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the Preparation of Cital opram PC f/DK99/ 00576 The present i nvedtAmsih20Q3 at es
to a nethod for the preparation of the sell known anti depressant drug

ci tal opram

| - [ 3- (di met A ®RBHA) propyl ] - 1- (4-f 1 uor ophenyl ) -1, 3- di hydr o- SPEBMKIEITF anca
rbonitrile. Background of the Invention. G talopramis a well-known

ant i depr Methiot folr thp Priephrdtiom ofditdleprandn t he market for sone years and has
the followng structure: fornmula | It is a selective, centrally acting
serotonin (5-hydroxytryptam ne; 5-HT) reuptake inhibitor, having

ant i depr é‘bsanrt:seat:tmmntlpesrelaMetoammdhpd dfon dimet peaplaratllonyof)thet h@llcbmmmu adtihas

been rep l4i.Q8 t 44€ 11 5.
Neur o- poyehesynr R Bt dop i A ARy iy I YEhuorkBRhl-1,3-dtydrors
Act a Psyéf’fﬁbﬁtwo rapeailpnittleg7 75 | 478-486. The conmpound has al'so been

di scl osed to show effects in the treatnent of denentia br ovascul ar
di sorders, EP-A 474580. Cital opramwas first disclosed Wﬁ%ﬁl&@ M?l
corresponding to US 4,136,193. This patent publication

pr epar at Backgfounidtofithelmvenbignone net hod and outlines a f ur t §&poznet hod t hat
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met hyl sul fi nyl net hi de as condensi ng agent. The starting material was
prepared fromthe correspond¢ brqnmo deri Vr\?t I ve by reaction-w th cuprous
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formula I

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
having antidepressant activities. The antidepressant activity of the compound has been
reported in several publications, e.g. J. Hyttel, Prog. Neuro-Psychopharmacol. & Biol.
Psychiat., 1982, 6, 277-295 and A. Gravem, Acta Psychiatr. Scand., 1987, 75 , 478-486. The
compound has also been disclosed to show effects in the treatment of dementia and
cerebrovascular disorders, EP-A 474580,

Citalopram was first disclosed in DE 2,657,271 corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further
method that 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 second method, which is only outlined in general terms, citalopram may be
obtained by ring closure of the compound:



Accor di ng to the second nmethod, which is only outlined in general terns,
cital opram nmay be obtained by ring closure of the conpound: 17Apripgea3

© 2003 WD 001 23431 2 PCT/ DK9910057G fornula Il in the presence of a

dehydr at i ngygp@@B431and subsequent exchange of the 5-bronmo gr qxtp;/m(;dmgy@no
using cuprous cyanide. The starting material of fornula Il i's obtained from
Sbromopht hal i de by two successive Gignard reactions, i.e. wth

4-f1 uorophenyl magnesi um & de ANGHN, N- di net hyl am nopropyl nagnesi um
chloride, respectively. A ne d surgyisi '@jM?ret hod and an internedi ate for
the preparation of cital opramwete_gdesgribed in US Patent No 4, 6S0, 884
according to which an internediate §f the fornmula forrmula Ill is subjected
to a ring closure reaction by dehyon with strong sulfuric acid in

order to obtain cital opram The int Bdi ate of fornmula Il was prepared
from 5-cyanopht hal i de by two success Gignard reactions, i. e. with
4-f 1 uorophenyl magnesi um hal ogeni de and N, N di net hyl am nopr opyl nmagnesi um
hal ogeni de, respectively. Further processes ar ¢ordidgllosed i n I nternational
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or 5- (seyancaNFingCeupsosy byzphdmaThqjetartmgs otestal eef formuld 15 us cabtaingd fiam ghar d
reacti oRgomby rgﬁ’alfdeotﬁ“gvﬁo ger Iegsgw{évehﬁﬁﬂ fRhctidig, 1. @S\Wt%'4nﬂuoroghenr¥ gnesmm

1, 3di hydr oi sobenzof Ive he corres on nmpound
i .e. ci chloside and N.Nrdimgtylaspinepronylanegnspivm elerids rmectwslsg 8/ 019511
di scl oses a process for the manufacture of C|talopran1mhere|n a

(4- subst,i t ut ed-,2- hydr.ox enyl uo en nethan

Suby ect AUNPS R HIGE, P otk 80 Yatetiedini ol S BrdpRiAign Of citafopram Wfe®

1- (4-f | Jdeswribed vy UB-Hatcd Noy4l 630, 8baseacling wwhmhmnmtednéd:ate b€ thedormslpondi ng
5-cyano derivative and al kylated with a (3-dinethyl am no) propyl hal ogeni de
in order to obtain cital opram 17 April 2003 WO 00123431 3

PCT/ DK99/ 00576 Finally, pMepar i t he individual enantioners of
cital opram are disclosed in , 590 fromwhich it al so
tewmmaleofformnalllrmybe

8 base. It has now been found that

cital opram may be obtained in a higp eld as a very pure product by a new
process in which an optionally suby
2-[1-[3-(di net hyl am no) propyl ] -1-( orophenyl) - 1, 3- di hydr oi sobenzof u. r an-
5-ylJoxazoline or -thiazoline is converted in ogne step to cital opram
substantially without any occurrence of unde5|ﬁ§ﬂ“%45£ reactions. It has

al [so begnsitpattell td1atrirgt clbSurd 98:2tibh Byt @ehRiREBH Swith atroRd k@IfRad ¥cid Yk Drddridoed
’ [ 3- ( dioktaim gitalapsagy. s iptermediate. off fognplanth yias preparel fromy Scxssehdelide bY. . y

| ] oxazewbriecdessivé Girighaaidi reactions, alemavitihad-fuokiopheaiy] ynagnasivmriglégenide and N,N-

5-carbo th an optionally

substi t@l gﬁ]gﬁhl ‘g‘?"m@y”{' %giHn;}gll%cngfe agit%gwet hyl am ne and ring closure.

The intermedi ate oxaolines and thiazoli nes are stable under the Gignard

react i OunRBdirbb&8Ss are disclosed in International patent application Nos. WO 98/019511, WO
98/019512 and WO 98/019513. WO 98/019512 and WO 98/019513 relate to methods

wherein a S5-amino-, 5-carboxy- or 5-(sec. aminocarbonyl)phthalide is subjected to two

successive Qrignard 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 98/019511 discloses a process for the manufacture
of citalopram wherein a (4-substituted-2-hydroxymethylphenyl-(4-fluorphenyl)methanol
compound is subjected to ring closure and the resulting 5-substituted 1-(4-fluorophenyl)-1,3-
dihydroisobenzofuran converted to the corresponding 5-cyano derivative and alkylated with a
(3-dimethylamino)propylhalogenide in order to obtain citalopram.
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Summary of the invention Accordingly, the present invention relates to a
.novel nethod for the preparation of citalopram its enanti omer'? ARib2QRS d
addition salts thereof conprising treatnment of a conpound of formula IV
formula IV wherein Xis Oor S; R - R2 are each independently sel ected
from hydrog¥@0a@333C 6 alkyl, or R an@ R2 together form a KZI/BKa¥e0s7ene
chain thereby formng a spiro-ring; R is selected fromhydrogen and C,_6

alr ?C/Lr . (F)%Fma%,s&lleﬁﬁae df i)feﬂﬂiugy dfeqaemdu%m?dgﬁgltﬁ#egr ot?%l%dﬂa?%yz{rg Hi)ééR)s@d Jlqﬁgucs i
Pher eby P 1B 408, FCEinghichii 856 apnentscii 1 ringopure of 4 DISAREr g o

where X famtla Hhanaybelcyriel @avaga labild d3ter ithatgise.ne ring or treat nent vmth a
radical initiator, such as peroxide or with light, to formcital opram

havi ng the fornmul a 17 April 2003 WO 001 23431 4 PCTI DK991 00576 fornul a |
as the bldas mwmceaéomdath@n difalopram maythieerbérfied iarechigh gieddifs @ verygiire peddugt

converti I

accept ablE SaPY RpaRe wfiCad SplloRit: .%‘E&Qsieﬁ HEP-RIRRIRER -1
dﬁhydL at ﬂaﬁrttoa 311 1)- éé?gm;a@%ﬂx%mu y”ﬁxngg;m -ﬂ;fngmggs czjnvertepdp Am one
phosphor dt b 4

(pol yphogtgﬁorllc a@?‘g s;atndinO l0 ‘?’?}%}dfoecgigtl on nge beagar ??edﬁgfjt _in the
presence of an organic base, such as pyridine. Alternatively, the

dehydr at itdmas alyertcemyunt ehat idsppsaibhieto prpgenhe optiahallq seimsined d- [MBo{hnn'nesh-

Lo e, DY RAASY ] 2 apBbPAEORL SRR honB ALY A6l Cor Dbt
phosphor peenedidte dirdetly staiting| @mr@%ﬁbxwﬂﬂmﬂld@obmrmatlahmf llﬁr amideywithfas r ed
to as ?%&?ﬂ%ﬁbsnt bd bl @}Mycahﬂmm%tm Axe&a@%ﬁ%@h&m la?ﬂ g Gbdu¥e. The

referred tri os e atertiar suc

N, Ndi met Hy¢ rﬁwwotwe%nm tNa%ﬂl’alPkgﬂleéMbbﬁHH%H@F Gaigpapd NaﬁﬁlQMWItH)@ét ani de.
A classic V'Isneyer reagent is the chloronethyl enedi met hyl i m ni um chloride.
The Vils |er gﬁqﬁ is.preferably prepared in situ by adding the

chl ori nati ?H“ﬁ“ %ture containing the starting oxazoline or

t hi azol i ne derlvatlve of fornmula IV and the tertiary am de. Wien X is S and
t he conv i z g t C gEQu Y.

thor mal - (rSurdeB) RCpte R A ffond s (.2 hotR) 2HERR e BreffiifioRVor
pref er abFijalepran, eifs snentiomess aadhgaid oasishtmngams(: tlsqsmfemmplm;n& tmaén@rtaaf ¥ an
aprotic Q&h?émﬁp(gf\@gﬁﬁulawch as N, Ndi net hyl f ormam de, N, N-di net hyl acet am de,
di met hyl sul foxi de or acetonitrile. The tenperature at which the thernmal
deconposition transforns the 2-thiazolyl group to a cyano group i s between
60 C and 140 C. The th deconposition may conveniently be carried out
by reflux in a suitable s nt, preferably acetonitrile. The thermal

cl eavage may conveni e bdi carried out in the presence of oxygen or an
oxi dation agent. Cbnpdﬂndsxof e |V wiaMeg X is S and R is a carboxy
group or a precursor for a carl L_gy® p—¢€an al so be converted to
citalopramby treatnent with a radic
per oxi des. 17 April 2003 WO 00123433

F formula IV

wherein X isOorS; ’

R' --R? are each independently selected from hydrogen and C, 4 alkyl, or R' and R* together
form a C, ; alkylene chain thereby forming a spiro-ring; R’ is selected from hydrogen and C, ¢
alkyl, R* is selected from hydrogen, C, alkyl, a carboxy group or a precursor group
therefore, or R’ and R* together form a C, ; alkylene chain thereby forming a spiro-ring; with
a dehydration agent or alternatively where X is S, thermally cleavage of the thiazoline ring or
treatment with a radical initiator, such as peroxide or with light, to form citalopram having
the formula



PCT/ DK99/ 00576 In a further aspect, the invention relates to the above
_process in which the conmpound of fornula IV is in the form of 1Hril 2003
S-enantioner. In yet another aspect, the present invention relates to .

ci tal opram -ci tal opram manuf actured by the.-process of t ' Lon
and an ant ivglggo/és“g';nt phar maceut i cal co'rgrposition conpri sing E?T’?F‘é%ﬁéﬁﬁ?or
S-cital opram manuf actured by the process of the invention. According to the
present invention, it has Nexprisingly been found that the oxazoiine or

t hi azol i ne group may be intro ingo t he™position of phthalide and
that remain stable during the reactions. Furthernore, it has
been found that the 1, 1-di substitutey |1 sobenzofurancarbonyl group in the
intermediate of formula IVis surprly stable and that the reaction of
t he

2-[ 1-[ 3{ di met hyl ami no) propyl ] - 1- ( 4- fM=sgr ophenyl ) - 1, 3- di hydr oi sobenzof uran-5
-yl ] oxazoline or thiazoline with a dehydration reagent, in particular by a
Vil smei er reagent, to give the correspondi ng nifernglal i e. cital opram may
be carried out at higher tenperatures than those described in relation to
such dehydration reactjons.in the literature. It has also been fqund that,
due t o AN BREiOAR 26t B‘?qS‘P?%/S%'f ﬁwwef,&ﬁdithﬁaﬁﬁv opitoaplly GORYFIORE SAIE DASR/PT or
2- t hi azahidweid dditich sdkotdhatmdcedticallysdctdptitsie sailgleggozof ur anyl group, it is
possi ble to prepare the

2-[1-[ 3-{di net hyl am no) propyl ] - 1- (4-fl uor ophenyl ) -1, 3-di hydr oi sobenzof ur an-
5- yl ] ox&tel dehpdration aperd 1dy eeariynduitable dichydratidh agruht chavantionally asedpnahe artd

its salts,.4n re dir 5-car | .de. Bypthe
process s?)lf' i]t hgyi n&éﬁ%ﬁ%%&@ef amﬁlﬁérl%%i{lél?&ﬁgéd j@‘ "gﬂﬁﬁéﬁ%}@ uct i %Péood
yi el d t Heelwbhosphetie iagig)card PyOpulhe irengtiommayr be eamitesl oweiothei prgsange tafean
present Jrpyf&baeNsuchh8 pyAdmeund of formula N may be prepared from

5car boxypht hal i de and tpr ansformed to citalopramand its salts by a process,
conprising: a) reacting a functional derivative of 5-carboxyphthalide of

{/ Ior rrullg Altdf;ﬁiﬁggé ghé \Agomytg:ﬂatﬁ%ag&gdg%y}wew@@zmg% Qedgeﬁgtifbaﬁg?rﬁﬁpﬁ& mv/f]mcms a
ri . 31 . : | in ic :
R - R GPBOLYY HRF oL AT A GOGERAS SEENh ATPRORY T AP RE ¢ E APV T TS
obt ai necthRiride? thio@yHxhloride; pRésghdrodychlvridej qghodphoRpentadidorideg taichidedretbyl
above, tc@ll(ﬁofohﬂgte? laﬂ‘.%“ﬂffefﬁy rétE P f b Qﬁ‘i'phosgcne", or bis(trichloromethyl) carbonate,

also briefly referred to as "triphosgene", with a tertiary amide such as N,N-

dimethylformamide or a N,N-dialkylalkanamide, e.g N,N-dimethylacetamide. A classic
Vilsmeyer reagent is the chloromethylenedimethyliminium chloride. The Vilsmeier reagent is
preferably prepared in situ by adding the chlorinating agent to a mixture containing the
starting oxazoline or thiazoline derivative of formula IV and the tertiary amide.

When X is S and the conversion of the thiazoline group into the cyano group is made by
thermal transformation, the thermal decomposition of compound IV is preferably carried out
in an anhydrous organic solvent, more preferably an aprotic polar solvent, such as N,N-
dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide or acetonitrile. The
temperature at which the thermal decomposition transforms the 2-thiazolyl group to a cyano
group is between 60 °C and 140 °C. The thermal decomposition may conveniently be carried
out by reflux in a suitable solvent, preferably acetonitrile. The thermal cleavage may
conveniently be carried out in the presence of oxygen or an oxidation agent. Compounds of
formula IV where X is S and R* is a carboxy group or a precursor for a carboxy group can
also be converted to citalopram by treatment with a radical initiator such as light or
peroxides.



(c) submtting the 2-(1-o0xo-1, 3-di hydroi sobenzof uran-5-yl } oxazol i ne or
_-thiazoline of formula VIIl thus obtained (VM 11) in which X, R7Aprik2083e as
defined above, to two subsequent Gignard reactions, the first with a

fl uor ophenyl nmagnesi um halide and the second in situ with a

[ 3- (di met hyWaRAIPbr opyl ] magnesi um hal i 8e; (d) submitting thBCT/DK99/00576

2-[ 3- hydroxynet hyl -4-[ (

1- (4-f 1 ubr aftieie| Jspdethihdr inxsntiof- fettitesetoniheadbione Jfaudexs lil Raiol X agapouirl of

formula LX t obht ai ned 17 ril 2003 00/ 23431 7 PCT/ 9/ 00576
in whi ch1r ; u%ﬁnsmﬁ%ﬂtgnﬁgf@fq-mu B&Ue, to a ring closure by dehydration;

(e) reacting the 2-[

1-[3-(di | ] [ ]-1-(A4-fF]l. -1, 3-di i - 5-
] sl ndteh AEIHP) BppRY che [mestul ) MOCRRNCDus [eo SHalibps® L ARP ROERINBAR O
X, R - manufpeiured buf theedirassssy of thiet invgntierhyahdataho antideprrssent opharmaceutical

al ter nat pytfbokitldn SorthPrising %ﬂhﬁg?ﬁﬂ%ﬁ@-@uﬁ@ﬁﬁﬁy ngg c‘u{?@(ﬁnﬂyatﬂevpxtoge% shafeal

deconposjtion reaction, or treatnment with a radi nitrator; an

i sol ati nVEM™ hus obtai ned cital opramin formof the free base or as an
acid addition salt thereof; and (f) optionally converting said free base or
sai d aci Acadding itorths giréseho irtveptiat, Nadasitsufisingl R deeptfame tigdlthe okeratiafk. orThe

| : i i : ined ab ) ] h |
oLl SYPEE By Shoh LA, UL 0k S ARG B PR Rl S
t hi azol | dwingthe swwequephreattionsscar boxypht hal i de with an optional |y

substituted etanol am ne or nercaptoethylamne and ring closure of the am de
t hus obtained. The functional derivative of 5-carboxyphthalide used in

step (a)Furthesmers; i haabeensfound that the | Aedispbstietaddsobenzefuragarhonylsionp in e
act 't V§| em&&mt _sdlfata:r gﬁf&aﬁmm Wes 4u1ﬂj(n%ﬁﬁw1%fh}51eﬁ§h&lrthatogheé P@cﬁé@%faAmbdz- NES
suitably, activated for exanmple w i'cycl.ohexyl car ii e. preferre
funct i onggim %Vﬁva'eq)ww@-k@%mhw ok,g-@é}y%ﬁ%nﬁ&@r%@aﬂ%%@ae byt -
r eact i onthidzolile wiithee dehiydratibh reddentrinypartibiblar byea arithntddraiegfdritotovgivill themade
to react ] LEal WLt 2 XY- yl am of, 2= Ter Q..et hyl am of
formul a ?ﬂ&?ﬁé}nm%%b§§’pﬁttam %-gt %lgﬁtbgeca&'@edgg fe%} lflgg% tgr%@%/rghu(g%%ﬁlaaﬁ i”fhgs'%
Anot her ¢rsoabrddgeelator iorsich deluidrationireactionein the fiteratreced anhydride with a
nonoest er of carbonic acid, preferably with carbonic acid nonoet hyl ester,
whi ch be obtai ned from 5carboxypht hal i de and et hyl chl oroformate and
di rect {T&){ hatials peed dewnd fhat; dug 19 qombingd, stabrity of r@q ammllwrsubswfﬂé?eéa%t 0
et hyl am dweazolinyl o1 RlthiakBlinyl group and the 1,1-disubstituted isobenzofuranyl group, it is
possible to prepare the 2-[1-[3-(dimethylamino)propyl]}-1-(4-fluorophenyl)-1,3-dihydro-

isobenzofuran-5-yljoxazoline or —thiazoline intermediate IV and, hence, citalopram and its
salts in pure form, starting directly from 5-carboxyphthalide.

By the process of the invention, citalopram is obtained as a pure product in good yield
thereby reducing costly purification processes.

According to the present invention, the compound of formula IV may be prepared from 5-
carboxyphthalide and transformed to citalopram and its salts by a process, comprising:

a) reacting a functional derivative of 5-carboxyphthalide of formula V

HOOC
Ty

° W)
with a 2-hydroxy- or 2-mercaptoethanamine of formula VI



17 April 2003 WO 001 23431 8 PCT/ DK99/ 00576 In the starting material of

_formula VI, R - R4 are preferably selected frommethyl or et HyArgH2003
hydrogen or one of the pairs of R and RZ or R3 and R4, respectively, are
linked inwHeesshsp forma 1,4-butylenegor a 1,5-pentylene 9?@‘1‘)%1(9543%76
preferably, R and R2 and RS and R4, respectlvely, are identical. The
preferred reagents are 2-am no-2- neth | - 1- propanol ,

2am no- 2- net hyl - 1- propant hi ol , 2-Bki -3 hydr oxy- propi onic acid

(R, S-serine, R-serine, and S—serln S-cysteine, R-cysteine and
S-cysteine. The conpounds of foﬂﬁﬁla are comercially available or may
be prepared fromcommercially availaﬁgemconpounds usi ng conventi onal

nmet hods. The reaction of the functio der (VBtive of 5-carboxyphthalide
(V) wit. t fan toethylamine VI is carned at a

tenpera?d%gaﬁg %O igq%;gi981eraé§§pat 15-25 C, in an aprotic organic

sol vent such as an ether, for exanple nethyl-t-butyl ether, tetrahydrofuran

or dio %geubn%tk&f‘gtm%mla@afmm\mmt&mn&r met hyl i sobut yl ket one, " a

hydr oca or exanpl e toluene, or a chlorinated solvent, for exanple

di chl oronet hane, 1, 2-di chl oroethane or 1,1, 1tr|chloroethane Preferably, a
hydr ocar bon, conveniently t olryeme, 1S used when the functional derivative
is the chloride, whereas a ket¥ne, Jlcegveni ently acetone, is used when the

functional derivative is a MXxedxanhyd he reaction occurs in the
usual manner of formation of thg; & de: er, when the activated acid
derivative is the 5-carboxy phthalide ch orile, the reaction is
conveniently carried out in the presence of &h (\dy gani ¢ base such as

sodi um it u #w@ ch as

triet hyﬁgvnllniﬁ%isﬁg l%ﬁgé oyeI%d é?(ﬁnﬁ c%s%ﬁ%?ﬁ%l)ﬁ(gd anhydride with
carbonic acid nnnoethylester is used as functlonal derivative. In step (b),

the amde QfbnliRidpu e Vbl(uoscospklmyhﬁqsab@nfofﬁtaﬂgs ?i)@)‘éa%ﬁné egC Liiiizdie of
dehydr a |on prefera treatmént with thionyl "chloride. The am de of

f or nul aloymy '%HH@@SP@“¥W¥ydehydratlon agent at |ow tenperature, nanely at

|l ess than 10 C, preferably less than 5 C, nost preferred between -10 C and
3 C. Wien thionyl chloride is US%Q the tenperature is advantageously |ess

than O C, preferably about -10r3C] Then the tenperature is allowed to rise

to 20 C and the reaction is GP d at a tenperature of 20-40 C
preferably at 25-35 C, nost d 28 to 30 C. When thionyl chloride
is used as the dehydrating agent %he
2- (1- oxo- 1, 3-di hydr oi sobenzof uran- 5-y

?ine or -thiazoline of fornul a

VITI is obtalned in the formof a hydroclorwwde which may be isol ated by
dilution with an etheric solvent, preferabl? KEIHhhydrofuran The

corr espangh e ¢ b&Gh ha{t' ard RELAGhs SRS
alkal i nd solegt)?ﬁ 0 ﬁhgﬂé@% Jeitd tHb3ihh 003 WO 00 23431

PCT/ DK93/ flustophemd M@S@%p@l@a) agfld the) se@a bé” cHfy | Witho@ [d«d an%hiél pot

pr ocessmﬁ,@z@-b? gmgg,wg;umﬁg]hfgl ng the amde of formula VII. In step (c),

t he conpoun riula VITI thus obtained is submitted to two subsequent

Gignard reactions. In particular, it is reacted under usual conditions

with a @)f | subniitingnythenag+|adiydraxiyaietigd-4-[¢ bi-tnomphbyyl)- -héryditxyr[Heldimoethylhe

brom de usi ng tetrahydrofuran as

sol vent s ety RAdiRF of PPy Shltel, | 2

[3(d|nethylanlno)propyl]nagn $i umhal ogeni de, convenlently the chloride or

brom de, preferably the ci® |de di ssolved in the sane sol vent used for
n* preferably tetrahydrofuran, using the usual

ti’Q =PB- hydr oxynet hyl - 4-[ (

hquﬂ;no)oﬁ¥?l] phenyl] oxazoline or

ac~pmy /be~i sol ated according to the

i Ng closure of conpound I X is

e of water. This elimnation

A ester with a base. Acidic ring

the previous Gignard r
conditions of a Gignard { 8
1- (4-fluorophenyl)-1- hydroxy Xa- (¥

conventional techniques. In step (dJ,
carried out through elimnation of a nol gc
may be effected by an acid or via a ~~I ¢

closure is performed with an inorgani c aekdy such as a sulfuric or
phosphoric acid, or an organic acid, such as nethyl sul fonic,

p-tol uenesul fonic or trifluoroacetic acid. Fhe basicqxjng closure is
performed via a | abile ester, such as the nethane SLﬁfOHy|, p-tol uene
sul fonyl, 10canphorsul fonyl, trifluoroacetyl or trifluoromethanesul fonyl
ester in presence of a base, such as triethyl am ne, dinethylaniline,
pyridine, etc. The reaction is performed in an inert solvent, preferably
with cooling, in particular about O C and is preferably earned out by a
one-pot procedure, i.e. with esterification in presence of a base.



Step (e), the treatnent of the conpound of IV with the dehydrating reagent
_is carried out as described above. The reaction of the conpourdd Anril 283l a
IV, as the free base or as a salt thereof, with the Vilsneier reagent is
earned out in anhydrous organic solvent. The anhydrous organi c sol vent may
be an apoi awos"ﬁ'lzé‘éht such as a hydrocarBon, e.g toluene or xPEEREKIVHNSTG
pol ar solvent, or it may be the N, N-di net hyl f ormam de or
N, Ndi mretiayttdceXaRi' dR*vipe ahdéfimedabdie, ¥ 4 Sn@elosure B?\@emj?draﬁﬁ}ﬁ‘rei n the tertiary
amde is present in at |east the stoechionetrical anount in respect of the
acid chloride, preferably in an excess thereof, e.g in a double anount of
t he stodehi maeting cthie plufd-(dimetllykrimamo)plopyld -@Budrophednyt)- h3eiltydrsisapenes-al | y
made at BY; . : 4] j fyyoccurs at a tenperature
of from gﬂéglgpg{i&g@g%rtgoﬁ%h Oﬁggl(g[gkgl&!;c&gﬁo}lrrgrﬁfglg?ef erred 100-120 C. These
t enper at ure ranges aIIowthﬁ;z'Egétion to be conpleted within 4 hours,

n

particularly within 30-60 m . 17 April 20D3 WO 00/ Z3431 10

PCTI DK99/ 00576 Ri ng cl osur®-4 sffep d) and subsequent dehydration in order
to convert oxazoline or thRhzokine
enbodi ment be performed in one stef
of fornmula IV, e.g. by using thiony
forth above, the cital opramthus obtai negI

CKN\i n stagqe) may in a preferred
ho@t ~-so6l ation of the internediate
| oftde as dehydration agent. As set
y be isolated in formof free
base or of a salt thereof and converted he sel ected final product,
preferably cital opram hydrobrom de. The ‘prgcess of the present invention
allows the preparation of citalopramand of its salts starting from
conmpounds carrying an oxazoline or thiazoline grouff¥ihi ch represent

val uabl en 3l REL FOTRE bE 88Tned %ox_‘éﬂ@itﬁ%&ﬂy&%ﬁ%réﬂ@bﬂfbr%ﬂt@nﬁﬁ@a%fffXriﬁiSr

t he condi Llons of a Gl’(lé‘g a‘gﬂ rea]%t on. Ther nﬁl deconposition of the

oxazol i TRPHCIpgthe 6P r@r fosmply IMhio & HiesBahdecomPOsition rsaqtion Ry tHRatenty
s: Irrpl e a\ﬁ‘ﬂh aandiedli iaitiator)VaicBuRIing tHeahiy oneinsd eft?lbh_anpilrneﬁﬁﬂtoﬂtmd/&e? bmr? or
allows the pr Lion.of two the enantioners of cital opramand of their
salts st%r%%?ﬁ@hﬂ%%t(&Srf\é\ggﬁéc:ndi ng enanti omers of the conpound of
formula IV or, when using the total synthesis starting from S-carboxy

pht hal i [WeYc : 0, - of A | :

f or mul a({?’\/(%ﬁo{@(ﬁp#ﬁﬁm E%Bhgenegl?% %gﬁlgsagirﬁft)aar%tlﬁ%&érﬁo :%R)‘P;an I%%fl?rug
hydr ogerdccgptabls salt thexgody | v i ndi cated. The intermediates of formula IV and
I X in the formof enantioners, may be obtai ned using conventi onal
separati.Qn technigues or. as descrihe i,n, US-A-4.943. S90. It is. advant.ageous
ol tr aa o SRHERE 0P i ushics ulaety Boove, GRvtpRses ic Hie.0f nyEl BUFRUIREE, ve
_ acid, foorthexprepiretion tdf the) intomediayy toantdimes aacthihzotings- by oraction of a 5-
(+) - camphor < _ iy Sidh | _ ! s e G
Sal 1 AEbeRailiae bl Adhondly bR ARRANEL B Wbkl ARLELARE SATFIE"
free basdosye githg agrde thusebtabted. The total synthesis of cital opram and of
its salts directly from 5-carboxyphthalide, represents a preferred

enbodi nent, and involves a series of internediates which are a further

obj ect of the present invention. Thus, according to another of its objects,
t he i nveTHe functieiahidedivitivet dfes-cabpaphthalidd udedrimstep (a)isobheid alite tierend] theng

to ste d the go nds of formula. VIl and | bt ali ac i to
Seep. (b RARRE o el TRPHRAS o potly® s Ton blamelF the 4pfiBiBeiGin @l SOME AL
aci d addicid,cmitgbllyt activatetl fdi expmile withcdioydloldxlylcarhodiptide | A prefened fatictional

sal ts, f@hival thel B&dch 0 hfd§ | Betidty OF fge 7 whvRr 1|
2003 wo oohdas 11 Pt DR 13’0%%67{ hidg behméﬂg_a ‘W e free ac ,
thionyl chloride and straightforwardly made to react in situ with the 2-hydroxy-ethylamine or

2-mercapto ethylamine of formula VI. The 5-carboxyphtalide can be prepared from 5-
cyanophtalide.

Another advantageous functional derivative is the mixed anhydride with a monoester of
carbonic acid, preferably with carbonic acid monoethylester, which may be obtained from 5-
carboxyphthalide and ethyl chloroformate and directly made to react in situ with the 2-
hydroxy-ethylamine or 2-mercapto ethylamine of formula VI.



Ot her reaction conditions, solvents, etc. are conventional congltl ns for
such reactions and may eaS|Iy be determ ned by a person skill Jd ARRT 2003 ar ¢ .
" The conpound of general fornmula | may be used as the free base or as a
phar n1aceut{,¢(:,ad{2 ¥qxjcceptabl e acid additipn salt thereof. As Fehihddfbodison
salts, such salts forned with organic or inorganic acids may be used.

Exenpl ary of such organic salts are those with malefic, fumaric, benzoic,
ascorbic, succinic, oxalic, bismethylenesalicylic, nethanesulfonic,

et hanedisthefstariing mateeial of fopﬂnﬂlm VhiR® — Rare @refenabaedeilechi ﬁomchéthj/lmr ethiydepni c,

| tacon; 1BokEn o BRESE ik pdis I i 1€ o0 REBR R JBRBARNG, of JiREN Jp gREEB Y1 ©
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hydr och brom c fur| C am c

yd

The aci amiRRILmRayIcaproparthiol) h%a@mﬁaéﬁue@xmomnwra@ph%a ssynerdi-serne. RAdwn
in the gtgennérmadoR,asacyﬁelﬁeamdygkemet dhdeSichSikineh The 2ofipoahd@dop fitinla Of a6 d
in awater m s bI e. ’?‘8{93/0 zuch asgﬁﬁe one or et anol W t h subg%guent

i sol at i SWHBF“P TOBAY R (reRarh TQRcBRerci)ly arailgplerroqmpoundsusng ¢

t he aci donim:naommmhodmn sci bl e solvent, such as ethylether, ethylacetate or
di chl oronet hane, with the salt separ at i ng spont aneously. The phar maceut i cal
conpositions of the invention may be administered in any suitable way and
in any %he reabtien bﬁthmfumﬁonakéarbdativopﬁﬁchyrhomyphtbali@r(M)o’f/ith thisl atbanolamzsipe of es,
powder S ndrcapictiam B VARE SAENA bohBerkiife SO0 ECY SRR of 15055, ) hons

for injectl ar maceut | ca ions of t
pr epar e@pIgjic @mﬁqlmﬁumsmhﬂn fariexample methyl-chutpether, tt%ttﬂhbfti@fufay %pe
pr epar edidk¥ndlla¥efshe! ﬂﬁ‘ eﬂﬁﬁlbléeacbibﬁé o ity lisbbiltyRefbnB 2d Hydrdbatba) tfor anstple

diluents ~ and su conpr essi ure | 0 ntion

e Fotaerigt & hor e shlveS o S iy maﬁthfluferhg abfBpeEme Sopl!-

st gr CE trmhtlc&bethsﬁearRrbferaﬂﬂj’ mumdrcmm c%lmeaieﬂﬂy &?l&eneg&i wed néhen ltizecfimstonajuns,
and the Ltive col ourl

Ju r al olm
s er dpitiive Yl B86naE] Whlhs O iafile; hSvehienfly! hiidng, 35 3B when the
active fungtiondlederivatiBolisiai wiredf anhydrilecThoneactian ctmuprmo&reeustby ngasingt A t he
active ma{aadh%ﬁth@nﬂmaeé SHPJuz@ve'i‘d%Ieh‘éth dcnvae@ chd atmmﬁ,esgl #eN%_chiBbxy

|nject|o ﬁre er ab steri wat er usting e sol utlont@}:)the desired
vol une, Phthalide F'%lat"fl‘b ﬁhefreatcﬁen % vae@wnﬁucpmqfﬂ Mgm' the Jueseats af anprRATBANC of

Vi alhs b?s%r‘sﬂcﬁ Eus &@dihmt @ dsbitssiven CABYRAE, l»omédsyamg@dmb fba&ctfl Suchrds ththy bmaezlg gg
sucn as onl Cl S reservall ves a I da eLc
W0 001 258 be etk S; GBSFRRhlro e it AV AROe P Fotif peid eleRivisstef ne

fol | ow lﬂglsectasrﬁlmsona{)danmmel Preparation of cital opram hydrobrom de To a
m xture of 4, 4-dinmethyl-2-[1-[3-(di nethyl

am no) pr opyl J- 1- (4-f| uor ophenyf\) 1, 3di h dr oi sobenzof uran-5-yl ] oxazol ine (19
g, 0.04¥mstap(), the amide @f femmla &Wasﬁbaa ey afring clesyretpaction by dehydraiane ar e
added 8 pRferthiy by Hekinfent CuiAP Woif), cIbHBOUTHG 6N B9 fhiifulh VIS T e Qottﬁe“ se
above-g % t the eglg of the addltlfg Ehete el;tur slgllowe ri se
to 10- 18ekydratiporpgentatilow: tepweraturgonaacly 2t loss dham Breterably desh e S Cand

t her eaf st prefértbdatietwyencor) & ahd) 32’023 AFhén thibweyl raudriﬂreas uSed, teateptherdtiitd 80

ol ut i oRBFCagRA AR 0, oBRRT Bl o™ b Peior Rt iebE 16

t ol uenerisdto 2&PC nnd gheoneactidneis @pmpmtcdm 4 smpetatmef\A0:40 H0), prefarab&;f) a2fd3s

respect b&eJn stdﬂgfefrgﬁ‘zl% ol then the organic phases are collected and
decol ourrse y treatnment wt charcoal for 30 mnutes. The charcoal is
filtered off and the solvent is evaporated leaving 13.5 g of an oil. The

|
Ot ent S*”“’“ﬁh“’?’yf EEHALE Wbl s B} By arilg SpBil e 1 oRE. DRUBARAGHRRA. On | S
concent feaed-Yhpxazaling, orgHiazoline of fgrmuda Villds phtaineddn the, fogm of @)bygf@elpaﬁe (40
m) andwihih ﬁ@&%n%latba b9| diRitiRel with 5h 2Htrie\sBIvehe) fyreefab_ﬂy Rfrahydiefiial.i dhes

filtered off with.taluene, then w't

r i eq. - prnewoatE et tay ba Folnebby prreuibi GO o Searhalioieotigum e the

| i quor s hgdwchlonidentrated to dryness, the residue is taken up-with 20 m of
acetone, the solution is kept 4 hours at 4-5C, then it is filtered, washed
with a little amount of acetone and dried. Thus, there is obtained a
further 1.44 g of citalbpram hydrobrom de. Exanple 2 Synthesis of

ci tal opram hydrobrom de starting from 5-carboxyphtalide (a)

2-[[ (1- oxo- 1, 3-di hydr oi sobenzof uran-5-yl ) carbonyl ] am no] - 2- net hyl -
1-propanol To a stirred m xture of thionyl chloride (1850 m) and
N,N—dlnethylfornanlde (5 5 n1) SCarboxyphthallde (525 9, 2.95 mol) is

o —— . [ 1



17 April 2003 WO 001 23431 13 PCT/ DK99/ 00576 To a sol ution of

~2-am no- 2- et hyl - 1- propanol (800 g, 8.97 nol) in tetrahydrof urtmAgril2003 m )
at 5 C, the solution of the acid chloride is added dropw se, maintaining
the tenperature between 5 - 10 C. Then the m xture is stirred at about 20 C
for 2 hoursWOl2341control |l ed that the f xture is al kali ne aRETDKSOQSIE
solvent is evaporated in vacuo at 50 C. The residue is taken up in

dei oni z ed’hwab@sfe $tei40Q) Md (bYren 5¢ chrried olibss #Bfe-POUsroceEh tnandly YithoeCiskatihg

i sol at ed deI t%stl ogﬂgﬂd washed with dei oni zed water. The product is
dried at® eld: 570 g (77% having mp.= 156-158C and purity
(HPLC, peak area) > 90 % (b)
t4h|4eﬁ;/lma Qgepz(é&ltbgg;gm?ﬁ ?nﬁ“ol? ro'lﬁ%ﬁ%ﬁs”&ﬁ@mé& XJ: )s%%ﬁf%d't%et\&;le sits E(El{e%g
2-[ [ (1- oXwighanl waehansolns parsiculer, Ut wa;th vnddrorsyhl] eonditisins withe s Hyflugrophesyhnol

(S60 g, %a%ﬁemh)hdlﬁe 2688RAn7RANY 'tHé“éhl%ﬁd%& l¢Re 'EPdanh@' P&aﬂlgﬁhé DIRGRIR! Yhd
bel ow 10 C~ The tenp tg%yelsa to rise, e mxture 1S

heat ed b&fsferahlyusng furel prosplvent. Tﬁréletrﬁmﬁwmemreﬂs thenjtecaiedwith pdd- of

under r e(ddliﬁ&thylzﬁﬁﬁlu);ﬁolﬁbtl]lﬁﬁgrﬁslufﬂm&lorgaﬁdéiUQ:ohﬁeﬁlﬁk thB lcmdrakuajiefbnlérand% 500
Iltere

m) and co ressur.e i S

of 1, “vasREdeapY} figte Fissoh e GheRisSRE it afiust T haPxRis Crenirdseetiter i s
sus pendeqtrefcradb'ltmlwdcbﬁmneusn@@tmwsudl)condihenmfs:p@ngnard réastiomol ed and pH is
adjusted to basic pH by addition of 28% aqueous anmmoni a (1000 m ). The
product is filtered off, washed with dei onized water, and dried at 50 C in

vacuo. YIT&¢ d:[34udraxypretugy-4Hsl-(+uarophenydl 1 -hydrogyd Addimathylgminedbutyllpeak

area) ? e{?yl](&()azolme or -thiazoline of formula Iﬁ thus obtamed’ may be isolated according to the
4, 4-di met hyl"-2- t(T%l;eroxynzethy -4-[4-11 uoro- a- hydr oxy- a- (di net hyl am no) pro
I

pyI] benf’%“]‘SBH@W K6 ne Under an at m)sphere of nitrogen a solution of
4, 4- di net hyl - 2- (1- oxo- 1, 3-di hydroi sobenzof uran-5-yl ) oxazoline (135 g, 0.58

"5 ¢ THONER (SR STERort BT A SR b AEH T A0 TSI PO e of g TrebiE of
t et r ahy dmetarr Zhis(eliniggion mpy bs effectall Py zucarid whiviaca tabilatesieniwidy # hase. Acidic
t enperat %?al ne}c’iﬁg[ﬁerféﬁnéd)w tﬁgn%or-!g_}&ﬁc ta@iﬁpﬁf tdéraesdlﬁgelolr BAESphbAc rabi%lemt gh 510

C and nmi n contr e to vefify
that t he OEgapismcihsuch ay methylsylpaic; mtolp@wsdﬁerw Phﬁrﬂqu%CE%" é‘éljl Theasiq Bag

?:Egl E(rjed t%ﬁistﬁe' i9 Petforntdolie @ thisile &stéy, é’tﬁ,ﬁ ) tgg%e‘élﬂnt H:shn'ﬂn)gf -ftoluene sulfonyl 10—

i me Si chloride in te r of ur an
eded o1 AR Ry ha HhorSARRG Gl iR lonEL SRR PESEck b o b3S b
t enper at as meﬂsylakdnmgvddnemyranﬂme; pyrilidd) efc. Thel rdoetivn Bérfoened i areudensolseﬂio C
for 1 hr . D& ion
i nt er med? a%é eu‘sf g%%‘%ﬁ @X}a#rhgg)aﬁﬁgvdw A)aggﬁge tég@rg%ﬁél on g‘ﬁt t?’;?hrrf“%roorr[ll|§?J)%E
chl ori dep(%ﬁé\"féxl €1 G0t ejerificationiin prpsenee o PasD 001 23431 14 PGTI DK99/ 00576
slowy added and the m xture is stirred for 30 m nutes. The phases are

separate n e | owner se is extr ol.uene 1000 + 7
Then dei g z(gh &?af"%artm(mtl corqmpound o zgﬁé’d‘ﬂ? H‘Ctdr?’i‘yﬁ'ﬁﬁﬁg IeRgeRlds &ﬁ’d’ ﬂ'%—( is
adj ust edeicmbsd @bde. allkl tdadtiordf the&bimpoakd df fdihﬁxleSW vasnthe ifie hasd oF ast edalat

50 Cin r esi duaI agueous t t ol uen X C
added. A t:ooﬂ.l tthe t\hl Sg‘eb(ﬁ Sreeile rﬁaﬂlfﬁ e | d aﬂ]lgld'g{oua ?rgg@)'g %ﬂ% ‘h 3‘6@0/
aqueous armxmow orghmc p;blwnts nmyd)esmpapcﬂaresﬂ)l\aﬂw sutteang bydiosarbonse giteluene or

extract e‘i Wk D droly Ugﬁgar( ggg: ﬁg ) or ad?e' %Qh?ﬁﬁ%ﬁéﬁx hidRd 3pd
mxtureo acetic a a‘ elonlzedwa li' n i's added
t heret o @methy! amweovhlqh form néhbmwgeaaeet s\éxsmnatl@de IRFRATRYG D DESSHI 4% o

IS recovef @dst the %ﬁateeﬁiome&hbads&ehmw r%éﬂwt ehafecad cMBHdE, JreRiMy inl an teRédis
the solution is cool to 10 15 C

filtered i on o uene (1

bnd o ofeTERb &dp SrauBle FROu;Ch dheHobhiameEs AL AR oA gficIo ok e Sesineting
anmoni a. agés mga&eﬂlyanedes;ﬁnawaémﬂerambst bet the weption fthelf ecduss #d emperathiraiof h

t ol uene ng . The tol uene phases are conbi ned and washed with dei oni zed

water (1 ﬁ%ecmréﬁmhly P9 -4B0 SGeer morecprpfarigd| 108e1 24 °Gnhesst temperature
t t T duct
s fil f‘Jé@%ﬁ?"W ifi2ac A bR EBpREERIBE4 Aurs plrlcYfarturd 7o coliulisd LE

anount of 18 g of product is recovered fromthe nother |iquors. Total
yield: 154 +18 g (71 %9 with a purity (HPLC, peak area) > 95% (d)

4, 4-di met hyl - 2-[ 1-[ 3- (di net hyl am no) propyl ] - 1- (4-fl uor ophenyl ) -1, 3di hydroi s
obenzof uran-5-yl ] oxazoline To a stirred solution

4, 4- di net hyl - 2- [ 3- hydr oxynet hyl - 4-[ 4-f| uor o- a- hydr oxy- a- [ 3di net hyl ami no) pro
pyl]benzyl]]oxazoline (141 g, 0.34 nol), (obtained at the end of step (c))
|n rrethyl ene chI or|de (2200 m), trlethyl am ne (200 n1) |s added The

- o v — o~ o o o o L



To a stirred solution of 4,4-dinethyl-2-] ,
1- 3- (di met hyl ani no) propy! ] - 1- (4- f | u~~ophenyl ) - 1, 3di hydr oi sobddARLAAR s-yI
" Joxazoline (287 g, 0.724 nol) in pyridine ( 1000 mM), at 5 C, phosphorous

oxychl ori deyg(geZB43tl , 1.474 nol) is slowlgy added whil e keepi na1ihe99/00576
tenperature 17 April 2003 WO 001 23431 15 PCT/ DK99100576 at 5 to 10 C. The

Cool ed Rt H58E Ty 8o a5 od Sublepdind detirahy 1 ohdr fo ARt of Wlbdoed
i s adj use 6 metemhoumay i opigierreddimbodimert bszaquecbusormmwahmwlaﬁop OfThe
product geinfettreatatesk BihinaV, tg! ﬂﬁng tﬁonﬁﬁ&xlﬁn&@&ode éﬁaoﬁa ap M ) and

t he conbi ned organi c phases are ecoI oured wth charc The organi ¢ phase
is concentrated under reduced pressure at 60 -70 Cto g| ve an oi ly residue

t odWPI Chtséb@Efd?ﬂﬁal{o@QO@e Eithlob &nﬁdﬂsd)btéfﬁ&i ﬁﬁ?tb@ NE1Ked Ui Fth oBfréOedsedro9al0C
an rea
§ thefeanind g Veg'&gé? Eess&ﬁegte? 15 Pl Pleseiasily cftaBaR B horafide ne

evapor at®
(800 mM). The mxture is heated to 40-50 C and thereafter cooI ed to S C

f
e bone TRy B Grodl A g bS] ns IR sl
hydr obr statérng ﬂrpmrpoalmunda qar(yiE a omknaoeat)azslmegroqm svhmhtrapmmt valAable
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is recovered f
purity Feaefien- aglsnn%lr@&?mposmmcpwmwelm ernﬂWOBn@ srqswﬁ amﬁhﬁymwemcﬁe A
m xturef@hmaw@mdﬂmﬁwga@é&mﬂﬁﬁ 190 g) and deioni zed water (3 80
m) is heated at 50 - 60 Cuntil all solid has been dissolved. The sol ution
is treated with charcoal ( 12 g), filtered and washed wi th dei oni zed water
(SO m ) Mdrkevdr] the prastssaof the pmseﬁtsnwmbadllbwsﬂ&;ﬁematim ofrtwedhaenantrbmerst

]E elrr}[ag 2%%' Eﬁlgﬁ’[am %xﬂf)dé’f’ tﬁenﬁgaqts sgb?ﬁ thoé,( tgﬁ 88%?3},%115'@& gﬁant%?%erg 154 t‘ﬁ% %&ﬁp&éﬁl c
for founoffsumda I\Een hen wBingrthe totaltsyothesis starting @wnaﬁmaﬁwyaﬂéhahdsx b¥ red
sol ut i OResBiution of the compound of formula IX. Com ounds of formula IV or IX, in which R?

and
4, 4-di net hyl -2 L E@H am no) p gl] 1-(4-fluorophenyl)-1, 3di hydrois
6

obenzof@ra‘i‘ir'lrﬁﬁ“*'}l } 8 ‘”%e"“( R3ar§ hyé’QﬁGB@rﬁBF‘)t‘CPWWHP@ﬁ%ﬁF‘%hI oride {20 nl }
is heated at reflux for 3 hours. The organic phase i s concentrated under

duced d 20 m,). - .
dei on 735° SRBEPERGES ol PrmLRLYaRa IR e TP of SpspBotfely b houiaPll peige.
about 9cblyvmdidnahsonarotﬁoratwbuqmesmmdész:rih}:mﬂSeAfm%e@(hre separated and the

organi c phase is collected and washed with deionized water (2 x 10 m}. T
The organi c phase is concentrated under reduced pressure to |leaving an oily

resi dueltis aévgltagpﬁbs t%i%tﬂae compounds gf Eumyla B ayracemateawith gpeopticallyzaciiye; |
2003 WDa&Q' £ Sandfi @?9% Qgﬁtlﬁtaﬁé 261 6r €~)4014(43}-é@ﬁﬂhbl'-‘13‘sﬁlfonlc acid, in

1-oxo-1 di hy dr0| sob nzof ur an- zoll ne e- pot, et ho xture
of thi oﬁgﬂerch TSRS (1B ﬁ?stersmm ol amﬂwemé'&f ﬁ%tlﬁﬂ}'r‘%c&ean%%cé‘ﬂ(o VR ),
Scar box gpinpband dEfoﬁﬁuI;D@a@ﬂBehﬁe)orlaSaadldﬁtéreoThe stirred m xture is heated
30 mnutes at 60 C and is then brought to reflux (about 80C) and kept under
these conditions for 6 hours. The thionyl chloride is distilled off in
vacuo t dhetotahs)mthesismieitalopram efd ab s salgodicctlyivon §rrahoxyphtbalide; xepnesentss
taken ug pifobtell AhibBAném Sarldl ihvaldgs Jissfidd diSterMediaty %&?‘Xt‘e'&gfu?t beShiE
V\hlchls%{feﬁu g?ntwceV%g% 5 t(%ueneel Crﬁlfol (‘] !

concent lﬂzﬁlPTSFP"éfn‘teﬁ Oyol uti on . The residua! acid chloride is taken up with
of tetrahydrofuran (25 ml) and the mxture is heated at 60 C until a
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accept abHhksomethhne, adfth the st mmmdgammbﬂgyt o claim1l conprising: a)
reacting a functional derivative of 5-carboxyphthalide of fornula V
The pharmaceutical compositions of the invention may be administered in any suitable way
and in any suitable form, for example orally in the form of tablets, capsules, powders or

syrups, or parenterally in the form of usual sterile solutions for injection.

The pharmaceutical formulations of the invention may be prepared by conventional methods
in the art. For example, tablets may be prepared by mixing the active ingredient with ordinary
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

addigive colourings, aroma, preservatives etc. may be used provided that they are compatible
with the active ingredients.

Solutions for injections may be prepared by solving the active ingredient and possible
additives in a part of the solvent for injection, preferably sterile water, adjusting the solution
to the desired volume, sterilisation of the solution and filling in suitable ampoules or vials.
Any suitable additive conventionaily used in the art may be added, such as tonicity agents,
preservatives, antioxidants, etc.
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obt ai ned Riwo@eridsi~ OR3 R4 (VI1) in wych X, R - R4 are apcegindnisie
above, to a ring closure by dehydration; (c) submtting the

2-(1-ox - o] I Q4 nan-o-¥l)oxazoline or -thiazoline of formula
VI thﬁgﬂ%&vg{ﬂ@égls?Weﬁmfs%fa%ﬁ%?ﬁ%gm%wmg FRMRIES s defined above, to two
subsequent Gignard reactions, the first with a fluorophenyl magnesium

hal i de a g ﬁ,g,ﬁbfecond in situ wth a (3-{di met hyl am no~ropyl ] magnesi um

hal i de; ? 3‘ ubmtting the 2-[3-hydroxynet hyl -4-](

1- (4-fluorophenyl)-1-hydroxy-[4-(di net hyl am no) butyl ] phenyl ] oxazol i ne or
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PC T/ DK99/ 00576 (1 X)

To a mixture of 4,4-dimethyl-2-[1-[3-(dimethyl amino)propyl]-1-(4-fluorophenyl)-1,3-
dihydroisobenzofuran-5-ylJoxazoline (19 g, 0.0479 mol) in N,N-dimethylformamide (50
ml), cooled to —20 °C, there are added 8.93 ml of POCI, (0.0958 m), without allowing the
temperature to rise above —~10 °C. At the end of the addition, the temperature is allowed to
rise to 10-15 °C, then the mixture is heated at 110-115 °C for 45-60 minutes and thereafter
immediately cooled to 20-25 °C. The mixture is treated with 80 ml of deionized water and
pH is adjusted to 9 by addition of a concentrated solution of ammonium hydroxide. The
product is deeply extracted with toluene, by carrying out the operation four times with 80, 60,
50 and, respectively, of toluene (40 ml), then the organic phases are collected and
decolourised by treatment with charcoal for 30 minutes. The charcoal is filtered off and the
solvent is evaporated leaving 13.5 g of an oil. The oily residue is taken up with 80 ml of
acetone and the obtained solution is treated with of a 48% HBr (4 ml) solution. The mixture
thus obtained is concentrated in vacuo, and the oily residue is taken up with of acetone (40
ml) and the solution is allowed to stand overnight at 4-5°C. The solid is filtered off, washed
at the first with toluene, then with acetone and dried. Thus, 9.4 g of citalopram hydrobromide
is obtained.

The mother liquors are concentrated to dryness, the residue is taken up with 20 m! of acetone,
the solution is kept 4 hours at 4-5°C, then it is filtered, washed with a little amount of acetone
and dried. Thus, there is obtained a further 1.44 g of citalopram hydrobromide.

Example 2
Synthesis of citalopram hydrobromide starting from 5-carboxyphtalide
(@) *©  2-[[(1-ox0-1,3-dihydroisobenzofuran-5-yl)carbonyl}lamino]-2-methyl- 1-propanol

To a stirred mixture of thionyl chloride (1850 ml) and N,N-dimethylformamide (5.5 mi), 5-
carboxyphthalide (525 g, 2.95 mol) is added. The stirred mixture is heated at reflux for 6
hours. The thionyl chloride is distilled off under reduced pressure to give the acid chloride as
the residue. The residue is taken up in toluene (750 ml) and concentrated under reduced
pressure. The residue 1s taken up in toluene (2 X 450 ml), concentrated under reduced
pressure, then taken up in tetrahydrofuran (2500 mi).
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preferred at 28 to 30 C. 10. A nethod according to any of clains 1-6
wherei n the conpound of formula IVis in the formof the S—enantlorrer
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any of ibsnzeﬂahcnw]mamlmnd acid addition salts thereof having the forrrul a

Under an atmosphere of nitrogen a solution of 4,4-dimethyl-2-(1-oxo-1,3-di
hydroisobenzofuran-5-yl)oxazoline (135 g, 0.58 mol) (obtained from step (b)), in
tetrahydrofuran (900 ml), is stimed at -15 °C. Then a 20% solution of p-
fluorophenylmagnesium bromide in tetrahydrofuran (1130 'g) is slowly added while
mairitaining the temperature between —15 to —~10 °C. The temperature is allowed to rise to 5-
10 °C and maintained at 5-10 °C for lhr. A control by HPLC is made to verify that the
amount of starting material is lower than 1% (area). Then the stirred solution is cooled to -5
°C and a 30% solution of (3-(dimethylamino)propyl) magnesium chloride in tetrahydrofuran
(430 g) is added slowly while maintaining the temperature between —5 °C and -2 °C. The
temperature is allowed to rise to 5-10 °C and kept and maintained at 5-10 °C for lhr. After a
control by HPLC, showing that the residue of the reaction intermediate is less than 5% (area),
a 15% aqueous solution of ammonium chloride (approx 1000 g) is
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f <D<_45Total yield: 154 +18 g (71 %) with a purity (HPLC, peak area) > 95%.

(d)  4,4-dimethyl-2-[1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-
dihydroisobenzofuran-5-yljoxazoline

To a stirred solution 4,4-dimethyl-2-[3-hydroxymethyl-4-[4-fluoro-o-hydroxy-o.-[3-
dim-ethylamino)propyl]bcnzyl]]oxazoline (141 g, 0.34 mol), (obtained at the end of

step (¢)) in methylene chloride (2200 ml), triethylamine (200 ml) is added. The stirred
mixture is cooled to 5 °C and a solution of methanesulfonyl chloride (40 ml, 0.515 mol) in
methylene chloride (400 ml) is added while maintaining the temperature between 5-7 °C. The
temperature is brought to 25 °C and the mixture is maintained under these conditions for 2
hours. The mixture is cooled and 0.1 N NaOH solution (1000 ml) is added. The phases are
separated and the organic phase is washed with of deionized water (3 x 1000 ml). The organic
phase is concentrated under reduced pressure at 50°C resulting in an oily residue. Yield : 130

g (96%) with a purity (HPLC, peak area) > 85%.
(e) Citalopram hydrobromide
To a stirred solution of 4,4-dimethyl-2-[1-[3-(dimethylamino)propyl]-1-(4-flugrophenyl)-1,3-

dihydroisobenzofuran-5-yljoxazoline (287 g , 0.724 mol) in pyridine (1000 ml), at 5 °C,
phosphorous oxychloride (135 ml, 1.474 mol) is slowly added while keeping the temperature
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4,4-dimethyl-2-(1-oxo0-1,3-dihydroisobenzofuran-5-yl)oxazoline (one-pot method)

To a mixture of thionyl chloride (25 mi, 0.344 mol) and N,N-dixﬁethylacetamide (0.2 ml), 5-
carboxyphthalide (5 g, 0.028 mol) is added. The stirred mixture is heated 30 minutes at 60 °C
and is then brought to reflux (about 80°C) and kept under these conditions for 6 hours. The
thionyl chloride is distilled off in vacuo to an inner temperature of about 90 °C. The
concentrated mixture is taken up with toluene (25 ml) and distilled in vacuo leaving a residue,
which is taken up again twice with of toluene (10 ml) followed by concentration of the
solution . The residual acid chloride is taken up with of tetrahydrofuran (25 ml) and the
mixture is heated at 60 °C until a complete dissolution is obtained. The solution of the acid
chloride in tetrahydrofuran is added dropwise to a mixture of micronized anhydrous
potassium carbonate (5 g, 0.036 mol), 2-amino-2-methyl-1-propanol (3.06 ml, 0.032 mol)
and of tetrahydrofuran (15 ml), cooled to about 0 °C, keeping the temperature at 5-10 °C.
After about 30 minutes under these conditions, a control by HPLC is performed in order to
verify the complete amide formation. The mixture is cooled to 0-3 °C and of thionyl chloride
(2 ml, 0.027 mol) is added dropwise to the mixture. At the end of the addition, a control by
HPLC confirms that the ring closure of the amide is completed. To the mixture, 50 ml of
deionized water is slowly added at 5-10 °C. The organic solvents are distilled off in vacuo
and the pH is adjusted to 5 with 25% ammonia. The mixture is heated one hour at 50 °C, then
its temperature is let to decrease to about 20 °C, kept at this value for 2 hours, then lowered to
10-15 °C and the mixture is maintained under these conditions for one hour. The mixture is
dispersed by stirring, then it is filtered, washed with water and dried in vacuo at 40°C. Yield:
3.87 g of product. Total yield: 59.8%.

Example 5
4,4-dimehyl-2-(1-oxo-1,3-dihydroisobenzofuran-5-yl)oxazoline (one-pot method)

Acetone (40 ml) is stirred and 5-carboxyphthalide (2 g ,0.011 mol) are added at about 20 °C.
The mixture is cooled to -10°C and ethyl chloroformate (1.18 ml, 0.012 mol) is added. At the
end of the addition, a solution of triethylamine (1.56 ml ,0.011 mol) in acetone (3.50 ml) is
added keeping the temperature of the mixture at or below —~10 °C. The temperature of the
mixture is allowed to rise to 10-13 °C and, after 30 minutes, it is brought to —10 °C and a
solution of 2-amino-2-methyl-1-propanol (3.0 g ,0.034 mol) in acetone (5 ml) is quickly
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concentrated in vacuo leaving a residue, which is treated with water (20 ml). The mixture is
concentrated again and a further amount of water (10 ml) is added to the residue, the pH is
made basic by addition of 25% ammonia and the mixture is cooled to 5 °C. The product is

filtered off, washed with water and dried in vacuo. Yield: 1.70 g. Total yield: 66.8%.
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formula IV

wherein Xis Q or S;

R' - R? are each independently selected from hydrogen and C, ¢ alkyl, or R' and R? together
form a C, ; alkylene chain thereby forming a spiro-ring; R® is selected from hydrogen and C,
alkyl, R* is selected from hydrogen, C,, alkyl, a carboxy group or a precursor group
therefore, or R* and R* together form a C, ; alkylene chain thereby forming a spiro-ring, with
a dehydration agent or alternatively where X is S, thermally cleavage of the thiazoline ring, or
treatment in presence of a radical initiator, to form citalopram having the formula

NC
O 5 NMe,

F formula I

and thereafter optionally converting the free base or an acid addition salt thereof thus
obtained to a pharmaceutically acceptable salt thereof

2. A method according to claim 1 comprising:

a) reacting a functional derivative of S-carboxyphthalide of formula V
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with a 2-hydroxy- or 2-mercaptoethanamine of formula VI

Rl R2

NH,
HX
R4

e (VD)
in which X, R' —R" are as defined above,

(b) submitting the amide of formula VII thus obtained

Rl

N—ca
HX

o

© (VD
in which X, R' — R* are as defined above, to a ring closure by dehydration;

(¢) submitting the 2-(1-oxo-1,3-dihydroisobenzofuran-5-yl)oxazoline or -thiazoline of
formula VIII thus obtained

R4
R3
Ve
Rl X
0
O (vim

in which X, R' — R* are as defined above, to two subsequent Grignard reactions, the first with
a fluorophenyl magnesium halide and the second in situ with a [3-(dimethyl-
amino)propyljmagnesium halide;

(d) submitting the 2-{3-hydroxymethyl-4-{(1-(4-fluorophenyl)-1-hydroxy-{4-(dimethyl-
amino)butyl]phenyljoxazoline or -thiazoline of formula IX thus obtained
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OH

F (IX)
in which X, R' — R* are as defined above, to a ring closure by dehydration;

(e) reacting the 2-[1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydroisobenzo-
furan-5-yljoxazoline or -thiazoline thus obtained of formula IV
R4

F av)
in which X, R' — R* are as defined above, with a dehydration reagent or alternatively if X is S
subjecting the compound of formula IV to a thermal decomposition reaction, or treatment
with a radical initiator; and isolating the thus obtained citalopram in form of the free base or
of a salt thereof; and

(f) optionally converting the compound obtained into pharmaceutically acceptable salt
thereof.

3. A method for the preparation of citalopram according to claims 1-2 wherein the
compound of formula IV is treated with a dehydrating agent selected from
phosphoroxytrichloride, thionylchloride, phosphorpentachloride, PPA (polyphosphoric acid)
and P,O,, or a Vilsmeier reagent.

4. A method according to claim 3 wherein the Vilsmeier reagent is formed by reaction of a
clorinating reagent with a tertiary amide.
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7. A method for the preparation of citalopram according to claims 1 to 2 wherein the

termally cleavage of the thiazoline ring of a compound of formula IV where X is S is carried
out in presence of oxygen or an oxidizing agent.

8. A method for the preparation of citalopram according to claims 1 to 2 wherein th€
thiazoline ring of a compound of formula IV where X is S and R" is carboxy or a precursor
for carboxy is treated with a radical initiator, such as light or peroxides.

9. A method according to claim 2 wherein step b) is carried out by subjecting the amide of
formula VII to a ring closure reaction by dehydration, preferably by treatment with thionyl
chloride at low temperature, namely at less than 10 °C, preferably less than 0 °C, most
preferably at -10 °C whereafter the temperature is allowed to rise to 20 °C and the reaction is
completed at a temperature of 20-40 °C, preferably at 25-35 °C, most preferred at 28 to

30 °C.

10. A method according to any of claims 1-6 wherein the compound of formula IV is in the
form of the S-enantiomer.

11. A method according to claim 2 wherein the compound of formula IX used is in the form
of the S-enantiomer.

12. A compound of the general formula VIII or any of its enantiomers and acid addition salts
thereof having the formula
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in which X, R' — R* are as defined above in claim 1.

13. A compound of the general formula IX or any of its enantiomers and acid addition salts
thereof having the formula

in which X, R' — R? are as defined in claim 1.

14. A compound of the general formula IV or any of its enantiomers and acid addition salts

thereof having the formula

F Iv)

in which X, R' — R* are as defined in claim 1.

15. The method according to claim 2 wherein step a) and b) is carried out as a one-pot
process.



