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Pl PERI DI NE DERI VATI VES The present invention relates to certain novel.

pi peri di Wogﬁ?fz}ﬁ‘t ives, to processes 5 for their preparatipgreb&io6321
pharmaceuti cal tornul ations containing themand to their use 1 n nedical

therapy, particularly in the treatnment of psychotic disorders. US patent
No. 2,739,968 describes substituted piperidine derivatives having anti -

hi stam ni ¢, antispasnodic, angj h&@? Rﬂé nal gesic activity. 10 GB
patent No.1 320 481 disclosesﬁkﬁﬁggﬁhﬁgg éﬁy ghylene derivatives having
anti-histamne activity. Effective antipsychotic (neuroleptic) agents

I nclude tricyclic phenothiazines, 15 thioxanthenes and di benzazepi nes as
wel | as benzam des and but yrophenones. These conpounds bl ock dopam ne D2
receptors and inactivate dopam ne transm ssion. As a result of this, these

conpounds induce characteristic neurological side effects in man such as

extrapyram dal side effects e.g. dystonia and dyskinesia (R J.
Bal dessarhepresendgnvetinineelatafdtoaccprain sovelepiperidinenderivaitiesgie frommeses of

Ther apeud. | 9t . edg J I r] Ln.anial t uch

si de oot 12k daeifeatePeratiofh dp-Rrmteies) Brmyrid tophifd P, 48 15 48T

t her ef orgd ip rAeEICaltherap@ pasicalarign ts yehBhést SIOychoWd didordérsnot have
these debilitating side effects. 25 The present invention provides certain

pi peri di ne_derivatives which have potent antipsychotic activity but exhibit
no catal eptic effects, and thus would not induce extrapyram dal .side
effects in the therapeutic dose range. . WO 98/ 21206

PCT/ EPQ S8 aztent Nac ch v 39,218y desdribgsr sulbstituiedypiperidine derivativest haviognamtisnds

of for nlﬂigta%i%ic[, %Hilpéseguralﬁc, antiacetylcholine and analgesic activity.
10

GB patent No.1 320 481 discloses certain gem-diarylethylene derivatives having
anti-histamine activity.

Effective antipsychotic (neuroleptic) agents include fricyclic phenothiazines,

15 thioxanthenes and dibenzazepines as well as benzamides and butyrophenones.
These compounds block dopamine D2 receptors and inactivate dopamine
transmission. As a result of this, these compounds induce characteristic
neurological side effects in man such as extrapyramidal side effects e.g. dystonia
and dyskinesia (R.J. Baldessarini, 1996, Goodman and Gilman's The

20 Pharmacological Basis of Therapeutics Sth ed., eds J.G. Hardman ef. al.). In animal
tests such side effects manifest themselves as catalepsy. It would be advantageous
therefore to provide a series of antipsychotic agents which do not have these
debilitating side effects.

25 The present invention provides certain piperidine derivatives which have potent
antipsychotic activity but exhibit no cataleptic effects, and thus would not induce
extrapyramidal side effects in the therapeutic dose range.



wher ein R[err] is benzot hi enyl, benzofuranyl or naphthyl (where the,
benzot hi ep benzofuranyl or naphthyl noiety nay be optl |
substi t ut ?ﬂ? e or nore substituents sel ected fron1ha|o%gﬁ&$yb&321
C err]al koxy, Cerr]alkyl, C[err]cycloglkyl and C[err] al kenyl),
substituted-thienyl or substituted-fur&nyl (where the thienyl or furanyl
noi ety is substituted by one or nore substituents selected from hal ogen,
Clerr]alkyl, Clerr]cycloalkyl and Cferr]al kenyl); Rlerr] is halogen and
Rlerr] Asc@[dmglyammreeenmeemt]myptwe\g/lhe amnpawndsof foomula (1)
pharmaceutically acceptable salt or solvate thereof. The present invention
i ncl udes the piperidine derivatfwves of formula (1) wherein Rerr] is
benzot hi enyl, benzofuranyl, n yl (where the benzot hienyl, benzof uranyl
or napht hyl nDiety may be optf opaN y substituted by one or nore
substituents selected 15 fr
substituted-thienyl or substi ~(where the thlenyl or furanyl
noiety is substituted by one or uents sel ected from hal ogen or
Clerr]alkyl; Rerr] is halogen and\R eyr] is\(err][err]alkyl. Mre
preferred are the piperidine deriv Hﬁﬁg to fornmula | wherein
Rlerr] is 20 benzothienyl, benz re the benzot hi enyl or
benzof uranyl noiety nayl)be optiohdlly substituted by one or nore
substituents selected fromhal ogen or CJerr] al koxy), substituted-thienyl
or substituted-furanyl (where the thienyl or furanyl noiety is sudbstituted
by one or nore substituents selected fromhalogen or (Qerr]alkyl; Rerr] is
hal ogenwheteiR B, ris bengdthierlysl bghzoftibanyl MOr%hﬂiﬁO@vhere the benzothienyl,
PCT/ EP97/ 06321. 3 Exanpl es of conpounds of forpula ( abave include the
pi peT i dbﬁ@zqfara%wrv@@pmé% rmeiety .mase%ﬁpégnqﬂx cssUbstl 4 ORer BT Nelee
term al I
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groups TS et hyl

t-butyl alk&npantsdbstutmemww, dneamﬁslttuﬂed-fmré?wiy(whereotmxhlemd o‘re&hrenyl
Such al kyl. groups are preferably Cerr] [terr ]al kyl . Reference to cycl oal kyl
i ncl ude8iigly| igpiubsiitutad Pyc9Re GhSnend subst uents seiected from halogen, Cisalkyl,

Csscycloalkyl and Ciealkenyl); R; is halogen and Rs is Cysalkyl or Cascycloalkyl-

10 methyl; or a pharmaceutically acceptable salt or solvate thereof.

The present invention includes the piperidine derivatives of formula (I) wherein R, is
benzothienyl, benzofuranyl, naphthyl (where the benzothienyl, benzofurany! or
naphthyl moiety may be optionally substituted by one or more substituents selected

15 from halogen or C,galkoxy), substituted-thienyl or substituted-furanyl (where the
thienyl or furanyi moiety is substituted by one or more substituents selected from
halogen or Csalkyl; R, is halogen and R is Cisalkyl.

More preferred are the piperidine derivatives according to formula | wherein R is

20 benzothienyl, benzofurany! (where the benzothieny! or benzofuranyl moiety may be
optionally substituted by one or more substituents selected from halogen or Cis.
alkoxy), substituted-thienyl or substituted-furanyl (where the thienyl or furany! moiety
is substituted by one or more substituents selected from halogen or Csgalkyl; Rz is
halogen and R; is Cy.¢alkyl. |

25



Cerr][err]eyel oal kyl met hyl includes cycl opropyl net hyl and

cycl opentywbsghite. 10 References to al kenyl groups incl udecgverspseashi ch
may be in the E- or Z- formor a mxture thereof and which when they
contain at |least three carbon atons, nay be branched. Such al kenyl groups
are preferably C[err]al kenyl . Exarrpl es of particular al kenyl groups include
vi nyl, aIIyI isopropenyl butenyl i sobutenyl, pentenyl, isopentenyl,

Deer AR, e ShaPlndEC0r K O eBbbe' B, % beto bl qpoia =
branchedé(?@ﬁﬁbaqn e%ﬁ,@pégq t8f7.al koxy groups include nethoxy and ethoxy.

Preferre koxy groups include (Jerr]al koxy. 20 The term hal ogen i ncl udes
chl oro, brono, fluoro and iodo. The benzot hi enyl, benzofuranyl, naphthyl,
substituted-thienyl and substituted- furanyl nnieties i ncl ude 2. and

3- benzoAd,88Y lherein tﬁB%ﬁnWQﬁéﬁﬁé‘ﬁ'stra?ght%ﬁbr&ncﬁé@ lthiwd alky! group. Such
substituted-2-thienyl, substituted-3-thienyl, substituted-2-furanyl and 25

sub$t i tajkyd(greupaurmiydie gredbyls ethme-mepzbm@wyl, N-bigtyk; sHoutyhyt-butybpht hyl
thienyl and furanyl ring substituent(s) E/ be in any one of the avail abl e
poSi ti anpenwmasopemiyémpeayhdn hexylg lssm%v amséneghexsdl Su@w alkybgroupsrarer o

et or éqr}%fﬁvfab@ r?%lf' h HerrHR & RaRaiol indifads RCBRRam En Riflbbpon ™’
substi tw 7%.50%25 enyl Wlﬁdﬁéféibér%%ﬁeﬂiﬁl 868 WclopeH@lrﬂg‘( 1206

PCT/ EP9 rom hal ogen,” preferably a chloro atom an o
Cerr][err]al kyI preferably nmethyl or ethyl, nost preferable rret hyl . A
preferred exanple of R2 is fluoro, nost preferably 4-fluoro. R3 is

pr eier aRéferemidryio alkeRylejroups dnclade grodss adich d1aygbé in tHeeEpoeZefidbrm BYant i on
I ncl ude compounds of fornula (1) wherein Rlerr] is a substituted-thienyl

wher e tTRixteng; heyeoihand which whessthay eenrtalhy abjpass thieer earbepsatomse fray be
Select e&a%ﬂga.héheﬁeﬂkgm go%rprs] grlek}SI‘efngb‘?{l réuaﬁ(e%l.()@%lnp@&dof particular

alkenyl groups include vinyl, allyl, isopropenyl, butenyl, isobutenyl, pentenyl,
isopentenyl, hexenyl, isochexeny! and neochexenyl.

15

The term alkoxy has the meaning as understood by the person skilled in the art and
includes straight and branched chains. Examples of alkoxy groups include rhethoxy
and ethoxy. Preferred alkoxy groups include Cq4alkoxy.

20 The term halogen includes chloro, bromo, fluoro and iodo.

The benzothienyl, benzofuranyl, naphthyl, substituted-thienyl and substituted-
furanyl moieties include 2- and 3-benzothienyl, 2- and 3-benzofuranyl, 2- and 3-
naphthyl, substituted-2-thienyl, substituted-3-thienyl, substituted-2-furanyl and

25  substituted-3-furanyl groups. The benzothienyl, benzofuranyl, naphthyl, thienyl and
furanyl ring substituent(s) may be in any one of the available positions. Specific
examples of ring substituents include fluoro, chloro and methoxy.

A preferred example of R, is a substituted-thienyl, most preferably a substituted-2-

30 thienyl, where the thienyl moiety is substituted by one or more substituents selected



Rlerr] is (Jerr]alkyl; or a pharmaceutically acceptable salt or solvate .

t her eof . ofapbrer preferred compounds of fornula (1) incheigRpd7iagHe .
wherein err] Is a substituted-2-thi gnyl where the thienyl noiety is

substituted by one or nore sub- stituénts selected-fromchloro and nethyl,
nost preferably 4-chloro and 4-nethyl; R2 is fluoro, nost preferably
4-fluoro and R3 is nethyl; or a pharmaceutically acceptable 15 salt or

sol vat Frotrheakgfen, RPaetdrablyaa | ghiproe &t eaxhd: €hpalkpll spratarablyi metityd omhethy|,

i nventi on V\/r}i ch have been found to be useful in the treatnent of psychotic
di sor dE1ast pegtgrabje methyl.

-met hyl -4-[ (4-chl oro-2-thienyl)-(4-fluorophenyl)] nethyl ene-pi peri di ne and
20

1- net hyl ;5 : hj - I ' hghne; or
2 phar MRSTT L PRl FRLISTES, (o] bRApERI ML ST BREODIREIN'T Lee,
salgs of the conpounds of formula (1) are those wherein the counterion is
pharmaceutically acceptable. However, salts of acids which are non- 25

phar maPeeferredl tompounds sadoording t dhe fpragents éventionelghyslee compounds of
prepar ation urification of.a rroaceutically .acceptable ¢ und, Al l
o be. faeinh WheeiRo b 7 cupry L RiORA TP e thBRU PRty SRR | he
anbi t g &ﬁ%msﬁ@gabgt&memsl HMlected fro ﬁaﬁ&.d%t}gfkyﬁ%% !rfé%dae?h; and
acceptable_acid addition salts 1 nclude thoSe derive rom m ner aci ds
such af;ly G .eaiRyipor a,pHayohacbutically, adoeptable datt, orsobaia therepf. WO 98/ 21206
PCT/ EP97/ 06321 5 met aphosphoric[err] .nitric and sul phuric acids, and

orYfanic acids, such as tartaric, acetic, trifluoroacetic, citric, malic,
| actic

| d h as tartari . § itrie, e
of uconF et BreiFEed tomppHENE o Bf JRONRE A TSRS, o herpl B akpre
benzeng,getitic2:thidhyP Whbre RHENhierdf intiietySis"sabaiRe B7ldrie 8F G Bap! © the

i nvention 1 nclude hydrochloric, maleic, succinic an

stituents selected from chioro and methyl, most preferably 4-chioro and 4-methyl; R,
is fluoro, most preferably 4-fluoro and R; is methyl; or a pharmaceutically acceptable
15  salt or solvate thereof.

Particularly preferred compounds according to the invention, which have been found
to be useful in the treatment of psychotic disorders, are:
1-methyl-4-[(4-chloro-2-thienyl)-(4-fluocrophenyl)jmethylene-piperidine and

20  1-methyl-4-[(4-methyl-2-thienyl)-(4-fluorophenyl)imethylene-piperidine;

or a pharmaceutically acceptable sait or solvate thereof.

For therapeutic use, salts of the compounds of formula (l) are those wherein the
counterion is pharmaceutically acceptable. However, salts of acids which are non-

25 pharmaceutically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound. All salts, whether
pharmaceutically acceptable or not are included within the ambit of the present
invention.

30 Examples of pharmaceutically acceptable acid addition salts include those derived
from mineral acids such as hydrochloric, hydrobromic, hydroiodic, phosphoric,



fumaric acid addition salts. Solvates according to the invention include
hydr at es.wb®szigpea further aspect of the invention there ampermErovosier t he
conpounds of formula (1) and their pharmaceutically acceptable salts and
solvates for use in therapy, nore partbcularly in the treatnent or
prophyl axi s of psychotic disorders such as schizo- phrenia, mania,
hyperactivity, substance abuse, enesis and schi zophreni af orm di sorders. 15

ani il REBPHESHABHE Rttt sl e 85, T o e acle, 568D o tethrid

t o suf f géetic] offifRuopsaEatitl i eitdic,s malwy, . ladtie) ueiangicanmaidnié, hdumbeite nperizoied

di sorders, which conprises admninistering an effective amunt of a conpound
of formMecErpic) propiopisar giycole @uaenisal syceigiceAnth| methanessiphanic agad
thereof. |n vet .a further, aspect h nt.knventi.on provides the use of
a corrpo%mf“é#hqrﬁ?’ngﬂfgx?ﬁm%sg'ageﬂ%ﬁs?’réég@?ﬁgaﬁ’llpboggc%?ﬁ%bI e salt or solvate
themeof in the manu- facture of a nedicanent for the treatnent or

prophyl axis of any of the afore- 25 nentioned disorders. The anmount of a
conpounkreférréd saits aaccoyding ta ths inventiontincladeyhyaceehort| makest,t sunciriolangt e,

also referred t.q herein alg%the active ingredient, which is required to
achi ev ug’qrﬁe?‘agéﬂdi'tprbﬁ t will, of course, vary with the particul ar

COMPOUNGlivafis 5 Qusrfinetoie iRuFBNTheRbdYarklag, age and condi tion of the

reci pient,_a particular disorder or disease being treated. WO
98/ 21206 ° PCT/ EP97/ 06321 6 A

suitable daily dose for any of the above nmentioned di sorders will be in the
Farie o @ Tuthenaspest of thi invantign Ahate AR PIRGRA T comporBes of dermule () a

wei gnt %8 W prARAEEER A SoepfaliB ieiohnd shildted OB LB in dhbRaE ey
Ki | ogr aparfiodiariyeingtine freatmient. orTppiwtaxie @f psychotic disorders such as schizo-
phrenia, mania, hyperactivity, substance abuse, emesis and schizophreniaform -
disorders.
15
' 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 a
psychotic disorder, including any of the aforementioned disorders, which comprises.
administering an effective amount of a compound of formula (I) or a pharma-

20 ceutically acceptable salt or solvate thereof.

in yet a further aspect, the present invention provides the use of a compound of

formula (I) or a pharmaceutically acceptable sait or solvate thereof in the manu-

facture of a medicament for the treatment or prophylaxis of any of the afore-
25 mentioned disorders.

The amount of a compound of formula (1) or a pharmaceutically acceptable 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
30 administration, the age and condition of the recipient, and the particular disorder or

disease being treated.



dose may be presented as one, two, three, four, five or nore sub-doses

adm ni st gfék/Abo@PPropri ate intervals throughout the day. pig@7ioés2kS -
possi ble for the active ingredient to be adm nistered alone, it is

preferable 10 to present it as a phagmaceutical fornulation. Accordingly,
the present invention further provides a pharmaceutical fornulation
conprising a conpound of fornmula (1) or a pharnaceutically acceptable salt
or solvate thereof, together with a pharnmaceutically acceptable carrier

t hereof and optionally other therapeutic agents. The carrier nust be

" bl.e" . i h f ' i.bl i,.th th her.
nor ehanitebls Sele Sp3S I3 afy oh e A0S Rt WaerdelS wit Bl Beaange
ther eogt 000" MBI 28 hit)Ser KddER Emﬁegql"ittdﬂ%@ ré@piedt (»é.?. beirAin) pésday,

topi cal (includingtransdermal, DBucc and subl i ngual vagi nal or
par ent preférapiynirt thdi rapgeubtOtlatoetOrng pent kibguamubedy, weight perrdays and moestder nal

and. intravitreal ) adm ni ation. The .20 faornul atjons b repared by
Ay nobTsRabhe M oo G 258 S0 kAT A mREPOH ecBh pep Ly ToB i aeRnods
such a o} descr ' n (o] a Reqd ng 'S, P 14

Sci encé\osg% T%y hﬁgd.qrgfgngBP%l i @EI n@"@oh’b’%ﬁy%g@ &gse%é E?prggi%gpldy&%lgrt 8:
Phar meadministeredatpppipriats irtew atsitbrougiouithe daye) . Such met hods i ncl ude
the step of bringing into association the active ingredient with the 25
carrier which constitutes one or nore accessory ingredients. Such accessory

i ngredi ents include those conventional in the art, such as, filleérs,
bi nder Whilgi it isspossibleifor thecggtivet ingredient todve sdminisierechafons, litis prefegablgent s

ang, wetting agents. Fqrnul atipn uitahle for oral,admnistration may be

o erioe BresePfli ok o hATeCo4ER Reimuliaich. | Aoo¥ignC e skt i estRbe

cont ai firfker Proviads EepRamesteiedNordllan ddmpRgihgd %%oaﬁd f RORlaa ®r

granul es; as a solution or suspension. The active 98/ 21206

PCT/ EP97/ @6 pharmacewufically e raccepipbie ssalbeopr sslyateedtheseaf, bidgethen willst @, or
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The carrier must be “acceptable” in the sense of being compatible with the other

15 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 (including subcutaneous,

intramuscular, intravenous, intradermal and intravitreal) administration. The

20 formulations may be prepared by any methods well known in the art of pharmacy, for

example, using methods such as those described in Gennaro et al,, Remington’s

* Pharmaceutical Sciences ( 18th ed., Mack Publishing Company, 1990, see

especially Part 8 : Pharmaceutical Preparations and their Manufacture). Such

methods include the step of bringing into association the active ingredient with the

25 carrier which constitutes one or more accessory ingredients. Such accessory

ingredients include those conventional in thé art, such as, fillers, binders, diluents,
disintegrants, lubricants, colorants, flavoring agents and wetting agents.

Formulations suitable for oral administration may be presented as discrete units
30 such as pills, tablets or capsules each containing a predetermined amount of active

ingredient; as a powder or granules; as a solution or suspension. The active



5 For parenteral adm nistration, suitable fornulations include aqueous and
non- aquewosgi®ei |l e injection. The formul ati ons may be pr @CaRPEF06331 -
unit-dose or nulti- dose containers, fgr exanple, sealed vials and
anpoul es, and may be stored in a freezé dried (lyophilised) condition
requiring only the addition of the sterile liquid carrier, for exanple,

wat er prior to use. 10 Formul ations suitable for adm nistration by nasal

i nhal atingredieat Hty alsbebalpréserted missa Hois oh paste, e ey deatettameditim of
nmet ered_dose pressurised aerosols, nebulisers or insufflators. 15 The
conmpounbRPSMeSrnul a (1) may be produced by various nethods known in the
art of organic chem stry chem stry in general. Starting materials are

ei ther known and readily avail able fromchem cal sources or nay thensel ves

be prodpgetuiblioss faraicta) 2aimiheeralibAwesy bEPreS¢ABHIR a shspssitRpYRdpefRY be
synt hesi sed usi ng nmet hods described in "The Chem stry of Heterocyclic

Conpgountier parentesal apipinisiratiophaniiabled fprmsulabeny aincluste’ agueous ang, ngo- S.
Gonowitz J. W]ey and Sons_.and A R.Katritsky and C \W. Rees .
CConpr eREHsuR SeEte FIRGHERT oriid e s B, pRFenteq imy Uik loge o mult-

G H. Che B ' i t | e
ol | o S e, e o S Gy He st ' |,
t he f ol freszengiribas dyophilised)t tenditfoh sequingr oly tReeadditian dbfRfher sferitealiquiche
meani ngs ascrtj bed to,themin._f 0{ mula (1) unless otherw se stated. 30
ConpountRTIET: FO5 EXAMRI], WatREDMIBEI W& ar ed by reacting a conpound .6f formul a
(149 WD 98/ 21206 :
PCT/ EP97/ 06321 [err] wherein R4 is a group R3 as defined in relation to

f or mul aFémpulationd suitabid & edohitigitation oy agsalt inhadatiosx imailide fimendostsabr aci d

such as hydroch] oric acid or by using 5 phosphorus oxychl oride. The
react | ow%wwshdaﬁvebﬁ @.@nrepateérw N Oﬁgngtgr%tf &o88reressHased sesosds,

dehydraﬁémiégrs%piﬁgtﬁ@&e}s_ For exanpl e, by use of

15 The compounds of formula (I) may be produced by various methods known in the art
of organic chemistry chemistry in general. Starting materials are either known and
readily available from chemical sources or may themselves be produced by
conventional techniques. For example, the compounds may be synthesised using
methods described in “The Chemistry of Heterocyclic Compounds”, vol 44,

20 “Thiophene and its derivatives”, parts 1-5, Ed S. Gronowitz J. Wiley and Sons and
AR. Katritsky and C.W. Rees, "Comprehensive Heterocyclic Chemistry”, Part 4 Ed
C.W. Bird and G.H.Cheesman, Pergamon Press.

The present invention further includes the following processes for the preparation of
25 compounds of formuia (1).

In the following description the symbols R1, Rz and R, have the meanings ascribed
to them in formula (1) unless otherwise stated.

30 Compounds of formula (I) may be prepared by reacting a compound of formula (li)



phosphorus oxychloride in the presence of a suitable solvent such as .
pyridi ne erature in the range of 80 to 120 [err] r.

nmet hods m@?%%m to a skilled person or readily avail ablq’em%%rzﬁ.%g'
chemical literature may be used for tH& dehydration, including sul phuric
acid, 4-nethyl- benzenesul phonic acid, trifluoroacetic acid,

met hanesul phoni ¢ acid, trifluoro- nethanesul phonic acid, thionyl chloride,
or by use of Martin sulphuranﬁ dehydrating agent, enploying, where
necessary the appropriate solyént. 15 In the alternative, conpounds of
formula (11) supra wherein a nitrogen protecting group, for exanple
trityl, may using nethods own to a skilled person or readily
avai l abl e fromthe chem cal be either simultaneously or
sequential ly dehydrated and dg ctefRe forma conpound of fornula (111)"
R2 [err] Alkylation of the conpofh f formula (111) results in the
preparation of a conpound according to the present invention. WO

98/ 21206 () PCT/ EP97/ 06321 9

Sui tabl e al kyl ati ng agents include al kyl halides such as al kyl iodides, for
exanpl evherefiy IR @aegoum-Fauag| definadién retatione e tfoanulaa(l),.c witheai switdbje be

ri et nyleivcrating Aot raamlecf pneralach SEiEeR hiorRBloHE sl iy dda
th } i t i
e fbsphofld SrfenioFie] CTRE fehcliBni gL b coAluABhy Uela ol Ussgg o

xyl ene "at’ ?e rxgture in the range of err] C.” Conmpoun rmul a
(111) rsgndardt lwenditioasndion \dehydration aofednwiaicoral. dopr epampie; dyi disehlodr i de

(5 o< AEBP G Soaidl B5 previa s § SHENE Tty B B0
exanpl en{p%??\ﬁ?é' Y e %ic;frgd%] Pk ni um hydride. Wiere necessary or
, tolTow ng one 8

desire the above processes, any one or

10 Other methods well known to a skilled person or readily available from the chemical
literature may be used for the dehydration, including sulphuric acid, 4-methyl-
benzenesulphonic acid, trifluoroacetic acid, methanesulphonic acid, trifluoro-
methanesulphonic acid, thionyl chloride, or by use of Martin sulphurane dehydrating
agent, employing, where necessary the appropriate solvent.

15

In the alternative, compounds of formula (If) supra wherein R, is a nitrogen
protecting group, for example frityl, may using methods well known to a skilled
person or readily available from the chemical literature , be either simultaneously or
sequentially dehydrated and deprotected to form a compound of formula (1i1)

Rz

N-H
20 Ri

(i)

Alkylation of the compounds of formula (lll} results in the preparation of a compound

according to the present invention.



more of the follow ng further steps in any order may be perforned: (i)
converti Qe gg/PBa¢ maceutical ly acceptable salt or sol vate opcereewigssind . of
15 formula (1) into a conpound of formula (1). (ii) converting a

phar maceutically acceptable salt or sfvate of a compound of formula (1)

I nt o anot her pharmaceutically acceptable salt or solvate of formula (1).
(ii1) converting a conmpound of fornmula (I) into a pharmaceutically

accept ap}; ; i C f I | ibdidfesCopmarstas|eof

For mal S e B N B, Bl A eI (1)
above, etimylidaide oe pabetyitrpradeli The neadtion mayt adrivenientynbesaatiéd out éadeat |

1 ot hProssTIs Bf By 1aT SRS, RROHISCRI PhUTIETYIRminge I8 SyiAPIane
thY et B _ _ 2728 43P
Cor vontoMsTy Sk afeffie afd (peldtuld n W FTREoFD BaFee d righihed

[ er ] Csolvent®uB/asltdfifene or xylene at a temperature in the range of 80-120 °C.
PCT/ EP97/ 06321. 10 Conpounds of formula (11) may al so be prepared by
treating conpounds of formula (V) O [err] wherein R4 is a group R3 as

defined.in.r i fo : r LT n_Rpr ti r.ou w.th an
appr oprGarieofnds of rdia i uly dhl 8 ok S B gl i PPfmria
r eagentaciteichigiflie IrP RRpreddricer 61 ? tidinehfoflbwed i 15y 28d@RIINCRT BadSMPAlRY A
such as bronmo or chloro, or a lithio reagent derived froman activated aryl
hydr ogdarmlen(l) Tsingl netheds twalhknewnyipi thel ast foathe gedoction wf tamidesefeonce of

an13p0|e?<rama é,orte'd%cﬁgllw \/Aﬁtrl]wt Iitﬁ}ﬁ%] aftiminium hydride.

Where necessary or desired, following one of the above processes, any one or

more of the following further steps in any order may be performed:

(i) converting a pharmaceutically acceptable salt or solvate of a compound of

15 formula (1) into a compound of formula (1).

(it) converting a pharmaceutically acceptable salt or solvate of a compound of
formula (1) into another pharmaceutically acceptable salt or solvate of formula (l).

(iii) converting a compound of formula (I) into a pharmaceutically acceptable salt or
solvate of a compound of formula (l)

20
Compounds of formula (1) wherein R4 is a group Rs as defined in relation to formula
(I) above, may be prepared by addition of a suitable organometallic reagent, such as
a Grignard reagent derived, for example, from 1-methyi-4-chioropiperidine to a
compound of formula (IV)
. Ry
0
25 G—(Fﬁ
(V)

The reaction is typically carried out in the presence of an apolar aprotic solvent such

as ether or tetrahydrofuran, at a temperature of -30 to 67 °C.



ether or tetrahydrofuran at a tenperature in the range of -60 to 67."C.

Al t er nat iygl nmpounds of formula (Il) may be prepared byctipeiideds . .
conpounds‘)égfgg })irbrgmla (VI) O [err] wherein R4 is a group R3 as defined in
relation to forrmula (1) or a nitrogeni@rotecting group, with an appropriate
organonetal lic reagent, such as a Gignard, or a |ithiumreagent derived
fromthe appropriate hal o substituted benzene. For exanple, 20 conpounds

conven ERTPyds BF Fofila'(If vERCEKD L BrébaSa B FeqCobblindy PFIarRIA, ™

appropr(ivyte hal o substituted phenyl nagnesium halide using standard

reaction conditions. WO 98/ 21206 _

PCT/ EP97/ 06321 11 Conpounds of forrmula (IV) nay be prepared by mnethods
known in the chemcal literature. For exanple, conpounds wherein R err] is
4-chl oro- or 2,3-dichloro-thienyl mgEQ\be (@epared, for exanple, as

described in exanple 1 by chlorin
hal obenzoyl t hi ophene. These coppse Ner- 5 cially available or
are prepared using nethods kno in the arft, fgr exanple, by Friedel-Crafts
benzoyl ation of the thiophene or other growps xepresented by Rerr]. In an
al ternative nethod, conpounds of formula (1V) mRy be prepared by Friedel -
Crafts acylation or benzoylation of 3-chl oro-2-brono-thiophene in the
pregence of a 10 catalyst such as feﬂyjc chloride or alum niumchloride in
an apol ar- sol vent such as dichl oronet hane at a tenperature in thé range of
10- 25 [vehereih RRésiacdroup Rieas defimedhat redatiar ta formufa (1) af laynifroger groteatingt

gi ves the required conpounds . Such reduction rmay be carried out by,

cat al y19TEUR, Wb APPEsIPriale AEganametalin wagenh sich asarCuanas ok Uibium
a | _ | _ _ ey
Cemor acapent aetiied fof oy Fbnidf L 8 srPabRinet mBRgif ehThiie 1 ong

50 psi,chioro, or a lithio reagent derived from an activated aryl hydrogen atom. The ‘

the appropriately substituted

10 reaction is typically carried out in the presence of an apolar aprotic solvent such as

ether or tetrahydrofuran at a temperature in the range of -60 to 67 °C.

Alternatively, compounds of formula (lI) may be prepared by treating compounds of
formula (V1)

156 Ra

(V1)

wherein R, is a group R, as defined in relation to formula (1) or a nitrogen protecting

group, with an appropriate organometallic reagent, such as a Grignard, or a lithium

reagent derived from the appropriate halo substituted benzene. For example,
20 compounds of formula (1) wherein the phenyl group is subsituted with a halo atom

may conveniently be prepared by treating a compound of formula (V1) with the

appropriate halo substituted phenyl magnesium halide using standard reaction

conditions.



or by use of activated zinc in the above nentioned solvents at a

t enper at W@odan20d1e range of 20-65 [err] C. Conpounds of forpoi/aesyegy2iand
(VI) may, for exanple, be prepared by the addition 20 of the appropriate
Gignard reagent to ethyl N-nmethyl or iN-trityl isonipecotate. The latter
conpounds are commercially available or may be prepared fromcomrercially
avai | abl e conpounds usi ng nethods known in the art. Alternatively,

55 o R armPaunds B Brrpule. /5 HsY Bl Bltrerkd L Ibihoft, bR e iRl 1o
13, 1 GprerpuwedFafelmnpel 2ombounasreherdid R;sist 4ichidroiey D8-dicsiBrs-gehylom

conpounds of formula ém\/) wherein R4 is hydrogen, for exanple by reaction
wi t h t may Ibeb prenaredy $omexamplensas deseriled iimaxamplea iyl ehiarinafien of 3be
Compounds_of .f or muy| 111) sypra may, be .pr ed by converting a _conpound
of T or rRPsSprisieh s Beitiad RS iR R e o B, Tt eRERES

reaect i QiR Rvaila S8al pRépared using methods known in the art, for example, b

PCT/ EP97 %351‘ 12 convem%gﬁgly be cgrri ed out wwth a chl oroforrratpe,’s ch as
et hyl - ,FriedetyCrafte berzoylationadtthg thiophene oo ohheregroupe régaedented 1§ R ; Jef f s,
P. W; Natarajan, S., Goss, P.M, Synthetic. Commun, 1977[err] 7[err]

79[ err] Kraiss, G, and Nader,K. Tetrahedron Letters, 1971, 57). Hydrolysis

of “;e%ﬁ %‘&Bmv@%ie\wand chbr?%%%n%dseéf"%’rhﬁila V) By e P?%QL‘%@?%“F such

as hydrochl orrc acid or by ment I N appropria zinc

gi ves thefiscagytativh of benzoylhtior bl B)chiSa-Rbramoathibph@nedintthe preessed of a
I nvention may be prepared by treating a conpound of fornmula (1) with an
apfPopreatalyshaue) asderris shipridespr alutainiumehigridesinkaniapelanselvenbsuchh@sal or

Py ocHRBRPEMElANe: Bton. RGPS i et TBPGSGRt {hean P ConfpUbEiNg do-
compourdgtlipaey B th8) FERY e BrReE e 1S TEQURSE cBfbddh; Sl
pr esentredaction imay ibectadied out by catalytic hydrogenation using a suitable catalyst
such as palladium on charcoal in a suitable solvent such as ethanol or acetic acid at
15 atemperature in the range of 15-25 OC and at a pressure of between 1 and 50 psi,

or by use of activated zinc in the above mentioned solvents at a temperature in the

range of 20-65 ©C.

Compounds of formulae (V) and (VI) may, for example, be prepared by the addition

20 of the appropriate Grignard reagent to ethyl N-methyl or N-trityl isonipecotate. The
latter compounds are commercially available or may be prepared from commercially
available compounds using methods known in the art.

Alternatively, compounds of formula (V) wherein Ry is methyl or hydrogen and R; is

25 44luoro may be prepared by methods described in J. Med.Chem., 1970, 13, 1
Compounds of formula (V) wherein Ry is trityl may be prepared from compounds of
formula (V) wherein R, is hydrogen, for example by reaction with trityl bromide using
the method described in Example 4 infra.

30 Compounds of formula (lil) supra may be prepared by converting a compound of
formula (1) wherein Rs is methyl to its urethane derivative. The reaction may



a-(4-fluorophenyl) -[err]-(-4-chloro-2-thienyl)-1

- met hyl - 4- pj \di nemet hanol ; [err]-(4-fluorophenyl) :
- a- (4- met (gwé&ﬁ"j' enyl)-1 -nethyl - 4- pi peri di nemet hanol ; ~ TC EroH632L

[err]-(4-fluorophenyl)-[err]-(4,5-dichboro-2-thienyl)-1

- met hyl - 4- pi peri di nenet hanol ;. a-(4-fluorophenyl)-a-(5-ethyl-2-thienyl)-1
- et hyl - 4- pi peri di nenet hanol ; 20
[err]-(4-fluorophenyl)-[err]-(4-ethyl-2-thienyl) 1

- met hy [convenigaty dpe ep@iriegn ot With 4af cral@qupﬁaa{a, ) séehy B atbyt.hibengyly - ar
-met hyl -~ 4-pi peri.dinenet hanol,; . i . .

Ler 112 (PRI P TR (bee Aalgwin. 5 W15 £n Yy Nataraian, . Gross,

- met hylp. ¥t pigyptheticneOBi ! 1977, 7, 79; Kraiss, G., and Nader,K. Tetrahedron
[err]-(4-flubro henyl)-a-(é-nethoxy-2-benzoth|eny)-l _

- met hy lLefters, pt97 Ui S@ndydralysis of these urethane derivatives, for example, with a

E ﬁéé]hyﬁ'x%gfe{ﬂlf%ﬁcf %%%%@é}:mgég%%% 8t by Fhkrhart in appropriate circumstances

[err] - G 2iHEx %! dormisauing 6 ormdidBiiy! - 2- furanyl ) - 1- net hyl - pi peri di nene
t hanol ; and a-(4-f uoroop‘?enyq)- [ erriawj-]met hyl - 2-thienyl)-1

-tri phenyl net hyl - 4- pi peri di nenet hanol . The foll ow ng exanpl es are intended
for illustration only and are not intended to limt the scope of the

| nvent igyiksidbcaftingay théBresentihnRitidhdA8y be preFared by treating a compound of
PCT/ EP97/06321 13 Exanple 1: 1. Preparation o S

2- chl ofermauliaddy milbr ancapRrppyiatenbapeefer exarspied anl alikahi metalhalkalide ¢arth 3 g)
wag adde Eo a stirred solution of 2-&4- .5 fluorobenzo lrl'-thi' phene (15.0
g) 1Pn &SaPL AMERnim hrrotieo Of An 4RProBriste, oraaME o Miordanic 3Hd BN RT on of
chl ori pgdkseniérid fumafid'drRalefi a@ghl ori-de (26.3 nl)] was added dropwi se,
mai ntai Ning the tenperature at -5 err]C. Wien the addition was conpl ete,

the tenperature was allowed to rise to -12 [err]C, over 1.5 h, and the
reacti m xture was stirrgd at this. t ratur.e .for Idh. Thﬁ sol uti on was
Eropdgites fig

o bor e aeBeft 1BVeRiad (fitndl, intidacs (BT BVRIC in L A
I n car RRRctBbd 28R4 O %{&&Jl& rﬂc%'nmo%d%?df owe!ié i‘m)-scg RN iM@Pmatidteed at

this tenperature for a further en al to’ stand overni ght at

[ efib] 2Gceording tathe present inventisnangelder e- cool ed to 5 [err]C, a further

AU o By 268 onl o E R 5 A 98 iheragle 2dded.  the
a~(4-fluorophenyl) -a-{(-4-methyl-2-thienyl)-1-methyl-4-piperidinemethanoil;
a~(4-fluoropheny!)-a-~(4,5-dichloro-2-thienyl)-1-methyl-4-piperidinemethanol; .
o~(4-fluorophenyl)-a-(5-ethyl-2-thienyi)-1 -methyl-4-piperidinemethanol;

20 a-{4-fluorophenyi)-a~(4-ethyl-2-thienyl) 1-methyl-4-piperidinemethanoil;
oc-(4—ﬂuorophenyI)—a—(2—penzothienyl)-1 -methyl-4-piperidinemethanol;
a~-(4-fluoropheny)-a-(5-fluoro-2-benzothienyl)-1-methyl-4-piperidinemethanol;
o~(4-fluorophenyl)-a-(6-methoxy-2-benzothienyl)-1-methyl-4-piperidinemethanol;
a~(4-fluorophenyl)-a-(2-benzofuranyl)-1-methyl-4-piperidinemethanof;

25  o-(4-fluorophenyl)-a-(4,5-dimethyl-2-furanyl)-1-methyl-piperidinemethanol; and
a-~(4-fluorophenyl)-o-(4-methyl-2-thienyl)-1-triphenylmethyl-4-piperidinemethanol.

The following examples are intended for illustration only and are not intended to limit
the scope of the invention in any way.
30



raised to, -20 [err]C and the m xture was stirred for 2 h. The m xture was

cool ed i w06 i Ce-bath, water (200 ml) was added fol | owvedrBysmiusbzr (400

m) and the | ayers were separated. The ether |ayer was washed neutral wth

water, dried over Nerr]SOerr] and evyg@porated to give a brow gum (18.9 g)

whi ch was crystallised from ether/hexane to give

2-chl oro-4-(4-fluorobenzoyl)-thiophene, (10.3 g), 77.6% (GC. 20 2.

Preparzﬁmn ff 2, 3-di chl oro-4-(4-fluorobenzoyl)-thiophene. The not her

| i quor L previ ous exanpl e was chromat ographed on silica. Elution

wi th tol uene/ hexane (4:1) gave a fraction which was evaporated and the

resi due was crystallised fromether/hexane to give the titled conpound,

(1.9¢ .

-I\/Et hyl)l raJnQJ =2Z=

(fumarate salt) WD 98/ 21206

PCT/ EP 1 I =1 | i | I A( g b fised
SRR T guds Ty o BB a6 o Mindaoloiion Paelied

t he5extfrmbdmwyamﬁ‘t§;ﬂ1wd(r15m ghin d@rdueﬂlofmatﬁfafh)e asd mM@GJSaQ(BdnH@f@rVE
4-chl oro-1-net hyl pi peridine (14.7 as an al nost col ourless oil.

cr yst all pfa iseditian i schiades | deagstﬂ m&p@dgﬁeﬁ@padeo@%gpPhV@? Eddﬁd ngs
distjl.led tet f f

by ot o PRNss: IANNO B RE 2ot o WY e AR ER Cronefes

mn), gné ?éMgg%lgFg \Afagealmf:?to‘ln%' 'té" WZW‘%\@("PSWH% fP\% &%ﬂtl&n Rixtute THF

(96 m) was dropw se over - a smal | arount of heating was

appl i edvasosaﬁedoatnm'mttempeeatgmtfdare‘lrhaf I'Etxe sﬁiutmn Wéas teheoolddi to o8 tW,Ea,sa
conBI ete the m xture was boil ed under refl ux urther 1.5 h t

f
od fwo*her QUnaiiy| & CHoEBs .l 5 a) §f Cartan ttcachipride (6 Bhuwas,Added 8Rfene
(10.3 %mnewla% dtitrel Gt {43 tSinbelGiirS RS fdRRBIM S§ 1M T 211d%el 3 {t8nkhe

solutlon Keep
overmght at ~20°C. The solution was again re-cooled to 5 °C, a further amount of

met hyl ene- pi peri di ne

chlorine (2.6 g) in carbon tetrachioride (13 ml) was added, the temperature was
raised to ~20 °C and the mixture was stirred for 2 h. The mixture was cooled in an
15 ice-bath, water (200 mi) was added followed by ether (400 ml) and the layers were
separated. The ether layer was washed neutral with water, dried over NapSO4 and

evaporated to give a brown gum (18.9 g) which was crystallised from ether/hexane
to give 2-chloro-4-(4-flucrobenzoyl)-thiophene, (10.3 g), 77.6% (GLC).

20 2. Preparation of 2,3-dichloro-4-(4-fluorobenzoyl)-thiophene.

The mother liquor from the previous example was chromatographed on silica.
Eiution with toluene/hexane (4:1) gave a fraction which was evaporated and the
residue was crystallised from ether/hexane to give the titled compound, (1.9 g), m.p.

104-105 OC.
25
Example 2

A: 1-Methyi-4-{(4-chioro-2-thienyl)-(4-fluorophenyl)imethylene-piperidine

(fumarate salt)



the tenperature below 10 [err] C and the m xture was boil ed under reflux for

2.5 h. Aggér‘)%?ﬁ)gd solution of ammonium chloride (100 M) peprpsaRszt 0. the
cooled 1 m xture, followed by ether (500 m ), the insolubles were '

filtered off through dicalite and the 4ayers were separated. The ether
| ayer was washed with water, dried (Na2SO4) and evaporated. to yield a
brown gum (18.2 g) A m xture of hydrochloric acid (5 N, 60 m) and

hydrochl oric acid (2N, 60 m) was added to the above brown gum (10.8 g) and
the sti4-Cddone-ktoetaylpigendine HCIUAB gbwas basified wilh ag. ammeniyRciydrexide

sol utio rred. re | e I 0, 8

basi 1 e el fafkreitaeieh Ml gtre i i eRfatCurg Mot iy b

di chl or grjed bnags(w%Wéﬁ@ﬁdret@ﬁtdvgw@ed-omdrb-mw Ipiyerigihe (2P asafl
evaporated to give a brown gum (8.2 g) which was chromat ographed on silica.
El ut i onaimdsh cBicinless@iet hane/ net hanol (gradi ent elution 1-10% net hanol gave
a 25 fraction which was evaporated to give

[ er g - (A-drystal op instine was addgd {o a-sfired suspengiompf magnesium turnings (2.32

ot 1 ¢9) AR eSSyt Bl 0 . RUGRsR0ET sBieromiie M8 mhocuct
(0478 Glnd i dhu PAMERI i haRdishpoBaielY-5 mih) % bolBn imalbig e bl ! o

under rerH'ux for 2.5 The m xture was cool ed, water was added and

t he pr oghehioroes-methyipiperidirkd (14.4tg) idi THFo(96 ! hwas gddi@dndiropWise exer aG0 was
washed with water (3x 30 m), dried (Na2SO4) and evaporated to give a brown
gum (0.™MEY. A smaHi ameyntyd ting wes applied 9 mepigin a gentle reflux.  After

PCUPe08ddifion it SRRINIEE 2 ARUAN Yes BoiRed UhHEF r&ifud (44 GeeRed 941

met hanol "was a e soluti'on was evapor volu

was addgdnadisbléd @o oG BCt aAtsoliticit af 2-oMe-4Q4 iR 6brZ %ﬂ‘\l@pﬁéﬁé pog gitle
conpound as a pale solid (0.71 g);@;}err] . 209-210 [_errf/ . 5 B. The
succi na@xarpliet 1)oin THE{26HI) way added deopwise tavies 4P| min( to- thewsnidtiore keeping

Methyl epg Bkl Bels 1898 534 the RIGRRL &8s BTiBa uhekr fémnl for ol &h.
A saturated solution of ammonium chloride (100 ml) was added to the cooled
15 mixture, followed by ether (500 mi), the insolubles were filtered off through dicalite
and the layers were separated. The ether layer was washed with water, dried
(Na2S04) and evaporated. to yield a brown gum (18.2 g)

A mixture of hydrochloric acid (5 N; 60 ml) and hydrochloric acid (2N; 60 ml) was
added to the above brown gum (10.8 g) and the stirred mixture was boiled under
20 reflux for 0.75 h. When total solution occurred the reaction mixture was cooled to
~5° C and basified with ag. ammonium hydroxide. The product was extracted with
dichloromethane, the extract was washed with water, dried (NasSO4) and

evaporated to give a brown gum (8.2 g) which was chromatographed on silica.

Elution with dichloromethane/methanol (gradient elution 1-10% methanol gave a
25 fraction which was evaporated to give a-(4-fluorophenyl)-a-(-4-chloro-2-thienyl)-1-

methyl-4-piperidinemethanol (1.07 g) containing some overchlorinated impurity.

Zinc dust (1.56 g) was added to a suspension of the crude product (0.78 g) in

sodium hydroxide solution (4N; 7.8 mi) and the mixture boiled under refiux for 2.5 h.

The mixture was cooled, water (15 ml) was added and fhe product was extracted
30 into dichioromethane (30 ml. The extract was washed with water (3x 30 ml), dried

(Na2S0O4) and evaporated to give a brown gum (0.75 g). This crude material was



C In a simlar manner, but w thout the need to renove overchl ori nated

mat er i al woXsR12060 di chl or o- 4- (4-f1 uor obenzoyl ) -t hi ophene REGHERIGRGRAt ed. t O
| -methvl-4-[(4,5-dichl oro-2-

t hi enyl ) -4-fl uorophenyl )| et hyl enepi p&si di ne. fumarate; mp. 220 [err]C. D
Met hvl - 4-] (4-chl oro-2-thienyl)-(4-fluorophenyl)] et hyl ene-pi peridi ne

(alternative nethod of preparation) 15 i: 2-brono-3-chl oro thi ophene A
| uti : d
S @Rs8eB R AEBRES BidBdord B ol Aty h TR KNP WERILAGd 50 ) Ve

(143. 4sgtution dvasresiporatedat @ (oW %olome. methepw:m addednamdﬁhwaﬁesultbnt h at
15 [err]C. The reaction 20 tenperature gradually rose to 40r}err]C over 30

m n anefystasweae celierted t@@fﬁt"@rfi’\]’fe title cvPPHAC REA PRIgERNE (Bd Bke reacti on
was Stlrr%é%ﬂe further 2 h. The reaction was poured into water and

ext r acteht yItert butyl ether. The organic extract was sequentially
washed with water, sodi um hydrogen sul phite solution and water, dried
(N[err]SOerr]) and evaporat ed to dryness. The residual oil (246 g) was 25
di sti | BeWhensieeingds samof N -aBthei-4- ldrb zaﬂne fiLibrd

2- br on®d- 3- chl or o-t hi ophene as an oil 2 pt err]"C (1 nm

Hg) . |WM$MHFWWW@@®%W ;611116&?@% Ferric chloride

(301.2 g) was added to a stirred solution of 2-brono-3-chloro- 30
t hi ophene _(148.5 g) and 4-fluorobenzoyl chloride (169.7 g) in

i el OBONPLIANR( AEPRePdut viPRLEhd Aodf 15 FomBy8bVLAHINA b bR al -

tenperafure o reaction

PG EPQishitsAL(4-8uBiobetizeyl) Ak phens vdstoivertstitoMisndthgnd fEob Lfichierol2-

[err] C Ooollng was renmoved and the reactlon m xture was stirred for a

f ur t hethiewyl 4flug en) pthylenenips fumarateemoer220@ rose to 16
[err]C. The reactlon m xture was re-cooled to 10 [err]C, water (700 m) was
added carefully, keeping the internal tenperature below 15 [err]C, and the

5 g‘ ;“hbr MR- R bt -2 aHidr)-(M-fluorbBRe AV TN ARPBRE RiAPSHdiAYE" Was separat ed
(alternative method of preparation)

15
i: 2-bromo-3-chloro-thiophene
A solution of N-bromosuccinimide (221.7 g) in dimethylformamide (550 ml) was
added dropwise over 75 min to a stirred solution of 3-chlorothiophene (;!43.4 g) and
perchloric acid (70%, 5.8 ml) cooled in an ice-water bath at 15 °C. The reaction
20 temperature gradually rose to 40 °C over 30 min and then was cooled to 11 °C.
Cooling was removed and the reaction was stirred for a further 2 h. The reaction
was poured into water and extracted with methyltert.butyl ether. The organic extract
was sequentially washed with water, aq. sodium hydrogen sulphite solution and
water, dried (NapS0Oy4) and evaporated to dryness. The residual oil (246 g) was

25  distilled under vacuum in an oil bath at 80-80 °C to give 2-bromo-3-chloro-thiophene
as an oil (202 g (87%); b pt 42 °C (1 mm Hg).

ii: 2-bromo-3-chloro-5-(4-fluorobenzoyl)thiophene
Ferric chioride (301.2 g) was added to a stirred solution of 2-bromo-3-chioro-
30 thiophene (148.5 g) and 4-fluorobenzoyl chioride (169.7 g) in dichloromethane

(2230 ml), cooled to 18 °C in an ice/water bath. The temperature of the reaction



aq. layer was washed w th dichl oronethane. The conbi ned di chl or onet hane .

| ayer wag, g6k Wi th water and saturated sodi um bi car bongicepshgéspn- . The
di chl ororret hane was separated and the aq. layer filtered through dicalite
and extracted with dichloronethane T& extract was washed with water
dried 10 (Nerr]SJerr]) and evaporated to dryness to give

2- br ono- 3- chl or o- 5-(4 fl uorobenzoyl)- thi ophene as a solid (233.3 g). iii:

4-chl oro-2-(4- fI nzo y % r coal
(20 oy it sl %4 06 13 wahdheBaghRelect2 6 oo BRs Bl Zhaafe: Fon
of t hergun @nmma%r Sli#rek orop - 44umhaosgbmcaurm WhiP BRTRE tHe Iftefnal ) in
et hanol (3.400 m ), containing sodiumacetate (77.0 g),and the m xture was
hydr ogtemaperdtdrerro8e ho d6s°Git Thegeatttorpmixiture waa md—qmomw t0 (’Comlen(ﬁoake of
hydrogen was 22,994 nl). The reaction mxture was filtered throug

di cal i M) W28 added icarefully wkeeningribe tenakiemmperatyre belayy 19 §C. ?H@ thﬁl trate
Wass Zoml)&ﬁ}%e@@%quﬂﬂ‘gprr%ﬁ%g (](r?p g)ﬁx?ﬁbﬁwe&aglé ] & @Qg geggatgﬁta%rd t(ﬁeﬂ 1).

The™ preci pi d ' SSO

di chl oagnei/epnad Washedwieh dvmorbhmmmiumei combinéd! dicH|eronmathané najet! y 500
m . Met hanol 500 M) was added and the remai nder of the dichloronethane

was rewasevashed swith| avaten. ante setyatachnsodivyst hicarkanate f isphutiosd dhe dri ed
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di chl opar@dteanitheldicHi8torhéthah¥e "Hee &traddhewRy’ stﬁ@dpwm#%atéﬂzﬁleg) The

crops were conbi ned and used in the next stage.

a- Q- f (NepIQap ant)evappuated towyaessmtcegwe)zbrmpi-@mhwrmw flaenebeozopol 30
A suspensi on of magnesiumturnings (36.7 g) in tetrahydrofuran (470 m) was
heat edthiephgne as aridig (838r>gkn gas and an aliquot (20.0 m) of a solution
of N WD 98/ 21206
PCT/ EP97/ 06321 17 net hyl - 4-chl oropi peridine (221.6 g) in tetrahydrofuran

\(AéfgOagij)4achl§r%%g%chmé?§%@iﬁopﬂen| odi ne and then ethylbromde (14.0

A slurry of 5% palladium on charcoal (20 g) in ethanol (100 ml) was added under

15 nitrogen gas to a solution of the above 2-bromo-3-chloro-5-(4-fluorobenzoyi)-
thiophene (299.4 g ) in ethanol (3.400 ml), containing sodium acetate (77.0 g),and
the mixture was hydrogenated for 3 hours at room temperature and pressure (total
uptake of hydrogen was 22,994 mil). The reaction mixture was fiitered through a
dicalite pad and the pad was washed with ethanol (2 x 200 mi). The filtrate was

20 taken to low volume (approximately 2 I) and added to water ( 17 1). The precipitate
was filtered and while damp it was dissolved in dichioromethane (1 |) which was
then reduced in volume to approximately 500 ml. Methanol (500 ml) was added and
the remainder of the dichloromethane was removed by distillation. The resultant
crystals were filtered and dried to give 4-chloro-2-(4-flucrobenzayl)thiophene as a

25 white solid (169 g). A second crop (19.2 g) was obtained and recrystallised from
dichloromethane/methanol to give more of the purified product (12.9 g). The crops
were combined and used in the next stage.

iv: a~{4-fluorophenyl)-a~(4-chioro-2-thienyl)-1-methyl-4-piperidinemethanol
30 A suspension of magnesium turnings (36.7 g) in tetrahydrofuran (470 mi) was

heated to 55 °C under nitrogen gas and an aliquot (20.0 ml) of a solution of N-



initiation occurred as the tenperature rose to 64 [err] C acconpani ed by the
| oss of twog/pdbsne col orati on and onset of reflux. The resPCOEPPTH®3IN- net hyl
4-chl oropi peridine 5 solution (containing 14.0 mM of ethyl brom de) was

t hen added over 75 min, maintaining aigentle reflux. Once addition was
conplete the mxture was stirred at 64 [err]C for a further 90 mn, after
which only a few grains of nagnesi umrenmai ned. The solution was cooled in

o1 ess stz Al Befe” (4248 B dp RPN BRI S 1400 It bl b oo
(140. Ocktdiroft islHirehuAd ahon athyibremide (14,0 inhadrdagtedr cAlpRsEt athniedigtelyer r] C

in an ice/salt bath, over a period of 60 mn, keeping the internal
t enper ammatmrbed:@wrm perthe tempheatorg (nseote 6 SCeantompanied bydbetiosnofithe to a

cold (5 rr aturated sol anmon chloride (4 1
i nt sieshog, corraligh A onsat BErefiot eThETPRCor T Nt heklorobinesidings wi ¢
et hyl e&rat 8he( ﬁs}ﬂ irliteg ©X4.0ard) wsetwﬁﬂsﬁndétbvayattﬁén daaéd dwer (MARY) and
evaporate ryness to give a brown gum( g). The gumwas crystallised
from dnmrhtarmngmgeaﬂermemw @rce additidn wabe:ompjega the mixtate washstirhedvas

filtered and washed with cold rrethyl tert utyl ether. The solid was
filterBd °Qwiprd?|féﬂhﬁh§0t'ﬁ@ @edgich anly g few \%@nﬁ&,frrpggawugbaema@ﬁﬁ

ai ohl o pgel daas dtE Ll bn keI BSR i 20 <B) Yo WEE )P0 2TREF 1 ne-

20 m‘v‘bB@lﬂQé r(lﬁéﬁén Qﬁresyure mto a solution of 4-chloro-2- (4—fluorobenzoyl)thnophene
1- met hyl - [ oro-2-thienyl)-(4-fl uorophenyl)]nethyl enepi peri di ne The

abt@e 91411)6(9) |(ﬂletrahgc)rofmanr(éf4 Oxwhichrhad been mre—oonlai\tmodcouharmnc;asam d

440 d > d i id (440 m) fo i i
i xt ur BEACONEE o PV Of RO, KESRAG in dbteriicieis  PRirg REIAY i ofhe

' sf it t
Pr et apoRAiBn B3e sddet CBva AUAE RN nih, fo 18(cRid (3, “"FL%&Y@?‘*&{ W@?‘E?& e

(300 nanmadsiuratRloride0@. 6”!)), rﬂéidtaMﬁnEGthéttempeﬁﬂméaﬁidw% 9@t hTH’e Phigtee um

hydr oxi de solution (200 m). The et acetate | ayer was separated and the
ag. | apas esisaetedr witheethyi t@eatﬁyanadbeaeéracthwae onashedl vath water,wddedashed

11t n§NaaSEi) it pasorel I el o8P 5 AT pRRE (2 o hs-ovn wes as
brown aplsidififed ffBm FichiSfthethane/methyl tert.butyl ether to give a solid which was
filtered and washed with cold methyl tert.butyl ether. The solid was filtered and dried
and the product (79.2 g). was recrystallised from dichloromethane / methy! tert.butyl
ether to give o-(4-fluorophenyl)-o-(4-chloro-2-thienyl)-1-methyl-4-piperidine-
20 methanol (61.6 g).

v: 1-methyl-4~{(4-ch!oro—2-thienyl)-(4-ﬂuoropheny|)]methylenepiperidine
The above alcohol (73.8 g) was refluxed in a mixture of 2N'hydrochloric acid (440
ml) and 5 N hydrochloric acid (440 mi) for 50 min. The reaction mixture was cooled
25 in an ice/water bath and the resulting white precipitate was filtered and washed with
water to give white lustrous crystals. The damp crystals were suspended in a
mixture of ethyl acetate (300 ml) and water (300 mi) and while stirring, basified with
4 N sodium hydroxide solution (200 ml). The ethyl acetate layer was separated and
the aq. layer was extracted with ethyl acetate. The combined extract was washed
30 with water, dried, (Na2504) and evaporated to give 1-methyi-4-[(4-chloro-2-thienyl)-
(4-fluorophenyl)jmethylenepiperidine as a brown oil (66.8 g).GLC 98% |
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1- met hyl 4 SRl oro- 2-thi enyl)-(4-fl uorophenyl )] nethyl e ' ladiA€e. succi
nat e The‘gk%(%t\{/léejnggr:i ne (64.6 g) was dissolved in nethanol (Esﬁ%hﬁﬁmgéuzgci ni c
acid (24.88 g) was added, the solutiofgwas taken to dryness and the
residual solid (89.4 g was 5 dissolved in hot ethanol. (1.1 1). The

sol ution was reduced in volunme (200 m), cooled in an ice/water bath and
the resultant solid was filtered and washed with ethanol (200 m ). The
solid was dried under vacuo at 50[err]C to give 1-nethyl-4-[(4-

e L b S AT B BB Shepggne YS!V
Pr epar

o The havs. aming (646:a) was Aisspled oMEHIRIR (S99 tinsHerialc 3718 426 8he.

HCl 15 | femB ' ' ;

added 9 %@g% ggoﬁétc{? gng Os]p ﬁ’ﬁm@h\%% tt%ét}ﬁ?ﬁﬁ’lﬁllr{?%ﬁ e%xrg:?]tge?r f quﬁﬂéggé gﬁ?wa%gygﬁe
sol it i dissobvedbiri hetl etharol. (¢fl Dx Ther sBlutionTvas sraduted nnwasluaeo200 tml),0
[err]C and a solution of 1 -nethyl-4-(4- flugrobenzoy i peridine (2.1 Q)

|
Ll s capledingan: ioehERson Bt 206 dhe SWANLAPIY WAS S3bies RS WashE St o At

-0 [er t4 0 .t e r wat er
(20 m 5o (2P0 M TP 243 0P BNBR e BUcCal SETE 3 it bRy

acet at ehlofd-2-BiidriviF14-fasrdptrefifl) InfethgRknebideriditl @ubtinkie (Rai dalk)l (8.2 %)he
agueous extract was basified with ag. amoni um hydroxide and the“product
was ex@pantefftwhitesalidhm.patét e, This extract was washed with water, dried
(Na2SO4) and evaporated to give an oil (2.6 g). A solution of this oil (1.7
9)19n pyridine (17 m) 25 containing phosphorous oxychloride (0.1 m) was
heated at 115-120 [err]C for 8.5 h. The solution was cool ed, water was
added E¥amme 3 xt ure was basified with ag. anmoni um hydroxi de and
extracted with ethyl acetate. The extract was washed with water, dried
(Na2SO4) and evaporated to give the crude product as the free base which
was purified by filtration thrc')ugh silica. Treatnent of a sol utior: of

free 34 bBrepaiplia v Ahianwiid ol i
whi ch WA i dine HCI

15 A solution of 3-methylthiophene (3.5 g) in dry THF (40 mi) was added to a solution
of n-buty! lithium in hexane (1.6 N; 20 ml) and the solution was boiled under reflux
for 2 h. The solution was cooled to 0 °C and a solution of 1-methyl-4-(4-
fluorobenzoyl)piperidine (2.1 g) in dry THF (40 ml) was added over 10 min whilst
keeping the temperature at ~0 °C. The solution was allowed to warm to room

20 temperature, water (20 ml) was cautiously added and the mixture was extracted with
ethyl acetate. The extract was re-extracted with hydrochioric acid (1 N), the
aqueous extract was basified with aq. ammonium hydroxide and the product was
extracted into ethyl acetate. This extract was washed with water, dried (Na2SO4)

and evaporated to give an oil (2.6 g). A solution of this oil (1.7 g) in pyridine (17 ml)
25 containing phosphorous oxychioride (0.1 mi) was heated at 115-120 ©C for 8.5 h.
The solution was cooled, water was added and the mixture was basified with aq.

ammonium hydroxide and extracted with ethyl acetate. The extract was washed with
water , dried (Na2304) and evaporated to give the crude product as the free base

which was purified by filtration through silica. Treatment of a solution of this free
30 base with an ethereal soiution of hydrogen chioride gave a solid which was
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crystal | i\g@dghifg met hanol [ ether to give PCT/EP97/06321 .
1-met hyl - 4-1(4- et hyl - 2-t hi enyl ) - (4-f| léOI’O-
phenyl ) Jmet hyl ene- pi peri di ne. HC1 (1. 43 9); mp. 235 [err]C. B The
fol l owi ng conpounds were prepared in a simlar nanner:- 5 - Starting from
2- 1(_'a';]hlyl t hi ppheng; 1- r;et;QyI 1-14- [ (5-et g%é%g];nyiémggl utoér oph(ef42y| )] -
met ny amsed ftan® metRagdiéthefMo @iv | Airhethytlah -(4-fBro-
3- et hyl thi ophene; 1-nethyl-4-] (4-% hyl - 2-t hi egl(yl )-(Z-f I uor”gghenyl )] - met
hyl enepheewi)ithethyienespiperidinedHCT 61.85[gyy m.& 235PE@rting from
benzot Fr?l ophe)gg; y1- rrefpir?;?l -4-(2-benzot hi enyl)-(4-fl uorophenyl)]- 10
nmet hyl enepi peridine .maleate, mp. 197-214 [err]C - Starting from

-fl hi oph ;o 1- hyl - 4- -fl -2-b t hi 1) -
(4 1 0B o B R CRYIPOHBEP YEArP B RRSTRA B SR SIS Let ] C - Starting
from6- hoxybenzot hi ne: 1-methyl ;4-[,(6z gt - 2- he thi enyl )~
(4Pl uor SHRGRDY JPRe SRS EpRET et f IS iy o penea
Startin from . bepnzofuran, .
1- met hﬂgﬁ’y{?@m%%ﬁfﬁ E"49f1l7|§6170%ﬁ_gnyl )]1- net hyl enepi pendi ne. nal eat e,
- et gl ST o SRR, fme B Bthieny)-(+fluoropheny)
phenyl ) hemy ﬁ SRS IhiBsteH SatE g e p. 197-200[err]C. 20  EXAMPLE 4
4-1(4- F’?’u'o op’L yl )d?gé ?ﬁi’%ﬁttehyl ‘tghi eny?%‘ met hyl enel pi peri di ne hydr.echl ori de
To a st-i reiting! fiondn benhzéthidpteers, y | prvathydd-(benebienyde(4-Alorpphenyi)]-
SedOentmatfyrlisstidios A on pal SHEAARE chi o de (71 g) 1ol l owed b
sedOentm a .pa chl ori de g ol owed by a
sol ution_of 2-bronp-3-nethylthi ophene (50 g) in dichloromethane (300 m)
over 17 $fEringfrosy S-Hoomhenzathiephenso’ wsthited ((Ad@arod-bparetbienyl) he

reaction whilst allow ng the reaction tenperature to rise to about +20
[ er r ] C.(4Aiucspphenylimeshylenepipetdinaenaleates m.p h22188/%ani ¢ conmponents were

e St i S B Gk o b e e BSSL eBy R =
evapor a{fﬂm%ﬂﬁénﬁﬁﬁ%?ﬁ ﬂeﬁéﬁﬁg%ﬁe.maleate, m.p.150-153 ©C
16 - Starting frofn; benzofuran; 7-methyl-4-[(2-benzofuranyl)-(4-fluorophenyl)]-
methylenepiperidine. maleate, m.p.196.2 °C
- Starting from; 2,3-dimethyifuran; 1-methyl-4-[(4,5-dimethyl-2-furanyl)-(4-fluoro-
phenyl)Jmethylenepiperidine.maleate, m.p. 197-200°C.

20 EXAMPLE 4

4-[(4-Fluorophenyl)-2-{4-methylthienylYmethylenelpiperidine hydrochioride

To a stirred solution of 4-(1-acetylpiperidinyl) chloride (50 g) in dichloromethane
(690 mi), under a nitrogen atmosphere, at -25 °C, was sequentially added powdered
25 aluminium chloride (71 g) followed by a solution of 2-bromo-3-methyithiophene (50
g) in dichloromethane (300 ml) over 17 min. After 30 min. water (240 ml) was added
dropwise to the reaction whilst allowing the reaction temperature to rise to about +20
°C. After stirring for a further 30 min the inorganic components were removed by
filtration through a pad of dicalite. The layers were separated , the organic layer was
30 washed twice with water, dried (Na,SO,4) and evaporated under reduced pressure.
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crude prqgggf ﬁ%@ g) was purified by chromatography to yi ep@r/ded7mskyiono- 4-
nethylthleny -4-(1 -acetyl pi peridi ne) met hanone (62.2 g); np 105-108.5 "
[err]C (dec). A suspension of zinc dug® (22 g), sodiumiodide (11 9),

tri phenyl phosphine (16.5 9) and nickel chloride hexahydrate (2.56 g) in
deoxygenat ed methanol (340 m) 5 (prepared by boiling nmethanol in a stream

of nit een{] ¥ prodict (‘?‘@3\%?: aS Jﬁg;ﬂéa B r&ﬁrb%%bréh Eggérqbét (5%kokR)-4] C for

15 m n I's mXxture a so ution of rono conpound
(62. 2 gnethyiticlenyl)ydefiabestyipipdriding)nidibanohg (2@ d)henpr t@S-H085 Y ¢déx)i | ed
under reflux in a nitrogen atnosphere for 22 h. The reaction was cool ed and
the inorganic conponents were renoved by filtration through a pad of 10

dicalit I

i ol of oSuTREISh b 2 AR, - LAUELh Rilte It BT PHenMRRothARE (BR8] o
by wat emndt eidkelit crabhidy , h@kar@drét@a@ss) gpnid deenmeniated traetharat 340N sy
reduced pressure. The crude product (61.3 g). was purified by flash

chr Smat{PERRASRY Lyh Boii smmargédnfacﬁ%ﬁaﬂr%mfdmmeetha‘ﬁé/%mewaﬁostgr% inigh two
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hydrocfauwecmﬁhél dokipouind (B8R RPI inedeusay@énatsalmtﬁawol 1850 mhpmrey ener at ed
under reduced pressure, azeotroping the remaining water W th tol uene.

Tri t ur deaetiprowas heiled sindee refining bitregencatmeaspherefor 22 nr Thik reacsienovay 38. 8

whi ch d f | f
% hangolitand 1o\ fpraRhic, FoliePets weRE ¥ SioPky &3] fBfion: SR Rt Rtrone
hydpochjigdiitele Thet Wikr&BORGas 2vapHidtedP ahll’ - the- rébitiue [ #a5] Wissdipa@ein n

crystal form above 200 [err]C). A solution of the above hydrochloride (28
g) in wichioromethanei flhedsalution wa$ washed withhddute2mirierg) acid, dooweddmet hane

(200 et ot hGHaM S (9S00, 98, Bhpletod so o sk et e
FE’; Ir ]Orbz ss}\% SC\% g BroduciRBRIRIGY Wi piLFified B\ fla8RPEHRM4tSgriph) &k ] 2
crystalllsed from dichloromethane/ether to give, in two crops, 2-(4-methylthienyl)-4-

16  (1-acetylpiperidine)methanone (41.2 g); mp 120 - 125 °C. A solution of this
methanone (41.2 g) in 5N aqueous hydrochloric acid (140 ml) was boiled under
reflux for 16 h then evaporated under reduced pressure, azeotroping the remaining
water with toluene. Trituration of the residue with diethyl ether gave the crude
product (38.8 g) which was isolated by filtration. Recrystallisation from a mixture of

20 methanol and diethyl ether gave 2-(4-methylthienyi)-4-piperidinemethanone
hydrochloride in two crops (29.5 g); mp 217.5 - 218.5 °C (change in crystal form

above 200 °C).

A solution of the above hydrochioride (28 g) in water was basified and a solution of
this (24.1 g) in dichloromethane (240 ml) and triethylamine (48 mi) was stirred at 0
25 °C under a nitrogen atmosphefe. Triphenylmethyl chloride (33.7 g) was added in
portions, at such a rate to maintain the reaction temperature at 0 + 2 °C. After 30
min the mixture was cautiously diluted with water (240 ml) and extracted into
dichloromethane. The extract was washed, dried (Na,SO,) and evaporated under
reduced pressure, partially replacing the dichloromethane with heptane, and
30 allowed to crystallise. The crystals were filtered and washed with a 4:1 mixture of



mn the mxture was cautiously diluted with water (240 ml) and extracted

i nto di cel@vgpebhane. The extract was washed, dried (Na2SOfrTamesessapor.at ed
under reduced pressure, partially replacing the dichloronmethane with
heptane, and 30 allowed to crystallise. The crystals were filtered and
washed with a 4:1 m xture of WD 98/ 21206

PCT/ EP97/ 06321 21 heptane and di chl oronet hane to yield

2-(4- h 4- 1 h | h 6.9 ;
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was cauti o Iyaded resultin
m xt ur e§6ulag) genlry yjiétbyl ethenr{de0 mle)fdaMarhng aQ:rystal ohéndineolTae éxtfedsicr] C.
To this m xture was added dropw se, over a sglution of the above

met BandR@clors wag) maintaingdyigbt 91 tet3Rr G Z@GOWHUO%WSM RO Pft He
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rmto roomtenperature ov

et hyl aesliihg mikireonas gehtly Walledvasderdrefiuk floma0 emn tﬁéhasbdlwl’@%(: ang
evapor at ed under reduced pressure tocﬂyl eld a gum (32.4 g) which was

di ssol JRig mixturenvas @dslegrdrapwises Querd' 1w, @ soldlien whtke above methapnane t he

0 T30 OB Lot P Maile e BRRLCE,

al qohola)nd/@scf MHeeretioh fwas thermalldwed tewarite® M%rﬁ&éﬁémﬁ@weﬂw Higd
pressure to a | ow volunme. The residue was basified with concentrated

amoni @ndnther produst yeas extsactedawith ethybacetatawaEhe extracisewera washeklywith

?&25%%3«8 R, P et 1B Pl T PRt o ting Rl 8% ol oy
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al | onedaridother seititédn wae boiledi urder reflux for 18 h. Water (130 m!) was added and the

4 [|g4 frlelajgtﬁgnpcvgrs]yclo)oled §o4<g1‘3’§3h lothgInﬁgtelrlarﬁﬁlgzenylmethyl alcohol) was fiitered off
and the filtrate was evaporated under reduced pressure to a low volume. The
residue was basified with concentrated ammonium hydroxide solution and the
product was extracted into ethyl acetate.The extract was washed with aqueous -
sodium chloride solution, dried (Na,SO4) and evaporated to dryness under reduced

20 pressure to yield a gummy residue (15.0 g). A solution of hydrogen chioride in

methanol was added to a solution of this material in diethyl ether and the solution
was allowed to crystallise to give 4-[(4-fluorophenyl)-2- (4—methylthlenyl)methylene]—

piperidine hydrochioride (8.0 g); mp 191 - 206 °C (decomp).

25 EXAMPLE 5

1-butyl-4-{(5-chioro-2-thienyl}-(4-fluorophenyl)imethylene-piperidine.fumarate
A stirred solution of 4-[(5-chloro-2-thienyl)-(4-fluorophenyl)methylene-piperidine

(0.69 g), 1-bromobutane (0.48 mi) and triethylamine (1.56 ml) in toluene (20 mi) was
30  boiled under reflux for 24 h. The reaction mixture was allowed to cool, transferred to
a separating funnel and washed in with toluene (30 ml) and water (30 ml). The



p| per| di ne hydrochloride (9.0 g); np 191 - 206 [err]C (deconp). 25 EXAVPLE

- but yl - 4(ROBREOB- 2- t hi enyl | - (4-f 1 uor ophenyl ) I met hyl ene- pi PV EBI W83 Hunar at e
A stirred solution of

4-[ (5-chl oro-2-thienyl)-(4- quorophenglz)]rrethyl ene- p| peridine (0.69 g),

1- bronmobutane (0.48 m) and triethylamne (1.56 m) in toluene (20 M) was
30 boiled under reflux for 24 h. The reaction m xture was allowed to cool,
t r ansf enixturetwas sbaian andtbe fiolupok layer was separated; whshed withewa(®, dii¢d and
wat er
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a viscous oil (O . This oil was di ssol ve nmet hanol
m ) 5 a methanobd anhl) fau rsmiutmraoﬁ ﬁummd_ acgn) (0 h6 gt ihamethan®! (5 )mi\)masaaddeld and

h | ut | d I h d
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1 cycl opr opyl met hyl - 4-[ (5-chl oro- 2-

t hi enyl )-(4-fluorophenyl )|l net hyl ene-pi peridine fumarate, mp. 171-172
[err] C EXAMRUEBared. 15 EXAMPLE 7 4- (4-Fl uorophenyl - 2-napht hyl ) -1

-nmet hyl pi peridine fumarate A solution of 2-brono-naphthalene (3.13 g) in
dryi0t et rahydrofuran 10 m) was added 20 dropwi se to a stirred suspension

of mag esiumturnin 0.37 9) istilled t tra ydrofuran 10
gﬁt ai"MMF a c??mgé':al 19 tBﬁFn dgn Bt g B using

(bromomethyl)cyclopropane as alkylating agent, 1-cvclopropylmethvl—4—f(5-ch|oro-2_—

thienyl)-(4-fluorophenyl)imethyiene-piperidine.fumarate, m.p. 171-172 °C was

prepared.
15
EXAMPLE 7

4-(4-Fluorophenyl-2-naphthyl)-1-methylpiperidine fumarate

A solution of 2-bromo-naphthalene (3.13 g) in dry tetrahydrofuran 10 mi) waé ‘added
20 dropwise to a stirred suspension of magnesium turnings (0.37 g) in dry, re-distilled
tetrahydrofuran (10 ml).containing a crystal of iodine under an atmosphere of
nitrogen. The reaction was warmed to 55 °C, heating being discontinued 3 min after
the reaction commenced. Towards the end of the addition the temperature was
maintained between 50-55 °C by means of a water bafh. After a further 15 min the
25 reaction was cooled to 5 °C when a solution of 4-(4-fluorobenzoyi)-N-methyl-
piperidine (0.81 g) in dry tetrahydrofuran (4 ml) was added keeping the temperature
between 5-10°C. The mixture was warmed up to 50 °C over 1 h then cooled to § °C
when a solution of aqueous ammonium chioride (15 mi) was added. The product
was extracted into diethy! ether, the extract was washed with water, dried (Na,SQ.)
30 and evaporated to give a white solid (2.41 g) which was chromatographed on silica.
Elution with dichloromethane:methanol (95:5, v/v) gave a-(4-fluoropheny!)-a-~(2-



nitrogen., The reaction was warnmed to 55 [err]C, heating being discontinued
3 mn aftwopokheoseacti on comrenced. Towards the end of thePEXHEPIT/O632L he

t enperature was mai ntai ned between 50 35 [err] C by nmeans of a water bath.
After a further 15 min the 25 reactiOn was cooled to 5 [err]C when a
solution of 4-(4-fluorobenzoyl)-Nnethyl- piperidine (0.81 g) in dry
tetrahydrofuran (4 mg was added keepi ng the tenperature between

5- 10[erﬂapmhylhé1 -fetinyl)-4- mgrld)éﬂﬁﬁﬁhéfpﬂlto Bigter r | wasver crystallisesh cdwred to

5 | ut hi m dded
The' pr GiRTBrTRE e A PR A B B e & M P BA3BAE Nt washed wi th
wat er, drled(N[err]S r]) 30 and evaporated to give a white SO|Id(2 41
g) whi dh mw gb@pﬁe@lc@rrpisﬁq gta) inl %ﬂ\bhmﬁchslonc acid (10 mf) was

S\bcgg?r 3 h@ 5 0% Ra%% le(a9 % 20 yévt%eﬂaggs&g& rvlnﬂ’( % a%ﬁ%:é# /%lé% TF\% 3( 2-
napjgt h)drbd&ét waB tdRtaktett Mtﬁednbﬁlbﬁ@rﬁéiﬁhﬁé%o ml‘}mtl@extr%tswas G\Wéﬁe’ﬁ | witgd

from di chl oronmet hane on the addition of ether .27 Q); 169
[ er r] Cwatesusdpieds (Na:SOg abdvevaparated tpodameg)s () g!v&Mﬂﬁth@cwmmd-?am d

10 ni f| d f. | ed C then.basified h
amoni P11 HREVIPIDTGHRCRS ABaeeity St FOB1dk n e ForRaNBEs R )
the. exid, a%nwastovm%;ﬁﬁ%@aﬁgne;sg o N e S ot S aﬁed .

dryness to_give uor op naphthyl) - 1= methyl pi peridine as a pale
yel | owthenadditiéa of ptherto gietheotittet! campoand €0:884g) o.ph214-218P@t e as

descri bed above and crystallised from nethanol on then addition of ether to
giyg the titled conpound (0.89 g), mp. 214-21 8[err]C. 10 EXAVPLE 8

Aponor phine Cinbing Test In Mce The ability of dopam ne receptor

ant ago%@? O%'Pnhi bit the behavioural effects in 15 rodents caused by
dopam rl‘r s such as aponorphine is a well established criterion for
predicting the antipsychotic efficacy of these drugs in man (see e.g. WC.
Bowran and M J. Rand, Textbook of Pharmacol ogy, 2nd ed., 1980, 15, 6). A

Apomorphine Climbing Test in Mice

The ability of dopamine receptor antagonists to inhibit the behavioural effects in
15 rodents caused by dopamine agonists such as apomorphine is a well established
criterion for predicting the antipsychotic efficacy of these drugs in man (see e.g.
W.C. Bowman and M.J. Rand, Textbook of Pharmacology, 2nd ed., 1980, 15, 6). A
particularly relevant test in this respect is the apomorphine climbing test (ACT)
which measures the ability of a dopamine antagonist to inhibit the climbing
20 behaviour in mice, induced by the subcutaneous or oral administration of
apomorphine. Activity in this test, following systemic and oral administration, has
been widely used as a predictor of antipsychotic activity i.e. anti-schizophrenic
activity (see e.g. J.T Strupczewski etal., J. Med. Chem., 1995, 38, 1119). Mice
treated with apomorphine HCI tend to adopt a vertical position along the wall of a
25 wire mesh cylinder, standing or climbing. This climbing behaviour is considered to
be elicited by apomorphine-mediated stimulation of dopamine receptors. Many
drugs affect the climbing behaviour, but dopamine antagonists generally inhibit it in
doses not interfering with spontaneous motor activity and/or motor coordination in
mice. Test compounds which modulate this climbing behaviour may have anti-

30 psychotic activity.



particularly relevant test in this respect is the aponorphine clinbing.test
(ACT) V\hivg(ggggﬁﬁgres the ability of a dopam ne antagoni st $&r/kpd3iggszy t he
cl i mbi ng ehaviour in mce, induced by the subcutaneous or oral i
adm ni stration of aponorphine. Activipy in this test, follow ng systemc
and oral adm nistration, has been wi dely used as a predictor of

anti psychotic activity i.e. anti-schizophrenic activity (see e.g. J. T
Strupczewski .et.al., J. Med. Chem 9 38, 11 . Mce.treated .w t
aponbr enEaness POt At rBI M FRTbURY IR Ak TS (FACarpedient 25
wre IRk tRIARERNGr Qs | TERiiRG-a ERhfroF Ghatit 1 12 bk Otdiceivin
consi gg:'ragg&#o oge elici teghggr%p%nor [)%lﬂg-ane%rat eg (g% mul ati on of dopagm' ne
r ecept apemdvhhined angs vethitiec subbgtankouslyngr thefiry isowontroutgrdopaof A2 mice
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var i ousubteringeakly ar ebgingdonrhgodhdt gidupsedf o\zemitbersteding Easdmerpime ment

consi sts of l[errlytreat ment groups: | being a control group of 12 mce
r ecei visWgCHiRReOUSHY ard tast cormosnd asalltut aneously or being a control group

Cusual Iy 4SS o SRR 36HE B R Bide BREna BRarfe v et ™
conpounghds weigHed) ees lcpnipoudd BO veRIake us cadiminigtéredl sdBcuithfGolisig ednd fise
aponor phi ne subcut aneously and test conpound orally. Experinents are
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Macrol on cages of 29x1 x13 cm 5 mCe per cage. After 30 min 0.75 ng/k
aponor phiadetinistered subeutanaausidins otics treatest sulgcutanedusly withavehicle or test

subcut ac:%%’puésdr?ﬁ,vgrtdhg %‘dlﬁlg %p%?notrSﬁlIne HCI is administered subcutaneously in mice

g

16 treated orally with vehicle or test compound, and the mice are placed individually in
a wire mesh cylinder (diameter 12 cm, height 14 cm).

At 10 min after the treatment with apomorphine the climbing behaviour of each

mouse is observed and expressed'as a score, according to the following grade:

20 4 paws on the floor score O
1 or 2 paws holding the wall score 1
3 or 4 paws holding the wall score 2

At 20 min after the treatment with apomorphine fhe climbing behaviour is

25 observed and scored again. For each treatment group the mean score per mouse is

determined. The score of the control group should be at least 1.0; if not, the trial is

rejected. The final result per group is expressed as the percentage over the control
group.

The results of this test for the present test compounds are denoted in Table [

30 (subcutaneous and oral administration of test compound).



conmpound, . or 0.75 ng/ kg aponor phine HCl is adm ni stered subcutaneously in
mce 15 weegigdsorally with vehicle or test conpound, andpeChversri/asaziare
placed individually in a wire nmesh cylinder (diameter 12 cm height 14 cm.
At 10 nin after the treatnent with ape®rphine the clinbing behavi our of
each nouse is observed and expressed as a score, according to the foll ow ng
grade: 20 4 paws on the fl oor score 0 1 or 2 paws hol di ng
the waltaBLE |score 1 3 or 4 paws hol ding the wall score 2 At 20 min
after the treatnment with aponorphine the clinbing behaviour is 25 observed
and scored again. For each treatnent group the mean score per nouse is
determ core of the control up shoul d be at least 1.0; if not,
t he tri‘gaigw-qép@ct ed. The fi nal resﬂ&@?sogmﬂﬂ i s expressed as the
percentage over the control group. Thg results of thﬁ@ test for the present
test conpounds are denoted in Table I 30 (subcutaneous and oral
adm ni s2ration of test conpound). M6 98/ 21206 5
PCT/ EP97/ 06321 25 TABLE | [err] The c ounds of Ex le 2,
1- met hy:? 4-[(4-chloro-2-thienyl)-(4-fl ﬁgfophenyl )] - -Oet hyl ene- pi peri di ne,
and Ex met hyl - 4-[ (4- met hyl -2t hi enyl ) - (4-f ro-
phenyl %ﬁﬁépgnﬁ pi peridi ne, were cozrn?ar ed with corrio%@nd 1-met hyl - 4-[ ( 2-
t hi enyl GCofmpolihd® ophenyl ) | net hyl enepi22ri di ne (Conpound A) which falls
wi thin the scope of US 2,739,968 and conpound
1- met hy®omppangt enyl ) - phenyl - met hyl e#@-  pi peri di ne (Conpound B). accor di ng
to US 2,739,968 and 1-nethyl-4[(-5-chloro-2- 10
t hi enyl ) - phenyl ] net hyl enepi peri di ne (Conpound C). The conpounds accordi ng
to the T estrhpbusd® Verd ESBAMHIAC2 | Miingtiand-j(a-obrsrblZthieny I JepdludrephersA)vi ty
compared with Conmpound A ~ '

5 methylene-piperidine, and Example 3, 1-methyl-4-[(4-methyl-2-thienyl)~(4-fluoro-

phenyl)jmethylene-piperidine, were compared with compound 1-methyl-4-[(2-
thienyl)-(4-fluorophenyl)]methylenepiperidine (Compound A) which falls within the
scope of US 2,739,968 and compound 1-methyl-4-(2-thienyl}-phenyl-methylene-
piperidine (Compound B) according to US 2,739,968 and 1-methyl-4-[(-5-chloro-2-

10 thienyl)-phenyi]methylenepiperidine (Compound C). The compounds according to
the invention showed good activity and in particular good oral activity compared with
Compound A.

EXAMPLE 9
15
Catalepsy in rats: Male Wistar rats (100-125g, Olac UK) were used for catalepsy
experiments. Catalepsy was assessed as described previously (Broekkamp et al,
Naunyn-Schmiedeberg’'s Arch. Pharmacol. 338, 191 1988). Briefly, rats were tested
in & different observation trials in which the animals were placed in abnormal
20 postures and scored positiveiy with one point for maintaining the imposed posture
for 10s. The imposed postures were; vertical clinging to a grid, upright standing with
a high support for the front paws, extension of hindlegs, placement on back,
placement of spatuia in the mouth and rotation in a wire mesh cylinder.



EXAMPLE 9 15 Catalepsy in rats: Male Wstar rats (100-1 25[err], O ac UK)
were use al epsy experinents. Catal epsy was assess i bed
previ ouslqya?grzgzgﬁkanp et al, Naunyn-Schm edeberg's Arch. P af&rrgg@l%sﬁ%&'
191 1988). Briefly, rats were tested i266 different- observation trials in
whi ch the animals were placed in abnormal 20 postures and scored
positively with one point for maintaining the inposed posture for 1 Os. The
i nposed postures were; vertical clinging to a grid, upright standing with a
hi gh support for the front paws, extension of hindlegs, placenent on back,

| acene ' i i j I

\F/’\D o8/ ergxggkt?dé%‘é Rakitli ScBRY b6 Raf BePFidrea. @a@léﬂsggﬁ%&#&gﬁﬁ%
Theor et iaod! 120 animkesnaftes crug admihisteatidre dee ldath wene advghsatedaby &5 wesed
at 60 and 120 m nutes after drug adm nistration. The data were eval uated by

2 way ARNRYAROTAllowed By & Newiram Kerls £asbdtochisst @es: ERmdvaibes sgicyiatasks

cal cgl ag-?gblg lE)Tabl e Il). TABLE || COVPOUND No CATR ED50 ny/ kg
CA score at’” max dose 2 > 50 0.2
at 56ng/ kg 3 > 75 0.2 at 75 ng/ kg

chl or promazi ne 4.8 5.3 at 14 ng/ kg Cmpd 2 =

1- met hylyaABLE 4- chl oro- 2-t hi enyl ) - (4-f 1 uor ophenyl ) ] met hyl ene- pi peri di ne 10
d 3 =

1-nmet hyl - 4-[ (4-met hyl - 2-t hi enyl ) - (4-f1 uor ophenyl )] met hyl ene- pi peri di ne 15
20 25 : -

COMPOUND No CATR ED50 mg/kg CATR score at méx dose
2 > 50 0.2 at 56 mg/kg
3 >75 0.2 at 75 mg/kg
chlorpromazine 4.8 5.3 at 14 mg/kg

Cmpd 2 = 1-methyl-4-[(4-chioro-2-thienyl)-(4-fluorophenyi)imethylene-piperidine
10 Cmpd 3 = 1-methyl-4-{(4-methyl-2-thienyl)-(4-fluorophenyl)imethylene-piperidine

156

20

25



WD 98/ 21206 PCT/ EP97/ 06321 27
CLAI M5 1. woogmmosnd of formula (1) [err] (1) 5 wher ei n Rpeffepotife3zt . -
benzot hi enyl, benzofuranyl, naphthyl (where the benzothienyl, benzofuranyl
or naphthyl noiety may be optionally supbstituted by -one or nore
substituents selected from halogen, (ferr]al koxy, (err]al kyl and
Cerr]al kenyl ), substituted-thienyl or substituted-furanyl (where the

t hi enyl anyl noiety is substituted by one or nore substituents
selectedg¥¢@%$halogen, Cllerr]alkyl, Clerr] 10 cycloal kyl and

Cllerr]al kenyl); Rerr] is halogen and Rlerr] is Clerr]al kyl or

d er r] cyblA gprpouediafifornaulad)phar maceutical |y acceptabl e salt or sol vate
thereof. 2. A compound according to claim1 wherein R err] is benzothienyl,
benzof uranyl, naphthyl (where th@ benzot hi enyl , benzofuranyl or napht hyl
noi ety may be 15 optionally 1ubstituted by one or nore substituents

sel ected from hal ogen or (err, oxy), substituted-thienyl or
substituted-furanyl (where the tihieywyl or furanyl noiety is substituted by
one or nore substituents sel eyt ed om hal ogen or C [err]alkyl; Rerr] is
hal ogen and Rlerr] is (err]al ceutically acceptable salt or
sol vate thereof. 20 3. A conpound claim1l or 2 wherein Rerr]
is thienyl substituted by one or no ubsti t .\RRs sel ected from hal ogen
and Cerr]alkyl; Rerr] is hal ogen/and S err]al kyl; or a

phar maceutical |y acceptable salt Bf solv her eof . WD 98/ 21206-

PCT/ EP97/ 06321 28 4. A conpound according to any of clains 1 to 3 wherein
Rlerr] is 2- or 3-thienyl ()

5 wherein R, is benzothienyl, benzofuranyl, naphthyl (where the benzothienyl,
benzofuranyl or naphthyl moiety may be optionally substituted by one or more
substituents selected from halogen, Cisalkoxy, Cisalkyl and Cisalkenyl),
substituted-thienyl or substituted-furanyl (where the thienyl or furanyl moiety is
substituted by one or more substituents selected from halogen, Cisalkyl, Css

10 cycloalkyl and Csalkenyl); Rz is halogen and R; is C,.salkyl or CseCycloalkylmethy!:

or a pharmaceutically acceptable salt or solvate thereof.

2. A compound according to claim 1 wherein R, is benzothienyl, benzofuranyl,
naphthyl (where the benzothienyl, benzofuranyl or naphthyl moiety may be
16 optionally substituted by one or more substituents selected from halogen or Cis.
alkoxy), substituted-thienyl or substituted-furanyl (where the thienyl or furanyl
moiety is substituted by one or more substituents selected from halogen or
Ciealkyl; Ry is halogen and Rj is Cy.galkyl;
or a pharmaceutically acceptable salt or solvate thereof.
20

3. A compound according to claim 1 or 2 wherein R, is thisnyl substituted by one or
more substituents selected from halogen and Calkyl; R, is halogen and Rs is

Cisalkyl; or a pharmaceutically acceptable salt or solvate thereof.

AR



substituted by one or nore substituents selected fromchloro and nethyl,
preferably 4-chloro and 4-nmethyl; R2 is fluoro; and R3 is nethyl; or a-
phar maceuW@31g06accept abl e salt or solvate thereof. 5 5. ARCIHFHRIFH!
according to any of clainms 1 to 4 selegged from 1

-met hyl -4-[ (4-chl oro-2-thienyl)-(4-fl uorophenyl)] nethyl ene-piperidine and 1
-nmet hyl -4-[ (4- net hyl - 2-t hi enyl ) - ( 4- quorophenyI)]rrethyI ene pi peridine; or a

phar naceutlcal | y acceptable salt or_solvate thereof. A co ound of
f or mul a4( 1A COMPRUBRaARERISING &uiany a&&@%&nébl i dos |\tfh%ﬁe'% 1v!§t é-tHe éB'Pnybs

def i ned 38 f?}té‘c@ %)?(ﬁ‘é( 8f Mbal ’Eizb%tnh%rﬁsf Eletitd 'ffbnghSﬁl?aP aﬁd ﬁ%‘f’nﬂf a

conpound o of a pharnmaceu cal y acceptabl e salt

sol vate tdnefemﬁly aascmlefo nadd adenethyhg RO ignyluofo;Clamd sRsl Iso rﬁethyn tdre a
manufacture of a nedicament for the treatnent or prevention of psychotic

di sor der $hagmapeyticallvsrcoeptatie seansoiate thererpbri si ng a conpound of fornul a
(I') or a pharnmaceutically acceptable salt or solvate thereof, as defined
accopding to any of 20 claims | to 5, together with a pharmaceutically

acceptahl e carrier, therefor. roce for t aration of a conmpound

of fgr g‘c(qn)‘pé%é"qj@@?q{ gie %éoaaﬁn% 4 s?‘%agdgﬁﬂ?grl si Ing: (A rea(r:r{) i zg
d I .

A R P Y T

dehydr at |1nmeﬂg,dm-[(4cmeth$)-2sthmuiyt)@(ﬂeﬁnmbphenylﬂamhhylénﬂdnpemtﬁhgdr ati ng and

deprotecting a conmpound of fornula
P or agpharmarzz%utncauy acceptable saglt 02 solvate thereof.

10

6. A compound of formula (I) or a pharmaceutically acceptable salt or solvate
thereof, as defined according to any of claims 1 to 5 for use in therapy.

7. Use of a compound of formula () or a pharmaceutically acceptable salt or
15 solvate thereof, as defined according to any of claims 1 to 5, in the manufacture of

a medicament for the treatment or prevention of psychotic disorders.

8. A pharmaceutical formulation comprising a compound of formula () or a
pharmaceutically acceptable salt or solvate thereof, as defined according to any of

20 claims 1 to 5, together with a pharmaceutically acceptable carrier therefor.

9. A process for the preparation of a compound of formula (I) as defined in any of
claims 1 to 5 comprising:
(A) reacting a compound of formula (1i)
25

Rz

N._
R 6H R

(i

B



R2 [err] wherein R4 is a nitrogen protecting group; or (C) reacting a

conpound Vqt)gfsg&ml a (111) R2 [err] 10 w th an al kyl ati ngpcaggtosand .
thereafter, or sinultaneously therewith, effecting one or nore of the

fol |l ow ng opt i onal conversions:- (i) cZﬁhverti ng a pharnmaceutically
acceptabl e salt or solvate of a conpound of formula (1) into a conpound of
formula (1). (ii) converting a pharnaceutically acceptable salt or solvate

of 2 COTRRRGNR, 53 group ROBNUEAn&lIn & m@%&@%& & drfts

abt y
acceptable salt or s Ivteo orrmula (1). (111 vertin acorrpound of
formula (1) into a pharmaceutically acceptable salt or solvate of a
conpound (BY sirnultaheously or sequentially dehydrating and deprotecting a compound of

formula (1)

Ro

N_.
- Ri™ oH R

5 (iH
wherein R, is a nitrogen protecting group; or
(C) reacting a compound of formula (ill)

Rz

R N-H

(1

10 with an alkylating agent; and thereafter, or simultaneously therewith, effecting one

or more of the following optional conversions:-

(1) converting a pharmaceutically acceptable salt or solvate of a compound of

formula (I) into a compound of formula (1).

(it) converting a pharmaceutically acceptable salt or solvate of a compound of
15 formula (l) into another pharmaceutically acceptable salt or solvate of formula

).

(iii) converting a compound of formula (1) into a pharmaceutically acceptable salt or
solvate of a compound of formula (1)

] BRI



