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Preparation of Citalopram PCTIDKO 1 /005-t2 The present

to a met Waot/o342 he preparation of the well-known anti deBE&Pdmo0de g
cital opram 1-[3-(dinethylam no)propyl]-i-(4-fluorophenyl)-1,3-di hydro-55
| sobenzof urancarbonitrile, nmethods for the preparation of internediates
used in tmtmfdemalthmpa@{,ﬁ@ﬁbﬁtﬁﬂr@mmand nmet hods for conversion of said
intermedi ates into citalopram Background of the Invention 10 Citalopramis
a wel |l -known anti depressant drug that has now been on the market for sone

years an
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been di sclosed to show effects in the treatnent of denentia and 20

cerebrovascul ar di sorders,

DE 2, 657, Backerownd ekthsdaventien, Us 4, 136, 193. This patent publication
descri bes the preparation of citalopramby one nethod and outlines a

o o T e St 50 T B b 20 B 1 S B e
1- (4- f | uoyeapherdytay tHe BHdwingtmicBirgcobenzof urancarbonitrile is reacted with
3-(N, N di net hyl am no) propyl -chloride in the presence of

met hyl sul fi nyl met hi de as cagd
prepared fromthe correspondi ng
cyani de.
ci tal opram may be obt ai ned
WO 02/ 1632 PCT/ DKOL/ OCb42 2 s Br

terns,

15

20

25

30

nsing agent. The starting naterial was

30 According to the ne Och is ohly outlined in general

F Formula I

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.
Psychiat. 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
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.

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.

According to the method, which is only outlined in general terms, citalopram may be
obtained by ring closure of the compound:

A AR
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italopr&u sand matheds, for sonvarnaEsaidintermediplosiinto titaloframt her

EP-A 474580. Cital opramwas first disclosed in

pirono, derivative by reaction with cuprous

¥¢_of the conpound: f /~2~



in the presence of a dehydrating agent and subsequent exchange of the
5-bronb group with cuprous cyanide. The starting material of Fornmula Il is
obt ai ned WOdR1838r onopht hal i de by 5 two successive G i gnarRCTBEEVISHS, | . e.
wi th 4-fluorophenyl magnesi um chl oride ang N, N di net hyl am nopr opyl
magnesi um chl ori de, respectively. A new and surprising nethod and an
internmediate for the preparation of cital opramwere described in US Patent
No 4, 650, 884, according to vﬁurl ch an internmediate of the Formula to Formula
11l is subjected to a ring clos fei@h by dehydration with strong

sul furic acid in order to obtai he i ntennedi ate of Formul a
11 was prepared from 5-cyanophthg slﬁccessi ve Gignard
‘reactions, i. e. with 4-fluorophenyl ng hat ogenide and N, N 15

di ni et hyl am nopropyl magnesi um hal oges , respectively. Further processes
are disclosed in international paten pl i cati on Nos. WD 98019511, WO
‘98019512 and WO 98019513. WD 9801951 d WO 98019513 relate to nethods
wherein a 5-am no-, 5-al koxycarbonyl - $r 5-(sec. am nocarbonyl)phthalide is
subj ected to two 20 successive Gignard reacti onformul:g cl osure and
conversion of the resulting 1, 3di hydroi sobenzofuran derivative to the
cor r esponditnije presgnsrorich Aehydraiing;agent and; subssgrenh exehange w4 the Adrope ey with
ap f' : cati Oa.lv\ﬂ%@us WanBROTAS dthrtHigShiefigiSoFFRRGEHSs bBiailddefrd baiophthalde by
cital opra

erein.a .. . . . . .
{4-subst i t YR PRV CRpAEAyAEionmm e (M Aibrsonhenyh st chlosfp saf dVMs
subj ect ed tmethylamédopsapybnmguesivne chlesde,trespgetbebubst i t ut ed
1- (4-fluorophenyl)-1,3 25 di hydroi sobenzofuran converted to the
correspondi ng 5-cyano derivative, which is allcylated with a
( 3- di net hyAamivnehg suppyisingl mgibnd dadian bietmediats obithé praparatioomfagitalopram \wgre
02/ 1G3- 12 B(HLBEPH 09 PaniNE UltBbleta, JRbIAMS 0 Wi SPRIdRId R MAFURINA
enantioners of citalopramare disclosed im US Patent No 4, 943,590 from
which 1% al so appears that the ring closure of the internediate of Fornula
1l may be carried out via ¥Chabitwe esCHOMi th a base. 5 It has now,
surprisingly, been found that c
favourabl e and safe procedure u
of the invention to Accordingly,
met hod for the preparation of citalop
15 conprising: reacting 5-carboxypht !
reagent of 4-hal o-fluorophenyl and a gnard reagent of 3-halo-N N
di met hyl - propyl am ne and then effecting ring closure of the resulting
conpound of Fornula Xl niula XI 20 toga conpoundonfulémamul a |V WO
02/163.12

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

tarting materials. Summary
vention relates to a novel
2 having the Formula | NC Formul a |
Jle successively with a Gignard

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-
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-, 5-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 5-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 5-substituted 1-(4-fluorophenyl)-1,3-

25  dihydroisobenzofuran converted to the corresponding 5-cyano derivative,which is alkylated
with a (3-dimethylamino)propylhalogenide in order to obtain citalopram.



4 HOOC followed by conversion of the conmpound of Fornmula IV into
citalopram Formula IV 5 In particular, the invention relates to such a
met hod comPro2iédy: PCT/ DKOL/ O0OS~2 i) reaction of the conp®¢TdPKF/BB2nul a |V
with a dehydrating agent and a sul fonam ge of the Formula H2ZN- SO2- R wherein
Ris: a) An optionally substituted NH2, or Cl-6 al kyl oxy, 10 b) aryl oxy or

het er oar yl.o opt.j opal substituted w.th hal ogen, - 4-al kyl ,. cyana,

nyar oxy. Esay. dheh on steRittig it shetormdliion stalegrain Sadipdieandss

ﬁi I Cl - 4al RateatriNg &,943)590 )frcan whiclr it addoeappasiry lthat phié ﬁnglclqﬁ?llﬁlbi’sthé ﬁmtbxﬁﬁklzdi\a'té lof

al ogen, - () VAR O . T , trifluorornet , hitro,
am ng, cﬁsz";}ﬂ]%':iﬁ‘!‘n%‘ynbgey%me&‘{L\é?’faf%f’ﬂ‘g%%?rﬁ?lﬂ%g?&%s or ii) conversiyon of the

~conpound of Formula IV to the corresponding am de of Forrmula V 20 Fornul a

Y in which izl e Eepddifely N GeRCHOGHE that il ﬂa?rp’m%l]p@ Rfthotured -6 &l kel

substituted with one 03 nbre supstituents selecte romthe grou
*conpri si ngﬁvavrﬁble&ﬁg sHEPERGSNIF USINg, copysnjent siprting mefetjals.ar y| oxy,

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

aryl - Cl- -%Pwryahﬁ’%'ﬁsﬂl Wacting 25 the anmide of Fornula V with a
dehydrating agent WO 0211G32 PCT/ DKO1/ 00~~2 t her eby obt ai ni ng

cital gpr aKb@ﬁdihEEf, tirgresent iavaiivnreaedté & abvel natieRifon e reparitiontscaalopraiie
conversion of the 5-carboxy derivative of Fornula IV to the am de of

For nul a \having the Feapvladd out via an activated acid derivative of Formula
VI: ula VI wherein R3 is hal ogen, Cl-6 al koxy, aryloxy, heteroaryl oxy,
aryl - Cl1- 6- al koxy, heteroaryl-Cl-6 al koxy, al kyl carbonate, aryl carbonate,
al kyl carbanat e, aryl car bamat 8¢~gl&sd.thiocar bonate, |10 arylthi ocarbonate,
al kyl t hi ocar bamat e, arylthiocar e, @alkyl acyl oxy, aryl acyl oxy,

het eroaryl acyl oxy substituted or™~ bt | fut edvaryl or substituted or
unsubstituted heteroaryl. |In another the invention relates to

nmet hods for the preparation of the i pdi at e of

F Formula X
comprising:
15
reacting 5-carboxyphthalide successively with a Grignard reagent of 4-halo-fluorophenyl and
a Grignard reagent of 3-halo-N, N-dimethyl-propylamine and then effecting ring closure of
the resulting compound of Formula XT
OH
HOOC
O OH NMe,
Q Formula X1
20 F

to a compound of Formula IV



Forrmul a 1V conprising reaction of 5-carboxyphthalide successively with a
Gignard reagent 15 of 4-hal o-fl uorophenyl and a Gignard reagent of

3- hal o- N, WOdi2f#e343y| - pr opyl ami ne and then effecting ring clRSUPKOHOS{he
resul ting conmpound of Formula XI nmula XI 20 to a conpound of Fornula IV

WO 02J1632 PCT/ DKOL/ 00~-L2 6 The Gignard reagent of 4-hal ogen-fl uorophenyl
is a magnesi um halide, such aade chloride, brom de or iodide. Preferably
t he magnesi um bronmi de is used. Thg -rd reagent of 3hal ogen-N, N

di met hyl propyl antine is a nmagnesi i g8, such as the chloride, bronide
or iodide, preferably the magnesiu ide~ preferably, the two reactions
are perfornmed 5 successively without isglation of the internediate
resulting fromthe first Gignard read - The ring closure of the
conmpound of Forrmula Xl is effected by Qg gcid or via a labile ester with or
W thout a base. Acidic ring closure is gerfornmed by an inorganic acid, such
‘as a sulfuric or phosphoric acid, or angrorganic aembla®uch as
nethylsulfonlc t ol uenesul fonic or 10 trifluoroacetic acid. The basic
ring cl osurf C§M¢Wﬁ@wmfdh@cqramunéoéEp@nulawch as the methane sul fonyl,
p-tol uene sulfon 10- canphorsul fonyl, trifluoroacetyl or
trlfluoronéﬂﬁéﬁgéwmﬂbnyl ester with addition of a base, such as triethyl

am ne, dlnethylaniline pyridine, etc. The reaction is performed in an
inert solv preferably with ooI|n i rticuLar about 0 C, and is
preferably B?'F’F'élar g té?“&ﬁl? a5de S'ﬁf&'ﬂ”c@ COMPRSING:5 with esterification

and sinmultaneous addition of the base. The 5- car boxypht hal i de used as a

3,607, 34 o oo SaBRhAld SEaubyll Fy WEAY RRnORR6E AR 40 - BHPRaRLl o
sol ution ofthetﬁwrapl&etHde@zaleilemmRﬂsor mal dehyde inliquid SO3 or by
el ectrochenm cg %/ent | g esﬂ@étit{?ﬂ%d?fﬁz% @p& %ﬂ(ilg;{ﬁeaci d. In yet another

aspect, the in n re at es ne preparatl on_of cital opram
Formul 401 25 ®dnByIoXy ref h@t&&ame% oeaﬁﬁ!lynauhﬁlw iitha halogen, Qo-alityl 6gano.7
HOOC  For nul a hydoRET/ OKQIE6RAY ZrifthdrBmaeth§lk N at hiféhc2 d €0Y-alidanding Ut oaa() e
of the fornul a?HfEé:SFOZ R vm%?el n Ris a? An optionally substituted NHngr
Cl-6 al kyl oxy 2P0 9y v or het eroaryl oxy optional Iy substituted with

hal ogen, Cl- 4a) katyl orchetaroaryhyptiomaily sébsGitelt with halpger, 10, fy-alioy] oeyandytlydraxyt Cg,

opt 1 onal 1y s EakPBG Rt Wil B Moy fhink br ALE, (S R0 22

Cl- 4al 8xy, trifluoromethyl, nitro, amno, C-4-al kyI am no or

di - Cl-4-al gyl ami no. I n yet another aspect, the present invention relates to
an anti depressant pharmaceutical to conposition conprising cital opram as
the base or any convenient salt thereof manufactured by the process of the

i nvention.  Throughout the specification and clains, the term dehydrating
agent' ref & s cPBVasign 8f fhe gewound of Formula IV to the corresponding amide of Formula V

NR'R?

O Formula V

F
in which R' and R? are independently hydrogen, C).¢ alkyl, C1.6 alkyl substituied with one o1
more substituents selecied from the group comprising aryl and heteroaryl, hydroxy, Ci.¢

20

alkoxy, aryloxy, heteroaryloxy, aryl-Ci¢-alkoxy, or trisubstituted silyl wherein the
substituents are independently C,.q alkyl, aryl, heteroary! or aryl-C,.¢-alkyl and then reacting
25  the amide of Formula V with a dehydrating agent



dehydrating agent and a person skilled in the art may easily determ ne the
opti mal agent. 15 Exanpl es of suitable dehydrating agents are SCOCl 2, PCC 3,
PCI 5, SOBVQ02/RGE: 3, PBr5, SO 2, PO 3, PIS P4010, oxal yl cRCEMDH/00542

car bonyl di i m dazol e and Vil snei er reagents. Preferably a chl oro-containing
agent, nost preferably SOCI 2 or POC13, is used. Vilsneier reagents are
reagents formed by m xing of N, N dinethylformani de (DVMF) and dehydrating
agents, dhergby abtaiping gitalgpramas thorasesexy phasmacatcallipacepfablegalithesiofhout t he
specification and clains, C-6 alkyl refers to a branched or unbranched

al kyl gr havi ng fr ne.to gix carb at i.nclusiyve, .such met hyl ,
oty . O e sserin gk S eEpog dotvatise of FommiB Ty ee fin i bRy v may bd

2, 2- di et duypfiedlowttvitydn avtivaied meididelivativerofokmulaivii:| arly, Cl1-4 al kyl refers to
such g group having fromone to four carbon atons inclusive 25 and Cl-4

al koxy, Cl-4 al koxy and Cl-4 al kyl am ne designate such groups wherein the
“alkyl moityR s as defined. Hal ogen neans fluorine, chlorine, bromne or
iodine. 30 Iln nethod i) of the invention, one possible but non-limting
mechani snpod ction is that the 5-carboxy conpound of Fornula IV
reacts with th dpation agent in order to forma corresponding
activated deri whi ch then reacts with the sul fonam de, H2N SOz- R,

WO 02/ 1G3-12 P 8 thereby formng cital opram During the

| atter reaction, 3 amount of an acid may be necessary. The

sul fonam de, H2N- S , used in the process is preferably sulfam de,

NH2- SO2- NH2. 5 Thegptional |y substituted NH2 used in the process is
preferably tert-butyl am nEomikeVk eact i ons with dehydration agents in the
met hod of the inventlion are carried out neat or in a suitable solvent, such
as sulfolane or acetonitrile. Wen a solvent is used in the to dehydration

reaction of 1. .a,.catal Wi caamount, of N di hyl §f ar 1 de o] eeded.
o one. ersit RS BB G SRR b 1of), Sehdiodly By - CF RS ook
Formul a |akaexydalkhRafonN@] aiRarbohatt hdkyleabatiad, flchdantdtedalkylthioéRberiateg! opr am

is perfornmed without isolation of the conpound of Fornula IV, a so called
*one- Pot BYithipeasbanate, alkyithiogarbamate, anlilgrarbamatss alkylacylone anlasyloxyhe

conpound ﬁeﬁﬁ’gﬁg@%%’%ﬁﬁg@%ﬁlﬁ%ﬁﬁgﬁﬁ% %JyLXr LBl {eﬂ%rtﬂﬁgﬁsﬁtufﬁarﬁé%rg f} to

ci tal opram e used as the ee base or-as a
pharmaceutically acceptable 20 acid addition salt thereof. As acid addition

salts, such salts forned. with organic or, i ho ni c aci ds be used.
e ar yPGRORE AT bAT Ve OrcTe e (o Hohods oh ifuebieation fihp demariy of
ascorbic, g gfgﬁé WV ComPiigink Geachibs BES R¥iRRGSRhAIRN! guece_smlapamisy Cr2Rk@ reagent |

et hanedi su nic, acetic, propionic, tartaric, salicylic, citric, gluconic,
| acti 5 nafl4-balotflnodegihieny! andranGrigward cdagentod 3t-alo-AsNatimethyl-propplainine and then
palinitic,.it.acanic I lic - am nobenz Qi m c, benzene sulfonic
and 25 t he hﬁ}gflpﬁ@lo&g‘é%(fcfghea’iﬁs‘b@?gﬁ%m%q Ogg%pﬂgiaghﬂal ot heophyl | i nes, for
exanpl e 8 bronot heophyl I'i ne. Exenplary of such inorganic salts are those

wi th hydrochloric, hydrobromc, sulfurpg sulfam c, phosphoric and nitric
acids. The acid addition sghts of the fonpounds may be prepared by nethods
known in the art. The 30 base g/ rese #Mthmgzher t he cal cul at ed anmount
of acid in a water m scible sol as_/acet'one or ethanol, wth
subsequent isolation of the salt™k entration and cooling, or with an
excess of the acid in a water inmm sci blle_sol vent, such as diethyl et her,

et hyl acetate or dichl oronethane, with salt FepalsaXi Ng spont aneously.
WD 0211632 9

20

to a compound of Formula IV



PCT/ DKO1/ O0OS~2 The pharmaceutical conpositions of the invention nmay be

adm nistered in any suitable way and in any suitable form for exanple
orally irwolei6dem of tablets, capsules, powders or syrupPCTRKUEOPERt eral |y
in the formof usual sterile solutions for injection. 5 The pharnaceuti cal
formul ations of the invention nmay be prepared by conventi onal nethods in

ngr edi enp TEET afseeh L Eh B0 BN REIEPF AinBihoBul ek MGt I porice,
conpr essi brgmideeoriodide: @réfarablycihnveasmiesingl brooidecist usmy PhesGhignard reagenp o€ $- of
adj uvant spf6e LA AR BinSet Hﬁ?%gyﬁﬁnnqurd’m%b?é'sﬁ& h f%ﬂclﬁ%@t&g Qh‘,‘b\ny Ob‘ﬁﬁmde or

magnesi um st ear at e, | act ose

-adj uvant 9fideg PERfE‘iapIq thec graghgsivy <h %d@ﬂﬁfefﬁﬁabb’ertb%lttWOef§a@t%ls sy peporgsd d
provi ded dudadssiveBywilicut GMatidhioPtR ivlehhedifte résultingeirdrh eSOt Enar$otadtibRNS
for injections may be prepared by dissolving the active ingredient and
"possible additives in a part of the solvent for injection, preferably
steril e Vleting eldpurstdfrie térapamid dfiRonmil Xbist éf&ctb’dSHy adaomloulvm a fdbileidsiesi ng
t he sol ut n [ I8 t I | An . b e

adai 1 ve WER RN B, haldt Bk TR ATBARRARY A BolgeniDiady by
agents, méﬁlapmmhvamonamcldom dmm‘@mcatcm smanmmﬂxyts@lﬁme, pmlemqsmlrﬁoms or

furt hgy 'Mﬂﬁafdaeé&d aém tﬁﬁ% l;é%ic e . nvgé&%nf(@a' ¢ §fmﬂie eg%&t st 1 s the

construed as limting the scope ntion - Car
ci t al opr aRFthenery glfonyk ed- gl&l@l@f‘ensﬁﬂéﬁ?pxlm ut® sﬁnslﬂorgl anwbox%ﬂwaaqeaé {Pro

g, 57 m"@iﬂhofdi‘n&héheﬂrﬂfod 2Oe§ﬂar )Wiﬂﬂd@ddlﬁoﬂi\l bfogerbageg megdhhedse tisthydddmihe,

of b1 uof GNP AR gREAST 6 DY e s eliomet gl o ﬁ&gﬂ@feﬁ?ﬁa Bhshitc

{approx. ¢noliap, Mparncm&lFat(cmp pr"@; an6®s picferably mdmldom’ogm\nn@punpmbedme Ac.
S-car \BRB Q?eﬁﬂgat o%%h@ﬁﬂlltaﬁe aﬁhf %H o?{hﬁ:fﬂ@%

di net Ayl am nho magnesi um chlorl e in iept ane (approx. 2 M approx
15 nL} was then added dropwi se until none of the previous internediate

remai ned. Mc%bwmlm%sédﬂm SUBRS hAlERI hﬁy%mtaﬁaegwtﬁ@me%hb qescmleé
solid was, treated Wwth saturate queous. amm g 31 ride solution (2 nlL)
and wat er (39 et Nong Gtoﬁésﬂwf\é@maﬂjpa@% kot & ?ﬂlé? 6> Wf-tO eagiEg A concentrated
hyldr ochl ogdlgticiCioft ®fdphthiatio aE]cch w1|t_||3ﬁ/\iﬁéﬁﬁdldiﬁ@‘dé2ml?qﬁiET SDKQS# @95F130Mcheiﬁ’\@.1

sol utjon er anal ysis of the aqueous |ayer

i ndi C'aO[ edhwadﬁ%enlaﬁ%naf\f&mﬂg pa]’é%ent in sufficient purity to continue {> 90%
purity, HPLC peak area - WV 220 nm). The pH was adjusted to pH < -1 with
aqueous hiydrpeRMAL fpadi tHe HiftleHiidrP]ddGo MmdtReH fop eheSbptratith dﬁ‘ftaﬁ)bfa[rﬁ ed for

2 h. HPLC analysis indicated that the 5-carboxy citalopramwas 5 present in
sufficient purity for further use (> 80% purity, HPLC peak area - WV 220
nm . Exanple 2 NC
5- Cyano- 1- (4-fl uorophenyl)-1-(3
ran. (Citalopram free base) to
5- Car boxy- 1- (4-fl uor ophenyl ) - 1- ]
furan (5 g, 0.015 nole) and sul fam de
i 11 sul folane (15 niL). Thi onyl chl origde
roomtenperature and the tenperatursg he reaction m xture was raised to
|30 C for 2 hours. The reaction m xtioke“was allowed to 15 cool to 75 C and
water (25 nL) was added. The tenperature was hel gor%m 2 C for 15 mn, and
then the reaction nixture was cool ed tlo roomterrpera%ure pH was aj usted to
9 with ng&q]é ane (75 nL) was added. The
terrperature %gﬁi&g’??%@ﬂ%&% O?Tﬁggggt n- hept ane | ayer was i sol at ed,
fromwhich the title conpound crystallised on cooling. Yield 3.77 g. Purity
- (HPLC peak area) > 97% 20 Example 3

5- Cyano- |- (4-fluorophenyl)-1I-(3-di net hyl am nopropyl) -1, 3-di hydro-i sobenzofu
ran oxal ate.

barri nopr opyl ) - 1, 3-di hydr o-i sobenzofu

\ A propyl ) -1, 3-di hydro-i sobenzo
1.65 g, 0.017 nole) Were dissol ved
.25 g, 0.019 nole) was added at




(G tal opram oxalate) 25 To a stirred sol ution/suspension of
5-carboxyphthalide (57 mmol) and N,N,N , N tetranethyl ethyl enediam ne ( 144
nmrol ) in WER2(188Q nlL,) was added a solution of pfluoropherRGHBEHEDS M

broni de (approx. 0.5 M and magnesium brem de (approx 0.125 M in THF
dropwi se until no nore starting phthalide remained. A solution of 3-(N N

di met hyl am no) propyl i nagnesiagr chl ori de (approx. 2 Min THF/ heptane) was
added 30 dropwi se until no noreNgfXthe\previous internedi ate renni ned.

Met hanesul fonyl chl oride (228 wasOadded Hropwi se over 5 minutes in an
exothermc reaction. After 30 mi m&ZDWN(5 ) NMas added, followed by POC13
(228 mmol ) dropwi se over 10 minutes inLa mldly exothermc reaction and the
‘m xture was stirred for 2h. t-Butyl (285 nmol ) was WO 02/ 1632

PCT/ DKOL/ 00~~2 11 added dropw se ove m nutes and the m xture was
stirred overnight. DMF (5 nL) was added dropw se, followed by POC13 (2.3
nol ) over 1 h The m xture was stirred: overni ghFgmaladvVwas t hen heated to
reflux for 1 h. The m xture was_cooled in and ice/water bath, and water

(200 ni) VB a@&hydra%g agentidp sifepamide th\ﬂéer formylaiHNapOeRoVhEEM R it eact i on.
The 5 m xg)ur,:gl wﬁ)nag bidsAehtddONRE o7 T, W anmigeaqueous sol ution of ammnl ain

wat er (25 % w'. v uene 100, nd t ure
et el (28 o o ELUEDE (100 T seRapdde pand L he UL e 188 hrony
filtrates waa-Alapgs aifkdromstiyll hitropagino, C, pakytamins ocdil-Cepilkglamiig opr gani ¢

phase was extract.e of \H2S04 (10 % v/v). The
conbi ned Qe e ger%)%ry&g?t%rﬁg% P?sgg&gg%iﬁ E@%ﬁr’t &léﬁlkg B0 BysoRy, o¢1‘“‘0f
anmonia in w&toay, mupmwlmﬁwmnmrﬁleaﬂwhwwommt% stadkylemino. The conbi ned
toluene | ayers were dried and evaporated to give cital opram base as a dark
oil. The oxal ate salt was prepared, using standard procedures to give

ci t al opr dfh ¥tatuather agpesty the pregentpigyvention peates jesr antidgpressanh pharmagentical

02/ 168 1%&@&&1&%@@&@1&10 Ehl@élbis@rortaﬁ? cBARMMNE kLD thedof Ghiraifatiad NC
S conprisin For nul 01/ 005~2 reacti ng 5-carboxyphthalide

successi V& ﬁ‘e\ﬂr‘?‘}’?s%o P &MY eagent of 4- hal o-fl uorophenyl and a Grignard
reagent of 3-halo--N, N di nethyl -propylam ne and then effecting ring closure

of 10 th %g I_>é| Hﬁé}s:y c f | a
| V HOOC eﬁ'ﬂﬁr%ﬁ%x&dt%%l 8{(‘ Jgk%e% l%@e conversi onng%g?we%(;fg%gdaﬁl S“r%lgu
For mul a |dphydta@mg|aggntoqydamperson skilled in the art may easily determine the optimal agent.

15  Examples of suitable dehydrating agents are SOCl;, POCl;, PCls, SOBr;, POBr3, PBrs, SOI,,

POIl;, PIs, P4O4¢, oxalylchloride, carbonyldiimidazole and Vilsmeier reagents. Preferably a

chloro-containing agent, most preferably SOCl, or POCl,, is used. Vilsmeier reagents are
reagents formed by mixing of N,N-dimethylformamide (DMF) and dehydrating agents,

examples of which are DMF/ SOCI; and DMFE/ POCl;.
20

Throughout the specification and claims, C; alkyl refers to a branched or unbranched alkyl
group having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-pro-
pyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.
Similarly, C;.4 alkyl refers to such a group having from one to four carbon atoms inclusive

25 and Cy alkoxy, C;.4 alkoxy and C,4 alkylamine designate such groups wherein the alkyl
moity is as defined.

Halogen means fluorine, chlorine, bromine or iodine.

30  In method i) of the invention, one possible but non-limiting mechanism of the reaction is that
the 5-carboxy compound of Formula IV reacts with the dehydration agent in order to form a
corresponding activated derivative, which then reacts with the sulfonamide, H,N-SO,-R,
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characterised in that: i) the conpound of Forrmula IV is reacted with a
dehydr at iwiQ 02ged2 and a sul fonanmi de of the fornula H2ZN- SOPOR/RKHEH3 R i s
a) An optionally substituted NH2, or Cl-§ al kyloxy, 5 b) aryloxy or
het er oar yl oxy opt i onal 'y substituted with hal ogen, C -4-al kyI cyano,

hydroxy nitr an no o

L OXY, e g kb 2 R o AT G A B e
haI ogen, n}:mssaw kyI cyano hydr oxy, Cl1-4-al koxy, trifluoronethyl, nitro,
am no, Cl-4-alkyl arri no or di-Cl-4-alkylamno; lo or ii) the corrpound of
Formula 1V is converted to the correspondi ng ani de of Fornul a ornmula V
-i n whi ch Fre sy@nmmidg, HaN1SnRriised in thepyopesijis preferably sulfpmide, Eﬁsz%Wb

substiguted with one or nore substituents sel ected fromthe group

et or oary FERGRUoRATY subRlgie Wi yscdl (5 Hopsse 1§ MORERLLIE Yol 1 1 he

substituents are independently Cl-6 al kyl, aryl, heteroaryl or

Sont 1 nRLI AR B /aR Rkl ot 16 o by T il Ak a1 Yghiah 1o
accept abl @ gaguitableesodesint, su@wh3as Fwolare loo dicelonitrilgi NﬁhemoaCBOévmnt ds umérlmthet he
conpoynd @éhyﬁﬁmu'r@ache/n b8iiJ, %%aﬁgﬂmvyﬁﬁ&nﬁsﬁw -aRekuio gxgor i m é‘y bd- ﬂf‘efdg?/’t hod,

of Caim3 aracterised Vi e reaction Is pe I'n su
25 5. The nmethod according to Caim?2, wherein the conpound of Fornul a |V
i s react ebh onet ¢mp@bngntaefot semtenbgnmharmmfactme whtlezgongund afEFormrial Y ess. 12

14 6. The,met hod of ¢ cha ri sed hat, e manuf acture of, the
cormpound BF traee Bl e ebmpEaR £ 3" i aloBiont o PR Dy
perforrredlsmatlb@ufthb%@mpbmmmorhmanorﬁmwaﬂe@fon fainghdsié>. 5 7. The net hod
of claim1, characterised in that the conpound of Fornula IV is at |east

parti & | y isol ated before conversion to citalopram 8. A nethod for the
prepar ati g, Qfin&! &t ABLEM M¥the invention, the compound of Formula IV is at least partially

isolated before conversion to citalopram.

The compound of Formula I may be used as the free base or as a pharmaceutically acceptable
20  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,
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
25 theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-
bromotheophylline. Exemplary of such inorganic salts are those with hydrochloric,

hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The acid addition salts of the compounds may be prepared by methods known in the art. The

30  base is reacted with either the calculated amount of acid in a water miscible solvent, such as
acetone or ethanol, with subsequent isolation of the salt by concentration and cooling, or with
an excess of the acid in a water immiscible solvent, such as diethylether, ethylacetate or
dichloromethane, with the salt separating spontaneously.
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F Formula I

comprising

reacting 5-carboxyphthalide successively with a Grignard reagent of 4-halo-fluorophenyl and
a Grignard reagent of 3-halo-N,N-dimethyl-propylamine and then effecting ring closure of

10  the resulting compound of Formula XI

OH

HOOC
O OH NIVIC2
Q Formula XI

F

15 to a compound of Formula IV

HOOC

F Formula IV

followed by conversion of the compound of Formula IV into citalopram.
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F
in which R! and R? are independently hydrogen, Cy.¢ alkyl, C1.¢ alkyl substituted with one or

more substituents selected from the group comprising aryl and heteroaryl, hydroxy, Ci.6-
15 alkoxy, aryloxy, heteroaryloxy, aryl-Cis-alkoxy, or ftrisubstituted silyl wherein the
substituents are independently Ci.¢ alkyl, aryl, heteroaryl or aryl-Cj.¢-alkyl and then reacting

the amide of Formula V with a dehydrating agent;

thereby obtaining citalopram as the base or a pharmaceutically acceptable salt thereof.
20
3. The method according to Claim 2, wherein the compound of Formula IV is reacted with

SOC1, and sulfamide.

4. The method of Claim 3, characterised in that the reaction is performed in sulfolan.
25
5. The method according to Claim 2, wherein the compound of Formula IV is reacted with

POCI; and fert-butylamine.
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Formula I
10 F

comprising reacting a compound of Formula IV

HOOC

F Formula IV
with a dehydrating agent and a sulfonamide of the formula H;N-SO,-R wherein R is
15 d) An optionally substituted NHy, or C,.s alkyloxy,
e) aryloxy or heteroaryloxy optionally substituted with halogen, C;.4-alkyl, cyano, hydroxy,
C,.4-alkoxy, trifluoromethyl, nitro, amino, C,.4-alkylamino or di-C,4-alkylamino, or
f) aryl or heteroaryl optionally substituted with halogen, C;.s-alkyl, cyano, hydroxy, Ci.4-
alkoxy, trifluoromethyl, nitro, amino, C,.4-alkylamino or di-C,.4-alkylamino.

9. A method for the preparation of a compound of Formula IV, characterised in that the
compound of Formula IV is obtained by reaction of S-carboxyphthalide successively with a
Grignard reagent of 4-halo-fluorophenyl and a Grignard reagent of 3-halo-N,N-dimethyl-

propylamine and then effecting ring closure of the resulting compound of Formula XI

25
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