prepar at i W@ @ficiie wel | - known anti depressant drug cital oprRGH/DKO1/00541
1-[ 3-(di met hyl am no) propyl ]-1-(4-fluorophenyl)-1, 3-di hydro-5 5
i sobenzofurancarbonitrile, nethods for the preparation of internediates
used in tmtlﬂfcﬁﬂﬁ-rtﬁéWé‘?ﬁ%ﬁ@hbﬂbﬁﬂfoﬁ%m&nd met hods for conversion of said
internedi ates into cital opram Background of the Invention 1 o G tal opram
is a well-known antidepressant drug that has now been on the market for
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further been disclosed to show effects in the treatnment of denentia and 20
cerebrovascul ar disorders, EP-A 474580. Cital opramwas first disclosed in
DE 2, 657, Backgrewnd ef thedmvention, Us 4, 136, 193. This patent publicati on

descrl bes t he prepar ation of cital opram by one net hod and outlines a
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1- (4-f | voyephanyhas-the bidbwiygstarchirsobenzof urancarbonitrile is reacted with
3-(N, N di netlrylam no) propyl -chloride in the presence of

met hyl sul finyl met hi de as coRdensi ng agent. The st artl ng rrat eﬂ“mHm““W"““IMN“I
prepared fromthe correspondi ng D, derivati

cyani de. 30 According to the me ch is ohly outI i ned in g&tep

ternms, cital opram may be obtai netkBiy g~ Os%if t he conpound:
02/1G31 2 Br ~ CH20H OH \/ ~/ \ Formul | PCT/DKOL/A h.tl in the presen
of a dehydrating agent and subseque @ hange of the 5-br mwgmmﬁm“mh
cuprous cyani de. The starting materi Formula Il is obt

5-bronopht hal i de by 5 two successive gnard reactions, i.e. vl

4-fl uorophenyl magnesi um chl oride and N, N di net h)ﬁlorertnr{hgtppropyl magnesi um

chl oride, respectively. F

, e3eltl !qD d@ TI EWD 02/16341 Method for the Preparation of Gital opram.
PCT/ DKOL/ 00541 The present invention relates to a nethod for the @)

15 It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound has
been reported in several publications, eg. J. Hyttel Prog. Neuro-Psychopharmacol. & Biol.
Psvchiat. 1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand. 1987, 75, 478-486. The
compound has 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.
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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.
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According to the method, which is only outlined in general terms, citalopram may be
obtained by ring closure of the compound:



A new and surprising nethod and an internediate for the preparation of
cital opram were described in US Patent No 4, 650,884, according to which an

i nter mediwoanzabs4Formula 111 10 Formula |11 is subjected tRETADKOIAYSH| osure
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is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
obtain citalopram. The intermediate of Formula III was prepared from 5-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N-
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
5-amino-, S5-alkoxycarbonyl- or 5-(sec. aminocarbonyl)phthalide is subjected to two
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-hydroxymethylphenyl-(4-fluorophenyl)methanol
compound is subjected to ring closure and the resulting S-substituted 1-(4-fluorophenyl)-1,3-
dihydroisobenzofuran converted to the corresponding 5-cyano derivative, which is alkylated
with a (3-dimethylamino)propylhalogenide in order to obtain citalopram.

4- f | uor opFermuild Bet hanol conpound is

rret hods wherein a 5-am no-,
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eiNqsure and conversion of the resulting
e correspondi ng 5-cyano conpound,
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HOOC Fornmula IV PCT/ DKOL/ OOS-41 fol |l owed by conversion of the conpound of
Formula IV into citalopram In particular the invention relates to such a
met hod compoegéaty: 5 i) reaction of the conpound of For nulPETIDKG{00HR1
dehydrating agent and a sul fonam de of the Fornula H2N-S02-R wherein R is:
a) An optionally substituted NH2, or Cl-6 al kyl oxy, b) aryloxy or
het eroaryl oxy optionally substituted with hal ogen, Cl-4-al kyl, cyano, 10
hydr oxy, Cl1-4-al koxy, trifluoronethyl, nitro, am no, Cl-4-allcylamno or
di - C1- 4al kiphlizyimethods ofpreparyrig the ihdividnalagnahtiageds arfaditalopemb atei disgleskdvint TS
hal ogen, - 4- - 4- W telflu | 4. NLt 10,
am no, Cl%f-e rgtl Iﬁl) :%dn"%g’h%%?‘?&&“h@{ ﬁi%ﬁok&%pg%ﬂggitﬁﬁﬁjénérc'ic%s{.t%e %ﬁ%&t%ﬁ? 12([)“; “he
conmpound Bernpda Flimay ke easrieheutvin 2 labide pHernwitiaabass. of Fornmula V. Formula V
20 in yphich R and R2 are independently hydrogen, Cl-6 al kyl, Cl-6 alkyl
substi t ut wi th one ar, nore substituyents selected fromthe grou

nlg yHOVenEHRESIEE A Fl}t% Eha&,mtejopm I{B%S/Peaffl%‘{f%ifgfed by a novel
het er oar yfagusirabRrand sefe-focddiasingontérigit Rk tingiedrisis) y| wherein the
substituents are independently Cl1-6 al kyl, aryl, heteroaryl or
aryl - Cl-6-al kyl and then reacting the amde of Formula V with a dehydrating
agent 25 Summia®y Of tliccikesi@m DKO 1/ 00S-t 1 t hereby obtai ning cital opram as
the bgse or a pharnaceutically acceptable salt thereof. The conversion of
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i's hal ogemavifigthe Fakikakyl aryl oxy, heteroaryl oxy, aryl-Cl-6-al koxy,

het eroaryl -C -6 al koxy, al kyl carbonate, aryl carbonate, al kyl carbamat e,
aryl carbamat e, al kylthi ocarbonate, 10 arylthiocarbonate,

al kyl t hi ocarbamat e, arylthi omatbapat e, al kyl acyl oxy, aryl acyl oxy,
substituted or unsubstituted ar stituted or unsubstituted

het eroaryl. |In another aspect, t ention relates to nethods for the
preparation of the internmediate o ¢/ Cconpri sing conversion of a
compound of Formula VIII, wherein Z | al ogen to 15 conpound of Formnul a

relates to nethods for the
a Vi
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V. In yet another aspect, the inven
preparation of the internmedi ate of F8

15  comprising:

conversion of a compound of Formula VIII
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20 wherein Z is halogen,

to a compound of Formula IV




X 20 N~ Formula VIl wherein X is selected fromhalide, CN, ORS or SR6 where
RS and R6 are independently selected fromCl-6 al kyl, aryl, heteroaryl or
benzyl anwoOgrah3af these Cl-6 al kyl, aryl, heteroaryl or BRGEDKOYSHpDs are
unsubstituted or substituted with hal ogep, Cl-4 alkyl, cyano, WO
02/ 163. 11 6 PCT/ DKOL/ 005~1 hydroxy, Cl1-4 al koxy, trifluoronmethyl, nitro,
am no, Cl-4 al kylam no or dueGt-4 al kyl am no, NR7R8 where R7 and R8 axe
i ndependent|ly sel ected from hydrggery—CLl-6 al kyl, aryl, heteroaryl or
benzyl and each of these Cl-6 al { , het¢roaryl or benzyl groups are
unsubstituted or substituted w t h™N L ¥.al kyl, cyano, hydroxy, Cl-4
al koxy, 5 trifluoronethyl, nitro, amna, Cl-4 al kylam no or di-Cl-4
-calkylamino; Yis O S, or NRO where K9 ip selected from hydrogen, Cl-6
al kyl, aryl, heteroaryl or benzyl and a¢h of these Cl-6 al kyl, aryl,
het eroaryl or benzyl groups are unsubsyituted or substituted w th hal ogen,
*Cl-4 al kyl, cyano, hydroxy, Cl-4 al koxy, trifl udbonetdWyl, nitro, am no,
Cl-4 al kyl am no or di-Cl-4-al kyl am no; 10 conpri sing conversion of a
conpound &fiioFRHBY AnYerkion Bk Midpbud® o FRGHRIINIV inlié cfi@bsaRN. to a conpound
of Formula VI1. I'n yet another aspect, the present invention relates to an
anti depressant pharnaceutical 20 conposition conprising cital opramas the
base or ahypaicuianthe iveatibi rdldiey e afichmmetindicsrpeising: t he process of the
i nventg‘ on. Throughout the specification and clains, the term dehydrating
agent'“refers to any suitable dehydrating agent, and a person skilled in
the art npy readidnyofdhe eompondt dfeoopulankV wathendehydftibg aggitendaf sulfonamisdeef
dehydrati & -3, PCl5, SOBr2, POBr3, PBrS, SA 2, PO 3,
e RgEl SN SO MR e

PI 5, P401 carbonyl di i m dazol e and Vil snei er reagents.

Preferably a2khhdeptionsty sibatigedibhs or Graerlkylp®ter ably SOOI 2 or POCI 3, is
used. Vilsmeperapg %Fﬁet@foﬁlaﬂ&@jQS Snal19 s Ve withNBal&fenN, ¢ 4-alkyl, cyano,
di et hyl f or )%Ia(lj'% ( ) .and et}.}/drgt?iﬂ gaglents, exa Ieséof (\%\I\Hi cnk(lyar.g /
sod 21%nd DKEY BEG1 51 oxy, triffluoromet 9], tro, ammo, Cj4-alkylamimo or di-Cjs-

alkylamino, or

c) aryl or heteroaryl optionally substituted with halogen, C,4-alkyl, cyano, hydroxy, Ci.
s-alkoxy, trifluoromethyl, nitro, amino, C;.4-alkylamino or di-C;.s-alkylamino ;

15 or

if) conversion of the compound of Formula IV to the corresponding amide of Formula V

NR'R?

0]
Ly
N

~N

O Formula V

F
20 in which R! and R? are independently hydrogen, C,.s alkyl, C,.¢ alkyl substituted with one or
more substituents selected from the group comprising aryl and heteroaryl, hydroxy, Ci.¢-
alkoxy, aryloxy, heteroaryloxy, aryl-Ci.g-alkoxy, or trisubstituted silyl wherein the
substituents are independently C.¢ alkyl, aryl, heteroaryl or aryl-C.¢-alkyl and then reacting
the amide of Formula V with a dehydrating agent
25



WO 02/ 163A PCT/ DKOL/ OOs-tl 7 Throughout the specification and clainms, Cl-6
al kyl refers to a branched or unbranched al kyl group having fromone to six
carbon atBi@02i1634lusi ve, such as nethyl, ethyl, 1-propyl, 2PGFBE{H/00541 phutyl
2-butyl, 2-nethyl-2-propyl, 2,2-dinethylsl-ethyl and 2-nethyl-1-propyl.
Simlarly, Cl1_4 alkyl refers to such a group having fromone to four carbon
atons inc ) : A Lo : 1
desi gnat eéﬂgﬁégz%grgaéﬁgg cg\:}hke’@g?ll nég? Ikilée(b%s?k%lﬁpﬁoi ty&iltg:agg %g?faﬁleéﬁéhtﬁg%rggfén nmeans
fluorine, chlorine, bromne or iodine. 10 In the method i} of the
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e 5-carboxy,compou 0 a.. ac e dehydration agenft in
order to ?Wﬁﬁigutc\’)lﬁla‘éqgﬁgﬁq C %ﬁlﬁ?égorﬁﬁar%ti ve, which then reacts with
the su fonam de, H2ZN- SO2R, thereby formng citalopram During the latter
reaction, aFgat alytic amount of an acid may be necessary. 15 The

sul fonam de,} HZN- SO2- R, used in the process is preferably sul fam de,

NH2- SO2- NH2,{ The optionally substituted NH2 used in the process is
preferabl?te byt yyham ne. 20 The reactions with dehydration agents in the
met hod of the ntion are Farri ed out neat or in a suitable solvent, such
as sul fol ane on~#cetQni tA | en_When a solvent is used in the dehydration
reaction of ii), a catalytic amount of N, N di et hyl formam de nay be needed.
In preferred enbodj s of the invention, the nmethods for preparation of
cital opram and/ or 25 e conmpounds of Formula IV or Fornmula VIl conprises:
a} Reaction of the 5rhal omgpahpope of Formula VIII nula VIII wherein Z is
hal ogen, 30 WO 02/ 1G31 PCT/ DKOL/ 00~~1 with My or an organolithium
compound, e.g. n-BuLi, or with an organonetallic conplex conposed of My
and/or M and/or Li and al kyl or aryl groups and subsequently with CO2, CS2
or a conpwhaginR? ishaldgen, il aalkokyarfoky Heterbatylograey1AC A-alkoxyX hategoaryl-C -

i ndependent |y sel ected from hal i de, S or SR6 where RS and R6 are

i ndependem‘ng@gWZ‘@F‘éﬁmﬁ "@gb_"é‘a‘ift R@J‘,ca‘ggwafe’ %FCSFW’ EW“S%%‘S‘PP“%CI each
of these i hi ituted or
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trifl uor osubisthipted oriunsehstimtédaryl @lsubstituied loamsubsigntedihetetoatyll0 al kyl ami no,
NR7R8 where R7 and R8 are independently selected from hydrogen, Cl-6 al kyl,

aryl, heteroaryl or benzyl and each of these Cl-6 al kyl, aryl, heteroaryl

or benzyl T o ther aaslr)gct, the invention relates to methods for the preparation of the intermediate of

Formula IV comprising conversion of a compound of Formula VIII, wherein Z is halogen to
15 compound of Formula IV.

In yet another aspect, the invention relates to methods for the preparation of the intermediate
of Formula VII

F Formula VII

20 ;
wherein X is selected from halide, CN, OR® or SR® where R® and R® are independently

selected from Cy.6 alkyl, aryl, heteroaryl or benzy! and each of these Cy.¢ alkyl, aryl,
heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C,.4 alkyl, cyano,



unsubstituted or substituted wth hal ogen, Cl-4 al kyl, cyano, hydroxy, Cl-4
al koxy, trifluoronethyl, nitro, amno, Cl-4 alkylamno or di-Cl-4

al kyl ami nWO 015310, S, or NRO where R9 is sel ected from hyRGTOBEH/0EAL 6

al kyl, aryl, heteroaryl or benzyl and eagh of these Cl-6 15 al kyl, aryl,

het eroaryl or benzyl groups are unsubstituted or substituted w th hal ogen,

Cl- 4 al Ky hydrg¥RRC)., dlix fﬁrﬂuoﬁ;méthﬂ Kooy anﬂlfo' el Hﬂk?fiﬁﬁﬁl‘ybr difC LS Dyl R0

Cl4a|ky|a o or -4 al kylam no; and in the methods for menuf act ur e
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20
oy L Ox e paR A b D ot o3l BIHEELD s RRUE bR hehoftt EBefiryimiouts afE P! '

.optional | un@umntefdmr@absﬁmydwahhangwlcamau(ﬂr@u@o Ihl?dfdi?, O pakeLL 25 Oof a

met al catﬁy¥ such as a nickel or palladi umbased catal yst, foll owed by
oxi dati ontréffuorepaethyh wtr%ﬁmmﬁwéﬂﬁympeepdlr@x ckyasino her eby obt ai ni ng t he

axampl s ori* SPEAHGARY here R K epeCd Kot iydliel L Sk ne b SR Be R, 1

(R4) 3MyLi and edchldfyhdse @mg elkgl, s/l HetdrbgryFor ekl grétips Addninsubsittutetl e substginasi um
and mangena e conplexes of the Fornula (R4)3WMhMgBr, wherein R4 designates
Cl- 6- al kyMithhalogsp, & 1qlisileyape,divdKy. Ges e tratioremethyh, piroy gmino, Ci4

Trial kyl e dinsitub5 froma Gignard reagent RAMgX
(Xis halngﬁgﬁéﬁﬁ@gpg]ﬁcor glﬁgﬁ??l? ium e.g. n-butyllithium Trialkyl mangenate
may béo genemptigogi n situ from MhCl 2 and an organolithiume.g.

nbutyllithium (Ra)3MMyBr nay be prepared froma Gignard reagent RAMgX
and MhC 2.. The starting 5-brono conpound of Forrmula VIII nay be obtained
as descri %ﬁvérﬁoygfﬂc&%ﬁo&%ﬁofﬁ&mh[hVﬂtlhOd a), exanples of starting
materials of Formula | X are: ethyl chloroformate, phenyl chl orofornmate,
benzyl chloroformate, vinyl chlorofornmate, isobutyl chlorofornmate, ethyl

chl orot hi ol fornat e, nethyl cglanof ormate, carbonyl diim dazol e and di et hyl
carbonate. The starting nat érta 0 or mul gl are commercially avail abl e
or may be prepared by literatu 4 had I'f method b), the nickel based
catal yst may be any suitable N N (| I) cont ai ni ng conpl ex which acts
as a catalyst, such as N (PPh3)3 and a-aryl)-N (PPh3)zCl, and the

pal | adi um based catal yst may be any £ui Nabl e Pokfaid)a VaII Pd(l ) containing
catal yst, such as 20 Pd(PPh3)4, Pd2(Y and Pd(PPh)2Cl12. The oxi dation
agent may be any suitable agent, such ds a peroxide in the presence of a
rut heni um catal yst. The starting conpourds wherein Bis a triflate group
may be obtained as described in WO 0013648. Exanpl es of the vinyl or

acet yleni whepeoupss degened with t he conpound of Formula VIII are methyl

acryl ate, 1lbronobut-1-ene, propyne, trinethyl (prop-1-enyl)stannane,

E- 1- hexenyl boronic acid and 25 prop-1-enyl trifluoromethylsul fonate. The
conpound & a E@npalnd Jf Femyiukevllsed as the free base or as a pharnaceutically
acceptabl e acid addition salt thereof. As acid addition salts, such salts
formed with organic or inorganic acids may be used. Exenplary of such
organic salts are those Wlf1h mal ei ¢, fumaric, benzoic,. 30 ascorbic,

succi ni ¢, Toy&i AROthey; ampsetayfhe present dvention relates da s PB‘iH‘?etPreSé‘Pﬁdﬂ@B‘P%‘iﬂ“fIB% c,
acetigo prompesiiien coapising cntalsphnpw the basa 1t dny, copiertientisalt theredfl manufadtined
mandel i c, bglt}penar Soi;lh:[erll?\(;e g aspartic, stearic, palmtic, itaconic,

gl ycolic, M RGDAZ 0] C, ¢ Otani c, benzene sul fonic and theophyl I | ne
acetic acids, as well as the 8-hal ot heophyllines, for exanple 8
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salts are those wt drochl oric robrom c, 1 C,
phosphor i delaysating ageat, é@ﬂ&PGWS@BF 1y thei arf awm%mbs eﬁenmﬁé "B‘?)ﬁ%‘ﬂﬂh%g%y
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or et hanoPOly Ry Bbe ARRRETids SO BHmirele g VP aRCiAEon | SRR &

cool i ng, ohlow-timtainingxagest m@sttﬂnéeaxbﬂ)dsoﬁ)lﬁowaoah, iisrupesic i Viilsmeser| reagents sugch

dieth | A
S;S)onlt Snegu&?%l%%ﬁa bgﬁar eﬁljtr @g?&%&h g@?r}?rgns of t'he | nvgiﬁ%r %géﬁt%
admi ni st eleé‘iini’lﬁs aﬁvh@h@ff'aﬁl\@ wiClaaed PME{RPEyi t abl e for m for exanple

oral 1 90in the formof tablets, capsules, powders or syrups, or parenterally
in the formof usual sterile soI utions for i njection.




The pharnmaceutical Formul ations of the invention nmay be prepared by
conventional methods 15 in the art. For exanple, tablets nmay be prepared by
m xi ng t h&oe2tlbisd i ngredi ent with ordinary adjuvants and/ ACTHPKUENEE and
subsequent|ly conpressing the mxture in a conventional tabletting maschine.
Exanpl es of adjuvants or diluents conprise: Corn starch, potato starch,
tal cum a0 ! . i a - |
ot her adj uvan h@t@%%ﬁoﬁ@hgﬁ‘@%@ﬂaﬁ% ,dlj %@ﬁ,@?ef;%rgle{@r%ﬁq&‘\?gg ?élb %Jéﬁ(ﬁ%é%l
used pr ovigtug hakmg frdme pne itesiz eapen dims Melugivehsuchas awthylecthylg 1 euorsit 2-pro-
Sol uti ons ,{Or 1 IgaLAC13-6RS1, MBYnBRy RS BRFYED 20X ditictRplIvdRa A8 aGhéEi-1-propyl.

0 C13-Bilg1 MRy R BRAKE ] 2D g B 8 2GhiNEL L propyl

ingredienP,and possi bl e"addi ti ves gant of the s ent for | on,
-pr ef er abl pretlaly |G- pled refegyiousich fgSte b baying, diogh ong,to; foar gabpp @fpmypingiusive
steril§siagd 01§ aSixyl 09R afitdstyfdndl Crgalkylamines dedsighateesiANGohSwhdreil e allkydny
25 suitable.additiyv onventionally used in the art may be added, such as
‘tonicity g&wWPg?séﬁdiggrvatives, antioxi dants, etc. Exanples The invention
is further illustrated by the foll ow ng exanpl es, which should not be
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-di hydro-i sobenzofuran. 35 Method a) - M. WO 02/ 1G31 PCll'/ DKOL/ O0s~1 11 A
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magnesi umthat dind Geatboxy rcpnipbind 90 Foinulg dVersacte avithy therdthpidmatiomagénsds ordeyrto

5-brono-1 . . . . . . .

fl uorop heﬁ&ﬁ 2 igr(%@y %?dnué% ﬁthngreldndg [rjl P’ S%‘%/el’ yvhi(:h?fh%r} ﬁf}(g? Xlﬁhstlt%_% g?llgoélfaﬂ]# %Fﬁ H(2 BI Sg02

0. 024 nol & thesepyrdogning %t#qmm@gm@.mawreac}wwa% cajalytig amouak 9f Acidmay?
(50 g). Abteecaagdytion, the 5 mxture was left at roomtenperature for 16
hours. The volatile materials were renoved in vacuo and the residue was
takenlﬁup in water ( 100 nmL). pH was adjusted to 5.5 by adding HO (aqueous,
4 N). TheTheusifommide SHNWEO,-RX hseddh e pybddss isqpreferadly shldfantide, NHRSO3-dlH; ene
was renoved in vacuo and the title conpound was obtained as oil. Yield 6 10
grans. Method a) - n-BuLi To a solution of

5- br onp- 1Thd optiemily shiestiuted NH,3ised inghé progessnoprefaghly feri-Buiyiamyive.o

i sobenzofuran (9 g, 0.024 nole) in tert.butyl methyl ether (150 nL) was
added n-BuLi (1.6 15 Min hexanes, 40 nL) at -78 Cto -65 C. The

t enper@t ulide geactipes wish dehyiratiens aganfsoindhe msthodjofdhg wvenitpncarg parried qub npYProf
2 hours. The kaasld 96lveitX st avamlfode brt fetbhitrifed | WHerCQ2 s4196htdis - usefitiar the

addition, ,the mxture was.left at.roomte rat ur or 16.hours. Th

Vol ati Lo ARG SiiolSE ikt yiic 938N SERGV AinFubPmabnangey Reoftfy .
water (100 nL,). pH was adjusted to 5 .5 by adding HO (aqueous, 4 N). The
agueous phapeforesl avbiodintmts ofiticninvaitisanthe 2kethdd3Formpieparhtien bb citrdogrameand/or

removed in vacuo and the title cqonpoun s ohtained as an oil. Yield 7.5
gr ans 25 weﬁlwo@naaéundq9#%3%%&‘5@%&@123’%@&}9%?20 m., 1.6 Min hexane) was
added to gy SREALABE e 3-BARARBLIPG HottR Vi or | de

Q Formula VIII

wherein Z is halogen,

30



(8.0 mM, 2 Min diethylether) in THF (25 nL) at 0 C. The resulting m xture
was stirred at O Cfor 1 h, then cooled to -78 C and a sol ution of

5- br ono- WO42fibador ophenyl ) - 1- (3di net hyl ani nopr opyl ) - 1, 3- diRGIREL088Henz of ur
an (5.0 g, 13.0 mml) in THF (25 nL) wasgadded. The m xture was allowed to
warmto - 10 Cduring 1 h, then cooled again to -78 C 30 and C02 (5.7 g,

130 nmol ) with M@otatorgdidithiugi conpotiad, &f.noBEL, bﬂwﬂbﬁhmotghnbﬁﬁfﬂlli@d&%éi ure,
and then evaporated. |on exchange_chronmatography of the residue (Dowex 50,

aci di ¢ f of9ipesedof Mg aud/er Mn pndfonLaaidalkd o eréd sinupe and sebsequently #iithdi @2, WO
02/ 163- 41 ~42 %ﬁ?%{ ~1
5- Cyano- 19§ﬁ9ﬁ36§?%‘§ﬁ'§ny| ié - -ldﬁ*;et hyl am nopr opyl ) -1, 3-di hydro-i sobenzof u

.ran. (Citalopram free base) 5

5- Car boxy- 1- (4-fl uorophenyl) - 1- ( 3-di net hyl am nopropyl ) -1, 3-di hydr o-i sobenzo
fiuan (5 g, 0.015 nole) and sul famde {1,65 g, ,0.017 nole) were dissol ved
in sulfolane (15 n). Thionylchlo&?heA(Zfﬁgm IX0.019 nol e) was added at
roomtegnperature and the tenperatWe of the reaction m xture was raised to
130 Ctor 2 hours. The reaction mxture was allowed tg coo% to 75 C and

wat er ( 25WREIFIAENA dewrg independeatly selgeted Bomdinline| @NaOR7 91 8RY whereR And R’ 0
o0 U1 WASqIBEIGRD S a0, 801 50 000 SIS E FET g
The t enpeelkyl)agyl\irterodlybathdnayl/ifrodbsaneluisnbstitated or hetptianeal Wil halopas 0,50l at ed
(HPLC peaRIcil gugnos hirogy, Conlismt BHTommS Y oRig: ey s Vi ool For 1 ho
0 P68y B AP DR, B SIARLY QiR
V11 For emyl,detexodpyITir bicaryll ahdes:h ofl théss Gy qlalkylveadylbhetemang os benzybgronpeare
compound of Farmila L\ it cLiglppram 2, & tethod accopding to claim 1,

trifluoromethyl, nitro, amino, C,.4 alkylamino or di-Cj4 alkylamino; Y is O, S, or NR® where

R’ is selected from hydrogen, C;.¢ alkyl, aryl, heteroaryl or benzyl and each of these C;_¢

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

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

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 . NMe,
Q Formula VIII

F
wherein Z is Br or I with an optionally substituted vinyl or acetylenic group in the presence
25 of ametal 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;



1) the conpound of Fornula IV is reacted with a dehydrati ng agent and a

sul fonam de of the Fornmula H2N- SO2-R wherein R is: WO 02/ 1G31 14

PCT/ DKO 1WO00B863411 a) An optional |y substituted NH2, or CIRGUBKRIQ05KY b)
aryl oxy or heteroaryl oxy optionally subsgituted with hal ogen, Cl-4-alkyl,
cyano, hydroxy, Cl-4-alkoxy, trifluoronethyl, nitro, am no, Cl-4-alkylam no

or di-Cl- H?Jn@hbﬁrﬂ) n&anﬁfle@oﬁarg%o\fﬁetﬂhc Q@ﬁ‘lﬁfé{@é’ ¥le lﬁ@ RR@nkiatdWishé Whﬁﬁl
W th haI ogen, Cl-4-a cyano, hydroxy, oxy, trifluoromnet
nitro, YoM, 4naﬂw¥n@mendebrofdihecﬁomlda kR thIa argt mnx):d tl‘n@msmpoumd of

o BRSSO, SR

‘substi t ut g1 widups Aha Bay 'Hérlﬂelﬁiébﬁbﬂ BiffRdrs. 'fﬁhmyrr@@nfagawma ebd)ﬁx@ﬁﬂed in situ
corrprl Si n aryl and heter oar%\a roxi/ -6 al koxy, aryl oxy
aryl - Gi- eframkd &rignerd reagenid an( qglen)/mi an prganelithivisat ¢.8. uehutyllah@ml

'independe ry t I a nd then
reacting ?%L%éﬂaélg &hg fgasf:(;%r n%ﬁneﬂ%de %{nX f(rjoe ygﬁ"gjtl% %d gﬁe‘#léx?%@?l ¢g I
obt ai ni ngbe/Nighiop @Rf)alelnmrhas}eb@pr% Ba&queghgﬁaah |re(agaﬁtCR?MgX|e@1dSMhClz
thereof. 3. The_ method accordin ai m 2, wherein _ the compound of

For mul a | Vhe Stapting Sdyomo: ¢o g ofnBorsanla ARIHanay, e pbtamed A dessaibed im USm

3, characg%dﬁggj in that the reaction is performed in sulfolan. 5. The
met hod according to Caim2, wherein the conpound of Formula IV is reacted
with POCL3 and tert-butylamne. 25 6. The nethod of Clalml characterised

LP }:gﬂmf ﬂ'l mpﬁln‘go examplelz,oortmj alrtmgI r\r/la{e%a s ofq:lormulabf& are’ et'il(}a'figﬁltlarrc]) oéng(tae cggg}(,)lund
chloroformate, benzyl chloroformate, vinyl chloroformate, isobutyl chloroformate, ethyl
chlorothiolformate, methyl cyanoformate, carbonyldiimidazole and diethyl 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(Il) containing
complex which acts as a catalyst, such as Ni(PPh;); and (c-aryl)-Ni(PPh;),Cl, and the
palladium based catalyst may be any suitable Pd(0) or Pd(II) containing catalyst, such as
20 Pd(PPhs)s, Pdy(dba); and PA(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, fumaric, benzoic,
30 ascorbic, succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic,
propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, citraconic,
aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and

theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-



WO U2/163.11 15 mula VIII wherein Z is hal ogen, PCT/DKOLl/005~1 with My or
an organolithium conpound, e.g. n-BuLi, or with an organonetallic conpl ex
conposed WO ®Yyodid/ or Mh and/or Li and al kyl or aryl groufRCHBKeKMiEve a
first intermediate; ii) subsequently reagting said first internediate with
C02, CS2 or a conpound of Formula I X X Fornula I X wherein A and X are

I ndepende%mt%Pﬁm@s fExemplka) | 6 suéiN inb¥ganier sSR6 Atk ethBsdRIvit) thydfodhistic,
|ndependently sel ect ed from Cl-6 al kyl, aryl, heteroaryl or benZyl and each
of these madrgbromic,snifpric, subfgmic, peaspharia gnd tricsidsy| gr oups ar e
unsubstituted or substituted wth hal ogen, Cl-4 al kyl, cyano, hydroxy, Cl-4
al koxy, trifluoronethyl, nitro, amno, Cl-4 alkylamno or di-Cl-4

"'é'lkﬁ' gngﬂaeé\éﬁﬁ@dlﬁ&%ﬁtsﬁ)}ﬁé@o lﬁa@maagbg %ﬁ&%}% ?ﬁgﬁggﬁé@a%ﬁ g{)@&&b%ﬂmgen

het er oar yiwss %@ﬁtfH |W1§} 3&5 ﬂ}ﬁ@ qyf?éi%%fﬂ%lﬁ@i&c@rméu\ﬁ%tﬁq misciole solyeH r%ucﬁg%

‘CC:I1 21 a: tyilmetcﬁmai!@thahm mohysubﬁqu&ltadolmm of Hge 4alt H}J dopcanetiby nd 8ddling, oewitho,
a vyl am no or

sel ect eq 11 By &F i ASI & vake MgiipR dofstl ik e SFRYEAS, Feilepelate o o

t hese Cl1- éichlokgrhethartey withitb¢ ealsepyrhtingg spvatangbusily.oups are unsubstituted or
substituted with hal ogen, Cl-4 al kyl, cyano, hydroxy, Cl-4 al koxy,
trifluoronmethyl, nitro, amno, Cl-4 al kyl ami no or di-Cl-4 al kylam no; 20 to
achi el alkephprmareutisphempasitions of thednvensiongaa be adminisered im ghy avittbieweyd

| nt er medi Aiceipd) RIS forfn, MNAERIIE ORI theNEH! of bR, SRMIRYSPAAYS 2"

he rret od d ai ac that t he corrpound of
For nul a | ©TPRS: ShPAFERIEH \Wnﬂ? @HBBP PW@I ?I‘Fglzri Sehﬁ’ﬁ% “BFC ¥f’6‘r mula VI1I WO
02/1G31 16 nula VII1 PCT/ DKOL/ OOS~I whereln is Br or with an optlonally
substi t ut n .t he pr.es t al
stch as alt HkeieesticAonifichs SL G BuiAbA iy ﬁmei%%@ el R0t
vi nyl 19r acthe witeForcexgmpisy tabtets maip bx prephred yymiabigthe aﬂqetﬁr@edlommmmdmary

Formul a | ydjuvants 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 etc. 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-isobenzofuran.

35 Method a) - Mg.



8. A nethod for the preparation of a conpound of Formula IV HOOC Fornul a

IV 1o conprising conversion of a conpound of Formula VIII vhnula VII1 15
wher ei n AWD92h634dgen, to a conpound of Fornula IV. 9. The RaI/IHEH/MF41C ai m
8, characterised in that the conmpound ofiiFornmula 1V is obtained by: WO

U2/ 1631 17 i) reacting the conpound of Formula VIII mula VIII wherein Z is

hal ogen, ARGHBoK@fll (@ﬂﬁoﬂapﬁeﬂ@d)th(:!\@n@athﬁﬁtnﬁrogﬁiwl)i1t,31tiﬂ13?d£d:ﬁ§l@¢mdﬁ1r@-
n-BuLi, or with an organonetal lic conmpl ex conpose and/ or nh and/yor

Li and al ¥epgnesium piamide gudy THF 20wmby fprepareq By ordmﬁe%y moalﬁ drom pybromo-1- (4-

o For mul oAty Tea-57h i oploy B EF Sifafp-Wobchablitan, (075, 8028 SHOEF A
-from hal i megneéshim ((RHB og, (B6%H mdie;b avdbadhied tRGirarselid rC@p St gnt Afters edditive cthé rom

Cl-6 al kyl, aryl, t er oar or and each of these Cl1-6 al kyl, aryl,
het er dar y‘im’iﬂ“ ‘@?ﬁz]? ahraon n’é’f@“ﬂﬁg‘i}yb]sétlﬂuﬁ ed or substituted with hal ogen,

*Cl-4 al kyrpe GHRAR mE‘ﬁéﬁﬁ@Were ‘?ﬁmﬂvea' HO%duo tahll ftﬂléliihfsmﬁ@td?éé' tgké}i &5 B wAHRQ00
Cl-4 alkyl am no or di yl am no, NR7R8 where R8 ‘ar e

i ndependemi)ypiE waeadjadteﬁ ltcnﬁrﬁ Hvydidd@grﬂcnaql&:oas IdyIN). ’IZhB aqugdu,s phaseevasaxyacted
benzyl and. h of -6 al kyl, aryl, heteroaryl or benzyl groups are
unsubst i tmﬁggll}?nesﬂbgf‘ﬁsut ed with halogen. Cl-4 alkyl, cyano, hydroxy, Cl-4
al koxy, trhd tg106RMwhd Yémoved! #:0vacfiand thEkitt @npouadiviR SHtaidlbd &b -ofl. Yield 6

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

al kyl 10 ar gfamshet er oaryl or benzyl and each of these Cl-6 al kyl, aryl,
heteroaryl or benzyl groups are unsubstituted or substituted vm'th hal ogen,
Cl-4 2o al kyl, cyano, hydroxy, -4 al koxy, trifluoronethyl, nitro, am no,
A -4 al kyMethioda)om-BuELCl- 4 al kyl am no; to achieve a second internediate;

To a solution of 5-bromo-1-(4-fluorophenyl)-1-(3-dimethylaminopropyl)-1,3-dihydro-
isobenzofuran (9 g, 0.024 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
g). 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
20 (100 mL). The toluene was removed in vacuo and the title compound was obtained as an oil.

Yield 7.5 grams.

Method a) - trialkylmagnesate

25 n-BuLi (20 mL, 1.6 M in hexane) was added to a solution of isopropylmagnesium chloride
(8.0 mL, 2 M in diethylether) 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 5-bromo-1-(4-fluorophenyl)-1-(3-
dimethylaminopropyl)-1,3-dihydro-isobenzofuran (5.0 g, 13.0 mmol) in THF (25 mL) was
added. The mixture was allowed to 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 NH3 afforded the product as a thick oil.



iii1) and subsequently reacting said second internediate with water, a

hydr oxi de such as NaCH, or an aqueous solution of an acid. 25 10. The

met hod ofW@l02i16348, characterised in that the conpound of MF&STRKH/OMA]; s

obt ai ned by coupling of a conpound of Fopmula VIII WO 02/ 1G3. 11 18
rriula VII'l PCT/DKOL/ OOS~I wherein Zis Br or | with an optionally

substi tutEﬁlamEma or acetylenic group in the presence of a netal catalyst,
such as a nic or_ pal | adi um based catal yst, followed by oxidation of the
vinyl or taepe-drfdlugrensnylylErdimelhyiampeniopyiid Srdihydyorpebeaznftmnd of
Formul a mn raf ﬂ?é@a% for the preparation of a conmpound of Fornmula VII X
Formul a 0 Wherern is selected fromhalide, CN, ORS or SR6 where RS
-and R6 are independently selected fromCl-6 al kyl, aryl, heteroaryl or
benzyl and each of these Cl-6 a het eroaryl or benzyl groups are

unsubst i t AfSEPBY-sthBveropkeayDol- £%5waﬁt@d@ﬁinon@pxl)ah Wﬂlydw&ﬁbenza%%x Bs:l 4

-al k t , I

gl k;iqe/lm ngbﬁﬂ@%ﬁ%ﬁ;?@glfﬁ@icﬁ@.%Sgrgé?fe)@ll?% gaj‘gg%t y sel d(e)E:I% ggrfﬁ@g%](}] ogen

Cl- 6 al kyThioaylehlorill® [R&5eg, 601PImale) b'amzqdedantboaatdmmfatuﬂemd tmteﬁlmtdtgaie of

aryl, heteroary] or, benzyl groups are nsugstlt ted or supstituted wth

hal ogen, Hf-T8aCoORyPIXUEG XRS 2 {3 lorg Wﬁxﬂm HeA DB RS AP 2 lometirte
Cl- 4 lo

el oot ed F 1Y of iRk By “grw’f’?h@éhl P inplihs Gashe Bl R HeE ey

t hese;dC1- ﬁndaﬂiew the aéachon Hﬁk&ﬁ@&fa)t |cooledondyin @impuRsurar sH Lmﬁsuﬁﬁﬁtbd Wb @dwﬁh
substituted 20 w th hal ogen, 4 al kyl , cyano, hydroxy, Cl-4 al koxy
trifl uor ofEmepium hydrpyide apd Hwn lx-jlemmw @5 mdnives agdedy |ﬁ*eiempa1aklw Wiaf FFBSG to

conpri si N90 °C and the hot n-heptane layer was isolated from which the title compound crystallised on
cooling. Yield 3.77 g. Purity (HPLC peak area) > 97%.



WO 02/163. 11 19 conversion of a conpound of Formula VIII rmula VIII wherein
Z is halogen, 5 to a conpound of Fornula VII. PCT/DKOL/ OCa~l 12. The net hod
of O ai mW®02dp¥iacterised in that the conpound of For mul FOHPKIDGFH: ai ned
by: 10 i) reacting the conpound of Fornul®a VIII rnula VIII wherein Zis
hal ogen, 15 with My or an organolithium conpound, e.g. n-BuLi, or with an
or ganonet Bptent Glaimsl ex conposed of My and/or M and/or Li and al kyl or aryl
groups to achieve a first intermediate; ii) subsequently reacting said
first internmediate with CO2, CS2 or a compound of Formula I X X Fornmula I X
wher ei n_ Aiand methed fadse prpantib osEtAsied from halide, CN OR5 or SR6
where R5 and R6 20 are independently selected fromCl-6 al kyl, aryl,
het eroaryl or benzyl and each of these Cl-6 al kyl, aryl, heteroaryl or
benzyl groups are unsubstityted or_substituted with hal ogen, Cl1-4 al kyl,
cyano, hydroxy, Cl1-4 al koxy, try gronet hyl , nitro, am no, Cl-4 al kyl am no
or di-Cl-4 WO 02/163.11 20 H ,lv KoP /00S. 1][ al kyl am no, NR7R8 where RY
and R8 are independently sel ect et a@esN. C1-6 al kyl, aryl,
het eroaryl or benzyl and each of these|Cl-6 al kyl, aryl, heteroaryl or
ftuted with hal ogen, Ci1-4 al kyl,

benzyl groups are unsubstituted or suyk
cyano, hydroxy, Cl-4 al koxy, trifluoj hyl, nitro, am no, Cl-4 al kyl am no
Y where RO is selected from

or di-Cl-4 alkylamno; Yis O S, or

hydrogen, Cl-6 al kyl, aryl, heteroaryl|or benzyl L&:and 1ef}ch of these Cl-6
al kyl , saryl, heteroaryl or benzyl groups are unsdBStHtlted or substituted
w th hal ogempri§idg4 al kyl, cyano, hydroxy, Cl-4 al koxy, trifluoronethyl,
nitro, amno, Cl-4 al kylam no or di-Cl-4 al kylam no; to achieve the
conpound of Forrmula VI1. 10 13. G tal opram as the base or any conveni ent
salt ther e&frlvgﬁﬁﬂfo?ﬁtcﬂfn Jut of B ARgsvagcording to any of the clainms 1-7.
14. A pharmaceutica CO?DOSI?I on conprising citalopramas the base or any
conveni ent salt 15 thereof according to claim 10.

. Aa. AF&r . AY! L. AY& A2. Al . Al AZ&, CACA A% A& ACAL. An

O o NMe,
Q Formula VIII

F

10
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:
i) the compound of Formula IV is reacted with a dehydrating agent and a sulfonamide of
the Formula HoN-SO>-R wherein R is:
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sltllnsl mnﬂwrmnﬂhyﬂmnnﬂmam@d?makytaupﬁqnﬂpdls@sﬁw]kjdgin]ﬁésp(ei,b@]&m]NR]’md]eceaU] c
fggfggucg @aDZ]ﬁfgéggf}]g&%]g el saleabrahasl palealeathesl 63l oal cay

%4 09& 4
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alkylamino;
20  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.

7. The method of Claim 1, characterised in that the compound of Formula IV is obtained by

25 coupling of a compound of Formula VIIT
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-0hh3&- 10%&' () - 98" 10%&' ) - " 109& ()-I | %10%##&' (O)- 'O ()- ~9%0%B
z& ()- cVI <0hh10#10#10#@
s Y3) 10%#& () -!Y3) 10% B&'
“()-Q@Qy
109%&Z&' () - F'10%Z& () - 109%Z&
- "10%& () -

wherein Z is Br or I with an optionally substituted vinyl or acetylenic group in the presence

10%4&; S}l@‘ % 04& (
) - F/ 10 EVI <0hh10310°/<z&' ()-109Z& () - &y#109Z&
() - f AaBVI <Ohh10' #109@Z& () - ! #3" 940%ZZ& () - 109%Z& ()

of a metal catalyst, such as a nickel or palladium based catalyst, followed by oxidation of the

5  vinyl or acetylenic group to carboxy thereby obtaining the compound of Formula IV.

8. A method for the preparation of a compound of Formula IV

HOOC
o l

<

F Formula IV

10  comprising

conversion of a compound of Formula VIII

Z
nli: o NMe,
Q Formula VIIT

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:
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" zX\(] ;FOwém!Mg@r 40 bigaA6MtANE) (ompdund 8@ AVBUL), or WHEAUEE dnome@Id E5ple) - | @
Yl0%& ()-#; $; B; , _ _ _

. <==0M FoaoResedyof Masad{eroldn end/oxhignshatiod: o pryi gugues t9 aqhieveaofizst infermediatey o
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10=>@ @ads] PSR seastRgsaq frst inlampedial With COs G827 3 Sompeuf f Eagmula IX, | o
10%5GE () - 9y#10%38' () - SGBi Br BBBCZGHE. FY4.06

10968 () -1 4F109G& () - 31Z10%C& () -/ # " Fprmul0GE, () - * 10%638 () - ZCmCnCoCpCC
C=DD~_@A0y#10%& () -f#10%&' ()- O#10%& ()-!ss! 109& ()- 10G 10G

*109& () -1 (: 109%& () -] *k*Vv*** 1+Us
0%GEorjula VITRL0%GE () - LIO%EE! () -

H 1

10 wherein A and X are independently selected from halide, CN, OR’ or SR® where R> and R®
are independently 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, C,.4 alkoxy, trifluoromethyl, nitro, amino, C;.4 alkylamino or di-C,.4
alkylamino, NR'R® where R and R® are independently selected from hydrogen, Cy¢ alkyl,

15  aryl, heteroaryl or benzyl and each of these C;.¢ alkyl, aryl, heteroaryl or benzyl groups are
unsubsiituted or substituted with halogen, C;4 alkyl, cyano, hydroxy, C,4 alkoxy,
trifluoromethy), nitro, amino, C;.4 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;_6
alkyl, aryl, heteroaryl or benzy! groups are unsubstituted or substituted with halogen, C;.4

20  alkyl, cyano, hydroxy, Ci4 alkoxy, trifluoromethyl, nitro, amino, C;.4 alkylamino or di-C;.4
alkylamino;
to achieve a second intermediate;

iil) and subsequently reacting said second intermediate with water, a hydroxide such as
NaOH, or an aqueous solution of an acid.
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10. The method of Claim 8, characterised in that the compound of Formula IV is obtained by

coupling of a compound of Formula VIII
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10%&' ())! I 10968 () - YD 0V ()-3!, %PA0%ss& ()-3y#F" 10%3& ()- @

n' 10938 () - #10%G&' () - M\\\4]]]]dEbC@/ 10%& ( 5#10%3& () 110%6& () -
109658 () - . Pbovsmethod fon theprepeyation phy@empyuryd qf%

109 () 10%& () - 10%& ()-L10%' ()- 10G 10G 10689 100/@& ()-- 6310968 () -]
AkAN 7 dEeF@Y

F Formula VII
10  wherein X is selected from halide, CN, OR® or SR® where R’ and R® are independently

selected from C;.¢ alkyl, aryl, heteroaryl or benzyl and each of these C,.¢ alkyl, aryl,
heteroaryl or benzyl groups are unsubstituted or substituted with halogen, C,4 alkyl, cyano,
hydroxy, Cy.4 alkoxy, trifluoromethyl, nitro, amino, C;.4 alkylamino or di-C,4 alkylamino,
NRR® where R7 and R? are independently selected from hydrogen, C.¢ alkyl, aryl,

15 heteroaryl or benzyl and each of these C.¢ alkyl, aryl, heteroaryl or benzyl groups are
unsubstituted or substituted with halogen, C,4 alkyl, cyano, hydroxy, C,4 alkoxy,
trifluoromethyl, nitro, amino, C4 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.¢ alkyl, aryl, heteroaryl or benzyl groups are unsubstituted or substituted

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

comprising



109%& (), g10%& () - Y10%&' ()-Fy- 10%&' ()- F#10%& ()-F@ 10%& () -
"&10%& ()-__ " _k_y dEeF@ 109&' () Ss33
109&' () - . WORRMEIH' 109 () - @s109%&' () - Y" 10%&' ()-10%&' ()-_ FPCHRKYESHT G nbW
@ 10% () 10 10
10 *109& () - 109%& ()- @OY%& ()--19g#10%& ()-I 610%% ()-G R U ~ "~ dEDW.@
109&' () Y" &L0ofiker{ipn i O8MpundsofFudm)a- VIR 109&' () -1 109%&' () - 910%&' () - adaaa' bb
aBbW.@ 10%&' ()ly Z"109%& ()- @109 () -
I @10%7& () -1 F#109%& () -1 -#10%& ()-Y! 109 () - bbcceeeedEbW. @
109& (), . $109& ()-1L-110%& ()| (-4 0%& ()-3@$109%& ()-1#"10%& ()-|
"110%& ()-eeufxffffffdH=2@ 10 TR 3: NV () - 8#109&' ()- @ 710%& ()-10
‘109 ()-10 10%& ()-ffggg*gggx
10Y"10%&' () - Y@ 10%&' () - 3" &10%& ‘
hyh{ h| hhhdE: 2@’ 10Y, $" 109%&' () - F#Z10%
'10%& ()-h9iiEjj;kdE 2@ 10YI LO4" 10%&
0%&()-IF(n‘ilOW&()-I&lO%&() ; kkk | I dH, 2G

109% () - @LO%& () - @ 8310%& () - 610%& ()-, KT#10%& ()- 3" 10%& ()-1L04" 10%& () -1
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Def au ll(;[ PS rr?a%?i%ﬁ rlhch(:)oanlpound of Formula VIIX

Z
O o NMe,
Q Formula VIII

F
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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 Mn and/or Li and alkyl or aryl groups to achieve a first intermediate;

ii) subsequently reacting said first intermediate with CO,, CS; or a2 compound of Formula IX
X

‘?- A Formula IX

wherein A and X are independently selected from halide, CN, OR® or SR® where R® and R°
20  are independently selected from C,.¢ alkyl, aryl, heteroaryl or benzyl and each of these C;.¢

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

alkyl, cyano, hydroxy, Ci.4 alkoxy, trifluoromethyl, nitro, amino, C,.4 alkylamino or di~C.4
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" #39& () dlitylamirid] RBEYRE FaRre R7 and R® are independently selected from hydrogen, C,.q alkyl,
<=>7?@\BCDEFGHI JKLM\COP STUVV\XYZ[h\ 1~ " abcdef ghi j kl mopqgr st uvwxyz{ |6}~
" #$9& () aryl, hetepppd o3 dppayl and each of these Cy¢ alkyl, aryl, heteroaryl or benzyl groups are

o %Bf?@;%ﬂ_t%g’ggg@g@%%hs&geﬁ, RS ARG BRhI, THARLY SEUVMNEE |}~
=2 %B?W%WMM bk lansiine ohediglyif Aikytaapm: st uvwxyz{| } ~
| HSUR ()X, -

23456789: 4.
<=>7 @BCDERE D) §KI’_1M%&3 SRRk Telpsted romydagshi Cie HkYparvb tetsmapgrpenzyl
NHSYR () Xy . ) .
<= ac b G RERCE LTV ok Pepat o st bt o pypsicuted
" #$9%&R' () with halo@di 4561188, gyano, hydroxy, C;.4 alkoxy, trifluoromethyl, nitro, amino, C;4
=>7 N i -~
<=>7 @‘BCDEIEy &%&Wf&ﬁ% U\{V\XY%[’\ ] ~_"abcdef ghi j kl mopqgr st uvwxyz{| }
to achieve the compound of Formula VIL.
10

13. Citalopram as the base or any convenient salt thereof manufactured by methods according
to any of the claims 1-7.

14. A pharmaceutical composition comprising citalopram as the base or any convenient salt
15  thereof according to claim 10.



