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(54) Title: METHOD FOR THE PREPARATION OF CITALOPRAM

(57) Abstract: Disclosed is method for the preparation of citalo

jpram comprising conversion of a compound of Formula VIIT 1-[(3-

dimethylamino)pmp-3-yl]-l-(4-ﬂuorophe|iy1)—5-Z-1,3-dihydroisobenzofuranwherein Z is halogen, 0 a compound of Formnia IV
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pound of Formula IV into citalopram. Methods for the preparation of the compound of Formula IV are also disclosed.
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Background of the Fnvention

10 Citalopram is a well-known antidepressant drug that has now been on the market for some
years and has the following structure:

NCOIL
9

F Formula 1

15 It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,

- accordingly having antidepressant activities. The antidepressant activity of the componnd has

been reported in several publications, eg. T. Hyttel Prog. Neuro-Psychopharmacol. & Biol,

Psychiat. 1982, 6, 277-295 and A. Gravem Adcta Psychiatr. Scand. 1987, 75, 478-486. The

_ compound bas further been disclosed to show effects in the treatment of dementia and
20 cerebrovascular disorders, EP-A 474580,

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further
method, which may be used for preparing citalopram.

25
According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3~(N,N-dimethylamino)propyl-chloride in the
presence of methylsulfinylmethide as condensing agent. The starting material was prepared
from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

30

~ According to the method, which is only outlined in general terms, citalopram may be

obtained by ring closure of the compound:
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to a conpound of Forrmula IV
S-carboxy-1-(3-(N, N-di et hyl am nig 0ye
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cital opram Methods for the preparatiod_of the conpound of Formula IV are

al so di scl osed 14 FEBRUARY 2005 1 Metfaodyfor the Preparation of G tal opram
The present invention relates to a ng for the preparation of the .
wel | -known anti- depressant drug citalypfam
1-[ 3-(di met hyl am no) propyl)-1-(4-fl uorgphenyl) - 1 dro 55

i sobenzofurancarbonitrile, nethods for ¥the prepar a%n i nt er medi at es
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acting ser r\zp e.. 5-11T) reuptake i nhibitor,
accordingly E ng a%* )ﬁ{ "‘%@’fﬁd&l t)‘ e antidepressant activity
of the corrpound has been reported in several publications, eg. |I. Hyttel

P Ne ﬁ%) | 277- d
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been di scl g@%’&%’ S Pagant Nerds6 50,88 hecconding towriictpan ttersretiate afiftbrmula I

NC CH,OH
OH l
N

F Formula 1T

-1 (m) 1- (|4- f 1 uor ophenyl ) - 1, 3-di hydro

is subjected to a ring closure reaction by dehydration with strong sulfiric acid in order to

obtain citalopram. The intermediate of Formula XII was prepared from 5-cyanophthalide by

two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N-
15 dimethylaminopropyl magnesium halogenide, respectively.

Further processes are disclosed in international patent application Nos. WO 98019511, WO

98019512 and WO 98019513. WO 98019512 and WO 98019513 relate to methods wherein a

S-amino-, S5-alkoxycarbonyl- or 5-(sec. aminocarbonyl)phthalide is subjected to two

20  successive Grignard reactions, ring closure and conversion of the resulting 1,3-

dihydroisobenzofuran derivative to the corresponding S-cyano compound, i.e. citalopram.

International patent application No. WO 98019511 discloses a process for the manufacture of
citalopram wherein a (4-substituted-2-hydroxymethylpheny!-(4-fluorophenyl)methanol

compound is subjected to ring closure and the resulting 5-substituted 1~(4-fluorophenyl)-1,3-

- 25 &hydroxsobenzoﬁnan converted to the corresponding 5-cyano derivative, which is alkylated

witha (3 ~dimethylamino)propylhalogenide in order to obtain citalopram.
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to a compound of Formula IV

were dgscribed in US Patent No 4,650,884, according to which an
'intermadlatﬁ ofdjEOfr%lalll,lo NC ' _
: ccordingly, the present invention relates to a novel method for the preparation of citalopram
having the Formula I
~
Formula X
15  comprising:
conversion of a compound of Formula VIII
z
O o NMe,
Q Formula VI
F
20  wherein Z is halogen,




Formula Il is subjected to a ring closure reaction by

strong sulfuric acid in order to obtain cital opram h‘gggﬁgéshgcﬁbgye
Formula 111 was prepared from 5-cyanophthalide by two successive Gi gnard
reactions, i.e. with 4-fluorophenyl magnes#um hal ogeni de and NN 15

di met hyl am nopropyl magnesi um haI ogeni de, respectively. Further processes
are di scl osed in internationalf®¥a application Nos. WO 98019511, WO

98019512 and WD 98019513. WD 98019 WD 98019513 rel ate to net hods
wherein a b5-am no-, 5-al koxycarbo (sec[ am nocar bonyl ) pht hal i de
is subjected to two 20 successive G gnajd actTens, ring closure and
conversion of the resulting 1,3- dihyd obenzofuran derivative to the

ppram I nternational patent

correspondi ng 5-cyano conpound, i.e. c
3 ocess for the manufacture of

application No. WD 98019511 di scl oses
cital opram wherein a (4-substituted
2- hydr oxynet hyl phenyl - (4-f1 uor ophenyl ) ngt hanol C%PPFB‘BWd is subjected to

ring cl osu&g and fghe resulting 5-substituted 1-(4-fluorophenyl)-1,3 25
_di hydr oi sotf@H9¥ed PR FomwRvet ¢ canpradof Foswpladliinig citelopeam.der i vat i ve,
which is alkylated wth a (3-dinet hyI am no) pr opyl hal ogenide in order to

obtain cit 4 FEBRUARY 2005 Finally, nethods of preparing the

i ndi vi dual %%Q{qcﬁ?ﬁé?esm?ﬁmepf ?tﬁf)?oa‘fﬁc]alaé“‘?}h POREWINE, US  Patent No
4,943,580 fromwhich it also appears that the ri ng closure of the

i nt er medi at I e c ed out. vi.a a | abile est

base. 5 10 f fgacug]ﬁégvﬁegﬁﬁgou%@%fg‘lp ?fm“i%fe"k Yl 7 delygratng; aﬁﬁ?‘iﬁﬂ%ﬁ'ﬁ%’?a‘ﬂﬁ of
manuf actur@_@f’]ﬁyﬂaﬂmﬁv}g’r OfRywhereitbRds:and saf e procedure using conveni ent
starting mat ey ks optionally substituted NH,, or C;. alkyloxy,

b) aryloxy or heteroaryloxy optionally substituted with halogen, Cjs-alkyl, cyano,
10 hydroxy, Ci4-alkoxy, trifluoromethyl, nitro, amino, Cigalkylamino or di-Cj.4-
alkylamino, or
¢) aryl or hetercaryl optionally substituted with halogen, C;.4-alkyl, cyano, hydroxy, C;.
s-alkoxy, trifluoromethyl, nitro, amino, C,4-alkylamino or di-C,.s-alkylamino ;

15 or

ii) conversion of the compound of Formula IV to the corresponding armde of Formula V

20  in which R' and R? are independently hydrogen, Cy.s alkyl, Cy¢ alkyl substituted with one or
more substituents selected from the group comprising aryl and heteroaryl, hydroxy, Ci.¢-
alkoxy, aryloxy, heteroaryloxy, aryl-Cig-alkoxy, or trisubstituted silyl wherein the -
substituents are independently Cy. alkyl, aryl, heteroaryl or aryl-Cy.g-alkyl and then reacting
the amide of Formula V with a dehydrating agent

25




Sunmary of the invention Accordingly, the present inveftFBRRMARAtZEWSt 0 a
novel nethod for the preparation of citalopram having the Fornmula | NC 15
conpri sing: conversion of a conpound of Fogmula. VIII 20 wherein Z is

hal ogen, to a conpound of Fornula IV 14 FEBRUARY 2005 4 HOOC Fornula IV

~ followed bygcom on_of .the conpound of Fornmula IV into citalopram In
particul ar the yg’@%ﬁ ot @@@P&%@@E@ﬁaﬁ harmapedicalbnancertihlg salt thereofict i on

of the compound of Formula IV with a dehydrating agent and a sul fonam de of

t he For nul aThedneelii substi ed NH2, or
Cl-6 al kylo %b) ld%dgﬁé%r&R%ﬁ%‘é%%%%ﬁ'ﬂ%ﬁgf@m%é f‘%ﬁr@al%’tmay be
hal ogen, ‘Fr’)llﬂ IVlaﬁ';C)?lé(’ﬁtedaqlddQ;leqnfRﬁﬂmulaaﬂkoxy trifluoronethyl,
nitro, a@mno, Cl-4-alkylamno or di-Cl-4- alkylamno, or c) aryl ..or

het eroaryl optkonally substituted with hal ogen, Cl-4:-al kyl, cyano,

hydr oxy, G -al koxy, trifluoromethyl, nitro, am no, Cl-4-alkylamno or
di - C1- 4- al ky 1 15 or conversion of the conpound of Formula N to the
correspondi 1§ aw Formula V

et

Formula VI

wherein R? is halogen, Cy6 alkoxy,aryloxy, heteroaryloxy, aryl-Cy.¢-alkoxy, heteroaryl-Cy.¢-
alkoxy, alkylcarbonate, mylcarbonaie, alkylcarbamate, arylcarbamate, alkyihwarbonaie,

10 arylthiocarbonate, alkylthiocarbamate, arylthmcarbamate alkylacyloxy, arylacyloxy,
substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl.

In another aspect, the invention relates to methods for the preparation of a compound of

-Fon_nula v

Formula IV

Formula VI




Formula V F 20 in which R1 and R2 are independently hy&%E&Eﬁ}JA&’-%‘)"a kyl ,
Cl-6 al kyl substituted with one or nore substituents selected fromthe
group conprising aryl and heteroaryl, hydroxy, Cl-6- al koxy, aryl oxy,

het er oaryl oxy, aryl-Cl-6-al koxy, or trisubstituted silyl wherein the
substituents are independently Cl1-6 al kyl, aryl, heteroaryl or

aryl - Cl-6-al kyl and then reacting the am de of Formula V with a
dehydrating agent 25 14 FEBRUARY 2005 55;%hereby obtai ning cital opram as the
base or a pharnmaceutically acceptable salt thereof The conversion of the
5-carboxy derivative of Fornula IV to the amde of Fornmula V maybe carried
out via activated acid derivative of Formula VI: 5 wherein R3 is hal ogen,
Cl al koxy, aryl o | ox aryl - Cl- 6-al koxy, heteroaryl -Cl-6-

al koxy, al kyi ca?%grﬁglgel?hg%e}qé%?%@ﬁﬁ of Formula By banat e, aryl car bamat e,

al kyl t hi ocarbonate, 10 arylthi ocarbonate, alkylthiocarbanate,

aryl t hi ocar bamat e, al kyl acyl oxy, arylacyl oxy, substituted. or

unsubsti t ut ed.\)gr%/tl %{1 substituted or unsubstituted heteroaryl. In another
aspect, ' the i nvEAt BN T &FRetetie inyeptonielatss t arethotefop the peaparatieonofof compeadpdund
of Formul a |V Rd&aXIa wempri si ng conversion of a conmpound of Formula VIII, 14
FEBRUARY 2005 5a :

- Wherein X is selected from halide, CN, ORS or SR® where RS and R® are independently
selected from Cy.6 alkyl, aryl, heteroaryl or benzyl and each of these Cy.6 alkyl, aryl,
heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C;. alkyl, cyano,




wherein Z is halogen to conpound of Fornmula N. In yet éﬁggﬁBPAgp@gﬁ, t he

I nvention relates to nethods for the preparation of a conpound of Formul a
VI1 Forrmula VIl wherein Xis selected fromhalide, CN, ORS or SR6 where R5
~and R6 are independently selected from Clgalkyl, aryl, heteroaryl or
benzyl and each of these Cl-6 al kyl, aryl, heteroaryl or benzyl groups are

unsubst i t ut bydmxy,ﬂlhﬁkobcy,tﬁﬂlum-drﬁlethﬂ, ﬁﬁ%namﬁ& &,k %‘L SRR

2005 6 hydib\ﬁiqé g? 31 Al koxy, trifl uor onet hyl, ni t ro; am no,
al kyl ami no ¥ W e Hgependertheselgstaddiary hydrages Cérs@]k)ddﬁﬁ’endent ly

sel ect ed frnaeﬂx@legﬁauyﬁ&xdé!oﬁ& %ﬂ%&g{ BBlarfilor BERAN endiipd afOCN OF

these Cl-6 al kyl, aryl, heteroary roups
substi t ut edUms Phth@ﬂ ogsnb,stlﬁ)ledftwnh hylogemm 2alklyYy dymoyhy&bxﬁ, @ Kalkoixy, 5

trlfluororre r am no, l.am nQ or d| Cl4a|ky|amno Yis
0, S, of °£°r‘%etﬁ%?1§‘°s%‘|[“é‘8t ﬁivlmfb‘?dg aliylamigoky| | aryl |
heteroaryl W, BzZod NRORHe I Y,

benzyl groupgsg)r?ezzﬂnsubst fi%gtel?j%g?&gggmg} ggﬁ,%&% %gen &gﬂﬁb%}
cyan, “hydr o382 cach g f@%%hﬂh&ﬁ@n@zﬁptbmﬁgmnpmmu@ﬂﬂedatﬂbﬁtﬁmedo

V1115 o DB iy R, Bl it tedhaibricton b Seitocbe

her ei n, theauﬂylemmtorldﬁk@_@:au}gnam\é reI ate to an anti depressant
phar ma(ligut i cal 20 conposition conprising cital opramas the base or any
convenirent CHSMEer eof manuf act ur ed

conversion of a compound of Formula VIII

Formula VIII

15  wherein Z is halogen,

to a compound of Formula VII.

" Disclosed herein, the present invention may relate to an antidepressant Phamac?“ﬁcal
20 cpmposition comprising citalopram as the base or any convenient salt thereof manufactured
by the process of the invention.

Throughout the specification and claims, the term ‘dehydrating agent’ refers to any suitable
dehydrating agent, and a person skilled in the art may easily determine the optimal agent.
25 Examples of suitable dehydrating agents are SOClz, POCls, PCl; SOBr», POBr;, PBrs, SOL,
POL, PIs, P40y, oxalylchloride, carbonyldiimidazole and Vilsmeier reagents. Preferably a
chioro-containing agent, most preferably SOCly or POCls, is used. Vilsmeier reagents are
reagents formed by mixing of N,N-dimethylformamide (DMF) and dehydrating agents,

- €xamples of which are DMF/ SOCI, and DMF/ POCl,.
30




by the process of the invention. Throughout the speci f 14 EEBRHARY £90Pai ns,
the term dehydrati ng agent' refers to any suitable dehydrating agent, and
a person skilled in the art may easily determ ne the optimal agent. 25
Exanpl es of suitable dehydrating agents aré SOC 6 POCl 3, PCl5, SOBr2,

POBr3, PBr5,_ SO 2 POI 3, PI'S, P4010, oxalylchloride, carbonyldiim dazol e
and Vi | snei SHTqughe:the spepifishiiomainid,claimsc} oalliylefiraio Benalgddr,unbRsthed

preferably gfdbha®ingRfdeh 3ne | M ents ent rrred
by 1t i ng o N Nyl FeLfy B it B8on oS T, AR oy Lot sl arprece
of which ar& ‘%Mel Whﬁ@@rspys mm@éﬂﬂﬁﬂhylzmﬁ 2-riikthyluopy],
the specifi S?ﬂarly, hd A et «STuéh gl 1z Fork Qn@tcpf&ﬂ%gﬁﬂn%%oﬂﬁnﬂrﬂ@iﬁrhed
al ky g£ ou | 08 O 0 n.atqns inclusiv suc

et hyl , 15 prg?oy?y gﬂ(;‘%’@ Fﬁ 8'@]4@1 a@%&f‘?‘?(& sAAR. ZroBpsopherein the a]kyl
2, 2-di met hyfolty é‘lw{éﬁmﬂ 2-methyl 1 propyl. Similarly, Cl-4 alkyl refers
to such a group having fromone to four carbon atons inclusive 5 and Cl-6
al koxy, al kox and Cl.4. al kyl am ne designate such groups wherein the
al kyl ~ noi té %F@f Yosige, dhlarimgebromineras isdinmr i ne, chlorine, bromine or
iodine. 10 In the method i) of the invention, one possible but non-limting
mechani mﬁn he reactlon is that the 5-car boxy conpound of Forrmula IV
reacts of the invepiéen, one pessihde butqontlimiting nmhmnsm of diengactlon is’

“acti vat ed othaumatsmag;om&ﬁpohﬁ&'af% 1Y felicib Bt ' ARG Poier i
t her eby forfm citalo . t he ter reaction,”a ca'%a$ |“i: fht
of an acid 0111& CRITCSPOR! gpig,vateﬁglenvaﬁve, whmh then reacts with the sulfonamide, H,N-SO,-

R, thereby forming citalopram. During the latter reaction, a catalytic amount of an acid may
be necessary.

15 .
The sutfonamide, H,N-SO,-R, used in the process is preferably sulfamide, NH,-SO,-NH,.

The optionally substituted NH; used in the process is preferably tm—butylaﬁhg
20  The reactions with dehydration agents in the method of the invention are carried out neat or

in a suitable solvent, such as sulfolane or acetonitrile. When a solvent is used in the
" dehydration reaction of ii), a catalytic amount of N,N-dimethylformamide may be needed.

In preferred embodiments of the invention, the methods for preparation of citalopram and/or *
25  the compounds of Formula IV or Formula VIX comprises: k‘
a) Reaction of the 5-halo analogue of Formula VIII

Formula VHX

wherein Z is halogen,
30




The sul fonam de, H2N--SO2-R, used in the process is prE%%?%'BP@RgLﬁOPQm de,
NH2- SO2- NH2. The optionally substituted NH2 used in the process is
preferably tent-butylam ne. 20 The reactions with dehydration agents in the
nmet hod of the invention are carried out ngat or in a suitable solvent,
such as sul folane or acetonitrile. Wien a solvent is used in the

dehydr at i onWith g oram @gandlithine @atpahyd, ieg. ABULH] orofitiNh igaRsrhethillie tompicde
maybe needeg, lone‘?rf%%:aélﬁf ﬁg;)od(i/ ts g{ké%he i pvention, the nethods for
prepar ati on OIPErt & AR rdionlat angd PFThereudT andshsaqaently with €6bnul a
VI conpri s€S; o) w0119 FdrRlaphal o anal ogue of Formula VIII wherein Z
I s hal ogen, 30 14 FEBRUARY 2005 8 wth My or an organolithium conpound,

e.g. n BuLi, or with an organonetal lic conplex conposed of My and/or M
and/or Li and al kyl or aryl groups %nd subsequently with CO2. CS2 or a

conpound of the Formula I X X “’"——Fof{&l«l%mh%( erein A and X are .
I ndependently selected from hal i de, R{}N SV where R5 and R6 are
yl,

i ndependently selected fromCl-6 al aryl, heteroaryl or benzyl and each
of these Clgfare:dlk [ het.eroaryl  agr. be argsunsubsi it uted
or substi tt]j‘{;geéel\%‘% #%)ailaa%%iedr??p@ﬁm?yaﬁ%Fe,g %ﬁﬁ%&i‘ﬁ@f ESR A ,and R
trifl uor omedrditldepenidenitty seddtiaiDirorel. AT MQerdbryllbr Bdrezfl 2 ALk Yf BREE,
NR7R8 where_ R an]g e are independelr??lmgzggjfpect_edﬁ??om ﬁizgrog@n, Cl-%E g?]k‘syl,
ar ylb, 'he][ er%‘%‘ﬁ’ﬁry hetgoasy) I°1'BW&&*@HPWGﬂh%@éhmied@;éuhﬁflwtﬁéwﬂl,hﬂwgemI(halr )Iél I
or benzy upst | . u ityuted wit ogen, Cl4 yl,
cyan, hydr (%1(19}11', .T'ﬂ%tf,g?'g%)%g,’ é1.4 :‘a]kb'}f %ﬁ’.[orém&ﬁﬁd, m"'{ro, amino, IEIM ﬂmnho or di~Ci.4
10 alkylamino, NR’R® where R” and R® are independently selected from hydrogen, C;¢ alkyl,

aryl, heteroaryl or benzyl and each of these Cy.¢ alkyl, aryl, heteroaryl or benzyl groups are

unsubstituted or substituted with halogen, C, 4 alkyl, cyano, hydroxy, Cy4 alkoxy,

trifluoromethyl, nitro, amino, Ci4 alkylamino or di-C.4 alkylamino; Y is O, S, or NR® where

R? is selected from hydrogen, Ci.¢ alkyl, aryl, heteroaryl or benzyl and each of these C;.4

15 alkyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C;.4

alkyl, cyano, hydroxy, C.4 alkoxy, triffuoromethyl, nitro, amino, C;4 alkylamino or di-Cy4
alkylamino; _
and in the methods for manufacture of citalopram or compounds of Formula IV followed by
reaction with water, a hydroxide such as NaOH, or an aqueous solution of an acid;

20

b)  coupling of a compound of Formula VIII

Z
O o NMe,2
O Formula YIII

wherein Z is Br or I with an optionally substituted viny! or acetylenic group in the presence .
25  ofametal catalyst, such as a nickel or palladium based catalyst, followed by oxidation of the .
- vinyl or acetylenic group to carboxy thereby obtaining the compound of Formula IV;




trifl uoromet hyl, nitro, am no, Cl al kylam no or di-Cl-# BEBRUARKO05Y is O,
S, or NRO where R9 is selected from hydrogen, Cl-6 al kyl, aryl, heteroaryl
or benzyl and each of these Cl-6 15 al kyl, aryl, heteroaryl or benzyl

groups are unsubstituted or substituted wi?h halogen, CIA alkyl, cyano,
am no, Cl14 al kyl am no or

hydr oxy, C1 L Lkl ugronethyl, nitro,
di-cla al gi?;%h%y %r?H‘Pﬁ?? HE8e ¢oamplerns e ralledmagnesitesad ibe Bormale
conmpounds o ghi] aral¥yfotdnloayupsk LN vt ter, a hydroxide such
as NaCH, or_an a ueouiﬂégol uri on ofgyaﬂrllé aci %hQZSﬁQMIﬁBHEﬁB’XS? RAEHHBY 8 of
Formul a VI | PeR878: praplexes i tbe Formiila HRAMadgRx0 adhestirs B Sdekiigtitas] Cy - AWyl Ok
acetylenic ' . 25,.of tal catalyst, such as a nickel
o pol | ad iy baBub thaf Tk 68 Uil o8 3Byl mialipimassesain sy harpEepar in sit
acet yl enf ¢ fgomupGrignard rrbapent RIWGEDEK abbAbgtnPdnd BR o%%%git}gﬁﬁlﬁn,gé%g%@@% o
[

14 FEBRUARYT%Q | n_nmet hod a), exanples of orga
trial kyl maghes ot Eaugamate, may obergeneratedin iyl fromt Mnglik yhdrmngengaiodithioh &€ n-

Formul a ( RénBlithinng gk ' nggnat e .conpl of the
Formul a ( R4) 3MhMyBr va\%er el %ﬁﬁgﬂgz’? i S@P"%sﬁ@% %Gpﬂ%glre%teﬁﬁgdpﬁ%gcbhat
may be ide g bfoey eatpoiiini of Fyinilg "HRURayTBY JPeRERAREL b S ik 5
froma Gi gﬂ@gqggeagent RAMOX (X i s hal ogen) and an organolithium e.qg.
n-butyl lithi'ami " Trial kyl mangenate nmay be generated in situ from Md 2 and

~an orgafdolithiume.g. n- butyllithium (R4)3MIMyBr may be prepared froma

Gignard rﬁf ent RAMgX and MiC 2.. The starting 5-bronp conpound of
Fornul a VI gﬁ’a&?d@é Fermlescef stistinpwoteribbobfiRorbiila X 4r3SethPohlokformate, pheny!

chioroformate, benzyl chloroformate, vinyl chloroformate, isobutyl chloroformate, ethyl
chlorothiolformate, methyl cyanoformate, carbonyldiimidazole and diethy! carbonate. The

starting materials of Formula IX are commercially available or may be prepared by literature
15 methods.

In method b), the nickel based catalyst may be any suitable Ni(0) or Ni(II) containing
complex which acts as a catalyst, such as Ni(PPhs); and (o-aryl)-Ni(PPhs),Cl, and the
palladium based catalyst may be any suitable Pd(0) or Pd(Il) containing catalyst, such as
20 Pd(PPhs),, Pd,(dba); and Pd(PPh),Cl,. The oxidation agent may be any suitable agent, such
as a peroxide in the presence of a ruthenium catalyst. The starting compounds wherein B is a
triflate group may be obtained as described in WO 0013648. Examples of the vinyl or
acetylenic groups coupled with the compound of Formula VIII are methyl acrylate, 1-
bromobut-1-ene, propyne, trimethyl(prop-1-enyl)stannane, E-1-hexenylboronic acid and
25 prop-l-enyl trifluoromethylsulfonate.

The compound of Formula I may be used as the free base or as a pharmaceutically acceptable
acid addition salt thereof, As acid addition salts, such salts formed with organic or inorganic
acids may be used. Exemplary of such organic salts are those with maleic, famaric, benzoic,
30 ascorbic, succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic,
propionic, tartaric, salicylic, citric, gluconic, lactic, matic, mandelic, cinnamic, citraconic,
aspartic, stearic, pahmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and
theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-




In method a), exanples of starting materials of Forml g FXgaRRyel00Y!
chl orof ormat e, phenyl chl orof ormate, benzyl chloroformate, vinyl

chl oroformate, isobutyl chloroformate, ethyl chlorothiolfornmate, mnethyl
- cyanof ormat e, carbonyl diim dazol e and di ethhyl carbonate. The starting
materi al s q;‘ Formula | X are commercially available or may be prepared by

literat ure "98ohspplpdline. | Exeraplantl of) suchhinongake | saltased gobal wik odifioRLY

sui t abl e NHy@obfdmid LdikricC QRERL:N campl ex. whi ch acts as a catal yst, such
as Ni (PPh3)3 and ((3r-ar fr %ﬁ ] &FP%%“? W4e1dsha) | adi um based cat al yst

may be any suitable Pd(O or Pd(11) containing catalyst, such as 20

Pd( PPh3) 4, dZS%b ),3. and. Pd( PPh) 2Cl 2. The oxi dati on agent nmay be any
sui t abl e adgdfiftt s"géﬂlonéglt&o the geingeunds mdydbepremeatey nibthods “hGER e art. The
catal ysb. bhe istraictddgit efRQURE ' | oF afig ih ol dd-at e. group .may be

obt ai ned ag_descr | %ﬁd Ln WO 01%%3%%%%@3% ]{lﬁewﬁmsgﬁeg%‘é‘?%ﬁuﬁhiaé
groups couplad epffiseation afshesaltibygoacenitaliph and codling cor wWith

br onobut - 1a@eacespraffioacid i Faidi ﬁxﬁﬁﬁﬂbﬂe-s%%i%héﬁ'@ﬁ’afeth éﬂa‘epgﬁ%?%l %?r oni ¢
‘acid and “h-envlateifl t hyl sul f onate. R o aar
SEETIF ema e b

addition salt thereof. As acid addition salts, such salts forned with

or gani €0 or The\SKBRAL & ticHC JERA enpl ar f. such,organi ¢ salts
are those vvl(?ﬁi mal ei c f%fr%ﬁé?l C, ”E?ﬁ?ge?@f’m%nﬁa@g‘?% : ?‘H%}Y Highleway
bi smet hy| efsH) #1X) Fitablefarm fox exampie ofallytindhe domulof dabilels, eapeiles; powders o

pr opi oni ¢, syas! o pirenigally G bicors of il st b GARKiGhs hAfjdcfion ™! 1 C, mENdel e,
cinnamc, citraconic, aspartic, stearic, palmtic¢, Ttaconic, glycolic,
p- am nobenzoi c, glutam c, benzene sulfonic and theophylline acetic acids,

as wel | asThelphagnaeiitied) Fopiylativmest thé RiveRicHRLEDS r%ﬂm%&ﬁ?%ﬁafen%%@ m&hods

br 0ot #20RYd 4 or B A HablcR Ao L i e S OsE, AT

hydr ochl ort ¢ Ple, y be prepared by mixing the actlvemgred%entmthordmary
adjuvants and/or diluents and subsequently compressing the mixture in a conventional
tabletting maschine. Examples of adjuvants or diluents comprise: Com starch, potato starch,
talcum, magnesium stearate, gelatine, lactose, gums, and the like. Any other adjuvant or
additive colourings, aroma, preservatives efc. may be used provided that they are compatible

20  with the active ingredients.

Solutions for injections may be prepared by dissolving the active ingredient and possible
additives in a part of the solvent for injection, preferably sterile water, adjusting the solution
to the desired volume, sterilising the solution and filling it in suitable ampoules or vials. Any
25  suitable additive conventionally used in the art may be added, such as tonicity agents,

preservatives, antioxidants, etc.

Examples

The invention is further illustrated by the following examples, which should not be construed
30 as limiting the scope of the invention.

Example 1
5-Carboxy-1-(4-fluorophenyl)- 1-(3-dimethylaminopropyl)-1,3-dihydro-isobenzofirran,

35 Method a) - Mg.




hydrobrom c, sulfuric, sulfamc, phosphoric and nitri c1AEFRRVARN L0298 ¢
addition salts of the conpounds may be prepared by nethods known in the
art. The 5 base is reacted with either the cal cul ated amount of acid in a
water mscible solvent, such as acetone otlethanol, with subsequent

i sol ati QA sohgi t1. ti d | i ng, Mth | f
the aci o i n acvaror i o SRR o S Stariepraiy haBhider-sobennp hawesot o
or di chl or'8Agtssamebromiddintdre THH (90 SEDApAPARE bSRMH ?ﬁ&cﬁé'ﬁoﬁ?&@cﬁn i

ﬂg m | %r]i)"ﬁ"

phar maceut i i Lions . of the invention nmay be ni stered

suib : abl e mﬁfjﬁh%@@aﬁyﬁ@w ORTRRH- LB whihysiersobenzofuinl 9 iﬁn O]E(Jlie rﬁ&l?)’r“aﬁti |

tablets, c iam (Ter 8.03" r I orm of usua
e ons.or 115 oot et ekt BFGBATOO! o by Ko

- steril essol utions for injection.”The
inventidn MBYPBE WEs &erm jenapemturetfooithouet hods 15 in the art. For

exanpl e, . t gipk8loEs - R red by, mxing the active ingredient with

ordi nary a%)\égﬁtﬁg@gln g& %?ﬁ%urgwg&jade%‘gééﬁqusgﬂ“émr@m Byint Waterri(kiour e
in a conve®) Iwastadfusetittd 5 byagdi r}ﬁ;l(ﬁ_?q%gé AP | UV or diluents
conpri se: Qg@[nt E‘t ar @ tato starch. tarcam’ ma(jfr'%lgl %oggé%ﬁstwé’?e"mwd
gel atine, l'actd ’f‘eé Ré’EL and the |ike. Any other adjuvant or additive

col our i NngsThek6li8he WhE PGHhY AL .ne used ovided that they are
conmpatible 20 with the acti vl)ée‘?aﬁgée ?re{ﬁ‘%lgae WP’P’E‘L%""‘F&"W"@ PibnEishhy be

prepar &4 b§ASssol ving the active ingredient and possible additives in a
part of the solvent for injection, preferably sterile water, adjusting the

solution to the desired volune, sterilising the solution and filling it in
sui t abl e aviptholay—arBuijal S. Any 25 suitable additive conventionally used in
the art be added, such as tonicity agents, preservatives,

ant i oxi dart®, 2etseluieR apfi e‘i;bromvel{hﬂaﬂobh&nyﬂﬁl-(&ﬂhﬁkﬂﬁylﬁ:hiﬂéﬁfob?hﬂ%-&ﬁ e
fol | ow ng jextRRP SN (9@ %zihouﬂ d. ntot be_construed 30 as ITmting t g scope

of the invention » V.0Z2 mole) in tert.butyl methyl ether (150 ml) was added n-Buli (1.6

15 M in hexanes, 40 mL) at —78 °C to —65 °C. The temperature of the solution was allowed to

raise to 30 °C over a period of 2 hours. The reaction mixture was added to dry solid CO, (50

8). After addition, the mixture was left at room temperature for 16 hours. The volatile

materials were removed in vacuo and the residue was taken up in water (100 mL). pH was

adjusted to 5.5 by adding HCI (aqueous, 4 N). The aqueous phase was extracted with toluene

26 (100 mL). The toluene was removed in vacuo and the title compound was obtained as an ol
Yield 7.5 grams.

Method a) - trialkylmagnesate

25 n-Buli(20ml, 1.6 M in hexane) was added to a solution of isopropylmagnesium chloride
(80mL,2Min dicthylether) in THF (25 mL) at 0 °C. The resulting mixture was stirred at 0
°C for 1 h, then cooled to —78 °C and a solution of S-bromo—l-(4-ﬂu0ropheny1)—1-(3—
dimethylaminopropyl)-1,3-dihydro-isobenzofuran (5.0 g, 13.0 mmol) in THF (25 mL) was
added. The mixture was allowed o warm to — 10 °C during 1 h, then cooled again to ~78 °C
30 and CO, (5.7 g, 130 mmol) was added. The mixture was allowed to warm to room

temperature, and then evaporated. Ion exchange chromatography of the residue (Dowex® —
50, acidic form) eluting with 1 M NH; afforded the product as a thick oil.




Exanpl e 3 5-Carboxy- | -(4-fluorophenyl)-1-(3-dinet hyl 5 FBBHOR13%051, 3

-di hydro-i sobenzofuran. 35 Method a) - My. 14 FEBRUARY 2005 11 A solution

of

- 1-(4-fluorophenyl)-1-(3-di nmethyl am nopropy#2) - 1, 3- di hydr o-i sobenzof uran--5-y
1 rmagnesiu broi‘n' de in dry THE (90 nmL) (prepared by ordinary methods from
5- brono- 1- (&%°

0,024 ot ) S TG B PR S BT R s SR e Betoftat o oo

(50 g). Aft€itadofdtinn] frogbdsble s mi xture was |left at roomterrperature for 16
hours. The volatile materials were renoved in vacuo and the residue was
taken up in water (100 M). pH was adjusted to 5.5 by addi ng HC (aqueous

\Azxf/;s\? erm@/gdﬁl n vacuo and r%&ﬁé ?flj_ﬁ gcconpaﬁgr{%‘ﬁvéé%%gpé cﬁ%’é‘ﬂggé_%ﬁ]zo ene .

%o gr aT;( . M Phbdnely) and subfrhide T(.65 gp :mﬁmomomp v&lﬂ; dllssolvgd hmdsulfolane (15 mL)

r ono- ; ani nopr o i hydr o-

i sobenzof i |$%n8%1gﬁgﬁg% (%)‘gi rr@loig “i‘qt'\qt %fgg@t WP%@Q@S@W@%f
dded Bulih @ 7

~added n- Bulthe tdacion AfixiMrd ﬂfa@%ﬁ? 136 gf@o} 28onis! ‘%?egrefag%o% ‘gva%%lgqv%edl tor

tenperature of the solution was to ral se

2 hours. THeo} el 70 andiweten (25 w9 m(wded The Rt waLhdl@at 79PC f&f Iffnm,

addi ti t ure was left at roomtenperature for 16 hours.
vol at i |Ql ﬁ&ﬁéﬁ?ﬂah? TRerten wRdwEdven coaledi by saen tamperaberiedpll mamatcérto W wiith

Bucous phion e R T o e P O gbl: BB et 6

removed i n Ma€landghehotrehtiittdedaganymunsiaied SoabiEtn 8@ RR @hpuhd crystallised on
cooling. Yield 3.77 g. Purity (HPLC peak area) > 97%.




Yield 7.5 grans. Method a) - trial kyl magnesate 25 n- Bul4 FEBRUARY 2008 M in
hexane) was added to a solution of isopropylmagnesiumchloride .(8.0 nm., 2
Min diethylether) in THE (25 nL) at 0 C. The resulting m xture was stirred
at 0 Cfor 1 h, then cooled to -78 C and & sol uti on of

S5-brono- | - ( 4kl i Heh enyl)-1-(3-

di met hyl am nopr opy 1, 3-di hydr o-i sobenzofuran (5.0 g, 13.0 nmol) in THE
(25 nmL) was added. The m'xture was allowed to warmto -10 C during 1 h,
~then cool ed agal nt C 30 and CO2 (5.7 g, 130 mml) was added. The

m xture waslal | Gvig 9‘6 %a“hﬂhplleparam:mfcntal@pmnﬁture and then evaporated. |on

-exchange chromat ography of the residue (Dowex(r) - 50, acidic fornm eluting
with 1 MNH3 afforded the product as a thick oil. 14 FEBRUARY 2005 12
Exanpl e-2 5-Cyano-1- (4-fl uom¥dph - 1-( 3-di net hyl am nopr opyl )

eny

-1, 3-di hydro-i sobenzofuran. (G tF' op free base) 5

5- Car boxy- 1- (4-fl uorophenyl)-1- (3t di g am nop opyl ) -1, 3-di hydro-i sobenzo
furan (5 g, 0.015 nole) and sul fainde {4

§.017 nole) were dissol ved
“in sulfolane (15 nmL). Thionyl chlori de 2.25 g, 0. 019 nol e) was added at

roomtenperature and the tenperature he reaction mxture was raised to

130 C for 2 hours. The reaction m xtu ms allowed to cool to 75 C and
water (25 nmL) was added. The tenperaturg was held at 75 C for 15 mn, 10
and then the reaction mxture was cool et to room ggaperature. pH was
aj usted ’t o W|th ammoni um hydr oxi de and then n-heptane (75 nL) was added.
The terrperaturpéI WEs raised to 70 C and the hot n- hept ane | ayer was
i solated fromwhich the title conpound crystallised on cooling. Yield 3.77
g. Purity (HPLC peak area) > 97%

conversion of a compound of Formula VIIT

Q Formula VII

10 F
wherein Z is halogen,

to a compound of Formula IV
HOOC

F Formula IV

15 followed by conversion of the compound of Formula IV into citalopram.

2. A method according to claim 1, characterised in that:

1) the compound of Formula IV is reacted with a dehydratmg agent and a sulfonamide of
the Formula HoN-SO5-R wherein R is:




14 FEBRUARY 2005 13 Patent Claims 1. A method for the pfERBRHARS 9P
citalopram NC 5 10 conprising conversion of a conpound of Formula VIII
wherein Z is halogen, to a conpound of Fornmula IV HOOC 15 fol |l owed by
conversion of the conpound of Formula TV imto citalopram 2. A nethod
according to claim1l1, characterised in that: i) the. conmpound O Formula IV

is-reacted with) a%:dqbt;uinan Bﬂg;hﬁg&ﬂNHQrﬂi m de of the Formula

H2N- SO2- R wher FEBRUA 005 n opt | onal |y substituted
n”fﬁ {‘?5 ﬁ‘% Z‘W@P%Y %ﬁl hslngeny Cruatsol.t eyand,

NH2, O Cl-6 a

wi th hal ogen, Kyl alkma'notnﬂub;mheﬂxy)l 1tk 4- a&iﬂi@X}CHLﬁ]kﬁhﬁﬁfoor@t Yo, -
nitro, am no, Okg am no or di-Cl-4- al kyI am no, 57¢) aryl or
het er oaryl opti onal |y substituted with hal ogen, Cl-4- aI kyI cyano, hydroxy,

Cl-  4-al koxy, Sk PH o BFisrRsTYhAptionallyr sbstintion withblogen) RyJ-aliyipoyzmo, hydroxy, C;.
di - C1- 4- al kyl agalkexy, triftuoromethyl, nitro, amino, Cy4-alkylamino or di-Cy4-alkylamino;

or

ii) the compound of Formula IV is converted to the correspondmg amide of Formula V
NR1R2

O FormulaV

10 F
in which R' and R” are independently hydrogen, Cy. alkyl, Cy¢ alkyl substitated with one or

more substifuents selected from the group comprising aryl and heteroaryl, hydroxy, C;-

alkoxy, aryloxy, aryl-Cj.s-alkoxy, or trisubstituted silyl wherein the substituents are

independently Ci. alkyl, aryl, heteroaryl or aryl-C,¢-alkyl and then reacting the amide of
15  Formula V with a dehydrating agent

thereby obtaining citalopram as the base or a pharmaceutically acceptable salt thereof,

3. The method according fo Claim 2, wherein the compound of Formula IV is reacted with

SOCl,; and sulfamide.

20
4. The method of Claim 3, characterised in that the reaction is performed in sulfolan.
S. The method according to Claim 2, wherein the compound of Formula IV is reacted with
POCI; and terz-butylamine.

25

6. The method of Claim 1, characterised in that the compound of Formula IV is obtained by
1) reacting the compound of Formula VIII




or ii) the conpound of Formula IV is converted to the E%F'F%@Héﬁa/i%%%m de
of Formula V NRLIR2 10 F in which RL and R2 are independently hydrogen,
Cl-6 al kyl, Cl1-6 al kyl substituted with one or nore substituents sel ected
fromthe group conprising aryl and heteroityl, hydroxy, Cl-6- al koxy,

aryl oxy, aryl-Cl-6-al koxy, or_trisubstituted silyl wherein the substituents

are independently Cl1 al kyl, ary eroarylyge aryl-Cl. -alkyl and then

reacting the amde of 15 Fornu wi tth a_déhydrating agent thereby
' armaceutically acceptable salt

2, wherein the conpound of Formul a
20 4. rdbiarvaithod of Cl ai m 3,
characterised in that the reaction is ormed in sulfolan. 5. The nethod
according to Claim?2, wherein the conpotnd of Fornula IV is reacted with
POCl 3 and tert-butylamne. 25 6. The netkhod of Claim1l, characterised in
that the cogpoun .oﬁgFormJI alVis obtained by: i) reacting the conpound
of For mul a "ATTH! 445 BEBEEHMRY 2005 15 wherein Z is halogen, with My or an
organol i t hi um conpound, e.g. n--BuLi, or with an organonetallic conplex 5
conposed of | and/or M and/or Li and alkyl or aryl groups to achieve a
fast inter Ma#ilg er an organolithium compound, e.g. n-Buli, or with an organometallic complex

5 composed of Mg and/or Mn and/or Li and alkyl or aryl groups to achieve a first intermediate;
ii) subsequently reacting said first intermediate with CO;, C8; or a compound of Formula IX
X

Y}- A Formula IX

wherein A and X are independently selected from halide, CN, ORS or SRS where R® and RS
are independently selected from C; 6 alkyl, aryl, heteroaryl or benzyl and each of these C,.¢

10 alkyi, aryl, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C; 4
alkyl, cyano, hydroxy, Ci4 alkoxy, triflucromethyl, nitro, amino, C;.4 alkylamino or di-Cy.
alkylamino, NR’R® where R” and R® are independently selected from hydrogen, C; alkyl,
aryl, heteroaryl or benzyl and each of these Ci alkyl, aryl, heteroaryl or benzyl groups are
unsubstituted or substituted with halogen, Cy.4 alkyl, cyano, hydroxy, C;4 alkoxy,

15 tifluoromethyl, nitro, amino, C;.4 alkylamino or di-C;4 alkylamino; Y is O, S, or NR’ where
R’ is selected from hydrogen, Cy5 alkyl, aryl, heteroaryl or benzyl and each of these Cis
alkyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C;4
alkyl, cyano, hydroxy, Ci4 alkoxy, trifluoromethyl, nitro, amino, C;_4 alkylamino or di~-C4
alkylamino;

20 _to achieve a sscond intermediate;

iii) and subsequently reacting said second intermediate with water, a hydroxide such as

NaOH, or an aqueous solution of an acid.

_ 7. The method of Claim 1, characterised in that the compound of Formula IV is obtained by
25 coupling of a compound of Formula VIXI




i) subsequently reacting said first internediate mﬁth1%ﬁ§?RE§§Y&pog
conpound of Fornmula I X X A Fornmula | X wherein A and X are i ndependently
selected fromhalide, CN, ORS5 or SR6 where R5 and R6 are independently
selected fromCl-6 al kyl, aryl, heteroaryl 1®r benzyl and each of these Cl -6
10 al kyl, aryl, heteroaryl or benzyl groups are unsubstituted or
substituted with hal ogen, Cl..4 alkyl, cyano, hydroxy, Cl -4 al koxy,
trifluoromnethylz ni ro, am no, Cl.4 alkylamno or di-Cl-4 alkylam no,
NR7R8 where R7 ang R37ary i ndepengent |y sel ected from hydrogen, Cl14 al kyl,
aryl, heteroaryl enzy? and/each of these Cl4 al kyl, aryl, heteroaryl or
benzyl groups are ftuted or substituted with halogen Q4 al kyl,
cyan, hydroxy, Cl4 al koxy—.15 trifluoronmethyl, nitro, amno, Cl.4
al kyl am no or di-Cl-4 A an no;FodmilsVIY S, or NRO where R? is selected
from hydrogen, C1 al kyl |, heteroaryl or benzyl and each of these Cl-6
al kyl, aryl, heteroaryl or\ benzyl groups are unsubstituted or substituted
wi t h hal ogen, C14 al kyl , €yan, hydroxy, Cl al koxy, trifluoronmethyl, nitro,
~am no, Cl4 alk or di-Cl-4 alkylanlno 20 to achieve a second

i nt er nedi at & h ;E B Ry g dmd aﬂ)@@bsﬁm@dmﬂ osaetyhehic gioap mmeqtaemd h
wat er, a hy Q' aglue SO of an acid. 7. The

Qﬁ‘g}ﬂl&ﬁ (.% i1 aSﬁCh ’C 0{ %Q"a(u f&ﬁr&t g‘ﬁlqi’%ﬁd%ﬂ qn éJf e
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8. A method for the preparation of a compound of Formula IV

HOOC

F Formula IV
10 comprising

conversion of a compound of Formula VHI

Z
O o NMe,
O Formula VIII

F
15  wherein Z is halogen,

to a compound of Formula IV,

| 9. The method of Claim 8, characterised in that the compound of Formula IV is obtained by:

LY




wherein Zis Br or | with an optionally substituted vi WFEBRUABt3PP&ani ¢
group in the presence of a netal catalyst, such as a nickel or palladium
based catal yst, followed by oxidation of the 5 vinyl or acetylenic group
to carboxy thereby obtaining the conpound 87 Fornmula IV. 8. A nethod for

t he preparat oun For. | V HOOC 10. conprising conversion
of a corrpoung%?c%%?thn%?@ g ?E ?T]SJrIﬁ( Z is hal ogen, to a conpound of
Formula IV. 9. The method of Claim8, characterised in that the conpound of
Formula IV is obtained by: 14 FEBRUARY 2005 17 i) reacting the conpound of
Formula VII1 wherein z is hal ogep ith My or an organol ithium conmpound,
e:g. n-BuLi, or with an organonet “c‘zorrposed of My and/or M
and/or Li and al kyl or aryl groups.t xhieve a first internediate; ii)

subsequently reacting said first inter .
of Formula IX X ,~-A Formula | X 10 whegfein A and i ndependent | y

RS aﬁ‘ﬂméé%ﬁre | ndependent |y

or benzyl and each of these Cl-6

selected fromhalide, CN, ORS or SR6
selected from Cl-6 al kyl, aryl, heteroa
~al kyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted
wi th hal ogen, Cl -4 alkyl, cyano, hydroxy, Cl-4 al koxy, trifluoronethyl,
nitro, am n&vhe@inZ ishkigpanyi no or di-Cl -4
5

with Mg or an organolithinm compound, e.g. n-Buli, or with an organometallic complex

composed of Mg and/or Mn and/or Li and alkyl or aryl groups to achieve a first intermediate;

1i) subsequently reacting said first intermediate with CO,, CS; or a compound of Formula IX
X

Y}_ A Formula IX

10 wherein A and X are independently selected from hafide, CN, OR® or SR® where R® and RS
are independently selected from Cj.6 alkyl, aryl, heteroaryl or benzyl and each of these C;.4
alkyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C,4
alkyl, cyano, hydroxy, Cj4 alkoxy, triflucromethyl, nitro, amino, Cy.4 alkylamino or di-Cy4
alkylamino, NR'R® where R and R® are independently selected from hydrogen, C,.¢alkyl,
15 aryl, heteroaryl or benzyl and each of these Cis alkyl, aryl, heteroaryl or benzyl groups are
unsubstituted or substituted with halogen, C;4 alkyl, cyano, hydroxy, Cy.4 alkoxy,
trifinoromethyi, nitro, amino, Cy4 alkylamino or di-Cy4 alkylamino; Y is O, S, or NR? where
R’ is selected from hydrogen, Cy.s alkyl, aryl, heteroaryl or benzyl and each of these Cis
alkyl, ary}, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C;.4
20 alkyl, cyano, hydroxy, C;4 alkoxy, trifluoromethyl, nitro, amino, Ci4 alkylamino or di-C;.4
alkylamino;
to achieve a second intermediate;
iii) and subsequently reacting said second intermediate with water, a hydroxide such as
~ NaOH, or an aqueous solution of an acid.
25
- 10. The method of Claim 8, characterised in that the compound of Formula IV is obtained by
coupling of a compound of Formula VIII ‘




al kyl ami no, NR7R8 where R7 and Rs are independently seléEEBRUARYMM2dr ogen,
Cl al kyl, .15 aryl, heteroaryl or benzyl and each of these Cl-6 al kyl,
aryl, heteroaryl or benzyl groups are unsubstituted or substituted with
hal ogen, CM al kyl, cyan, hydroxy, C .4 al kagy, trifluoronmethyl, nitro,
amno, Cl -4 alkylamno or di-Cl4 alkylamno; Yis 0, S, or NRO where R9
Is selected from hydrogen, Cl-6 al kyl, aryl, heteroaryl or benzyl and each
of these Cl-6 galkyl, aryl, heteroaryl or benzyl groups are unsubstituted
or substituted w 3 Clyx#e20 al kyl, cyano, hydroxy, Cl4 al koxy,
trifluoronethyl, 1 c14’ aIkyIan1no or di-Cl-4 alkylamno; to
achi eve a second i nter ii11) and subsequently reacting said second
intermediate with water, }a_hydroxi de such as NaOH, or an aqueous sol ution
of an acid. 25 10. The @et hbd of FokmilaVAI characterised in that the
conpound of Formula IV obt ai ned by coupling of a conmpound of Formula
VIIl 14 FEBRUARY 2005 18 f wherein Zis Br or I with an optionally
substituted vinyI or acetyFenic group in the presence of a netal catalyst,
'such as a nic pal | adi um based catal yst, followed by oxidation of the

5 vinyl or a¥ ?rﬁlln@ﬂs@rg?l’ dipthan Qpéllobdioyﬂlbm’@ﬂwmﬂbaamtﬂmc gmup septe

Formil & 11 40 Drarcaassy i b ol R i oo SR Ao e 'aV" :

and. R6 are ivingpeadsyiehip gra iochddxy fere b?bb&aﬁhgmecoﬂwmdhfﬁﬁm&éw Or
benzyl and each of these Cl-6 al kyl, ary

11. A method for the preparation of a compound of Formula VII

_ Formuta VII

10 wherein X is selected from halide, CN, ORS or SR® where R® and R® are dependently
selected from C;.¢ alkyl, aryl, heteroaryl or benzyl and each of these Cy.¢ alkyl, aryl,
heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C;.4 alkyl, cyano,
hydroxy, C1.4 alkoxy, trifluoromethyl, nitro, amino, C;.4 alkylamino or di-Cy.4 alkylamino,
NR'R® where R” and R® are independently selected from hydrogen, Cy. alkyl, aryl,

15 heteroaryl or benzyl and each of these Cy.4 alkyl, aryl, heteroaryl or benzyl groups are
1umuhmﬁu&ﬂ(msu&ﬂhmwdvﬁﬂ1hdogmg(h4aﬂqd,qwmm,hydnmy;Cp4aﬂnnqg
trifluoromethyl, nitro, amino, Cy.4 alkylamino or di-Cy4 alkylamino;

Y is O, 8, or NR® where R’ is selected from hydrogen, Cy.¢ alkyl, aryl, heteroaryl or benzyl
and each of these Ci.salkyl, atyl, heteroaryl or benzyl groups are unsubstituted or substituted

20 with halogen, C;, alkyl, cyano, hydroxy, C;4 alkoxy, trifluoromethyl, nitro, amino, C;.4
alkylamino or di~C;.4-alkylamino;

comprising




het eroaryl or benzyl groups are unsubstituted or subst 4 bEBRUWMRN208al ogen
Cl.4 alkyl, cyano, hydroxy, Cl-4 al koxy, trifluoronmethyl, nitro, am no,
Cl.4 alkylam no or di-Cl-4 al kylam no, NR7R8 where k' and R8 are

i ndependent |y sel ected from hydrogen, Cl1-614lkyl, aryl, 15 heteroaryl or
benzyl and e . Cl alk ar het eroaryl or benzyl groups are
unsubstitutegﬁg?géﬁ%gfg?ﬁ?@ﬂmﬁfﬁhbﬂgm% . Cl-4 al kyl, cyano, hydroxy,
Cl..4 al koxy, trifluoromethyl, nitro, amno, CIA alkylam no or di-C A

al kylamno; Yis 0, S, or NRO where RO is selected from hydrogen, Cl-6

al kyl, aryl, heteroaryl or benZy and egach of these Cl1-6 al kyl, aryl,

het eroaryl or benzyl groups are sti@uted BMesubstituted 20 with

hal ogen, Cl14 al kyl, cyano, hydro <A koxy, trifluoronethyl, nitro,
amno, Cl4 al kylam no or di-Cl-4-al kyl'am no; conprising 1 4 FEBRUARY 2005

19 conversion of a compound of Formul a A V\,he%ei n hal ogen, 5 to a
conpound of Fornmula VII. 12. The nethod of d ai ﬁ?"ﬂ? aracterised in that
t he conpound of Forrmula VII is obtained=dy. 10 i) reacting the conpound of

Fornmula VIIl wherein z is halogen, 15 with My or an organolithi um conpound,
e.g. n-BuLi, or with an organonetal lic conplex conposed of My and/or M
and/ or Li anvhersitk¥lis lmlogany| groups to achieve a first intermediate; ii)
subsequeFltIy reacting said first intermediate with C02, CS2 or a comnpound-
of Formula | X

‘to a compound of Formula VIL -

12, The method of Claim 11, characterised in that the compound of Formula VII is obtained
by:
10 i)reacting the compound of Formula VIII

Z
O o NMe,
Q Formula VIII

F
wherein Z is halogen,

15 with Mg or an organolithium compound, e.g. n-Buli, or with an organometallic complex
composed of Mg and/or Min and/or Li and alkyl or aryl groups to achieve a first intermediate;

ii) subsequently reacting said first intermediate with COz, CS; or a compound of Formula IX
: X

\)‘ A Formula IX

Wwherein A and X are independently selected from halide, CN, OR® or SR® where RS and RS

20 are independently selected from Cy.q alkyl, aryl, heteroaryl or benzyl and each of these Cis
alkyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted with halogen, Cy.4
alkyl, cyano, hydroxy, C; ~alls:co;vr:y, trifluoromethyl, nitro, amino, C;, alkylamino or di-C;.4




X ~-A Fornmula | X wherein A and X are independently sel ¢£FggrUney Jvaki de,
CN, OR5 or SR6 where R5 and R6 20 are independently selected from Cl-6
al kyl, aryl, heteroaryl or benzyl and each of these Cl -6 al kyl, aryl,

het er.oaryl or benzyl groups are unsubstitu%(r:d or substituted wi th hal ogen,
Ci4 al kyl, cyan, hydroxy, Cl4 al koxy, trifluoromethyl, nitro, am no, Cl-

| kyl ami no elkybimifi, NR R wiBREA i i RZ,, and
gr eyi ﬁ?eggndegb?leérgel @Ct ed fromﬁgﬁgﬁéﬁ%p@@gﬁwﬁggwgbg%@ﬂm ©

benzyl and &% deagylang| qach of thesp|Cy.shadicdr avgl; httemani enbstizytproupsars
- unsubsti t ut eekuBsttad BF ShbtRH et , C1-4 al kyl . cyapn, droxy, Cl-4
al koxy, trifluoronethyl, nit ro,ﬂélr%’lf&ﬁgg%gr" IWF'%}LXE}IO&XG @H %%(-’W’

al kyl ani no; tiflueroraethyd, nigro, Moy elkniiso sebieC]_cadijl@mdlydr ogen, Cl-6
al kyl , aryly:hgt ar oaryb . or zyl. and each of these Cl-6 al kyl, aryl,
het er oar yi gr’p ?eﬁz%’/l rB’E*B?b@f'é Sigelon &om intdseress Creadlyh axyl.duterodryhorteigyien,
'Cl- 4 al kyl , amgiyeath ohthdseOg nguﬁlm i r ni.L.ro, .amno.. Cl 4
al kylam no oy, di-Cl-4 al f/?%i nao; to&g%rﬁ%%fv%h@%%%%n U ?ut\‘ltgfll% styted

- with halogen, Cy.4 alkyl, cyano, hydroxy, C,.4 alkoxy, triflucromethyl, nitro, amino, C;.4

alkylamino or di-C;4 atkylamino;

to achieve the compound of Formula VII,




