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Process for the preparation of pure Citalopram

The present invention relates to a process for the manufacture of the well-known antidepressant drug
citalopram,1-[3-(dimethylamino)propyl}- 1-{4-fluorophenyl}- 1,3-dihydro-5-isobenzofuran-
carbonitrile, in particular a process for preparing pure citalopratm by cyanide exchange,

Backgronnd of the Invention

Citalopram i5 a well-known antldepmamt drug that has now been on the market for some ymrs and
-has the i‘ollnwmg structure: :

NC

Ttis a selective, centrally acting serotonin (3-hydroxyiryptamine; 5-KT) reuptzke inhibitor, which
- bas further been disclosed to show effects in the treatment of dementia und cerebrovasenlar
disorders, of. 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 5-bromo-
derivative by reaction with cuprons cyanide in a suitable solvent. Further processes for the
preparation of citalopram by exchange of 5-halogen or CF;-{CF;).—SO,—O— n being 0.8, with cyano
are disclosed n WO 0011926 and WO 0013548,

Other processes involve: .

Conversion of a 5-amido or 5-¢ster 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-farmyl group to a S-cyano group (WO 9900548)

Conversion of a 5-oxazolinyl or S-thiazoliny] group to a 5-cyano group (WO 0023431)

It has turned ot that it is difficult to manufachure citalopram in the 'réquimd quality. The pmceésas
of DE 2,657,013, WO 0011926 and WO 0013648 comprising exchange of 5-halogen with cyano as

~ described above have now been found to give some high molecular weight impurities including

dimeric reaction products in unacceptable amounts. These impurities are difficult to temove by usuﬂ‘ :
working up procedures leading to extensive and expensive purification processes.




Titl e: PROCESS FOR THE PREPARATI ON OF PURE Cl TALOPRAM [err] Abstract: A
process for ‘the preparation of cital opranof fornula (I24Fsbrobiycivog conpound
of formula (Il1) wherein Z is iodo, brono, chloro or '
CF[err]-(CF2)[err]-Serr]-O n being 0, 1,2,3,4,5,6,7 or 8, is subjected
to a cyani de exchange reaction in which the group Z is exchanged with
cyanide by reaction with a cyanide source; the resultant crude cital opram
product is optionally subjected to sone initial purification and the crude
cital opram base is subsequently subjectedto a filmdistillation process;
the resulting citalopram product is then optionally further purified and
wor ked up antimisa@loatse Gor@le friRBSSSr Rilo 5 epLabl e sal t
thereof. 24 Fepr uary 2006 ﬁ% 01/ 4787 %@?’?%g%dﬁg Hﬁ%@%@@%‘%ﬁ%'ﬁe&
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cital opram 1-f 3- (di net hyl am no) pnpy%tﬁ&-?‘ﬁ%%g%mﬁg I@TG- di ydr
-5-isobenzofuran- 5 carbonitrile, in particular a process for preparing
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is a well -kn‘ﬁg‘ﬂ anti depressant drug that has no een on the narket o or '
some years and “PYPRESSthe fol lowing structure: NC I It is a selective,
centrally acting serotonin (5 liydroxytryptam ne; 5-H 1) reuptake a

i nbi bitor, gnich 15 has further been disclosed to show effects in the

treat ment of"HERENSSEE WXEpYO8: obr ovascnl ar . di sorders, ef. EP-A-474580.

Cital opram 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 cital opr AFFCTIRER fHEETSHH inversion dravises: mpespfonte prepirativhiofepiified UCt i on Wi t h
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mitial purification; and the crude citalopram base is subsequently subjected to a film distillation

process to remove high molecular reaction impurities; the resulting citalopram product is then

optionally further purified and worked up and isolated as the base or a pharmaceutically

acceptable salt thereof.

In one embodiment, there may be provided a novel process for the preparation of citalopram
- of formula




preparati.on of cital opram by exchange of 5-halogen or CF3-(CF2)eSt2-0O, n
being 0.8, with cyan are disclosed in WO 0011926 and MOrFegi364&06C her
processes involve: 25 Conversion of a 5 =ddo or 5-ester group to a 5-cyan
group (WD 9819513) Conversion ofa 5-am no group to a 5-cyano group (WD
9819512) Conversion of a 5-fornyl group to a 5-cyano group (WO 9900548)
Conversion of a 5-oxazolinyl or 5-thiazolinyl group to a 5-cyano group (WO
0023431) 30 It has turned out that it f& difficult to manufacture
citaloprarn in the required quality. The processes of DE 2,657,013, WO
0011926 and WD 0013648 conprising exchange of 5-hal ogen with cyano as
descri bed above have now been found to give sone hi gh nol ecul ar wei ght
i mpurities whebind ngy bélict®, tréind, SR6| ) Ghs 4.0, Unaccept abl e amount s.
These inpurjties are difficult to re%gg(%ﬂ?i§bgdm%$’??%§%ug3p$’oscéad7u‘?"égs
| eadi ng to ext endiXfEA i 89kt srehangn reactipe it Which theQE@HSE Smay dxeRdnpRr Y 2006
2 Thus a preitiesanitioby ich@ioR Wil AlcidniRRoffe. Ci tal opram in which inpurities
formed during the cyanide exchange reacétion, i. e. the exchange of
5- hal ogen o;“mtihe li ke with 5-cyano, are renoved, is needed in order to
obtai n a cohereespltait | ¢yudat titaddprdny f e of citalaopram It has _now been
| ecul ar ePrngem;!gt'ltJ i g‘% ;ﬁr?pﬁé)tfotniglb's Sﬁlﬁg’“’ge“’r &R dtidly a

found t hat se hi gh
fil'm dist iﬂt“Fﬁ%a:ES‘h aﬁ?‘ 6€f“e)§§{de SifaleRrpp biisc t menyi bey euttsequentAC eubjedicagbYa e

- present i nyetitlaton ppcay;i des a process for the preparation of a purified
ci tal opram product characterised in that the crude cital opram product is

optionally subjected to initial purification; and the crude cital opram
base is subi®eeubing biyalspudm pRHEA I8y thed bd istidlation. process to renmove
hi gh nol ecyl ar e(flc':nj_'te(r)ngi mpuriti g)é;_et hegBrtg’lslﬂ{ytH%lberBF&é?ﬂéﬁ‘?éFﬂ preder s
then optionatlyordi ¢ G @mhiacputiendly weseiteldle salr therebfi sol at ed as the base or
a pharmaceutically acceptable salt thereof. In one enbodi nent, there may
be provided a novel process for the preparation of citalopram of formula
NC




in which a compound of formula Il 11 24 February 2006 2a wherein Z may be
i odo, brono, chloro or CF3-(CF2),; SO2-O-n being 0, 1,28Felrua®.2006 6, 7 or
8 nmay be.subjected to a cyani de exchange reaction in which the group Z may
be exchanged w th cyanide by reaction with a-cyanide source; the resultant
crude .cital opram product may be optionally subjected to sone initial
purification and the crude cital opram base may be subsequently subjected
toa film distillation process; the resulting cital opram product may then
be optionally further purified and then worked up and isolated as the base
or a pharmaceutically acceptable salt thereof. 24 February 2006 | n anot her
enbodi nent, there may be provi ded the above process in which the conpound
of forrmula Tit is the S-enantionmer In yet another enbodi ment, there may be
provi ded an anti depressant pharnmaceuti cal conposition conprising cital opram
manuf actured by the process of the invention. By the process of the .
invention, tlhendtieybmbodifeithdre BPYE lobiASd MmO LEGRE l%céngﬂ)é(/ﬁ hIh'é%E?ntorﬁgd cii_r ude
cital opram o%?zuum' The or parts of these_h|8 mol ecul ar L ipuri £ es~
are reaction pro & the SERAIBMEY 2 111 and | B [V .In addition to the
reaction products of fornmulas Il and 1V, other dinmeric or polyneric
~inpurities Imi]gt e. g be fg_r med by reactions between descyano- and- .
desnet hyl - ci BIARr reqthoginieat, fthirumy Sarirovidedhan entidepussawx pangenticalact ion.
Fur t henor e, cotipesiti@ainpAsind EloBRnCmsdyl 0&%{3\/ ,&nt conditions.
The cyani de exchangeh?eacgfr?%r?brmy bgragglﬁai%gg}é@gﬁss eﬁ%%"ﬁ(g" $r, by
reaction WBﬁﬂﬁWSfMﬁi%ﬂﬁnjtﬂcﬂigﬁmoi&%ﬁm%@ﬂ&%m‘% described in US

: ' are removed from the crude citalopram product. The major parts of these high molecular

impimitics, are reaction products of formula 1 and
- ;

, v
In addition to the reaction products of formulas ITI and IV, other dimeric or polymeric impuritics
may ¢.g. be formed by reactions between descyano- and desmethbyl-citalopram radicals formed

during the cyanide exchange reaction, Furthermore, the reaction may be carried ont under
canvenicnt conditions.

- The cyanide exchange reaction may be catried out:

* When Z s Br, by reaction with cuprons eyanide in a suitable solvent as described in US
4,136,193,

* Whea Zisiodo, bromo, chlare or CF3-(CF,),-S0,-0-u being 0, 1, 2, 3,4, 5,6, 7or 8, by
reaction with a cyanide source in the preseace a palladium catalyst and a catalytic amount of Cu'*




4,136,193, Wien Z is iodo, brono, chloro or CF3-(CF2)n-S0z-0- n being O,
1, 2, 3, 4, S, 6, 7 or 8 by reaction with a cyanide 39Heaaly200be -
presence a palladium catalyst and a cat aI ytic anount of Cu* 24 February
2006 V\D‘gg)ioﬂ 82,; 4 PCT/ DKO1/ 00148 or Zug"' as described in WO 0013648. -
Preferre ahi'de sources are KON, NaCN gr ((R).tN' wherRCYRE§UIHRY cat es
four groups whi ch may be the sane or drfferent and are selected from
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e reactio Fﬁgi o) ces, etc are further described in
W00013648. Zﬁr@ﬁ‘%igt%g I"adi uérqacﬁmgqlégé‘aéﬁgtocess is in particular convenient
when Zis Br. Wen 2 is O or Br, with a cyanide source in the presence of
a nine! cat I b LN Preferred cyani de sources
e s mm&im% Sy ¢ ey bt et o e

e sane or 1 . re@Hén Ty chain-
or branched a ége Thﬁgﬁlea%ﬁgﬁ{cdn%éﬁs%ﬁr%al ly be carried out in the
presence of %% §ﬁ 2n2''. The nickel catalyst may he

. .any suitable - Ni (O or Nip containing conplex which acts as a catal yst,

such Ni (RPhr . (a-ai'vi)-N (PPh2 etc apnd iy is _preferably prepared
in sit. Thﬁ%@%ﬁ'{?ﬁghﬁﬁ s ﬁﬂg‘f‘ﬁg arcaepieptWigifdistitons are farther
described in W)0011926 The ni ckel catal ysed process:is in particular
conveni ent e termal kyl refers to a branched or unbranched
S kytar oup MR s Cocg; wih ey mwccar%mesenmm%mmmasw i
2-butyl, Z wridpyiond. Befmed oy sdubRiiykeH, mem g&e&@

re ared from om) and

forrruIaII wherein Z is bronmp or chlgro p
chl or opbt hafaufgroupssekigmay, be the saue %Féijﬁm&ﬂil T | 5@m hydrosensnd etspigitdi ng

to US4, 136¢hkier bihedaBAR O d%n.g:r %SEE
may be34prepcar ed as d,escri*bed I n Bgﬁwgﬁfg%&ﬁ refiera%'l y e mter‘ﬁrrgI ate
wherei n Z i ampgat pECy s dn”.

The nickel catalyst may be any suitable Ni(0) or Ni(ll) containing complex which acts as a
- catalyst, such as Ni(PPha), (o-atyl)- Ni(PPhs)Cl, ete and it is preferably propared in sifs, The
20 nickel catalysts and the reaction conditions are further described in WO0011926.

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

The term alkyl refers 1o a branched or unbranched alloy] group, such as methyl, cthyl, 1-propyl, 2-
25 propyl, 1-butyl, 2-tutyl, 2-methyl-2-propyl, and 2-methyl-1-propyl.

The intermediate of formula IT wherein Z is bromo or chloro may be prepared from bromo- and
chlorophthalide, respectively, as described in DE 2,657,013 corresponding to US 4,136,193. The
compound wherein Z is iodo or Z is CF3~(CF;),-80:-0- may be prepared as deseribed in

30 WO 0013648. Preferably the intermediate wherein Z is Pr is used.

~ Following to the cyanide exchange reaction and prier to distillation, the reaction mixture may be
subjected to some initial purification, such as washing, extraction, erystallisation. Prcferaﬁly the
reaction mixture is washed with a mixture of an aqueous solvent and an organic solvent, e.g. &
35 mixture of HiQ/fethylenediamine and toluene or of an aqueous EDTA-solution and toluene, in order
to remove metal salt (originating from the cyanide source) and then the resulting crude citalopram i8
isolated as the base which is an oil. |




Followi ng to the cyani de exchange reaction and prior to distillation, the
reaction m xture may be subjected to sone initial purgipggmquoosuch as
washi ng, extraction, crystallisation. Preferably the reaction mxture is.

- washed with a nixture of an aqueous solvent and an organic solvent, e.g. a
35 m xt u‘&g Qf U et hyl cnedi ami ne and tol uene or of an aqueous

EDTA- sol WOBH'EHd tol uene, in order to xenove netal sal t XGFPEPHMIfhg from
the cyanide source) and then the resulting crude citalopramis isolated as

he b . h | 4. F 2006 1/47877 PCT/ DKO1/ 00148 Th
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I s used. lege f5 "distillation process may be any di sti | I ati on process
useful sin industrial scale. The term"elm distillation" designates a
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wi ped fi I‘IF“rx ISt I@F{g%]frl#d mé%%%‘e’ié‘%dﬁ%?w apr%%aéaqvgmglg ?ﬁ%’f"ﬂ%ﬁ)“ed
is appli aume@se@aaﬁlmﬁ@@humﬁmﬁbahmdwpﬂm us as a thin film Usually, the
materiygl is appl led to the inner wall of a heated cylindrical evaporator by

a rotor or W concentrically nounted in the apparatus. The distillate
i s usual |Thie éamélshuatm whick mayalse be calladomiped MllamhMBHWhﬂh
is afil %W&MM@@ 1apmswﬁceﬂm§ﬁuﬂa & 2 BN EERS §uah 7, the

. pl aced W|th or at h, of, a&gurs fromthe evaporation sur ace o
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S distill at¢@ezmﬁﬁ¢lgsmoﬂﬁyd e the apparsted - Thed distildie is faldiBWediGle®od dint &0 REterndd

o)

condenSec rglsR: S PP AftndpRR T‘&ﬁsf%ﬁra%ab““tmﬁ%wﬁ SRt on
t enper at mlmwmmmmmmmmmemmmm O thetdpdenklye exact

- tenper ature

According to the process of the fvention, the ﬁlm distillation process may be performed under the
following conditions: '
20 Feeding temperature higher than 93 °C, prefembly about 100°C.
Temperature of condensed distillate higher than 33 °C, preferably about 100 °C.
Distillation temperature of 200 — 330 °C at a presstire of 0.1 - 2.0 mmHg. The exact ternperatme
depends an the pressute and may be determined by a person skilled in the art. '
The crude citalopram base fed to the evaporator may be dissolved in an appropuiate solvent, i.e. an
25  inert organic solvent, which is fluid at balow 93 °Cand is a gas at the evaporator temperature.

In a particular preferred embodiment of the imvention, a thin film layer distiliation process is used.
The thin film layer distillation is performed in a thin film layer evaporatorwhich is a .cylindn'ml
apparatis with a double wall which provides for circulation of a heat transfer medium and with
30 rotors or wipers placed on an axis concentrically in the cylinder, It has outlet for theremanence and
for the distillate, respectively, The later outlet is through a condenser, The thin film layer distillation
according to the invention may convemcntly be performed under the following conditions:
e The fcrdu:ﬂ temnerature is hgher than 93 °C, preferably about 100°C.
s The temperature of the condensed distillate is higher than 93 °C, prcferably about 120 °C,
' 35 « The distillation temperature, more specifically, the wiper or rotor temperature is 200 — 330°C
' and the pressure is 0.1 ~ 2.0 mmHg, preferably 240-270 °C at a pressure of 0.6 - 0.8 mmHg
= The rotor or wiper speed is 500 — 2000 rpm (rounds per minute) depending on the totor and
accordingly apparatus size. The smaller rotors the higher the speed. A convenient rotor speed i3




depends on the pressure and may be determ ned by a person skilled in the
art. The crude cital opram base fed to the evaporator npyFégugiy2006ved in an
- appropriate solvent, i.e. an 25 inert organic solvent, which is fluid at
blow 93 C and is a gas at the evaporator tenperature. In a particular

pr ef err ewcemyrdiment of the invention, a thin filmlayer distillation
process is used. The thin filmlayer digillation is perf&CHFEKIGIHOHSEt hi n

filmlayer evaporator which is acylindrical ~apparatus with a double wall

~ which provi dé80-#810 ginn Goil 2atmalerof AR fer mediumand with 30 rotors
or wipers pl (@0 an axis concepr??lrai'cgrlkl ?/60?%% By Indpeteiz] sqale thim fdut lager

for the remanence and for the distillate, respectively. The |ater outlet

i s through dheshdefidepramibase feilo fliclen oo 15t 4 bon_according to the
roR el i discnlibd B,
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The feeling te eraturﬁ%ﬁng%ﬁgé l?ﬂ‘&ﬁﬁg?}n@?‘wbrgé"f@ and yis abgut atl 88; Eapordige
t enper ture%ﬂ%"ﬁfﬁmﬁlfdmﬁwe i s higher than 93 'C, preferably
~about 120 C. 35 The distillation tenperature. nore specifically, the w per
or rotor erature is.200 - 330 G and the pressure is 0.1 -- 2.0 mmHg,
pr ef er abl’y ug%abené;? the ciialogmnt wrodict ohtgined iy the dﬁmﬁoﬂhﬁﬁww&gx
speed i s dBOBy asid/BORCYATOrfstaAlieMsn REd e%ﬁbﬁi?&ﬁag%?ﬁgedi.n on the rotor ‘an
accor di ng&&/m@ggﬁf)%a%gs'z CTiC smalle rotor %V&ﬁ@m%(%%?‘m“
~ conveni ent rotor ‘speé ?ﬁ@%@m PFTytlisation of\4 pliATAcAniDly SISRIINO A8
1700-HWg0Gialppmamn a smal | er apparatus or 700 rpmin an industrial scale ter

fam | ayer evaporator. The crude cital opram base fed to the evaporator may
be dissolved in an appropriate solvent, i.e. an inert organic solvent,

whi ch i s Tht Bliargacttiodly eevcpiable salbdf dimloprag suchlas . erat ure.
Prefer ab[,ywh@i,%ﬂ@mh& %ﬁg{{ ﬁ{e%ir%ﬁé Fifi ca??g‘gﬂagwt&hgé @‘h"ﬁ‘%@ﬂf‘ﬁ: may
product obt ai n?d by the di s i e '@%mﬁ&%wmm&mmwm
aci d/ bas B AL acid fq wasen miseiblersolyeal, susk symtiahd brastliandl) with shBBauchit HALAR G
base 160f thelsuk b ciRbRratibiPanHLbE I3 r.crystal Jisati'on and
recryst alséchségzi%ﬂg o r%\gtm%%ﬁfw f"@%@ﬁ‘&ﬂf’@ 18 8 Pater igmescibla soyentn
| Y eHier, ctylacetate or dichloromethane, with the salt separating spontaneonsly. The
hydrobromide or hydrochloride of citalopram obtained by the methind of the fnvention has a very
- high purity, preferably more than 99.7% pure, mast prefezably more than 99.8 % pimity. Other salis
of citelopram, e.g. the oxalate, may also be obtained in a very pure form hy this process;:

20 .
The pharmaceutical compositions of the invention may be administered in any snitable way ai;d m

any suitable fprm, for example orally in the form of tablets, capsules, powders ar symps, or

. parenterally in the form of usua] sterile solutions for injection,

25 The pharmaceutical formnlations of the invention may be prepared by conventional methods in the
art. Far example, tablets may be prepared by mixing the active ingredient with ordinary adjuvants
and/or diluents and sobsequently compressing the mixture in a conventional tabletting m.anhine.-
Examples of gdjuvants or diluents cotnprise: Corn starch, potato starch; talcum, magnesiom stearate,
gelatine, lactose, pums, and the like. Any other adjuvant or additive, colourings, aroma,

30  preservatives etc, may be used provided that they are compatible with the active ingredients,

Solutions for inje_cti_ons may be prepared by solving the active ingredient and possible additives ina

part of the solvent for injection, preferably sterile water, adjusting the solution to the desired volume

sterilising the solution and filling it in suitable ampnuics or vials. Any mitable additi#c ’
is copvmﬁanally used in the art may be added, such as totiicity agents, preservatives, antioxidants, etx.-

Finally, it has been found that the bage may be formulated into very good and stable soljd
formulations with good release properties (cf. Dutch patent No 1016435),




.The pharmaceutically acceptable salt of cital opram . such as the by
hydrobrom de or hydrochloride, ma j be prepared by nmephfdsrukiy®e06i n t he
art. So, the base may be reacted with either the cal culated anount of acid
in a water mscible solvent, such as acetone or ethanol, w th subsequent
‘isolation of 15 the salt by concentration and cooling, or with an excess of
- the aci dwpDoi@7svat er i mm scible solvent', such as ethylether, etlrylacetate
—-or dichlorononethane; with the salt sepaffating sponta net r¥SI/DKO¢Ia48
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sol ut i ons4pq: dfferde €St erilising the solution and filling it in
sui t abl e anpoul ese?)t?r vi | al %Sygﬁ§°!%t€cf%s§ﬂlog%§w'§§Vwm@m 8sed in

the an may be added, such as tonicity agents, preservatives, -antioxidants,
et. REndExaymple? has been found that the base nmay be formulated into very
good and stable solid fornulations with good rel ease properties (cf. Dutch
patent No 1016435). 24 February 2006 WD 01/47877 7 The invention is

f urt her Burifisgtiomoaindycitlepriagl b GIedRAiRiRg. £xample 1
. C;mfie citalopram hase (chygnool—(S-dimethylaminopmpyl}l~(4-ﬂuomphe:ty1)phthalane) (20 kg,
purity approx. 8% by HPLC (peak area) and sulfolane (4 L) is heated to approx. 100 °C. The hot
20 ‘, mixture is feeded to 5 thin film distiliation apparats (wiped fitm distillation) whete the wiper
- tempemmre is 245 °C resnlting in 4 pressure of abont 0,7 mmHg. The temperature of the condensed
distillate is kept at 120 *C to prevent crystallisation of the fiee base.
The dxstil!af;c contains crude citalopram (purity approx, 96% by HPLC (peak area)) and sulfolane.

25 FExample3

Farther purification of the distillate {crude cithlnpram base) as above by crystallisation of the
free base of citalopram.

Distillate (4 kg) as above is dissolved in MeOH (12 L) at ambient temperature, Water is added wntil
3 "milky" ealour of the mixturs remains. This mixture is seeded with crystals of citalopram free
base, The crystals are isolated by filtration after the temperature has been lowered to 10 °C for 2
hpurs. The crystallisation from MeOH/water as above is repeated. |

Two ﬁn’thﬂ' I'B-El'yStallisaﬁﬂns .ﬁ'mn n—hcptang giv: Cim]opmm (2‘3 Kg) free base in a pnn-ty of
approx. 99.5% (HPLC: peak area) . o .

30
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PCT/ Dk01/ 00148 5 -Preparation of crude G tal opram base .

(5-cyano- 1- ( 3-di net hyl am nopropyl )-1-(4- fluoropbcnyl 2phéhahgrempsCu( | ) CN
(197 g, 2.2 nol) is added to a solution of

5- br ono-'1- (4- f | uor opheci yl ) - 1- (3- net hyl ami no- propyl) pht hal ane (720 g, 1.9
mol ) 'in sul fol ahe (250 nL). After the reaction mixture has been heated to
150 C for a period of 5 haw s, sulfolate (500 nmL.) is added. The reaction
m xture is cooled to B4 10 C where ethyl cnediam ne (aq, 50% w v) is added.
Toluene (2 L) is added and the phases are gseparated The organi c phase is
furtherwashed with EDTA (rq, 500 m, 56la W and water (2x500 nlL). The
volatile materials fromthe organic phas@ AM¥Sr enpved i n vacua. 540 g of

crude Cital opram base is isolated as an oil. Purity approx. 85% by WLC
(Peak anm) 15 Exanple 2 purification of crude cltalopramby thin film
distillation. Crude oital optam base (5-cyano~-I-(3-di nckhyl am nop opyl)-|

(4-flnarapl ark 2@raegss forghe pregprasiop nbxpuriRd cisalbprahiptodud pleeckctariad)io dnd the
sul fol ane (4 lehde%:th@ﬁﬁtﬁ‘ﬂr&dﬁcl%:@?ﬂali %dic%(flﬁg] gél&n%?) X (ﬁ sad €eded to

athinfilmdistillation apparatus |’on erethe

Wi per -t enper atcliFape@ baseds s@sqqeem Fi"uﬁ’tqdﬁo a fiyn distiliation Btfocabmm:m@veﬂnﬂm-lg The
_ tenper at ur e ofnoldeelac waighineastion inpwities;| te eeswmgemhlopahmlﬂﬁdtﬁt isOtheh @ptdHally

tallisat t t al |
(purity 'aZSr'o ﬁﬂﬂ"ﬁg" bRt b M ot oy Mchare s B Gy et BRI | e

purification e distillate (cr ude Ci taI opram base) as above by

crystallisatign ita Iae(4k) as
above is di ssgl v@% Pﬁ%%wgq%gé@%fa’m gtci:%lrﬁﬁ+°§?r% Fnéh‘ﬂ%’%@' J?@O eGHrYeist added
until 30 a "TGROHRY impusitigy high afersmmyed: enmprisesndimaric fors of pkatopmare hawing deded
W th crystal spgiuigi t al opram free base. The crystals are-isol ated by
filtration after the tenperature has been lowered to 10 C for 2 hours. The
crystallisation from McOH water as above is repeated. Two further
re-crystallisations fromn-heptaxte give Ctalopram (2.3 Kg). free base
ina purity of approx. @8. 5% (HPLC, eak area) 35 CN

F F I
and for '

3. The process according to claim 1 or 2 wherein the crude citalopram product is prepared
by subjecting a compound of formuls I




24 Fepruary 2006 8 CLAIM5S 1. A process for the preparation of a purified
~cital'opram product characterised in that the crude cip4iFepruam 2008duct is
optionally subjected to initial purification; and the crude cital opram
base is subsequently subjected to a filmdistillation process to renove
hi gh nol ecul ar wei ght reaction inpuritjes; the resulting cital opram
product is then optionally further purified and worked up and isol ated as
the base or a pharmaceutically acceptable salt jthereof 2. The process
‘according to claim|l charact érds at the Righ nol ecul ar wei ght
reaction inpurities which are r¢ i Nreric fornms of citaiopram
having the fornmulas: NC CN |11 g . The process according to
~claim1l or 2 wherein the crude C|ta|opr.n1product is prepared by

subj ecting a conpound of fornula H 24 E;. yary 2006 9 Il wherein Z i$ iodo,
.@ 1, 2, 3, 4,5 6, 7or 8 is
[

bromo, chloro or CF}-(CF2) -SQ2-0 n
subjected to a cyani de exchange reacti § whi ch the group Z is exchanged

with cyanide by reaction with a cyani dé—gource. 4. The process according
to Caim1l characterised in that the filmyistillation process is short
path or thin filmlayer distillation, preferably thidIfilm]layer
distillation. S. The process according to Claim1 characterised in that the

crude cital opram base is dissolved in an appropriate solvent preferably
sul fol ane, befeseZiit iads, Womp.cdtoeiof GF(QFa)-S0-0- n being 0, 1,2,3,4, 5,6, 7 or &, is

subjected to a eyanide exchange reaction in which the group Z is exchanged with cyanide by

reaction with a cyanide source;

-4, The process according 1o Claim 1 characterised inm that the filin distillation process is

short path or thin film layer distillation, preferably thin film layer distillation,

5. The process according to Claim 1 characterised in that the crude citalopram base is
-dissolved in an appropriate solvent, preferably sulfolans, before it is subjected to film

distillation.

6. The process according to Claim 1 characterised in that the distillation temperature is 200

- 330 °C and the pressure is 0.1 — 2.0 mmHg.

‘. The process according to Claim 6 characterised in that the distillation temperature i
240-270 °C and the pressure is 0.6 - 0.8 mmHg.

8. The progess of :Claim 3 characterised in that Z is Br and the cyanide exchange

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

9. Theprocessof . . Claim 3 characterised in that Z is inda, bromo, chloro or
CF3-(CF2)e-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 a palladium catalyst and a

catafytic amount of Cu" or Zn*.

- 18. The process of . - ‘Claim 3 characterised in that Z is iodo, bromo, chlore or CFy-
{CF)-802-0-n bcing 0,1,2,3,4. 5, & 7 or 8, and that the cyanide exchange reaction is
carried out with Zn{CN), in the presence of a palladium catalyst.




distillation. 6. The process according to Claim1 characterised in that the
distillation tenperature is 200 - 330 QC and the pr essuiFebiuanO2dos - 2.0
nmHg. 7. The process according to Claim6 characterised..in that the
distillation tenperature i 240-270 C and the pressure is 0.6 - 0.8 mnHg.
8. The process of : Caim3 characterised in that Z is Br and the cyanide
exchange reaction is carried out by rédction with cuprous cyanide in a
suitable solvent. 9. The process of aim3 characterised inthat Zis

i odo, br onp, e Hihe poess of Emm &Q:F'zr)rscrg@zd@thﬁf%@ﬁﬁg 0, 1, 2, 3, 4, 5 6, 7 or
8, and that the cyanide exchange reacti on is carried out by reactl on with

a cyani-de so in the.pres a tic
anount of Cuwg‘?' € Bigeess Of o EJE "BP(@%% ) i ’“m@éﬁa%'y%taéﬁgftg%tﬂérl se géll n t hat
Z is iodo, bnohmge chitiond @rricgRe: witlDF cyapide s@OR-iDtherprdsasicagf nickel caralgst, 4 5
6, 7 or 8, t. [ S gagt hof s carried out with
Zn(CN)2 in t ee;pap é’é{%‘ggfeg%'ﬁggﬁ%‘éﬂ%ﬁﬁ Ium r(’:tat alyst. 24 February 2006 10 11.
The process of Caim10 characterised in that Zis Br. 12, The process of
d ai m 3 char pctgg pegds bAChiAn12 uetGlise@in it ABEIL hat the cyanide exchange
reaction is carried out witha cyanide source in the presence of a nickel
catalyst, preferably in the presence of a catal ytic anmount of Cu* or Zn"
13. The process of Claim12 characterised inthat Zis d.






