexyl)-N-methylacetamide;
e N-(frans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yllethyl} cyclohexyl)cyclobutanecarboxamide;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl}cyclohexyl)cyclopropanecarboxamide;
25 e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl}cyclohexyl)-3,3-difluorocyclobutanecarboxamide;
e cis-N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl} cyclohexyl)-3-hydroxycyclobutanecarboxamide;



N (trans-4-{2-[(3aS, 9bR) - 8-cyano- 1, 3a, 4, 9b-t etrahydrochroneno[ 3, 4-c] p
yrrol 2(3H)-yl]ethyl}cycl ohexyl)cycl opropanecar boxam de; 25
N-(trans-4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-t et rahydrochroneno[ 3, 4-c]p

yrrol - 2(3H)-yl]ethyl}

cycl ohexyl ) -3, 3-di fl uorocycl obut anecar boRani de;
cis-N-(trans-4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-t et rahydr ochroneno[ 3, 4
-c] pyrrol - 2 3 ayhs-€t{By(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c|pyrrol-

CHRERE O TR i ————

| 2(3H) -yl S t-hwl hde:
N (Frans- o (o1 C4RE 4R El SR MO g S AR SRR R Aot
yrrol - 2(3H) - yA(BEY-gijbtheljchdblexy]) pbenmadd; de; 5
4-chloro-N--(tr a}?s- 4-{2-[(3as, 9b¥) - 8- cyano- 1, 3a, 4, 9b-t et rahydr ochr one
no [3, 4- c] py¥ rbrhlorosiyrgny-arigslGas. Wy Sonenrgil) ehutatighydrochromeno

N (t -4-{2- = . drochromenol[ 3, 4-c¢
yr E oIr iing( 3H§ - ﬁ%@ﬁﬁ# %@f%ﬁ{?g%}%ﬁéﬁ?%ﬁﬁ‘é%{éﬁgu| phonam deg P
N-(t lr ans- 4- {&2 -N((?aﬁ-ﬁb?[fwfbﬁm-cﬁfaﬁ%l ﬁaﬂb%jﬂ-ﬁtraﬁ;rdtﬂm&h&gﬁ&m[]ﬁyrﬂolcl p
rr 10 2(3H)- C ohe -3-pyridi ne )onam de;
Z- cﬁl or o- Nf ( 'It_??é%@}";bf%y’][]f 5 ,e%@)%-‘%‘l%9]gﬁ>’lpégfﬁsglé’, Slif}ag’b‘d?éet r ahydr ochr onen
3, 4- |7 ' : hde.
(325, 9bR) - 2o B S - R P R Bl
}-11@, 3, 3a, 4, 943 HhreRathyJeyatdhean3epiridlidesalppymanailde- 8- car boni trile. 15
The addition salts of prefe compounds of the invention with a

f d
phar maceut i ¢al 4‘9*‘10@9Né69&bf‘7r5{r2§&3@:W)ﬁa@/@nﬁdF%%?P'FWE@@TQFMB@F«{IO of
the inventi on.B:ﬁhﬁgwgﬁgggE@_@%]%@mfcga?%%b%%ae?%%gﬁgﬁ%ﬁi .or the

preparation of compoun erised in that there
is used as st gBLS. DGR ABY 4] irahs-&-(Corpeutudiddf- 1 fydycntibRexyl Jedhyl}-1,2,3,3a,4,9b-

hexahydrochromeno[3,4-c]pyrrole-8-carbonitrile.

15 The addition salts of preferred compounds of the invention with a pharmaceutically

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

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

characterised in that there is used as starting material a compound of formula (II):
NC

oy

20 which is subjected to a reductive amination reaction in the presence of a reducing agent,
such as sodium triacetoxyborohydride or sodium cyanoborohydride, and a compound of

formula (1IT):



NC NH (fl) "I ~ gO 20 which is subjected to a reductive am nation
reaction in the presence of a reducing agent, such as sodium
_triacet oxyborohydride or sodi um cyanoborohydride, and a conpound of
formula (I111): 8 R OHC I (Il1l1), R2 wherein R, and R 2 together
formthe foll ow ng carbon-containing chéin: R _, NR-(CFlz)(CH, )2
, Wwherein R3 is as defined hereinbefore and R represents a protecting
group for the amne 5 function such ask,for exanple, a

tert-butyl oxycarbonyl group, %ﬁﬂéhzlg>;hgrconpound of formula (I1V):
NCR i -~z (V), OwereinR e as @5 i ned herei nbefore,
which is then subjected to a reaction dep#%lecting t he am ne
function, for exanple in the 10 presence of trifluoroacetic acid, to
yield the conpound of formula (1/a), a particular case of the

compoundsy, Qf¢ih 0 PAHPR Y tgetBFEdR the following carbon-containing chain:

Rf\N/R

—(CHz)z/k(CHz)

wherein Rj is as defined hereinbefore and R represents a protecting group for the amine

2

5 function such as, for example, a tert-butyloxycarbonyl group,
to yield the compound of formula (IV):
NC R

/\/K1
SN R!

2 (IV),

wherein R'; and R'; are as defined hereinbefore,

which is then subjected to a reaction deprotecting the amine function, for example in the
10 presence of trifluoroacetic acid, to yield the compound of formula (I/a), a particular case of

the compounds of formula (I):

NC R"

/\/kl
. \\‘\\\N Rn

2 (I/ a):




z (I/a), O-9- wherein R'1 and R'2 together formthe follow ng
carbon-containing chain: R3 ~, N-H (CH2)"~(CH2)2 wherein R3 is as
.defined herenbe Fore, which conmpound of fornula (I/a) is then, if
necessary, subjected: 5 either to a reductive am nation reaction with
a reduci ng agent, such as sodium tri ac%t‘oxybor ohydri de or sodium
cyanobor ohydride, in the presence of a conpound of forrmula (V):

R -CHO (V), wherein R represents a hydrogen atomor a linear ord f
branched j - al kyl .group; .10 ~ or to the action of conpound o
Pormul a (Wi il g dop i g dhs oSt eeadie codniieshah’ ar om or o
hydroxy or |inear or branched (Cl-C6)- al koxy group, and R’
represents an aryl, heteroaryl, 3,4-dioxocyclobutenyl, -CORS5 or
--S2R5 group, where R5 is as defiRed hefkinbefore, 15 to yield the
conpound of forrmula (I/b), a parti cul case of the conpounds of
formula (1): 10- NCR" "\N ~Rm® (1/b), O

—(CH,); (CH,),—

wherein Rj is as defined hereinbefore,
which compound of formula (I/a) is then, if necessary, subjected:
5 = either to a reductive amination reaction with a reducing agent, such as sodium
triacetoxyborohydride or sodium cyanoborohydride, in the presence of a compound
of formula (V):
R—CHO (V),
wherein R' represents a hydrogen atom or a linear or branched (C,-Cs)alkyl group;
10 = or to the action of a compound of formula (VI):
R'—Y  (VI),
wherein Y represents a halogen atom or a hydroxy or linear or branched (C;-Cg)-
alkoxy group, and R" represents an aryl, heteroaryl, 3,4-dioxocyclobutenyl, ~CORs

or —SO,R;5 group, where Rs is as defined hereinbefore,

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

formula (I):



wherein R* 1 and R'' 2 together formthe foll ow ng carbon-contai ning
chain: RsN~R 4 -(CH2) (CH2)2 wherein R3 is as defined hereinbefore
.and R 4 represents a linear or branched 5 (C C6)alkyl, aryl,

het eroaryl, 3, 4-di oxocycl obutenyl, -COR5 or -SO2R5 group, where R5
is as defined hereinbefore, a variant 110 the preparation of the
conmpound of forrmula (I/b) consisting of using customary chem cal
reactions, once the sNéep of coupling with the R8ppound of fornula
(I/a) has been carried
substituents 10 of the
possi bl e for the conpod
constitute the entiret unds of forrmula (1), to be
purified according to a custonar separation techni que, converted,
if desired, into their additpen—salts with a pharnaceutically
acceptabl e acid or base and separated, where appropriate, into their
isomers, if they exist, 15 according to a customary separation

Comor & ai 1y aVANTAILS BF B adbbdr Mt ine e busthilcpBRcute Yeir! o

in the art by nmeans of customary chem cal reactions or chem ca
reactions described in the literature. -11- The invention relates

al so to pharmaceutical conpositionsReamrRsing as active ingredient
at | east one conpound of forrmula (I) offits own or in conbination

Wi th one or nore inert, non-toxic excipients or carriers. Anong the
phar maceuti cal conp05|t|ons accqgﬁgg g )0 invention there may be
menti oned nore especially those are sui¥able for oral, 5
parenteral (intravenous or subcutaneous) or nasal adnlnistration,
tabl ets or dragees, sublingual tablets, capsules, |ozenges,

v it then being
(I/a) and R4 b) , Gdwi ch

supposi tori es,whéreianR; i9iagtdegints heetetiidibre 38IdSR'y represents a linear or branched

5 (Ci-Ce)alkyl, aryl, heteroaryl, 3,4-dioxocyclobutenyl, -CORs or —SO,R;5 group,

where Rjs is as defined hereinbefore,

a variant in the preparation of the compound of formula (I/b) consisting of using

customary chemical reactions, once the step of coupling with the compound of

formula (I/a) has been carried out, in order to subsequently modify the substituents

10 of the compound of formula (VI),

it then being possible for the compounds of formulae (I/a) and (I/b), which constitute the

entirety of the compounds of formula (I), to be purified according to a customary

separation technique, converted, if desired, into their addition salts with a pharmaceutically

acceptable acid or base and separated, where appropriate, into their isomers, if they exist,

15 according to a customary separation technique.

The compounds of formulae (II), (III), (V) and (VI) are commercially available or readily

accessible to the person skilled in the art by means of customary chemical reactions or

chemical reactions described in the literature.



i nj ectabl e preparations and drinkabl e suspensi ons. The useful dosage
vari es according to the age and weight of the patient, the nature and
.severity of the disorder and the adm nistration route, which may be
nasal, rectal, parenteral 10 or oral. Generally, the unit dose

ranges from1l to 500 ng per 24 hours fofl treatment inl to 3

adm ni strations. The Exanples that followillustrate the invention

and do nothd inventian relatessalso twagharMaeutie! rcovipusiéensofomprésimpscadtive dngredient
conmpounds re confirne cust ry, spectroscopi.c . techni ques. 15
The’ pr oped dEISEAE ubdtie o tEnE P RR S GrepUn s AR g e SR apert
are used pdh-loRR ex@UNESH Sarfbrs! AR08 TROPREabluticlEonP8oh® Recording to the
Preparation 1: Methyl trans- )

{ 4- 1( t er t npentiRy Ewrdary Paninaetiagd| mhex geneszdy athesaT dhat ariexsuitableofor oral,
gb?ils%egfpa?%l&#alstdeng%%s gl;s?c?i‘ngu _C:_l:l a%eggsgxgrl gsca?ta%ttrﬁn{s%gtioa, %1'625’ or dragées,
bi cycl o] 2sublidg @t t tableBN @agsut@y, HoRdniged,| Suppasithrids,2ore@m@f ofitmifis! dBrhAll gels,
20 di carbonate (19.54 nmol) in 60 m oﬁ.dichloronethane there are
added 6. 2njactapte Rrepaptinns apfl denkablesyspsasians. i s stirred for 2 hours at
anbi ent tenperature. 50 m of saturated sodium bicarbonate solution
are added. The solution is extracted with 3 x 20 m of

di chl or onBchasedyl duasredanstdecdudinpeto teiagd p¥bSDNt ehitic @adpar deethti® and
yield the title gggdugt ugtﬁhe formof a white powder. 25

Mel ti ngpi severyty of fhe dispr et the gdminigtyagiqa route, which may be nasal, rectal, parenteral
{4-fgtert 0 HOQ! I i
e R 2o S S A
t ol uene, 3 admemgstratiensadded dropwi se, at -78C, 11 m of IN DI BAL-H
solution in hexane. The mxture is stirred for 10 m nutes at -78C
and is then treated with 1.08 ml of nethanol in 5 2 m of toluene
(dropwi seJhe Ekarhpled!th@WaHowoilleaiRe RRC knvidRtidiP ardridoeRtt 11HBANELALHY 8vANXhe

t here
structures of the described compounds were confirmed by customary spectroscopic

techniques.

15 The Preparations described hereinbelow yield starting materials that are used in the

synthesis of the compounds of the invention.

Preparation 1: Methyl frans-{4-|(tert-butoxycarbonyl)amino]cyclohexyl}acetate

To a mixture of 3.03 g of ethyl trans-(4-amino-cyclohexyl)acetate (17.7 mmol), obtained
in 7 steps starting from bicyclo[2.2.2]oct-5-ene-2-carbonitrile, and 4.25 g of di-tert-butyl

20 dicarbonate (19.54 mmol) in 60 ml of dichloromethane there are added 6.2 ml of
triethylamine. The mixture is stirred for 2 hours at ambient temperature. 50 ml of saturated
sodium bicarbonate solution are added. The solution is extracted with 3 x 20 ml of
dichloromethane, washed with brine, dried (MgSO,) and evaporated to yield the title
product in the form of a white powder.

25 Melting point: 78°C



are rapidly added, dropwi se, 47 ml of a saturated aqueous sol ution of
pot assi um sodi um double tartrate (Seignette's salt). After stirring
for 1 hour, the solution is extracted with ether, washed wth water,
dried (MgSO4) and evaporated to yield the title product in the form
of a white solid. 10 Meltingpoint: 61- 63de-pr eparation 3: Methyl
trans-{4-[(tert-butoxycarbonyl) (nethyl)am no]cycl ohexyl}- acetate To
a sol ut i direparatigng:q toinst e (eoripatorycarbo®yppaina] dyslohtxyl}dcetaldeinide i n
45 m of DVF there are added 1.38 m of nethyl iodide and then 884
ng of sodium hydride. After stirring 15 for 18 hours, the mxture is

di | uted wd b seluhieh oRNd8Was ethe 3BGpbINRNOPePhriitdn $9b¥lh@B))iis 3394est tf()lﬁlene,

until the pH = 3. The solution is extracted with ether, washed w

wat er, drtherd are mydesh )drepwise.hatn—87&pdrianked! 1PUNTBAdati smuthyn in hexane. The

Cycl onexane) Bty nr etk B By o P o it B o pumetianct i
prodiict inmt betoh@hey dropwies: it BUlbRES todtdme BALKRIpAP i ferfperdthANSmd there

{4-[(tert-Butoxycar bon(ﬁl ) (et h_g/l@?l am nol cycl ohexyl } - acet al dehyde The
title prodtiEP{ly adgechi Hepvisecdr el 0f atsiurded sHerag pebItge ¥ rossiumsodium

Prepar at i iR tﬂﬁ%a@@ &%&%%%%ﬂf FAﬁ&Eﬁfr{igg ?QIjBEth;(?Pxe, RAL ‘%lluagn %s BRtracted with

starting materia reparation
(trans- 4-efir] (v3eiSd ObiR) watetyduial VSR04, DM -dvapasratey do orcld hiotid@ @roduct in the

[3,4-e]lpysrol -2 -yl.let hyl } cycl ohexyl ) carbamate To 30 nil of
di chl or orfé’f‘ﬂﬁﬁ%g"g‘ﬂ%rséh‘lﬂlre successi vel y added 1.08 g of (3aS, 9bR)-

1, 218, 3a,elBhs Bexphyids pehr onenol 3, 4- c] pyrrol e-8-carbonitrilc
(synthesised inaccordance 5 with Bioorg. Med. Chem Lett. 1999, 9,

2059-2064) (5.42 mmol), 1.58 g of the conpound of Preparation 2 (6.5
ol ) anq’r]ég' gr]ﬁtgncg: ﬂgt'llljlfmrgzi%—?ﬁf&e?‘%(-};g%&?f@/r%roIngﬁ(n(lgth%%anquﬁ)l]2ycl(;m§cyl}-

acetate

To a solution of 4.28 g of the compound of Preparation 1 (15.8 mmol) in 45 ml of DMF
there are added 1.38 ml of methyl iodide and then 884 mg of sodium hydride. After stirring
15 for 18 hours, the mixture is diluted with ether and water and then 0.1N HCI solution is
added until the pH = 3. The solution is extracted with ether, washed with water, dried
(MgSOy4) and then evaporated. Purification by chromatography on a silica column using a
mixture of cyclohexane/ethyl acetate (90 / 10) as eluant yields the title product in the form

of a colourless oil.

20 Preparation 4: frans-{4-[(tert-Butoxycarbonyl)(methyl)amino]cyclohexyl}-
acetaldehyde

The title product is obtained according to the procedure described in Preparation 2 using

the product described in Preparation 3 as starting material.



reaction mxture is stirred overni ght at anbient tenperature. The
solution is then washed wth I N sodi um hydroxide solution and then
wWth brine, dried (MgJSO4) and evaporated. Purification on a silica
colum using a m xture of dichl oronet hane/ met hanol / anmoni um 10
hydroxide (99 / 1/ 0.1) as eluant yi€l'ds the title product in the
formof a white powder. Preparation 6: tert-Butyl

(trans- 4-BxephtBam bRy Bwybisens-38- [ﬁ(3@$)9b§l-8-a;ls{ym¢-d;3a§,4;9b}m§mhydro-

product 1 & obtai net KeEorarNg-CHR RETA IR Ay R Gfortamare ' ©

Preparation 5, using as starting naterlal t he conpound described in
Preparation 4 instead of the product 15 described in Pregaration 2.

Pr epar at i bh 30 mphefhalighdorgricthane nthees Haye %@?@Sﬁl‘/@b’n@ﬂﬁw bA% Babhit @aS,9bR)-

(15 8, o s hoa st G S PSP T8 Bl

sol vént isitieBapegaed Okdn. Landesoq, @dloﬂlzm@qs l42@nrﬁbl) 4DSB Qmﬁtﬁeh@ompound
reaction mxture is then diluted wWith water before 20 brin
ot D he

to 3. Thethrsaawtion S(Gexmmlt syl Wl 8 dspfirmaEisseowbomtivdede

Eﬁﬁ/g{_? ﬁr?a&ﬁn%&ltﬂe G08&iddd bserRi ﬁfjéc'tcatmllngntttgﬁpgﬁ{d}%.ofhea%l&wn is thdr*washed

(3as, 9b R)WiZh [HZJ- {atdian SrydroAidensodytinodreixthkn etithy biinel dzied (8BS0, bl(‘:lid evaporated.
hexah dr no pyr.rol e-8-carhbonitrjile di hydrochl ori To a

sol ut ?/on %a%O [%@ %ﬂw]ea %%H%Bdﬁaigo% rw@&a?fla@wﬁr%m(t a@/fﬁ%ﬁl)‘ﬁ apAgium
out 1 @f my@m%i’dlé)(‘%t/ haner tf %[ﬁn@ﬁ@ld@@l@eeﬂlezpr%dﬁﬂt i fhetffnlﬂcl LR LRRE S)B(N‘aer

acid. The m xture is stirred for .5 hours at anbient tenperature
and the solvent is evaporated off. The residue is partltloned bet ween

e ot 1 adue e i A BB aRa A IS PR RV T gl )

and evaporated to Yichkémerd elﬂc]ﬁgmhlﬂlpyl‘]&hﬂ}@ﬂl&h ?l)ﬁﬁtl?ylcarbamate
equi val ents of IN ethereal e title product formof a

whi te powder.
The title product is obtained according to the procedure described in Preparation 5, using

as starting material the compound described in Preparation 4 instead of the product

15 described in Preparation 2.
Preparation 7: Phthalic acid monomethyl ester

Dimethyl phthalate (15.73 mmol) is stirred for 24 hours at ambient temperature in 60 ml of
ethanol with 15.73 ml of IN sodium hydroxide solution. The solvent is evaporated off
under reduced pressure at 40°C and the reaction mixture is then diluted with water before
20 bringing the pH to 3. The mixture is extracted with ethyl acetate, dried (MgSQ,) and

evaporated to yield the title product in the form of an oil.



10 El emental mcroanalysis: CH N O theoretical % 60.30 7.34 10.55
17.80 experinmental % 60.16 7.04 10.65 17.62 EXAMPLE 2:
N-(trans-4-(2-[(3aS, 9bR) - 8-eyano-1, 3a, 4, 9h-t et rahydr ochr oneno
[3,4-c]pyrrol-2(3H)-yl]ethyl) cycl ohexy|)acetan de hydrochl oride To a
solution of 699 ng (2.1 mmvl) of the conpound of Exanple 1 in 15 m
of dichl oronet hane there are added, at anbient tenperature, 354 | of
triet hyl aBXAMPLIDL:eq(3pS,9bR)2nid- (ltﬂwn-%ﬁmmd’cy&foh&&}dﬂqthyk]:ﬂL2Q3 Bald,9b1. 1

Af t t 2.h t t tepgperatuy ur.e
P hashed wi th vt or BEAREOTESnfte PR ol SRR ifrte it argey g

foll owed by purifying on a silica col urm using a m xture of
di chl or onet hane/ net hanol / ammoni um hydroxide (97 / 3 / 0.3) as el uant
yi el ds, af®et sobtinpert ilnyetdd thesgpmppyndephByeparatipnt Be Grdmmalh ane30 ml of

using | N@F%%&ﬁéthﬁ%‘lﬂiex%gb% &H&%ﬂeZ Brod ttrlﬂuoroacgu tahcgdf’ﬂl m OftHaeds\A@nrred for

powder . ting pol nt rrent m croana
t heofeti cdb RHowS.odlantbid®t Sbnpbbatbee78nd ebﬂdogblvﬁﬁnisabve%o@ﬁe(ﬂ%ﬂ? Bk &idR is

8.83 15- EXAWP
N- (trans- P 0¥5§%§§N%FQQUBO‘%§WSHWHHC%OW@WJW&W@%elﬁ@wmﬁlﬁﬁé The solution

[3, 4-¢] DYirsré%ltragtéé '?Qlﬂyhl]cﬁfo?&béthg%c IV\% 2 bl %6400 ‘&hg& gg@?@%ﬁ%@ gx%porated to

hydrochl oride The title product I's o tal ned accéor
pr ocedur eyides aﬁm‘a@aivcnungx(aaphle ufing i aygivakencyafl 0buthareat HObahy title product in
chl ori de lhl’l%t ead,. of acet‘y] chl ori de.

the Torm of a white powder.

10 Llemental microanalysis:

C H N Cl
theoretical % 60.30 734 1055 17.80
experimental % 60.16 7.04 10.65 17.62

EXAMPLE 2: N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)acetamide hydrochloride

To a solution of 699 mg (2.1 mmol) of the compound of Example 1 in 15ml of
dichloromethane there are added, at ambient temperature, 354 ul of triethylamine (1.2 eq.)
15 and then 164 ul of acetyl chloride (1.1 eq.). After stirring for 2 hours at ambient
temperature, the mixture is washed with water and dried (MgSO,). Evaporating off the
solvent followed by purifying on a silica column using a mixture of
dichloromethane/methanol/ammonium hydroxide (97/3/0.3) as eluant yields, after
converting to a salt in ethanol in the warm state using IN ethereal HCI, the title product in

20 the form of a white powder.

C H N Cl
theoretical % 6541 749 1040 878
experimental % 65.00  7.30 1046 8.83



Melti z point: 291 C Elenental microanalysis: yCHN O theoreti cal
% 67.63 7.72 9.46 7.98 experinmental %66.95 7. 72 9.20 7.90 EXAMPLE
4. N (trans-4-{2-[(3aS, 9bR)-8-cyano-1, 3a, 4, 9b-t etrahydr ochr oneno
[3,4-e]pyrrol-2(3H) -yl ]ethyl}cycl ohexyl)cycl opropanecar boxam de 10
hydrochl ori de The title product is obt" Pried according to the
procedure described in Exanple 2 using cyclopropanecarhonyl chloride
i nst ead M&Eﬁ)hl%ﬁi‘d@s-4%+[ﬂi§;ﬁﬁﬂ)ﬁ8 cx8wd 351 betetimhydrochromeno

m croanal sis: yC HN t heo 6 04 7.50 9.77 8.
experinental 9% 66. 32 g“’S@%‘"Wéﬁ@ El;(ﬂf\?gftbéxgﬁcyd"b“tanecarb"xam‘de

N-(trans-4-{2-[(3aS, Id3RAroéuleriano- 1, 3a 4, 9b-t etrahydrochroneno
[3,4-c]pyrrol-2(3H)-yl']ethyl) cyclohexyl)benzanlde hydrochl oride The
title product is obtained according to the protocol described in

Exanpl e 2 | Qr | instead of cet e, [tin
poi LT 4%5 h{ig pr e?rgsyn{) tT(mlm ér ‘g%{ﬁa &S @ Y We eSCFE% Frbg'f%lgfl\’/f%@é usitlg
69. 59 6. aacmw&nacﬁaonyexmefiﬂm&a& oyl 2Blokidd1l 9.09 7. 47

C H N Cl
theoretical % 67.63 772 9.46 7.98
experimental % 66.95 7.72  9.20 7.90

EXAMPLE 4: N-(trans-4-{2-[(3a5,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)eyclopropanecarboxamide
10 hydrochloride

The title product is obtained according to the procedure described in Example 2 using

cyclopropanecarbonyl chloride instead of acetyl chloride.

C H N Cl
theoretical % 67.04  7.50 9.77 825
experimental %~ 66.32 7.38 949 824

15 EXAMPLE §: N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)benzamide hydrochloride

The title product is obtained according to the protocol described in Example 2 using

benzoyl chloride instead of acetyl chloride.



EXAMPLE 6:

4-Chl oro-N-(trans-4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-t et r ahydr o-
chronmeno [3,4-c] pyrrol-2(3H)-yll ethyl} cycl ohexyl)benzam de
hydrochl oride 5 The title product is obtained according to the
protocol described in Exanple 2 using 'hﬁchlorobenzoyl chl ori de
i nstead of acetyl chloride. Meltingpoint: 288C El enental

m cr ounal ¥&nsniaCmicnba@ilysis-heor eti cal % 64. 80 6 24 8.40 14. 17

experinmental % 64.66 5.96 8.4 13 9 EXANEL
N-(trans-4-(2-[(3aS, 9bR)-8-cy 9 tetrg%ydrochroneno 10

[ 3, 4-cl pyrrol - 2(Rkd)edd o4 hylamty@l Ob‘@syl ) 9222~ diyget hyl propanam de
hydrochloride The title product is obtained according to the protocol

descri bed i n BExapplimserzalisi ng69.pi valbdyl cKIdri dé47nst ead of acetyl
chloride. Melting point: 314-317C 15 Elenental mcroangly C 11 N C
theoretical % 67.32 8.13 9.42 7.95 experinental % 67.04 8.13 9.25

7.82 -17-ERANPLE & 4- Chloro-N—(tmns-4-{2 [ﬁSaS ,9bR)-8-c yano- -1 3a,4 9b-tetrahydro-

N-(trans-4-{2-T(3aS, 9bR) - 8- cyano 9b-tetra ydroc roneno [ 3, 4-e]
pyrrol -2(3H)-yl] et hy¢l}r@y1fn9ée&9]m@yw?dwman‘éwb}rcbduhmyéi)@enzamlde

hydrochl ori de The tit 1Brﬂﬂ¥ﬁf is obtained according to the protocol
descri bed in Exanpl e using

5 The title product is obtained according to the protocol described in Example 2 using

4-ch10r0benzoyl chloride instead of acetyl chloride.

C H N Cl
theoretical % 64.80 6.24 840 14.17
experimental % 64.66  5.96 841 13.96

EXAMPLE 7: N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
10 [3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-2,2-dimethylpropanamide
hydrochloride

The title product is obtained according to the protocol described in Example 2 using
pivaloyl chloride instead of acetyl chloride.

15 Elemental mzcmanab/szs

C H N Cl
theoretical % 67.32 813 9.42 7.95
experimental %  67.04 813 9.25 7.82



5 cycl opent anecar bonyl chloride instead of acetyl chloride. Melting
point: 288C Elenental mcroanaysis: CH N theoretical % 68.18
7.92 9.17 7.74 experinmental % 68.20 7.69 9.23 7.31 EXAMPLE 9:
N-(trans-4-{2-1(3aS, 9bR) - 8-cyano- 1, 3a, 4, 9b-t et rahydr ochr oneno
[3,4-e]pyrrol-2(3H)-yl]ethyl}cycl ohexyl1)7-'3- pyri di nesul phonam de 10
hydrochl ori de The title product is obtained according to the protocol
descri bedEXAMBRBRS: e /¥-(trgisid- {2 4(AaiSHihid-8BeymmophdayIbetotrahydimchromeno

(synt hesi sed in accorgance w e 1989, 54, 389-393) .
i nst ead of acetyl chl[g?ll' éByrrﬂi‘EﬁJ@' qhi’l?g?%’éxi cyelansatngcarboxamide
m croanal ysis C H N SQydrocHipgaEeti cal % 59.69 621 11.14 637 7.05

experinental %59.06 6 02 10.93 5.48 7.06 EXAMPLE 10:
N-(trans-4-12-[(3aS, 9hR) - 8-cyano- 1, 3a, 4, 9b-t et rahydr ochr oneno

3, 4- - 2(3H) - yl. | | ohexyl ) - 4-f | be. S .
ol phonan o arilel of Shiedt e i, 0w SR R Exapele 7 usie
the prot agelope@sdcaitReyl ¢hideidpbtealoftizbiigchidfde.

4-f | uor obenzenesul phor%l chloride instead of acetyl chloride. Melting
poi nt: 30Weinggoing| Wveht al mi croanal ysi s:

C H N Cl
theoretical % 68.18 792 917 7.74
experimental % 68.20  7.69 9.23 7.31

EXAMPLE 9: N-(trans-4-{2-|(3aS$,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-3-pyridinesulphonamide
10 hydrochloride

The title product is obtained according to the protocol described in Example 2 using
pyridine-3-sulphonyl chloride (synthesised in accordance with J. Org. Chem. 1989, 54,
389-393) instead of acetyl chloride.

15 Elemental microanalysis:

C H N S Cl
theoretical % 5969 621 11.14 637 705
experimental % 59.06  6.02  10.93  5.48 7.06

EXAMPLE 10: N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno

[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-4-fluorobenzene
sulphonamide hydrochloride

The title product is obtained according to the protocol described in Example 2 using

20 4-fluorobenzenesulphonyl chloride instead of acetyl chloride.



CHNSOd theoretical %60.05 6.01 8.08 6.17 6.82 experinental %
59.28 5.90 7.90 5.68 6.49 EXAMPLE 11: 4-Chloro-1V
(trans-4-{2-[(3aS, 9bR) - 8-cyano- 1, 3a, 4, 9b-t et r ahydr o-

chromeno[ 3, 4-c] pyrrol -2(3H) -yl ] et hyl }cycl ohexyl ) benzene- sul phonam de
hydrochl oride 5 The title product is obt¥ai ned according to the
protocol described in Exanple 2 using 4-chlorobenzenesul phonyl

chl ori de klaskeralmifroaadtsyd: chl oride. Meltingpoint: 285C El enenta
mcroanalysis: C11 NS O theoretical 9%58.21 5.8257.83 5.98 13.22
experimental 91 58.53 5.70 7.%0 5.6 12. 78 EXAVBLE 14/

4-[ (trans-4-{2- 43a5ic9PR) - 8-§y@No- § g3a, 439- t ek yahydy gehr omeno- 10
[3,4-c]pyrrol-2(3H) -yl ]ethyl) cycl ohexyl)carbanoyl]benzoic acid
hydrochl ori de SreeingnialNet hy19. 25 [ (§.98ns- 4902- [ §.88S, ®HBR) - 8- cyano- 1,
3a, 4, 9b-tetrahydro- chroneno[ 3, 4-ejpyrrol-2(3H) yl]ethyl}

cycl ohexyl ) car hanoyl j benzoate The title product is obtained

accor di NgEXa MPEEQNOtQChlord%giriRed- (21)(ISYHR)S -y ah5L 11%a,3 DbRtAKY dro-
4- chl or ocar banoyl benzoat e i nstead of acetyl chloride. -19- St :
4-[(trans-4-{2-]( 3aS,Ch@hﬂ?“@éyé]mrlﬂl-zgy!%wletgﬁl}ﬁmlﬁlmxbeMnmno

[3,4-c]pyrrol-2(3H vy . | ) car banovl ] benzoi ¢ acid
hydr ochl ori de 0. 737 5hg?h?%ghg¥§g§§§ﬁ§%p%ined in the Step above (1.68

mmol) is dissolved in 15 m of

5 The title product is obtained according to the protocol described in Example 2 using

4-chlorobenzenesulphonyl chloride instead of acetyl chloride.

C H N S Cl
theoretical % 5821  5.82 7.83 598 1322
experimental % 58.53  5.70 7.70 568 1275

EXAMPLE 12: 4-[(trans-4-{2-[(3aS,9bR)-8-Cyano-1,3a,4,9b-tetrahydrochromeno-
10 [3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)carbamoyl]benzoic acid

hydrochloride

Step A: Methyl 4-[(trans-4-{2-[(3aS, 9bR)-8-cyano-1, 3a,4, 9b-tetrahydro-
chromeno[3,4-c[pyrrol-2(3H)-yl]ethyl}cyclohexyl)carbamoyl]benzoate

The title product is obtained according to the protocol described in Example 2 using

15 methyl 4-chlorocarbamoylbenzoate instead of acetyl chloride.



5 ethanol and heated at reflux with 1.79 m of I N sodi um hydroxi de
solution for 1.5 hours. The ethanol is then evaporated off, the
reaction mxture is taken up in water, and then 3.6 m of IN
hydrochl oric acid are added at OC. The solid obtained is filtered off
and dried in a desiccator. Melting pdlll% 298C 10 El ement al

m croanalysis: CHN O theoretical % 65.94 632 8.24 695

experi ment al SBE: 22 ‘6[(8&184]{9 [6RES, BHRAMPL AR, 3a49b tetrahydrochromeno

2-[(t -4-{2-[(3aS, dro oneno-
[ BF gf E?Bf/r r ol{ - ZE g%l—l)a ]IW’V %3&@W@’?}6&9ﬂ% 8W2 ée”é{%’icdmd
hydrochl oride Step d:j [ydrochlorzde

Met hyl 4-[ (trans-4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-tetrahydro 15
chroneno[ 3, 4- c] pyrrol -2(3H) -yl Jet hyl Jcycl ohexyl ) car banoyl Jbenzoate

base) (3.7 e Bl O BRae a8E s B SR b B el A5 Pl b g ot

0.785¢g OfetHarbBaﬁﬂ Mtéty htaxléﬂﬁﬁﬁmﬂpy 79 nﬁ'oquyddlﬁﬁrf@/@ﬂimdg Qﬂ’utlon for 1.5 hours.
hydrochl oride (1.1 eq and 50 r’% of hydroxybenzotri azole in 80 m of
@

di chl or onBiehethanglds §lﬁ€inr pegoraid o, Heuieactipn miNsiusnis tolamper 4 ? Whater, @r(fjd ten
f tur 8rS t

the i xt up g o peSaftuBRy il RRRRFLECSRay SoRE SRR Titepf i ana

di chl or onkrtedane desicgsterg (MgSO4) and evaporati on, the residue is

purified . chroma raphy on a silica colum using a mixture of’
di chl or or%?%ﬁ%@f’—”—”fnéqgggnol / anmmoni um hydroxide (97 / 3 / 0.3) as

el ugnt t ogyh k@l hheodiddnlsg-product in the form of an oil. 20 StenBB:
2-[(trans-4-{2-1(3aS, 9bR)- 8- C. yano-1, 3a, 4, 9b-teirahydrochroneno
C H N Cl
theoretical % 6594 632 824 695

experimental %  66.22  5.83 819 6.28

EXAMPLE 13: 2-[(trans-4-{2-[(3aS5,9bR)-8-Cyano-1,3a,4,9b-tetrahydrochromeno-

[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)carbamoyl]benzoic acid
hydrochloride

Step A: Methyl 4-[(trans-4-{2-[(3aS, 9bR)-8-cyano-1,3a,4, 9b-tetrahydyo-
15 chromeno[3,4-c[pyrrol-2(3H)-yl]ethyl}cyclohexyl)carbamoyl]benzoate

A solution of 1.21 g of the compound of Example 1 (in the form of the base) (3.72 mmol),
0.8 g of the compound of Preparation 7 (1.2'eq.), 0.78 g of 1-(3-dimethylaminopropyl)-3-
ethyl-carbodiimide hydrochloride (1.1 eq.) and 50 mg of hydroxybenzotriazole in 80 ml of
dichloromethane is stirred for 18 hours at ambient temperature. 37 ml of saturated aqueous
20 sodium bicarbonate solution are added, and the mixture is then stirred for 15 minutes. After
extraction with dichloromethane, drying (MgSO.) and evaporation, the residue is purified
by chromatography on a silica column using a mixture of dichloromethane/
methanol/ammonium hydroxide (97 / 3/ 0.3) as eluant to yield the title product in the form

of an oil.



[3,4-c]pyrrol-2(3H) ylJethyl)cycl ohexyl) carbanoyl Jbenzoic acid
hydrochl ori de The title product is obtained according to the
procedure described in Step B of Exanple 5 12, using the conpound
obtained in Step A above as starting material. Melting point: 303C
El emental mcroanalysis: CHNC theotetical % 65.94 6.32 8.24 695
experinmental % 65.57 6.25 8.15 6.52 EXAMPLE 14:

3-[(trans-4-{epB3as, 95@%&46%[(@9&9@@ S (Qbna-ét3nahsidteochydoelmomeno

hydr ochi or i de The &1 LR RSHLE 0GRy B et BER U TR L Bog R acid

procedure descri bed |@mm& 13 using comercially available
nononet hyl isophthal ate instead of Preparation 7. Melting point: 257C
El emrental m croanal ysis: CHNOC theoretical % 65.94 6.32 8.24 695
experinme -21- EXA LE 15.. .

(e ane- 10 518 B b aied Rodidite 1F fegn ARG bRt in s £ Exemple
pyrrel-2( &'&mmghh@&diﬂﬁduna%&mw)m |S}®Z£Tab§l¢eﬂﬁ-s?arﬁﬁg heraal.de

di hydrochl ori de St e?

tert- But yM&{”@tH%Zﬁs Qﬁ€2 [(3aS 9bR) - 8- cyan- 1, 3a, 4, 9b-tetrahydro 5

C H N Cl
theoretical % 65.94 632 824 6.95
experimental % 65.57  6.25 815 6.52

EXAMPLE 14: 3-[(trans-4-{2-[(3aS,9bR)-8-Cyano-1,3a,4,9b-tetrahydrochromeno-

[3,4-c|pyrrol-2(3H)-yl]ethyl}cyclohexyl)carbamoyl]benzoic acid
10 hydrochloride

The title product is obtained according to the procedure described in Example 13 using

commercially available monomethyl isophthalate instead of Preparation 7.

C H N Cl
theoretical % 65.94 632 824 695
experimental % 65.33  6.15 8.03 6.55



1-carboxyl ate The title product is obtained according to the
procedure described in Step A of Exanple 13 wusing
1-(tert-butoxycarbonyl)azetidi ne-3-carboxylic acid (synthesised in
accordance with Biochem stry, 2001, 40, 5226-5232) instead of
Preparation 7. 10 Step B: I\I—(trans-4-{221[(3as, 9W - 8-cyano-1, 3a, 4,
9b-t et rahydrochronmeno [3, 4-c]pyrrol-2(3H)

yl Jet hyl } EXANMBEXVS: a¥ dtrivas-Ae2 (e, Pok)alrcytamo- i3 A dboehtaby d tech2o2n g

of the product obtained in th bov . 56 |)..is_stirred at
ambi ent  tenperature n4'gpﬁf5§'&f%ﬁgyﬁ§gyﬁf§‘i‘?he&i" Ar<sidingsg1earkoxamids 6
m of trifluoroaceticqighehchRiridel> 3 hours. The solvents are then

evaporated off; concentrated sodi um hydroxi de solution is then added
and the solution is then extracted with ethyl acetate, washed with IN

sodi um hydroyi de sol. uti brin ' (MgSO. r), and_evapar at ed.
Af t er convert:‘griﬁ%zt 0 ate%t'ﬁo”t?yl%nﬁﬁt%ﬁﬁ%fg%{%fah%&%ﬂﬁ?’slt%t%9 ﬁéﬁf%%y?” -

et hepeal HCl, the titdigomegsatceipsrobt le?/@ 1P ARY IR Phamdy IRRYREe-
20 Meltinglioint:283C El e%ﬁt a le?irircro(gna sies@}yji%o H WCI améyIPE ¢
theoretical % 59.87 7-99bewigs 14.73 experinental % 59.67 6.84 11.42
14. 56 -22- EXAMPLE 16:

1- Acetyl -N-(trans-4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-t et rahydro

chromen oThetitde plodpatris ebthin2d addordih} et thylpfoceyaleateeoribell img el AoNBx@Anple 13
car boxam de hﬁlr ochl ori debr?Tgﬁ tit) ezapr oduct, i s obtained according to,
the procetfiftte’ d&scPypararinE arriwes -eabey ligsicids (wntesipssyimeacerdagge with
the C0m%@h&ﬁis@,@mh?4@%22@§§%qn§£aé&q)r9%%nﬁ of Exanple 1.

10 Step B: N-(trans-4-{2-[(3aS, 9bR )-8-cyano-1,3a,4, 9b-tetrahydrochromeno
[3,4-¢c[pyrrol-2(3H)-yl]ethyl}cyclohexyl)azetidine-3-carboxamide
dihydrochloride

2.82 g of the product obtained in the Step above (5.56 mmol) is stirred at ambient
temperature in a mixture of 56 ml of dichloromethane and 5.6 ml of trifluoroacetic acid for

15 3 hours. The solvents are then evaporated off; concentrated sodium hydroxide solution is
then added and the solution is then extracted with ethyl acetate, washed with 1N sodium
hydroxide solution and brine, dried (MgSOy) and evaporated. After converting to a salt in
ethanol in the warm state using IN ethereal HCI, the title product is obtained in the form of
a powder.

20 Melting point: 283°C

C H N Cl
theoretical % 5987 712 11.64 1473
experimental % 59.67  6.84 1142 14.56



Melting point: : 2-51'C Elenental mcroanalysi,s: CHNCOC
theoretical %64.12 7.24 17-50 7.28 experinental % 63.88 7.16 11.29
7.27 EXAMPLE 17:

N (trans-4-{2-[(3aS, 9bR) - 8-cyano- 1, 3a, 4, 9b-t etrahydrochroneno
[3,4-c]pyrrol-2(3H)-yl] ethyl} cycl ohex%?l J-3,3-difluorocyel obut ane-
10 carboxam de hydrochloride The title product is obtained according
to the prBXAdPEFJESs ct-Avety iV (1Buspt-R-(BaE2bRp8ecyhbo-1u8u,418b-tetrahydro-

3,3-difl | obut b [ i hesi '
W ih Synthet & ConmreRaRe< et 4T gholebsyphenDaaihnes:

Preparation 7. Ml ti ngBekdthidkkIRardanistigoental mcroanalysis: CHN
C theoretical %62.56 6.72 8.75 7.39 experinental %63.17 6.60

8. 73 7.35 EXAMPLE 18:

is-N ~4-{ 2. S.9hR) - 8- -1,3a, 4, 9b-tetrahydrach 0-.
F e oy PR b BB ARy R R e 2 e
car bexani gdertiny ezt oid @enpbied bi Ekanple 98 dgdteddSofaht @inigfind o€ 8k &hpER 1t O

the procedure described in Step A of Exanple 13 20 using
3- ci s- hy dMs¥ipgypeisbet lakecar boxyl i ¢ acid (synthesised in accordance

w th pate -1 | | JS 2005/ 0020645) instead of Preparation
7. -23 - %Vgé’%%%ﬁ%?%@&%gc El enental m croanal ysi s:
C H N Cl
theoretical % 64.12 724 11.50 728

experimental % 63.88 716 11.29 727

EXAMPLE 17: N-(trans-4-{2-[(3a$,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-3,3-difluorocyclobutane-

10 carboxamide hydrochloride

The title product is obtained according to the procédure described in Step A of Example 13
using 3,3-difluorocyclobutanecarboxylic acid (synthesised in accordance with Synthetic
Communications, 2005, 35, 657-662) instead of Preparation 7.

15 Elemental microanalysis:

C H N Cl
theoretical % 62.56 6.72 8.75 7.39
experimental %o~ 63.17 6.60 873 7.35

EXAMPLE 18: cis-N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno-
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-3-hydroxycyelobutane-

carboxamide hydrochloride

The title product is obtained according to the procedure described in Step A of Example 13
20 using 3-cis-hydroxycyclobutanecarboxylic acid (synthesised in accordance with patent

specification US 2005/0020645) instead of Preparation 7.



CHNGOO theoretical %65.28 7.45 9.13 7.71 experinental % 65. 28
7.26 9.07 7.65 EXAMPLE 19:
(3aS,9bR)-2-(2-[trans-4-(2-Oxopyrrolidin-1-yl)cycl ohexyl]ethyl}-

1, 2, 3, 3a, 4, 9b- hexahydrochroneno [ 3, 4-c pyrrol e-8-carbonitrile 5
hydrochl ori de Stets A: 4-Chloro-N-(trans 4-{2-1(3aS, 9bR)-8-cyano-1,
3a, 4, 9b-tetrahydro- chroneno[ 3, 4-cJpyrrol-2(3H)
yIJethyl)&@ﬂP@HEmylyﬁﬂ(hnanide The title product is obtained
accordin rocedur.e described in Exanple 2 using

4- chlorogéi Eﬁ ’ggﬁa%winstead of acetyl chloride. 10 Step B:
(3aS, 9bR) - 2- (2 [trans-4-(2- Oxgpyrrol din- i yl)cycl ohexyl]Jethyl)- 1,
2, 3, 3a, 4,9 b- hexahydrochroneno[3 4-cJpyrrol e-8-carbonitrile
hydrochlorlde 1epreficat %4 he @rdtluct.40bt aPrdéd i A7f he Step above (4.12

mmol ) is suspen o] th sodi um hydri de, and
is then heated %?r"n ﬂ%ﬂ}or&5%§Loa?%> T%@§coor§5 15 m xture is then
poured into aqueous saturated anmoni um chloride solution. The

preC|p|tate obtained is purified by chromatography on a silica colum

usi ng a nEXAMBLE19: (3af9bRorenisives teranepyraohdin ki exclrhoxydethybs /

2/ 0.2) as eluant t n I i.n,.et.ha o
i the nane state. usi o TR S0R Sl dRpRtShicBR 4 P F Bt MR
pp ibnt: 260-262 C - ZHydrcdAbHAdE 20: Sodi um
2-[(trans-4-{2-[(3aS,9bR)-8-cyano-I,3a,4,9b-tetrahydro chroneno
[3,4-c]pyrrol-2(311)-yl] ethyl} cycl ohexyl)am no] -

di oxocycl obut ol _
(3aSs, 9hR) - 2- (9 Ilir an? g’h{d?o'N t(tﬁ(%? ¥a 52 é@%ls gé(%)cgcc s Ou'g gﬁ 41% ﬁ 5mﬁ¥a;1r8] -

chromeno[3,4- c]pyrrol 2(3H) yl]ethyl}cyclohexyl)butanamide

The title product is obtained according to the procedure described in Example 2 using

4-chlorobutyryl chloride instead of acetyl chloride.

10 Step B: (3aS,9bR)-2-{2- [trans-4-(2-Oxopyrrolidin-1-yl)cyclohexyl]ethyl }-
1,2,3,3a,4,9b-hexahydrochromeno[3,4-c[pyrrole-8-carbonitrile
hydrochloride

1.77 g of the product obtained in the Step above (4.12 mmol) is suspended in 3 ml of THF
with 165 mg of sodium hydride, and is then heated at reflux for 18 hours. The cooled
15 mixture is then poured into aqueous saturated ammonium chloride solution. The precipitate
obtained is purified by chromatography on a silica column using a mixture of
dichloromethane/methanol/ammonium hydroxide (98/2/0.2) as eluant to yield, after

converting to a salt in ethanol in the warm state using 1N ethereal HCI, the title product.



5 cycl ohexyl }ethyl)-1, 2, 3, 3a, 4, 9b-hexahydrochroneno[ 3,
4-c]pyrrole-8- carbonitrile 2 g of the conpound of Exanple 1 (6.15
ol ) and 0.9 ml of diethyl squarate are stirred at anbient
tenperature for 2 hours in 15 nml of ethanol. After adding water, the
crystals obtained are Filtered off ant®4tried in a desiccator to
yield the title product in the formof a 10 white powder. Stets B:

Sodi um 2-WﬂzZS«Miaa&-e(krﬁ)zss-@yw,ﬂbﬂ)a&-cﬁan@ﬂ),-%]m;%l&tvifhmdro-
chromeno[ 3, 4-c]pyrrol-2(3H) -yl Jethyl)cyel ohexyl)am po] -3, 4-

di oxocycl obul en-1 - ol a‘f@“&%"@%‘ﬁﬂ%é"%@%‘@ﬂeé’é’b)éyglége’iyﬁ)af‘%ols%vép
above are suspended i #ioRo&RloWult@N1iate® M of 15 water and 6 nl of
et hanol with 289 ng of sodium hydroxide pellets at 90C. Acetone is

added to the cool ed solution, and the precipitate obtained,

e T Por e MskB AN Sy Ry Rttt o P2 BAAS P by cliBn Ty haminor-
(3aS59bR) - 2- { 2- [ t r anseystdnk:d Rannot, 3,35 .U, O AEMF SRIRIMehv Y, Y A Prole-8-

am no] cyclohexyl]ethyIL -1, 2, 3, 3a, 4, 9b- hexahydr ochr oneno

[ 3, 4-c] pyrr ol e- 8- car bs#iPerifrtle hydrochl oride A solution of 1.17 g of

t he conpound obtained in Step A of Exanple 20 (2.61 mml) in 13 n

of ethanol is treated with 13 ml of a saturated solution of amoni a

i n acet on2 gif tiee doatpoudd ohBrursple TH6. 1Sahimdl) @bl dinatof diethiyl daet 4t ktiaedat

then washed with ethyl acetate taq finally 25 yield, after converting
to a sal tPeRk W&WSF%‘FYﬁ ff%ﬁéz Tin Bl @l G sipnoN Attprepdding mater. theecrystals

title progduatd aredRerd®birlaN@RALSn 2 382 ator to yield the title product in the form of a
10 white powder.

Step B: Sodium 2-[(trans-4-{2-[(3aS, 9bR)-8-cyano-1,3a,4, 9b-tetrahydro-
chromeno|3,4-c[pyrrol-2(3H)-yl]ethyl}cyclohexyl)amino]-3, 4-

dioxocyclobuten-1-olate

1.3 g of the product obtained in the Step above are suspended in a solution of 29 ml of
15 water and 6 ml of ethanol with 289 mg of sodium hydroxide pellets at 90°C. Acetone is
added to the cooled solution, and the precipitate obtained, corresponding to the title

product, is filtered off.

EXAMPLE 21: (3aS8,9bR)-2-{2-[trans-4-[(2-Amino-3,4-dioxocyclobuten-1-yl)-

20 amino]cyclohexyl]ethyl}-1,2,3,3a,4,9b-hexahydrochromeno
[3,4-c]pyrrole-8-carbonitrile hydrochloride

A solution of 1.17 g of the compound obtained in Step A of Example 20 (2.61 mmol) in
13 ml of ethanol is treated with 13 ml of a saturated solution of ammonia in acetonitrile for
16 hours. The solid obtained is filtered off and then washed with ethyl acetate to finally
25 yield, after converting to a salt in ethanol in the warm state using 1N ethereal HCI, the title

product.



El emental mcroanalysis: CHN O theoretical %63.08 6 40 12. 26
7.76 experinmental % 62.60 628 11.95 7.76 EXAMPLE 22:

.(3aS, 9bR) - 2-{2-[trans-4- ( Met hyl am no) cycl ohexyl ] et hyl } -

1, 2, 3, 3a, 4, 9b- hexahydr ochr oneno|[ 3, 4- eIp rol e-8-carbonitrile 5
di hydrochl oride The title product is o al ned according to the
procedure described in Exanple 1 using the conpound obtained in
Pr epar athﬁlfwgmﬂtéﬁ(’Cng material. Melti point. 320C El enental
m cr oanal .theoretical %61.16 7.58 10.19 17.19
exper i men 54“1— "é%"”‘ﬂié%i 10.09 1728 10 EXAMPLE 23:
N-(trans-4-{2-1(3aS, 9bR) 8-cyano- 1, ga, 4, 9F-t et r@hydr ochr omeno
X3, 4-c]pyrrol -2(311) - et hg@)c cycl ohexyl ) - N- et hyl acet am de
hydr ochl ori de TH@O’fqﬂlCFlé/pro 48 | s6.dBt aildetd acdbding to the

rocedure descr u g ng material the
(F:)orrpound of Exasrc%‘;g”éf};all nste‘%zzé ?ﬁg 001?1)9 und§2% Example 1. 15

Mel ti ngpoi nt: 248C EI errent al m croanal ysis: CHNOd theoretical %

66.09 7.72_10.05 erimental % 65.06 7.18 9.82 8.89 -26-
EXAMPLE 22 (3aS 9 R)-2-{2-[trans-4-(Methylamino)cyclohexyl]ethyl}-

1,2,3,3a,4,9b-hexahydrochromeno[3,4-c]pyrrole-8-carbonitrile
5 dihydrochloride

The title product is obtained according to the procedure described in Example 1 using the

compound obtained in Preparation 4 as starting material.

C H N Cl
theoretical % 61.16 758 1019 17.19
experimental % 60.96  7.30 10.09 17.28

10 EXAMPLE 23: N-(trans-4-{2-[(3aS,9bR)-8-cyane-1,3a,4,9b-tetrahydrochromeno
[3,4-c]pyrrol-2(3H)-yl]ethyl}cyclohexyl)-V-methylacetamide

hydrochloride

The title product is obtained according to the procedure described in Example 2 using as
starting material the compound of Example 22 instead of the compound of Example 1.

15 Meltmg_pmnt 248°C

C H N
theoretical % 66.09 772 1005 848
experimental % 65.06 718 982 889



EXAMPLE 24: .
N-(trans-4-(2-[(3aS, 9bR)-8-cyano-1, 3a, 4, 9b-t et rahydrochroneno [ 3, 4-c]
pyrro 1-2(3ff)-yl] ethyl} cycl ohexyl)-Nm ethyl cycl obutan e-

car boxam de hydrochl oride The title prq? ct is obtained according to
t he procedure described in Exanple 3 ustthy as 5 starting materi al

t he conpound of Exanple 22 instead of the conpound of Exanple 1.

Mel t i ngpoEXAMPEEC 4| Nrtgnans- @i €3 MaitlyS-syamo-C3n 4\ bCtetrahlyd oo dirbmaho %

68.18 7.92 9.17 7.74 e ri t %67.85 7.23 9.06 7.6 MPLE 25:
(385, 9bR) - 2. (2. [t r ansBAT Y ﬁ%ﬁ%ﬁﬂh%‘}'é@ﬂ%ﬁéﬁﬁ]&mﬁm cyclobutane-

1, 2, 3, 3a, 4, 9b- hexahy d¢aebs ARRRAUvaArdclbANEr Ol e-8-carbonitrile 10

di hydrochl oride To a solution of 0.685 g of the conpound of Exanple 1

(1.95 mol) in 18 nil of nethanol there are added, at 0OC, 0.245 g of

sodi um cy. ride f acetic acid and., the dr i se
o4 m of TA9RGE PRNALS SdtaCalydl B Rl o B B oA Ryl F G o
hours,  2stattingfmaeidl et @thpague 00 ExfopleSSiikiraifiRNede S AL WFIERBmpTeE .
added. After evaporating off 15 the solvents and then diluting with
wat er, thiledingneid {4 6xtracted with ethyl acetate, dried (MySO4)

and evapogglef &bkl gue obtained is purified by chromatography on
a silica ~col'um using a mxture of dichloronethane/ net hanol / ammoni um

hydroxide (80 / 20 / 2) as eluant Ho yiehNd, af@ler converting to a

salt in ethanol in the rm e using [N _ethereal HC, the title
product. 20 N@If‘ﬁﬁ%ﬁ?@%@SC:éiﬁ%ne P4l n???oanzfﬁsis: CHNC
experimental % 67.55  7.23 9.06 7.69

EXAMPLEF 25: (3aS,9bR)-2-{2-[trans-4-(Dimethylamino)cyclohexyl]ethyl}-

1,2,3,32,4,9b-hexahydrochromeno|3,4-c]pyrrole-8-carbonitrile
10 dihydrochloride

To a solution of 0.685 g of the compound of Example 1 (1.95 mmol) in 18 ml of methanol
there are added, at 0°C, 0.245 g of sodium cyanoborohydride, 0.56 m! of acetic acid and
then, dropwise, 0.4 ml of 37 % formaldehyde solution in water. After stirring for 4 hours,
2 ml of saturated aqueous potassium carbonate solution are added. After evaporating off

15 the solvents and then diluting with water, the mixture is extracted with ethyl acetate, dried
(MgSO4) and evaporated. The residue obtained is purified by chromatography on a silica
column using a mixture of dichloromethane/methanol/ammonium hydroxide (80 /20 /2)
as eluant to yield, after converting to a salt in ethanol in the warm state using 1N ethereal
HCI, the title product.

20 Melting point: 305°C

C H N Cl
theoretical % 61.97 7.80 985 16.63
experimental %  61.98 752 943 1642



theoretical %61.97 7.80 9.85 16.63 experinental % 61.98 7.52 9.43
16. 42 -27- EXAMPLE 26:

(3aS, 9bR)-2-(2-[trans-4-(Pyridin-2-yl am no) cycl ohexyl ] et hyl!
1,2,3,3a,4,9 h-h exahydrochroneno [3, 4- 07] py rrole-8-carbonitrile

di hydrochl oride A m xture of 0.482 ¢ of2the conmpound of Exanple |
(1.48 mmol) and 0.245 m of 5 diisopropylethylamnc in 5 m of

2-f 1 uor oplEXiAdy =h(éaSébR&‘tz-fZe[fﬁrm-#ﬁ’rernﬂayzlaﬁninoa’cycéohexgl]er[hyl}ati ng
of f the solvents and dj Lutin i th wat er mxtyre |s . .
extracted with ethyl {’ggg’t"a%ée'?'tha’f“fq’ev\éyr? 3@&?“%%{0&755‘§F'§f%b0%16
resi due obtained is Dﬂih?ﬂf&ﬂld}i/de chromat ography on a silica colum
using a m xture of dichloronethane/ nmethanol/ amroni um hydroxi de (97
/ 3/ 0.3) as eluant to yield, after converting to a salt in ethanol

i 10 th e S| her eal t.he title product
Mol ting pai MR 1 08 S ShbSLEE or @%9%?%(%@019% &7 g of
% 63515 6difBpiobykthylémt in expeof TeMioabpy¥ddd. ibIhcbied fat k3000 fkh Pdours. After

EXAMPLE 27: ) o ) ) i .
( 3aS, 9bR) ¢¥ereuting ;ofh thessolyspts sadgthen 2lilptingivith ekpterothexyixpee Hy lextracted with
1, 2, 3, 3a, b- hyidr.@C Ay o] S 0l+§-.8- oty ile. .

di hydr oc hf*%% Sgﬁﬁé’s)gglggngﬂgﬁ@@f Lngd %f@ﬂ) %}X{g ' tiﬁlee f:egr%lguﬁﬂc’itg%lf Jj Saé;\grll%edl by
(2.2 mmol dhroatd@Biphy af a 2ilohal oolapyr usingdi & emaiareO oft 7dighlofonstigingMethanol/

carbonate in 45 nl of .et 0] 1s heated at. reflux for. 72 hours. i
Ao i empg ooty (ENEL LSRRt spby 40 5oBr Hinaia SRl in ethanol in

ext nact i Offc Wakh stdd ihe BQiREE #d, GEYikBGrdMSOY) . evaporation yiel ds
an oil which is purified by

C H N Cl
theoretical % 63.15 678 11.78 1491
experimental % 63.11  6.57 11.09 14.52

EXAMPLE 27: (3aS8,9bR)-2-{2-[trans-4-(Pyrimidin-2-ylamino)cyeclohexyl]ethyl}-

1,2,3,3a,4,9b-hexahydrochromeno[3,4-c|pyrrole-8-carbonitrile
15 dihydrochloride

A suspension of 0.715g of the compound of Example 1 (2.2 mmol), 0.303 mg of
2-chloropyrimidine and 0.47 g of sodium carbonate in 45 ml of ethanol is heated at reflux
for 72 hours. After filtering, the solvents are then evaporated off. After extraction with
ethyl acetate and drying (MgSO,), evaporation yields an oil which is purified by
20 chromatography on a silica column using a mixture of dichloromethane/methanol/
ammonium hydroxide (98 / 2 / 0.2) as eluant to yield, after converting to a salt in ethanol in

the warm state using 1N ethereal HCI, the title product.



20 chromat ography on a silica colum using a m xture of

di chl or onet hane/ net hanol / amoni um hydroxide (98 / 2 / 0.2) as
eluant to yield, after converting to a salt in ethanol in the warm
state using IN ethereal HCl, the titIe roduct. Meltingpoint 234C
-28- Elenental mcroanalysis CHN d 8heoretlcal % 60. 50 6.56 14.70
14.88 experinental % 60.75 6.26 14.58 14.24 -29- PHARMACOLOGQ CAL
STUDY EXN@@@ﬁﬂﬂﬂ@@@QmﬂM@@tlon of affinity for human D3, D2s and D2L
receptors stably expressed in CHO cells._ The afflnlty of the
conmpounds for human D3, 132s ghd DQ@'dopaWinerd?c receptors is 5
assessed by corrn%»etﬁcgn/exped‘omnt%w' NG #f 1 tiafsed spiperone

([ 3H] - spi perone) on CHO cell nenbranes stably expressing these 3
sub-types of resppimanialThe vﬁkibus6@éll.kﬁﬁks]dﬁy cultured to
confluence and then the cells are detached and are honbgeni sed using
a Polytron in a Tris-HC1 buffer (50 MM pH 7.4) containing 5 nM
Myl 2. The cell debris is then centrifuged (15 mnutes at 4C) and
the sedinent is taken up in an appropriate volume 10 of HEPES buffer
(20 M) containing 150 nM NaCl and is frozen at -80C. On the day of
t he experinent, the nmenbranes are taken up in incubation buffer
containing 50 MM Tris (pH 7.4), 120 MM NaCd, 5 nM KCl, 2 nM CaCl2
and 5 MM Mgd 2. The nenbranes are then incubated for 1 hour at 30C
wi th the conpound being studied, in the presence of 0.5 nnmV

[ 3H] - spi perone. The non-specific binding is determ ned using 10 M
raclopride. At 15 the end of the incubation period, the sanples are
filtered through Unililter GFB type



filters pre-treated with PEI (0.1 % and washed several tinmes with
Tris-HO filtration buffer (50 MM pH 7.4) containing 120 tnM Nad .
_The radioactivity retained on the filters 1is counted after addition
of scintillation liquid, with the aid of a scintillation counter. The
i sot herns obt ai ned are anal ysed by norm-34%-near regression to determne
the 1 C50 val ues, 20 which are converted into pK, using the

Cheng- Prusoff equation: K; = 1C50/(1 + L/Kd) wherein L represents the

E:gnH]cent ration of r?ﬁl Ol[)!ggagéi‘gﬁﬁbbﬁ@idagg dﬁgﬁl@atl 02 fgpst?gt ng

Spi perone on e Y ec ptors . 26,
0.14 aP\de 156, respectively). The results are expressed in terns of
pK; log K;. -30 Affinity (pKi) hD3 hD2L hD2s Exanple 2 8.700. 05

7. 0+0. 04 BEXAVIRUE A ddegbonBragion df alfiity fordtiman D5, Das28dM ] IrecdptdddRitably
B: Inhibition of induction of € ttlﬁrm' a i nduced by the dopam nergic
agoni st PD128, 907. Irfxﬁﬁ?sée‘f'a\’t ﬁ@f“ft e Wstar strain, the baseline
(rectal) tenperature is nmeasured and then the conpound under test or
the vehicle is adm nistered by the oral route. Sixty mnutes |ater,

5 PD128, 0 ¢ifing3 afgihroconpasnys for manmp Iho@manér@mdmmn@gw feseptors is

d d t
and The. derres by SoB o S plCurRbtd FO SERLPEF o PuSERpShFlibatto
Tr eat nentceDQﬁﬁnHifaﬁﬁ ﬂﬁﬂ? erfé@mPg ﬂ*@;e BBE‘tISLtyp-Es 60 réﬂeﬁtof NMHeKehrioRs Qel) 1ikéR are
(rrg/ g, f Vehicle Q Vehicle 0 +0. 36+

12 Vehlcél tureg pmgglueggt? agd ggen j_hea gell,s arepdetached and are homogenised using a
Polytron in a Tris-HCI buffer (50 mM, pH 7.4) containing 5 mM MgCl,. The cell debris is

then centrifuged (15 minutes at 4°C) and the sediment is taken up in an appropriate volume
10 of HEPES buffer (20 mM) containing 150 mM NaCl and is frozen at —80°C. On the day of
the experiment, the membranes are taken up in incubation buffer containing 50 mM Tris
(pH 7.4), 120 mM NaCl, 5 mM KCI, 2 mM CaCl, and 5 mM MgCl,. The membranes are
then incubated for 1 hour at 30°C with the compound being studied, in the presence of
0.5 nM [*H]-spiperone. The non-specific binding is determined using 10 uM raclopride. At
15 the end of the incubation period, the samples are filtered through Unifilter GF/B type
filters pre-treated with PEI (0.1 %) and washed several times with Tris-HCI filtration
buffer (50 mM, pH 7.4) containing 120 mM NaCl. The radioactivity retained on the filters
is counted after addition of scintillation liquid, with the aid of a scintillation counter. The
isotherms obtained are analysed by non-linear regression to determine the ICs, values,

20 which are converted into pK; using the Cheng-Prusoff equation:
K =1Cs0/(1 + L/Ky)
wherein L represents the concentration of radioligand and Ky is the dissociation constant of

[3H]-spiper0ne on the D3, Dys and Dy dopaminergic receptors (0.26, 0.14 and 0.156,

respectively). The results are expressed in terms of pK;=-log K.



Exanpl e 2 0.04 PD128,907 0.63 -1.73 = 0.26 0.16 PD128, 907 0. 63
-1.33+0.11 1.33 0.63 PD 128,907 0.63 -0.97 + 0.28 2.5 PD 128, 907
.0.63 -0.4 + 0.13 * 10.0 PD128,907 0.63 +0.1+0.33 Vehicle 0 Vehicle
0 +0.68 + 0.10 Vehicle 0 PD128,907 0.63 -1.60+ 0.22 Exanple 3 0.04
PD128, 907 0.63 -1.65 + 0.09 0.16 PD128,8b7 0.63 -1.62 + 0.07 0.64
0.63 PD 128,907 0.63 -0.83 0.20 * 2.5 PD128, 907 0.63 -0.33+0. 16

10. 0 PD128, 907 0.63 +0.35+0.18 [1D50 = Inhi §fﬂt“%f¥}2@ ses, Significant
di fference versus "Vehicle + j . ' *
Significant difference versus "Vdicle + PDL28)907" (DunnethD,s test
after ANOVA, P<10:05)—=3%—tn the presence—of—the—vehiete,

PD128. 907 brings Hxawpldd/pot heBaDa Whs ch i s7Bl70@Réd in 6.93+0.04
dose- dependent™ mapner by_the corrgound of Exanpt € 3, denmonstrating

D3/ D2 recept or aﬁl"%’@‘@?ﬁ%t act PP &50- 1 EXaVPLB G OfRar maced2ddal-11
conposition 5 Fornmula for the preparation of 1000 tablets each
containing 10 ng of N-(trans-4-{2-

[ (3aS, 9bR) - 8- cyano- 1, 3a, 4, 9b-t et rahydr ochr omeno|[ 3, 4-c] pyrrol - 2( 3H) -yl
PO Y AR HhiReR P ARER S T R R P PSR mneric

..................... agonist PD128,907. . . . . ... . ... ...
2 g Weat starch

compound under test or the vehicle is administered by the oral route. Sixty minutes later,
5 PD128,907 (0.63 mg/kg, s.c.), a Ds/D, dopaminergic agonist, is injected. Thirty minutes
later, the body temperature is re-determined and the difference (A) from the baseline

temperature 1s calculated.

Treatment Dose Treatment Dose A(°C) D5
T-60 min  (mg/kg, p.o.) TO (mg/kg, s.c.) + S.E.M.s (mg/kg, p.o.)
Vehicle 0 Vehicle 0 +0.36 + 0.12
Vehicle 0 PD128,907 0.63 -1.63x 0.25§
Example 2 0.04 PD128,907 0.63 -1.73+£0.26
0.16 PD128,907 0.63 -1.33+£0.11 1.33
0.63 PD128,907 0.63 -0.97+0.28
2.5 PD128,907 0.63 -04+£0.13 *
10.0 PD128,907 0.63 +0.1£033*
Vehicle 0 Vehicle 0 +0.68+ 0.10
Vehicle 0 PD128,907 0.63 -1.60+ 0.22§
Example 3 0.04 PD128,907 0.63 -1.65£0.09
0.16 PD128,907 0.63 -1.62+0.07 0.64
0.63 PD128,907 0.63 -0.83£020*
2.5 PD128,907 0.63 -033+0.16 *
10.0 PD128,907 0.63 +0.35£0.18 *

D5y = Inhibitory Doses,
§ Significant difference versus "Vehicle + Vehicle" (Student's t test, P < 0.05)
10 * Significant difference versus "Vehicle + PD128,907" (Dunnett's test after ANOVA, P < 0.05).



10 Lact ose

....................................... 3 g Tal c

-32- CLAI e‘dfpe‘%fl?ﬁbéf&?ﬁ‘l}%f Bt ﬂFeoP‘PfBP%“‘tdl 9t EN@H ¢ ?\1 %@nqrﬁraﬂngo%r efplor
R, and R2ait ﬁ@mnﬁgxn1the foll owi ng carbon-containing chain: R 31
N-R45-(CT,)(CH) wherein: R3 represents a hydrogen atomor a
linear or branched (C, -C6)alkyl group, Y R4 represents: a hydrogen
atom 10 a linear or branched (Cl-C6)al kyl, aryl, heteroaryl or

3, 4-di oxocycl obut enyl group, each of those groups optionally being
substi t ut EXAMPOEECOr PhBeaceutieflidoGilosRiondi f f erent groups sel ected
from hal ogen; Ti1near or branched (Cl-C6)alkyl; linear or branched
(CI-CB)aIkyIcarbonyI; car boxy; hydroxy; cyano; nitro; arninocarbonyl

(c
8,15 PSR W PGBl e B, S, SRl DS -
subst i t ut Eda$i9bOne-coind- maﬂgqmeatrawdrmmmb@m(@]byﬁ(al-)z@lmyﬂ]e@mpps,

a group - %%%o%’exyl)cyclobutanecarboxamide hydrochloride (Example 3) .....cooocvivveviicrieeeenes 10g
HydroxypropyleellULOSe .....coiivieiieieicet ettt 2¢g

Wheat Sarch ...t 10g

10 LLACTOSE ...ttt ettt ettt ettt eae et et ene s 100 g
MagneSiUM SEEATALE .....c..cveureuirieiiietiiet ettt ettt et ene ettt 3g



a group -S02R5, -33- v R5 represents a linear or branched
(Ca-C(,)al kyl, (C3-Cg)cycloal kyl, heterocycl oal kyl, aryl or
heteroaryl group, each of those groups optionally being substituted
by one or nore identical or different groups sel ected from hal ogen;
linear or branched (G -C6)alkyl; |inear3%r branched

(G -Co)al kyl carbonyl ; carboxy; 5 hydroxy; cyano; nitro; am nocarbonyl
whi ch is unsubstituted or substituted by one or nore |inear or
branched (Cl-C6)al kyl groups; and am o ﬁﬂjch is unsubstituted or
substituted by one or two |inear or ﬁﬁéﬁ &d (Cl-Co6)al kyl groups, or
R3 and R4, together with the nitrogen atomcarrying them forma 5-
to 8-nenbered ring, the ring thereby defined optionally being
substitut &d Lympaendsrof famnulotl | dentical or different groups sel ected
from hal ogen; linear or branched (Cl-C6)al kyl; hydroxy; oxo; and

am no which is unsubstituted or substituted by one or two |linear or
branched (Cl-C6)al kyl gRgups, their positional igonmers, their
enantionmers, their diastekeoisonmers, and also addition salts thereof
with a pharmaceutically ageephabl e asid ase 5 2. Conpounds of
formula (1) according to({clai characteri séd i n Rhat()t he group R3
represents a hydrogen atowworp) group. 3. Conpounds of formula
(1) according to either clai alm 2, characterised in that

the group R4 represents a hydrpgen/atomor a linear or branched
(Cl-Co6)al kyl group. 4. Conpounds of fornmula (1) according to either
claim1l or claim?2, characterised in that 20 the group R4 represents
a group -COR5, where R5 is as defined in claiml. 5. Conpounds of
formula (1) wheisHHR Ry terether foan shaiollowingdashan-containiae sbisr i sed i n
that the group R4 represents a group -S02R5, where R5 is as defined
inclaiml. 6. Conpounds of fornmula (1) according to claiml. 2, 4 or
5, characterised in that the R3\N/R_4

——(CHZ)/k(CHZ)Z— !

5 2
wherein:
» Rjrepresents a hydrogen atom or a linear or branched (C;-Cg)alkyl group,
» Ry represents:
e ahydrogen atom,

10 e a linear or branched (C;-Cg)alkyl, aryl, heteroaryl or 3,4-dioxocyclobutenyl
group, cach of those groups optionally being substituted by one or more
identical or different groups selected from halogen; linear or branched
(C1-Ce)alkyl; linear or branched (C;-Cg)alkylcarbonyl; carboxy; hydroxy;
cyano; nitro; aminocarbonyl which is unsubstituted or substituted by one or

15 more linear or branched (C;-C¢)alkyl groups; and amino which is unsubstituted

or substituted by one or two linear or branched (C;-Cg)alkyl groups,
e agroup —CORs,
e agroup —SO,Rs,



group R5 represents a linear or branched (C i-C6)al kyl group. -34- 7.
Compounds of fornula (1) according to claiml1, 2, 4 or 5,
_characterised in that the group RS represents an optionally
substituted (C3-Cg)cycloal kyl group. 8. Conpounds of fornmula (1)
according to claimi1, 2, 4 or 5, charadPerised in that the group R5
represents an optionally substituted aryl group. 5 9. Conpounds of
formula (1) according to claiml1, 2, 4 or 5 characterised in that

the group R5 represents an o |onaIIy substjtuted heteroaryl gro
10. Conpounds fof fEFFiTPE (P) g%eé’br d9'ng bracBedi HC1-Coliatac e ics)SéiCIPﬁlkyl

that R3 and Rfedy 1‘% 1 RGefdhtyi ds¥ Nk
5- menber ed rins, ?ﬁg ri d r% %ré% ?3{%%§HBS%§ghg%§f g@?ﬁé Ay Tbelng
substitut ed. X0bstituteCdryponends nofre ﬁdﬂmﬁnalaox( Hiffeaat qrroupsgsdlarte] om Ralogen;
whi ch are:

(3aS, 9bR) - 2- [ e Yryanchsti(hsylalaielitne ot Rippehe 61 aalkylcyBomds cashery:

0- chironeno [ JudrdxlyP¥ydn8! Bt aANRRBohI hich is unsubs‘ututed or substltuted by one
(3aS, 9bR) - 2-{2-[tr ans- 4- ( net hyl am no) cycl ohexyl ] et hyl }- 1, 5

hexahydr o- chﬂmmemclﬁw@fmnmﬁméydﬂﬁlCébﬂq&gnb@ﬁ;mt}mnk@\ﬂﬂalwtnmubﬁnumd

3aS, 9bR) - 2- { 2- di net no oh
BRI S TR A e AT N
N—(trans 4-{2-[(3aS, 9bR) - 8-cyano-1, 3a, 4, 9b-t et rahydr ochroneno[ 3, 4-c] p
yrrol- 2(3 yI]ethyI}cycIohexyl)acetanlde

N (trans- 4- £29r (RagndpiR).- @eeihansvith g nitoger ctemhgadroehriberandpsn 4 81 go

yrrol 20 2(31 yi}c

i V-(trans-4-{ ?T%%&g&g rk{g’ é 8&%% ngzd%'ngg%?ﬁp%{% y@&ﬁ%%ﬂosﬁguﬁ% By Zf-nc]c'r

pyrtwl - 2( 311 )mytk] eehiydal }orC&ﬁfeﬂdiﬁxgtbl)psl\lsﬂEctt&yIfmt lefogb®; linear or branched
h 4-c

gll_. l(’ E)|r ?ns {2 E( C%)Seflkgy? I%1yd§0)?y, %28 a]fldSa?mﬁo %v cthelts ru%? %g{lgl%edr(?rrg?lgs%[tgted by ]oge

or two linear or branched (C;-Cg)alkyl groups,

their positional isomers, their enantiomers, their diastereoisomers, and also addition

salts thereof with a pharmaceutically acceptable acid or base.

15 2. Compounds of formula (I) according to claim 1, characterised in that the group R;

represents a hydrogen atom or a methyl group.

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

the group R4 represents a hydrogen atom or a linear or branched (C;-Cg)alkyl group.

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

20 the group Ry represents a group —CORs, where Rs is as defined in claim 1.

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

the group R4 represents a group —SO;Rs, where Rs is as defined in claim 1.

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

group Rs represents a linear or branched (C;-Cg)alkyl group.



2(3H)-yl] ethyl} cycl ohexyl)cycl obut anecar boxam de; 25
N-(trans-4-{2-[(3aS, 9bR)-8-cyano-1, 3a, 4, 9b-tetrahydrochroneno[ 3, 4-c]p
~yrrol- 2(3 H-yl]ethyl}cycl ohexyl)cycl opropanecar boxam de; -35-

N-(trans-4-{2-[(3aS, 9bR) - 8-cyano- 1, 3a, %AQb- t et rahydr ochromeno[ 3, 4-c] p

yrrol 2(3 H-yl]ethyl}
cycl ohexyl ) -3, 3-di fl uor oeycl obut anecar boxam de;
cis-N-(trans-4-{2-[(3aS, 9bR) -8-cyano-1, 3a, 4, 9b-t et rahydr ochroneno[ 3, 4

- |
2f]:J,E|)yr ;Fl7et ﬁ;ﬂn}we% REMuB (hparadiee it %%dbpbéxalw%eﬂseé in that the

T R R L, 11

N-(trans-4- {2 [(SaS 9bR) - 8- cyano- 1, 3a. 4, 9b tetrahydrochroneno[S 4-c]p

4 hl or o8 CorieehBas bt BT S R0 Tk 1 % 4 05 cltracrrgr daipbe

10 [3, 4- d
nI\l-()(tra£15-4 ?} Cﬁ%ﬁ(’%gﬂgp%%%tb%ﬁ %ﬂg/%(ﬁltahyg&&ﬁﬂéﬁbﬁgyérrgﬁggfg?hrgmeno[3 4-c] py

rroI 2(3H) -yl ]ethyl }cycl ohexyl)-4-11 uorobenzenesul phonam de;

o T3 a-d pyr B EE T RTHRS o d B BREG Tt Bhas SR AL g

N(trans 4- (Rodp(IBaSp s &1 sysatl} sdatidu@bhdt@badh %ﬂmpchronem[?v 4-c]p
yrrol - 2(3H)-yl]et hyI} cycl ohexyl ) - 3- pyri di nesul phonam de;
(3aS,9bR)-2-{2-[trans-4-(2-oxopyrrolidin-1-yl)cycl ohexyl

| et hyl }- 142, Y, [ ] ised i
pyrrol e- éo bgbggﬁly ?Rrislgfgg fﬂ%ﬁ@@%%&é&é@cﬁ %) (%Uél (rfedélarr%ﬁtle%sr‘l3 do glgt N (§1 Ry
of formnula ¢dgetlae owitldithyg nitmgehaatdsmlcarryaig cﬁwr deine rai Sﬁﬁbnhtrbrédﬂ@hgt ﬁer fing

is used as starti terial mpound of forrmula (11): NC
thereby f%gmgg optionally %elng subs’utute(? ()

10 11. Compounds of formula (I) according to claim 1, which are:

e (3aS,9bR)-2-[2-(trans-4-aminocyclohexyl)ethyl]-1,2,3,3a,4,9b-hexahydro-
chromeno|3,4-c]pyrrole-8-carbonitrile;
e (3aS,9bR)-2-{2-[trans-4-(methylamino)cyclohexyl]ethyl}-1,2,3,3a,4,9b-hexahydro-
chromeno|3.,4-c]pyrrole-8-carbonitrile;
15 e (3aS,9bR)-2-{2-[trans-4-(dimethylamino)cyclohexyl]ethyl}-1,2,3,3a,4,9b-
hexahydrochromeno|3,4-c]|pyrrole-8-carbonitrile;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c|pyrrol-
2(3H)-yl]ethyl}cyclohexyl)acetamide;
o N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
20 2(3H)-yl]ethyl}cyclohexyl)-2,2-dimethylpropanamide;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromenol3,4-c|pyrrol-
2(3H)-yl]ethyl}cyclohexyl)-N-methylacetamide;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno|3,4-c]pyrrol-
2(3H)-yl]ethyl}cyclohexyl)cyclobutanecarboxamide;
25 e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno|3,4-c|pyrrol-
2(3H)-yl]ethyl}cyclohexyl)cyclopropanecarboxamide;



NH (~) which is subjected to a reductive amination reaction in the
presence of a reducing agent, such as sodiumtriacetoxyborohydride
.or sodi um cyanoborohydride, and a conpound of fornmula (Ill): -36- R
a ICl (Ill), R2 wherein Ri and R 2 together formthe follow ng
carbon-containing chain: R3~, N ~R -(G¥®) (CH2)z wherein R3 is as
defined in claim1 and R represents a protecting group for the am ne
5 function seucN-(asps-#R-[€ashRY-S-ayahen 3abuoy-temigdbiadknd3 @ pyrol-
yield the comp , Owherein R [

and Rz are as?dzgjy%ﬁfyﬁréguglp_ﬁﬁ‘é’bﬁ»:éjdl}l_ﬂxchwﬁewcﬂN%bﬁfZ%éﬁgmé@;ed to a
eoct o0 Sem oL AR O MR oL Oy By o
(11a), a part2@d)atletabeydbhédyd)-Tampoundsidbutahecarvdan(ily;: NC R
‘R ZS( '/a), ° ON-(tmns-4-{2—[(3&5’,9bR)-8-cyan0-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrr01—
2(3H)-yl]ethyl}cyclohexyl)-N-methylcyclobutanecarboxamide;
o N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno|3,4-c]pyrrol-
2(3H)-yl]ethyl} cyclohexyl)benzamide;
e 4-chloro-N- -(tfans-4- {2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
10 [3,4-c]pyrrol-2(3 H)-yl]ethyl}cyclohexyl)benzamide;
e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
2(3H)-yl]ethyl} cyclohexyl)-4-fluorobenzenesulphonamide;
e 4-chloro-N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno
[3.,4-c]pyrrol-2(3 H)-yl]ethyl} cyclohexyl)benzenesulphonamide;
15 e N-(trans-4-{2-[(3aS,9bR)-8-cyano-1,3a,4,9b-tetrahydrochromeno[3,4-c]pyrrol-
| 2(3H)-yl]ethyl}cyclohexyl)-3-pyridinesulphonamide;
® (3aS8,9bR)-2-{2-[trans-4-(2-oxopyrrolidin-1-yl)cyclohexyl]ethyl}-1,2,3,3a,4,9b-

hexahydrochromeno[3,4-c] pyrrole-8-carbonitrile.

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

20 characterised in that there is used as starting material a compound of formula (I):
NC

(D)

which is subjected to a reductive amination reaction in the presence of a reducing
agent, such as sodium triacetoxyborohydride or sodium cyanoborohydride, and a

compound of formula (III):



-37- wherein R" and R'2 together formthe follow ng carbon-containing
chain: R3-, NH -(CH) 2 2 (CHz)z wherein R3 is as defined
‘her ei nbefore, which compound of formula (l/a) is then subjected, if
necessary: 5 either to a reductive amnation reaction with a
reduci ng agent, such as sodium triacet¥xyborohydride or sodium
cyanobor ohydride, in the presence of a conmpound of forrmula (V):
R -CHO (V), wherein R represents a hydRggen atomor a linear or
branched (G -C5)al kyl 10 gro or to he action of a compound of
formula (M): R'-Y (M), vvher‘gﬂ ent s (BDhal ogen atomor a
hydroxy or |inear or branched (G - C6)a| kc&y group, and R' represents
an aryl, heteroaryl, 15 3, 4-di oxocycl obutenyl, -COR5 or -SO2R5
group, where R5 is as defined in claiml, to yi el d the conpound of
forrrula /b r I f..formula (fl:

NC( R krlhe nol@ Eﬁ&% ?‘(Egecfl?eg?%?x{ thtegglé%tg r‘rg%hl grﬁ r%g tﬁum?%f alil ng
car bon cont ai ni ng chal n:

R3\N/R

——(CHz)z/k(CH

wherein R3 is as defined in claim 1 and R represents a protecting group for the amine

Dy

5 function such as, for example, a fert-butyloxycarbonyl group,
to yield the compound of formula (IV):
NC R'

/\/K1
SN R’

2 (IV)a

wherein R'; and R'; are as defined hereinbefore,

which is then subjected to a reaction deprotecting the amine function, for example in
10 the presence of trifluoroacetic acid, to yield the compound of formula (I/a), a

particular case of the compounds of formula (I):

NC . Rn

/\/k1
.‘\\\\\N Rn

2 (I/ a):




R3 ~NW -(CH2) (CH2)2 wherein R3 is as defined hereinbefore and R 4
represents a linear or branched 5 (G -C6)alkyl, aryl, heteroaryl,

3, 4-di oxocycl ohutenyl, -COR5 or -S02R5 group, where R5 is as defined
her ei nbefore, a variant in the preparation of the conmpound of formula
(Pb) consisting of using custonary cheefical reactions, once the step
of coupling with the conpound of forrmula (I/a) has been carried out,
in order to subsequently 10 nodify the substituents of the conpound
of fonnula (M),. it then being possible for the conpounds of fornulae
(1/a) and ( |Wfa%r?lf% @R Risriges! Eﬁéﬂnt%gé‘ﬁwr}geqayb%rcq%n@g B¥tnds of
formula (1), to be purified according to a customary separation
techni que, converted, if desired, into their addition salts with a
phar maceutical |y acceptable acid oR;haseltand separated, where
appropriate, into their 15 isomers, ilN they exist, according to a
customary separation technique. 13. Pharnmaceutical conpositions
conprising as active ingredient > QAI0 cording to any one of
clains 1 to 11, on its own or—Tﬁégg%binatggﬁﬁﬂffh one or nore inert,
non- toxic and pharmaceutically acceptabl e excipients or carriers.
-39- 14. Pharnmaceutical conpositions according to claim13 for use in
t he treat menfh@sini-ay ehldmrddkresiRifgephreni a and ot her psychoses,
abuse of drugs, disorders caused by stress such as anxi ous states
and toxicomania, the treatnment of unipolar and bi polar depressive
states, inp i havi ) as.obsessi.ve-.conpul sive di sorders
and 5 aggre§§$$%§%§§Tﬁ¥H§%§?%§%@21BS%FnﬁgJﬁﬁﬁgdﬁ“%£%?£%ase, essentia
trenmor, disorders of nenory and other cognitive disorders associ ated
wi th_psychiatric and neurol ogi cal, diseases such as denentias and
Al zhei mer' s di%se&éber @t edpienminadons iaglignswith a reducing agent, such as sodium

triacetoxyborohydride or sodium cyanoborohydride, in the presence of a

compound of formula (V):
R—CHO (V),

wherein R' represents a hydrogen atom or a linear or branched (C;-Cs)alkyl

10 group;
= or to the action of a compound of formula (VI):
R'—Y (VD),
wherein Y represents a halogen atom or a hydroxy or linear or branched
(Cy-Cepyalkoxy  group, and R" represents‘ an aryl, heteroaryl,
15 3,4-dioxocyclobutenyl, —CORs or —SO,R5 group, where Rs is as defined in

claim 1,

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

formula (I):



children or adol escents, the treatnent of pain, nausea, premature
ej acul ation and also for renal protection. 10 15. Use of conpounds
~of formula (1) according to any one of clains | to l1 in the
manuf act ure of nedi canments for use in the treatnment or prevention of
schi zophrenia and other psychoses, abd8e of drugs, disorders caused
by stress such as anxious states and toxicomania, the treatnent of
uni pol ar and bi pol ar Ndepr essi ve states, inpuldi"ye behaviours such as
obsessi ve- conpul si ve disorders and aggressiven ss the treatnment 15
of Parkinson's disease, -ntlal‘$t- di ers of nmenory and
ot her cognitive disord i ated with psychBatrlc(HhH
neur ol ogi cal di seases s ntd as and Al zheiner's di sease,
devel opnent al disorders inhildyen or adol escents, the treatnment of
pai n, nausea, premature ejaqy ion and also for renal protection

16. Compounds of fornula (1) according to any one of clains 1 to 11
for use in the 20 treatnent or prevention of schizophrenia and ot her
sychoses, abuse sorders. caysed stress such as
Brxi ous. si at es aw 'c'oe]%rﬁj’é ‘fogéﬁ%ertfimé%ﬂwefﬁ{lowg caﬁaoaaaoafaﬂaﬂ%wham
bi pol ar depre55|ve states, i mpul si ve behavi ours such as obsessi ve-
conpul si ve di sorders and aggressi veness, the treatnent of Parkinson's
di sease, essential trenor, disordeérs ofRhenory and ot her cognitive
di sorders associated with 25 psychiat® ¢ and neurol ogi cal di seases
such as denentias and Al zheiner's diséase devel opnment al di sorders
in children or adol escents, the f. pain, nausea, premature
ej acul ation and al so for renal %ﬁgﬁéctlo Cﬂ)z

wherein Rj3 is as defined hereinbefore and R'y represents a linear or branched
5 (Ci-Cg)alkyl, aryl, heteroaryl, 3,4-dioxocyclobutenyl, -CORs or —SO,R5 group,

where Rs is as defined hereinbefore,

a variant in the preparation of the compound of formula (I/b) consisting of
using customary chemical reactions, once the step of coupling with the
compound of formula (I/a) has been carried out, in order to subsequently

10 modify the substituents of the compound of formula (VI),

it then being possible for the compounds of formulae (I/a) and (I/b), which constitute
the entirety of the compounds of formula (I), to be purified according to a customary
separation technique, converted, if desired, into their addition salts with a
pharmaceutically acceptable acid or base and separated, where appropriate, into their

15 isomers, if they exist, according to a customary separation technique.

13. Pharmaceutical compositions comprising as active ingredient a compound according
to any one of claims 1 to 11, on its own or in combination with one or more inert, non-

toxic and pharmaceutically acceptable excipients or carriers.
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-39-

Pharmaceutical compositions according to claim 13 for use in the treatment or
prevention of schizophrenia and other psychoses, abuse of drugs, disorders caused by
stress such as anxious states and toxicomania, the treatment of unipolar and bipolar
depressive states, impulsive behaviours such as obsessive-compulsive disorders and
aggressiveness, the treatment of Parkinson's disease, essential tremor, disorders of
memory and other cognitive disorders associated with psychiatric and neurological
diseases such as dementias and Alzheimer's disease, developmental disorders in
children or adolescents, the treatment of pain, nausea, premature ejaculation and also

for renal protection.

Use of compounds of formula (I) according to any one of claims 1 to 11 in the
manufacture of medicaments for use in the treatment or prevention of schizophrenia
and other psychoses, abuse of drugs, disorders caused by stress such as anxious states
and toxicomania, the treatment of unipolar and bipolar depressive states, impulsive
behaviours such as obsessive-compulsive disorders and aggressiveness, the treatment
of Parkinson's disease, essential tremor, disorders of memory and other cognitive
disorders associated with psychiatric and neurological diseases such as dementias and
Alzheimer's disease, developmental disorders in children or adolescents, the treatment

of pain, nausea, premature ejaculation and also for renal protection.

Compounds of formula (I) according to any one of claims 1 to 11 for use in the
treatment or prevention of schizophrenia and other psychoses, abuse of drugs,
disorders caused by stress such as anxious states and toxicomania, the treatment of
unipolar and bipolar depressive states, impulsive behaviours such as obsessive-
compulsive disorders and aggressiveness, the treatment of Parkinson's disease,
essential tremor, disorders of memory and other cognitive disorders associated with
psychiatric and neurological diseases such as dementias and Alzheimer's disease,
developmental disorders in children or adolescents, the treatment of pain, nausea,

premature ejaculation and also for renal protection.



