


Title: PROCESS FOR THE PREPARATION OF PURE CITALOPRAM [err]   Abstract: A
process for the preparation of citalopramof formula (I) in which a compound
of formula (II) wherein Z is iodo,  bromo, chloro or
CF[err]-(CF2)[err]-SO[err]-O- 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 exchanged 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 distillation process;
the resulting citalopram  product is then optionally further purified and
worked up and isolated as the base or a pharmaceutically acceptable salt
thereof. 24 February 2006  WO 01/47877 PCT/DK01/00148 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-f3-(dimethylamino)pmpylj-l-(4-fluorophenyl)-1,3-diydr
-5-isobenzofuran- 5 carbonitrile, in particular a process for preparing
pure citalopram by cyanide exchange. Background of the Invention Citalopram
is a well-known antidepressant drug that has now been on the market for
some years and  10 has the following structure: NC I It is a selective,
centrally acting serotonin (5 liydroxytryptamine; 5-H'1) reuptake a
inbibitor, which  15 has further been disclosed to show effects in the
treatment of dementia and cerebrovascnlar  disorders, ef. 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 ruction with
cuprous cyanide in a suitable solvent. Further processes for the  



preparation of citalopram by exchange of 5-halogen or CF3-(CF2)eSt2-O-, n
being 0.8, with cyan  are disclosed in WO 0011926 and WO 0013648, Other
processes involve: 25 Conversion of a 5 =ddo or 5-ester group to a 5-cyan
group (WO 9819513)  Conversion ofa 5-amino group to a 5-cyano group (WO
9819512)  Conversion of a 5-formyl 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 is difficult to manufacture
citaloprarn 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 now been found to give some high molecular weight
impurities including  dimeric reaction products in unacceptable amounts.
These impurities are difficult to remove by ul  working up procedures
leading to extensive and expensive purification processes. 24 February 2006
2 Thus a process for the preparation of citalopram, in which impurities
formed during the cyanide  exchange reaction, i. e. the exchange of
5-halogen or the like with 5-cyano, are removed, is  needed in order to
obtain a commercially attractive manufacture of citalopram. It has now been
found that these high molecular reaction impurities may be removed by a
film  distillation process. Summary of the invention Accordingly, the
present invention provides a process for the preparation of a purified
citalopram product characterised in that the crude citalopram product is
optionally subjected to  initial 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
NC 



in which a compound of formula II 11 24 February 2006 2a wherein Z may be
iodo, bromo, chloro or CF3-(CF2),; SO2-O-n being 0, 1, 2, 3, 4, 5, 6, 7 or
8  may be.subjected to a cyanide exchange reaction in which the group Z may
be exchanged  with cyanide by reaction with a cyanide source; the resultant
crude citalopram product may be optionally subjected to some initial
purification and the crude citalopram  base may be subsequently subjected
to a film  distillation process; the resulting citalopram 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 In another
embodiment, there may be provided the above process in which the compound
of  formula Tit is the S-enantiomer In yet another embodiment, there may be
provided an antidepressant pharmaceutical composition comprising citalopram
manufactured by the process of the invention. By the process of the
invention, the high molecular impurities formed c removed from the crude
citalopram product. The major parts of these high molecular  impurities~
are reaction products of formula III and  l B' IV .In addition to the
reaction products of formulas III and IV, other dimeric or polymeric
impurities  may e.g. be formed by reactions between descyano- and
desmethyl-citalopram radicals formed  during the cyanide exchange reaction.
Furthemore, the reaction may be carried out under  convenient conditions.
The cyanide exchange reaction may be carried cut:  When Z is $r, by
reaction with cuprous cyanide in a suitable solvent as described in US  



4,136,I93,  When Z is iodo, bromo, chloro or CF3-(CF2)n-SOz-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 WO 01147877 4 PCT/DK01/00148 or Zug"' as described in WO 0013648.
Preferred cyanide sources are KCN, NaCN or ((R').tN"  where (R')4 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 carried out wiffi  Zn(CN)2 in the price of a palladium catalyst. 5
The palladium catalyst may be any suitable Pd(O) or Pd(11) containing
catalyst, such as  Pd(PPh3)4, Pd2(dba)3, Pd(PPb) C'l2, etc. The catalysts,
the reaction conditions, Cu{' and Zn  sources, etc are further described in
WO0013648.  10 The palladium catalysed process is in particular convenient
when Z is Br. When 2 is Cl or Br, with a cyanide source in the presence of
a nine! catalyst, as described in _  W0001 1926. Preferred cyanide sources
are XCN, NaCN or (( e), )CN Where 00)4 indicates  four groups which may be
the same or different and are selected from hydrogen and straight 15 chain
or branched alkyl. The reaction may optionally be carried out in the
presence of a catalytic  amount of Cu' or 2n2''. The nickel catalyst may he
any suitable  Ni(O) or Nip containing complex which acts as a  catalyst,
such as Ni(PPhr)3. (a-ai'yi)-Ni(PPh2)Cl, etc and it is preferably prepared
in situ. The 20 nickel catalysts and the reaction conditions are farther
described in W00011926. The nickel catalysed process is in particular
convenient when Z is C1. The term alkyl refers to a branched or unbranched
alkyl group, such as methyl, ethyl, I-propyl, 2- 25 propyl, l-butyl,
2-butyl, Z methyl-2 propyl, and 2-methyl-t propyl.  The intermediate of
formula II wherein Z is bromo or chloro  may be prepared from bromo- and
chloropbthalide, respectively, as described in DE 2,657,013 corresponding
to US 4,136,193. The  compound wherein Z is iodo or Z is CF3-(CFA,-SC-O-
may be prepared as described in 30 WO 0013648. Preferably the intermediate
wherein Z is Hr is used. 



Following to the cyanide exchange reaction and prior to distillation, the
reaction mixture may be  subjected to some initial purification, such as
washing, extraction, crystallisation. Preferably the  reaction mixture is
washed with a mixture of an aqueous solvent and an organic solvent, e.g. a
35 mixture of H2Ulethylcnediamine 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 is  isolated as
the basc which is an oil. 24 February 2006 WO 01/47877 PCT/DK01/00148 The
crude citaloptam oil which is distilled may conveniently be dissolved to an
appropriate solves  i.e. an inert organic solvent, which is liquid at below
93 C and is a gas at the evaporator  temperature in order to avoid that the
distillation results in formation of a stony product Preferably  sulfolane
is used. 5 The film distillation process may be any distillation process
useful in industrial scale. The term "elm  distillation" designates a
distillation process in which the evaporation of volatile substances from
'mixture to be distilled is performed by heating the mixture as a film.
Convenient' distillation  processes are short path or thin film layer
distillation. 10 Thin film layer distillation, which may also be called
wiped film distillation, is a process in which  the mixture to be distilled
is applied to a surface in a heated apparatus as a thin film. Usually, the
material is applied to the inner wall of a heated cylindrical evaporator by
a rotor or wiper  concentrically mounted in the apparatus. The distillate
is usually condensed in an external 15 condenser. Short path distillation
is a film layer distillation process in which an internal condenser is
.placed with a short path of the vapours from the evaporation surface to
the condenser, According to the process of the invention, the film
distillation process may be performed under the  following conditions: 20
Feeding temperature higher than 93 T. preferably about 100C. Temperature of
condensed distillate higher than 93 C, preferably about 100 C. Distillation
temperature of 200 - 330 C at a pressure of 0.1-- 2.0 mmHg. The exact
temperature  



depends on the pressure and may be determined by a person skilled in the
art. The crude citalopram base fed to the evaporator may be dissolved 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 temperature. In a particular
preferred embodiment of the invention, a thin film layer distillation
process is used.  The thin film layer distillation is performed in a thin
film layer evaporator which is a cylindrical  apparatus 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 the remanence and  for the distillate, respectively. The later outlet
is through a condenser. The thin film layer distillation  according to the
invention may conveniently be performed under the following conditions. .r
The feeling temperature is higher than 93 C, preferably about 140;C.  The
temperature of the condensed distillate is higher than 93 C, preferably
about 120 C. 35  The distillation temperature. more specifically, the wiper
or rotor temperature is 200 - 330 G  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 rotor and
accordingly apparatus size. Tic smaller rotors the higher the speed. A
convenient rotor speed iS 24 February 2006 WO 01/47877 6 PC /DK01/00148
1700-1800 rpm in a smaller apparatus or 700 rpm in an industrial scale ter
fam layer  evaporator.  The crude citalopram base fed to the evaporator may
be dissolved in an appropriate solvent, i.e.  an inert organic solvent,
which is liquid at below 93 C and is a gas at the evaporator  temperature.
Preferably sulfolane is used. Fruiter purification of the citalopram
product obtained by the distillation may if necessary be earn  out by
acid/base wash, crystallisation and recrystallisation of the, citalopram
base (of. Dutch pate  No 1016435) and for crystallisation and
recrystallisation of a pharmaceutically acceptable salt  10 citalopram. 



The pharmaceutically acceptable salt of citalopram, such as the by
hydrobromide or hydrochloride, ma j  be prepared by methods known in the
art. So, the base may be reacted with either the calculated  amount of acid
in a water miscible solvent, such as acetone or ethanol, with subsequent
isolation of 15 the salt by concentration and cooling, or with an excess of
the acid in a water immiscible solvent',  such as ethylether, etlrylacetate
or dichloromomethane; with the salt separating sponta netrusly. The
hydrobromide or hydrochloride of citalopram obtained by the method of the
invention has a very  high purity, preferably more than 99.7% pure, most
preferably more than 99.8% purity. Other salts  of citalapram, e.g. the
oxalate, MAY also be obtained in a very pure farm by this process 20 The
pharmaceutical compositions of the invention may be adiministered in any
suitable way and in  any suitable form, for example orally in the form of
tablet, capsules, powders or syrups, or  parenterally in the form of usual
sterile solutions for injection. 25 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 machine.  Examples of adjuvants or diluents
comprise: Corn starch, potato starch, talcum, magnesium stearate,,,
gelatine, lactase, gums, 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 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,  sterilising the solution and filling it in
suitable ampoules or vials. Any suitable additive 35 conventionally used in
the an may be added, such as tonicity agents, preservatives, antioxidants,
et. Finally, it has been found that the base may be formulated into very
good and stable solid  formulations with good release properties (cf. Dutch
patent No 1016435). 24 February 2006 WO 01/47877 7  The invention is
further illustrated by the following examples. Example 1 



PCT/Dk01/00148 5 Preparation of crude Citalopram base
(5-cyano-1-(3-dimethylaminopropyl)-1-(4-  fluoropbcnyl)phthalane) Cu(I)CN
(197 g, 2.2 mol) is added to a solution of
5-bromo-1-(4-fluoropheciyI)-1-(3-methylamino- propyI)phthalane (720 g, 1.9
mol) in sulfolane (250 mL). After the reaction mixture has been heated  to
150 C for a period of 5 haw's, sulfolate (500 mL) is added. The reaction
mixture is cooled to B4 10 C where ethylcnediamine (aq, 50% w/v) is added.
Toluene (2 L) is added and the phases are  separated The organic phase is
furtherwashed with EDTA (rq, 500 ml, 561a Vv) and water (2x500  mL). The
volatile materials from the organic phase are removed in vacua. 540 g of
crude Citalopram base is isolated as an oil. Purity approx. 85% by W LC
(Peak am) 15 Example 2 purification of crude cltalopram by thin film
distillation. Crude oitaloptam base (5-cyano~-l-(3-dimckhylaminop opyl)-l
(4-flnarapl an( 20 kg,  purity approx. 89"/o by HPLC (peak area) and
sulfolane (4 L) is heated to approx. 100 C 1m hot  20 mixture is feeded to
a thin film distillation apparatus (wiped film distillation) where the
wiper temperature is 245. C resulting in a pressure of about 0.7 mmHg. The
temperature of the condenscxI  distillate is kept at 120 C to prevent
crystallisation of the f base. The distillate contains crude citalopram
(purity approx. 96% by .C (peak area)) and sulfolane.  25 Example 3 Further
purification of the distillate (crude citalopram base) as above by
crystallisation of the  free base of citalopram.  Distillate (4 kg) as
above is dissolved in McCll (12 L) at ambient temperature. Water is added
until  30 a "milky" colour of the Mixture 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  hours. The
crystallisation from McOHlwater  as above is repeated. Two further
re-crystallisations  from n-heptaxte  give Citalopram (2.3 Kg). free base
in a purity of  approx. 99.5% (HPLC;  eak area) 35 



24 February 2006 8 CLAIMS 1. A. process for the preparation of a purified
citalopram product characterised in that the  crude citaiopram product is
optionally subjected to initial purification; and the crude  citalopram
base is subsequently subjected to a film distillation process to remove
high  molecular weight 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 2. The process
according to claim I characterised in that the high molecular weight
reaction impurities which are removed comprises dimeric forms of citaiopram
having the  formulas: NC CN III and /or IV 3. The process according to
claim 1 or 2 wherein the crude citaiopram product is prepared  by
subjecting a compound of formula H 24 February 2006 9 II wherein Z is iodo,
bromo, chloro or CF}-(CF2) -SO2-O- 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 exchanged
with cyanide by  reaction with a cyanide source. 4. The process according
to Claim 1 characterised in that the film distillation process is  short
path or thin film layer distillation, preferably thin film layer
distillation. S. The process according to Claim 1 characterised in that the
crude citalopram base is  dissolved in an appropriate solvent, preferably
sulfolane, before it is subjected to film  



distillation. 6. The process according to Claim 1 characterised in that the
distillation temperature is 200  - 330 QC and the pressure is 0.1. - 2.0
mmHg. 7. The process according to Claim 6 characterised in that the
distillation temperature i  240-270 C and the pressure is 0.6 - 0.8 mnmHg.
8. The process of : Claim 3 characterised in that Z is Br and the cyanide
exchange  reaction is carried out by reaction with cuprous cyanide in a
suitable solvent. 9. The process of Claim 3 characterised in that Z is
iodo, bromo, chloro or  CF3-(CF2)6-SO2-O- 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 Zn2+. 10. The process of. - 'Claim 3 characterised in that
Z is iodo, bromo, chloro or CF3- (CF,),,-.SO2-O- n being 0, 1, 2.3, 4, 5,
6, 7 or 8, and that the cyanide exchange reaction is  carried out with
Zn(CN)2 in the presence. of a palladium catalyst. 24 February 2006 10 11.
The process of Claim 10 characterised in that Z is Br. 12, The process of
Claim 3 characterised in that Z is Cl or Br and that the cyanide  exchange
reaction is carried out with a cyanide source in the presence of a nickel
catalyst,  preferably in the presence of a catalytic amount of Cu* or Zn".
13. The process of Claim 12 characterised in that Z is Cl.  




