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o) (57) Abstract: A process for the preparation of citalopram of formula (I) in which a compound of forrmula (II) wherein Z is jodo,
bromo, chloro or CF3-(CF,),-50;-0-n being 0, 1, 2, 3, 4, 5, 6, 7 or 8, is subjected to a cyanide exchange reaction in which the group Z
is cxchanged with cyanide by reaction with a cyanide source; the resultant crude citalopram product is optionally subjected to some
initial purification and the crude citalopram base is subsequently subjected to a film distiflation process; the resulting citalopram
product is then optionally further purificd and worked up and isclated as the base or a pharmaccutically acceptable salt thereof. '
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Title: PROCESS FOR THE PREPARATI ON OF PURE Cl TALOPRAM [err] Abstract: A

process for the preparation of citalopranof formula (I24Fsbrobfycinos conpound
‘of formula (I1) wherein Z is iodo, brono, chloro or :

CF[err] rr] SJerr]-O n being 0, 1,2,3,4,5,6,7 or ected
to a cya&)q:e exchange reaction in which the group Z is e%%ﬂ%k@lé@f%
cyani de by reaction with a cyanide source; the resultant crude cital opram

product yn%cRR¥4raRA plopatithinclplre CRA8RHR, i nitial purification and the crude
ci tal opram base i sbsét?bsequen?J Iy subjected to a filmdistillation process;
the resulting cital opram product is then optionally further purrfred and

wor ked UphegehentircatiniraiSestth 8 pRas® (them RGBS Sithé G2l Ertbdsnt Ryt

L?ELS?L@%LE?@@%@W%’ Fhuramheniiis %48 S5 R K s

for the catrmitdle] inpartivhilar h process feripoeparingmiré datumhﬁbyﬁfdégrxchangc

ci tal opram.1-f3-(di met hyl am no) pnpyl j--1-(4-fl uorophenyl)-1, 3-di ydr
-5-isobenzofuran- 5 carbonitrile, in particular a process for prepari ng
pure ci tmckgrmdbi%ﬁmuexchange Background of the Invention Cital opram
Is a well-known anti depressant drug that has now been on the market for

sone years and (10 has the fqllow ng structure: NC I
Citalopram i5 a well-known antldepmamt g that has now been on the market for snmcymand

10 . hasthe i‘ollnwmg structure:

NC

_ Ttis a selective, centrally acting serotonin (5-hydroxytryptamine; 5-ET) reuptake ihibitor, which
15 - has furthor been disclosed to show effects in the treatment of dementia und cerebrovascular
- 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-

20 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: .
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-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)

30 It has turned out 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.




It is a selective, centrally acting serotonin (5 liydroxytryptam ne; 5-H 1)
reupt ake a inbibitor, which 15 has further been disclgsegbrugrysivow effects
in the treatment of denentia and cerebrovascnlar disorders, 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 citalopramfromthe corresponding S bronp 20-derivative by
ruction with cuprous cyanide in a suitable solvent. Further processes for
the preparation of cital opram by exchange of 5-hal ogen or
CF3-(CF2)eSt2-0O, n being 0.8, with cyan are disclosed in WO 0011926 and
WD 0013648, Thkehrdeesd Casssicgalion MQital 3 sfg 543 r 5-ester
group to a Séx% an %r o_ug _I?&V\?)ﬁ9819513),%r§32¥,§|{c2w%?§£ -arfc%dgg'g"%rt%ucﬁarfl% a
5-cyano group %/z\ﬂﬁf 198125 theexhorgest Shalegen ar the il wijh S-graoeipretromaved-icy ano |
group (WD 99&@&4&)orﬁ‘étﬁ&(%t5ih@@orﬁrfxlcraiaﬁyﬁt¥ﬁﬁoéerﬂ%lfacglhecﬁ’chhj)pq‘ml inyl group to a
5-cyano group (WO 0023431) 30 It has turned out that 1t Ts difficult to '
manuf acture citaloprarn in the required quality. The processes of DE
2,657,013, VICh304:d 924 fand MOHRQIRGASISL heSil 3 fnedid) ogen with
cyano as deqssﬂli bed above have now bee%ﬁ%ﬂgﬂ?nﬁélﬁ%gn%%ﬁgmﬁ% Yol'€cul ar
wei ght i mpurfY 8@ PIREFSdi ng  dimeric reaction products in unacceptabl e
anounts. These inpurities are difficult to renove by ul working up
procedures |.eadi ’ri]#gﬁ.’fig ext ensi ve and expensive purification processes. 24
February 2008™52hefdbeinyenfionss for the preparation of citalopram in which
inpurities fornmed during the cyanide exchange reaction, i. e. the exchange
of 5-halogen or the Ilike with 5-cyano, are renoved, is needed in order to
obtain a co%‘@F‘E‘i‘%’f’ fRe PEESEN dveRtipa prpyidaT arreesssdfonthe piepatiop ofapurified has now been
found that &ihepRmMYrédhcidh@skiad i i I: i ti be_renmpved, by a
film disti] l.g)'?i g_ﬂj pr ocessé%ssggn%atﬁﬁ%f thﬁ %lg[’ﬁlf’o%éénér?%uﬁp%%p uonalfy s Jcc‘?ed to

_ inttial punification; 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




Accordi ngly, the present invention provides a process for the preparation
of a purified citalopram product characterised in thaps FoerusfR6 _
cital opram product is optionally subjected to initial purification; and
the crude cital opram base i s subsequently subjected to a filmdistillation
process to renove high nol ecul ar reaction inpurities; the resulting

cital opram product is then optionally_further purified and worked up and

i sol ated as the base or a pharnaceuticgﬁly acceptabl e salt thereof. In one
enbodi ment, there may be provided a novel process for the preparation of
citalopram of formula NC in which a conpound of fornula Il 11 24 February
2006 2a wherein Z may be iodo, brono, chloro or CF3-(CF2),; SO2-0On being
0, 1, 2, 3, wligreib Z fhay Be Ao, Dromd ¥hiBR- " d~f 0 a cyani de exchange
reaction in which the gr og,) Z may beég@cﬁ%%gggg%ﬁ Pﬂx%é}e{nic?e“’&@r"g%f@ti on
with a cyanide SolEEd 14 f&Yqnide srehange rerctice inciwhieh dorgsapi QflyChe dXBHANRR
optional |y witib¢yasideby teactid WathiaRldniRlsouplir i fication and the crude cital opram
base may be subsequently subjected to a film distillation process; the
resul ting thanpran1product may then be optionally further purified and

t hen wor kedheipesehal drsda! itBshraS a har maceutical |y acceptable
sal t thereg%ﬁﬁé% Febé&ﬁry 2006 ﬁﬁagﬂgtE§¥q%hggﬁwabhfﬁﬂ?ﬁ@r@ i ovi ded
the above procéss’ i*A% ki ERdE Hdfaleprpobasel aiay beosuhstqueriiyt sibfectelao Sr giANt | oner

- I'n yet anotdséilatenipadésent, there may be provided an antidepressant
phar maceuti cal conposition conprising cital opram manufactured by the

process of the invention.
the resulfing citalopram product may then be optionally further purified and then worked up

and isolated as the base or a pharmaceuticaily acceptable salt thereof.




By the process of the invention, the high nolecular inmpurities formed c
renoved fromthe crude cital opram product. The naj or p24 Febrafrytdoese hi gh
nol ecular inpurities~ are reaction products of formula Ill and | B IV
.In addition to the reaction products of fornmulas Ill and IV, other dineric
or polyneric inpurities may e.g. be fornmed by reacti ons between descyano-
and desnethyl -citalopramradicals fornmed during the cyani de exchange
reaction. Furthenore, the reaction nay be carried out under convenient
conditions. The cyani de exchange reaction may be carried cut: Wen Z is
$r, by reaction with cuprous cyanide in a suitable solvent as described in
US 4,136,193, Wen Z is iodo, bronmo, chloro or CF3-(CF2)n-S0Oz-0- n being
0, 1, 2, 3, 4, S, 6, 7 or 8 by reaction with a cyanide source in the
presence a palladium catalyst and a catalytic amount of Cu* 24 February
2006 WD 01147877 4 PCT/ DKO1/ 00148 or Zug"' as describé&d in WO 0013648. .
Preferred cyamioder smboditdt,akde KeNbe Natiedihe icates
four groupsgwhic E{ Nﬁgsbe the sagrr%I olr}‘%dl fferg%?egfog&g;ne%g glg,s«, rﬂ'}q’l Rlid

hydr ogen aniPrapl UL SERAUA™EE branched al kyl. Alternatively the reaction
may be carried out Wlffl Zn(CN)2 in the price of a palladiumcatalyst. 5

- The pall adi ym_c taI e any swtabl e Pd(O or Pd(11) containing .
cat al yst, SEC § not %ﬁé‘)’"ﬁ“t Phoe Be preMidepin @ntidepressans. phBhaacewkcal yst's,

the. reacti oammosmbntdoﬁ:pﬁsm&hélo ﬁtﬂﬂnmfacﬁl%r rther described in
W00013648. 10 The pal | adi um cat al ysed pr og r%tggélo?&%é'fr“téf]{‘: Irar conveni ent

when Z i's BBy the process of the invention, the high molecular impnities formed
. , 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
canvenicent 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'*




Wen 2 is O or Br, with a cyanide source in the presence of a nine!

catal yst, as described in _ WO001 1926. Preferred cyap4 HBebragyr2oee are XCN,

NaCN or (( e), )CN Wiere 00)4 indicates four groups which may be the sane .
or diffﬁi’é%m?ﬂj}q are selected from hydrogen and strai ght 15 chain or

br anche The reaction may optionally be carried out PFHPEH % sence

of "'a catalytic anount of Cu' or 2n2''. The nickel catalyst may he any

sui }\I a?::) gh ;\ID(Z)) @SW@@GWR?W!B\@#BCWMMM@%@G&QH?KCN p&@va}aﬁ h
as I r el C ere repare
situ. The Zg’ g&gf cac% e%gf ggu%dw l?lﬁlémﬁ%g%‘gFW%?f rﬁ‘? 5“%"{"@‘Izo F%ﬁl‘oq

~ described i hy@@m@&t@lgﬁmbﬂm ochrehchedinliyly ARenmiveD RS r&&hdﬂxﬂ?ﬂkﬁﬁi&h&ﬁtw&h
conveni ent ‘\gg %seﬁl gf'ﬁ 13111‘%% refers to a branche unbr anched
thy ey,

al kyl group, 2- 25 propyl, |-butyl,
2-butyd, Z met hyI 2 propyl and 2 met hyl -t propyl The interrredi ate of

formula Il vk ch pre ared from brono- and
chl or opbt haﬂ‘g@% esp e ”g uscrmf@}hﬁ gadysh SYPAE nondi ng
to US 4, 136?@3&)Jﬂé;(dhahmm%emem dtdlgsts ﬂﬁwﬁoimrﬂxmd:%zﬁC O

may be prepar d i,n .30 648. Preferably the inter medi at e
wherein Z |§°“§§5'iezc E‘E{hﬂi:‘gﬁsfw “%egoﬁ)éﬁcyam de exchange reaction and

. .prior to distillation, thereactlon m xture may be subjected to sone

initi purific h as washing,. extractjon,, crystallisation.
Pr ef efdabl y ﬁ%"aﬁ?@ sﬁ‘??&?ﬁ%'“’ér’%&@ﬁ@@ww “'h‘f‘&gﬁ‘r}g of an agueous
sol vent and an organl c solvent, e.g. a 35 m xture of -H2U et hyl cnedi am ne

and tol uene UeQUS EDTA- sol ution and toluene, in order to renove
fretal salt Bﬁwélﬁ%ﬁﬂr OV SPHRGF e Biareey oA iehesalyas desstibed g

crude cit al waicen ﬁ?ﬁ;ﬁ 2006.
WO 01/ 47877 PCT/ DKOl/ 00148% Crﬁg%aﬁgnmttg?nug Ich1s ?t;
conveni ent | §Pubgrodpasekich Bay bethg sameerditieren %We@edthéhgdﬂanME@am c

sol vep§ , Whiiah drbrinchidl B I TR RRoPRa al EortARAER
tenperature in order to gvoid that the |st?l ati1on restp |nforrra{a|on of
a stony protmeunt pfew'ar £ply

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. |




sulfolane is used. 5 The filmdistillation process may be any distillation
process useful in industrial scale. The term"elm di spsFbBidasPoogesi gnat es
a distillation process in which the evaporation of volatile substances from
- 'mxture to be distilled is performed by heating the m xture as a f|Im
Conveni e\g |%|Ilat|on processes are short path or thin filmla

distilla PdH "8G Thin filmlayer distillgtion, which nmay HGHPEY f"fed

wi ped fllmdlstlllation is a process inwhich the mxture to be distilled

is appli 4n,a, heat aratus gs.a thin film _ Usuall

mat eri al %%‘ﬁﬁ ‘ﬁg “’"‘“ﬁﬁ%‘?“‘“@a "9“8' a‘?ﬁa" QORI P 8% FPRECRIAST é’t‘W‘pby
a rotor owe. \mnpl-nﬂﬂ @ammwmamwhmmwan bclbweQ:’aﬁpanatm$ paEhat ﬂnesévab&woe
i-s usual | &%gg £ ol

is afilm g&%ﬁﬁﬁﬁ%ﬂfﬁﬁgﬁ%g}%&%ﬂ% | cﬁﬁﬁgmlnn er na ﬁ%@r‘%‘gﬁ%{ébl S

. pl aced whiR Ya&" path of. the vapours fromthe evaporation surface to
t he copdenser, According to the process of the invention, the film

distillatj.0 nay be der the |1 owi n cond ons '
Feodi ng ERJEPLEES AT Bbar rREhe G SR pses yoet i PR S e PRI o

' condens eddistilbdivhT designiateg aalistiilaton §r8csss inpwhich nixbévapoatio oflGatlle sibskinbds! fdni N
- tenperat The ex

t enper at UrE “ﬁéependslf@?% feoPrlnd B Hhe e e 3.2 =, fpeion
skil |l ed iproeasgesareas rrmth@rumeﬁlm mrdpshﬂﬂmnase fed to the evapor at or- may be

di ssolyyed in an appropriate solvent, i.e. an. 25 inert organic sol vent,

which 1s fluid at blow 93 C and is a ggs at the evaporator tenperature., In
a parti culhie Dimdawr distilletigsowhigh may glso @allmmmdmulltﬂmismmmwm

distill att&:@%ﬁﬁ@&m dmwaw 11%&4%&&1'%&%%@&#3&

performed in I n ay pB‘{ator I ch rica apparatus
with a douskga W ‘E? %Ié’?ﬂf dieate %r%wabwt Mamgereor WARgr um
~and with. &acmﬁmuy moumig) i Shep lsppratun FTlen distilAe o naedly rmﬂkﬂsmun il @xternal

" spods vergent shit pb aigncbil s ﬁ?ﬁ'”ﬁ%é%ﬂﬁ%m%%rﬁéﬁe Bl e B,

D

- distill atplmdmthashoﬁpaﬂ:ofthevapomﬁomthemporanmmfacctothccondmsu-

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




according to the invention may conveniently be perforned under the
following conditions. .r The feeling tenperature is highEebrubg2088 C,
- preferably about 140;C. The tenperature of the condensed distillate is -
hi gher than 93 C, preferably about 120 C 35 The distillation tenperature.
nore spewdiesBty, the wiper or rotor tenperature is 200 - 330 G .and the
pressure is 0.1 -- 2.0 mmHg, preferably 3§%#0-270 C at a predSUMKQ0IBILE -
0.8 mrHg Th%mrhotor or wi per speed is 500 -- 2000 rpm (rounds per m nute)
dependi ng ol 76h&80C0tmm iared smallerOsiaAalsY us size. Tic smaller rotors
t he hi gher Q,bgpaa?%_ed. A conveni ent rgjtso?ra@gg i ?4"%8%?‘%1‘%‘?1"29@6%1@8? :
01/ 47877&3 P'Iﬁlcplgrtl)llé %0148%%800 rpmin a snall er appar St us orI 700 rpm
in an indust S €43 Bpras layRlevapYARRAR Y di .crude cital opram
base fed t0ghhgere caéqwe\,l\,ﬁw he -giISS@I ved | n%dﬂwg%%&%ﬂw at, &g,
an ineft organic solvent. whi Thend 1191 # BRlow A30% 98d ds angas st thegaapathrok he
evaporat or g?l&?ﬁ&?&%fwblvﬁakf@mm@m folane is used. Fruiter purification
~of the cital opram product obtained by the distillation may if necessary be
crystallisation and recrystallisation of the,

earn out aci ase sh,

ci tal opr gr#%ﬁ’spém?{ﬁ%mlﬁﬁ\g@ﬁ talgpam mdmogmbmdMamme@g%@ ad

rec’rystaldmbmaﬁmmmmﬁguﬁiaﬁ@}w %?I e salt 0 citaldbpram ™ The

phar mace%' ?ﬁééﬁ)%ﬁ?&t bl.e,salt of cifa Qﬁ%ﬂ?]gﬁ] ﬁfoﬂ%%@aﬁﬁﬁ et de

~or hydrochl oride,” ma | r oka tiifle <dihe
“hyd ‘1 &g Hration e repyailiisatints ofn pharmiavehiosilyedoep h

base ¥ay celopmamet ed with €ither the calculated amount of acid in a water

m sci bl e solvent, such as acetone or ethanol, w th subsequent isolation of"
15 the salt by concentration and cooling, or with an excess of the acid in

a water HuPEERBcEticay vesptable saltiofcinmpmid) Hhehlsh e hyRiobiols & Bifoefifor
. . : i 1 d ?
di chl or oweRbHeN 8y mbinblls kdGm IR ke SE8RALNY, S &”Jﬁeéﬁﬂ’gfmﬁm A
amount of acid in a water miscible solvent, such as acetone or ethanol, with subsequent isolation of
15 the salthy concentration and cooling, or with an exvess of the acid in 2 water imiscible solvent,

such as ethylether, ethylacetate 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, mosi prefizably more than 99.8 % pimity. Other salig
of citalopram, e.g, the oxalate, may also be obtained in very pure form by this process;-:-

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

| any suitable ﬁ_mn, 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),




‘hydr obrom de or hydrochl oride of cital opram obtained by the nethod of the
invention has a very high purity, preferably nore thap4 88briShyR008, nost
preferably nore than 99.8% purity. O her salts of citalapram e.g. the
oxal ate, MAY also be obtained in a very pure farmby this process 20 The
‘phar maceuti cal conpositions of the invention may be adimnistered in any
- sui tabl ewmay/4281d in any suitable form for exanple orally in the form of
-tablet, capsules, powders or syrups, or 7parenterally in tHI/PKPHE348 usual

sterile. | : njection 25 The pharmaceutical fornulations of the
i nventi omdegg&p’%ggg{%gﬁﬁé“ﬁ‘SMéﬁ@'@W§lgGmﬂeﬂs in the art. For exanple,
tablets nay be prepared by m xing the active ingredient with ordinary

adj uvants and/or diluents and subsequently conpressing the mxture in a
convent i §¥amplebl et ting machi ne. Exanpl es of adjuvants or diluents

conprise: Corn starch, potato starch, talcum nagnesium stearate,,,
gel ati guns, and the |ike. Any other adjuvant or additive,
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sui tabl e QpH < Y1 . An uitapble additive i
_the an _rrat@f%eéa e'%h %ﬂgiig‘gs't%ﬁ‘%@?at( S%E}ﬁﬁéﬁmeﬂrﬂwlwﬁmmewi:ﬁwt s,
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(5- cyano- 1% 3-di neugtﬁﬁly am n%gﬁsg%%@fﬁt‘&'- Purity approx. 85% by HPLC (Peak area)

15 Example 2

' Purifieation of crade citalopram by thin film distillation,
. 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

Further 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
30 a“milky” calour of the mixturs vemains. 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

hnurs The crystallisation from MeOH/water as above is repeated. |

Twa further re-crystallisations from n-heptane give Citalopram (2.3 Kpg) free base in 2 purity of

| approx. 99.5% (HPLC: peak ares) _ N
35 N -




fl uor opbcnyl ) pht hal ane) Cu(1)CN (197 g, 2.2 nol) is added to a solution of
5- br onp- 1- (4-f | uor opheci yl) - 1- (3- net hyl ami no- propyl) pi Febraae 20680 g, 1.9
mol) in sulfolane (250 nL). After the reaction m xture has been heated to
150 C for a period of 5 haw s, sulfolate (500 nL) is added. The reaction
m.xtuare is cooléd to B4 10 C where ethyl cnediam ne (aq, 50% wv) is added.
Toluene (2 L) is added and the phases are separated The organi c phase is
furtherwashed with EDTA (rq, 500 m, 56la W) and water (2x500 nlL). The
volatile materials fromthe organic phase g e renoved in vacua. 540 g of
crude Cital oprambase is isolated as an qil. Purity approx. 85%by WLC
(Peak am) 15 Exanple 2 purification of c¥Ld®EM8| tal opramby thin film
distillation. Crude oital optam base (5-cyano~-1-(3-di nckhyl am nop opyl) -1
(4-flnarapl an( 20 kg, purity approx. 89"/0 by HPLC (peak area) and
sulfolane (4 L) is heated to approx. 100 C Imhot 20 mxture is feeded to
a thin film diktf\presessder thppepasation of apyifidd fitéloprain ptadhds absiractp rivdddn ehat ke
W per tenper atehide cir f?ﬁﬂ;lx ' -of .ab nHg.  The
“tenperature of  the ?‘éﬁﬁﬁ%@f’ i’é}tlﬁlsgl?‘éa?@gﬁ@g#%g?@%%’ %Pd{ﬂég%'?’%vent
crystal | i sat i GHalgprambaseris yphsceguently subjeciadth k filve distilatian necess demevetlaghopr am
~ (purity approxol®els byightQegqtion kimpmrgay;) tha resulting fcitalapem praducExailph @podally t her -
purification IR cr italopram base) as .above b
crystallisati ggnh%%ﬁ"ﬁgﬂ*dr‘lé%ﬁ %a e ng S%g:algetd_ 18 gbeﬁ’élsrﬁ ora %g%’]af‘iug‘faily (aﬁcelﬁ’é?leéélt
above is dissofV®d in MCl (12 L) at anbient tenperature. Water is added

until 30 a " l4ey" .M xture renpjns.. JThis m xtyre i.s seeded
with crystal smofﬁ%iﬂrgﬁgﬁp?%ﬁ@ 'ﬁ%%g&%ééﬁf’mfﬁé'sgﬁvgﬁ’glée h'rg]émf’é‘c')‘fli%&"é"dgf}ﬁy -
filtration affe@loR Hapyrdigpwhish greeremguedoenmprisevdimendc fosmg Of Citalapram® hatiegithe. The

crystal | i sati@hmfiisom McOH water as above is repeated. Two further

re-crystallisations fromn-heptaxte give GCtalopram (2.3 Kg). free base
ina purity of approx. 99.5% (HPLC, eak area)

NC

I
and /for

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




35 24, February 2006 8 CLAIMS 1. A process for the preparation of a
~purified cital opram product characterised in that the 24Febmani2G060pr am
product is optionally subjected to initial purification; and the crude
cital opram base is subsequently subjected to a filmdistillation process to
renove high nolecular weight reactiong npurities; 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¢ ' Nreric fornms of citaiopram
having the fornmulas: NC CN |11 g . The process according to
claim1 or 2 wherein the crude C|ta|opr.n1product is prepared by

~ subj ecting a conpound of forrmula 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.

3|

wherein Z is iodo, bromo, chlora or CF3{(CF3),-S02-0- n being 0, 1, 2,3,4,5,6, Tor §, is
subjected to a cyanide exchaunge 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

catalytic 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.




4. The process according to Caim1l characterised in that the film
distillation process is short path or thin filmlayer 2diFebidahatoosn,
preferably thin filmlayer distillation. S. The process.according to Caim
1 characterised in that the crude cital oprambase is dissolved in an
appropriate solvent, preferably sulfolane, before it is subjected to film
distillation. 6. The process accordi nglt00 Claiml characterised in that the
distillation tenperature is 200 and the pressure is 0.1. - 2.0
mHg. 7. Thellrlbe ewscsaetbietm Hb"'l”da@"ﬁeﬂf%‘hé"r?aw%t erised in that the
distillation terrperature i 240-270 C and the pressure is 0.6 - 0.8 mnHg.

8. Th : d
eXChaﬁggr Ocegzz BROPES Bgr ri eg:l? ? Chgga:’:%gccf ’BHW\/\?{‘%& Od%rrgﬁ%&&qgn% mgé/anl ©

sui tabl e sol whﬁnge @actibhds q@ripalans wish a@&aldﬁm@r@maﬂw@@mﬁséﬂaﬂ hmIYSZ | S

| odo, brono, rﬁﬂ aﬂnynﬁlr et GEE GGt Fiolde St CREL0. 1, 2, 3, 4, 5, 6, 7 of
8, and that ? anl excﬁange reactl on 1s carried out by reactl on with
a cyani de source |n the presence. a palladiumcatalyst and a catalytic
amount of Cujz, qihe gRdcets ofGlaind DEINAREFTRANM tharz isGlai m 3 characterised in that
Zis iodo, brono, chloro or CF3- (CF,),,-.S2-O0 n being 0, 1, 2.3, 4, 5,
6, 7 or 8, and that the cyani de exchange reaction is carried out with
Zn(CN)2 in the presence. of a palladiumcatalyst. 24 February 2006 10 11.
The process of Claim 10 characterised in that Zis Br. 12, The process of
Caim3 characterised in that Zis O or Br and that the cyanide exchange
reaction is -carried out wwth a cyanide source in the presence of a nickel
catalyst, preferably in the presence of a catalytic anount of Cu* or Zn".
13. The process of aim12 characterised in that Zis d.




