WO 01/ 45483 METHOD FOR THE PREPARATI ON OF PURE Cl TALOPRAM The present

invention relates to a process for.the manufacture of thesyg| s km@wn

ant i depr e&aoamus488ug ci t al opram “I-[ 3-(di net hyl am no) propyl | '
-1-(4-fluorophenyl)-1, 3-di hydro-5-i sobenzofuran 5 carbonitrile, in
particular a process for preparing pure cital opram by cyani de exchange,
Background of the Invention GCtalopramis a well-known anti depressant drug

St ot METGRAGE P Pt AR ARG ¥ GBREGAR) 2o Tng serotonin

(5-hydroxytryptam ne; 5-HT) reuptake inhibitor, which 15 has further been
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cor r esporfifpiapramel -3 dimethydaminaprory]-4-(hHreprhenyll b diwdiochispbeazofgan- i nes a
process fafboRiepak pirti@arQfprédedsTbraRéaind FuadRiladBrab by SaRacReed- br ono 20
derivative by reaction with cuprous cyanide in a suitable solvent. Further
processes for the preparation of cital opram by exchange of 5-hal ogen or

5- CF3- ( CiBackfpdudd ofthe Inveytdro are di scl osed in WD 0011926 and WD 0013648.

O her processes involve: 25 Conversion of a 5-am do or 5-ester group to a
5-cyano group (WO 9819513) Conversion of a 5-amno group to a 5-cyano
group (WOIBRPEBILIR} welldmowr gitidpprossant dig tlwt haginoybeanontthe marketdgraeme geastgnd( WO
9900548) HeoRY &Eﬁgﬂ§ﬂ5mﬁw5-oxazolinyl or 5-thiazolinyl group to a 5-cyano
group (WO 0023431) 30 It has turned out that it is difficult to manufacture
citalopramin the required gnalit

The processes

F ®

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor, which
15 has further been disclosed to show effects in the treatment of dementia and cerebrovascular
disorders, cf. EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This patent
publication i.a. outlines a process for preparation of citalopram from the corresponding S-bromo-

20 derivative by reaction with cuprous cyanide in a suitable solvent. Further processes for the
preparation of citalopram by exchange of 5-halogen or 5-CF;-(CF,),-S0,-O- with cyano are
disclosed in WO 0011926 and WO 0013648.

Other processes involve:
25
Conversion of a 5-amido or 5-ester group‘to a 5-cyano group (WO 9819513)
Conversion of a 5-amino group to a 5-cyano group (WO 9819512)
Conversion of a 5-formy! group to a 5-cyano group (WO 9900548)
Conversion of a 5-o0xazolinyl or 5-thiazolinyl group to a 5-cyano group (WO 0023431)
30
It has turned out that it is difficult to manufacture citalopram in the required quality. The processes
of DE 2,657,013, WO 0011926 and WO 0013648 comprising exchange of 5-halogen with cyano as

described above have been found to give the desmethyl-citalopram derivative in unacceptable
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of DE 2,657,013, WD 0011926 and WD 0013648 conpri sing exchange of 5-hal ogen

wi th cyang as, _described above have been found to give thes june 2005

desnet hylweiot”é?"g?)ram derivative in unacceptable HR ATi ON caps WD 01/45483 2
22 June 2005 anounts. This inpurity is difficult to renove by usual working
up procedures |leading to extensive and expensive purification processes.
Thus, a process for the renoval of inpurities formed during the preparation

of cital epe@R. mﬁse@semtflg diffic@KeRAnGR by 881 W ORink uf problifird X HRR Hexhsive
5- hal ogen (f)r the |i with 5-cyano, is necessary in order to obtain a

comer ci & ?‘pﬁisf"rc&’@?g‘i?go‘?rﬁ'ﬂﬁﬂs%ﬁt ure of citalopram It has now been found

that the desnethyl-citalopraminpurity may be renoved by reaction with an

am de- f oM N md.ar oup. The. ar.ni de for . be separ ated
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for the pLeRar@ihRRkidly aftabay : la NC m20 in which a
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conpound o n wherein Z1is 10odo, bronmo, chloro or CF3-(CF2),
S®@2-0, n being 0, 1, 2, 3, 4, 5 6, 7 or 8 is 25 subjected to a cyanide
exc 2 angenmhesasdw idn muga that Gy a&mﬁ_ﬂnyﬁéiilshll@&in %&%&ﬁ@% Ferfioved w@amlﬁ withant
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10 by conventional work-up procedures.
Summary of the invention

Accordingly, the present invention provides a novel process for the preparation of citalopram of
15 formula

20 in which a compound of Formula I

an

wherein Z is iodo, bromo, chloro or CFs;-(CF,),-S0;-O-, n being 0, 1, 2, 3, 4, 5, 6, 7 or 8, is

25 subjected to a cyanide exchange reaction with a cyanide source;




subsequently treated with an am de or an am de-like group form ng agent
sel ect ed ey %{ég agents of .formu-as (a), (b) or (c): Y oRuCLx Xnddal WR' 5
R --SQz (4 where X is halogen or a group G CO-R, Hal is halogen, Y
is0Oor S Wis 0, Nor Sand R R, R° and R'" are each independently
sel ected fromthe group consisting of hWydrogen, alkyl optionally
substituted aryl or aralkyl; 10 the reaction mxture is then subjected to

an aci d/ gaseswashcrads cidlogrin Sredubi ﬁ%ﬂtﬁﬂal?fnﬁlbfegﬁﬁ 8 tsBind iRiBh1l PRificRfion and
ci tal opr the am. des forned fromthe crude cital opram

amin order %o. enov/ ) '
and the P@éiﬂ“ﬁ‘?t 3“853 &’F‘Bﬁ? AMIB PO ADAS-LkegmeurdREming Agerfseineted foomm theiagents Yor ked
up and/ oforimsiak é&),€b) agc)t he base or as a pharmaceutically acceptable salt
thereof. 15 In a further aspect, the invention relates to the above process

~in which the compound of fornulallyis the S-enantiomer and the product
obtained is escitalopram In yet ajjother aspect, the present invention
rel ates to an anR-dEpréSsant p}lqlakrrutmu{-u-m' al compesiti@n gy conprising

ci tal opram manuf actured by the process of the inventioh. According to the
process of the invesmtion, the desggfhyl cital oprami Fgguri ty of forrmula 111
NC 257 s reacted with the anmide or amide-like grou orm ng reagent of
fornul a Pasre X(iphalegenog  groyp Py GrRanHabifhelesenr Y a0 ans, 08 id .06 ord asbRuRi, BY
formula ka4 RMWO:E badSi8epefidently selected from the group consisting of hydrogen, alkyl optionally

substituted aryl or aralkyl;

10 the reaction mixture is then subjected to an acid/base wash and/or crystallisation and recrystallisation

of citalopram in order to remove the amides formed from the crude citalopram; and

the resulting citalopram product is optionally further purified, worked up and/or isolated as the base
or as a pharmaceutically acceptable salt thereof.

15
Ina ﬁlrﬂmr aspect, the invention relates to the above process in which the compound of formulall is

the S-enantiomer and the product obtained is escitalopram.

In yet another aspect, the present invention relates to an antidepressant pharmaceutical composition

20 comprising citalopram manufactured by the process of the invention.

According to the process of the invention, the desmethy] citalopram impurity of formula ITE

H,

C
NC |
Oy

F am

25
is reacted with the amide or amide-like group forming reagent of formula (a), (b) or (c) to form an

amide or an amide-like compound of formula IV:




NC 22 June 2005 mherein Ais agroup RRCO, R-CO, R-WCY- or

R'' -S02- %{ﬁ'FB R' and,. R.', Wand 5 Y are as defppedaboye. The
reaction J1e1%3 of fornula |V may be renoved by acid/ base wash or
crystallisation and di scarded, and cital opram may be obtained as a pure
product fulfilling the requirements of 4he health authorities. Furthernore,
the reaction may be carried out under convenient conditions. 10 Throughout
this specification with clains, hal ogen neans chloro, brono or iodo. The
termal kyl refers to a branched or unbranche@nglkyl group, such as nethyl,
ethyl, 1-propyl, 2- propyINC met hyl - 2- propyl, and
2-nmethyl- | -propyl. 15 The t¥{g -qqa carbocyclic aromatic
group, such as phenyl. Aral kyl aryl’-al kyl group wherein aryl
and al kyl are as defined above. and aral kyl groups nmay optionally
be substituted, e.g. with al kyl group formng for exanple tolyl. The
cyani de exchange reaction is a r eact ere the substituent Z in the
conmpound of forrmulall is 20 exchangs th a cyano group. The cyani de
exchange reaction may be carried out: VWen Z is Br, by reaction with
cuprous cyanide in a suitable solvent as described_ in US 4,136,193, 25
When Z is iodo, bronmo, chloro or CF3-(CF2),rSC2-C>gV% being 0, 1, 2, 3, 4,
5 6, 7 or 8, by reaction mﬁth a cyanide source in the presence of a

pal | adi um cat a] yst an catal ampunt _of Cu} or. Zn2+_a sgribed in
VO 00136%8°r) r‘“ePé‘rgF%’B%cé‘ah Re&CUchir 6 Ya P RERONbsFiB R R Mg% o&"’ ‘g

(R3) 4 5 N4l fahRBfihédibod, ThdiBactioh HRoHGR YT EIINEV HRBe féﬁaodédﬁfy&&ﬁﬂiaseamih are

sel ected from hy drgggn and stralght chain or. branched al ky Alternatlvely

the react8Rlistiprsed deradsd apd sitalepramymel beophiaingdss p pure H@dﬁﬂ&l‘éﬂ% W a
pal | adi upaqaRéAtYSIf the\eh1hlduftRAiflsk. Purrmddé) @hed@Hon may be carried out under

convenient conditions.

10  Throughout this specification with claims, halogen means chloro, bromo or iodo.

The term alkyl refers to a branched or unbranched alkyl group, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, and 2-methyl-1-propyl.

15 The term aryl refers to a carbocyclic aromatic group, such as phenyl. Aralkyl refers to a aryl-alkyl
group wherein aryl and alkyl are as defined above. The aryl and aralkyl groups may optionally be
substituted, e.g. with alkyl groups, forming for example tolyl.

The cyanide exchange reaction is a reaction where the substituent Z in the compound of formulall is

20 exchanged with a cyano group. The cyanide exchange reaction may be carried out:

¢ When Z is Br, by reaction with cuprous cyanide in a suitable solvent as described in US
4,136,193,

25 e When Z is iodo, bromo, chloro or CF3~(CF,),-S0,-O- ,nbeing 0, 1,2, 3,4, 5,6, 7 or 8, by
reaction with a cyanide source in the presence of a palladium catalyst and a catalytic amount of
Cu’ or Zn®" as described in WO 0013648. Preferred cyanide sources are KCN, NaCN or
(R*N)CN where (R?), indicates four groups which may be the same or different and are
selected from hydrogen and straight chain or branched alkyl. Alternatively the reaction may be
30 carried out with Zn(CN), in the presence of a palladium catalyst.




The pal | adi um cat al yst may be any suitable Pd(0) or Pd(l1) containing
catal yst, such as Pd(PPh3)4, Pd2(dba)3, Pd(PPh)2Cl2, etco2Thge gl ysts,
the reactVOPL4#8Ei ti ons, Cu} and Zn sources, etc are further described in
WO 0013648. 5 The pal | adium cat al ysed process is in particular conveni ent
when Zis Br. Wen Zis Cl or Br, with5a with a cyanide source in the
presence of a nickel catalyst, as described in WO 0011926. Preferred
cyani de souliegmllatien KENystNegNe ony fuftitdg Pd@)CKPAfID centaifibfpdalysidudeadses f our

groups whic di.f feren nd are.selected fro rogen 10
ana St r ar gnt OER a0, FAERC S R Sy o e Radich Red it o M Y be

carri ed out saurces, bie apr fastharclescridd im Wi 0@HB§48. ¢ anount of Cu or Zn2". The

ni ckel catal yst may be any suitable Ni(0) or N (11) containing conplex
which acts as a catalyst, such as N (PPh3)3, (cr-aryl)-N (PPh3)2C, etc
and it5is pilefmilaity cpalydpededsiis miphmiculdtvenvebient whealZ icBt.al yst s and t he
reaction conditions are further described in WO 0011926. The ni ckel

catal ysed process is in particular convenient when Z is C. The

i nt er nedisat &hef ZfioCinarBa, wikh avesl £tyanide saurderinthe pasenchdfor mickebyatdhat, ps epar ed

from brono- ,an 2 hi hal i de, r.especti vel desgrL.i i n._DE
857 015, dbed oW RIS heRb Seniag SRR arg Rkt MAONGERE)NIER M oy e
prepar ed as(Ripaciidatee ébur provfd WIIdH64hBbe th @afre badiffgrehtdd aretselesratirah Bydrogerr ei n Z
is Br_is used. T m de., or .am.de-]l.i ke group form.ng agen sed in the

br oceddof e RGRRR ShoRu R R, e Sl 58 i SHR ol BB o o
preferably afucaglytic ambydiof de* @Zn¥n aci d hal ogeni de, nost preferably acetic
anhydride or acetyl chloride. This agent is used in an anount of up to 10
nol / mol % of the anount of cital opram dependent on the content of the
desnet hyl - | TheHidkelcatllyst maybd sy MuitableaNig)) oei(1T) dodtaiiigaodinplen chhixh at®ssd t i ng
fromthe cyanide exchan reaction. subj.ected_t 30 sqne .injtial
puri ficati ofahst 6?%3533&?%)@?%?}?@%@’%&%31&% agd Fté%lﬁrf%ﬁlgmpﬁ?a’& mfide™r  an
am dei} i ke gE@UEHIRI NG FhergsAibn coddBioneaxd fuatéri destrib&d M W@ bH11924.i on, washi ng

with a mxture of an aqueous and an organic solvent in order to renove
netal salts. The aci d/ base wash may be perforned by.

The nickel catalysed process is in particular convenient when Z is Cl.

The intermediate of formula XX wherein Z is bromo or chloro may be prepared from bromo- and
20 chlorophthalide, respectively, as described in DE 2,657,013. The compound wherein Z isiodo or Z
is CF3;-(CF;),-80,-O- may be prepared as described in WO 0013648. Preferably the intermediate

wherein Z is Br is used.

The amide or amide-like group forming agent used in the process of the invention is preferably a
25 compound of Formula (a), more Iireferably an acid anhydride or an acid halogenide, most preferably
acetic anhydride or acetyl chloride. This agent is used in an amount of up to 10 mol/mol% of the

amount of citalopram dependent on the content of the desmethyl-impurity of formula TII.

The crude citalopram product resulting from the cyanide exchange reaction may be subjected to
30 some initial purification before the citalopram product is reacted with an amide or an amide-like
group forming agent, e.g. extraction, crystallisation, washing with a mixture of an aqueous and an

organic solvent in order to remove metal salts.

The acid/base wash may be performed by:
35 e Dissolving the crude citalopram product comprising the amide or amide like product of formula

IV in a proper solvent, e.g. toluene,



35 Dissolving the crude cital opram product conprising the amde or am de
i ke product of formula 1V in a proper solvent, e.g. tol @enene®®1/ 45483
6 22 JuneSHU#548hen adding an aqueous acid until the mixture is acidic
(e.g. until pHis about 0.5- 3, nore preferably about 1) and separating

t he agueous phase contai ni ng citalopranﬁ di scardi ng the organi c phase
conprising the am de or am de-like product of formula IV, and then naking

the aquewsﬂﬁhaaa@mg%ﬁlaauéaxs Qﬁ‘gh&ggﬁ gi;%tarehé% gmg(gg gia 38!y LA bhe 3"&@%”6

in an 5 organic solvent. ani ¢ phase The cft
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H3PO4 or ar |& acid qﬁﬁgb %%gc aci g §g%%helbas used na be
any convenl f)la‘é'feglr‘s SraRIFEHOT e TV BE JEhPE S 11

may besany sumhmbﬁemmolvent preferably the sane- as used in the first step
of the | renoval of the am de or am de-like

pr oduct gf gh (@c&@% (%gmfﬁé%glnpur|tles may if necessary be carried out
by crystallisation and/or recrystallisation of the cital opram base (cf.

Dutch  patiniudddiBheAdn) tRAMlded 45 BhlchRALbREN AL B Goglal |1 sati on of

a pharmaceutically ‘accepfable salt of citalopram 20 ACcording to one
preferred enbodi nent of the invention: 5-Brono citalopramis reacted wth

a cyanodeTizauideRediBayiRsty skl ak10,er examplh [z (0| Elﬂfh‘l HiSTY of HYFR, of & tadbaxplieadid S

| at ed th hed
w th-a m RELPRCERe a0 08 ey Bt SORY ahvesi L ey gy pok The<he
m xt ur e ofecddd @k grinivydobaetdnanierray amthblecolvemepreferaldfy tlersangue osed nEﬂi\f,ﬁr&t(steptqf on

and toluqﬁgmmb&?eggdprder to renove netal salt (originating fromthe

cyani de, source
15  Further removal of the amide or amide-like product of formula IV and other impurities may if
necessary be carried out by crystallisation and/or recrystallisation of the citalopram base (cf. Dutch
patent No 1016435) and/or crystallisation and re-crystallisation of a pharmaceutically acceptable salt

of citalopram.

20 According to one preferred embodiment of the invention:
» 5-Bromo citalopram is reacted with a cyanide source as described above;
¢ the resulting crude citalopram is isolated as the base in the form of an oil;
» the reaction mixture is washed with a mixture of an aqueous solvent and an organic solvent, e.g.
a mixture of H,0/ethylenediamine and toluene or of an aqueous EDTA-solution and toluene, in
25. order to remove metal salt (originating from the cyanide source);
e up to 10 mol/mol % acetic anhydride is added,;
¢ the reaction between the acetic anhydride and the desmethyl-citalopram impurity is allowed to
take place, either neat or in a solvent;
e the reaction mixture is acidified by addition of hydrochloric acid;
30 e the aqueous phase containing the citalopram product is separated from the organic phase
containing the acetamide impurity of formula IV (A = acetyl);
- The organic phase is discarded;
» The aqueous phase is made basic by addition of NH; or NaOH and an organic solvent is added;
* The organic phase is collected and the free base is crystallised;
35 & Thereafter, a pharmaceutically acceptable salt of citalopram, such as the hydrobromide or
hydrochloride, may be prepared by methods known in the art.




up to 10 nol/mol % acetic anhydride is added; the reaction between the
acetic ang%gride and t he desnet hyl - C|talopran1|npur|ty I soahleesbs 0 take
pl ace, ei 383 or in a solvent; ‘the reaction nmixture is acidified by
addi tion of hydrochloric acid; 30 the aqueous phase containing the

ci tal opram product is separated fromthé organi c phase containing the
acetamde inpurity of formula IV (A = acetyl); The organic phase is
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or 5 hydrochl oride of cital opramobtained by the nethod of the I nvention
has a veh¥ hi gh purli , preferably npre than 99, 7% pure, t preferably
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15 and/or diluents and subsequently compressing the mixture in a conventional tabletting machine.

Examples of adjuvants or diluents comprise: Corn 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 with the active ingredients.

20 Solutions for injections may be prepared by solving the active ingredient and possible additivesina
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 suitable additive

conventionally used in the art may be added, such as tonicity agents, preservatives, antioxidants, etc.

25 Finally, it has been found that the base may be formulated info very good and stable solid
formulations with good release properties (cf. Dutch patent No 1016435).

The invention is further illustrated by the following examples,

30 Examplel

Preparation of crade Citalopram base (1-[3-(dimethylamine)propyl}-1-(4-fluorophenyl)-1,3-

dihydro-5-isobenzofurancarbonitrile)

Cu(D)CN (197 g, 2.2 mol)} is added to a solution of 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-
35  1,3-dihydro-5-bromo-isobenzofurane (720 g, 1.9 mol) in sulfolane (250 mL). After the reaction

mixture has been heated to 150 °C for a period of 5 hours, sulfolane (500 mL) is added. The reaction

mixture is cooled to 80 °C where ethylenediamine (ag, 50% w/v) is added. Toluene (2 L) is added

~ and the phases are separated.




15 and/or diluents and subsequently conpressing the mxture in a
conventional tabletting machine. Exanples of adjuvants oy2 glideusmbs

conpri se: WeMH{58Barch, potato starch, tal cum magnesium stearate,

gel ati ne, |lactose, guns, and the i ke. Any ot her adjuvant or additive,

col ourings, aroma, preservatives etc. 8my be used provided that they are
conpatible with the active ingredients. 20 Sol utions for i nj ections may be
pr epar ed 0SS part
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sol ution VpbhleW@t@@blfﬁoeuh«?/@lgmphasemrdmwsdrngaqune sol ut i on and f| I ling it in
sui t abl e samPOEURR (Halopiadd thse INRBlaRldial ADHIE PAGY hbir¥e s6RY & icQPalKlYeahised i n
the art nay be added, such as tonicity agenfs, preservatives, antioxidants,
etc. 25 Finally, it has been found that the base nay be formulated into
very goodixamgledt abl e solid fornulations with good rel ease properties (cf.
Dutch patent No 1016435). The invention is further illustrated by the

foll ow ng exanpl es. 30 Exanple | Preparation of crude Ctal opram base

(1- [ 3- ( diPwreifibationrsf oredp l:i@qiy[bljanﬂb)(mnfoh'ugr bWmﬂly)a*ﬂip@propyl]-1-(4-ﬂuorophenyl)-
diiiydro (197 g, 2.2 nol) is added to
a soluti g?‘%ﬁ?@ﬁ%@%{nmt E‘{’lh%llf)rg%lty 4-f 1 uorophenyl)- 35

1, 3- di hydr o- 5- br ono- isobenzofurane (720 q, 1 9 nmol) in sulfolane (250 ni).
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ours, sulfo e lon mxture is.coo

where et Ry &R ﬁ%ﬂ%@fogﬁi - H9RmapREpY Y- %%affa*eya@-S “Rpenieragosraopitile lsaJasag and
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urther S, th wat er e
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crude G tiwipbpeaare Ba)aetquThesmgaathﬂiamss @scaniecﬂ andFﬁmrpH yf thpqmuoms pBEs%SWIJuBP@C

( Peaklsar ?@‘) with Efé%ﬁ;ﬂ{i&'l &'ammonia (aq, 25% w/v). Toluene (1.5 L) is added and phases are separated.

The aqueous phase is discarded and the solvents are removed from the organic phase ir vacuo.

A yield of 330 g of an oil containing crude free base of citalopram and toluene is isolated.
The content of 1-[3-(methylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-
carbonitrile is < 0.1% mol/mol.
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Purification of crude cital opram by renoving

1-13- (et % @;ergg) propyl]-1-(4-fl uorophenyl)- , 22 June 2005

1, 3-di hydro- %%benzof urancarbonitrile as its acetam de. 10 Crude

cital opram base from Exanple 1 (324 g, 1 nol) having a content of approx.
2.5% nol | nol  of 9

| - [ 3- (et hyl am no) propylj-I-(4-fluorophenyl)-1, 3-di hydr o-5-i sobenzof urancar
bonitrile is dissolved in toluene (s Acetic anhydride (10 g, 0.1
nole) is added and the reaction mxture is heated to 60 C for 30 mn.

Water (2 L) is added, the pHis adjusted to 1 by adding conc. HCl(aq, 12 M
and the pPhayescesfer thepapaitid of dibdpamgani ¢ phase i s discarded and the pH of
t he agueous phase is adjusted 15 to 9 with the addition of amonia (aq, 25%
wv). Toluene (1.5 L) is added and phases are separated. The aqueous phase
i s discarded and the sol vehNCs el enpved froh1the or gani ¢ phase in vacua.

A yield of 330 g of an oil coni rude fNeg base of cital opram and
toluene is isolated. The conté
1-[ 3- (et hyl am no) propyl ] - 1- (4- ;
carbonitrile is < 0.1%nol/nol. 20 WD)Q1/ 45483 22 June. 2005 9 CLAIMS 1. A

process for the preparation of cital¢gp NC 5 in which a conpound of
formula Il 10 m(n) wherein Z is iodg

bno, chloro or CF3-(CF2),,-SX2-0,
n being 0, 1, 2, 3, 4, 5, 6, 7 or 8, I subj ected to a cyani de exchange
reaction with a cyanide source; the resutant crude cital opram product is
optionally subjected to sonme initial purification af

in which a compound of formula IT

(Im
10

wherein Z is iodo, brome, chloro or CF;-(CF;),-SC»-0-, n being 0, 1, 2, 3, 4,5, 6, 7 or 8, is

subjected to a cyanide exchange reaction with a cyanide source;

the resultant crude citalopram product is optionally subjected to some initial purification and
15  subsequently treated with an amide or an amide-like group forming agent selected from the agents of

Formulas (a), (b) and (c):

Y
R~CO—X HalJ'LW*--R“ R"—S0;—Hal
(2) (b) ©
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15 subsequently treated with an am de or an am de-like group form ng agent
selected fromthe agents of Fornulas (a), (b) and ( c ) :22YJunB-2008 - X

Hal J\Wq grifagsR' -SO2 Hal (c) 20 22 June 2005 WO 01/45483 10 where X is

hal ogen or a group OGO CO R, Hal is halogen, Yis O or S, Wis O, Nor S and
R R, R and R'' are each sel ect ?g fromthe group consisting of hydrogen,
al kyl, and optionally substituted ryl or aralkyl; the reaction mxture is
t hen subjected to an aci d/ base wash and/or crystallisation and

r ecrwisteaX fis tbtzeoor 2 grupc@1C-Bpridahis mlagedey is@or §Wveoer sumdeR ' ferned from
t he e Gl 1 : 1 i cj.t:al ppram nr t is

opt Il | o et iy ool ARkl DL RRL AT AR
pharRdeetfelk¥hl |y acceptable salt thereof 10 2. The process according to
Claim1 characterised in that the am de or am de-li ke group form ng agent

i agent of forpula, R X rein Rand X are as defined in Claiml1.
5> TR o B P 0 Tt N ot el rop Pl PP e B  or
am décitdldpearg rowrgerfto ramovg thehhideg éited Som thachoxgilalcpracingknashipdr i de or an
acyl hal ogenide. 4. The process according to Claim3 characterised in that
the am de or amde-like group formng agent is acetic acid anhydride 20 5.
The hr Gedige d@losrgt prgdicd soppaepls fé‘l’ﬁ%ﬂfa’@ﬂgﬁ‘ia seatkqdron #glt iselafed anitde or
am Q@selor K Bhaf@dRidaNy B RBGabidg@Nberkst. @an acyl chloride, preferably
?Ocetyl chl ori de.

2. The process according to Claim I characterised in that the amide or amide-like group forming

agent is an agent of formula R-CO-X, wherein R and X are as defined in Claim 1.

3. The process according to Clatm 2 characterised in that the amide or amide-like group forming

15  agent is a carboxylic acid anhydride or an acyl halogenide.

4. The process according to Claim 3 characterised in that the amide or amide-like group forming

agent is acetic acid anhydride

20 5. The process according to Claim 3 characterised in that the amide or amide-like grc;up forming

agent is an acylchloride, preferably acetylchloride.

6. The process of any of Claims 1-5 characterised in that Z is Br and the cyanide exchange

reaction is carried out by reaction with cuprous cyanide in a suitable solvent.

25
7. The process of any of Claims 1-5 characterised in that Z is iodo, bromo, chloro or
CE3-(CF2)s-S0,-0-,n being 0, 1, 2, 3,4, 5, 6, 7 or 8, and that the cyanide exchange reaction is
carried out by reaction with a cyanide source in the presence of a palladium catalyst and a
catalytic amount of Cu" or Zn™
30 o

8. The process of any of Claims 1-5 characterised in that 7 is iodo, bromo, chloro or

" is carried out with Z,(CN)> in the presence of a palladium catalyst.

35 9. The process of Claim 8 characterised in that Z is Br.

10. The process of any of Claims 1-5 characterised in that Z is Cl or Br and that the cyanide



6. The process of any of Cainms 1-5 characterised in that Zis Br and the

cyani de exchange reaction is carried out by reaction w tj guy Z00s cyani de
in a suitde/4sSadvent. 25 7. The process of any of Cdains 1-5 characterised
inthat Zis iodo, bronmo, chloro or CF3-(CF2),,-SQ2-O, n being 0, 1, 2,
3, 4, 5 6, 7 or 8 and that the cyani dg exchange reaction is carried out
by reaction with a cyanide source in the presence of a pall adi um catal yst
and a catalytic amunt of, Cu-' or Zn2' 30,8 The process of any of ai s
175 Ghar ageue EatER HYmed oo it Syg oG suits i o PO scHbeLcoipay epah.
bei ng 0, ihthépresBpcesdf a Eatalftic amamnichbf€u’ arigh’t hat t he cyani de exchange reaction
is carried out with Z'(CN)2 in the presence of a palladiumcatalyst. 35 9.
The process of Claim8 characterised in that Zis Br. 10. The process of
any of C Hi ke prosesg pifrlaiot W qhaeastarised Wbt Zi5€1.C or Br and that the cyani de
WO 01/ 45483 11 22 June ' 2005, exchange reaction is carried out with a

cyani de source in the presence of a nickel catalyst, optionally in the
presence of a catalytic anount of Cu' or Zn2}. 11. The process of Caim10
characterised in that Zis d. 5






