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_STetrahydroi m dazo[ 2, 1-a] i soqui nol i ne Derivatives The present i-nvention

*“relates to certain tetrahydroim dazo[ 2, 1-a]i soqui nol i ne derid§?$ves, to
processes for their preparation, to pharnaceutical formrulations containing
themand to their use in nmedical therapy, particularly in the treatnent of
depression. Depression is a common, serious and |life threatening disorder,
and its effects are persistant and debilitq@ating. The ol der antidepressants
of the first generation, including im.pramne and amtriptyline have
del eteri ous cardiovascul ar and anticholinergic side effects that can | ead
to serious toxicity in overdose and to poor patient conpliance. The newer

second generation drugs aﬁéﬁ@"?ﬁ}eﬁfrﬁ?ﬁgﬂzﬁﬂﬁgﬁﬁn%%éD%P‘W‘%i’ such as the

atypi cal antidepressants serotoni n réeuptake (SSRI's),

come with their own particular pattern of side effects which include sleep

di sturbances, gastrointestinal synptons, sexual problens and anxiety.

Lithiumis pl adinecpriegent inventianyretdtes v eedaindetishydroimidazo[2;ajisoqfinalimel ead

It ot Eoor corm{)l UFivatives, fo'Proressstfor HePreparktién,ay rphﬁéagﬁac{ehﬁeéu ﬁgﬁﬂdlﬁfortsp
ithium carba . al.proatl e e.n n.lighium .

and carry the %@ﬁ@'ﬁ@rftg%ﬂ‘ éﬁ#h@e%ropgéilgaﬁe%%eﬁa |'cb%{'§§l?|cﬁ¥y'h th

respectively. PIe®8I%ort comings of antidepressant drugs, the
search for new agents continues. A new group of drugs have now been found

whi ch apart fr @Bgrédtidh is' 4'€orhiBn! §sHakehddlfe BRESMEAIMNgHisGRHEPC ahd it ldifecishe
reupt ake of nora renal,| r\? a{1 d@g@_ﬂm ne. The dopam ne reuptake inhibition
I's thought to ﬁr REESn etg' % on of npod, which nakes the conpounds

suitable for the acute relief of the synptons of depression. This is
consi dered to [Theaoldebahtidéprassamty of tiag first \genetationninahudirdeiptiprating atidugs,

such as, the 5%{ﬂfé@@liﬂe@e%&éﬂﬁér@béﬂ&?ok@élﬂéragﬁd Qhﬁ&%ﬁﬁéﬁl@‘éi&é‘ chig 2

compounds. ar e, et gAY ﬁtﬁﬁﬁvs“ﬁoﬁvq?tyﬁg VBreg A0 R HOPE RBSIN LOBPIBBG R e,
| ess sedative tThennewer pecand genergtion availeble: fiom ther widxpPs cwasds, i n
the treatment aelcihakitheatypitd anfidesressarts and theinhiitorylof Seronint feeptikeader
pharmacol ogi calgBRPL), B witl thefiO8WH? YaARURT palternPbSsidd bifects which include
sleep disturbances, gastrointestinal symptoms, sexual problems and anxiety.
Lithium is plagued by a variety of adverse side effects, which often lead to
poor compliance and subsequent relapse. The current alternatives to lithium,
carbamazepine and valproate,-are no more effective than lithium and carry
the extra burden of haematoldgiéal and hepatic toxicity respectively.

Because of the short comings of antidepressant drugs, the search for new
agents continues. A new group of drugs have now been found which apart
from inhibiting the reuptake of serotonin, aiso inhibit the reuptake of
noradrenaline and dopamine.

The dopamine reuptake inhibition is thought to produce a fast elevation -of
mood, which makes the compounds suitable for the acute relief of the
symptoms of depression. This is considered to be a substantial advantage
over known antidepressant drugs, such as, the serotonin and noradrenaline
reuptake blockers which have a delayed onset of action of two weeks or
more. - '

Moreover, the present compounds are, in view of their ability to block the
reuptake of dopamine, less sedative than the prior art compounds, and thus
more appropriate in the treatment of patients with psychomotor retardation.
Thus, the broader pharmacological profile of the compounds of the present



2 invention will result in antidepressants which have a fast onset tine,
a broader efficacy spectrum and an advant ageously reduced side effect
profile. It is also believed.that these conpounds will be particularly
effective in the treatnment of the elderly, treatnent resistant and bi pol ar
.depressed patients. The conpounds of tfie present invention may al so be
used for the treatnent of Parkinson's disease, obesity, anxiety disorders,
central pain, addiction and the negative synptons in schizophrenic patients
and a nunber of other disorders nentioned herein. Thus, according to one

aspect, t hényargionniwill rréﬁultlmnaﬁfaépr%%aﬁﬂéemq’mésaofasiOcﬁr'l’éétatuhb) glerr]

(B R, oot atacy YoSnitancar bovantageoysty reduced sids sffect praiién! one
or more sutiksisi alserhalieyeddbat thaseorompounds will die: pattioularly, effeetivg iy theal ky|

C err] al koxseatribat of thiekeltehy, Qreéi{rﬁm }ésisiaﬂahha Wﬁolaﬁﬁéﬁds@éh fﬁﬁbnts
Cerr]al kynyl and halogen; Rerr], Rerr], Rerr] and R err whi ch may be

the sane or_different, are each sel ected from hydr ogen,

Cl err] al kodyg @QmIPQlIJIRQS of the-prgseny invertioarmay aigaabe]useldeicy the dfeatmiat kynyl ,
d err] cycl onliParkingon's disédden lobgsity, dantistydiSérdérs, central pain, addiction and

' the negative symptoms in schizophrenic patients and a number of other

disorders mentioned herein.

Thus, according to one aspect, the present invention provides the
compounds of formula (I): '

(A) (8)

R', R? and R®, which may be the same or different, each represent one or
more substituents selected from hydrogen, Cisalkyl, Csscycloalkyl
Ciealkoxy, Cisalkylthio, C4ecycloalkenyl, C,salkenyl, C,salkynyl and halogen;

R*, R®, R® and R’, which may be the same or different, are each selected from
hydrogen, CisalkoxyCiealkyl, Csecycloalkenyl, C,ealkenyl, Caealkynyl,
Csscycloalkyl and Cysalkyl;

nistor2;

or a pharmaceutically acceptable salt or solvate thereof for use in therapy.



cor a pharmaceutically acceptable salt or solvate thereof for use in

t her apy. 3 In a further
aspect of the invention there are provided the conpounds of forrmula (1) and
their pharnmaceutically acceptable salts and solvates for use in in the
treatnment or prevention of depression g8r any of the diseases or disorders
mentioned herein. As used herein the termalkyl as a group or part of a
group neans a straight or branched chain al kyl group. The nunber of carbon
atons in the al kyl group (or in any of the other groups defined bel ow) is

I ndi cated, b refix, for a err]al neans al kyl group,havin
from1-6 (',‘&?/% Bﬁroﬁﬁpe@ueﬂﬁéﬁ U@ %hﬂlé n%'y%ﬂ 3“ 'ﬁ?ﬁ’&“‘fs Bfopyl , °
n-propyl , formulayl).ar theinpharmeaceuticallyaceeptatle sattsramt mlyaﬁesdpeusq Im

n-hexyl, r?clhﬁﬁ%{e?ﬁﬂé’nt”‘éwﬁ-é%n Qrﬂeoft aégegsw lo! &y U

nethylthlo erences to alﬂgny groups |nclude
groups whidige 'B@ntlﬂn?q’ubel:_e'nor Z- formor a mxture thereof and which
when t hey cont ain at |east three carbon atons, nay be branched. Exanpl es of

articul al V.,
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fluoro and iodo. Ring substltuent Rlerr], when present in the phenyl group
(A), My IRefererday t@nakeh I"§rofipef inthrie’grotipswhighomaf b the s orSgeci fi c

Beanpl os RO fphl e e %@“ﬁgihﬁ%aﬁ%‘héﬁﬁﬁﬁﬁ thrag, §8H50n

3, 4- di chl @emsRFmay habranchednExamples of partieular alkeny! groupsdnalugatvigyl, gr oup
(B), may iyl n bifenyl ne.sbbutéh" Oéeﬁtbnyrl iSopatflerylPORbkéy1S - ischesienyl,
substit “erte%hgl(&ﬁyl] aﬁ‘c’:‘ i fﬂe‘?ﬁyl] 2 B T erfiL® alkoxyhsa i Ré’\?é tions

meanings as understood by the person skilled in the art and include straight

and branched chains. Examples of alkoxy groups include methoxy and ethoxy

and examples of alkynyl groups include ethynyl, propynyl and butynyl.

As used herein the terms cycloalkyl and cycloalkenyl have meanings as
understood by the person skilled in the art and include cyclopropyl,
cyclobutyl,' cyclobutenyl, cyclopentyl, cyclopentenyl, cyclopentadienyl,
cyclohexyl, cyclohexenyl and cyclohexadienyl.

The term halogen includes chloro, bromo, fluoro and iodo. ) —

Ring substituent R', when present in the phenyl group (A), may be in any one
or more of the 2, 3, 4, 5 or 6 positions. Specific examples of single ring
substituents includes 4-chloro or 4-fluoro. Examples of multiple substituents
include 3-chloro,4-fluoro and 3,4-dichloro.

Ring substituent R', when present in the naphthyl group (B), may be in any
one or more of the 1, 3 and 4 positions.

Ring substituents R? and R® may be in any one or more of the positions
available.



cavai | abl e.
appreci ated that sone of the conpounds of forrmula (1) and their salts and
sol vates may contain one or nore centres of chirality and exist as
stereoi soners including diastereonmers and enanti onmers. The present
I nvention includes the aforenmenti oned st4ereoi soners within its scope and

each of the individual

4 It will be

antioners,in

(R and (S) enantioners of the conmpounds of formula
(I') and their salts and sol vates substantially free,
| ess than 5% preferably |less than 2%
ot her enant

ie associated with
in particular |less than 1% of the
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aid

provi des t harecingluaieadsitisih the @mbitof(the preseistfinvestisthove with the proviso

that the conpound is not
(rac)-6-phenyl -2, 3,5, 6-tetrahydroi m dazo[ 2, 1-a] i soqui nol i ne.

Salts according to the ‘invention include pharmaceutically acceptable acid
addition salts derived from mineral acids such as hydrochloric, hydrobromic,
hydroiodic, phosphoric, metaphosphoric, nitric and sulphuric acids, and those
drived from organic acids, such as tartaric, acetic, trifluoroacetic, citric, mailic,
lactic, maleic (cis-butenedioic acid), malonic, fumaric, benzoic, ascorbic,
propionic, glycolic, gluconic, succinic and methanesulphonic and
arylsulphonic, for example p-toluenesulphonic acids. Preferred salts
according to the invention include hydrochloric, oxalic, fumaric and maleic
acid addition salts. :

Solvates according to the invention include hydrates.

The compound (rac)-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-alisoquinoline
and processes for its manufacture are described in a synthetic study in J. Org
Chem. 35, (4), 1178-1180, (1970). As a consequence no protection is sought
for said compound per se. _

Thus, according to a further aspect the present invention provides the
compounds of formula () as defined above with the proviso that the
compound is not (rac)-6-phenyl-2,3,5,6-tetrahydroimidazo[2, 1-alisoquinoline.



) The foll ow ng compounds of fornula (1), either with or w thout the
proviso thereto, represent preferred conpounds according to the present
invention: (i) Xis (A). (ii) Rerr] represents one or nore substituents
sel ected from hydrogen, Clerr]al kyl and hal ogen, preferably Rerr] is
in the 4-position (when Xis (A). (iid) Rerr], Rerr], Rerr], Rerr] and
Rl err] are each hydrogen. (iv) nis 1. (v) X HRerr], Rerr], Rerr],
Rlerr], Rerr] and Rerr] are as defined in points (i) to (iv) above; or
a pharnaceutlcally acceptabl e salt or solvate thereof. Particularly

preferred.'ﬁ,wnpqci accordlrﬁgppggt he an(!f lfh%r wm@ o? W& ﬁ\%eBrJ\ﬁwd to be

. useful in

(rac) - 6- (mm@rreprasqntprefs&ea @mmwrzdmrdirue@dne prasentjimeantionaol i ne;
(-)-6-(4- xm@gnyl) 2,3,5,6-tetrahydroi m dazo[ 2, 1- a] i soqui nol i ne;
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(+)-6-(4- Iﬂ,gq@rﬁﬂep&l hsggﬁﬁgggéwd}b pR1 dazo[ 2, 1-a] isoquinoline; and

phar maceut | ¢al k% adccept able salts and sofvates thereof The present
i nvent i on (M4 I ncl udes _a nethod for the treatnent of an aninmal, for
exanpl e, {vXnpRA RY, R, R} R andRinare, asdéfined ingpdintsniijto (iv)atbavet o suf f er

from depr esSbroé‘ﬁﬂé@%e&ﬁcéllgmunPféﬂ@@é&%F%ﬂlﬁtéﬂ*é??&ﬁ whi ch conprises

adm nistering a ective a-conpound o ormula (lI) or a
phar maceutically acceptable salt or solvate thereof. 1In yet a further
aspect, t [Rarticaladyt prefierred i compoundsieccordingste tHe dnwentjon, nahich haverul a (1)

or a phar 'B?eﬂfohﬁa%beﬁf{é?mhstlﬁtﬁ\eﬂfoﬁ@éﬂlﬁbﬁ Phgfeeo i n the manufacture

of a medi canent ent’ron Q i on.or,. any of the
_aforenent i oned (@ &r@ B)'é‘&vév I?é B"%@&’Bﬁd%%‘ﬁgé‘ ]s$quﬁ%° {r?ee;t ment

of I whi chdt heI cc(n)s&@d{ﬁl'llofomnét)l-a:i(ﬂ ﬁ-tai{lmydrelmldabdzm%smqmabllr}e,accept abl e
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speci fi ed.
and pharmaceutically acceptable salts and solvates thereof.

The present invention further includes a method for the treatment of an
animal, for example, a mammal including a human, suffering from or liable to
suffer from" depression or any of the aforementioned disorders, which
comprises .administering an effective amount of a compound of formula () or
a pharmaceutically acceptable saltor solvate thereof.

in yet a further aspect, the present invention provides the use of a compound
of formula (I) or a pharmaceutically acceptable salt or solvate thereof in the-
manufacture of a medicament for the treatment or prevention of depression or
any of the aforementioned diseases or disorders.

Depression states in the treatment of which the compounds of formula (1) and
their pharmaceutically acceptable salts and solvates are particularly useful,
are those classified as affective disorders in the Diagnostic and Statistical
Manual of Mental Disorders. Fourth Edition-Revised, American Psychiatric
Association, Washington, D.C. (1994), including the mood disorders, other
specific affective disorders and bipolar and depressive disorders not
otherwise specified.



.6 O her uses in human therapy for the conpounds of fornmula (I) or a

pharmaceutical ly acceptable salt or sol vate thereof

of the follow ng conditions: [err] anxiety disorders, including phob
neur oses, pani c neuroses, anxiety neur oses, post-traumatic stress
di sorder and acute stress disorder. [errb attention deficit disorders.
di sorders, including obesity, anorexia nervosa and bulim a.
[err] personality disorders, including borderline personality disorde
[err] schizophrenia and other psychotic disorders, including schizo

[err] eating

af fecti ve

di sorders, dilusional disorders, shared psychotic disord

bri ef psychot gher uges dndbumandthesgender dhai eernpeynds @f rformula (1) or a
nar col epsy- caphainfaceutivallyr ssteptdbte salt orsolvatictheradfdhciddel ther rieatment of r |

sexual functi
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P Hiletibn QefitiPGisiferénd condition of the recipient, and the
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Wiile it is pessiditsiepsy-citplery birvdroimegr edi ent to be administered al one, it
is preferablet %@E&%@??el%ai}eﬁs@rd@@r maceutical fornulation. Accordingly,
on rurtner

the present i

nvent| provides a pharmaceutical fornulation

conprising a &orfs¥URfuBetigndiseNiders.| ) or a pharnmaceutical ly acceptable salt
or solvate theresidep disgeieh®r with a pharnmaceutically acceptable carrier
t hereof and optionally other therapeutic agents. The carrier nust be

Sheotot ST AP ) 52 iy e = ©

"accept abl e"
the formul ati

salt or solvate, also referred to herein as the active ingredient, which is
required to achieve a therapeutic effect will, of course, vary with the particular
compound, the route of administration, the age and condition of the recipient,
and the particular disorder or disease being treated.

A suitable daily dose for any of the above mentioned disorders will be
in the range of 0.01 to 125 mg per kilogram body weight of the recipient (e.g.
a human) per day, preferably in the range of 0.1 to 50 mg per kilogram body
weight per day and most preferably in the range 0.25 to 25 mg per kilogram
body weight per day. The desired dose may be presented as one, two, three,
four, five or more sub-doses administered at appropriate intervals throughout
the day.
While it is possible for the active ingredient to be administered alone, it is
preferable to present it as a pharmaceutical formulation. Accordingly, the
present invention further provides a pharmaceutical formulation comprising a
compound of formula (I) or a pharmaceutically acceptable salt or solvate
thereof, together with a pharmaceutically acceptable carrier thereof and
optionally other therapeutic agents. The carrier must be “acceptable” in the
sense of being compatible with the other ingredients of the formulation and
not deleterious to the recipients thereof. :

Formulations include those suitable for oral, rectal, nasal, topical
(including transdermal, buccal and sublingual), vaginal or parenteral
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. Formul ations include those suitable for oral, rectal, nasal, topical
(including transdermal, buccal and sublingual), vaginal or parenteral

7 (i ncl udi ng subcut aneous, intranuscul ar, intravenous, intradernal and
intravitreal) adm nistration. The fornul ati ons may be prepared by nethods
wel | known in the art of pharmacy, for eyarrple usi ng nmet hods such as those
described in Gennaro et al., Rem ngton's Pharmaceutical Sciences (18th ed.,
Mack Publishing conpany, 1990, see especially Part 8. Pharnmaceuti cal
Preparations and their Manufacture). Such nmethods include the step of
bringing into association the active ingredient with the carrier which
constitutes ofiecledingo rseibgetanesus,y intngmuskulan s int@iyenous; c desadermahg@sdi ent s
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rectal adnini gcmsmuteﬁ Oﬁlﬁyorbféoﬁﬁ aceassery @gr%dmigpsgm argessone ingredients For
parenteral adincludet thelseoconventiomdll i thwy @, aduchnas,i fikars d dirtiers; odituerits]
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addi ti on of tHiscreter unhits | sughi dasc ills, etablétsr oemagslulgs vesechr containing oause.
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usts or ms urise
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i ncl udes t he PQUSOHPA ep%@é!?@é”ﬂ@?f'”?%ﬂ't nélpas%mewr d Oﬁ'l?FqSQf

formula(l). wmct'trpeowildé farnvglow reieas&oﬁﬁemwmmgegdlmtl s X, Rerr], R[ err],

Rlerr], Rerr] , l.*atndﬁ%e‘f d réb@ Rhdhinls W%r&%?&cébbsd to
themin formula ess ot erw se state Acc ding to a rst general
process A, coFHRéﬂ?ﬁ A8 al fornula (1) may be prepared by reacting
conpounds of generkQr parentaral agministration, suitable formulations include aqueous

and non-aqueous sterile injection. The formulations may be presented in unit-

dose or multi-dose containers, for example, sealed vials and ampoules, and

may be stored in a freeze dried (lyophilised) condition requiring only the

addition of the sterile liquid carrier, for example, water prior to use.

Formulations suitable for administration by nasal inhalation include
fine dusts or mists which may be generated by means of metered dose
pressurised aerosols, nebulisers or insufflators.

The present invention further includes the following processes for the
preparation of compounds of formula(l). ' —_

In the following description the symbols X, R', R%, R?, R*, R®, R® and R” have
the meanings ascribed to them in formula (I) unless otherwise stated.

According to a first general process A, compounds of general formula (l) may
be prepared by reacting compounds of general formula (Il)

x .
e Sl )
"



cferr] 8 W th
" et hyl enedi amine, or a derivative or chenical equivalent thereof. For
exanpl e, the nono salts of ethylenediamne with various organic and in-
organi c acids can be used, preferably ethyl enedi am ne p-tol uenesul fonate
(1:1). The reaction may be carried out in ghe presence of a solvent and at

an - el evated tenperature, or typically in a nelt at a tenperature of
approxi mat el y 200[ err] C- The internedi ates of general
formula (11) may be prepared by | actone formati on by reacting a

compaund of fornuyla (l11) [err . .. Wth an rqpr.i at

or ggnorret allic W'thb’&ﬂ?n ' '"ﬁ]s o 3 iQ%‘VﬁW%Prz‘?r}}?@'?%gg@H{’)a'e& ﬁ'nereofarfd)r
preferably a Gexampiel theageno, saltsr of/ ethyldnediaminepkith various Orfjanic Jand &-r ]
Sch as a | TORAEIdds af i kG, Brefratly GiceaoniRe (EIcHBTIGBuontePaen
chloride or br C)(ﬂi"cleﬂi’% readion ma&@g&aﬁﬁ%ﬁ%@ig}é%@%@%ggogﬁ sg 85@3"@%# %@nt
such as hexane,elevatesjempenture,or typically in a geltatyatemnaratyre at approximateldt ur e

of about 40[err3@g@°Co 120[err]C, generally at refl ux t enper at ur e.
Compounds of fornula (111) may be prepared by nmethods described in the

chem cal litergture or ohtained co reially. Accor di to a
second gener al ab?%d’ét?g“ ,'aéﬁnﬁglﬂﬁﬁ'?r f'%g'é'HL%él') feambe, p(ggareg by lactepe be
synt hesi sed by fosrdtionehy raacting arcompoudd of farmefa @gbheral fornula (1V) in
the presence of a dehydrating agent og acid catal yst, preferably

concentrated sul phuric acid, &t el ?l\{r')-lt ed tenperatures such as
50[err] C. [err] w_@o
COOH

with an appropriate organometallic reagent, such as a lithium or zinc reagent
and preferably a Grignard reagent, derived, for example, from CHs-L', in
which L' is a suitable leaving group, for example a halogen, such as a
chlorine or bromine atom. Preferably methylmagnesium chloride or bromide is
used in the presence of an apolar solvent such as hexane, diethyl ether or
tetrahydrofuran, at a temperature of about -40°C to 120°C, generally at reflux
temperature. '

Compounds of formula (llf) may be prepared by methods described in the
chemical literature or obtained commercially.

According to a second general process B, compounds of general formula (1)
may be synthesised by cyclisation of intermediates of general formula (IV) in
the presence of a dehydrating agent or acid catalyst, preferably concentrated
sulphuric acid, at elevated temperatures such as 50°C.

X
“”"@YNH\ ® (V) -
P}-;Z(Rs

R’ RS

Intermediates of formula (IV) may conveniently be prepared by reduction of a

ketone of formula (V) using methods known to those skilled in the art.

Suitable reducing agents include hydrides such as lithium alkylborohydride,

lithium aluminium hydride or borane or substituted boranes. The reaction may

be carried out in an aprotic solvent such as diethyl ether and/or

tetrahydrofuran. Other suitable hydrides include sodium borohydride in a
B polar solvent such as an alcohol at a temperature of -30° to 100°C.



-

I ntermedi ates of formula (1V) may conveniently be prepared by reduction of

a ket one of formula (V) using nethods known to those skilled in the
art. ' Sui t abl e reduci ng agents include hydrides such as lithium

al kyl bor ohydri de, l'i thi um al um ni um hydride or borane or _
substituted boranes. The reaction may be carried out in an aprotic
sol vent such as diethyl ether and/or g tetrahydrofuran. O her

sui tabl e hydri des include sodi um borohydride in a pol ar sol vent
such as an al cohol at a tenperature of -30[err] to 100[err]C _

9 [err] "These conpounds of general formula (V) can be obtained by

reaction of intermediates (VI) with a phenacyl halide of choice, preferably
after protection with triphenylnethyl ghloride prior to reaction, which
results in nonoal kyl ated progsuctsy( V) @ r I ntermediates (VI) are
readi |y avail abl e or can be obt %y Rea®)i on of the appropriately
substituted benzonitriles wth et hyll&e gpam ne, or a derivative or chemi cal
equi val ent thereof, with or without sf\yent at elevated tenperatures. The

i ndi vi dual enantioners of conpounds & ¥ornula (1) may be obtained fromthe

Usi ng any. et hodt o ofrboahlis ot Yorifal ofiptta %)Sﬁféﬂéeﬂﬁﬁﬂ"&ﬁﬁ reqtorf 87
usin . . : .
described in St glt%rglﬁ?é%?g with &phenacy! t@%ﬁ’ﬁ _ﬁgB',C‘_aEPT_e?erEBh’e@ o4 Rfotsciion

W len, Chapter Withteiphenyimefnt chiotidepriettoyreactioravhidh easuits immoanoalkylatédn t o
di ast ereonmers bprodeictsqdy. such as salt formation with optically active acids
fol | oned by separation of the constituent diastereoners by fractional
crystallisation or by di fferentl;_.,al soglpt i on using colums packed with
chiral material, for exanple prep ' cHvihl liquid or gas

chr omat ogr aphy. ' 1‘}__7

Intermediates (V1) are readily available or can be obtained by reaction of the
appropriately substituted benzonitriles with ethylenediamine, or a derivative
or chemical equivalent thereof, with or without solvent at elevated
temperatures.

The individual enantiomers of compounds of formula (I) may be obtained from
the mixture of stereocisomers obtained by one of the sequences described
above, using any method well known in the art. For ‘example, using methods
described in Stereochemistry of Organic Compounds, E.L. Eliel and S.H.
Wilen, Chapter 7, 1994. In particular they may be obtained by conversion to
diastereomers by methods such as salt formation with optically active acids
followed by separation of the constituent diastereomers by fractional
crystallisation or by differential absorption using columns packed with chiral
material, for example preparative chiral liquid or gas chromatography.

Wherever one enantiomer is preferred the remaining fraction after the
fractional crystallisation, mainly consisting of the other enantiomer, or the
other enantiomer obtained, can be racemized by a suitable base like
potassium hydroxide in an appropriate solvent such as dimethylsulfoxide at
different temperatures, generally at room temperature and the resulting
racemate can be resolved once more to raise the yield.

The final 6-aryl-2,3,5,6-tetrahydroimidazo[2, 1-ajisoquinolines can be isolated
as such or they can be converted into any desired acid addition salt or
derivative. Most commonly an addition salt resulting from a pharmaceutically
acceptable acid like hydrochloric acid, oxalic acid or fumaric acid is preferred.
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. Wherever one enantioner is preferred the remaining fraction after the
fractional crystallisation, mainly consisting of the other enantioner, or
t he other enantioner obtained, can be racem zed by a suitable base |ike
pot assi um hydroxide in an appropriate solvent such as dinethyl sul foxi de at
different tenperatures, generally at roqggtenperature and the resulting
racenat e can be resol ved once nore to raise the yield. The final
6-aryl-2,3,5,6-tetrahydroi m dazo[ 2,1 -a]isoquinolines can be isolated as
-such or they can be converted .into any desired acid addition salt or

derivative. t _conmonl anadltlo al.t resultin fr a

phar maceut i ca’\(ﬁli‘ﬁ ) £ éfe&'r?g'kgd Q)C?ﬂ rqrc"'%E nh}galqrgc%?épa or
fumari c aci d desciibed abpve]. any one or more of the following further steps in any order 10
Wher e necessahayaépéﬁsrmgdi foI | ow ng one or nore of the processes

descri bed ab F'%W‘ ?ﬁ,,g“ gfgte& rgugr@m ng further steps in any
1) conver i i CATYSTi @ne8rapounst R (CAmuls (L7 & BiPthced 11 BeRedhiBichs: | nt o

a further corfpdhecanipdundnofifarniula (por a nnotactedtfem thereoft hereof ; (iii)
converting a ggmv&@an fa EBFnHHbﬁd OF Yorfula (1§ 'oP e prokstté @ tor fhié?étSfflntd1 0 a

phar maceuti c sol v (1) or
a protected f %&E}@ﬁy aﬁ?ﬁg@grﬁ?grqus@}age %3%&@5@6&@&‘?@ Ifc{!gﬁ bl e
salt or sol varetestedfospitherenti of formula (1) or a protected form t hereof

i ntﬁ a conpoyivj cohvértingld phérmaceuticallyr adceptabie sait or sbivateodf a@ﬂibnmnndlert I( Irl)g
a pharnaceut i t &%qjﬁf% a

or a protect ((515}“ i ?ﬁ%?aaﬁla?erﬁ?%&;on h%fédgﬁrtgrsné;é%ﬂg) Icall'y acgieap{)ogl e salt
or solvate ofPr gﬁiﬁrﬁ é’"('l here |) where the conpound of formula (1) is

obt ai ned as dvhtonveringa phat)mmtl(:a!)y ancaptablasalton salvateiofig componingdiafire to
obt a: n t{]e depimaie @yast | £ 'protected) FoRh BRAGof | "ht@ngh@th]gf ;ﬁﬁé?mlbceu'tfda“(” es(?l\/l)
novel inter conpounds of formul ae : :
and (V). Specég}cg@ .ﬁ%h@%@%@ﬁﬂﬁ‘ﬁﬁg to the present invention include:
3- (4- Chl or opH¥ POQ"‘{@-fme%@KBH%@Pﬁ'Qﬁ%?\%a mixture of (R) and (S)
3-(4-Fl uor oprmmymbmarsrmsbminglmahhedwemmmnmmsmed enantiomer.

3- (4- Met hyl phenyli) - 3-net hyl -1 (3H) -i sobenzof uranone. The foll ow ng

exanpl es are 'i'hnet e&ceig dnt]c ?r{ve'r'aLclJH S%urt?\tel’ Oxﬂcl%eg Sli‘dno% m?ermegla é‘sdea%d in

particular the compounds of formulae (ll), (IV) and (V). Specific intermediates

according to the present invention include:
3-(4-Chlorophenyl)-3-methyi-1(3H)-isobenzofuranone;
3-(4-FIuorophenyl)-3-methyl-1 (3H)-isobenzofuranone; and
3-(4-Methylphenyl)-3-methyi-1(3H)-isobenzofuranone.

The following examples are intended for illustration only and are not intended
to limit the scope of the invention in any way.

Example 1:
(4—Chloroghenyl)-3—methyl 1(3H)-isobenzofuranone :
Over a period of 30 minutes a solution of 130 g of 2-(4-
chlorobenzoyl)benzoic acid in 300 ml of anhydrous tetrahydrofuran was
added drop-wise under nitrogen to 900 mi of a stired 3M solution of
methylmagnesium chioride in anhydrous tetrahydrofuran. After the addition
the reaction mixture was kept at reflux temperature for 1 hour. Afterwards it
was cooled in an ice bath to room temperature and 1L of an aqueous 2N
sulfuric acid solution was added siowly, followed by 600 mi of toluene . The
organic layer was separated and washed with brine, dried and evaporated in
vacuo. Bulb to bulb destillation (0.1mm Hg/160°C) afforded 60 g of 3-(4-



(s

to limt the scope of the invention in any way. Exanple 1:

3-(4- Chl orophenyl ) -3-nethyl -1 (3H)-isobenzof uranone Over a period of
30 mnutes a solution of 130 g of 2-(4- chlorobenzoyl)benzoic acid in 300
m of anhydrous tetrahydrofuran was added drop-w se under nitrogen to 900
m of a stirred 3Msolution of nethyl magn,gm um chl oride in anhydrous
tetrahydrofuran. After the addition the fdaction mxture was kept at reflux
tenperature for 1 hour. Afterwards it was cooled in an ice bath to room
tenperature and 1L of an aqueous 2N sulfuric acid solution was added
slowy, fol kowed by 600 m of toluene. The organic | ayer was separated and
washed wi t h brehioegphényl8-methybd (BH)-isokehzofurancne asBalybllow dilul M.8efE.d.hat i on
(0. 1mm Hg/ 160w b6 0 g of 3-(4-

chl or ophenyl ) - 3- rret hy -1(3H) -i sobenzof uranone as a yellowoil. MS. (C1.)
(M2Z): 260 [MtH] [err] Ina5|mlar way were prepared: -
3-(4-Fl uoroph@h?ls]m'@rmmjﬂrgpﬁrﬁﬂsobenzof uranone MS. (Cl.) (M2): 243

%M(H—I] [er L] I ﬁt—@(ﬁl—ﬁ of elhyb1 L amnrtl\ﬁ ng((i(gll) §MI(ZI\)/I %‘)13 239
4- Met ) heneaf

[ ], sPe Blodad

3-

MrH] [err],

( 2- Napht hy! y 244 £ snzftpanone @C“F IONME): 2395
[MtH [err], st[M*ﬂi]n@tartmfmn(z-(ﬁmhwbwahgmc acidd. Exanpl e 2:
(rac)- 6- (4- ChLog 2 bdhzbfmaﬂme[itasl Cal) : Y5 ne

hydrochlorlde y
(3FD-|sobenzo- I'am ne p-toluenesul fonate
(166 m ethylene- di am ne treated with 470 g .p-tol uenesul fonic acid and
crystallised EhannﬂeZpropanol) was heated to 200[err]C and kept at this

t enperature oyg gBmBﬁﬁé and 850 ni
of an aqueous esul ting

m Xxture was exreyed i t h 600 m of chloroform The organl c layer was
washed with 700 m Aomixtureacpfe60sg10of F{#-ckloraphenylSomethyl-4(3H)tisabgnzori ed
glngt ﬁv?pg { ﬁg reﬁ.lraﬁoﬂélﬁﬂ@ 25T heof @tﬁyléhédié?rﬁné p}téﬁ%hésmwﬂlaié ereeamlefhylsnet ur e of
(rac) y6 (4- chI oro qrw f %g‘ ép@eq Et u% g%fbﬁt‘lc gdg&ﬁﬁq_ crystallised from 2-
propanol) was heated to 200°C an kept at thls terperature overnight. The
reaction mixture was allowed to cool and 850 ml of an aqueous 1N hydro-
chloride solution were added. The resulting mixture was extracted with 600
ml of chloroform. The organic layer was washed with 700 ml of an aqueous
1N potassium hydroxide solution, dried and evaporated in vacuo. The
residue was crystallised from a 1:3 mixture of diethyl ether and hexane at
-20°C to give 46 g of (rac)-6-(4-chlorophenyl)-2,3,5,6-tetrahydroimidazo[2,1-
alisoquinoline as a yellow solid. The hydrochloride salt was prepared by the
addition of a solution of hydrochiloric-acid in methanol resulting in (rac)-6-(4-
chlorophenyl)-2,3,5,6-tetrahydroimidazo[2, 1-ajisoquinoline hydrochloride,
melting point 230°C.

In a similar way were prepared:

- (rac)-6-(4-Fluorophenyl)-2,3.5.6-tetrahydroimidazo[2, 1-a]isoquinoline (Z)-2-

butenedioate (1:1) salt, melting point 164°C, starting from 3-(4-fluorophenyl)-

3-methyl-1(3H)-isobenzofuranone,

- {rac)-2.3 5.6-Tetrahydro-6-(4-methylphenyl)imidazo[2, 1-alisoquinoline (Z)-2-

butenedioate (1:1) salt, melting point 152°C, starting from 3-(4-methylphenyl)-

3-methyl-1(3H)-isobenzofuranone.

- (rac)-2 3.5.6-Tetrahydro-6-(2-naphthyl)imidazo[2, 1-alisoquinoline . (E)-2-
butenedioate (1:1) salt, melting point 216°C starting from 3-(2-naphthyl)-3-

methyl-1(3H)-isobenzofuranone.
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.alisoquinoline as a yellow solid. The hydrochloride salt was prepared by
the addition of a solution of hydrochloric acid in nmethanol resulting in
(rac)-6-(4- chlorophenyl)-2,3,5,6-tetrahydroi m dazo[2, 1 -a]isoquinoline
hydrochl ori de, nmelting point 230[err]C. In a simlar way were prepared: -
(rac)-6-(4-Fluoronhenyl)-2, 3,5, 6-tetrahydroi m dazo[ 2. 1-al i soqui nol i ne
(2)-2- butenedioate (1:1) salt, mel ting ¥oint 164[err]C, starting from
3-(4-fluorophenyl)- 3-methyl-1 (3H)-isobenzofuranone, -
(rac)-2.3.5.6-Tetrahydro- 6-(4-net hyl phenyl )i m dazo[ 2. 1- al i soqui nol i ne
(Z2)-2- butenedioate (1:1) salt, nelting_point 152[err]C, starting from
3-(4-net hyl phenyl )- 3-nmethyl-1 (3H)-isobenzofuranone. -

(rac)-2.3.5.6 fydr o- 6- (2 napht hyl )i m dazo[ 2,1 -a]i sopuinoline. (E)-2-
but enedi oat e : %It ne lno poi Nt 216[ err starting. from

3- (2- napht hyl hierapheny}s2.3.5 B+gtrabydroimidazol2. 1-alisoquingdline

12 Exanplgagggmgnggggggu;gjggheny|) 2,3,5,6-tetrahydroi m dazo[ 2. 1

-a] i soqui nol i ne (Byg 20%5?6@1&%6 ényi)lz 53, tetrahydroTl‘Fnon P—E Jisoquin- _

607 P Ve IO SRRSO pl vl i Yt 37 L 0. ©
2- hydr oxy- 4- (Zhyeioy-di2-@ethoxyshenyil-56tdipethyl- 3322-&0@;@ aamhaneZ- 2-
oxide. The m uxndeeThaanixtméwhs heated; iresulling in & clear $0qubnorrheﬂih|emvas1 was

Formed vas fi 0% i sr.%a b ?ﬁI’?ré"?’dsI"%"qu‘ 3 &d'% IR “and
8 dpﬁeﬁﬁ’ﬁ '%ﬁ’a oA Mixture afy s 1N

20 M water t
pot assi um hydZQmIdmteotmglverBhgwf@(pmcbmamas imaiedwvltl'eah@queGWWI et hyl

ﬁt her s ?I ut i opoteBSiuf hedfoxids aguNitisre Bnd ktrabRd" ®fth HiGthgr ¥fHer! TThé eflethypm
exane to IV
(e (b ogithar Soilion ya 3o ouporion PR s Rl TbORS.c o o
G o R cErem 2 e hsi bk umideaotadon] ooy C 3
g of (-)-6- (%msamtws’jcgrdzmﬂw &;nbaﬁom%r}demm Ihrgereﬂwaa@?%}nﬁ.zol i ne
and 3,3 g of {dgl-ct-Digt &M S(hfchi’d‘rb &¥)2,8!56-1et “alis -

I d I i
P o iy S ) ol Bihad guf’%ﬁ?ir%
(E) - 2- but ene- p@ipgaelea allqweﬂatqcméit@mqmn@mwatmI Bynijtratiom40.8a3.of (-)Exanpl e
4: 6-(4-chlorophenyl)-2,3,5,6-tetrahydroimidazof2, 1-ajJisoquinoline (E)-2-butene-

dioate (1:1) salt were isolated, melting point 184°C.

Example 4:-
(+)-6-(4-Chlorophenyl}-2.3.5.6-tetrahydroimidazol2, 1-alisoquinoline
E)-2-butenedioate (1:1) salt

The remaining mother liquor obtained in Example 3 was evaporated in
vacuo and heated in a mixture of aqueous 1N potassium hydroxide and
toluene. The toluene layer was separated and evaporated in vacuo to afford
25 g of (+)-enantiomer enriched 6-(4-chlorophenyl)-2,3,5,6-tetrahydroimid-
azo[2,1-alisoquinoline. This amount was dissolved in 200 mi of ethanol and
20 ml of water along with 45 g of (-)-2-hydroxy-4-(2-methoxyphenyl)-5,5-
dimethyl-1,3,2-dioxaphosphorinane 2-oxide. The mixture was heated,
resulting in a clear solution. After cooling to room temperature, a white solid
precipitated, which was filtered off and recrystallised from ethanol/water 10:1.
The solid obtained was partitioned between aqueous 1N potassium hydroxide
and diethyl ether. The diethyl ether solution was evaporated and the residue
crystallised from hexane to afford 7 g of (+)-6-(4-chlorophenyl)-2,3,5,6-tetra-
hydroimidazo[2, 1-a] isoquinoline as a white solid with an enantiomeric excess
found larger than 99%. The (E)-2-butenedioate (1:1) salt was prepared as
described in Example 3, melting at 181°C.



(+) - 6- (4- Chl or oohenyl )-2, 3,5, 6-tetrahydroi m dazo[ 2,1 -a]isoquinoline
" (E)-2-butenedioate (1:1) salt The remai ni ng nother |iquor obtained in
Exanpl e 3 was evaporated in vacuo and heated in a m xture of aqueous 1 N
pot assi um hydr oxi de and tol uene. The toluene |ayer was separated and
evaporated in vacuo to afford 25 g of (+)-enantioner enriched
6- (4-chl orophenyl )-2, 3,5, 6-tetrahydroi m #3 azo[ 2, 1-a]i soqui noline. This
amount was dissolved in 200 mM of ethanol and 20 ml of water along with 45
g of (-)-2-hydroxy-4-(2-nmethoxyphenyl)-5, 5-
di met hyl - 1, 3, 2- di oxaphosphori nane 2-oxide. The m xture was heat ed,
resulting in a clear solution. After cooling to roomtenperature, a.white
solid precipi tE%Ged which was filtered off and recrystallised from
et hanol / wat er mplePhe 5ol d obt ai ned was partltloned bet ween aqueous 1 N
pot assi um hyd -8 4=Chilortiphe Ertet roiniddmadf2 didjisoquinoling on was

evaporated and the ?90‘i’hleof%fn‘h?&ﬂids'&ﬁ@tﬁgl%ﬁ@é%etd?sﬁl\féa 94 g &

Wt 1o Soi i a venAnGpmen afvichier oA hlofannshy 3 b R ahvdpittica g rglCiso e = 8
( E) - 2- but enediauinaling with)arsenantipmerisraxgaseef 8% ddedhisimaiution warergsdded s
mel ting at 181:; ofepowdered potassmm hydroxide and the mixture was stirred ovemlght &b

Exanpl e 5: %amqeﬁlﬁe@? Qer@& or?@% dre %fp% [( t{aftﬂé‘éﬁ) érand
&

-a] i soqui nol i X1 d re
di ]ssol \C)ed 14 &'%PV‘( @She" tth%nggaﬁ'ﬁr dvas wash W'th brine, dried an

6- ( 4- chl or ophenapdrafad t give d2r ghfdfrac)B-(Hxzbiptpheayl)i253)5, Getatrabydrmmm th an
enanti omeric ess@SfapSodiiiBling0 this solution were added 6 g of powdered
pot assi um hydroxi de and the m xture was stirred overni ght at room
tenperature. The reaction m xture was partitioned between water and di et hyl
et her and t he Example®:| ayer was vvashed with brine, dried and evaporated. to

give 12 g of B04-P _ raRydromifazol? radlisbquiindlihe azo[ 2, 1

-ali soqui nol i
g_of (rac;)l-r}:y P{—@qqgg&& Jng}iéa%#esi%?\ydronm}dqazo-

t(-)-6-(4-Fluo

(E) - 2- but enedi oat e :

(rac)-6-(4-fl @ﬂeqiiseqymphm-; B, separatedhbyirchinal HRAGC with &- 8§ Esquuneobf ne was -

igﬁ?;atneggb% %éﬁé-gfﬂlﬂn@l l%!sfbohté?ﬁmé 2% &F Glo® Ighﬁﬁ@ﬂ%\ %mléa oI m.
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at a tenper at é‘?f‘@% ?@Eﬁ@pg&k‘fqg\ﬁ?# éf(??ﬁi% h§ Jf p'P@@i& ﬁﬁl}@f‘y every

18 m nut es 12@’“%\( 2Yenp[18r minufes,di28 maj RxP5QuI) werefipiastadynEhe fractlons
eluting at 29,6 minutes were combined and evaporated to dryness under
reduced pressure to yield 600 mg of a compound which was converted into
its (E)-2-butenedioate (1:1) salt by the addition of one equivalent of (E)-2-
butenedioic acid in methanol to yield (-)-6-(4-flucrophenyl)-2,3,5,6-tetrahydro-
imidazo[2, 1-a] isoquinoline (E)-2-butenedioate (1:1) salt, enantio-purity >99,5
%, melting at 205°C.

Example [£
+)-6-(4-Fluorophenyl)-2.3.5 6-tetrahydroimidazo 2 1-a] isoquinoline
E)-2-butenedioate (1:1) sait

The second fractions of the chiral HPLC separation described under
Example 6, eluting at 38 minutes, were combined and evaporated to dryness
under reduced pressure to yield 590 mg of a compound which was converted
into its (E)-2-butenedioate (1:1) salt by the addition of one equivalent of (E)-
2-butenedioic acid in methanol to yield 600 mg of (+)-6-(4-fluorophenyl)-
2,3,5,6-tetrahydroimidazof2,1-a] isoquinoline (E)-2-butenedioate (1:1) salt,
enantio-purity >99,5%, melting at 205°C. '
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eluting at 29,6 mnutes were conbi ned and evaporated to dryness under
reduced pressure to yield 600 ng of a conpound which was converted into its
(E)-2-butenedioate (1:1) salt by the addition of one equival ent of (E)-2-
but enedioic acid in nethanol to yield
(-)-6-(4-fluorophenyl)-2,3,5,6-tetrahydro- im dazo[2, 1-a] isoquinoline
(E)-2-butenedioate (1:1) salt, enantio-purity >99,5 % nelting at
205[err] C. Exanple 7: (+)-6-(4-Fluorophetyl)-2,3,5,6-tetrahydroi m dazo[ 2.
1-a]'i soqui noline (E)-2-butenedioate (1:1) salt The second fractions
of the chiral HPLC separation described under Exanple 6, eluting at 38

m nutes, were conbi ned and evaporated to dryness under reduced pressure to
yield 590 ny OF gﬁgpo d which was converted into its (E)-2-butenedioate
(1:1) salt by e tio

dition of one eq | ent (E) 2-butenedioic acid in
met hanol to yield 600 nmg of (+)-6- (4'?Y'?!8r‘§$m
2,3,5,6-tetrahydroi ﬁ%§wﬁ )
salt, enantio-puri t@h&g@%@é&@@ﬁﬁﬂ&;ﬂ%@%&ﬁ )%q*d?é&%néﬂnel
14 Exanmpl e (NUP) reuptake blockade was carrled ou ysin @egppﬁﬁep ibed in
Measur ement  of Neamsphiarmaddibly) Vols 27 oNorB,rpp. 25P)268n 4198d and r@ultslane ( NUP)

r eupt ake bl ockgg% @@3 {pgigw. Usi Ng the methods described in
Neur ophar macol ogy 'ﬁqf'?bl{lo 3, pp. 251-260, 1988 and results are

presented in Table 1 bel ow. Tabl e 1 EXAMPLE NUP ( pKi) SUP
(pKi) DUP (pKi) 2a 7.9 7.4 7.15
4 Tabley 7.0 7.2 3 8.1
7.3 7—15-2h - A5 —— 6.5
7 EX#\M@JE NUP (F%!‘% SUP (PKi) 5 ¢ DUP (PKi) 7.5

4 ' 8.16 7.0 7.2

3 8.1 7.3 17.15

2b 7.65 7.5 | 65

7.75 6.25 6.45
6 7.5 7.9 6.6
2c 7.75 6.9 7.05
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1. A conpound of formula (1): [err] wherein X is a
ar oup Mﬂ\ (A) (B)
Rlerr], j Jﬂ rr whi ch nmay be the sane or different, each
represe m !@ ubstltuents selected from hydrogen, Cerr]alkyl,
Cerr] cycI odl kyl » al koxy, Cferr]al yI thio, C[err]cycloal kenyl,
C err]al kenyl, Cerr]al kynyl and hal ogé Rlerr], Rerr], Rerr] and
Rlerr], which may be the sanme or different, are each sel ected from
hydrogen, ({err]al koxy([err]alkyl, C[err] cycl oal kenyl, (lerr]al kenyl,
Clerr]al kynyl, Cerr]cycloalkyl and CJerr]Jalkyl; _nis 1 or2; or a
phar maceut i calClaimscept abl e salt or solvate thereof for use in therapy. 2.
A conpound according to claim1 for use in the treatnent of depression. 3.
A compound according to claim1 or 2 wherein Xis (A). 4. A conpound
according to Y, | wherein R err] represents one or nore
substituents 2‘&’%@%’8@5‘?@;&?%95&9'83% C err]al kyl and hal ogen, preferably
Rlerr] is in the 4-position. 5. A conpound according to any of clains 1 to
4 wherein Rerr], Rerr], Rerr] apd Rerr]

3
8 N, R (l)
Ly
Y

wherein X is a group (A) or (B)

; (A) (B)

R', R? and R®, which may be the same or different, each represent one or
more substituents selected from hydrogen, Cisalkyl, Csecycloalkyl
Ciealkoxy, Ciealkylthio, Csecycloalkenyl, Csalkenyl, Caealkynyl and
halogen;

R*, R®, R® and'R’, which may be the same or different, are each selected
from hydrogen, CisalkoxyCiealkyl, Csecycloalkenyl, Cisalkenyl,
Casalkynyl, Csscycloalkyl and Cqsalkyl;

nistor2;

or a pharmaceutically acceptable salt or solvate thereof for use in therapy.

2. A compound according to claim 1 for use in the treatment of depression. -

3. A compound according to claim 1 or 2 wherein X is (A).

4. A compound according to any of claims 1 to 3 wherein R' represents one
~ or more substituents selected from hydrogen, Cisalkyl and halogen,
preferably R' is in the 4-position.

5. A compound according to any of claims 1 to 4 wherein R*, R®>, R® and R’
are each hydrogen.



~

-..a\ree each hydrogen._ 6. A conmpound according to any of clains 1
erein nis 1. A conpound according to any of clains 1 to 6

_sgi Ie;::)celﬁ\“\mm\u“““‘\‘“\‘“) 6- (4 Chl or ophenyl ) -2, 3,5, 6-tetrahydroi m dazo[ 2, 1

(-)-6-(4- *ChForbphenyI )-2,3,5,6-tet rahydrqu dazo[ 2, 1- a] i soqui nol i ne;
(+)~6-(4-Chl orophenyl)-2, 3,5, 6-tetrahydroim dazo[ 2, 1-a]isoquinoline;
(rac)-6-(4-Fluorophenyl)-2, 3,5, 6-tetrahydroim dazo[ 2, 1-a]isoquinoline
(-)-6-(4-Fluorophenyl)-2,3,5, 6-tetrahydroini dazo[ 2, 1-a] isoquinoline;
. (+)-6-(4-Fluorophenyl)-2,3,5,6-tetrahydroi m dazo[ 2, 1-a] isoquinoline;
and phar maceut8.datompaunshaccondiog iamany obelaimso! iad whereiandsfl. 8. A
pharmaceutical fornulation conprising a conpound of fornmula (1) or a

phar maceut i cal fined accordin
to any of cl al-}r’rét\ %@M%&oi@hé}@énfﬁ*%@ﬁﬂsa‘? rrngéggi f‘%i 8 P ’
carrier therefor (’309'6'(656 lgrorhepyhodin&-tgtra hﬂrﬂm'aa%ql 10? '38q inolin
phar mace]lcjt | Ical |y ac(qa;(ab:lhmremény@rz 3 5$6>tetmmdltdna|dazb[2 ‘aa]lstrﬂulnwdeaccor_di ng
to any of clains 1 - he
oeallent o eve li- i:()(%rﬂo gerr\%lg?ﬂ’é é%ﬁ%rﬁ/o?ésm?déﬁﬁz ¢f§}'§ unﬁé“riet 1)
[err] 4|-§Iugr 3%15 grte gyfq'rglmln?azo 1-a]|soqumo ine
(-)-6-(4-Fluorophenyl)-2 3,5,6-tetrahydroimidazo[2,1-a] isoquinoline;
(+)-6-(4-Fluorophenyl)-2,3,5,6-tetrahydroimidazo[2, 1-a] isoquinoline;
and pharmaceutically acceptable salts and solvates thereof.

2,
) -

2,
2

8. A pharmaceutical formulation comprising a compound of formula () or a
pharmaceutically acceptable salt or solvate thereof, as defined according
to any of claims 1 to 7, together with a pharmaceutically acceptable carrier
therefor.

9. Use of a compound of formula (1) or a pharmaceutically acceptable salt or
solvate thereof, as defined according to any of claims 1 to 7, in the
manufacture of a medicament for the treatment or prevention of
depression.

10. A compound of formuila (1):

X

R’m R (I)
. \ n
L

N
R’ R®

wherein X is a group (A) or (B)

(A) (B)

R', R? and R®, which may be the same or different, each represent one or
more substituents selected from hydrogen, Cisalkyl, CsscCycloalkyl
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_.-(‘Ai) ——By——~Rerr], Rerr] and Rerr], which may be the sanme or

differen t. one or nore substituents selected from
hydrogeH! mﬂﬂ I“ ﬂj@ﬁ[ err]cycl oal kyl 17 d err] al koxy,
Cerr]al ) ycl oal kenyl, Cerr]al kenyl, C[err]al kynyl and

hal ogen; Rlerr], Rerr], Rerr] and err], which may be the sane or.
‘different, are each sel ected from hydrogen,
C err]al koxy( err] al kyl, C err]cycl oal kenyl, (err]al kenyl,

Cerr]al kynyl, derr]cycloal kyl and err]al kyl ; nis.1or 2
or a phar rraceuticalfg &pt%ﬁ?'gﬁm-%ﬂ%&%@-tﬁ@%wl- Casalkyiyk 1andhe
proviso that the congogeny i s not (rac)-6-phenyl-2,3,5, 6-
tet (rja][l_ydr gi m dazof 2R‘,R5% RFE&_@(RT! ghichﬁg:ay be the geime &r g?émm@e@agfsém{eﬂ (1
as defined 1o any ofmOl noldoBR, 3 ¢QakoRiC dalkyl, | CRRFHBARGHA! C ¥ lalikeny
table salt { ‘aof ° th th Uhat 4 '

-a] i soqui nol i ne. nis 1or£A conmpound sel ected from
(rac) - 6- (4- Chl or ophemy phartadedticaly atceptablls saltordaivalethbreof] i soqui nol i ne;
)5 Gh o oot el stofd bt Soase] niy (o sodurpes s
(rac)-6-(4-Fl uoroph%hépiq@@?%ogi?ﬁg%ﬂ'wmg{im dazoi 2, 1 -a]isoqui nol i ne
(-)-6-(4-Fluorophenyl)-2, 3,5, 6-tetrahydroi m dazo[ 2, 1-a] isoqui nol i ne;
(+) - 6- (4- Fl uor ophdiyA)compeubid ®f farmulen (1)l aeidefided & anyl ong of stains Boloi Ger a
and pharnmaceuti cal | phaamaesitrblrasbiablesilt sréokatetheldagr eof .

with the proviso that the compound is not (rac)-6-phenyl-2,3,5,6-

tetrahydroimidazo[2, 1-alisoquinoline.

12. A compound selected from:
(rac)-6-(4-Chlorophenyl)-2,3,5,6-tetrahydroimidazo[2, 1-ajisoquinoline;
(-)-6-(4-ChIorophenyl)-2,3,5,6—tetrahydroimidazo[2, 1-alisoquinoline;

; (+)-6-(4-Chlorophenyl)-2,3,5,6-tetrahydroimidazof2, 1-ajisoquinoline;
(rac)-6-(4-Fluorophenyl)-2,3,5,6-tetrahydroimidazof2, 1-alisoquinoline
(-)-6-(4-Fludrophenyl)-2,3,5,6-tetrahydroimidazo[2,1 -a] isoquinoline;
(+)-6-(4-Fluorophenyl)-2,3,5,6-tetrahydroimidazo[2, 1-a] isoquinoline;
and pharmaceutically acceptable salts and solvates thereof.



