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The invention relates to derivatives of azetidine and pyrrolidine, to

* pharmaceuti cal conpositions conprising the sane, a process for their

~ preparation, as well J3ERR¥AJ &%é&BHDWEsAND OIIABNENd pyrrolidine

for the preparation of a nedi canent which acts on the central nervous

"~ system In recent years the contribution of serotonergic activity to the
mode of actedinwintiBhit tfBS apS Aefivalives Sofh asethR 48! byHOKdIAE Nt hiahfaceutical

conpounds whi ch enhance activity in the serotonin syStem have been

. devel oped comtpositions cempirisingi the rsathec @ pracesafori thefr prepanatisn, Bewell awithe use of

reupt ake iphjbitors, (SR) work by .increagi ng the, amoynt of serotqnin

avai | abl e &Pvﬁﬂﬁsﬁn%ﬁgé&‘eﬂpg Meéhdlpﬁé"“s%e' Igel’?éf%o am hwich agts on
effect praqfjl LQUs generations, they are not devoid of side
effects aﬁééggﬁﬁggl&f)ﬁé?y#@gm a slow onset of action [Andrews and Neneroff,
"Cont enpor ary nanagenent of depression” - Anerican Journal of Medicine
97(6A): 24S-32S (1994); Leonard, "The conparative, pharnmacol ogée of new

ant i depr esi®arecsnt -yearsy thy| cogtributioni ef serosguangist astivey( tudpe ) mode 10f @giigs)qf.

- Moreover, nmechani,sm ' 0 | ci fi ST

- serotoni n,aqrﬁ?ewgfsaggfigﬁsicﬁfg%%%ﬁgﬂegtéqf{ggl%nf? e tgggbﬁ‘@g?y ?eh ggﬂrfa%f{ .9%"&%( Kl

~different @ereidibhil sySefPhsve Botat developed ahd sUERBCIEP ftiddubRDhs affideprdsyartsly
|l ead to many of the Side effects associated with the SRI's e.g. nausea from

act i vat i onSeybtdnin-esiptakedohibiters (SBRIX workchy ingreasing thie smemeRf seratenin gRilablecatn
“alter th ti f | 5- t t , h .

o 1§ cacy. el HBUSAIGORHE e, SKIL Bave it Blpiahls 06 preet ifles chatbprevioys
the 5-HT2 Cge?%ﬁitfoﬂb,[tﬁ@ aekksnRvaptoBaae efeas and bal kamrflmacaesle&, cirséfTdCaction

receptors Tor anti-depressant effects" - Polish Journal of Pharnacol ogy and

Phar nacy 4gddneps and Nemetds 29ConGasporaryahamgemém sof| deprgissien’a n Aapnicars houroaleefds
the fluoxeti-ne, anti:j bil ] ct. in the, forced sw.nm test in mce"

ot nal Mediin naaSa s 10aPs geonasd Gs8 ) S ders PhmGRlost PE AR
Br oekkanp ' 0 L1 : ] 0%efd

ecept or aSARPRRAREP ClomhabE Cinbl MGHLLEY SUSYRP? SeeufPT Moover the

- Jour nal of mBHlamisacef agivnFIhe SRI’S AlthciBdspkcifid krseratatin, is mgy seléctivhad that they
conmpounds whi ch selectively actjvate the 5-HT2C recegtor- wll be effective
in the treeffassaetiaty aimrmultifude of diffsremt ssrotprin reqeptas Sublypes. (ihihroad sppgtum of

| nvention 5&%vﬁ§'en%a); ?eaﬁWW%f s Gl B cts st PR fhe! SRI’s e.g. nausea from

activation of 5-HT3, headache due to activation of 5-HT2B. Thus, SRI’s can alter the

function of several 5-HT2 receptor subtypes, however, the efficacy of these drugs may
correlate most strongly with their effects on the 5-HT2C system [(Broekkamp and
~ Berendsen “The importance of 5-HT1C receptors for anti-depressant effects” - Polish
Journal of Pharmacology and Pharmacy 44(Suppl): 20 (1992); Cesana et al “Mesulergine
antagonism towards the fluoxetine anti-immobility effect in the forced swimming test in
mice” - Journal of Pharmacy and Pharmacology 45: 473-475 (1993); Bere'ndse_h and
Broekkamp “Comparison of stimulus properties of fluoxetine and 5-HT receptor agonists in
a conditioned taste aversion procedure” - European Journal of Pharmacology 253: 83-89
(1994)]. These data suggest that compounds which selectively activate the S-HT2C receptor

will be effective in the treatment of affective disorders and related conditions.

The invention relates to compounds according to the formula I



2 [err] wherein Ais an. optionally
unsat ur at egvg99/436476- nenbered ring, which may conpri se a het @CTAPosn2el ect ed
fromN, Oand S and which may be substituted with oxo or (1-6C)alkyl;
Rlerr], Rlerr] and Rlerr] are independently H, (1-6C)al kyl, (1-6C)alkoxy,
(1-60Q) aI koxy- (1-6C)al kyl, carbo(1-6C)al koxy or halogen; Xis Oor S; and n
Is 1 or 2; or a phar maceutical | y acceptable salt thereof, with the
exception of 3-(naphth-1-yl-oxy)-pyrrolidin and 3-(5,6,7, 8-tetrahydro- ’
napht h-1-yl - oxy) - pyrrolidin.HThe conpounds have a sel ective effect on '
5- HT2C receptors the centmal nervous sytem In US 4,452,809 [filed
April 22, 1983] 34- f%_i:lroxypyrrol | di nes were disclosed, wherein it .
was found t hat 337, ¥( or ( nndenyl oxy-4- hydr oxypyrrolidines have
antiarrhythm R § / wher eas 3-phenoxy-4-hydroxypyrrolidines were found
to have antidepre t act|V|ty Sonme years earlier, in DT 2,738,477
[priority date S6f per 1, 1977] .al so 3-aryl oxy4- hydroxypyrrolldlnes wer e
di scl osed, wherein the preferred @)npounds wi th antidepressant activity
wer e al han . 0 n (1 Y=Ys he
pyrroli ZQn% ié}r %u%xx‘? %2%&&{3%%3%%?? I\é}rsgggﬁﬁ%/(g?héhgﬁ ﬁﬁ% ef fﬁtzricstg %n

t he ser ohie@ioatonesebatead fromaN,c0 dind Sland avhichnmbyPbe s atudail with oxo or (1-66xlkylApr i |

Found, - URSIRE M Borage dbdeportontts Hh Kiz6COatipb yAPRERR i gl 2%”985&1

pyrrolid u t el hssin M&

or 4- m%@?@ﬁaﬁ‘%@g% Rn%p(éﬁgs?ﬁﬁsgd&gzt% ydp03|t|on n the ri ng
have a sgiitetietest with m&mepm(ﬁ@hﬁptqr-exy)rpwmmmm(s 6.818+etrahydrbem
Al so the corrpounds 3-(napht h-1-yl - oxy)-pyrro]idin

3- (5, 6, 7ma>hﬂeafyéwn}~mm e cympese &haay rarsslepmerﬁfquh%ﬁ HT2C (ecePIRISint es
but not al rre% egv g 38,331, were found to have this effect. Therefore,
al so pro A neLvers § "for the use of these conpounds and for

phar maceutical conpositions conprising them Thus, the invention also
pertains ‘to the first medical use of the corrpou ds acc&rdgll ng to fornula 1,

- ncnuysqg,qsgesogo[ﬁg% dpsil $2, 1983] 3-aryloxy-4-hy oxypyrr nes “were disclosed,
wherein it was found that 3-naphthyl or 3-indenyloxy-4-hydroxypyrrolidines have

antiarrhythmic activity, whereas 3-phenoxy-4-hydroxypyrrolidines were found to have
antidepressant activity. Some years .earlie'r, in DT 2,738,477 [priority date September 1,
1977] also 3-aryloxy-4;hydroxypyrrolidines were disclosed, wherein_ the _preferred
compounds with antidepressant activity were also 3-phenoxy derivatives. Other 3-
aryloxypyrrolidines wherein the pyrrolidine-group of all compounds is N-substitutéd, having
aﬂ effect on the serotonin receptor, were disclosed in EP 0,338,331 [priority date April 19,
1988].

Surprisingly, after many years of research, it has now been found, that the compounds of
formula I, (bicyclic aryl)oxy-substituted pyrrolidines and (bicyclic aryl)oxy-substituted
azetidines wherein the 5- or 4- memi)ered heterocycle is not substituted at any position in the
ring, have a selective effect on 5-HT2C receptors in the central nervous sytem. Also the
compounds 3-(naphth-1-yl-oxy)-pyrrolidin  and 3-(5,6,7,8-tetrahydro-paphth-1-yl-oxy)-
pyrrolidin, known as intermediates but not claimed in EP 0,338,331, were found to have this
effect. Therefore, also protection is sought for the use of these compounds and for
pharmaceutical compositions comprising them. Thus, the invention also pertains to the first

medical use of the compounds according to formula 1, ie. including the compounds 3-



3 (napht h-1-yl - oxy) - pyrrolidin,

3-(5, 6, 7, 8- W 9943947 0- napht h- 1-yl - oxy) -pyrrolidin for use as %%E?Séoalrzrb&nt
(or, in other words, for use in therapy). The use of a selective 5-HT2C
agoni st ensures that pharmacol ogi cal actidvity occurs inmediately and
preferentially at the 5-HT2C receptors allowi ng a nuch qui cker onset of

sel ecti ve pharnmacol ogi cal activation than can be observed with SRI's.
Moreover the selectivity of the conmpound reduces the potential for adverse

ef f ect s méeaphth-d-yhpxpt-perrolidin, i3-6h6.7, §-tetrapydrosnaphiy- 1-horsDpyrielidisaforase as a

ef fects which hinder, | i th interfere with efficacy. The
conpoundsnbeﬁl%aﬁe%b&ésl n({th?cr%\%rrq%’?fggs%?gipq%%m#ﬂé central nervous system in
particular as antidepressants, and agai nst obsessive conpul sive disorders,

anxi ety disorders including generalised anxiety, panic attacks,
agor aphobiThe wse iofia dielegtivier5sHIBE agenigthensurss that | pharmadalegicali activity, ocours

brot er v oq TEGHB eod peareanih: & R - RHHOL, RRamoRot bt andheit kS ghset of
the heter qajeid Phirmdcbldicab %ﬁv%tio% bhatl cati i 8bdekveds (vﬁil_h(sg {OMbkedver the

(1-60) al koxy, (1-6C)al koxy-(1-6C)al kyl; I%[err I's H, al koxy,

car bo( 1- 6Gelettivityy of theh abmpevmdareliuBsethe] potentidl fof -ad®Brad leffects (Medifipad | byowtheor
hal ogen. More preferred are conmpqungs, of the forpula (] )

[err] SErotQRR TEFSPIOLS| &8 aRAUSFR &5&3@& effecas, P B %IQ?E%%WBWP and thus
optional | aLs cgﬁ;‘r‘oered ring, which nmay conprise a nitrogen atom
adj acent %‘%&E‘%e posFﬁo ‘indicated with an asterisk; Rerr] is H or

(1-6C) al koxy, Rerr] is H (1-6C) al koxy or halogen; Rerr] is H or hal ogen;

and nis 1 or
The compounds of the present invention act on the central nervous system, in particular as

antidepressants, and against obsessive compulsive disorders, anxiety disorders including
generalised anxiety, panic attacks, agoraphobia, eating disorders such as obesity, urinary

incontinence, impotence, aggression and drug abuse such as alcohol or narcotic addiction.

Preferred compounds according to the invention have the formula I wherein the heteroatom
in A, if present, is N or S; R! is H, (1-6C)alkyl, (1-6C)alkoxy, (1-6C)alkoxy-(1-6C)alkyl; R
is H, (1-6C)alkoxy, carbo(1-6C)alkoxy or halogen and R® is H, (1-6C)alkyl, (1-6C)alkoxy or
halogen.

More preferred are compounds of the formula (Ia)

(I2)

wherein A is an unsubstituted saturated 5-membered or 'optionally aromatic 6-membered
ring, which may comprise a nitrogen atom adj acent to the position indicated with an asterisk;
R! is H or (1-6C)alkoxy; R? is H, (1-6C)alkoxy or halogen; R® is H or halogen; and nis 1 or
2. More preferred are the compounds of formula (Ia) wherein A is an unsubstituted saturated

5-membered or optionally aromatic 6-membered ring; R’ is (1-6C)alkoxy and R* and R® are



2. More preferred are the conpounds of formula (la) wherein Ais an
unsubsti t uprsloRnas at ed 5- menbered or optionally aromati c 6-poaviroseIRs2i ng;
R[err] is (1-6C)al koxy and Rerr] and R err] -are

H. Most preferrably, Ain formula4la) is a 5-nmenbered ring and Rlerr]
|s met hoxy, in particular when n is 2. The term (1-6C)al kyl neans a
branched or unbranched al kyl group having 1 to & carbon atons, such as

nmet hyl , et t but isopentyl and the |ike. The st preferred al kyl
gr oup |anb3/qsyprefqrrpM,eﬁcmfen_mvd@ Tn) fioa §-masehesedaning: gggn@EWavpaxgmﬂms

car bon at gﬁ‘bﬁ e al kyl noiety of whi ch havi ng the meani ng as previously
defi ned. % t preferred al koxy group is nethoxy. The term hal ogen neans.
fluorine, chlorine or brom ne. The conpounds according to fornula | may
be prepared in a manner conventional for such compounds. To that end,
compoun dTh@tergEObG@)alkyb rm&aha al brancheé rozi unbranci§deatkyl, grajip rhaying R[ & 6] carborand n

are as previously def nd. P | rotecti gr oup, bl e under
al kal i ne2toBRdfUch@s mfa EbREYL A P@K%Y{?Fﬁg [}Baﬁﬂoatepxre? allyl groyp

G een angﬁ?_&ll\ﬂ Wits: Protective Goups in Organl c Synthesis, Second
Edition NY, 1991)], are deprotected using the appropriate

condi ti oThe t‘dmﬂ'(l Jakbﬁjr)ﬂems ayslkogyegronp baving 1i6¢agborestoms ethe alkybimbiety of
formation, foll by reaction with alcohagls. Optionally at_the sane tine,
a salt nﬂ@ucb  meaning as previously defined. The most prefarfed alkoxy graqyp is

conpounds @}"?‘grdl ng to general formula Il may be prepared by arylether
formati oft uitable N-protected 3-hydroxy-azetidines or -pyrrolidines,

wher ei n The teptatspleh Mfbafls Dokrides clilorifeschromiieor e defined, with appropriately
substituted aromatic or heteroaromatic
The compounds according to formula I may be prepared in a2 manner conventional for such
‘compounds. To that end, compounds of general formuia II, wherein A, R', R% R®, X and n
are as previously defined and P is any N-protecting group, stable under alkaline conditions
[suitable N-protecting groups can be found in T.W. Green and P.G.M. Wuts: Protective
Groups in Organic Synthesis, Second Edition (Wiley, NY, 1991)], are deprotected using the
appropriate conditions such as catalytic hydrogenation or intermediate carbamate formation,

followed by reaction with alcohols. Optionally at the same time, a salt may be formed.
N/ ]
A |
(CH2)n
R2 X

1)

The compounds according to general formula II may be prepared by arylether formation of
suitable N-protected 3-hydroxy-azetidines or -pyrrolidines, wherein the protecting group is
- as hereinbefore defined, with appropriately substituted aromatic or heteroaromatic
compounds bearing a suitable leaving group. Alternatively, N-protected-azetidines or -
pyrrolidines bearing a suitable leaving group at the 3-position, such as halogen, triflate,
tosylate or mesylate, can be reacted with appropriately substituted aromatic or

heteroaromatic compounds bearing a hydroxy, or mercapto group.



. conpounds bearing a suitable |eaving group. Alternatively,

N- pr ot ect ed V¥Q8%4¥thes or - pyrrolidines bearing a suitable | ®&FERSS/BI28%
at the 3-position, such as halogen, triflate, tosylate or nesylate, can be
reacted with appropriately substituted abomatic or heteroaromatic conpounds
beari ng a hydroxy, or mercapto group. .

5 The conpounds of the invention, which can be in the formof a free
base, may be isolated fromthe reaction mxture in the formof a

phar maceuThe spmpourdseefi the finvestion, whirk cpmhbe im theuformaot] 3/ frae bese; ayebesisdlatednay
|so b tained by treatinpg the.f b ff | i th i

oo e, SBLAl 162, Aol RS A e SRS i EeA et bR e

i odi de, Sgﬁirﬂfabeutﬁmlyiacd@;a%smtk fagalsd, besbRbih&d @ftréTtg%fﬂB R oas A6 fdrmula I

glycolic acid, malei'c acid, maloniC acid, nethariesu onic acid, fumaric
aci d, sucwiithian erpanic dranomganic awid shichcisthyidoogeni dhlorhien hpdrogec bebmide clgidpdgen

id d the, |ike. ds, of this_ i t]
AR L SN BT S NI TN i
enanti one an:%i]iﬁbb’s‘ilﬁp icChadt 4 1P 'sulSni ' . C al.nt ng.
di astereo%lrieg%og’.ic ?féfi’no S Tor c@%lgi ni rig]m dEE;s)dﬁlrdé s‘énan?iagiﬁdé&ésﬂ%ceg%l +1{}Lcn%°vlvcrlf I n

the art, BerkoicCdci® astdrbicaicidandahe ike.t s whi ch are obtained fromoptically
active acids and the racemic m xture, or chromatography using chiral

col ums. The conpounds of the invention may be adm nistered enterally or
t : d f - ef bly i daily d f 0,001-100

Per kg bodpe serprendt,p LT HERiE: B4 Rottest ik OF e Pt Aerghen 2iome ATy

phar maceutidrable/bs Bbiaridl s AYtirk ledritRiner,Corths ARiIERCIF dAgRkidmers h6r At ARGALA

reference, Gennaro et al., Renmington's Pharmaceutical Sciences, (18th ed.,
Mack Publ ceitainipgGliagsenepmerso dethadsdorebtaining thy pirer ¢nastioréra anmwell knowh in the

P ti d Their . Manuf act t h ds. b d int
Col 1 dosAee Enfrpeaigtion akealt PE ars Biaed Bah hRGRT aceecAras ) the remis

-

Or SUPPOS GRS Dr cROMBES PR udhREAESothmaal | Y suitable liquids the
conpounds can &l so be applTed in the formof a solution, suspension,

emul sion, e.g. for use as an injection preparation, or as a spray, e.g. for
use as a nasal

Gonvent | ofLBF SRR S SHE SRR T8 e ASgiarsds hepay iy PicebplG: S fer

nddi t1 ve SRPSADEIRAY Be Ay RAAEE OF 0 O L0V RETRY RE RS Mot THERIAR 8 0100 0

can be usesg per kg body weight. Mixed with pharmaceutically suitable auxiliaries, e.g. as described in
the standard reference, Gennaro et al., Remington's Pharmaceutical Sciences, (18th ed.,
Mack Publishing Company, 1990, see especially Part 8: Pharmaceutical Preparations and
Their Manufacture) the compounds may be compressed into solid dosage units, such as pills,
tablets, or be processed into capsules or suppositories. By means of pharmaceutically
suitable liquids the compounds can also be applied in the form of a solution, suspension,
emuision, e.g. for use as an injection preparation, or as a spray, e.g. for use as a nasal spray.
For making dosage units, e.g. tablets, the use of conventional additives such as fillers,
colorants, polymeric binders and the like is contemplated. In general any pharmaceutically
acceptable additive which does not interfere with the function of the active compounds can
be used.
Suitable carriers with which the compositions can be administered include lactose, starch,

cellulose derivatives and the like, or mixtures thereof, used in suitable amounts.

The invention is further illustrated by the following examples.



Suitable carriers with which the conpositions can be adm ni stered incl ude
| act ose, stWO/43@#2| | ul ose derivatives and the |like, or m Xt pCEEPSIALEOS
used in suitable anounts. The inventign is further illustrated by the
foll owi ng exanpl es. ' 6
EXAMPLES  EXPERI MENTAL GENERAL METHODS A first general process step
consists of the preparation of a suitable N-protected-3-hydroxy- azetidine
and -pyhgggh&gﬁg§and subsequent arylether formation. Any protective group,
stabl e | ine coupling conditions will do. This applies also for
the pyrrolidines series, where a benzyl group is found to be the best
accessi bl e and nost convenient protective group. As for the azetidines a
bul ky gr BXPEREMENTALI phenyl nethyl, 4,4'-disubstituted di phenyl et hyl,
[err]-methyl benzyl and, as a matter of choice, diphenylnethyl can be used
for the ease of azetidine ring formation during synthesis. These conpounds
may be Pg SQL%XETf@ﬁjéng the corresponding prinmary amnes with

epi chl or ne rna porar solvent such as nethanol or dinethyl fornmam de.
at elevated tenperatures ranging fromroomtenperature to reflux, usually
over a period of several days.,K The N-protected-3-hydroxy-azetidi nes and
-pyrrol i & engral processsten consifthof the preparation ofa| syitable Aeproterted-3-hydroxyde

vari ety of ..GC -7 hear i ' | ng. group on an aromatic noiety
to get eﬁ?&ﬁ‘%@?ﬁﬁ%‘ﬁ‘%ﬁ@%@%é@gﬁ%‘% t‘%aq‘log' for instance hal ogen the
react i OnAGRRrdtectivRldronp!Bhblduritlep tlkalinessduplnyl conditidng svilll HHETKIY hppliesalsodsr and
a suitabl-e base, for exanple potassium carbonate in the presence of a

cat al yst thei pyerclidines sexies, sdspea bepzyl granpaisdound tp be fheibest acgesgibleyaid most oom
tenperature up to reflux te ratyre. .Jln a preferred second gener
pr gg ess %?@ﬁmgﬂ%pmmﬁ v %‘fpgp d% g’fﬂ“ﬁ azstidimes taelguf@ﬁ gfs"-“lﬁ’y%’ﬁﬁ@ [lnpﬂenyﬁne%yl,

4,4’ -disubstituted diphenylmethyl, a~methylbenzyl and, as a matter.of choice, diphenylmethyl

can be used for the ease of azetidine ring formation during synthesis. These compounds may
| be prepéred by reacting the corresponding primary amines with epichlorohydrine in a polar
_ Solvent such as methanol or dimethy)formamide at elevated temperatures ranging from room
temperéture fo reflux, usually oirer a period of several days.
The N-protécted-3-hydroxy-azetidines and -pyrrolidines can be used as such in a -
| condenéatioxi reaction with a wide variety of compbunds bearing a suitable leaving group on
an aromatic ;noiety to get ether formation. When the leaving group is for instance halogen
_- ihe reaction can be performed in a polar solvent such as dimethylformamide and a suitable
| Base, for example potassium carbonate in the presence of a catalyst like activated copper, at

elevated temperatures ranging from room temperature up to reflux temperature.

Iﬁ a preferred s_egg__:ﬁ_gémaral_ﬁ__g_m:ﬁ_g@g the hydroxy group of the N-protected-3-hydroxy-
azetidines aﬁd_ -pyrrolidines is converted, by methods well known to a skilled person, into a
reactive leax}ing group such as for instance halogen, triflate , tosylate and, for choice,
ihesylate, followed by a condensation reaction with a wide variety of compounds bearing an
aromatic hydroxy (or mercapto) group to get a wide variety of aryl ethers, as well as aryl
thioethers. _

The mesylates are conveniently prepared by the addition of methanesulfonylchloride to the 3-

hydroxy compounds in an apolar solvent such as toluene in the presence of an organic base



- azetidines and -pyrrolidines is converted, by nmethods well known to
skilled pers\yﬁ’,”f‘%fg a reactive |eaving group such as for i nstm&l@&en,

triflate , tosylate and, for choice, nesylate, followed by a condensation .
reaction with a wide variety of conpounds bearing an aromatic hydroxy (or
mercapto) group to get a wide variety of aryl ethers, as well as aryl

t hi oethers. The nesyl ates are conveniently prepared by the addition of

- met hanesul fonyl chlorjde to the 3- hydroxy.conmpounds in an apol ar sol vent
such as t oI‘Jﬁfeﬁéetﬂﬂa@%’é Yracteomeratae of-36, ‘}ééﬁpc,tobf&ﬂ’éx temperature, usually at reduced

7 i ke t{én?ﬁe?ﬁ‘chﬁm ne at a tenperature of -30 [err]C up to reflux
tenperature, “usually at reduced tenperature. Al though all comon aryl -al kyl

et her for mAlthotgh i Glonien lKrdalkyl reghivr | fokRatiinUFedciithé BRVAP Robf BRrSurd BEY be
conpounds were prepared according to three main procedures. (I) A ]f-l rs
gener al apppplisableompstgommoundsiwersrsepared accarding to thyeereain procedurssas e

reaction b nmesyl ate and.an _appropriate nycl eophile, preferably a .

bi cyclic c%%ﬁt 55‘#{% ?ﬂpﬁﬁgﬂ‘ﬁ p&?‘%ﬁﬁl‘ﬁcc‘?ﬂﬂﬁ (&y" g?tem&“@r Bhase reagtiqno
phase syst p&fnfeth 3 Hi3R1A éb&ah? ' ni G .

sodi um hyd?oxi deige%h%ﬁtae(r?ng?agaﬁﬁc I a?/ee?glp e %@%°§B§§%%3 C%Eﬁg)éﬁ? %ﬁ%ﬁgﬁ

- The react i em arsmatic hydroryl art mercaptopgroapu Mhe afvo2phdse rsydtemugonsiaty 6f hbXaqueous
t enper at ur e, Bref rably at elevated tenperature. (ii) A second preparation

consi sts ofolytion afjan Margalc baseyuch s spdiyey hydsoxde and an organig, layere paefarably 4-

nucl eophi | | o8 o LG.eS0l-ve s tert-hbutanol .of

i et hyl sufedis® adbfisBhe P THESeEAR I PRRHEY oF'h Iefnsralbielof e omata el

t ert - but oxieiper@BRe prdferdbitat eleated ednpepaiips at ures ranging from 25 [err] C up
to 100 [err]C. (iii) Athird preparation consists of anion formation by a

base |ike 6Dd\serong Prepacationtonsists of asondensatian reactiantdf botissubstrates, mesylatd ard
sol vent such,as,di net hyl.f ormam de, usually at . e|levated t erat.ures r.angi ng
rom 25 [ ePPSLeoRer o olp RrERme RBiveit it af o8 bBisRePoC BmefifolrGride or s ores

types of dgjreyremtliOfuiaBlede like potdssi ﬂe&-ﬁlﬁb{ﬁbé,c“genéﬁﬂf g @feVat@mtéi\gﬁefra% es

convential methods with regard t0 the sel ected protective group,
to a skil | cohgpgrfsam 257 0Csup toel@BH&N i n consi deration. As for the aralkyl

groups co nly used in this invention,t types. of deprotection nethods
ar e -pr ef e%g ’Flﬁédeﬂ’ﬁ@fat}?ét RISt AE ia§'t°§mg’m§q¥@ Perfbbase ke sodium, kydside; and

group by c ' ' : i ] 4 1O
30 poi 1" SeRclicaf rAOA ARG R OISV Htints Mnc IR AIRIC Mol b
comonl y ueledated teahpepitufdsGhngits o Z5HCIHp @brelitki vat ed carbon or. pal | adi um
hydr oxi de on carbon at a tenperature of 25-60 [err]C. A second nethod
consi st of the

A third general process step concerns all types of deprotection methods resulting in (cyclic)
secondary amines. All convential methods with regard to the selected protective group, well
known to a skilled person, must be taken in consideration. As for the aralkyl groups
commonly used in this invention two types of deprotection methods are preferred. The first
method consists of the removal of the protective group by catalytic hydrogenation at a
pressure varying from atmospheric to 60 psi in a polar solvent such as ethanol or methanol in
the presence of 2 commonly used catalyst such as palladium on activated carbon or palladium
hydroxide on carbon at a temperature of 25-60 °C. A second method consist of the
replacement of the original protective group by an intermediate carbamate function which on
turn is removed afterwards. Suitable reagents are for instance 1-chloroethyl chloroformate or

vinyl chloroformate in an aprotic solvent such as 1,2-dichloroethane at a temperature of -15



repl acenent of the original protective group by an internedi ate carbanmate
function wWaiccdy/@sa7t urn i s renoved afterwards. Suitabl e reag®CTEPSI2EDHr

i nstance 1-chloroethyl chloroformaté or vinyl chlorofornmate in an aprotic
sol vent such as 1, 2-dichl oroethane at a §enperature of -15

8 [err]C up to reflux tenperature and subsequent reaction with an

al cohol such as nethanol or ethanol at a tenperature of -15 [err]C up to
reflux tenperature. A fourth general process ste oncerns the preparation -
or separ atGmipde mﬂu’stt@nmam@uhsm%mgﬂ@nas SH%%WB%' .
as a consegquence of the pr ca . of o centres of chirality.

Enanti o s%‘ﬂ@ﬁq %t‘ﬁ?ﬂ-f'ﬁ é?atsﬁs @éwtﬂé% g‘t arting fromenantio pure -
(R) and (§ oﬁ Sdendt doberh§ théXp Fe?afaﬁbn d?' separaration of stereoisomers,
(S)-1I- I No he 1 ndi vidu enantioners nmay al so be

obt ai ned ihblnding diastéreomensfandtenamtioBersEAs: coisequeacs ofitherpsesened pf peAnIoRe t he
art for separatl ng such isoners into their constituent enantioners. For

exanpl e, described in Stereochem stry of Organic corrpounds
EL Hie &Jﬁ@ 'be/ perfotafed gca? fhdrk Wnhtid pufe (RPEsd {8y h
as salt f%? %%}l&uwv%{vrﬁ% Ica P%/aﬁatz:et ?/e aci g?l owed by f?pgctlngjr)\al 8y

crystal | i gitfsirates suichius for insranenR)abr (8)slebgzyled+pysolidinalol ums packed with

chiral material, for exanple chi i as, chro togr.a . Afifth
gener al pThe inslividual SHM’@F%&%@%’ O@Grﬁt’q&q‘%‘?%oéﬁ)mﬁ ﬂﬁgq‘iﬁp“é%ﬁ UsIpg A%y y
am nes pr ﬁf@}gﬁd‘ygg%&ov& i%{}ﬂ Qﬁ%ﬁséﬁgf thQJ)ﬁxerGnta et elinBbmeAd! ¥

phar maceu es such roc oride salts,

namel y prgpagathgly valgihéthodsdestiitedds ISderechheimmqa)ﬂQrgaine chmpeutiss E.L. rElml
solvent |ike ethanol and isolation as a solid. PREPARATI ON ?: STARTI

MATER| ALSaxQ.daﬁeHJ Witen, shapter 3t 4994. Inspasticwlan by dnetheds suRh: aysalt Wﬁ?d@‘

ot hanes PPGRRHY aofvaes followe B ARl BipeipacsRid ol B8enfil pideion using
Jan.  1980}umnd padkedRiIE HiraBiatekikt, forekainpiéichiRal liquid or gas chromatography.
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A fifth general process step includes the conversion of the secondary and tertiary amines
prepared during synthesis into any salt or solvate form, preferably pharmaceutically accepted
salts and solvates such as hydrochloride salts, namely prepared by addition of the acid of

choice to the free base in a solvent like ethanol and isolation as a solid.

PREPARATION OF STARTING MATERIALS (azetidine substrates)

Smooth procedure suitable for large scale production of both 1-(diphenylmethyl)-3-
azetidinol and its methanesulfonate (modification of U.S. Patent 4,183,923 EH. Gold et. al.

Jan. 1980):

1-(Diphenylmethyl)-3 -azetidinol

. Under nitrogen diphenylmethylamine (34.5 ml) was added to a solution of epichlorohydrine
(34.7 ml) in 1L of anhydrous dimethylformamide. The reaction mixture was heated at 95 °C
for 64 hours. Afterwards it was cooled to 5 °C and a mixture of 20 ml of concentrated

aqueous hydrochloric acid and 20 ml of water was added dropwise. After evaporation in



Under nitrogen di phenyl nethylamne (34.5 m) was added to a sol ution of

epi chl orohyWeQAa%43632. 7 nl) in 1L of anhydrous dinethylfornani&@ﬂ“QﬁQMsz
reaction m xture was heated at 95 [err]C for 64 hours. Afterwards it was
cooled to 5 [err]C and a m xture of 20 m ?f concentr at ed aqueous
hydrochloric acid and 20 ml of water was added dropw se. After evaporation
I n vacuo the

9
i d tirred with dieth h d filtered. T id hed
W T o et ot M Fese; e S P et et ahd dittedy LD U wiRwasted wih

aqueous so; Q&@%.J : : nOH; | Lnd r r
sul fat e, fichll%tg%d%n Hcon en't%rldg?g gﬁ@e\?ggﬁgﬂ aﬁgﬁggs%ﬁgagﬂmgg%@%thﬁ%? '
from a ni xtsolutionf Tthel orpasicalagerpowas ariedtdver sodiugi saifidé, flteredfand concentrated in
1- (di phenyl net hyl)-3-azetidinol, mp. 107 [err]C .
1- ( Di pheny|veg¥yYhe rgsidus waseystallizag From e mpurepfiieluene pabpetrol etheg ém give 36.3 g

met hanesul f gy € ' /2 ¢ . happed slowy into a suspension of 1-
(di phenyl mg hy<"§ff;-l‘l§i-i Ity %%F‘%%&gﬁ“ I Tethyl amine (14 ni) in 220 m

of dry toluene at a tenperature of 15 [err]C. The tenperature was all owed
to raise to roomtenperature slowy and the reaction mxture was stirred
for 17 hourl enylmethyl)43-methanes J nylox-azetidine wer e added and the
precipitated triethylam ne hydrochloride was filtered and washed with a

di et hyl ether/dichl oronmethane m xture (4:1). The organic |ayer was washed

- with 100 m i StRide 'ng,ﬁghm i < W '

was dried o[g/%t{rerggé?g&%q sul fatg%lg%‘ Iter egt(gﬁ \%ps)g?oa@gg sllér?ﬁgé%tghstu éé‘?@g J{B 4
g of 1-(di ddiphshyheethyl))3-8zetidinvh (2%31) amd/trizthylansiae (i4dint)dn 220 Bl of Gryl toluepdat’h :
318 [ M+H] [errg. PRFPé_RéTJEO\I OF OTHER STARTI NG MATERI ALS ..

5- Chl or o- 2,'STBSTRYHE 9 18 $ ks tempsraturg, was allowsd te yaise to room temperature slowly and

the reaction mixture was stirred for 17 hours. Then 220 ml of dry diethyl ether were added

and the precipitated triethylamine hydrochloride was filtered and washed with a diethyl
ether/dichloromethane mixture (4:1). The organic layer was washed with 100 ml of a 1.1M
sodium bicarbonate solution and then with brine. It was dried over sodium sulfate filtered
and evaporated in vacuo to give 29.4 g of 1-(diphenylmethyl)-3-methanesulfonyloxy-
azetidine, M.S. (C.1) (M/Z): 318 [M+H]".

PREPARATION OF OTHER STARTING MATERIALS

5-Chloro-2.3-dihydro-1H-inden-4-ol (Step a, b, c)

a) 3-Chloro-propanoic acid 2-chiorophenyl ester
3-chloropropionylchloride (14 ml) was added to 2-chiorophenol (18.18 g) and the
mixture was stirred and heated at 60 °C for 1 hour, at 75 °C for 1 hour and left over the
weekend at ambient temperature. The compound was purified by destillation in vacuo to
give 19,7 g (b.p. 91-94 °C 0.08mm Hg) of 3-chloro-propanoic acid 2-chloropheny!

ester.



a) 3-Chl oro-propanoic acid 2-chl orophenyl ester

3-chl or oprovp wnagéerhl oride (14 M) was added to 2-chl or opheneTEP8s/d28z)) and
t he m xture was stirred and heated at 60 [err]C for 1 hour, at 75
[err]C for 1 hour and | eft over the 1oweekend at anbi ent tenperature. The'
conmpound was purified by destillation in vacuo to give 19,7 g (b.p.
91-94 [err]C 0.08mm Hg) of 3-chl oro-propanoic acid 2-chl orophenyl

ester. _ : - .10 b) :

6- Chl or db)2, G-Chidrpel, d-diydyw7-duytrokiy- 1R itelen-1 - axee To 3-chl oro- propanoi c
acid 2-chl orophenyl ester (19.6 g), was added 1 equival ent of ~alum num-
chloride (110 %clayr%mpmc aridt 2rehlorgpbenyl; estes (19402 was addegeh effuivalentsofiour s,

Gded, and Hiibin ofBREt B PSR Rl el MBS 35 A

was cool ed 10 )-ddoledes bédond pdriieH 6F alwmuaciehisidea(18 gy lalided Iﬁ&ﬁea&wxdl 170

acetate was, added while stirring and the |ayers separated. The ethy
acet at e sol (& fosi? hauss. washed with water, dried over magnesi um sul f ate,

filtered a concentrated in va . o~ SOJ i d separ d i.ch s repoved
by 11151t D RGO ik oopledto 70:80,°G, BRI whte? BhSRTad catrvifn TheS siiyhoss.
The resi due ARd0Tki : lold N

el uent gi vi %dg&%?gﬁggof 6-1(S:lhl or o- @%Fﬁ?gﬁéo&gﬁﬁ%rggé%ﬁl n(?éenﬁo ‘?%orﬁeggi\/l S.
(C.1.) (M Zashed vifivwhief,alriefl over mpgresiti sulfate? fikexdid land condentrateddn vdeunl, A

3.2 g of 6-chl.oro-7-hydr -1Hinden-1-ong .in 16.8 of water and 67.2 m
of conc%"&'@r SeRafate 'u‘Eﬁ)G%/ hifiae r“B‘E‘ﬂY?B’iL iby g@“&"ﬂei"@ g%‘? TERAINE] £ cWasyi t h
freshly pre ' : Palel | |
bat h at 1200 Roryed paull QipnARTraAEdh Wl chRrilfodtaflare] Gfer 4ty ol Bfjefd
decant ed anak theceluent giving 22hyg| aft 64chloeo-2(Bddihydrodl-bydroxys tHtihdere1-ohbeMiSgani ¢

-
-

| ayer was eyaporated_in vacup. The residue was purified by an aci d/ base
separation {ﬁg) 52%8"6’%? 5-chl oro- 2, 3-di hydro-1H i nden-4-o0l, MS.
(Cl.) (M2Z2): 169 [MtH [err]. I n an anal ogues ‘manner '

2, 3-Di hydro-5-nethyl-1Hinden-4-o0l, MS. (Cl.) (M2): 149 [ MtH] [ err]

was prepey eskChidraf2,3-ghytire b/ dnddn-dob- pr opanoi ¢ aci d 2- net hyl phenyl ester.

.. 3.2 g of 6-chloro-7-hydroxy-/H-inden-1-one in 16.8 m! of water and 67.2 ml of
concentrated aqueous hydrochloric acid were stirred and heated with freshly prepared
zinc amalgame (from 26.88 g of zinc wool) in an oil bath at 120 °C for 16 hours. The
reaction mixture was cooled, decanted and treated with ethylacetate and
dichloromethane. The organic layer was evaporated in vacuo. The residue was purified
by an acid/base separation yielding 2.08 g of 5-chloro-2,3-dihydro-1H-inden-4-ol, M.S.
(C.L) (M/Z): 169 [M+H]".

In an analogues manner 2,3-Dihydro-5-methyl-1H-inden-4-0l, M.S. (C.1) (M/Z): 149
[M+H]" was prepared, starting from 3-chloro-propanoic acid 2-methylphenyl ester.

2,3-Dihydro-S-methoy-lH—indén—4—ol (Stepa, b, ¢, d)

a) 3-(2,3-Dimethoxyphenyl)-propanoic acid
Nitrogen was passed through a stirred suspension of (Z)-3-(2,3-dimethoxyphenyl)-2-
propenoic acid (14,67 g) in 400 ml of methanol during 15 minutes. Then 1.4 g of 10 %

palladium on activated carbon were added and a stream of hydrogen was passed through



2. 3- D hydro- 5- net hoxy- 1Hi nden-4-ol (Step a, b, c, d) a)

3- (2, 3- Di netWe4beiy| ) - pr opanoi ¢ aci d Ni t rogen was passecf%%’ﬁ@ﬁ”&
stirred suspension of (2Z)-3-(2,3-dinet ho>5<f/£1henyl) 2- propenoi ¢ acid
(14,67 g) in 400 'm of nethanol during 1 inutes. Then 1.4 g of 10 %
pal | adi um on activated carbon were added and a stream of hydrogen was
passed t hrough 11

the reaction nixture for 16 _hours. After rem)w&? t he pal | adi umcatalyst by

filtration, tthe reactionmixfuge forfohongs, Afiesremoyiag eé?aéla@umzca&lw 3ﬁ(tzat@n the

! TELNOY Pl P BARRkReF B e  of 205 bl Phen BRI b e
of 3-(2, 3-di nptnyxvpag il M¥Panoi ¢ aC|d (2 g in50 m

met hanesul fonic acid was warnmed at 60 [err]C and kept there for 2 hours.
The reaction m xture was cooled to roomtenperature and poured into

[ / t f Xt t at th I
washed wi i B a2 IRHEEEs- Shamam HmEh a5 Ut on. Carred over o
- magnesi um sul {Rlder nftfdg%ﬁraeﬁjolﬁﬁﬁh QY@D&rﬁHﬁihthdky}SH&HB-pfb?Md‘ﬁcﬂ @ggpin 50 ml

2, 3-di hydr o- 4, 5-di net hoxy- 1H i nden- 1- one, (C7l

[MeH] [err]. m;haagﬁﬂmmtwmdmasy\umeﬂ 8-6f{0 arg -kept thede forl 2dmrs Thelfedetion
nitrogen atnos phere , ydr o- 4, 5- di net hoxy- 1H-i nden-1- one .7 was
i ssoPvod | n' GBI Wak CaRlLIo o TR R AL PR TaA e Batesy Afist GRaPIgC.

s heated 1 o plicpfe o tBinE Rk el BRI AR Y shifols 0AREE Ryliokil ©

poured into i gelutieh Qtned/b‘vbemagﬁéstmmumne \filteted and edapﬂth«edmidmr;eeldhg 1.2g of
organi c | ayer was dried and evaporat ed. The resi due was stal l'ized
from et hyl acat%@YM$5MQ@°5Y‘§HOdeﬂ'é'Qﬁ°h%$ C{CALWZQXW?’S Hfoxy- 1H

I nden-1-one, MS. (Cl.) (M2Z): 179 [MtH][err]. d)

2, 3- Di hydr o- 5- net hoxy- 1H i nden- 4- ol The 20.5 g of

2, 3- di hydr gy 4-2tuehilgdYo- A=Kk % S-mthdxyciEilindeiticoner € suspended in a

mxture of %10 m of concentrated aqueous hydrochloric acid and 53 m of
wat er . Under a nitrogen atmosphere 2,3-dihydro-4,5-dimethoxy-1H-inden-1-one (31.7 g) was

dissolved in 600 ml of anhydrous 1,2-dichloroethane and cooled to 0 °C. Aluminum

chloride (44 g) was added in portions and the reaction mixture was heated to 60 °C for

17 hours, cooled to room temperature and poured into ice/water. After extraction with
dichloromethane the organic layer was dried and evaporated. The residue was
crystallized from ethyl acetate to give 20.5 g of 2,3-dihydro-4-hydroxy-5-methoxy-1H-
inden-1-one, M.S. (C.1) (M/Z): 179 [M+H]".

d) 2,3-Dihydro-5-methoxy-1H-inden-4-ol

The 20.5 g of 2,3-dihydro-4-hydroxy-5-methoxy-1H-inden-1-one were suspended in a
mixture of 310 ml of concentrated aqueous hydrochloric acid and 53 ml of water.
Freshly prepared zinc amalgame (from 87 g of zinc wool) was added and the mixture
was stirred for 3 hours at ambient temperature. After decantation the resting zinc
amalgame was washed three times with diethyl ether and the acidic water solution was
extracted with diethyl ether. The combined ether solutions were washed with a 1IN
aqueous hydrochloric acid solution, dried over magnesium sulfate, filtered and
evaporated in vacuo to afford 15.0 g of 2,3-dihydro-5-methoxy-1H-inden-4-ol, M.S.
(C.L) (W/Z): 165 [M+H]".



Freshly prepared zinc amal ganme (from 87 g of zinc wool) was added and the
m Xt ure wows3sd7 rred for 3 hours at anbi ent tenperature. PEIVER9S/01282

decantation the resting zinc amal game was washed three tines with
di et hyl ether and the acidic water solujzon was extracted with diethyl
ether. The conbi ned ether solutions were washed with a IN aqueous

hydrochl oric acid solution, dried over nagnesiumsulfate, filtered and
evaporated in vacuo to afford 15.0 g of : )
2, 3-di hydr o- 5- net hoxy- 1Hi nden-4-o0l, MS. (Cl.) (M2Z): 165 [MrH [err].

12 6- Fl uoro- 1-nmet hyl - 1Hi nden-4-ol (Step a, b, ¢) . a) _
4- Chl or o-Spilnases]-methyl  Hsindenrdrol (8tep o, Ber 4- Chl or obut yryl chl ori de
(35.3 g) was added to 3-fluorophenol (25 g). This m xture was . stirred

during 48 h at roomtenperature. After the reaction was conpleted the

product a) 4u@BloRiibithhéid abid IuetBpktagt dstdrat i on. Yield: 35,3 g (b.p. 106
[err]C 3 mmHg) of 4-chl oro- but anoi ¢ acid 3-fluorophenyl ester as a

white oil. 4-Ghlombatyupichlonids (5. hgdimas addeddoPiucropiksnol (25 g Thisdmintute wase -

After the obtai ped.4-chloro- butanoi i d_3-f1 uor aphenyl 35. 3

s heat ed_ Stited S556E 58 bk Todin IRRRaRRE 1 ARSH the Foshbe YBY comblesti e prot
n . ] _ e )

it ur o vas e ERiBEaby Volddiion . Vi, 8573 & (b 005, T WEPUILLORE

and et hyl adbetaavic asist P-fluotdptienyh dstethas anwhitaoib was heat ed on a steam bat h.
After all the oil was dissolved the organic |ayer was separated and washed

- wWith water and brine. The sol vent was renpoved and the resi due was

crystall gze Qgﬁﬁﬁ:g rt%’t'l?ﬁﬂf' : :

5-1¥I uor ol-bz, ?@l{lﬁ{/gd%g - yd?lol;%??%’syrr%t y _-{H]ﬂnﬁe e}l{a’il-eone, MS. (Cl.)
(M2Z): 181 [AMerltheobthined 4echldroFbutamoir- atid33-diubyuphenyl estei [($5.33 Ig) iwad hadked lto
5 g of 5-fluogfo-2, 3:di hydro:-7-hydroxy- 3- net hyl_ -1H i nden- 1-one was heated to
80 [err]C 80 Gralpmingym chigride 279 gl wasraddedy Therreaction mixtiye stasted o foam. -
chloride (9. ' . ' b 4] At 0
[orr] C aur i Ao She yAF B8 e mock BB Y B B 2 4351067 At

: cooling water and ethyl acetate were added and the mixture was heated on a steam bath.

After all the oil was dissolved the organic layer was separated and washed with water
and brine. The solvent was removed and the residue was crystallized from 2-propanol to
give 21.2 g of 5-fluoro-2,3-dihydro-7-hydroxy-3-methyl-1H-inden-1-one, M.S. (C.1L.)
(M/Z): 181 [M+H]". |

c) 6-Fluoro-2,3-dihydro- 1-methyl-1H-inden-4-ol |

5 g of 5-fluoro-2,3-dihydro-7-hydroxy-3-methyl-1H-inden-1-one was heated to 80 °C
ﬁntil all the solid was melted. After adding aluminium chloride (9.3 g) to this melt the
reaction mixture was heated to 170 °C during 17 hours. After cooling water and ethyl
é,cetate were added and the mixture was heated on a steam bath until everything was
dissolved. The organic layer was separated and washed with water and brine. After
removing the solvent the compound was purified by chromatography with the.add of
heptane/ethylacetate ( 9:1) resulting in 2.2 g of 6-fluoro-2,3-dihydro-1-methyl-1H-
inden-4-ol as a semi-solid, M.S. (C.I.) (M/Z): 167 [M+H]".



acetate were added and the m xture was heated on a steam bath '
everyt hi ng Wi99/43647di ssol ved. The organic | ayer was separat edpé%bé%oslﬁsz

with water and brine. After renovi ng the solvent the conpound was
purified by chromatography with the add 93 hept ane/ et hyl acetate ( 9:1)
resulting in 2.2 g of 6-fluoro-2,3-di hydro-1-nethyl -1H I nden4-ol as a

sem-solid, MS. (Cl.) (M2): 167 [MtH][err].

13 PREPARATI ONS anple 1. 3-[(5-Chl oro-2, 3-di hydro-

1H | nden-W& phenyl met hyl ) -azetidine a) 2 g of

5-chl oro- 2, 3-di hydro-1Hinden-4-ol were stirred in- 75 m of a 2N sodi um
hydr oxyde solution for 1 hour. To the clear solution were added 75 nl of
4- et hyl - 2ZExam n;ent anone and 3.76 g of

1- (di pheny| net ) - 3- met hanesul f onyl oxy-azeti di ne and the m xt ure was
heated in %rﬁ(%cmoﬂatzﬁ ditiydrpol 7-inden-ByBoxydr- elipherumethybrazstidireg of nesyl ate
wer e added and heating was continued for 64 hours. The upper |ayer was
separated and washed with water. Evaporation in vacuo and chromat ography
wi th tol uepeheth - 12)-inde.9-

3-[(5-chl gér)o 22%38552%‘??%&?%}3%% 4-yl ?%xy(? v;Légr(é(gj|Sﬁp%1e(=adnyl r;lgt % ())f a 2N sodium
azeti di ne as hydmixgde solution ffiert 1 hohi.di'd thedclegrmohdioacuere added 76 Gnl off 4-phdthR)l-2-

39[1( [ZMZH]D[ ghpam@wn%éﬁﬁts%%' arc;f“ﬁwéﬁm?r ea)éed ? %thﬁzﬁfédm‘?vlasd the

Cl. M Z t.aribpn
(1- (D )phfanyl ) H‘{u I?é’% %’% Bilfflﬁla'%ﬁtzg g:n{(/) )@O@XKT&%?‘%}%‘& 6{%8@%:%&){1&)%)
(M2): S&Ebr{s Witddd ard ﬂeatmg avasicogtifiued fori64rhbing) THe ﬁpﬂiﬂitl@er Wzd)separated and
1- (D| phenyl nmet h eci 3-[(2-net hoxy- 1 -naphtal enyl)oxy]-azetidine,

) (M 2) v83 i Evaparation ingrapye s chramatogyaphy vaintarene/sthy! acetats
L e R A A58 b
6

, 6, 7, 8-t et r abstilline hs aafdar Giltha‘t)sohdlﬁed spontaneous M.S. (C.1) (M/Z): 391 [M+H]".
-(D phenyl met hyl ) - 3-[ (2, 3-di hydr o- 5- net hoxy- 1H-i nden- 4-yl ) oxy] - azeti di ne,
S. : '

gme\

In a similar way were prepared:
b) 3-[(2,4-Dichloro-1-naphtalenyl)oxy]-1-(diphenylmethyl)-azetidine, M.S. (C.1.) (M/Z):
435 [M+H]", starting from 2,4-dichloro-1-naphtol,

¢) 1-(Diphenylmethyl)-3-[(4-methyl-1-naphtalenyl)oxy]-azetidine, M.S. (C.1.) (M/Z)-
380 [M+H]", starting from 4-methyl-1-naphtol, '

d) 1-(Diphenylmethyl)-3-[(2-methoxy-1-naphtalenyl)oxy]-azetidine,
M.S. (C.1.) (M/Z):396 [M+H]", starting from 2-methoxy-1-naphtol,

e) 1-(Diphenylmethyl)-3-[(5,6,7,8-tetrahydro-1-naphtalenyl)oxy]-azetidine, M.S.(C.1.)
(M/Z): 370 [M+H]", starting from 5,6,7,8-tetrahydro-1-naphtol,

f) 1-(Diphenylmethyl)-3-[(2,3-dihydro-5-methoxy-1H-inden-4-yl)oxy]-azetidine, M.S.
(C.L) (M/Z): 386 [M+H]', starting from 2,3-dihydro-S-methoxy-1H-inden-4-ol,

g) 3-[(7-Bromo-2,3-dihydro-1H-inden-4-yl)oxyl-1-(diphenylmethyl)-azetidine, M.S. (C.1.)
(M/Z): 435 [M+H]", starting from 7-bromo-2,3-dihydro-1H-inden-4-ol,

h) 1-(Diphenylmethyl)-3-[(6-fluoro-2,3-dihydro-1-methyl-1H-inden-4-yl)oxy]-azetidine,
M.S. (C.L) (M/Z): 388 [M+H]', starting from 6-fluoro-2,3-dihydro-1-methyl-1H-inden-
4-0l, '



t
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(Cl1.) (M2): 386 [MrH]l[err], starting from
2, 3-di hydr w® 99436k xy- 1H i nden-4-ol, Q) PCT/EP98/01282
3-[(7-Brono- 2, 3-di hydro- 1H i nden- 4-yl ) oxy] - 1- (di phenyl net hyl ) - azeti di ne,
MS. (C1.) (M2): 435 [MrH][err], #arting from
7- brono- 2, 3-di hydro- 1Hi nden-4-o0l, h) :
1- (D phenyl rrethyl) 3 [ (6-fluoro-2, 3-di hydro- 1- et hyl - 1H i nden- 4-yl ) oxy] - aze
i di ne, ) (M 2): 388[I\/H-I][err] starting from :

6-f1 uor odp, 3- H2,|3y madlp-mml -1f-indemrdryl)oxy]- lvid!phenylmethyl)-azeﬁdme M.S. (C. I)
14

[(2, I3 Di hm%) ?WMW 1%%&01&23%918%;? SImfﬁﬁyM@r’lW%"f'ﬂ&rl ) -azeti di ne,
g/lg OII( ﬁyb rz) lé(DlpﬁMerﬂethlf c}g\]'?-lﬂ_iﬂy@fd-]l}[-lﬁaa{-ﬂiyl)gxyf]f&@ﬁdme M.S. (C1)
- ( Di phenyl néWZ))Iﬁé[M amgmm*m@m%mwzet idine, MS. (CI.

Z . St t d

51 ( Benz B PrPERER NSS4 50b] Febpethi pzetine, M S LC Q9312 Fr%wa
372 [ M elsWe) b)th h 4-ol, 1)
5. (3[Az£“t | hisking SomipiOpioppampgpzo( D) i optene- 4.0l )T
g ( H[erd), 5- (3-A8¢tﬂhﬂ¥1m)ﬂF(dmh5&YlmdthWB¥mmmﬂm IMs$e (C.1) (M/Z): 367 [M+H]+,371

3- Azetldlnylox) 1](Abdrpheny et hyl)-quinoline, MS. (C1l.) (M2):

[MtH [err], »0Xyqui nol i ne. Exampl e 2:
~1- (D phe I r .Qh a) Under
nit rogen%l/) ?3(3 ‘%“d%"ﬁ‘;’?!ﬂ vvere L@gé) Oﬁ%ég{)[]%ﬁ 'g' (@!fﬂs%gw@%ﬂ ?
pot assi um  starfilgd ﬁ-ohlﬂ-bydr quihofide. M tert-butanol. After stirring for half
an hour 4.33 g of 1- |phenyl met hyl ) - 3- met hanesul f onyl oxy- azeti di ne
mal eate were added. To |ncrease t he solubility 71 m of dinethyl
sul f oxi d wer o gdded. The m xture was heated in an oil bath at 80
[err]C f MP'%6urs. t-Butanol was distilled off in vacuo and the residue

partiti. onqulp Kmmpg_@%gﬁta&ﬂﬂog})%‘ﬂﬁggﬁﬁg@mm ethyl acetate extracts
t

were washed wi dried over magnesiumsul fate, filtered and
evaporat ed in vacuo. The residue was chromat ographat ed vmth t ol uene

giving 2. e de Thi S,448% ¢4 Lea sol utjon
ot "hydr o2 Giler mifoseRrt AL 88 GRAHL FBhRE o RlEen 073 2 Wollpifadim
from et hanO'te@b&ﬁ&x&ﬁ@m yi1e hdlli tef-bhtdhidl. gAﬁEr stirring for half an hour 433 g of 1-
1-(di phenyl et hyl ) - 3- (1- napht al enyl oxy) - azetidi ne hydrochl ori de m p.
182 [err] C. (diphenylmethyl)-3-methanesulfonyloxy-azetidine maleate were added. To increase the
solubility 71 ml of dimethyl sulfoxide were added. The mixture was heated in an oil bath
at 80 °C for 40 hours. t-Butanol was distilled off in vacuo and the residue partitioned
between water and ethyl acetate. The ethyl acetate extracts were washed with water,
dried over magnesium sulfate, filtered and evaporated in vacuo. The residue was
chromatographated with toluene giving 2.7 g of the desired product. This was treated
with a solution of hydrochloric acid in methanol, evaporated in vacuo and crystallized
from ethanol absolute, yielding 2.09 g of 1-(diphenylmethyl)-3-(1-naphtalenyloxy)-
azetidine hydrochloride, m.p. 182 °C.

In a similar way were prepared.:

b) 1-(Diphenylmethyl)-3-[(2-methyl-1-naphthalenyl)oxy]-azetidine, M.S. (C.1.) (M/Z):
380 [M+H]", starting from 2-methyl-1-naphtol,

¢) 1-(Diphenylmethyl)-3-[(4-methoxy-1-naphthalenyl)oxy]-azetidine, M.S. (C.L.) M/Z):
396 [M+H]", starting from 4-methoxy-1-naphthol,



nasimlar way were prepared: b)
- (Di pheny| nWOP9(49643_ [ (2- net hyl - 1- napht hal enyl ) oxy] - azet i di ne, PGREPIS{OE2E2
M Z2): 380 [MtH|[err] , starting from 2-nmet hyl - 1-naphtol, c)

(M

1- (Di phenyl net hyl ) - 3- [ (4- net hoxy- 1- napht hdPenyl ) oxy] -azetidine, MS. (C1.)
) : 396 [MtH|[err], starting from 4-net hoxy- 1- napht hol,

15 d) 1-(Di phenyl net hyl)-3-(1-napht hal enylthio)-azetidine, MS. (C1l.)

(M2Z): 382 I\/Hr%:{irr tarti frqm. 1- napht hal enet hi.o e) .

1- (D phenyfdret‘ Eh%y@%bﬁt@zﬂaaﬁtgﬂs&ﬁ&éz@eﬁ&lﬁgw (é:l-)( VZ))382MH] 366

[MtH [err], ! - ht hol . Exampl e 3:

1- (D phenyl rreﬁ‘uyl 5‘3 g& ?Znir%l%%lf -hapht hal enyl ) oxy] - azeti di ne

hydr ochl or e)le 1-(Diphenfinsdthyl)-8 {2 mayhthelenylbxP)-£RtidingM.S. (C.1) (M/Z): 366 [M+H]*,

1- (di phenyl met hyl ) -3-azetidinol, 25 m anhydrous (gi mgt hyl )f or rr[gdm}cli]e,

10. 37 g pot as StattingfEemZpanhkthol. 93 g 1- br ono- 2- met hoxynapht al ene and

200 ng of activated copper was heated for 40 hours in an oil bat h of

170 C. The reaction m xture was partitioned between water and tol uene. The -

crude pr odm;m?@}é(g_ure fromthe organic extracts was chronmat ographated with
t ol uene and toluene/ethyl acetate (95:5). The desired product was

di ssol ved ir(Diphenpipetlsi)a+{(2xmethoxy- lpnaphitmldngt)exiyjnzetidine hytitothlondof a
solution of hydrochloric acid in nmethanol. Yield: 1.96 g of 1
- (di phenyl et hyl ) - 3-[ (2- met hoxy- 1-napht al enyl ) oxy] - azeti di ne

hydrochl or hfle A Miirred mixtufeCok-6.89 '§ 2 148BnbdVihlhfl) Blazeticih8l, 225 hi hfiydiBYs

was prepared: b)

oo of e Ty & ) 87 09 RTRED) ReCRRR) DO o o %

(et hoxynet hyin}e_thfggﬁgﬁgp@pegnl\g 22)0 mg of activl;ﬂed copper was heated for 40 hours in an oil
bath of 170 °C. The reaction mixture was partitioned between water and toluene. The
crude product mixture from the organic extracts was chromatographated with toluene
and toluene/ethyl acetate (95:5). The desired product was dissolved in diethyl ether and
precipitated by the addition of a solution of hydrochloric acid in methanol. Yield: 1.96 g
of 1-(diphenylmethyl)-3-[(2-methoxy-1-naphtalenyl)oxy]-azetidine hydrochloride, M.S.

(C.L) (M/Z): 400 [M+H]".

In a similar way was prepared:

b) 1-(Diphenylmethyl)-3-[(2-(methoxymethyl)-1-naphthalenyl)oxy]-azetidine
hydrochloride, M.S. (C.I.) (M/Z): 410 [M+H]", starting from 1-bromo-2-
(methoxymethyl)-naphthalene.

Example 4:
3-[(2,3-Dihydro-1H-inden-4-yl)oxy]-azetidine hydrochloride

a) To a suspension of 3 g of 3-[(2,3-dihydro-1H-inden-4-yl)oxy]-1-(diphenylmethyl)-
azetidine hydrochloride in 250 ml ethanol were added 600 mg of palladium hydroxyde
on carbon powder and the mixture was hydrogenated in a Parr apparatus at 60 psi
during 16 hours. After removal of the catalyst and evaporation of the solvent in vacuo

the residue was washed several times with diethyl ether and decanted to remove the



Exanple 4: 3-[(2,3-D hydro-1Hi nden-4-yl)oxy]-azetidi ne hydrochl ori de a)
To a suspewo 9om3647 3 g of PCT/EP98/01282
3-[(2, 3-di hydro- 1H i nden- 4-yl ) oxy] - 1- (di phenyl et hyl ) - azetidi ne
hydrochl oride in 250 m ethanol were adgded 600 ng of palladi um hydroxyde
on carbon powder and the m xture was hydrogenated in a Parr apparatus at 60
psi during 16 hours. After renobval of the catalyst and evaporation of
“the solvent in vacuo t he resi due was washed several tinmes with diethyl

et her andddellahﬁnyhn&thaneefunmef d.t Fhe _Ifhemalmng solid was clryséalhzed from ethlaflolldl%th¥l

ip ha or e, remining solid was crystallized Trom
et hanol / di et?@?‘y yﬂ’f ﬁ%’ gggcﬁ( di‘LhﬁWé nden-4-yl)oxy]-azetidine hydrochloride, .
3-[(2, 3-di hygrog3bi nden- 4- yI ) oxy] - azet i di ne hydrochl ori de, mp. 65 C.
In a simlar \;\J/ay WEere prepared: b) '

3-[(2- Met hyl - 1- napht hal enyl ) oxy] - azeti di ne hydrochloride, np 171 C
S ting from]l

phen}Pﬁeﬁfﬁ‘}ﬂf)W%"f’?fEmaF%ﬂ 1- napht al enyl ) oxy] - azeti di ne, c)

| glﬁgnm )ﬂd? %&;%%moém%%ﬁ ] Orlﬁ’g&‘f#‘ﬁrﬂé%%a%l o starting from

h -
4- Met 0>%Yarﬂm§ ool phenglliér?gm%)M@-ﬁ@thﬁ}ﬁl&‘é@it%ﬂ}lﬁk&]jﬁzemel% c

(
tar
- (di
1-
di
(
rting from1l - [ (4- e
p
(
d
(

3-
1-
3-
S

t
napht al en)yl%—(iprphthﬁBn)d@mé-azﬁ)dme hydrochlonde mp 292 °C

6 T B ek e P RaBRaRRY 1a1e%§ L,'{yd]'.azsu“yd“’ch' oride, m 167

starti

B A R
d

ydr ochl or i diarting fronpl -(dighefylmethyd}- 31-r[(4-mgthbxpmnhphtalenyl)oxy]-azetldme

3( ?Epaggﬁng{gﬁf %}I)e&ﬂﬁ?gﬂ’éhw * %xy] {‘%ﬁé‘}ldgl Irl]lgsllsgrgl ng from1
o (3 Azt aritaa o BRI ) mﬁt%fr“ﬁ/d“ﬁy?ash'ﬁ& SRy ¢
startingfjr M(&é(BSMhydrMmghpxﬁrl(ndphthdmyyl)my]?yiehdﬁﬁIhydidchlende
mp 164 °C
starting from 1-(diphenylmethyl)-3-[(2-methoxy-1 -naphtalenyl)oxy]—azetldme
g) - 3-(2-Naphthalenyloxy)-azetidine hydrochloride, mp 168 °C
starting from 1-(diphenylmethyl)-3-(2-naphtalenyloxy)-azetidine -
h) 8-(3-Azetidinyloxy)-1,2,3,4-tetrahydroquinoline hydrochloride, mp >250 °C
starting from 8-(3-Azetidinyloxy)-1-(diphenylmethyl)-quinoline.

[
a
d
(
(
[
a
a
[

3
C
1-
- 3-
h

Example S:
3-[(5-Chloro-2,3-dihydro-1H-inden-4-yl)oxy]-azetidine hydrochloride

a) 4.22 g of 3-[(5-chloro-2,3-dihydro-1H-inden-4-yl)oxy]-1-((diphenylmethyl))-azetidine
were dissolved in 71 ml of 1,2-dichloroethane. 1.58 g of 1-chloroethyl chloroformate
was added. The mixture was refluxed in an oil bath at 120 'C for 2.5 hours. After
evaporation in vacuo the residue was refluxed in 71 ml of anhydrous methanol for 2
hours. Evaporation in vacuo gave a semi solid that was stirred with diethyl ether and
filtered. The solid was recrystallized from ethanol/diethy! ether, yielding 1.57 g of 3-[(5-
chloro-2,3-dihydro-1H-inden-4-yl)oxy]-azetidine hydrochloride, m.p. 188 °C.



Exampl e 5: 3-[(5-Chloro-2, 3-di hydro- 1Hi nden- 4-yl ) oxy] -azetidin

hydr ochl or i seo 99/48647. 22 g of CTIEP98I01282
3-[(5-chl oro-2, 3-di hydro- 1H i nden- 4-yl ) oxy] - 1- ((di phenyl net hyl )) - azeti di ne
were dissolved in 71 m of 1,2-dichloroetkane. 1.58 g of 1-chl oroethyl

chl or of or mat e was added. The m xture was refluxed in an oil bath at 120
[err]C for 2.5 hours. After evaporation in vacuo the residue was
refluxed in 71 m of anhydrous nethanol for 2 hours. Evaporation in

vacuo gave a sem solid that was stirred with diethyl ether and
filtered. Jhe .salid was rec‘r%r allized fromethanol /di ethyl ether, yielding
1.57 g of Tf ar way Were P eﬁl di hydr o- 1H i nden-4-yl ) oxy] - azeti di ne

hydrochl or pyles. [[Q @-Dﬂ:ﬁ%r&l-naphthalenyl)oxy]-azetldme hydrochloride, mp 187 °C
17 In a simlar way were prepared: b)

3-((2, 4-Di chl mmng—ﬁmpﬁt-[(aJ@;dh)mml}n@h@denw)qw]hlycth;ﬂmnyhuath;é) azepidingy C

starting fr

3-[(2. 4D Bhi S Methylnh-senbitbatenyDorvhazetidins dronbioridey ma 280G ne. o)
Siar et Y SRR O AR O BRI AG R e Bl o1 O

d) 3-[(2, 3dpi By[@,3 -Dﬂiymet-Benyﬂlﬁﬂ-ﬂﬁeiadem4-)yl))my<]ydzeadtﬁe hgdroehlbside, anph 1 66 PCle,
np 166 C starti

1° (di phenyl nesmqgé (= Bohenyiastisd 34 HibydoeS TaedlaveLipindsne-shoxy)-
azetidine, e) s Brorm 2, 3-di hydro-1H i nden-4-yl ) oxy] - azeti di ne
hydrochl ori de,” np 203 C starting from

3. E 7- | bro ne% )2 3J(TBruiv2, 3 Hiliydden Hlinden-ax¥oxi]}-4zdtigie iy desdhiodde; mp 203 °C
azeti di ne

3-[ (6- Fl uor o- stagting hydfrem1 - ned-{/-bremorh dudihydrorlifoiagen-43boxyl- ddiphenylmethyl)-
hydr ochl ori de 7 C starting from

1- (di phenyl m?ﬁ%&% [ (6-fluoro-2, 3-di hydro-1- et hyl - 1H i nden- 4-

yl) oxy] - azgy.i dtms;m&o& :ildihyard)uhﬂ&hﬁ-ﬁfmmyﬁds&yymnﬁwd}wdn&zﬁipl e
hydr ochl ori‘de rrp Sstarting from

1- (di phenyl rre tﬁy|s;a.rt3ng ( from di-I(Mh@ti}‘lm#b}'w}-[(G_-Iﬂunm%,ﬁ-dlh)jdr?dxmpﬂlyl- 1H-inden-4-

azetidi ne, é Ben b] t hi en-4-yl)oxy]-azetidi ne hydrochloride, np 203 C
starting fro ] B t hi en- 4-yl ) oxy] - 1- (di phenyl net hyl ) - azet i di ne,

g 3-1(23 -D1hydro-5 -methyl-1H-inden-4-yl)oxy]-azetidine hydrochloride mp 184 o°C
starting from 1-(diphenylmethyl)-3-[(2,3-dihydro-5-methyl-1H-inden-4-yl)oxy}-
azetidine,

h) 3- {(Benzo[b]thlen-4-yl)oxy]-azet1dme hydrochloride, mp 203 °C
starting from 3-[(benzo[b]thien-4-yl)oxy]-1-(diphenylmethyl)-azetidine,

i) 5-(3-Azetidinyloxy)-isoquinoline dihydrochloride, mp 198 °C
starting from 5-(3-azetidinyloxy)-1-(diphenylmethyl)-isoquinoline.

Example 6:
3-[(2-Methoxy-1-naphthalenyl)oxy]-azetidine hydrochloride

a) To a solution of 2.07 g of 1-(diphenylmethyl)-3-{(2-methoxy-1-naphtalenyl)oxy}-
azetidine as that free base in 20 mi 1,2-dichloroethane at -15 °C was added dropwise a
solution of 0.58 ml vinyloxy carbonylchloride in 20 ml 1,2-dichloroethane over 15
minutes and the reaction was kept at this temperature for another half hour. After 16

hours at ambient temperature ethanol was added from a dropping funnel. The reaction



1) 5-(3-Azetidinyl oxy)-isoquinoline dihydrochloride, np 198 C starting
f rom 5- ( 3- wordoradéqry| oxy) - 1- (di phenyl nmet hyl ) -i soqui nol i ne.  PETHEPpS/e1282

3-[ (2- Met hoxy- 1- napht hal enyl ) oxy] - azeti di ne  hydr ochl ori de a) To a
solution of 2.07 g of 1-(diphenyl nmethyl)8 3-[(2-nmet hoxy-1-naphtal enyl ) oxy] -
azetidine as that free base in 20 ml 1, 2-di chl oroethane at -15 C was added
dropw se a solution of 0.58 m vinyloxy carbonylchloride in 20 m

1, 2-di chl or oet hane over 15 m nutes and the reaction was kept at this

t enper at ur enilmlreawos ereapotaded intvaguo and therresidue was purifiest byt chaodnategtaphy using

1o O b SO SoL P or?gcéﬁgﬁhg%{»ﬁfﬁwﬂgbm@%ﬁéﬁrg E#é’?p@efsy

ol ?T&ﬁ?éﬁ%?@"?@é’f‘ gl Sblion ARLY i dnhibutenifighe B Ja0)

sol ution. Ahbers sheandlutign atvasnevaporatede irp evastilr andf mhe f[.ﬁoduct dﬁgstalhzédﬂ&‘rom

sol ution was evapqrated in vacuo and the product crystalllzed from

et hanol / di e€thppolgdietayl ethep) Lsp @6661 192 g of 3-[(2-methoxy-1 -naphtalenyl)oxy]-azetldme
3-[(2-nmetho »pxy] - azeti di ne hydrochl ori de mp. 187 C.
Ina siml aﬁy&cﬂgﬁﬁéﬂp‘fgﬁ & b) 3-(1- Napht hal enyl t hi o) - azeti di ne

hydr ochl ori de, np 159 : starting from 1-(di phenyl nethyl)-3 -(1

- napht al enyl t hi 0) - azeti d| ne, c)

3- [ (2- ( Min asimilar Way MﬂQPmmﬂhal enyl Yoxy] - azeti di ne hydrochloride, np 127 C

S;ZLH glggi ?;@@T“hﬁ}a@?ﬂlf m@&i”@ghﬁv&*&%ﬁﬁ? nggg{:ﬂglnésullfonyl oxy- 1

- (pheny!l netbcam 6 dk Imethyl)-3-01 -Baphtalenylthio)-azetidin
(R) - 1- (phenyl rret%ﬁ‘l) 3(%:/“3?& |eg?yno Qlwere d?%ysooeélcziel n e160 m  of anhydr ous
t ol uene. €rha- éb-KMEtlmxyma@lYBth-mwaoxﬁ-mm@mrhwomlmd@gmp 12861 ed in an

| ce/ et hanol starting from 1-(diphenylmethyl)-3-[(2-(methoxymethyl)-1-naphtalenyl)oxy]-azetidine.

)—

Example 7:
(R)-3 -methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine

a) 10 g of (R)-1-(phenylmethyl)-3-pyrrolidinol were dissolved in 160 ml of anhydrous -
toluene. The solution was stirred under a stream of nitrogen, cooled in an ice/ethanol
bath and 8.7 ml of triethylamine were added. At a temperature of -5 °C 4,9 ml of a
solution of methanesulfonylchloride in 110 ml of anhydrous toluene were added
dropwise over 1,5 hours and the reaction mixture was stirred for 1 hour at 0 °C. The
solid was filtered and washed with ethyl acetate. The filtrate was washed with water,
dried and evaporated in vacuo to give 13,9 g of (R)-3-methanesulfonyloxy-1-
(phenylmethyl)-pyrrolidine as an almost colourless oil. M.S. (C.1) (M/Z): 256 [M+H]".

In a similar way were prepared:

b) (S)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine, M.S. (C.1.) (M/Z): 256
[M+H]", starting from (S)-1-(phenylmethyl)-3-pyrrolidinol,

¢) (rac)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine, M.S. (C.I) (M/Z) 256
[M+H]', starting from (rac)-1- (phenylmethyl)-3-pyrrohdmol



bath and 8.7 m of triethylamne were added. At a tenperature of -5 C 4,9,
m of a wol99uBém of net hanesul fonylchloride in 110 M of RIHWERIS§1282

t ol uene were added dropwi se over 1,5 hours and the reaction m xture was
stirred for 1 hour at 0 C. The sol.id was filtered and washed wth et hyl
acetate. The filtrate was washed wth water, dried and evaporated in

vacuo to give 13,9 g of (R)-3-nethanesul fonyl oxy-1-
(pHenyl net hyl ) -pyrrolidine as an al nost colourless oil. MS. (C1l.) (M2):
256 [ MtH] [ Exainple 8: In a sinlar way were prepared: b)

(S)-3-net hgnesy fonyl oxyz1- (phenyl).net hy] )= pyrr.olidi ne, ~M.S. )..) (M2):
R B T e S RN
(rac) - 3- et hanesul f onyl oxy- 1- (phenyl net hyl )-pyrrolidine, MS. (C1l) (M2):
256 [MtH [err], starting from (rac)-1-(phenyl nethyl)-3-pyrrolidinol.
19 Exanp) el3540 ml of anhydrous dimethylformamide 5 g of 2,3-dihydro-5-methoxy-1H-inden-4-

(S)-3-[(2, 3-di hydro-5-peth - 1H-i nden- 4-y] ) oxy] - 1- (phenyl net hyl') -
pyrrolidine °£W°!erfh§§$’gyeﬂ1 %E%/S‘QH“%WB%%“ padsrdstedm of gitipen and 1.5 g

2, 3-di hydr o- 5 pet yd'@é‘r" S TR r S Oy T utdon_was
stirred, pl acgg‘au&n%r S é&g%?os Elln| P%gjédr?m%nﬁl cluaé *gid\é&" Tlé? r}gacgg{% FEP&r¥ton
of sodi um hydstirded atrooid tenfperacidedr hdlhen howe The ReriporhturEwas Faised toSIOOr ' eshdt

roomtenperature for half an hour. The tenperature was raised to 100 [err]C
and a sol asplytionof 7.78zg gf (R)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine in 78 mi

-3-nmeth Lfonyl oxy- 1 | et hyl ) 5 lidine in 78 m f
(B et e AR P W b ok e hgpther %0  of
of mesy| ahRsylhte3A 30ml Of anhyirSiiPdifethylfeimathiie WEEhdtR 4 HR5FwRE 366 65 %%sge

over 0.5 hours and the reaction continued for another 1.5 hours at
[err] C. Evapoaud therresationcontinugd\for another k& hpursat 100 !G.Evapermtioarin vacuongave a

bet ween water _and ethyl acetate.. The, et hyl acet at extract, wa ried

and evapor at efffnS ﬁ@t W?FePH?PPQ“éﬁ b Bc‘f’a%énSS%]i‘ﬂtaé’ﬂtabey The ealyf acetate
c hzggag ]992 gl)oﬁgaft%rwés ldricd 4h9 BehpoPitelf 16/ vaBhEATRE RFived HrEdutE Wad isdidi8d by
[ ( 2, 3- di hydr oclromatdgraghyl ¢ver rsilica -using| tpinent/-ahdnoh es yheneluént| diving . 4fig df (€)-ns

an oy @3-btros idey- B ind et YD Sl 1- phenyimEyl) Pyrralidihe” af kS ol

pr epar ed
M.S. (C.1) (M/Z): 324 [M-+H]".

In a similar way were prepared

b) (R)-3-[(2,3-dihydro-5-methoxy-1H-inden—4-yl)oxy]-I-(phenyhnethyl)-pyrrolidine,
M.S. (C.1) (M/Z): 324 [M+H]", starting from 2,3-dihydro-5-methoxy-1H-inden-4-o0l

and (S)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine,

€) (rac)-3-[(2,3-Dihydro-5-methoxy-1H-inden-4-yl)oxy]-1-(phenylmethyl-pyrrofidine
M.S. (C.1.) (M/Z):324 [M+H]', starting from 2,3-dihydro-5-methoxy-1H-inden-4-ol and
(rac)-3-methanesulfonyloxy-1-(phenyimethyl)-pyrrolidine,

d) 3-(1-Naphthalenyloxy)-1-(phenylmethyl)-pyrrolidine M.S. (C.1) (M/Z): 304 [M+H]",

' starting from 1-naphtol, '

e) 3-[(5,6,7,8-Tetrahydro-1-naphthalenyl)oxy}-1-(phenylmethyl)-pyrrolidine,
M.S. (C.1) (W/Z): 308 [M+H]", starting from 5,6,7,8-tetrahydro-1-naphthol.



b)

(R) - 3-[ (2, woolugelizo- 5- met hoxy- 1H i nden- 4-yl ) oxy] - 1- ( pheny| meCirgeps/pesz ol i di

ne, MS. (Cl.) (M2): 324 [MrH|[err], starting from )
2, 3-di hydr o- 5- net hoxy- 1H i nden-4- ol and20

(S) - 3- net hanesul f onyl oxy- 1- (phenyl net hyl ) - pyrrol i di ne, c)

(rac)-3-[(2, 3-Di hydro-5-net hoxy- 1H i nden- 4-yl ) oxy] - 1- (phenyl nmet hyl - pyrrolid

i ne MS. (Cl.) (M2):324 [MtH|[err], starting from _

2, 3- di hy @xaniplé®: hoxy- 1H-i nden4-ol and (rac) - 3- et hanesul f onyl oxy-

1- (phenyl net hyl ) - pyrrolidine,  d) . ' L

3-( 1- Nap|6$}1(a*r)ér£02§xll?)hys_qu-ﬁmbwﬁéiﬁwt}enp‘irylf)@m]rnYFrehﬂmshYQre?hlm)ldf( M Z): 304
[ MtH [err], starting from 1-naphtol, e)

3-[(5, 6,7, 8-Tetrahydro- 1- napht hal enyl ) oxy] - 1- (phenyl met hyl ) - pyrrol i di ne,
MS. (C l)) 94 Zy: 3688 [ﬁwﬂ-g(eﬁl‘-clihyc&b$-ﬁ1bﬁ@x§-ﬂHhhden-4-yl)oxy]-1-(phenylmethyl)-
5,6, 7,8-tetrahydro-1-naphthol . . _ -

20 = Exanplpgrrolidine were dissolved in 300 ml of anhydrous methanol and 2,0 g of palladium

(S)-(4)-3-] glgar%;(g}eh@g&bé% TRAQ0 $tie ibch i€ S5 HydllokBRatdd RVA Pl sffbhiGrus for 16

hydr ochl ori
(S) - 3-[ (2, 3ndikyAryo-psi. Eideatalyst wasfilteped! oyer)dicalite dnd(Wwhshiey lwith Mgéthhnol. The

pyrrolidine were dissolved in 300 m of anhydrous nethanol and 2,0 of

pal | adi um filtr4tg was epaeentratedtoitsroriginab yolumecand; I g of freghpalladinm hydraxide orn a
P tus for 1 t i T, t al filtered
o P 2t oy M, E e i S The SRS

coriginal volppe adikk filtfke ftredfdd Hiath! @ekssmoh WINNKihg@rohloric aciddiedil bher
added. Hydrogenation was continued for 3 hours. The catal yst was fenoved
agai n and t lselufioh.tEvaperatioszand crystallization form miethanalfethy) dceate/diethyl ether gave

aci d/ di et hyl ether ol ution. Evaporation and.c talli.zation fo :
net hanol-/ et ﬁ?ﬁ“mw i*?%?fi&‘i{e ﬂﬁ%&&%@\?@“m aﬁ%%ﬁ%’gﬁtﬁﬁ?&nﬁl%ﬁ %Qf%er e
washed wi thcap gz@dﬁﬁdrdi'ssﬁéwé IH@&deﬁWi?tS:ﬁ-p Rolidifd hidtbchloride, m.p. 176
(+)-3-[(2, 3(-2’5%; r'0- 5- met hoxy- 1x|_yfi nden-4-¥/ ) OXy] - pyrrol ?di ne hydrncl)ghl oride,
“mp. 176 °%Clerr]C. fn-a simlar way was prepared: b)
3-1(5,6,7,8-Tetrahydro- 1 -naphthal enyl)oxy]-pyrrolidine hydrochloride mp.
207 [err]C, starting from '

3-[(5,6, &Qsﬁ:ﬁfaf%%‘%a@p}eﬂmt hal enyl ) oxy] - 1- (phenyl net hyl ) - pyrrol i di ne
Exanpl e o '
b) 3-[(5,6,7,8-Tetrahydro-1-naphthalenyl)oxy]-pyrrolidine hydrochloride m.p. 207 o°C,
starting from 3-[(5,6,7,8-tetrahydro-1-naphthalenyl)oxy]-1-(phenylmethyl)-pyrrolidine

Example 10:
(R)-(-)-3-[(2,3-Dihydro-5-methoxy-1H-inden-4-yl)oxy]-pyrrolidine hydrochloride

a) 800 mg of (R)-3-[(23-dihydro-5-methoxy-1H-inden-4-yl)oxy]-1-(phenylmethyl)-
pyrrolidine were dissolved in 150 ml of anhydrous methanol and 1.5 equivalent of
hydrochlorid acid solved in ethyl acetate was added. Approximately 80 mg of palladium
on carbon 10 % were added and a stream of hydrogen was passed through the stirred
mixture. After 24 hours new catalyst was added and hydrogenation continued for 17
hours. The catalyst was removed by filtration, the filtrate evaporated in vacuo and the
product crystallized from ethanol/ethyl acetate/diethyl ether yielding 360 mg of (R)-(-)-
3-[(2,3-dihydro-5-methoxy-1H-inden-4-yl)oxy]-pyrrolidine hydrochloride m.p. 174 oC.



(R -(-)-3-[(2, 3-Di hydr o- 5- met hoxy- 1Hi nden- 4-yl ) oxy] - pyrrol i di ne

hydr ochl ori dwQ 994364800 ny of PCT/EP98/01282
(R)-3-[(2, 3-di hydr o- 5- net hoxy- 1H i nden4-yl ) oxy] - 1- (phenyl net hyl ) -
pyrrolidine were dissolved in 150 m of ydrous nethanol and 1.5

- equi val ent of hydrochl orid acid solved in ethyl acetate was added.
Approximately 80 nmg of palladium on carbon 10 % were added and a stream
of ‘hydroge ssed t hr ou the stirred m xture. After 24 hours new
cat al yst vvg% W&Wﬁﬁs"/af g@‘fation continued for 17 . hours. The

fﬁt o ystp\r/vggu,(r:a? cr staII gﬂgtag-from Ttlggﬁlgl% %W&?Xﬁgﬁ‘{%lﬁg‘?ﬁgﬁ“}‘ﬁﬁ 5"“%4

yi el di ng 360 (a;gstai'tu(g?)fro(m)(rac)-:% {(2,3-dihydro-5-methoxy-1H-inden-4yl)oxy]- -1-(phenylmethyl)
3-[(2, 3-di hydr o- 5-.met hoxy- 1H i nden-4-yl ) oxy] - pyrrol i di ne hydrochl ori'de mp.
174 [err]C.  Pyrolidine, 21 In a

simlar wa il : 1 . 0 .
(rac)- 3- [(}? Q%Bfﬁ%leméﬁaleﬁg%m?]@ﬁ“dﬁ‘e hygrochloridem.p, 232G, #fartios from (rac)-3-
- hydrochl ori dE(lmaphtale&ﬁl)oxy]{B(pﬂeﬁfylnﬁﬂ@l)tp ﬁafn@m
. (rac)-3-[(2, 3-di hydro- 5- net hoxy-1H-1i nden 4yl ) oxy] - 1- ( phenyl nmet hyl)
pyrrolidine, c) (rac)-3-[(1-Naphtalenyl)oxy]pyrrolidine hydrochloride mp.
222 [err] it g from(rac)- 3- [(1-naphtaleny|)oxy]- 1

(phenyl rrecpﬁéﬁ ‘rolidine. Exanmpl e 11:

(+) - 3 [(1-09 maLﬁﬁbﬂtﬂeﬂﬁ}m@}'-bfrﬂbh&hélﬁydM&ﬂm ori de
pyrrolidine hydrochl orde

- (-)-3-[(1- Naphtal oX '
3-[ (1- Naph€-H 3eli6§'-IN equi}pxnll-pmqi:dn(ewdr@mm separated by preparative

. chiral HPLC into the separate enantiomers. Separation was perforned at room
tenperature on a Chiracel OD col um 240x4.6nm wi t h hexane/ et hanol (80: 20)

and 0.15 %4( ENﬁfﬁﬁI&lﬁ%)?yglﬁWoﬁﬂﬁlé '(ﬁ@liﬂgz Ev&éag%;t:ﬁ' t{e ¥) PPy ative chiral HPLC into

- Napht al enyl’) oxy] - pyrrol i"di he was col m nu
(-)-3-[(1- th&rshparateean}ht}mgqs }SﬁpmtlmdwasapGMmeﬂldtMmderﬂperh{tmé bh aQIlBracel oD

~ m nutes. ol S were . i me e evaporated in vacuo and converted
to their I‘#b?“fg 'ﬁé‘e{‘@e&'@é‘ éor?éﬁlépd 84y disthylaminegtlow 1ml/minute.
- enanti o- pU(—Fﬁ#[(ﬁ%aﬂlﬁﬁl@nﬂj&?ﬁpﬁ‘?@l%ﬁ% SoliedRd 3t 807.4 minutes,
(-)-3-[(1-Naphthalenyl)oxy]-pyrrolidine was collected at tz 9.8 minutes.

The solutions were immediately evaporated in vacuo and converted to their hydrochloride

salts to give 10 mg of each. Estimated enantio-purity for both these enantiomers >99.5 %.

TESTS

The activity of the compounds in the invention on the central nervous system was indicated
using the pharmacological tests below; these tests demonstrate the serotonergic activity and

antidepressant-like effects of the invention.

BINDING TESTS

The tests are carried out using cloned human receptors expressed in 3T3 cells according to
the protocols described in Stam et al “Genomic organization, coding sequence and functional
expression of human 5-HT2 and S-HT1A receptor genes” - European Journal of
Pharmacology - Molecular Pharmacology Section 227: 153-162 (1993) and Stam et al



TESTS The activity of the conpounds in the invention on the central
nervous sysy&be4@s; i ndicated using the pharmacol ogi cal test pdratmemidsbese
tests denonstrate the serotonergic activity and antidepressant-like effects,
of the invention. Bl NDI NG TESTS The tgsts are carried out using cloned
human receptors expressed in 3T3 cells according to the protocols described
in Stain et al "Genom ¢ organi zation, codi ng sequence and functi onal
expression of human' 5-HT2 and 5- HT1A receptor genes" - European Journal of ™
- Phar macol*Gaiomid/bigfidtisn MATABRALPAresioh!#The fehc chedif® the (G sedBHinis' 2

et a : o - - .22
or gani sat3-Bi2&we¢céptoc’t 4 Burpeanfouesal iof Pharimachlegy e Molecul ardPlrgmb éslo gy Sedtion

ser ot oni - B or. - European al macol o - Mol ecul ar
Phar macol y%’gﬁégﬁ%QThgéﬁﬁ'ﬁ{W@ %‘#’Ffﬁa({ VcFEth%éiemﬂlbynd
5-HT2C r [ ) ; G| I | spl ace
{3 - ket ng ottty of thELFRBORAN (3 isplice TRRKpiakctin 4l TG HRAHRGTC frot 3R

. PENI LE ERppicdptiatemeesptdhi s test, carried out according to the protocol of -

Berendsen et al ["In vol venent of 5-HT1C receptors in drug-induced penile
erections in rats" - Psychopharmacol ogy 101: 57-61(1990)] enables the

pot ent i alppN\H eqhoN Tspt SHT2C receptors to be assessed. DRL- 72 TEST
"This test, car rjiﬂeig out acc%rdi ng to the protocol of Andrews et al ["Effects

of i m pr &histestaoariet outzapidisg tnthe pestacdl of Befentsenret al [“In vélvement OPSUETIC
Devel opnent Research 32: 58-66 (1994)], %i-ves -an indication of potenti al
ant i depr &8GERHATS M Q@g&g@uq;afiwpﬂe erections in rats” - Psychopharmacology 101: 57-61(1990)]

enables the potential in vivo activity at SHT2C receptors to be assessed.

DRL-72 TEST
This test, carried out according to the protocol of Andrews et al [“Effects of imipramine and
mirtazapine on operant performance in rats” - Drug Development Research 32: 58-66

(1994)], gives an indication of potential antidepressant-like activity.

| Compound Binding pKi Erection of the penis | Increase in pellets |
SHT2A  SHT2C | (MED,mgke-1) | eamnedin DRL-72
(MED, mg kg-1)
Sd 6.4 7.5 1 10
10b 6.3 7.6 1 10
9a 6.8 8 0.46 3

The results show that the compounds of this invention have a greater affinity for human 5-
HT2C than for human 5-HT2A receptors, and that this affinity correlates with agonist
activity in vivo as well as with antidepressant-like activity in an animal model for

antidepressant efficacy.



Conmpound Bi ndi ng pKi Erection of the penis Increase in

pel l ets WQ 99/43647 5HT2A 5HT2C (MED, ny. kg-1) PCTE&RI$BIPS?

DRL- 72 ( MED,
my. kg-1)  5d 6. 4 7.183 1

10 10b 6.3 7.6 1 10

9a 6.8 8 0. 46 3 The

results show that the conpounds of this invention have a greater affinity
for human GABMSC t han for human 5- HT2A receptors, and that this affinity
correlates wth agonist activity in vivo.as well as wth—0

antidepressant-like activity in an animal nodel for a ant
ef ficacy. d of ul ' ﬁmi W
A C'orrpound‘ "}corﬁgo or?ru orgn 2 (D) [err ,IA
an optional ly unsaturat eg or 6-ndnmbered ring, which may corrprl se d

het er oat om sel ected fro 0O ancl—s\land whi ch may be substituted with oxo

or (1- 6C) al kyl ; R e Rleqr] (%'}@31 Rlerr] are independently H,
(1-6C)al kyl, (1-6C)allsox - %?5 al K (1- 6C) al kyl, . carbo(1- 6C) al koxy
or hal ogen; Xis r a nis 1 or 2 or a pharmaceutically
accept abl e salt thereof, % th the exception of

3 (napht h-1-yl - oxy) - pyrRI i dRA and 3- (5, &) 7, 8-tetrahydro- napht h- 1-
-oxy)-pyrrolidin.
wherein A is an optionally unsaturated 5- or 6-membered ring, which may comprise a

heteroatom selected from N, O and S and which may be substituted with oxo or (1-
6C)alkyl,

R’, R? and R? are independently H, (1-6C)alkyl, (1-6C)alkoxy, (1-6C)alkoxy-(1-6C)alkyl,
.carbo(1-6C)alkoxy or halogen;

XisOorS;

and nis 1 or 2; _

or a pharmaceutically acceptable salt thereof,

with the exception of 3-(naphth-1-yl-oxy)-pyrrolidin and 3-(5,6,7,8-tetrahydro-naphth-1-
yl-oxy)-pyrrolidin.

2. The compound according to claim 1, wherein the heteroatom in A, if present, is N or S;
R' is H, (1-6C)alkyl, (1-6C)alkoxy, (1-6C)alkoxy-(1-6C)alkyl; R? is H, (1-6C)alkoxy,
carbo(1-6C)alkoxy or halogen and R? is H, (1-6C)alkyl, (1-6C)alkoxy or halogen.

3. The compound according to claim 2, the compound having the formula (Ta)

H
A )
3 * (CH2),
R: o
R R (a)

wherein A is an unsubstituted saturated 5-membered or optionally aromatic 6-membered

ring, which may comprise a nitrogen atom adjacent to the position indicated with an



2. The conpound according to claim 1, wherein t oatomin A if
present, i Sydlofizedi Rlerr] is H (1-6C) alkyl, koxy, 01282
(1-6C) al koxy- (1 GC)aI kyl; Rlerr] is H (1-6QCalk m’ ) al koxy or .
hal ogen and Rlerr] is H (1-6Qal kyl, (346C) al koxy 3. The
compound according to claim2, the corrpound havi ng the forrrufa ’(I a)

[err] wherein A is an unsubstituted saturated 5-nenbered or
optionally aronmatic 6-nenbered ring, which rmay conprise a nitrogen atom
adj acent t Gustelfigk;R'SistH op (1-6¢)alké mﬂnisHT #16C)alkoxy or halogeaSReIs Hlor h'aio%@ﬁ,] i's
H or (1-6C)al kox R[err] is H (1-6C) al koxy or hal ogen; Rerr] is

hal ogen; anda i |0§21 2. 4. The conpound of claim 3, wherein A |s an
unsubstituted saturat ed 5- menber ed or optionally aronmatic 6-nmenbered
ring; R is (1-6C)alkoxy and Rlerr] and Rierr] are H 5. The conmpound of
claim 4, JMPHeLtompound of e ewhereln AYisans uBkstitutéd sﬂm}dwx-memﬁerel h@r

corrpound of claim5, whereinnis 2. L. 7. A conpound of the formul a
[err] optionally aromatic 6-membered ring; R' is (1-6C)alkoxy and R* and R® are H.

5. The compound of claim 4, wherein A is a 5-membered ring and R! is methoxy.
6. The compound of claim 5, wherein n is 2.

7. A compound of the formula (I)

wherein A is an optionally unsaturated 5= or 6-membered ring, which ‘may comprise a
heteroatom selected from N, O and S and which may be substituted with oxo or (1-
6C)a1kyl

R, R2 and R® are independently H, (1-6C)alkyl (1-6C)alkoxy, (1-6C)alkoxy-(1-6C)alkyl,
carbo(1-6C)alkoxy or halogen; X is O or §; and n is 1 or 2; or a pharmaceutically

acceptable salt thereof, for use as a medicament.

8. A process for the preparation of any one of the compounds of claims 1 to 7 wherein a

compound of the form_ula

N/P
A |
(CH2,
R2 X



wherein Ais an optionally unsaturated 5- or 6- rmnhewd—phﬂ@----—mfvh@mﬁz

conprise a WbdaoMsedt om sel ected fromN, O and S |
substituted with oxo or (1- 6C) al kyl ; R[err],ﬂ !‘ “M\ “\]-are
i ndependently H, (1-6C)al kyl, (1-6C)al kox¥3 (1-6C & akkyl ,

2

carbo(1-6C)al koxy or halogen; Xis Oor S; and nis 1 or 2; or a
phar maceutical |y acceptabl e salt thereof, for use as a nedi canent. 8. A

process for the preparatjon of any one of the conpounds of clainms 1 to 7
wherein a  wheregbda® oR',{Re X endny afe as previously defined and P is a protecting greuyy, Jis -

25 wherei,n A Rl err R ekl Rlerrl. X and n_ar s _previously defined
and P is a pPoRra ‘T‘g"’&]r Bﬂﬁmﬁlg]atﬂgésgpg%ng& 85%3‘&?’%8§?ﬂ%b%’a| ly at the same
time, a salt may be forned. 9. A pharnaceutical conposition conprising
conpound 3- (napht h-1-yl -oxy)-pyrrolidin, 3-

(5, 6, 7, 8-t & raphammwcetidal komposition wpmpyising |dogipound 3t(mapktbripylexry)-pirralidinp e

oo el R ESBOEIER ridhaSt b ron i i el
oxy) - pyrroli @? B 2Rl phiFndeaBQMNY SultfblémikiliRs of claims 1 to 6 for the
of a

manuf act ure medi cament " for treating or preventing serotonin-rel ated
di seases.

10.Use of the compound 3-(naphth-1-yl-oxy)-pyrrolidin, 3-(5,6,7,8-tetrahydro-naphth-1-yl-
oxy)-pyrrolidin or the compound of any one of claims 1 to 6 for the manufacture of a

medicament for treating or preventing serotonin-related diseases.



