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(54) Title: METHOD FOR THE PREPARATI ON OF Cl TALOPRAM O (57) Abstract: The

i nvention provides a new and i nproved method for the preparation of
5-cyano-phtalid, which is a key interne- diate in the preparat30dalydfoodhe
ant i depr essant corrpound citalopram 30 July 2004 1 Method for the
Preparation of Cital opram The present invention relates to a nethod for the
preparation of key internediates in the process for the preparation of the
wel I known ant i depressant drug cital opram 1-[3- (dinethylam no)propyl]

- 1- ( 4- f IMethodfer tho B llePQT‘EfF‘}Wg (JtopEamenzof ur ancarbonitrite. Background of
the Invention. Gtalopramis a well known antidepressant drug that has now
been on . the market for d.has the foI ovmn structure CH3 .
OHG. For rtfepresept iaventipngBlalss to § Betodior e PrenaeAtion §f ke N emeiates in th

hydr oxytpryqéssfrithe prepardfign ofthpe e dnbwhiahtidepressart cgey citamﬁiratnhaw-ng

ant | depr G5 Sant 1A HobAS: (4 rach iR LR GR- SRkl tarShealiiGRIPOUNT

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



has been reported in several publications, eg. J. Hyttel, Prog. Neuro
Psychopharmacol . & Biol. Psychiat., 1982, 6,277-295 and A. Gravem Acta

- Psychi atr. Scand., 1987, 75, 478- 486. The conpound has furt hes0 be¢2004

di sclosed to show effects in the treatnent of denentia _and cerebrovascul ar
di sorders, EP-A 474580. Cital opram can be prepared by several disclosed
nmet hods. A nmethod and an internediate for the preparation of cit-al opram
were described in US Patent No 4,650,884. Commercially wuseful processes
are disclosed in international patent dabplication Nos. WD 98019511, WD
98019512 and WD 98019513. Wth respect to the above nethods for the

pr epar at j f. ¢j the process conprd Si| exchange of the 5-brono
group W #@?3%%&0%@? &r‘g@ ?g@%eéﬂ%ﬁg R (% i hereig ik,

si nce t hanysuapblewdwle aurvesr betwgentOmdpt; situated inethe SHiositonafd,3-H0 parti cul ar,

i i t3 t: ‘ . 00, i tal fromt.
- orr esposapezofici Lok, is bRSBARA it s LORIAC D, BY obiats e Woirel Tty ocess
for the PWatilifign pbap @rlystagsob fieialopmm syathesis, thesutensivatveorkayp dfdhobldai ned
in a hi M&Ieﬂc@@gapi&e&epafmeef&%&he&ﬁm%&&&k?4 oid ghg;' y 2004 2

process in which a_hal ogen or roup of the gienera ormu 3-(CF2

a.
b Sop.  vilErEpdiates ot the prcheutly fespribicd proress mireneily putfisdend obtsiedin veiy highed | n
t he. S- pogiehts.dMhedtoydntérohbdiats bxtia Al toltwdBocdsSivEErigANidadtioh Ao CYaNi de
group. By.ohtajn car.regt .cyani de titution at an early stage o
the cit ?‘%%ﬁ@wmilﬁ%@@fm@m%n@e d\kﬁﬂb@ﬂlﬁ@a@wemwl magnesiime
exchangdhatogsoislesrespestivelyiewherelyy citdomtaads bbathedr ocesses is avoi ded.. The

i ntermedi ates of the-presently described process are easily purfied and
obt ai ned_in very._ high q)é/i el ds. The key internediate is then subjected to
t WO suc %@ﬂfﬂ@f@qﬂg% ih qydptermeriate of ﬂ@ mvention 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 starting 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? is 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



wi th 4-fluorophenyl magnesi um hal ogeni de and N. N-di net hyl am nopr opyl

magnesi um hal ogeni de, respectively, whereby citalopramis obtained. The
preparation of the key internediate of the invention is descrohey zealier
in J.Chem Soc., 1931, 867 and by Tiroflet, J. in Bull. Soc. Sci. Betagne,
26, 35, 1951; The process for preparation of the conpound is a three step
synthesis starting fromb5-nitro-phtalintfde with |ow yields, especially in
the | ast- step of -the synthesis. Summary of the invention Disclosed herein
is a novel -method for the preparation of an internediate in the preparation

of cital opram conprising reacti orpoungd of Fornula IV > cital opram
gro of the fornula

Formula N 'herein R -is d, Br, Y.
CF3-(CF2)--S2-., wherein n is 0-4, ani de source in the presence

or absence of a catal yst, whereby 5-cyar-i sollenzofuran |- one is obtained.
This internedi ate product can be further reag@ed to cital opram as descri bed
above. In_a first aspect .of th resent jnvention, there is provided a

met hod f PPPREM&TEHANEAR SFpogRzoluragrons pfdhcformBla for rul a 30 July 2004 2a NC
O conprising reacting an isobenzofuran-i-one of the fornula wherein R
represents a hal ogen or a group ok,the formula CF3-(CF2)a-SO2 , wherein n
is -

o

o

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

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.



0-7, with a cyanide source optionally in the presence of a catalyst; In a
second aspect of the present invention, there is provided the process as
defined in the first aspect wherein the starting material is 3@uuly 2004

i sobenzofuran-1-one with.a G, Br or | in position 5. The reaction of N ti
S-cyanophtalide nmay be carried out in nore convenient solvents, at a |ow
tenperature and at a mninmal excess ofg CY. The process has ‘environnent al
advantages in that it only uses snmall amunts of heavy netals. 30 July

2004. no_sources nmay conveniently be selected froma group
consi sﬁh ;18:9 %f&/sgoy e ad ?M?@égfysmb&?d(mwmieﬁng efcyunRle r epresent s

Cl- al kysbureps sushais I(R”hh()ﬂlﬂ?ﬂvhétmadhﬂ(”%ﬂr&eﬁﬁ@,!}ia%ggﬂo,{aﬂ&%a ,i ng
truct ygsges o Al i f
he " pr doibelil (Eidtodel KNl £ Bl surepte RGN KON CEaGRNY, atcui@D. of &
Goser ! Bhnd Bpoadinitnl o e FROR Af 1 pretst Inverti i PSSemIezh the W esoneOR5. 1990,

. i - , Rh) 20L 2. |
(1988) .abRerRE OF h 8staal Athehfml ke mag,%eb.%@(%ﬁ.ggﬁg@@rgggbgg(agdggcg,gggi R

particul ar referred enbodinment, a Nic pr epa

ly.. ;

situ béwyo‘-‘r%alﬂgéra cbyhih BalleCherarSpe. Jpndil, 698539900 (LO8E). dPrefiired chiabkslatd)
pr ecur |, G12 1,13 by a netal, such as zinc, magnesi um or
mngan%iﬁﬁ?ﬁﬁg‘%@@%‘%’ %ﬁq{déﬁtléééﬁbf conpl ex. ligands, preferably
- triphenyl phosphi n. Anot her enbodi ment may relate to the process as defined

in t hepf g mgpllﬁeferaeﬁ%ﬂﬁbaﬁﬁé?ﬁ kb ridhy bl Leobenzotur an-1
- one- W tph_aut.rif ate group of the f'g'rlﬁg?@%-(ég?\ﬂg@@?émétf‘ eh)re 9s 0,
1, 2; Ydepxchangsaeaction by Sedustivh bf aNatiied(T) prdestorBith 23WHCL, Sk MiBr,ltf) t he
pr ocess mial ich B8 dind DAY S G &i Iﬂaﬁé?aﬁ it }il%%rgsecngeoég exdess 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.



is selected from (R'4N)CN wherein each R' represents Cl_$-al kyl optionally
two R' together with the nitrogen forma ring structure; KCN, NaCN,
Zn(CN) 2 or CuCN or conbinations thereof. The Pd or N -catalyst ggy 2004
conveniently be used in an amount of 0.5-10, preferably 2-6, st
preferably about 4-5 nol % Cu and Zn2* may be added to the reaction m xture
i n substoichionetric amounts and may3afunction as recycl eabl e cyani de
sources, which receives the cyanide from other cyanide sources such as
NaCN or KCN. Substoichionmetric anounts of Cu+ and Zn24-, respectively,
means 1-20% preferably 5-10% Yet another enbodi nent may relate to the

proce i ; L el a-£hl oro- _1.sobe f.uran-i.. -one | s
~ subj ?egﬁggéicg%ﬁa%ﬁfpﬁst Fsée prgéghcg&bw{%oﬁegﬁ?ﬁs%“%ﬁl%wgﬁ he
r eact B REL e Sqse ity tle d 98199 (1958).dheferred salvemnareasctdnitdl i bed i n
Sakakictitaest, THF, DIMF BMpChem  Soc. Jpn_, 61, 1985-1990, (1988).
Preferred solvents are acetonitril, ethylacetat, THF, DMF or NWP;, Still
yet “anot'her enbodi nent maybe a conpound of Fornmula IV wherein Ris O is
reacted with NaCN in the presence of a Ni (PPh3)3 which irs preferably
prepared in situ as described above. Still yet yet another enbodi nent may
be a conpound of formula IV, wherein Ris Br or I, is reacted with KCN,

N?C![\I,Stﬁwqmmfm _ntabr@erarc?s_qmad of F&d{d}f%ﬁ?ag{al)imlzasdgg Iigé ﬂég\ﬁtg@ﬁ,itﬁs pec t |
0 on, subs | OMELLI C amunis o N) and Zn(CN)2 are. adde
as. ?@gﬁﬁ‘g‘%?‘é"s 3 EFE‘B@‘&?E’@E@ ﬁ%&oﬁﬁgfyé?ﬁ%?wm@ﬁﬁ%b%@m( CcN) is

the cyani de source and without catalyst. In a preferred enbodi nent of this

invent_'ion the reaction may be perfornmed at el evated tenperature.
Still yet yet another embodiment may be a compound of formula IV, wherein R is Bror L, is -

reacted with KCN, NaCN, CuCN or Zn(CN), in the presence of Pd{PPhs)s. In a particular aspect

of the invention, substoichiometric amounts of Cu(CN) and Zn(CN), are added as.recycleable

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 4 A further enbodinment nmay relate to the process according to
t he above wherein the reaction is perforned as a neat reaction i.e.

Wi thout added solvent. Still another enbodiment may relate tozyhgypbesess
according to the above wherein the reaction is perfornmed in an ionic
liquid of the general forrmula RAN4A, X, wherein R are al kyl-groups or two
of the R groups together forman ring arld X' is the counterion. In one
enbodi ment of the invention, RAN4A, X répresents Another enbodi nént may
relate to the process as defined above wherein the reaction is conducted
with a polar solvents such as benzene, xylene or nesitylene and under the
i nf | uerdchrribtr enibddi@Q i i.e. Synthewave 1000 by Prolabo. In a
particul ar aspect ofwﬁyﬁ%s@éﬁ%@ntﬁ ?%rﬁfeﬁsﬁégqr 2819 B¢ abgverwhéreinrtbe reactidpiat
added 86‘% a5 preat redtiod Laswithdut @lidddn@Rpesent invention, there is
provided a nethod for the preparation of cital opram conprising the
prepargt{éon of 5-cyano-3H-i sobenzofwan-I|-one as defined above. Finally, a
furt hebti muémmodmm%@ hod as..defined in the third aspect
wherein the 5-1_cyar_10-_3l—_l-i_So%lgtrletztgtl%rlgﬁ%SE;B%c@r‘i’gg 9 /bF abevegvheaseinee mactiessi ve
ﬁr |N_eg n&F§ P’é’%‘@_t RARSONIF tiuid-of theqgeneph Ryl RGITERT %@A R%ggl? Ig;%_and o

, N- di #m dptharigh Sq(g%éh}err%%ﬁﬁm um hal ogeni de to’ obtal n cf taf oPPEmM °F 30
July 2004 The teﬂ%’er U "Pahgengend Yapdreccoupioriobhin sreamibodinéntReind I NO
cat al yg’c/elitbnpRﬂ%"emrepmseﬁtgrred tenperatures may be in the range of

100- 200C. However, when the reaction is conducted under the influence of
m.crowaves the tenperature in the reaction mxture my raise to above 300
C. Mre preferre%tenperature ranges are between 120-170C. The nopst

{
N

| &

N
NN e

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.



preferred range is 130-150C. If catalyst is present, the preferred
tenperature range is between 0 and 100C. More preferred are tenperature
ranges of 40-90C. Most preferred tenperature ranges are betweeBo 3Gy 2064
O her reaction conditions, solvents, 4ggtc. are conventional conditions for
such reactions and may easily be determ ned by a person skilled in the
art. Exanples The invention is further illustrated by the foll ow ng
exanpl es. Experinental Exanple 1 30 July 2004 5 NI1d A mxture of Zn(CN)2
(2.49, 0.02nmol) and 5-brono-3H i sobenzofuran-1-one (4.2g, QO02nol) in DWW
(84m) vv@'hetem;jeratlﬁdrﬁgeiﬁ@ﬁﬂé}ﬂﬁ@ﬂﬁ@itﬁé%a%@@f here.Qf; argon for 30
4

m nut es. piligred tekhpatis tha@or Ge the Waise o T ' on through the
reaction nixture for 10 rzrilgnut_es bef or e t%e adI(_jIP-‘?l of7 0 n%ﬁpeqreacnoms

t et zaki spandugied mpdenibe prlusageef misaiwaves tie tempeghuQin0be 86aton ixtufhaay t he

react i onraigato ABGHEINOHC. More préferrad RbrfperAid rhilf! &J&n%@nvﬂ?llggfg THRIMGEM
under redui:e ressurjé@qg o((Ljhe resi due poured into water (1 ).
Filtrati®¥ TARE9 8 0°Grying in vaucco give the crude

5- cyano- Kidatatysbisaedent, tite profoneed (ténfergurd iRk Sis Yol cen M ardO0SE Mike SAMP! € was
obtain edpngelrerd%% i@?ﬁp%{'a't&r%tréfg% foi' a0 396}1‘!/18&?}%@&656%?6':3%:% ranges are :
between 60-90°C. : i

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 (0.3g; 0.0Q@56nol), NaCN (I g, 0,02npl) and

5- brono- 3114sobenzofuran-1- one (4.2 g, 0.02nol) in DVF (80nL) were stirred
at roomtenperature under an atnosphere of argon for 30 m nut3sJulyiPeDs

di ssol ved oxygen was renoved by bubbling argon through the reaction

m xture for 10 m nutes before the addition of

tetraki s(triphenyl phosphi ne)pal | adium (g) (1.2g, 0.00096nmpl) . Then the
reaction was heated at 75 C for 3 hrs, and en the solvent was renoved
under educe pressure and the residue poure@iinto water (150m.). Filtration
and fQ) edsbydrying in vaucco give the
5--cyano sobe@zof ur ar=t=ome(2-7>) (HPLC ! An™anal ytical sanple
was obt a vsecrystalisation fromacetic a jle 3 A m xture of
5- br ono- 3H i sobghzofuran-1-one (4.2 g, 0.02nol) 4t CN)2 (2.3g, 0.02nvol)
in NWP (60nL) were stirred at 140 C for 3hrs. Then sofyent was renpved by
distilation under reduced pressure and the residue mas refluxed in water

150 A1 - | 5t ro

i e of Py (8 9e0 IR URR ool iR b e S O, Jigpmon in
3H— | DOBE (@UhLY averé stirnel £t 2odrg terfpithiGrOTider akatmacphare iof atgoh F0PS @ mitifie D tRinn ed

r.ec ﬁ)Zciallsatlonfrom eb acid. 30 July 2004 6 Exanple 4 A m xture
of 7Ryt Bavied o sy o bubiiayaiesp thiashthe menciion mbgwe o510 Agmutcs
0. 02 2 Mike) Emg e r
at rmgglt\%er g[b of ar%xg%qf or &% gﬁ@"‘%ﬁ;"ﬂm& sso@ Qaicg;y(ggénﬂy\%gr{s ?e edthSy
bubbteamgomwgshea:téﬂ awfQ for 3rlae,cm1ﬂahemh)etsurvenn‘ wis fkthoved uhés re&lﬁi‘egi r€ssifetand

0

addi f tetr k| s(triphenyl hQSphI ne) paI | adi um 096nol ) .
Then H'ESI i Yo\l e& tF hmtionapd foligyed bié%ﬂmﬁ&éh"itlﬁ@o ghievthe cruges

re”DS'-%?aﬁngﬁ[ileﬁﬁE&ﬁrﬁr-ﬁﬁﬁé‘ (8820I(HPLC 95%). An analytical sample was obtained by

recrystalisation from acetic acid.

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.



.the residue poured into water (150nL). Filtration and followed by drying in
.vaucco give the crude 5-cyano-3Hisobenzofuran-1-one (2.4 g) (HPLC 93%.
An anal ytical sanple was obtained by recrystalisation from acejijuysmod C
Exanple 5 Under a nitrogen atnosphere, a mxture of NC 2 (0.2g, 0.0015nol)
and triphenyl phosphine (1.6g, 0.0061 nol) in acetonitnle (80 m )was heated
at reflux for 45 mnutes. After coolinggo roomtenperature. zinic powder
was added (0.39 g, 0.006 nol) at stirred for 15 mnutes before a solution
of 5-chl oro-3Hisobenzofuran-1-one (3.4g, ONO2nol) in THE (40 nL) was
added]l._ After stirring for a further 10 m nygfes, NaCN (1.1 g, 0.021 nol)

was add \ e reactian. heated af 70 Cfo . poled , diluted with
acetonit 50pt) , and then filtered throug

I|t€0 The filtrate was
concentrated unger reduced pressure and the resigs S vas refluxed in
water (150 nL) Hor 10 minutes and allowed to cool to Hoom tenperature.
Filtration and “followed by drying in vaucco give theOcrude
5-cyano- 3H i sobenzofuran-1-one (2.5 g). An analytical sanple was obtained
by rﬁﬁ alisation fromacetic acid. 30 July 2004 7 CLAIMS 1. A method
for @KE&% aratlon of a compound of the formula NC O conprising reacti ng
an 'ﬁoﬂﬁﬁa&fafzméwm@%f 0.09mbf! A 39S RLLHEnz S BRRCREAL 5344204581 °'in
group of the fornula ZSnp SQ2 erein

DMF (80mL) were stirred at room temperature under an atmosphere of argon for 30 minutes. Then

dissolved oxygen was removed by bubbling argon through the reaction mixture for 10 minutes
before the addition of tetrakis(triphenylphosphine)paliadium (0). (1.2g, 0.60096mol). 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 (2.4 g) (HPLC 93%). An analytical sample was obtained by

recrystalisation from acetic acid.

N
cl Il

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.



0-7, with a cyanide source optionally in the presence of a catalyst; 2. The
process of claim1 wherein the starting nmaterial is an isobenzofuran-I-one
with a d, Br or I in position 5, 3. The process of claim1l wsepsqyrothe
starting material is an isobenzofuran-l-one with a tr flate group of the
formula CF3-(CF2)a SO2- , wherein nis 0, 1,2,3 or 4, in position 5. 4.
The process of clains 1-3 wherein the cyanide source is selected from
(R"4N)CN wherein each R' represents C, -g-alkyl optionally two R' together

with the »j en forma ring structure; KCN, NaCN, Zn(CN)2 or CuCN or
conbi nat i ereof. 5. The process . of clainms 1-4 wherein Zn2+ or Cu are
added in substoichionetric anounts in conbinati on vm' th anot her cyani de
source. G. The 4 wher ei e I yst is selected from
Ni ( PPh3) 3, ﬁ)r&[cf(pg-%ﬂbmg%o fﬁ&?ﬁﬁﬂ%ég e’ process. of clains

1, 2 and 4 \_/\,hereln a 5-chloro-isobenzofiwn1 -one is subjected to.NaCN in

the presence of Ni-catalyst. 8. N@.pregess of claim7 wherein the
"Ni-catalyst is N (PPh3)3 prepared in by aubj ecting NCl2 to a
reduci ngagent, such as Zn, in the prd : ~PPh3; The process of claiml,

2 and 4 wherein a 5-brono- or 5-iodo-is&benapfuran-l-one is subjected to
KCN, NaCN, Zn(CN)2, or CuCN or conbinations ghereof in the presence

of Pd(PPh3)4 30 July 2004 8 10. The process .according to claim1, 2 and 4
Wher ei n XoBPESEgFeaching 3njispdionzofuran-1-one of the formula

RI
.- 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),.



| sobenzofuran-1--one is subjected to KCN, NaCN, Zn(CN) 2, or CuCN or

conbi nati ons thereof and the process is perfornmed w thout catalysts. i i.
The process of claim 10 wherein the reaction is performed i n 3nulyo2002
liquid of the general fornula RANA) Cwherein each R represents Cl _g-al kyl
optionally two R* together with the nitrogen forma ring; 12. The process
of claim 10 wherein the reaction is persf ornmed under the influence of

m crowaves in an apol ar solvent; 13. The process according to ¢laim 10 or

cl ai m 13 gwher fidprobéss bE@eding W Saie ) [ P5fiPswhsreirts ROdbabeBEsiQ. - 14 A
met hod for the Bre ration Qf cital opram co&prl Si Pﬁiﬂt e preparation of
5-cyano- 3H i §8 %‘F?E’%P.E‘i‘“éf?—“le-’% egteddp &G Ny 2n(NDa. px {oA net hod
aCEO,rdi ng to e&mbmaﬁdnsmmandtthepﬁcgséa@pcr&iﬁdeamawéa!ﬂ#l?ﬁs.l- Oﬂe i |S
subj ected to.tWo successive egna reactions.wth. 4-f] ourophen
monest i  naTISERT S LR AL WFRER R 2RO O o et IoRALOT e o
‘obtain cital opersemal formula &thcrein each R represents C,.g-alkyl optionally two R™
together with the nitrogen form a ring;
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.



