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Method for the Preparation of Citalopram

‘The present invention relates to a method for the preparation of key intermediates in the
process for the preparation of the well known antidepressant drug citalopram, 1-[3-
(dimethylamino)propyl]-1-(4-flucrophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile.

Backgrdund of the Invention.
-Citalopram 1s a well known antidepressant drug that has now been on the market for some
years and has the following structure:

Formula 1

It is a selective, centraily acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound
has been reported in several publications, eg. J. Hyttel, Prog. Neuro-Psychopharmacol. &
Biol. Psychiat., 1982, 6,277-295 and A. Gravem, Acta Psychiatr. Scand., 1987, 75 , 418-
486. The compound has further been disclosed to show effects in the treatment of dementia
and cerebrovascular disorders, EP-A 474580.

Citalopram can be prepared by several disclosed methods. A method and an intermediate for
the preparation of citalopram were described in US Patent No 4,650,884. Commercially
useful processes are disclosed in International patent application Nos. WO 98019511, WO
98019512 and WO 98019513.

With respect to the above methods for the preparation of citalopram, the process comprising
exchange of the 5-bromo group with cyano proved not to be very convenient in commercial
‘scale, since the yield was rather low, the product was impure and, in pacticular, since it was

“difficult to separate the resulting citalopram from the corresponding 5-bromo compound.

It has now been found that in a new process for the preparation of citalopram, this key
intermediate may be obtained in a high yield as a very pure product by a new catalytic
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preparation of key internmediates in the process for the preparation of the
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'yicl.ds. The key intermediate is then subjected to two successive Grignard reactions , i.e,
- with 4-flucrophenyl magnesium halogenide and N.N-dimethylaminopropyl magnesium
halogenide, respectively, whereby citalopram is obtained. :

The preparation of the key intermediate of the invention is described earlier in J.Chem. Soc.,
1931, 867 and by Tiroflet, J. in Bull. Soc. Sci. Betagne, 26, 35, 1951; The process for
preparation of the compound is a three step synthesis starﬁng from Sinitro—phtalimide with
low yields, especially in the last step of the synthesis.

Summary of the invention

Disclosed herein is a novel method for the preparation of an intermediate in the preparation of

pitalopram corﬁprising reacting a compound of Formula IV

R’ | NC
Q —— .
O [——> —— citalopram

Formula IV:

" wherein R’ 1is CL Br,I ora group'of the formula CF3~(CF;),-SO,-, wherein n is 04, witha -
cyanide source in the presence or absence of a catalyst, whereby 5-cyano-isobenzofiran-1-
- oneis obtained. This intermediate product can be further reacted to citalopram as described
- above,

In a first aspect of the present invention, there is provided a method for the preparation of a

compound of the formula



Cital opram can be prepared by several disclosed nmethods. A nethod and an
internediate for the preparation of citalopramwere described in US Patent
No 4,650,884. Commercially wuseful processes are disclosed i30iJotye00at i onal
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product was inmpure and, in particular, since it was difficult to separate
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now been found that in a new process ff he Rgeparation of cital opram
this key internediate nay be obtai ned y_hrgh yield as a very pure
product by a new catalytic 30 July 20042 pr{cess in which a hal ogen or a
group of the general formula CF3-(CF2 6-SO2- gherein n is any suitable
whol e nunber between. 0 and.4, situated in the 5-position of a 3-H

i sobenzof PFEREMEIGHA gi*‘?‘@t’&ﬁ"’é’%‘@f@ﬁ' pRePidhetosmulie group. By obtaining the

correct cyanide substitution at an early stage of the cital opram

synthesis, the extensive work up of the old cyanide exchange processes of
t he previous described processes AVLORE ~ The internedi ates of
t he-presently described process are € . pulgied and obtained in very

high vyields.. The key internediate is en.SUbj ected to two successive
Gignard reactions, i.e. wth 4-fluorophenyll magnesi um hal ogeni de and

N. N- di met hyl am nopropyl nmgnesi um hal ogeni @@, respectively, whereby
citalopramis obtained. The preparation of the key internediate of the
invention is described earlier in J.Chem Soc., 1931, 867 and by Tiroflet,

J. in BulwheréioR’ r§uesenBet leadopen o2 6 gréip oﬂtﬁéfdrmTﬂh?CF{—%(gp,;nss(bg_r, wiRir&Ra At i on
of Hmcwp%mgbsaéhwesuﬁﬁxmgwu;ﬁarH%%&mn5nMr&pMM|mde
with | ow yierod! y%“sl%e%cf 14 QPLionaiy, i {hg presepce pf synt hesi s.

In a second aspect of the present invention, there is provided the process as defined in the first

aspect wherein the starting material is an isobenzofuran-1-one with a C1, Br or I in position 5.

The reaction of IV til 5-cyanophtalide may be carried out in more convenient solvents, at a
low temperature and at a minimal excess of CN'". The process has environmental advantages

in that it only uses small amounts of heavy metals.



Summary of the invention Disclosed herein is a novel nethod for the
preparation of an internmediate in the preparation of cital opram conpri si ng
reacting a corrpound of Formula IV > cital opram Formula N hemejulyﬁoz;-l S
Cl, Br, Y. or a group of .the formula CF3-(CF2)--SO2-., wherein n is 0-4,
with a cyanide source in the presence or absence of a cat al yst, V\/nereby
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In partlcuiarly preferred embodiment, a Nickel(O) complex may be prepared in situ before the |

cyanide exchange reaction by reduction of a Nickel(Il) precursor such as NiCl; or NiBr; by

a metal such as zinc, magnesium or mangan in the presence of excess of complex ligands,
preferably triphenylphosphin.

Another embodiment may relate to the process as defined in the first aspect wherein the starting
material 1s an isobenzofuran-1-one with z_i triflate group of the formula CF3+(CF;),-SO,-, wherein

nis0, 1, 2; 3 or 4, in position 5.

Still another embodiment may relate to the process as defined above wherein the cyanide source
is selected from (R’’4sN)CN wherein each R’ represents Cy_g-alkyl optionally two R’ together
with the nitrogen form a ring structure; KCN, NaCN, Zn(CN), or CuCN or combinations thereof.

The Pd or Ni¥catalyst -may conveniently be used in an amount of 0.5-10, preferably 2-6, most
preferably about 4-5 mol%.

Cu* and Zn”* may be added to the reaction mixture in substoichiometric amounts and -may

. function as recycleable cyanide sources, which receives the cyanide from other cyanide
sourcés such as NaCN or KCN. Substoichiometric amounts of Cu® and Zn®* , respectively,
means 1-20%, preferably 5-10%. '

- j-

Yet another embodiment may relate to the process as deﬁhed above wherein a 5-chloro-

1sobenzofuran-1-one is subjected to NaCN in the presence of Ni-catalyst.



The cyano sources may conveniently be sel écted froma group consisting of
cyani de sources such as (R'4N)CN wherein each R' represents Cl-al kyl
optionally two R* together with the nitrogen forma ring strucgoljjl@yzdﬁa@\l,
KCN, Zn(CN)2 or Cu(CN). In one enbodinent, the reaction of the present
invention is perfornmed in the presence or absence of a catalyst. The
catal ysts maybe i.e. NN (O, Pd(O or3#&d(D) catal ysts-as described by
Sakaki bara et. al. -in Bull. Chem Soc. Jpn., 61, 1985-1990, (1988).
Preferred catal ysts are N (PPh3)3 or Pd(PPh3)4, or Pd(PPh)2ClI 2. In
particularly preferred enbodi nent, a N ckel (O conplex may be prepared in
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-one with atriflate group of the formula CF3-(CF2)n S2-, wherein n is O,
1, 2; 3 or 4, in position 5. Still another enbodinent may relate to the
process as defined above wherein the cyanide source is selected from
(R'"4N) CN wherein each R' represents Cl_$-al kyl optionally two R' together
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cyanide sources.

Another embodiment may be the Cu(CN) is the cyanide source and without catalyst. Ina
preferred embodiment of this invention, the reaction may be performed at elevated temperature



30 July 2004 3a The reactions may be perforned in any convenient. sol vent as
descri bed in Sakaki bara et al. in Bull Chem Soc. Jpn_, 61, 1985-1990,
(1988). Preferred solvents are acetonitril, ethylacetat, THFgg 2064 NMP;
Still yet another enbodinent maybe a conpound of Formula IV wherein Ris C
is reacted with NaCN in the presence of a Ni (PPh3)3 which is preferably
prepared in situ as described above. St i4I.I yet yet another enbodi nent may
be a conpound of fornmula IV, wherein Ri's Br or I, is reacted with KCN,
NaCN, CuCN or Zn(CN)2 in the presence of Pd(PPh3)4. In a particul ar aspect
of the invention, substoichionetric amounts of Cu(CN) and Zn(CN)2 are added

as. redyfurthabdibodiman Anot her enbodi ment may be the Cu(CN) is
t he cyanide source anﬁ%%ﬁ‘% CLPIRCERs cCarding to B}eé*bewrw[viereimtihel'ramiﬁn@f this

i nvent PEHOTMed s pagatireantionsly. withaehigsdRilcal €l evated tenperature. 30 July
2004 4 A further enbodinment may relate to the process according to the
above wherein the reaction is perforned as a neat reaction i.e. wthout

added §oll asother cBibodimain AL joent may relate to the process according
to the,_abgve wherein the @gag%%ﬁceﬁgﬁ?‘%’?‘h’éﬂtq e gbovegrhaseinithpicdcti t he
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pr oceSIQV%IEiOdeRJM"eK'fdpmgemg\her ein the reaction is conducted with a pol ar
sol vents such as benzene, xylene or nesitylene and under the influence of
m.crowaves by using i.e. Synthewave 1000 by Prolabo. In a particul ar aspect
of this inventi or}j the reaction is perforned wthout added sol vent.
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Another embodiment may relate to the process as defined above wherein the reaction is

conducted with a polar solvents such as benzene, xylene or mesitylene and under the influence of
microwaves by using i.e. Synthewave 1000™ by Prolabo. In a particular aspect of this

invention, the reaction is performed without added solvent.

In a third aspect of the present invention, there is provided a method for the preparation of

citalopram comprising the preparation of 5-cyano-3H-isobenzofuran-1-one as defined above.

Finally, a further embodimcnt may relate to 2. method as defined in the third aspect wherein the
5-cyano-3H-isobenzofirran-1-one is subjected to two successive Griegnard reactions with 4-
flourophenyl magnesium halogenide and N,N-dimethylaminopropyl magnesium halogénide to

obtain citalopram.



In a third aspect of the present invention, there is provided a nethod for
the preparation of citalopramconprising the preparation of

5- cyano- 3Hi sobenzof wran-1-one as defined above. Finally, a furshetly2004
enbodi ment may relate to a nethod asggefined in the third aspect wherein
the 5-cyano-3H i sobenzofuran-1l-one is subjected to two successive
Giegnard reactions with 4- flourophenyl magnesi um hal ogeni de and

N, N- di met hyl am nopr opyl nagnesi um hal ogenide to obtain citalopram 30
July 2004 The tenperature ranges may depend upon the reaction type. If no
cat al yst Ths tqmpesnt rangeehey d§@nd 8pRahatddbesh HBY 186 dahiidhs P{I]gg@gte of

100- 200Cprefflama\tenperiis niayde iEAGrARE of $00-56° L thd 8,4k l.uence of
m crowaves the tenperature in.the Ifr%gacti on mék%ih‘r%e e?fay enrt%ﬁ $8% $bove 300

C. More fpndusted daderdhe alvenceofmissusaves theomperaiurd f0thd T@CHoMméxtmeshay
pr ef er r ehigead above3003E, M&G-préfén&ﬁfe%ddiéﬁmke/bﬁgeg §Ferﬁetwéé?1§1 R RIPET Phe most
r

tenperature range i.s en 0 and 100C. preferred are tenperature
ranges Oyregeozegd .gel\}ﬁggs‘bsﬁférred tenperature ranges are between 50-90C.
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Other reaction conditions, solvents, etc. are conventional conditions for such reactions and
may eastly be determined by a person skilled in the art. '

Examples

The invention is further illustrated by the following examples.

Experimentél
Example 1



A mxture of Zn(CN)2 (2.49; 0.02nol) and 5-brono-3Hisobenzofuran-1-one
(4.2g, QO02nol) in DMF (84nL) were stirred at room tenperature under an

at nrosphere of rargon for 30 minutes. Then dissolved oxygen was3o &upest by
bubbl i ng argon through the reaction m xture for 10 m nutes before the

addi tion of tetzakis(triphenyl phosphine)palladium(0) (1.2g, 0.00096nol,) .
Then the reaction was heated at 75 C fgr 3 hrs, and then the sol vent was
renmoved under reduce pressure and the resigye poured into water (150ni).
Filtration and followed by drying in vaucco give t he crude

5- cyano=3H pbexzof uran-1-one (2.8 g) (HPL = An_anal yti cal sanple was
obt ai ned ecrgstal i sattomfromaeetic acid |l e.2 A mxture of
Zn(CN) 2 (X ~0/0Q256nol ), NaCN (I g, 0,02nol
5- br ono- 3114sobghzofuran-1- one (4.2 g, 0.02nvl) (80m) were stirred
at room tenperafure under an atnmosphere of argon for 30 minutes. Then

di ssol ved oxygen was renoved by bubbling argon through the reaction
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under,. reldu e pressure and tge rgsi_due poured into water (_150m_t). Filtration
and FISPIBEE XBEFIGas RemoYsd by bubbling gwonfhraughdbe reaction mixture for 10 minutes
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in N%P %6 m.) Wg‘ﬁe stirred _at 140 C for 3hrs. Then solvent was renoved by
di st Medesidhe Borged 1ntp Fpierdd Stmb filoeatign and fellgwed by dryips iy equcox givei the wader
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Filtration.and f d by dryi I'n "vaucco give
3H i sohetaliséttondfie-agetie 4c2d.1g) (HPLC 97% . An anal ytical sanple was obt ai ned
by recrystalisation fromacetic acid. 30 July 2004

Example 2

- A mixture of Zn(CN); (0.3g, 0.00256mol), NaCN (lg, 0,02mol) and 5-bromo-3H-isobenzofuran-1-
one (4.2 g, 0.02mol) in DMF (80mL) were stirred at room temperature under an atmosphere of
argon for 30 minutes. Then dissolved oxygen was removed by bubbling argen through the reaction
mixture for 10 minutes before the addition of tetrakis(triphenylphosphine)palladium (0) (1.2g,
0.00096mol) . Then the reaction was heated at 75 °C for 3 hrs, and then the solvent was removed
under reduce pressure and the residue poured into water (150mL). Filtration and followed by drying
in vaucco give the crude 5-cyano-3H-isobenzofuran-1-one (2.7 g) (HPLC 94%). An analytidal
saml'ﬂe was obtained by recrystalisation from acetic acid.

Example 3

A mixuure of 5-bromo-3H-iscbenzofuran-1-one (4.2 g, 0.02mol) and Cu(CN), (2.3g, 0.02mol)

in NMP (60mL) were stirred at 140 °C for 3hrs. Then solvent was removed by distilation under

reduced pressure and the residue was refluxed in water (150 mL) for 10 minutes and allowed to
| cool to room temperature. Filtration and followed by drying in vaucco give the crude 5-cyano-
- 3H-isobenzofuran-1-one (2.1g) (HPLC 97%). An analytical sample was obtained by

recrystalisation from acetic acid.



.6 Exanple 4 A m xture of Zn(CN)2 (2.4g, 0.02nol) and
5-io0do-3H i sobenzofuran- |-one (5.24g, 0.02nol) in DV (80nm) were stirred
at roomtenperature under an atnosphere of argon for 30 m nuteso jUREr004

di ssol ved oxygen was renoved by bubbling argon through the reaction m xture
for 10 mnutes before the addition of

tetraki s(tri phenyl phosphi ne)pal |l adi um (@ (1.2g, 0.00096nol). Then the
reacti on was heated at 75 C for 3 hrs, and then the solvent was renoved
under reduce pressure and the residue pour®d into water (150nL).
Filtr&iion ol l owed by drying in vaucco olve t he crude

ni trogen at1fospilere, a mxture of NC 2 (0.2g, ~Q£0t5y0l) and

tri phenyl phosphine (1.6g, 0.0061 nol) in acetonitnleli(80 nl)was heated at
reflux for 45 mnutes. After cooling to roomtenperdure. zinic powder was
added (0.39 g, 0.006 nol) at stirred for 15 m nutes before a solution of
5-chlor o- 3H i sobenzof uran-1-one (3.4g, 0,02nol) in THE (40 nL) was added.
AftefX@mplefng for a further 10 minutes, NaCN (1.1 g, 0.021 mol ) was added

and WhgifBRCH ZR(C D&y ab fu}zg] 4
acet I(';‘nl t1 rile (50?71_]'&“328(t Q%d t ﬁgﬁmﬁ Zpﬁer e@éﬁgggﬂ?ﬁ% cell tie%%ﬁs ﬂ%‘? gl)vvas
concBDMF é&@nL)deEﬂ stireedat esbmp tmmt&r&anﬂet hmampﬂem oflasgonder Beh-humesi Then
wat er.. (150, nL) for 10 m nu. all owed to co to room.tenperature.
i« fisoatuie BRbeen bef JBave, B3 HPRIS ARR el e Refition, mipsare for 10 miiutes
5- CypéiBre3thd 2081107 05 tstakls(BiPReryiptd Alla iR Y0 ai SGOBdSENGS Phidided
by recrystalisation from aSS:e |ecy§1pm gﬁﬂ:go)ﬁ uay 052? &AI VS y
reaction was heated at 75 °C for 3 hrs, and then the solvent was removed under reduce pressure and
the residue poured into water (150mL). Filtration and followed by drying in vaucco give the crude
5-cyano-3H-isobenzofuran-1-one (2.4 g) (HPLC 93%). An analytical sample was obtained by

recrystalisation from acetic acid.
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Example‘ 5
Under a nitrogen atmosphere, a mixture of NiCl, (0.2g, 0.0015mot) and triphenylphosphine
(1.6g, 0.0061 mol) in acetonitrile (80 ml)was heated at reflux for 45 minutes. After cooling to
room temperature, zinic powder was added (0.39 g, 0.006 mol) at stirred for 15 minutes before
a solution of 5-Ch10r0?3H-iSObeﬂZOﬁJHH-1-0ne (3.4g, 0.02mol) in THF (40 mL) was added.
After su'rriné for a further 10 minutes, NaCN ( 1.1g, 0.021 mol) was added and the reaction
‘heated at 70-°C for 3hrs, cooled , diluted with acetonitrile (50mlL) , and then filtered through

_ celite. The filtrate was concentrated under reduced pressure and the residue was was refluxed
in water (150 mL) for 10 minutes and allowed to cool to room temperature. Filtration and

" followed by drving in vaucco give the crude 5-cvano-3H-isobenzofuran-1-one {2.5 g). An

analytical samplie was obtained by recrystalisation from acetic acid.



1. A nethod for the preparation of a conpound of the formula NC O
conprising reacting an. i sobenzofuran-Il-one of the fornula wherein R
represents ‘a halogen or a group of the fornmula CF3-(CF2)p SO2 30 whgreos n
is 0-7, with a cyanide source optionally in the presence of a catalyst; 2.
The process_of claiml wherein the starting material is an

| sobenzofuran-1-one wwth a d, Br or I7in position 5; 3. The process of
claiml1 wherein the starting material is an isobenzofuran-l-one with a tr.
flate gr'oegBAgg‘StThe formula CF3-(CF2)a SO2- , wherein nis 0, 1,2,3 or 4, in
position 5% The process of clainms 1-3 wherein the cyanide source is
selected from (R'4NJCN wherein each R' represents C, -g-al kyl optionally

two R' togeth f . KON, NaCN,
zn(o 2 cockm b BBl RER or dohBuld G AL O i i 1.4

wherein Zn2+ or Cu are added in substoichionetric anmounts in conbination
wi t h anot her cyani de source. 6. M@ _progess _of clainms 1-4 wherein the
~catalyst is selected from N (PPh3) 3, 3 4, Pd(dba)3 or Pd(PPh)2C12;

7. The process. of clains 1, 2 and 4 i n 44 5-chl oro-i sobenzofiwn 1l -one
s subjected to.NaCN in the presence @ catal yst. 8. The process of
claim7 wherein the Ni-catalyst is N (PPh3)3gprepared in situ by subjecting
NiCl2 to a reduci ngagent, such as Zn, in the presence of PPh3; The process
of cl ai meompgisimgdeartingan djohenzofiran-brome oftheFoimmda- i sobenzof uran-1-one is
subjected to KCN, NaCN, Zn(CN)2, or CuCN or conbinations thereof in the
presence of Pd( PPh3) 4. R

0

o

wherein R? représents a halogen or 2 group of the formula CF;(CF,),-SO,- , wherein n is
0-7, with a cyanide source optionally in the presence of a catalyst; |

2. The process of claim 1 wherein the starting material is an isobenzofuran-1-one with

a Cl, Bror I in position 5;
3. The process of claim 1 wherein the starting materiél is an isobenzofuran-1-one with
a triflate group of the formula CF,(CF,),-SO,- , wherein n is 0, 1,2,3 or 4, in
- position 5.
4. The process of claims 1-3 wherein the cyanide source is selected from (R”’;N)CN

wherein each R’’ represents Cj.g-alkyl optionally two R’* together with the nitrogen
form a ring structure; KCN, NaCN, Zn(CN), or CuCN or combinations thereof.
3. The process of claims 1-4 wherein Zn?* or Cu” are added in substoichiometric
amounts in combination with another cyanide source.
6.  Theprocess of claims 1-4 wherein the catalyst is selected from Ni(PPh)s,
" Pd(PPhy),, Pd(dba); or Pd(PPh),Cl,;
7. The process of clairus 1, 2 and 4 wherein a 5-chloro-isobenzofuran- l-one is
subjected to NaCN in the presence of Ni-catalyst. 7
8. The piocess of claim 7 wherein the Ni-catalyst is Ni(PPhs); prepared in situ by
' -subjecting NiCl; to a reducing-agent, such as Zn, in the presence of PPhs;
9. The process of claim 1, 2 and 4 wherein a 5-bromo- or 5-iodo-isobenzofuran-1-one
is subjected to KCN, NaCN, Zn(CN),, or CuCN or combinations thereof in the
presence of Pd(PPhs),.



30 July 2004 8 10. The process according to claiml1, 2 and 4 wherein a
5-brono- or 5-iodo- isobenzofuran-1--one is subject ed to KCN, NaCN,

Zn(CN) 2, or CuCN or corrbl nations thereof and the process is joejuly200ad

Wi t hout catal ysts. i - The process of claim10 wherein the reaction is
perfornmed in an ionic quuid of the general fornula R4ANA) Cwherein each R
represents CI _g-al kyl optionally two R together with the nitrogen forma
ring; 12. The process of claim 10 wherein the reaction is perforned under

the i nfljgencerys meas@aeawaiﬁgtdaaamam(mwﬁaaﬁe@tssbr&&o@?l cess
according to cl claim wher el n react1oni s pe ormed as a

neat reacti onlsogl Orﬁ%‘FHﬁ)ﬁ‘bﬂ%’Fedttﬁé{Wéﬂ%@ﬁizléfﬁ:mis%‘lQUeQN)Q? am conpri si ng

t he prepar atl@ﬂnbinaﬁowhmﬁdﬂdthép&e&mé rﬁﬁnied@ﬂﬂloﬁﬁ@dﬂélﬁ'ét@g to claim1-13.
15. A hod ordin

5- cyano His é?{%‘fsuggﬁla'i" iﬁ&’*ﬁe‘“ é\%ﬁ b?’élf pegtormed i aniouis lavidpf g nar d
reactions wit penkrdll fomdpﬁemwdmgﬂasmhﬁl répaesegsil daliayldptionally two R

NN- di et hyl a”}dégﬂ{cpaﬁ'&nﬂ?@ﬁﬁ%ééﬁmaa%em de to obtain cital opram

12.  The process of claim 10 wherein the reaction is performed under the influence of
microwaves in an apolar solvent;

13.  The process according to claim 10 or claim 12 wherein the reaction is performed as
a neat reaction. | |

14. A method for the preparation of citalopram comprising the preparation of 5-cyano-3H-
-isobenzoﬁlraml-one according to claim 1-13. |

15. A method according to claim 14 wherein the 5-cyano-3H-isobenzofuran-1-one is
subjected to two successive Griegnard reactions with 4-flourophenyl magnesium

halogenide and N,N-dimethylaminopropyl magnesium halogenide to obtain citalopram.





