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» e3e~ql] fdldyl ~ + 9 COctober 2002 Met hod for the Preparation of
Ctal opra;mmmmmmm‘“e present invention relates to a nethod for the
preparation of, the wel'l known antidepressant drug cital opram

1-[ 3-(di et hyl SWHO) propyl J- 1- (4-fl uorophenyl)-1, 3-di hydro-5 Ser 2002

i sobenzof urancarbonitrile. Background of the Invention. O&g)ﬁfooﬁ? %rg is a
wel | known anti depressant drug that has now been on the mark k ~0
years dvidtiimbforithe Peeparstion ofiCitalopwam CH3 N~ CH3 Fornul a I@“ #"J'MIW[LH
selective, centrally acting serotonin (5-hydroxytryptam ne; eupt ake

i nhi bitor, accordingly having antidepressant activities. The ant!'#¥fTressant
act i vi tThepreshet oowptiomdehés tveenmethpdrioedhé prepavationl of titd wedlt kooven aati- J.

. Hyttel, 0s: phagmae ' YCH_ Pr 4404295 and
n o o B e R ety B Bhhuon SRS 0 BhorobiRSD: Ga-ali e

f ur t herispleyofirandagaastitrile show effects in the treatnent of dementia and

cerebrovascul ar di sorders, EP-A 474580. 20 Cital opramwas first disclosed

in DE 2,657,271 corresponding to US 4, 136, 193. This patent publication

descri bes the preparation of cital opramby one nethod and outlines a

f ur t herBaglidrotindMof ¢lhe IenBi@nlised for preparing citalopram , 2s According

toth d ibed the. di

1 a1 GlABRE S Sl A B SSHE 0 Mt hespevs heen iondbe market fobeome ¢
3- ( NON- veareaind/ hasrthe 6)lpowaipyg Istradtuor: i de i n t he presence of nethyl sul f

nyl met hi de as condensi ng agent. The starting material was prepared fromthe

correspondi ng 5-brono d¥€Lyvatnye reaction with cuprous cyanide. 30
According to the nethod, @s only outliggd in general terns,
[

Ci t'al opram may be obtained gy riug c1osure df the conpound: , 2 9 Cctober
2002 CH3 N ~ CH3 Formula I1 t heTpresergce Nof '3 dehydrating agent and
subsequent exchange of the 5-bronmplgroup with & prous cyani de. The starting

material of Formula Il is obtaingd
successive &ignard reactions, i ' th 4-fluorophenyl magnesi um chl oride
and N, Ns di nmet hyl am nopropyl magmes+um chl ori de, respectively. A new and
surprising nethod and an i nternedi hte for the preparation of cital opram
were described in US Patent No 4, 680, 884 accordi nBortrmlahi ch an i nt er medi at e
of the formula

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,

15 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 , 478-486. The
compound has further been disclosed to show effects in the treatment of dementia and
cerebrovascular disorders, EP-A 474580.

om 5- bronopht hal i de by tvc~o

20
Citalopram was first disclosed in DE 2,657,271 corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further
method which may be used for preparing citalopram.

25 According to the proceié.s described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the
presence of methylsulfinylmethide as condensing agent. The starting material was prepared
from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

30 According to the method, which is only outlined in general terms, citalopram may be
obtained by ring closure of the compound:



.CH3 N~ CH3 fo Formula I'll is subjected to a ring closure reaction by
dehydration with strong sulfuric acid in order to obtain cital opram The
intern~ediate of Fornmula Il was prepared from 5-cyanophthalide by two
successive Gignard reactions, i, e. wpth 4-fluorophenyig gRedieshodn

hal ogeni de and N, Ndlnethylanlnopropyl magnesi um hal ogeni de, respectively.
is Further processes ape disclosed in International patent application Nos.
WD 98019511, WD 980195 T2 o AN 9Y5) 3. WD 98019512 and WD 98019513

rel ate to nethods wherein am no-... 5- car@xy- or~5-(sec.

am nocar bonyl ) pht hal i de i . 1uu<3£:>\hbﬁd‘successive Gignard reactions,
ring closure and conversion 6 t hE NG~ gya- di hydr oi sobenzofuran 2o
derivative to the correspondi ng cyano conpound, i.e. cital opram

I nternational patent applicatia WO 98019511 di scl oses a process for

t he manufacture of cital opram n a

(4-substituted-2-hydroxynet hyl phgpyl - (4-f1 uor phenyl ) net hanol conpound i s
subj ected to ring closure and the resulting 5-substituted

1- (4-f | uor ophenyl ) - 1, 3- di hydr oi sobenzof uran convEpmadadb the corresponding

g Cyatnﬁnld;ﬁé by@éﬁeé%ﬂwua{ydkam |i@éh@£rﬁﬂsdhlstéc§heﬂt exchafige tof lthe 5- bromo group with

i rne am no~r o eni de 1.n order to n. ci.talo

Gt ober ot el Jhe safaimatsriab ok armulg 1 i obAme: - SRmephieie by
cital opuvmrrschesswesah@aad fedctidns Phg.ewith Moﬂdoraﬁﬁer@%nigmmmmfmmdé and N,EI-
appegrs..that .the rin iate of Formula Il may be
car r1 ed I GEHInOPTO 1&5235? %&] H@%‘ regxgegé%elg It has now, surprisingly,
been found that cital opram may be manufactured by a novel favourable and
safe pr 0. e

i nvent |‘§n to%ﬁc tpggﬁél H%’ﬁ'{&ﬂ %régg;\y%v%%{i?%%@réﬁ g&mo nooél?ﬁn nethod
for thedgsedbestintiRatent épt%ﬁ &draceonding toiwhich e intermediaie Oﬁt;hesfmtdau ng a

conmpound of Forrmula IV Formula IVt s wherein Ris 1t2 0 a group R1
wherein R and R2 are jy#dependenidyofe! ected from |l ower al kyl, aryl and

heteroaryl, or R 1 and RZYg nk d and tc&_&ther designate a 4- or
5nmenbered chain optionall pri si oy an S or N atom or
Lol | Nituted in the 4- and/or

4, 5-di hydro- 1, 3-oxazol - 2-y
5-position with 20 one ore rmre | pw&T al Kyl, @&Hgl or heteroaryl groups to
ing the resulting 5-fornyl conpound of

reductive hydrolysis, and b) copse
Formul a V

10 F Formula ITI
is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to

|}

obtain citalopram. The intermediate of Formula II was prepared from S-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N-
dimethylaminopropyl magnesium halogenide, respectively.

15
Further processes are disclosed in International patent application Nos. WO 98019511, WO
98019512 and WO 98019513. WO 98019512 and WO 98019513 relate to methods wherein a
5-amino-, 5-carboxy- or}i 5-(sec. aminocarbonyl)phthalide is subjected to two successive
Grignard reactions, ring closure and conversion of the resulting 1,3-dihydroisobenzofuran

20 derivative to the corresponding S-cyano compound, i.e. citalopram. International patent
application No. WO 98019511 discloses a process for the manufacture of citalopram wherein
a (4-substituted-2-hydroxymethylphenyl-(4-fluorphenyl)methanol compound is subjected to
ring closure and the resulting S5-substituted 1-(4-fluorophenyl)-1,3-dihydroisobenzofuran
converted to the corresponding S5-cyano derivative which is alkylated with a (3-

25 dimethylamino)propylhalogenide in order to obtain citalopram.



‘9 October 2002 Fornula V to the correspondi ng 5-cyano conpound, i.e.
citaiopram,Hs CH3 s ~ Fornula | which is isolated as the base or a
pharmaceutically acceptable salt thereof. 1=n another aspect, the present
invention provides the novel intermedigte of Formula V. tpph huridyer aspect
of the invention relates to the novel Pnternediate for preparation of

cital opram having Fornula IV In a further aspect the invention relates to

t he abodRinalfy,duetbeds of plsparing the indinisivah enanfiomersrafr eitaleprany dre disstosed in US
S-enati r i s to-
2 br anchagiaro En%??r??h%a* R afé.“%%“?‘r ot hourt 81 e Behfledlf 82

i ncl usi Permuy tH may bgeaied O@t%ﬂablleﬁﬁtﬁbw basopyl, |-butyl, 2-butyl,
~2-met hyl - 2-propyl, 2,2-dinethyl-1-ethyl and 2- met hyl - 1- propyl . 20 The term
aryl r rs to a nono- bi cycli¢c carho C|IC ar tlc rou such as
Shang| Tk e APRSRE beeR ot (mcipoPeam gy (i tRsBRTisBu Pios (el

het er oafayburablecind skfe prodedare-usiig dvn&lmbntcstdr&ﬁgmteymlstc azomati c group, such
as indolyl, thienyl, pyrimdyl, oxazolyl, isoxazolyi, thiazolyl,

i sot hi azolyl, imdazolyl, benzofuranyl, benzothienyl, pyridyl, and furanyl,
i n par t Semiveary pf therindghtion ndol yl , and thienyl. s Hal ogen nmeans fl uoro,
chloro, brono or iodo. Reductive hydrol ysis neans reduction of the group R
foll owed by treatnent with HzO thereby form n% an al dehyde group., to Wen
R afd Accadiagly, thearesentinvefiarisiatesdsiagioaelamethad forrthe prapatsation @f eitalopram

opt i onabdmps§ {Hesslté}ﬂ ofh S, Oor N atom R 1 and R2 together with the

N-at om to t ar ed - or 6-nenbered ring optionally
havi ng & ff\é‘hb@FB‘ég %P@d%ﬁkq‘?‘ﬁiﬂo{ém Sand Nin addition to the NNatomto
which R and R2 are |inked. Exanples of such groups are norpholinyl,

pi peridyl, etc. is InRa ferred enbodi nent of the invention, Ris

nor phol i nocar bonyl, di ( | ) am noNRtehonyl or 4, 4-di (| ower

al kyl)-1, 3-oxazol i di n- 2- r gterabl y mor phol i nocar bonyl,

di met hyl am nocar bonyl or ™4 Ayl - 1, 3-oxazolidin-2-yl. 20 In a
preferred enbodi nent of the inveption the internediate of Fornmula IV is
prepared by ring closure of the espondi ng conpound of Formula VI:
Formula VI 2s Preferably the c§ d of Formula VI is obtained fromthe
correspondi ng 5-R-substituted phthal i de derivative by two successive

Gignard reactions, i.e. with a Gy\gnard reagent of 4hal ogen f | uor ophenyl
and a Gignard reagent of 3-hal oged-N, N-di net hyI é,w respectively.
When R is an optionally substituted 4,5-di hydro-1,, 3-0xazol - 2 yl group the

conptsunwheteitFBrsrul a VI nmay al ternatively be prepared from
4-di net hyl am no- 1- (4 :m fl_zophenyl ) -butan-1-one by Gignard reaction with

a properly protected
2( hydroxynet hyl) - 4-{4, 51}& hydr o- 1, 3- oxazal - 2-yl ) - phenyl magnesj um
h aI ogeni de® der i § &oupe R wherein R1 and R2 are independently selected from lower

alkyl, aryl and heteroaryl, or R1 and R2 are linked and together designate a 4- or 5-
membered chain optionally comprising an S, O or N atom, or
o 4,5-dihydro-1,3-oxazol-2-yl optionally substituted in the 4- and/or 5-position with
20 one ore more lower alkyl, aryl or heteroaryl groups
to reductive hydrolysis, and

b) converting the resulting 5-formyl compound of Formula V



. 9 October 2002 The reductive hydrolysis of the conpound of Fornula IV is
conveniently carried out by reduction of a conpound of Formula IV with a
sui t abl e reduci ng agent such as an al umnium or boron containi ng agent,
conveni ently Dibal-H, superhydride, LiAH4, BH4 (Li+, NagReober 602 etc.
foll owed by addition of .HZO When R is a 4,5-di hydro-1, 3-oxazol -2-yl - group
the reaction may be car Ry _2 kylatlon with a proper al kyl ation
agent, such as Mel, a dial kyl{$ 2l owed by reduction and
hydrol ysi s as above. In all 1on is performed under strictly
controll ed conditions, preferabty at \about OC. to The conversion of the
5-fornyl conpound of Fornula Vto citalopramis carried out by conversion
of the fornyl group to an oxine or ar group by reaction with a reagent
R3- XNHZ wherein R3 is hydrogen, |owd dyl , aryl or heteroaryl and X is Q
N or S, followed by dehydration w th“-=¢omon dehydrati ng agent, for
exanpl e thionyl chloride, acetic anhydri e/ pyridine, pyridine/ HO or
phosphor pentachl oride. Preferred reagedts R3-X- Nigz, ﬁ‘are hydr oxyl am n
and conpounds wherein R3 is alkyl or aryl and X is O Ring closure of
t he conpound of Fornula VI may be effected by an acid or via a |l abile ester
W th a otk coifdsfording SEyahe eofPolid,Re! éigMléfRAmPY an inorganic acid, such as
a sul furic or phosphoric acid, or an organic acid, such as nethylsulfonlc
p-tol uenesul fonic or trlbkuoro 20 acetic acid. The basic ring closure is
perfornmed via a labile e ag the met hane sul fonyl, p-tol uene

sul fonyl, 10-canphorsul fonyl, | uopoacet yCHor trifluoromethanesul fonyl
ester with addition of a basex g#t s trietgygyl am ne, dinethylaniline,
pyridine, etc. The reaction is perf d ancHaert solvent, preferably
with cooling, in particular about ::Band is preferably carrled out by a

one-pot procedure, i.e. with estefifigflati on and sinultaneous 2s addition of
t he base. Before further reaction internediate of Formula VI nay be
Separated into its enantioners, thefeby obtaining the enantioner giving
S-citalopram Gignard reagents of E- hal ogen-f| uoFophaafl that nay be used
in the preparation of a conpound of Formula VI are the nagnesi um
halogenwa such a%m;he chl ori de, bronlde or 30 jodide. Preferably the

magnesi J¥IGR disalatadsas the basear aphiarmaseusigalfi accgptable salt thereof.
3- hal ogen- N, Ndi net hyl propyl am ne t hat nay be used are the magnesi um

magnest UNRRTE absBE aeisSchs Rveon A ng hoved st ofhomda L essi vel y

wi t hdoit |solat|on of the internedi ate. 3s Clher reacti on conditions,

sol vent sp ﬁﬁ& o [Felsr-1HRwe S 0

easily be determ Lg gf’?ﬂé per sonq‘lsE'g%uF'é 38 thE ﬁptﬁg@&@?&béggi%énﬁfe
5- R—subs@#%?ﬂ@@hﬂﬁtﬂﬁaﬁlméﬂ T¥rting materi aI s used in the Grignard reactions
may be prepared from S-chl orocarbonyl phthal i de by reaction with the proper

amne c S- chI ocarbo ht hal i de again be prepared from '
5-car bo%ﬁ#ﬁ&ﬁﬂ lniVS’ﬁ 1#fﬁat§sttﬂi‘gﬁ?gg%‘hp Gegfe In Whichy sy sampanmdgef s

commsclﬁbmlﬂﬁubﬁml&%enattbmﬁy be prepared by well known procedures
(Tirouflet, J.; Bull.Soc.Sci. Bretagne 26, 1959, 35). The conpound of

gener al 'Hﬁrbﬂylh@t Ithemp,eciﬁtaume andelaimhs lﬁwelax]hyslsrefem toss branghed rorsobranclel dlkyl

accept ab id. additio S | 4_s
For mad wPOHP ik ol O 3 by bBGE Ripun Rt e ok b ol B 2-
organic pmlpyls lenayl; amlwmmwrmyl,fmm@ybmlenngmﬁ/ﬂrbpr@ubc. nic,
oxalic, bismethylenesalicylic, nethanesulfonic, ethanedisulfonic, acetic,
ProPI20N! §ne i &l Fefer3Ab!difioh6- of bicytiie cﬁbH R Groid foupBichGas ﬁmﬁﬁmdc
ci nnami c, nic, aspartjc, stearic, n1t|c Itaconic, glycolic,
p-aninob@ﬁﬂﬂmﬂqﬂtp ewlatpheprhzene sulfonlc and t heophyl | i ne acetic aci ds,

as well as the 8-hal ot heophyllines, for exanple 8 ~s bronot heophylline.
Exenpl ary of such inorganic salts are those with hydrochloric, hydrobrom c,
sul furic, sulfamc, phosphoric and nitric acids. The acid addition salts of
t he conpounds nmay be prepared by nmethods known in the art. The base is
reacted wth either the cal cul ated anount of acid in a water m scible

sol vent, such as 20 acetone or ethanol, wth subsequent isolation of the
salt by concentration and cooling, or with an excess of the acid in a water
i mm sci bl e solvent, such as ethylether, ethylacetate or dichl oronethane,
with the salt separating spontaneously. The pharnmaceutical conpositions of
the invention nay be admnistered in any suitable way 2s and in any
suitable form for exanple orally in the formof tablets, capsules, powders
or



syrups, or parenterally in the formof usual sterile solutions for

i njection. The pharnmaceutical formulations of the invention nmay be prepared
by conventional nethods in the art. For exanple, tablets nmay be prepared by
m xing the active ingredient with ordinary adjuvants and/ FI|U = and
subsequently conpressing the mxture i ¥ a conventional t %P@ schi ne.
Exanpl es of adjuvants or diluents conprise: Corn starch, potato starth

tal cum Thagems ihstersdrghrefes, togel monceor bivytls detegnuyslic arshitice gtouls€ sudhnyis

ot her a d co 19Si 0B 1§ vat i wes tc. e
used pr {g{\glﬂ, tp ﬁegy £ %&h h%&%l L)?ati ,blxgof‘a ? E’?t ﬁglagﬁﬁ asofhiazo reﬂ?lggy‘%g’

Sol ut i oh@nz{oﬁrram)d; MIZDtbmyﬂzﬂ:erld& pnéﬁa'amsd imwast@ﬁlﬂrarrpgntméylamdolyh aind dghienylent
and possible additives in a part of the solvent for injection, preferably
sterile water, adjusting the solution to the desired volune, sterilisation
of the Hﬁidggh%aﬁdﬂﬂuéﬂ& ¢R1BED, bfbrddlbt RRbEe anpoul es or vials. 9 Cctober 2002
. Any suitabl'e additive conventionally used in the art may be added, such as
tonicity agents, preservatives, antioxidants, etc. Exanples s The invention
i's furtRedudtive ugxdmyae xhyaﬂshﬂ:dﬁaidxpwf He e Re Jolldwed By Qrehtment with H,0O
S-(4- rmﬁ%F 4 car bony hthalid. A solution of 5-chlorocarbonyl phthal id (39
g, 0.2 eg:)yy Hmﬁggn( H.F)grqug added to a ~o solution of norpholine (22 g.
0.25 nole) and triethylamne (26 g, 0.25 nole) in THF (200 M) at O C. The

m XU ok ] A S R ond ks ALONEH 4 UF ST R0 BRI Ably ©

The reactlon mx ure 1s R wat er
evapor atempusing an Sy &t ooNatem; Ré apaHRé!ftOgﬁbers\mthnthecN aitqm mi}vbmahex arefdinked The

solutio 0 t fhl &r ff and
vashed %ﬁaﬁaﬁt%ﬁﬁ‘a&e@ eiifoftiRafly Saiie aaﬁ&%@?*%%%*%%“iﬁ‘@m o8 iy 2nd

MRrt padien e%tpﬁpwcatorﬁeékwmaﬁl ad RaRaRliEked, ixampiesoospsh. egups dirg
(8H, M mdpHingBipipendyl &&0 ( 1 H d, J=7.5 Hz), 7. 72( | H s), 7.92 (1H,
d, J=7.5 Hz).' 3C NWR {DI\/BO-dG, 62.9 I\/HZ): 42.1, 47.7, 66.1, 70.0, 121.6,
12S. %, 125.7, 127.7, 141.2, 147.7, 168.0, 170.1. Anal. calcd. for

C, 3H, SOItN a Qefﬁﬁadl&mlhbdiﬁwﬁo ofN,th&. ﬁﬁ'enﬁomnd{ ds GaorpHolitdcarBobyl;, di(losveb3.

goc rEf 2r ocC r)ém 46‘%1”8921 oA m@ﬂﬁg&lm@ Hd]lﬂﬁ)F?P %{ ﬁﬁ%}‘e%bly adt dg}éol%no-

di met hy cambony, d wwmolﬂmmwaw&p@#or%@m@ ha- qxe@ol(dlq@wlg) The mixture is
stirred for 1 hour. 2s THF i s evaporat ed of f in vacuo and precipitated

crystal are req qff at 5 C.and,.washed wit 0 ) 30.0
ot5o, TBeteleired enpodineert of R RETERRGR B gialy of Fogndla A s regpared By
(3H S) rin§ clebure Afihe sorrespobding comboust] o Eofnmld¥]):, 7.70 ( 1 H s), 7.90 (1
H d, 3=7.5 Hz). "C NWMR (DVMBSO-d6, 62.9 MHz): 34.7, 40.0, 70.0, 121.4,
125.1, 125.5, 127.6, 142.1, 147. 6,O 9.0, 30 170.1. Anal. calcd. for
C'H'O,11,; C, 64.38: H, 5.40: N, 6 . Found C, 64.17: H S.44: N, 6.61.
Exanpl e 3 S (1-Hydroxy-R prep- 2 yl)caphanyl phthalid. 35 Method A): A
sol ution of S-chlorocarbon [ 2 nole) in THF (400 ) is
added to a solution of 2-an 7 propan-1-0l (22.3 g. 0.25 nole) and
triethyl-amne (26 g, 0.25 nofe) i HF (200 mM) at 0 C. The m xture is
stirred for 1 hour and is aIIovvedrmto roomtenperature. The reaction

m xture is then poured into ice 500 m).THF is evaporated off in
vacuo and the pl~# of the sol uti oN djusted to pH=2. The solution is 9
COct ober 2002 cooled to S C and | eft—gver night. The precipitated crystals
water (100 m).

are filtered off and vvasped with cold
¥ Formula VI

1

25 Preferably the compound of Formula VI is obtained from the corresponding 5-R-substituted
phthalide derivative by two successive Grignard reactions, i.e. with a Grignard reagent of 4-
halogen-fluorophenyl and a Grignard reagent of 3-halogen-N,N-dimethyl-propylamine,
respectively. When R is an optionally substituted 4,5-dihydro-1,3-oxazol-2-yl group the
compound of Formula VI may alternatively be prepared from 4-dimethylamino-1-(4-

30 fluorophenyl)-butan-1-one by Grignard reaction with a properly protected 2-
(hydroxymethyl)-4-(4,5-dihydro-1,3-oxazol-2-yl)-phenyl magnesium halogenide derivative.



.Yield 34.0 g, 68% DSC onset: 16S C. Purity: 99.7% (hplc, peak area). 'H
NVR (DMSO-d6, 2 SO MHz): 1.33 (6H, s), 3. S 4 (2H, s), S .47 (2H, s),
7.84 (1 H s), 790 ( 1 H d, J=7. S Hz), 7.97 s (1H, d, J=7.S Hz), 8.03
(1H s).'3C NMR (DVBO-db, 62.9 Miz): 2% 6, 55.4, 67.2, 7Q écQﬁf%Z 124 8
126.7, 128.3, 141.2, 147.3, 16S.8, 170.2. Anal. calcd. for é %\9 4N, C,
62.64: H 6.07: N, S .62. Found C, 62.3 7: H 6. | 3: N S, S3. I\/bt hod
B): S-Ethoxycarbonyl phthalid (82 g, 0.4 nole) is added to a sol ution of

2- ami nofigt raluetivéhlygradpsin of td c()mpmﬁldgof Bofinulal B) is nonvehicatle dard€d ont by The

t {
'[nl ;(I gr ?g%ﬁbﬁgﬁf%cérﬂ})éer eﬁ?o},{-@ recrys I':iﬁ)ll% %ﬂiﬁn“ﬁ%h%g%;% “W%& d
8S.0 g,o18 mnmwﬁalmng%eo%ophmm@ntbeamaﬁhas)lperhy@n@( dipli,, BH, (Li*, Na' or
S- (45 Mog AN %{d/ ! fb?ib%ﬂyﬂd\) addifich 8 FEONWIRN RGP R oRY ) hy@lrcf 4.3- oxazol -2-yl-group the

f | uor ophényl) 3di hydr oi sobenaofur.an, oxal at é’ ut’i on

4- f | uor'GRFT, MR gPfe SRITRC LYW hyaalkylstien ity afnrepﬁrzlalkylets%egmwhz%Mqlw g,
0OI é?drrgdhabécymdfafmgaqmw Nfollewréed fbgsre(dfﬁcﬁbn And yied éls P! ﬂiereTﬁ'{lf Al Q,leelc‘s;1 %1§GI S
adae 0 IOpw se ensit.on o C on al |

0 e s e finS SHEB SNy ookt csnRiohs é@r?% Pipst aheltid e

the addition is conplete, the reaction mxture is stirred far 1.S hours at

e Tt SR Hstion R BT Ryl SPBBOuRE o oBhufl P08 Sfeionell is capmied aphibNgs
(6 g, Occmvermhec)f the fomyyl grpuy toS® cmlr)le os sind e graup bytreagtiaovitlomreagemt X3-X-e.
The te §n'IS3 ﬁg%%%%%@ @%rtﬂa&r%gf &ﬂm is R 6@?%!180@ %»0,' ef t

over ni ght at roomte te wt I oh m x I'S” pou

i nto i céehydration yvith nt ) capmon, Q@hymaémd agerityt fop ne}mnlﬁm@mnﬂﬁhéqndﬂu aeetic | oo
m). T"Eﬂiyﬁlnﬂ&@l?ﬁﬂﬁiee%yﬂﬁfneH{CNé‘belﬁbspﬁhCBérﬁﬁdm&idéafP‘?eféﬁgp rédgbnts SRASARY and
t he organlcp ?ejs Se arate H ]\[‘/ﬁg&dwth MOO m) and bri‘ne
(50 M ) arehydroxy OH}PQ% § wherein 3 psalkyl\gr afy ?2Q100 m). To the
aqueous phase 4 M NaO—I (100 a mM) is added~to give a final pH of 9 or
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(2H t) e, fheichy Chiammng the o 765 C3H t+d, 1=8.5 Hz
J=1.2 Hz) Anal cal cd for C24HZgN~F, 03 1 1 CZH204 C, 6l .52: H 6.15:
N, 5. 48Grigaudd r@geﬁtls oﬁﬂ-hdlbimvfﬂﬁnoﬁﬁenﬁl fitht ey BeangddeirStle phépiration of a

di hyl b I
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t enper at ure |$ F Bt 10 C durle%gt zlé#iltlon The reaction is 2 hours
at room PRFERPE 8‘%’“{ iARSOg S %t on mixture is poured into ice
wat er (100 n1) and a saturated solution of amoniumchloride (50 mM). THF
is evaporated off in vacuo . Dichloromethane (100 m) is added and is the
organi ¢ phase is separated and washed with water (2x50 m) and brine (50

m ). The organic phase is extracted wwth 2 MHO (2x100 m). To the aqueous
phase is added 4 M NaCH (100 mM) to give a final pH of 9 or higher. The
water layer is extracted with dichloronmethane (200 mM) and the organic
phase is washed with water (SO m), brine (50 m) and dried with MyS04 (20
g). dichloronethane is evaporated off in vacuo . To the thus




30 obtained material is addec~ACM (250 ml) and triethylamne (20 g, 0.2
nole). The solution is cooled to 5 C. Methanesul fonyl chloride (18 g, 0.16
nole)) is added dropwi se and after addition the reaction mxture is left
for oene hour with stirring. The reaction mxture is vvash&l V\Q 90% M NaOH
(2x 100 nl) and the organic phase is dfi ed (MgSO4, 10 g) AR Wi vent is
evaporated in vacuo. Yield: 16.S g. 69% 'H NVR (DVSO d6, 250 VHz) :
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5- Fornyl - 1- ( 3-di rret hyI am nopropyl )-1-(4-fluorophenyl)-1, 3-di hydr oi sobenzofu
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1. 15- 1. 4ichictometBane,Awith tHeGhit seﬁaratﬁmgk'éoﬁ&hbodslyt J=7 Hz), 5.10 (1H, d,
J=12.5 Hz), 5.18 (1H, d, J=12.5 Hz), 7.10-7.30 (4H n), 7.S0-7.63 (3H, n},
8.19 (1H, s), 11.34 (1H, s). 30 The oxalate of the title conpound is
crystal ll‘hzqﬂhaﬁnmeuamétcom@osxm off thadbvemtion nsat be adiniiffereOisanyl Gulxah%@rawl—lz)

o f’% ' piid ih el ot By 7, cdarnplé Gl i tho Yk S g, ekl 1%,
J 8 5 HEyTupy, erparenteraliwia theformpofiusuahsterile olytions fop injectionH,  br oad peak) .

Anal . calcd. for CZ~H23N2~2F1 1.0S CzZH204; C, 60.75: H 5.79: N, 6.41.
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t her gof
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(20 m) té‘l@&m5 Pﬁ'lestF %elat 1%&%&@' é Sanﬁqgé qgﬁpt AnfyCothe a@ﬁmﬁrﬁi ure
~ for 2 hours, erial’s are | n“vacuo d the
r emai ns adééw&wkamss,varmampmvegﬁtcm@yrble)usedrn@M@dsth%tﬁh@r arscromnatiblea|
is di SSQJ/M?ﬂleid%ti?@ﬁig?élﬁenﬁé]d oxalic acid (5 g) is added. The solution is
“left_at 0 Cfor 14 hours. Filtration yields the title conmpound as the
hydr 6sgen oxal ate salt. Yield: 9.6 g. 66% DSC onset: 155 C

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, sterilisation of the solution and filling in suitable ampoules or vials.



+~0 Met hod B):

5- For nyl - 1- ( 3- di met hyl am nopr opyl ) - 1- (4-f 1 uor ophenyl ) -1, 3-di hydr oi sobenzofu
rane oxime, oxalate salt (1.0 g) is suspended in toluene (10 m). SOC Z (2
m) is added and the mi xture is heated8at reflux tenper ab‘t?é%otie‘?rzoéﬁ m n.
Evaporation of the volatile solvents in vacuo | eaves an oi he oil-is

taken Uan' BuiH1a! ﬁ&'(ﬁtl(fégoﬁ‘d’ehn@ﬂﬂly Ssedas hﬁéj aMihdy Be %%}p@‘uéﬁ aﬂ‘mmﬁﬂ) aféiﬁ’sé

wat er m ). . Evaporatjon of t he to uene phase | eaves t
corrpourﬂfeieﬂ'Y%lé’%e?é’@PX%n rPt6| . Y| eld = 0.62 g. 83%, Purity: >98.0% (hpl c,
peak area). 13~ 9 Cct ober 2002 CLAI IVB s, 1. A net hod for the preparation
of citatemnplesconprising the steps of a) subJ ecting a conpound of Formula

IV 5_R E R wh RL and R2
indeberﬂ%wv%&lé i e SIS AR neteroaryl o R and R

are |inked and together designate a 4- or 5to nenbered chain optionally
corrprl {‘]*9‘89 , Oor N atom 4,5-di hydro-1, 3-oxazol -2-yl optionally

substitu I'n the 4- and or 5-position with one ore nore | ower al kyl, aryl
or het ef-é‘érmdrplgﬂﬂap@mﬂ)ﬂﬂbdail ve hydrolysis, and t5 b) converting the

resul ti Agofifof my iR (34, 0 bk L @0 id BB g eSPoni ng

5- cyano conmpoun
solutxon of morphohne ( 2 g. 0.25 mole) and tnethylamme (26 g, 0.25 mole) in THF (200

ml) at 0 °C. The mixture is stirred for 1 hour and is allowed to warm to room temperature.
The reaction mixture is then poured into ice water ( 500 ml). THF is evaporated off in vacuo
and the pH of the solution is adjusted to pH=2. The solution is cooled to 5 °C and the
precipitated crystals are filtred off and washed with water (100 ml).

15 Yield 38.0 g, 78%. DSC onset: 83 °C and 107 °C . Purity: 99.6% (hplc, peak area). '"H NMR
(DMSO-d,, 250 MHz): 3.2-3.7 (8H, m), 5.45 (2H, s), 7.60 (1H, d, J=7.5 Hz), 7.72 (1H, s),
7.92 (1H, d, J=7.5 Hz). PC NMR (DMSO-d,, 62.9 MHz): 42.1, 47.7, 66.1, 70.0, 121.6, 125.3,
125.7, 127.7, 141.2, 147.7, 168.0, 170.1.

Anal. calcd. for C,,H,;0,N,; C, 63.15: H, 5.30: N, 5.66. Found C, 62.94: H, 5.52: N, 5.53.

20
Example 2
5-(N,N-dimethylcarbamyl)phthalid.

A solution of 5-chlorocarbonylphthalid (32 g, 0.16 mole) in THF (300 ml) is added to
dimethylamine (40% v/v in water, 300 ml) and ice (100 g). The mixture is stirred for 1 hour.

25 THF is evaporated off in vacuo and precipitated crystals are filtred off at 5 °C and washed
with water (100 ml).

Yield 30.0 g, 90%. DSC onset: 154 °C . '"H NMR (DMSO-d,, 250 MHz): 2.9 (3H, s), 3.03
(3H, s), 5.45 (2H, s), 7.57 (1H, d, J=7.5 Hz), 7.70 (1H, s), 7.90 (1H, d, J=7.5 Hz). "C NMR
(DMSO0-d,, 62.9 MHz): 34.7, 40.0, 70.0, 121.4, 125.1, 125.5, 127.6, 142.1, 147.6, 169.0,

30 170.1.

Anal. calcd. for C,,H,,O,l'g,; C, 64.38: H, 5.40: N, 6.83. Found C, 64.17: H, 5.44: N, 6.61.

Example 3
5-(1-Hydroxy-2-methylprop-2-y!)carbamylphthalid.

35 Method A): A solution of 5-chlorocarbonylphthalid (39 g, 0.2 mole) in THF (400 ml) is
added to a solution of 2-amino-2-methylpropan-1-ol (22.3 g. 0.25 mole) and triethyl-amine
(26 g, 0.25 mole) in THF (200 ml) at 0 °C. The mixture is stirred for 1 hour and is allowed to
warm to room temperature. The reaction mixture is then poured into ice water ( 500 m1).THF
is evaporated off in vacuo and the pH of the solution is adjusted to pH=2. The solution is



Formula | which is isolated as the base or a pharmaceutically acceptable
salt thereof. s 2. The nethod of Caim1l1 wherein the conversion the
5-fornyl conmpound of Forrmula V to citalopramis carried out by conversion

of the fornyl group by reaction with a reagent R3-X NH2
hydrogen, |ower alkyl, aryl or heteroaPyl and Xis O N \3\518 lb%ﬁ%g\/\ed by

dehydration with a dehydratlon agent. to R2 ON 3. The rrethod of ddim1l or
2 wher etovldd 1o A @idleft d¥br night. Therevipitutell @i stdls afenfilfervd 6ffand wRkheadnditiR2 ar e

| ower al kyl or d RZ are linked and together designate a 4- or
5- rrenbe?ogé @ﬁeﬁl(@o'ﬂﬁ onally conmprising an S, Oor N atom is 5. The nethod
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hal ogeni de derivative. 11. The net hod of Claim 8-10 wherein the ring

cl osyr egsh 4 conmpound of Formula VI i s is effected by acidic ring

cl osure an..i ani c ,aci c or phosphoric
aci d, p@ﬁ”‘ng‘g{?F borvy- ﬂg{]g l%‘f’ﬁef"é’{i&'p f@“’r u)f drisul Ponl (F:) or

trifl uoddgzdmsad:emqﬂd'an,lacaldib.e met hod of any of Cains 8 10 wherein the ring

cl osure 40,

cl osure VJI a&tgﬁl(g%nﬁg&gg?% %ngﬁlgﬂn%m%e h&gﬁ%ﬁJﬁgﬁgr@f?@Pﬁ I ca Efl{on and

addi ti of: 17 ppde. an@snagm&lumetpm&(ﬁ gzﬂéﬂrmlg) intlsy S €198 mij4s addedster i s

the jzet BapWisttofam¥pensidnidtsU@080 bf}%bl‘lkon Bmar@tw ld f%ie) 1en%rg 'II‘IEF

tri et hy (LA Theiemper vt ﬁ?fxi’h@we S ! B S Shiof s coumira By reaeyon
triethy
CI ai s irﬁxmi&s\&ﬁfré@fdr,l babesat foont teafperat@er i on, the internediate of Formula

s b A b ghgﬂn?ﬂd%ﬂufoh%réﬁmﬁ&}ﬁ%rcﬁmeh@?z{r&?lxpr%%ﬂhﬁ%ﬁ‘&é 83 £oant ' omer

gl Vi ng cita
mole) and magnesium turnings (6 g, 0.24 mole) in dry THF (150 ml) is added to the reaction

25 mixture. The temperature is kept below 10°C during the addition. The reaction is left
overnight at room temperature with stirring.
The reaction mixture is poured into ice water (300 ml) and a saturated solution of ammonium
chloride (100 ml). THF is evaporated off in vacuo. Dichloromethane (300 ml) is added and
the organic phase is separated and washed with water (2x100 ml) and brine (50 ml). The

30 organic phase is extracted with 2 M HCI (2x100 ml). To the aqueous phase 4 M NaOH (100
ml) is added'to give a fixial pH of 9 or higher. The water layer is extracted with DCM (400
ml) and the organic phase is washed with water (100 ml), brine (50 ml) and dried with
MgSO, (20 g).
Triethylamine (20 g, 0.2 mole) is added to the organic phase and the solution is cooled to

35 5°C. Methanesulfonyl chloride (12 g, 0.11 mole) in DCM (100 ml) is added dropwise and
after addition the reaction mixture is left for one hour with stirring. The reaction mixture is
washed with 0.1 M NaOH (2x100 ml) and the organic phase is dried (MgSO,, 10 g) and the
solvent is evaporated in vacuo. The thus obtained material is dissolved in acetone (100 ml)



.30 16 9 Cctober 2002 15. An internediate for preparation of cital opram

having the Formula V Fornula V. 16. An internediate for preparation of

cital opram having the Fornula IV Fornula IV wherein is as defined in Clairn

1. i 7 . Use of an internediate of Caign 15 for the prepgrgkimp 2062

citalopram ~ 8.. Use of an internediate of Claim16 for the preparation of
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Method A): 5-Formyl-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroiso-
benzofurane oxime, or oxalate salt, (12 g) is dissolved in acetic acid anhydride (20 ml) and

5 pyridine (80ml). The solution is heated to reflux temperature for 2 hours. The volatile

materials are evaporated off in vacuo and the remains coevaporated with toluene (2x100 mi).
The thus obtained material is dissolved in acetone and oxalic acid (5 g) is added. The solution
is left at 0 °C for 14 hours. Filtration yields the title compound as the hydrogen oxalate salt.
Yield: 9.6 g. 66%. DSC onset: 155 °C.

10 Method B): 5-Formyl-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroiso-
benzofurane oxime, oxalate salt (1.0 g) is suspended in toluene (10 mt). SOCI, (2 ml) is
added and the mixture is heated at reflux temperature for 15 min. Evaporation of the volatile
solvents in vacuo leaves an oil. The oil is taken up in toluene (10 ml) and is washed with 2 N
NaOH (5 ml, aq) and water (5 mi). Evaporation of the the toluene phase leaves the title

15 compound (free base) as an oil. Yield = 0.62 g. 83% , Purity: >98.0% (hplc, peak area).
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O Formula IV
wherein R is
R2 (0]
\
N
. a group Rl wherein R1 and R2 are independently selected from lower
alkyl, aryl and heteroaryl or R1 and R2 are linked and together designate a 4- or 5-
10 membered chain optionally comprising an S, O or N atom,
U 4,5-dihydro-1,3-oxazol-2-yl optionally substituted in the 4- and or 5-position with
one ore more lower alkyl, aryl or heteroaryl groups
to reductive hydrolysis, and

15 b) converting the resulting 5-formyl compound of Formula V

OHC
O 5 NMe,

F

e

Formula V

to the corresponding 5-cyano compound, citalopram
20
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F Formula I
which is isolated as the base or a pharmaceutically acceptable salt thereof,

2. The method of Claim 1 wherein the conversion the 5-formyl compound of Formula V to
citalopram is carried out by conversion of the formyl group by reaction with a reagent R3-X-
NH, wherein R3 is hydrogen, lower alkyl, aryl or heteroaryl and X is O, N or S, followed by
dehydration with a dehydration agent.

\
N—é
. - /
3. i .

The method of Claim 1 or 2 wherein R is a group R1

4, The method of Claim 3 wherein R1 and R2 are lower alkyl or R1 and R2 are linked
and together designate a 4- or 5-membered chain optionally comprising an S, O or N atom.

5. The method of Claim 4 wherein R1 and R2 are both methyl or R1 and R2 together
with the N-atom to which they are linked form a morpholinyl group.

6. The method of Claim 1 or 2 wherein R is an optionally substituted 4,5-dihydro-1,3-
oxazol-2-yl group

7. The method of Clafim 6 wherein R is 4,5-dihydro-4,4-dimethyl-1,3-0xazol-2-yl.

8. The method of any of Claims 1 - 7 characterized in that the intermediate of Formula
IV is prepared by ring closure of the corresponding compound of Formula VI:
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Formula VI.
Wherein R is as defined in Claim 1.

9. The method of Claim 8 characterized in that the compound of Formula VI is obtained
5 from the corresponding 5-substituted phthalide derivative by two successive Grignard

reactions, i.e. with a Grignard reagent of 4-halogen-fluorophenyl and a Grignard reagent of 3-
halogen-N,N-dimethyl-propylamine, respectively.

10. The method of Claim 6 and 8 characterized in that the compound of Formula VI is

10 prepared from 4-dimethylamino-1-(4-fluorophenyl)-butan-1-one by Grignard reaction with a
properly protected 2-(hydroxymethyl)-4-(1,3-oxazol-2-yl)-phenyl magneium halogenide
derivative.

11.  The method of Claim 8-10 wherein the ring closure of the compound of Formula VI
15 is effected by acidic ring closure performed by an inorganic acid, such as a sulfuric or phos-

phoric acid, or an organic acid, such as methylsulfonic, p-toluenesulfonic or trifluoroacetic
acid.

12.  The method of any of Claims 8-10 wherein the ring closure of the compound of
20 Formula VI is' performed by a basic ring closure via a labile ester preferably with
simultaneous esterification and addition of base.

13. The method of Clilim 12 wherein the labile ester is the methane sulfonyl, p-toluene
sulfonyl, 10-camphorsulfonyl, trifluoroacetyl or trifluioromethanesulfony! ester and the base
25 is triethyl amine, dimethylaniline or pyridine.

14. The method of any of Claims 11 - 13 wherein, before further reaction, the intermediate of

Formula VI is be separated into its enantiomers, thereby obtaining the enantiomer giving S-
citalopram.
30
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16.  Anintermediate for preparation of citalopram having the Formula IV

- R
O 0 NMe2

Formula IV

wherein is as defined in Claim 1.

17.  Use of an intermediate of Claim 15 for the preparation of citalopram.

18.  Use of an intermediate of Claim 16 for the preparation of citalopram.



