~  e3eMs MpL 66 T .WD 99/30548 PCT/ DK99/ 00210 Met hod for the Preparation of
Ci tal opram The present invention relates to a nethod for the preparation of
the well kngwn antidepressant drug cital opram

1-[3-(di met H‘gﬂ%?ﬁﬁ?ﬁ) propyl]-1-(4-fluorophenyl)-1, 3-di hydr SCEDK9/00210

i sobenzofurancarbonitrile. Background of the Invention. Ctalopramis a
wel | known anti depressant drug that has now been on the market for some t o
year s andMetiwd: flor tifedriepaviatign of Citalopraan CH3 | N~ CH3 Fornmulla | It is a
selective, centrally acting serotonin (5-hydroxytryptam ne; 5-HT) reuptake
i nhi bitor,, 15 accardingly having antidepressant activities. The )

anti depr e&%ﬁf"s%{ﬁt‘f‘wf@n Jelatep do g“of’fﬁ&\ﬂﬂd{%ﬁé@ B‘@B?fa?%‘pB}f e Welh loave rapti-

publ i cat i demggssay.drdg citplopratn, 13-Gdjmetiglamindisppyibpidiloaopheny- 1 Bi-dihydro-5-

Psychi af . jsoB@8efurfcarBditdgd> and A. Gravem Acta Psychiatr. Scand., 1987, 75
, 478-486. The conpound has further been disclosed to show effects in the
treatnment of denentia and cerebrovascul ar disorders, EP-A 474S80. 20

Cital opramwas first disclosed in DE 2,657,271 corresponding to US

4,136, 1933,,&?@,,{@5@55 neltibgat i on descri bes the preparation of cital opram
by one ne t} ' be used for preparing

and outljpes a fyrther nethod which nma
cital opra ILB“ g‘@@ﬁsﬂ‘@ﬁ’, beﬁ%é?“élber Blofon somme

alomran s 3l rev pidensrisent diey
1- ( 4- f huoyeguhariHay the fBHavihg sinetuse:sobenzof urancarbonitrile is reacted with
3- (N, N-di et hyl ami no) propyl -chl oride in the presence of

met hyl sul fi nyl met hi de asN agent. The starting material was
prepared fromthe correspondli ng |5- bfgno der CHati ve by reaction with cuprous
cyani de. 30 According to th 7 which ts only outlined in general
terns, cital opram may be obtained by~T Nyt Ogype of the conpound: VO
99/ 30548 2

|

F Formula I

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.
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 process 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:
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CH3 N ~ CH3 Fornula Il PCT/DK99/ 00210 in the presence of a dehydrating
agent and subsequent exchange of the 5-bronp group with cuprous cyanide.’
The starting material of Fornmula Il is obtained from 5-bronp thallde by

t wo success\g%’g'?ﬂ’ gnard reactions, i.e. with 4-fl uorophe “ﬁﬁ?

chloride and N, N s di net hyl am nopropyl 2magnesi um chl ori de, respectl veI y. A
new and surprising method and an intermediate for the preparationvof

ci tal opram were descri S _Raent No 4, 650, 884 according to which an
i nternmedi ate of the forml N ~ CH3 ~ocfprmula 111 is subjected to a
ring closure reaction by d atieAHwi th strong sul furic acid in order to
obtain cital opram The interifedi af® o 11 was prepared from

5-cyanopht hal i de by two successiye Gi gnard rehctions, i. e. wth
and N, Ndi et hyl am nopr opyl nagnesi um

4-f| uor ophenyl nagnesiun1ha|og-
hal ogeni de, respectively. 15 F processes are disclosed in

I nternational patent applicati on "o WO 98019511 WD 98019512 and WO
98019513. WD 98019512 and WD 98019513 rel ate t g(igs wherein a 5-am no-,
5-carboxy- or 5-(sec. am nocarbonyl)phthalide i cted to two

successi W thernressagecPiracdebydrating agentrand shbsoguent exvhar@grnfe‘IIGSS-bmnmfgrodpe\vnhesul ting

1, 3- di hy diapioas bgmidef 'ﬂ]llicaﬂaraﬁg dRfevedfi RembR I heoﬂiﬁﬁédeﬁ&ﬁ rsddr&gop‘inma@
corrpound,two ngegg“;eabF%{ a{nﬁeeac longrnatl ‘gﬂag%tl?ea?%% i Catfg&g]dﬁ aad\%) —8019511

di scl oses atgroc rramuf act ar
( 4- subst idmetaylamineprepybepsamesiyn shleride, rqsnectivelpr phenyl ) met hanol conpound i s
subjected to ring closure and the resulting 5-substituted

L (o o ARDSRY skl oISl BuSROAARLIE R C A0 YSELERod 8¢ Lifogsgn R on e N

di net hyl M%ycbmd@?ﬁmté@e%m&%ﬁcm@w totvwhigbandiermddiaé efgheformula WO
99/ 30548 PCT/ DK99/ 00z10 3 Finally, nethods of preparing the individual
enantioners of cital opNawdl eggcmsed in US Patent No 4, 943,590 from

which it al so appears that|t¥ ring cl osurcq:{sof the intermedi ate of Formul a
|1l may be carried out w%ﬁ:\tﬁg{mth a base. s It has now,
surprisingly, been found th cit May _be manufactured by a novel

favourabl e and safe procedure usigg conveni et starti ng materials. Summary

of the invention Accordingly, present invention relates to a novel
met hod for the preparation of opram conprising the steps of a)
subj ecting a conpound of Formul ayfVv Fornmula |V 15 wherein Ris

10 F Formula III
is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
obtain citalopram. The intermediate of Formula IIT was prepared from 5-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
S-amino-, 5-carboxy- or 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 5-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 5-substituted 1-(4-fluorophenyl)-1,3-dihydroisobenzofuran
converted to the corresponding 5-cyano derivative which is alkylated with a (3-

25 dimethylamino)propylhalogenide in order to obtain citalopram.



it2 0% a group RL wherein R and R2 are independently selected from
| oner al kyl, aryl and heteroaryl, or Rl and R2 are |inked and together
designate a menbered chain optionally conprising an S, O or N atom
or 4,5-di hy3)938§5‘ oxazol -2-yl optionally substituted |nPF'ﬁ/BK39/°°éWd/ or
5- p05|t|on with 20 one ore nore lower & kyl, aryl or heteroaryl groups to
reductive_hydrolysis, and b) converting the resulting S-fornyl conpound of
For mul a \Finally\matnids o5 aeparirgHae instivites! comtiespn ndicitgofranyan disclossadynss | . e.

glh tal opr 3?&1&;13 Pl 580 E@mw{xg} h allabBoat:SthibiSBL BhE Hlos b0 BeARniard of spect.
t he presené@%v%ﬁﬁﬁgﬁgéﬁg\eff%esthahlgbl o‘i?'é’fwftﬁf%?st’?edl ate of Fornula V. 10 A

further aspect of the invention relates to the novel internediate for

pr epar at i Brha®fnod, tsﬁfﬁ?ﬁfr@l’? hﬁéﬂ R&linkt Oth AU Liga1d yanll rln@y Bé’rrﬁﬁﬁfactgﬁege%; tpo% el il a

i nvention th roc in which conpo
IVis t hefaggenaga%ctr%afe PIpEe lgtusgg(g%vgpleatssﬁaégqg m?ﬁ‘é“pr esent i nvent| on rel ates

to an anti depressant pharnmaceutical conposition conprising cital opram

manuf act usaimiary bfte fRaB&S Of the invention. 20 Throughout the
specification and clains, |lower alkyl refers to a branched or unbranched

al kyl group having fromone to six carbon atons inclusive, such as nethyl,

et hyl , 101- pecspimgly.2be prosant inyersion yélatetoaurtoy k], mehauefohthk pRpatiydf, citalopram

2, 2- d| net&ajﬁpr;kngttﬁwgte@m 2-met hyl - 1-propyl. CH3 N ~ CH3 The term aryl

ref ers to, car bﬂ\?ycl ic aromatic group, such as phenyl
I

and 25 napht H?}Famﬁr? cﬁglp?%gatﬂfg?"%ﬂ%

R
O o NMe,

F Formula IV

15 whereinR is

\
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-
membered chain optionally comprising an S, O or N atom, or
. 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



WD 991 30548 PCT/ DK99/ 00210 5 The term heteroaryl refers to a nono- or .
bi cyclic heter ocycl i c aromatic group, such as indolyl, thi enyI pyrim dyl,
oxazol yl, ﬁ,g)g , thiazolyl, isothiazolyl, imdazol y 9rz?ggﬁtﬂf)anyl
benzot hi eny pyr| dyI and furanyl, in particular pyri m I and

t hi enyl . s Hal ogen neans fluoro, chlor®, bromo or iodo. Reductrve

hydr ol ysi s nmeans reduction of the group R followed by treatnment with H20

t hereby form ng an al deRPfde g Wp. A 0 Wen R and R2 are 1inked and

t oget her designate a 4- or 5 jer eg, chai NMsti onal |y conprising an' S, O
or Natom Rl and R2 toget hek_w atomto which they are linked form
a 5- or 6-nenbered ring optiondlly having a heteroatom selected fromQO S
and Nin addition to the Natomto yhich R1L and R2 are |inked. Exanples of
such groups are norpholinyl, piperj etc. 15 In a preferred enbodi nent

of the invention, R is norpholinocg , di (I ower al kyl)am nocarbonyl or
4,4-di (I ower al kyl)-1, 3-oxazolidin-2 , m)st preferably

nmor phol i nocar bonyl , di met hyl am nocar bopy|

4,4-di methyl -1, 3-oxazolidin-2-yl. 20 I'n a pr ef eforBglaghbodi ment of the
invention the internediate of Fornmula IV is prepared by ring closure of the
correspongi QIFBRY hd Vi grmula VI 25 Preferably the
corrpoundqglfﬂ{&%gfr%rm I a 1‘\1#5?2@5&6@? 31fc mg_lf e correspondi ng 5 R-substituted
pht hal i de derivative by 'g successive Gignard reactions, i.e. with a
Gignard reagent of 4hal %1]\0 henyl and a Gignard reagent of

3- hal ogen- N, N-di net hyl - prop | anmjne, Qesped'iﬂavel y. When Ris an optionally

substituted 4, 5-di hydro-1, 3- Wm\up t he conpound of Fornula Vi
may alternatively be prepared fro ~di mét hy®Hemi no-1- (4 30
and reaction with a properly protected

fl uorophenyl)-butan-1-one by Gi

2( hydroxymet hyl ) - 4- (4, 5-di hydr o- 3Joxazo| 2-yl)-phenyl nmagnesi um
hal ogeni de derivati ve. WO 99/ 48 PCT/ DK99/ 00210 6 The reductive

hydrol ysis of the conpound of Forrmula IV is cowfm‘g?ptly carried out by
reduction of a conmpound of Fornmula IV wth a sui e reduci ng agent such
as an al um nium or boron containing agent, conveniently D bal-H,

super hydrwhidh is [splatediay tHeH4sq( dria pharaeewtical by déteptabietsalt thefeal.| owed by additi on of
HZO. When Ris a 4,5-dihydro-1, 3-oxazol -2-yl -group the reaction may be
carried Sut al %/ﬁlltron wi.th a pro &rﬂ al kyl ati on agent, such as Mel, a

di al ky| sdft fHer gypeyt gprqsgrtpqyﬁgttpnwo dRemogs I%Fﬁ'a“qugerﬂF?@‘Ha s above. In

all cdses the reduction is performed under strictly controlled conditions

preferably mthep t Q€. thd AnveiBorf QElXt€£ %4 R Qbvdi f\‘ﬁteﬁnéd%{%% éx%gﬂg g -
Formula V.to cita op amls arried out by conversion roup to
an oxi me ploRPAMHAEE FPEHa Y eaction with a reagent R3- XNHZ wher ein RBis

hydrogen, |ower alkyl, aryl or heteroaryl and Xis O Nor S followed by
dehydr at iipR fithd ap&@mmvgﬁrm%areg 16 EO8Re ot RbosSHANRLE wlNARELEN LPT T A,

acet i dr.i de/. yr| di ne/ HC1 or phosphor pent ach
Pr ef eﬁr eg‘hgﬂ%} gﬁ ‘g%?zg 15 are hydroxylam n and conpounds wherein R3 is
al kyl or aryl and X is N or O Ring closure of the conpound of Fornula Vi

may be efid egi Qﬁbtﬁ&‘ a%ﬁeo@ct}@ fREselt %v@ntioﬂbr‘ela%s%tfﬁlr aﬂﬂd%ﬁeﬁr%?ﬁgnﬁ%ﬁﬂ]fz ring

closure i I such or osphorrc
acid, or célﬁlg ltbognwglpgﬁlﬁﬁf]t@fpéw %?“Wé‘ft figﬁ FchPﬁ‘?CESS of thedpyratigs ul fonl c or
trifluoro 20 acetic acid. The basic ring closure is perfornmed via a labile

est er 20 STGk Hre ﬁaﬂaxawléramh &
10- canphar.s uP Y B "5 aﬁ]&h 1.é%?&os‘mrgrﬁalﬁdeosru Dranche e]k?'er W th

trifl uoroage or. trifluoronet
addi ti on gB‘r“paP"ﬁ éeﬁoné FBf t%élxtqa&Dﬁﬂto%ﬁnﬁ{gswﬁlw A sty ek, lpl}fPPEdr fe, etc.
The reactorapyl, |lsbupé,r2‘ birtye &-methyda-propot, 12,25 dilmethyt- 1 -ethy dnd RahétityIvii-propyiool i ng, in
partr cular about 0 C and is preferably carried out by a one-pot procedure,
. €. W t IThesdreyrdrfli reftts oM m6sb- S Bldyti \Qesssydid a?cdﬂhtf%lg?dhpoéuch he phéaseandef or e

furthe; ngﬁﬁﬁ}’lﬁgpgtlﬁgulh{};h% rredr ate of For rrul a VI may be separate Into its

enantioners alni ng the enantioner giving S-citalopram Gignard
reagents of 4-hal ogen-fluorophenyl that nay be used in the preparation of a
conpound of Forrmula VI are the magnesi um hal ogeni des, such as the chloride,
brom de or




30 iodide. Preferably the nmagnesiumbronmide is used. Gignard reagents of
3- hal ogen- N, Ndi net hyl propyl am ne that nmay be used are the nagnesi um

hal ogeni des s the chloride) brom de or iodide, pref e
nagnesiun1cﬁ“§g§§%§ Preferably the two reactions are perfggﬁ@%b§ﬂ%gkssively
wi thout isolation of the internediate. 35 Qther reaction conditions,

solvents, etc. are conventional conditions for such reactions and Tay
easi | y beTHetemrhetergany) refeiselpsomonki pt bigyélis hétegogyrclic aronvific 986 @) 548 as

the G 1 gnare penct ans euns GRMiAT Bhlapast COLEbRl R R aplge e
reaction \%g r%ﬂﬁl? %&I’ %F%Zﬁglrle%ﬁipﬁrégyéb%gcgﬂﬁ%{ in pa ﬁﬁﬁﬁ?wggﬂyﬂ%ﬂt g q‘ﬁéylmayy

agai n be prepared from 5-carboxyphtalide by reaction with 5 thionyl
chl oride. S-carboxyphtalide is commercially avail able and nay be prepared
by wel I° kﬁghﬁﬂﬁpﬁﬁégﬁP%Ed?WPHHB@P8¥PdQ.; Bul | . Soc. Sci. Bretagne 26,
1959, 35). The conpound of general Forrmula | may be used as the free base or
as a phar i Aci L t hereof . . ACJ
addi tion Salt %E?‘* ‘ﬁﬁ“‘fhgbgﬁg%% aPREAREf PR Bed B CHBTHD rmy be
used. ExeﬁﬁT Y JorBHnE ANy BIPWP-sal t s are those with malefic, fumaric,
benzoi c, ascorbic, succinic, oxalic, bisnethylenesalicylic,
et nangs UIRAIKA, arfel RANGIifkUal 81 Ggctif Ghlifnarh W' BL fermbLd Al opi bl FY! 1 €
citric, gluconic, lactic, malic, frandel , clnnamc, C|%nacon|c, R8Parti c,
stearic, PATPHSNEAD §.{QpoNiarom. i laod K2 toggthes mih thsrisem to whichthayree, linkehz ene
fsul foni ¢ &mh 4 hreapiembaed aing optorally Havings hértdatoas s&&&d&}mmtsmwyﬂ l'i nes,
or exanmplgs ORC L4 RE. ) ingrganic salts are
t hose mﬁt%ﬁwﬁgggkﬁﬁbgﬁ%nﬁﬁgg%g1¥§§i%EX§gF %#?%%{gﬁﬁﬁlﬁ¥68{%§6§ﬁﬁgﬁfﬁcand
nitric acf® .°#ﬁ@4§E?HW$&H%tion salts of the conpounds may be prepared by
met hodss known in the art. The base is reacted with either the cal cul ated
amount of j d,.L mschple,s , sugh . acet on r. et hanol ,
W th subseuerrotze S CpE e paviEth, R AipnBRERRE BleReer W i
an excess 2oyDapBocashony] of 4i-dislower 3lierh-§Siompeolidiar 3 ¥n mostuefprably rearpiydliseher |
et hyl acet edreoryt, dithethyleminvedrbatybor 4M-dimettie- 1 SadxazalRipa2-gl.i ng spont aneousl y.
The pharnmaceutical conpositions of the invention may be adm nistered in any
sui tabl e wa 2? and in any suitable form for exanple orally in the form of
tabl et & B’a%gﬁ’ ceed ebipdimeat gf theypyeption te infammediaty off Formuls ¥his renanedoy usual
steril e sohgtlvansofthe corrgspatdinprrompbndpii@bnmaevt:i cal fornmul ati ons of the
i nventi on may be prepared by conventional nethods in the art. For exanple,
tablets may be prepared by m xing e active ingredient with ordinary 30
adj uvant s and/ or diluentﬁ_and subsgequent|ly conpressing the mxture in a
conventional tabletting masehMe—Exanpl esggf adj uvants or diluents
conprise: Corn starch, pota arc@OH talcum? magnesi um st earate, gel atine,
| act ose, guns) and the |ikeAF adj uvant or additive col ourings,
aroma, preservatives etc. may be used provided that they are conpatible
with the active ingredients. 35 Sons for injections may be prepared by

solving the active ingredient and 5i bl e additives in a part of the
solvent for injection, preferably'stgrile water, adjusting the solution to
the desired volune, sterilisation of \the solution and filling in suitable
anpoul es or vial s. WD 99/ 30548 PCTFbKQQ/OOleOﬁhﬁmwlsuitable additive
conventionally used in the art may be added, such as tonicity agents,
preservatives, antioxidants, etc. Exanples 5 The invention is further
i |1 ust #sat Brefasply the cpmppend ofdomulelds obtainedrfibm the corresponding 5-R-substituted
S- (4- mor ppthatide dekodive bphmbahqcassivdé (ﬁ%hh&ﬁ'r@i&ti&{s, Pe. GAtHOS GRGEROREMLPRl 1 d (39
9, 0.2 mhﬁ))génrhu-gﬁ)';hgrf'yqoand )a b%igr?ar&l ereagtegt %f 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-

(hydroxymethy1)-4-(4,5-dihydro-1,3-oxazol-2-yl)-phenyl magnesium halogenide derivative.



10 sol ution of norpholine (22 g. 0.2S nole) and triethylanine (26 g, 0,25
mole) in THF (200 M) at O C. The mixture is stirred for 1 hour and is
allowed to r roomtenperature. The reaction m xture_jis then poured
into ice \Aﬁ%r’%&sgbo m}. THF is evaporated off in vacuo 54‘%”’5*‘]?@0{)‘ of the
solution is adjusted to pH=2. The solufion is cooled to 5 C and the
precipitated crystals are filtred off and washed with water (100 m). 15
Yield 38.0 g, 78% DSC onset: 83 C and 107 C . Purity. 99:6% (hplc, peak
area). ' HHMBdaVERyadlysBoS thetedmpciind- ol Forfafild 1vs, arrell ouf 100 (1H,
d, J=7.5 Hg) . 7, azqz%@ys%f 7.9§11 ﬂi d ?J=7_as"325)°.q5‘§%§°ﬁ"w‘§%(’5ﬁ?é&%€? 62. 9
MHz): 42 R?.‘?g gnReund gt BormpiIVawith 3 guitsble fodyicisic agenf such ag an alpmimum 7,
168. 0, 17W.bprongeptainipglagent, fopvendnety (ibal:H,GupéBydriste, HIAIH,, BH, .i',5N$6r Found
C, 62. 94:K%} eth, Bliowkl b§-aaditior 8f BX@NWhen R i2a(4s-Brdieet [ pap thalid.
A sol uti ornZQE 5- cﬁtlgﬁor og%lbc:o | @p}ﬁlhal id. 313 ag‘g gkhg%ﬂg?rlo g%&?in?wh ‘g m) is
added to 'df n@?ﬁ%afya FRETIa 8% W &Y R RataP 2 rllylation agent. guphcis gyiel, Fhe

m xt ur e idalkylpyliaged or dike,1foblowed bgSredidFion sandvigdoniysiseds @abdvei in \atlcesdesaihd
preci pi t abdti6h kPeAbindBdér stricki§ dortfoile@tomi hiRcwat er (100
Y e ot Wb A @deristidtg Sortolle é"’?‘tgﬁgﬁﬁ/bﬁ%b%‘,da%o Miz): 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 ('pH,The, copesrsign jaf he SI@myvRoBMBO-ofHorG@la MV Mrizjtalo@dm7is cdfied,ou? By 0,
121. 4, 12%ndersid 5t the fokmil 2n bxindAot <Bai g gl cd. for
C'H 03N, 2o0) r§4..3§;.H  Groud 61’“ 3 S?@%E@Pgﬁ%ﬁ’&“&?%ﬁﬁ xel
Exanpl e - VSE) dx by dogny m‘ieb?@%l fyg?f) SEFRarhAnd Kt iR D Nopr S3fpliomieddy A): A
sol ut i on dshydsatidl avithc ar lbomyop hddhafirating 3@ery, for 2xample) thionylEhloridéObeetit) is
added t 0 adhgddebplyREind) pyRaETHA-#-gHBdh%E & Tide. 3. @ e) and
triet (I;nd/l -an?ﬁe %“é p.25 nol e ﬁ?gﬁaﬁfﬁgQﬁaﬁF&%&g&gﬁgﬁa gﬂé i's
stirred ¢ " ! fUnRIp R ) 8 AR el PES ™ -ur e. The reaction
m xture is then poured into ice water ( 500 m ). THF is evaporated off in

acuo angj i i i e 4 ON, WO
\69/ 30548 P%@oﬁ!fﬁ 6f tht BEMSRINYbF Pétrduta Qindy B@eiﬁféc&t@g\jaéracﬁifb? H{i&! %xilae el S

2 /§K99/ oodglo. 9 fool ed %‘9 S S: and | ef g _
preci pi t at8d® CRFs 5T © 5P Cf9YE Y BEIGTET B A iReisaYC iFidnstehia aiEFc 0100 m ) .
Yi el d 34.phogphogaesid DB@nosreatic acdidSuch as methiytsylford® prvduehpshifonipeatkifabea) . ' H
(N:VE ()@wsc?acag, aoj?-cﬁol“ﬂ(\f‘ﬁ%sic ﬁ}%@aoé&&lgs )%r,fmﬁ}e?“Hvii gHa%ife) es%c'i_’,- éh)%h(aé'ig%%ﬁ}ﬁ%e 8;‘ .
. S), =7. . , J=7. , 8, ,.S). :

NVR ( DV 42 d’?"@‘cf\’)iﬁ‘}ﬁ’“% 5%‘?“*‘%@3°ﬁ§“1f§%}12?1ﬂ9%9‘1€ew1Ql'zt.f'l]a,%’°rf§&?h€{wsw@!ﬁ,
128. 3, 14step with4addBioni@5a Base,]l I@has tripthyl ariakcdimefhylanilihe), Hodie; e, T62. 64: H)
6.07: N, ré&cfién isfRHbEhddin B indrt solknt SordBrabirwift caak ' o
S- Et hoxycar b%¥ﬁkht il (82 g 94 mofle vith Cgéﬁ%%%%gg";%?ﬁi‘?gncé?d
2- ami no- 218 WPE?‘SMH- Y&f"q‘fﬁ’&. BrogetU, 4. e it \esteniigalpy @pd symidfansens . The
m xt ure jaddiempiife beser Béfbrgunthentraetioniheinfeomediate hbFnrsmlalonayceaiepargted he
title conmoisdndnSiomeds] tRERBY @Jtiiniﬁ@dle&ﬂﬁﬂtﬁbﬁfeﬁ%i“n%@dci{arogf&bm toluene. Yield
85.0 g, 85% Purity: 95.0% (hplc, peak area). I5 Exanple 4
S- (4- nor phol yl car bonylz- 1- (3-di nmet hyl am nopropyl)-1 -(4 fluorophenyl)-!,
3di hydr oiCSisBaIEzisREANEN O dxtmlogensflugrophehyl theh may be- fised oinothh eprearaign esti aim
?r om de, cpimppaidas Zp‘oham}awehwrgqmgge@m% %gg%ideals_ugh aggllghﬁghﬁ)brcﬁﬁqe gRrgnesium

ur ni Rgs . e) in.dr : .1 s adde ropw se to a
sus peﬁgi 6‘?1&%‘?)135%5 %61%%5 H%WFS&‘E? %’6%9’1‘]5’ é%luf‘f"gl p)ﬂlg?%’é TgAseys I’% plegeniNNyr y THF
( 150 m dimethdpropylpmingtthatanaybejusest arp learagBesiim Ailogemideh suchdaithé crloride,
tconrpl et te,brddﬁeeA roeasdiufj; NprBfledably gie'rﬁzlléltké_.iﬁﬁle&lnlcfrﬂé. f‘tac%rib‘?}“rﬂ% 3@0 Fe?ﬁtmlns are |

enper at yre. secan ignard sol ution prepared from 3-di met hyl am nopr opy
chl ori de&gp%wdgs‘,mcﬁssivf@’%'ﬂ% u{'zi%latl%odjﬁ]éesl ﬁm“}t)@rt‘hi ngs (6 g, 0.24 nole) in dry
THF ( 150 m) is added to the reaction 25 m xture. The tenperature is kept
bel ows4 0Otigku redegort Benditehahs,t dobidnts, e dre asivieibnhiScdnBitions for such reactions and

may easily be determined by a person skilled in the art.




overnight at roomtenperature with stirring. The reaction mxture is poured
into ice water (300 m) and a saturated solution of amoni um chloride (100
m). THF is_gev ted off in vacuo. Dichloronethane (300 i s added and
t he organi cwgﬁg'gée)sg?s separated and washed with water (2x15gj"’}?f(?9’%?ﬁ’c? bri ne
(50 m). The 30 organic phase is extradted with 2 MHO (2x100 ml). To the
aqueous phase 4 M NaOH (100 m) is added to give a final pH of 9 of higher.
The wat erTheay&rsubstitpied rphthatide \wiartingDometiale (used )in almed Grigeard rigamions plagske i S
washed Wi prépatéd fom 6 LhbréBatboniAphtilidedy réclioWiih tHelpfdhethrhile Mishni20 9) -
Triethylamne (20 g, 0.2 nole) is added to the orpg%r?i o 1pﬁase arl}g'the
solution is cooled to 35 5C. Methanesul fonyl chloride (12 g, 0.11 nole) in
DCM (100 h¥hlorosarbenylnhthalide wiay egein degfrenaredaftiati tS-aarboximhtalizla dtyi eactioh it € i S

left far @ayheildriddi 5Rabbiyphialife isdgmEasiy %ﬂmlé%ﬁa&? hed ‘Q'ivkéfl 0.1 M

NaOH (2x100 m ) and t ofgapi ase.is drie S04, 8 ané’te

sol vegt [ og\p&%%qﬁggrgﬁ 'W‘?“@%Cﬂbﬁ“l . Ch&et%’ccz%%n%gﬁéi-eri a\lﬁgei)i di ssol ved in

acetone (100 m) WO 99/ 30548 PCT/ DK99/ 00210 10 and treated w th anhydrous

oxal i ¢ acTif¢ dotnpoindef fbndral FBthfila ﬂhﬁ%‘%‘(@% AsMh@REL BIE of Ja.%)g Hhrha J{Ei%alw xture
th ated FATE s

is left at r te rature overni ght [ precipit oxa .
filtered BFFP ‘9“% %ﬁ‘%%i‘éﬁ’“g*?‘?%m?g Rsdeidgidiion sl ech sgitsMpIRISdpKithrasic o sp
MHz) : 19, 3Botpawg agigs-mayrpe used Jexeprphry bf sudkr dtyatiz palts2rédthofebiith mhleic2fulirit2H, t
J=10 Hz) , bohzdic,sdorbiHuctihic, Skakd 1 45 - Lty J=12. 5
), 7.1 SN e S s o bl
J=8.5 Hz FEIC PPPPmCalfanc, silieylic, s diriccaiqon frctipzmalic, jmandabie scinmmig) | 52
H, 6. 15 :cifcoBicA@spattioustearic, pamits3 itacdric, §ly2alic, N-anfinét@nzald) ghxani) Berbere- (N, N

di met hy| caufeagyani -tleopBy1lhé BiRY |agiak NAPKAPY! die! 8-hiftotheo Ih llines, for, example 8-
I A SOl ULT oh Of

fl uorophenyl ) -1, 3di.hydroi sopenzaqf uran, oxal at e, ] }

4-f1 uo‘?oﬁ‘?%‘ﬁ‘éﬁhﬁ%%ﬁhghgu xBF‘BﬁWdé’? ngg}oé%ﬂmwr sHiS425e thess b dhdweresblesc, s
(16.5 g, lydodremicedulfarid snigmiegihasphbric mdwisic@didg, 0.12 nole) in dry THF (50
m ), is added dropwi se to a suspension of S-N, N-di met hyl car banyl pht halid
(16.5 g, Q.08 nmol.e) in dry THE (SQ m). The t erature is kept below 5 C.
After t heﬂlgc?aidtneﬁgﬁl)opgago%élfeeﬁogfp Pﬁé W%&%ﬁnrweﬁ@tw&@w Py el 2R Fhe] 5
hours at Basoifreastadevitht eithsr tha csledlated aBoimndrcd S0k wateo migeitdpsauledlt, fsadims

3- di mekhydcahoonsiemy], withlsobdesi@nt idladon & | JAr ni ngs
(39, 0.12 mmle) i B dr?/ .THFdifgo m). if‘s&aﬁg%ég%% ?"t’%@”ﬁ@géﬁr‘? asing, St ™ 1

t enper at ut e“°° k%tlp cHsfbi 4 rd'ﬂ}lguﬁ"db]f’ FeIVERfaS¥GhoRs. cthisthers sthvlasefatesor2 hour s
at room tdeigenonethere, withihestalt sefiaraging Fivmtaneastyi on mi xture is poured into ice
water (100 m) and a saturated solution of amoniumchloride (SO m). THF
i's evaporlﬂ%egl off in vacuo .. Diq(l:égororre_t hane (100 ml) is added and 25 the
organi ¢ phas apmaceyiical COMDASIIANE QL KyyeRbion mayaeetdminisisrsd i pnyasatableivay (SO
m). e adgaring spiabde farm, dotexampledoraliyt in Be NbidCof (aBleld) @apyhies, poavdeRecraqueous
phase is S’Sﬂﬁﬂ!brﬂaa%‘éﬁ%n( tl)@@orm (_)fukﬁ)algt'ez\(ﬁ sBlufibldabr ig’é‘ct n. 9 or higher. _The
water layer is extracted with dichloronethane (20 and the organic
phase is washed with water (SO nm), brine (SO nl) and dried with MyS04 (20
g). di chi'Breahampsemichlsfompelpinng pthe dfiention may boprepafed bheorvintenAGneahsdi ned
mat eri al inshedid 86r RaMple2BBlef¥imayd3Ghrdpate@ b ViR G i | SdinariNe

sol ut i3§n Ad‘,lﬁdvggtgla%g/otro lS (t: Ngt ggng,sﬁl% onpl %ﬁ?or'agégggge&gl?&y%ﬁ%@)) IS
added “dr 0P an A0 54 BT FAT (BITIPTLY ¢ YR8 M MY & Petnvemsiongne hour
with sti riaplaging maschinea ExanoplendHadinvents sr diiehtedomptise: Coth dtdrdlg Potafc?stdoR) M )
and the ougaR] maBhanh bRardie] /gsllat(dv%%gﬂ)se nggjm?d%etlhé. ﬁﬂ}'voﬂ%tr fgﬁiﬁﬁ??;ﬁt egS

in vacuo._Xield.. 16.5 g. 69% 'H. ( ~,.) 25 )

m, 2.23 .ﬂvct“'?‘."&":_’égs’ré?’,naﬁ HEVERYS ) f‘%%ﬁ“ﬁﬂ“&dl\‘/g&_‘éhqxﬂ? commagblesH, s),
2.97 (3H,Withthesetivg ingradieats.d, J=12.5 Hz), 5.21 ( 1 H, d) J=12.5 Hz), 7.17
(2H, tss J=8.5 Hz), 7.3 0-7.3 8 (2H, s+d, J=7. 5 Hz), 7.54- 7.66 (3H, dd+d,

JV\ZBQS / g(z) ﬁ]{)gu%fﬁsz fgr:ile e%tiynzs) x'na}-fr fll’%‘ %%%%L%E qays sacll\t/iné Sth g&l%le pxilérg igg Jnrdolggsgigl%t one.

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.



Exanpl e 6 PCT/ DK99/ 00210 5-For nyl - 1-( 3- di et hyl aii nopr opyl ) - 1- (4

f1 uorophenyl) -1, 3-di hydroi sobenzofuran . The am de of Exanple 4 (0. 025
nole) is di in toluene (100 nl). The solution is c 0 C

Di bal - H (30%%/%%@ soI ution in toluen 0.03 nole) is adg@dﬁg?zog%&gse whi | e
t he terrperature is kept at 0 C. Cooling is renoved and the solution is
stirred f dditional 2 hours. Ice water (5 g) is added carefu‘]ly and
left wit Fq“iag‘ﬁ(j’ digive genvigtipnalky oed i S a5 miay bedéked, suchl as tonidityragerts;

cont i nuedpréservafiPesimantioxiigts,2wespension is filtered and the organi c phase is
washed with water (30 m). Toluene is evaporated off in vacuo and the title
10 corrpomn(lﬁgsee base form is left as a clear oil. Yield: 7 g, 88% The
oxal at e is.fo ?Ergpr rom acet one; DSC onset: 128 C. 'H NWR (DWVSO db, ,
250 M) : ‘%‘se“fi%’é ilpstrates byshe bllowing eyagples:) | 2. 66 (6H, s), 3.02 (2H,
t, J=8 Hz), 518(1H, d, J=13 Hz), S.28 ( 1 H d, J=13 Hz), 7.17 (2H, t,
J=8. 5|—|zﬁxan7p|§§)(2H dd, J=8 . S Hz J=6Hz), 7.75 (1H, d, J=7.5 Hz), 7.82

(I'H, s), i s Anal. calcd. for CZHZZN, F, Oz . 1.2
C2H204: c‘?‘%@g’f O’J’&"bﬁ”y’ﬁ’g%'ﬁ 3 .22 Found C, 61.62: H b5.86: N 3.45.
Exampl e 7A salﬁmnnﬂS-dhlc(recambamﬂph&lhlw@a @p0.2mollg) id THA (400 m1) is added to a

fl uor qphf‘sﬁyﬁglbn &f ﬁo&h&?ﬁ% r&?ﬁ i ﬁ}’%ﬂqﬂ&&(l 6 5,35 7ole) ig THE (299
e P e o

g, 0.2 nulteyedctiommbxeure (sltheh pduyedi iftodctdederdr5do pit. lI‘HFf'—'lQNAﬁ&r@QdBE iRbhead0 using
o vacuo batHepH Qnflctiints sdiisdedth bil-2 i SR Sbodtts GaiCang et % anoe

t he phases

in vacuo an eé)& %5‘1]
are separPifeRitateg; sa"(r?ﬁlr’imBP @H%Wé%!eéé'ﬁbsvai%motmié or gani ¢ phase | eaves
the oxbnmeYield 381 g)|78% DB 6lotlset: T3 °G. iR *CHPMR: S8 pealh) MHAMRL. 1

S-l 43 (?(HMsrf)d és@ﬁﬂi H,z§)7(8 I‘PI)?SQ%F%HSSTJ6 ﬁﬁgﬁ%%@@ﬁa d, J=12.5
8 19 (1H87 @)(}Hﬂ 345 W% Mb@-do 621 alYIHZgH 1|66|1e7%%dﬁbénk25:_3ls "
crystal | 1284, fﬂo]nlabé,tldﬁé' 1433C170.eacti on onset. "H NVR (DVMSO db,, 250 MHz):

iy, 5 11T Cotfong b P SRR SN, ool Byl s g a0

J=8.5%%), 7.45-7.63 (SH, n), 8. 15 (1H, s) 9.35-10.05 (2H, broad peak).
Anal . caIEmlmpﬂe)Z CzHz, N202 F'. 1.0S CZHzO,; C, 60.75: H, 5.79: N, 6.41.

Found C, 68 BSimdthi3nbdn2BnmNig 5- 93. Exarrpl e 8 WD 99/30548 12
PCT/ DK99/ 0@, 10lm gv bmé)g)%étl gbrlr‘{ nopr. opyl

f I uor ophéh$Aly 1°f°:§ Yphalih(3? gk @@Fb’éﬁﬁﬁ@p@ml)aﬁ@ldqemo oxal ate salt
t her eof . dliibtthydeinm)e (40% v/v in water, 300 ml) and ice (100 g). The mixture is stirred for 1 hour.

5- For ny| -4 W r i.h i sobenzofu
rane oxine lgr?d%%ﬁwaﬁefﬂ?a %E‘E{%M%’%a‘g& il;tglg(% d&ygf}?ggsetl cdé’ydrbe%anhydri de
(20 i) Atk et e (80ml). The solution is heated to reflex tenperature
for 2 hoifield 30e, 90faDSC enseratlé4 PEL SHANMR ¢DISOr-& 230 MHE): P (vECH3.6nd t he

remai ns ¢ogVRRfAbadsW, 1‘5){,1 ltl—PldU %X-},g g) 7-§B§lﬁ t&u_ﬁ_ pltggl B@Wt erial is
i vt oy AR NG it AL

at 0 Cf
oxal ate daPL. Yield: 9.6 g. 66% DSC onset: 155 C. 10 Met hod B)

5~ For my! s 3aill Rt wo@rewlx){ dad: & blsdorgnaenydds b %4? kL ' sobenzof u

rane oxi me, oxalate 'salft’ C i's suspen uene’ SOC12
(2 M) is added and the mxture |s heated at reflex tenperature for 15 mn.
Evapor at Eyample 3 he vol atile solvents in vacuo | eaves an oil. The oil is

taken up 5L(m-ﬂygLa;c9@emétA;Qp,%p)z- }}Qraaﬁl M&Dﬁ&i with 2 N NaOH (5 m, aq) and
wat er 5( = N?gtlzod 15 % to}1 (())P S-Cﬁlorocubony?phthak g ? 39 g, gafgoeie)l 1?1 %‘\I{I%S(450hril)tlsl the
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 ml).THF
is evaporated off in vacuo and the pH of the solution is adjusted to pH=2. The solution is



15 conpound (free base) as an oil. Yield = 0.62 g. 83%, Purity: >98.0%
(hplc, peak area). WO 99/ 30548 PCT/ DK99/ 00210 13 CLAIMS 1. A nethod for

t he preparat} cital opram conprising the steps of a) ' ' a
conmpound of %&@3%43 IV 5 NMez Formula 1V wherein Ris st%%%g}o@?%up R1

wherein Rl and R2 are independently sel®cted fromlower alkyl, aryl and
heteroaryl or R 1 and RZ are |inked and together designate a 4- or~510
menber ed €PhtodpiG anddetk gvar orght. iThe precipitats) crstals afd feltegadoff and washed with
4, 5- di hydcetd wagr @¥mzal)- 2-yl optionally substituted in the 4- and or

- it i h roaryl groups to
et i ve i epet daonsups e Bt 407% ol oeth wreana BRI G derpound
of For nul 5¥M¥Z . Fotohii ka3 ¥4 (2H,tshe .47 Hes phevl( 1ibgs),37. 8y @0 d TP A 4797
cital ops amgQy, 1=7.5 M), 8RIPAAS. *C NMR (DMSO-d,, 62.9 MHz): 23.6, 55.4, 67.2, 70.1,

122.1, 124.8, 126.7, 128.3, 141.2, 147.3, 165.8, 170.2.
Anal. caled. for C,;H;;O,N}; C, 62.64: H, 6.07: N, 5.62. Found C, 62.37: H, 6.13: N, 5.53.

Method B): 5-Ethoxycarbonylphthalid (82 g, 0.4 mole) is added to a solution of 2-amino-2-
10 methylpropan-1-ol (44.6 g. 0.5 mole) in toluene (100 ml). The mixture is heated to reflux

temperature for 24 hours. Upon cooling the title compound is filtered off and recrystallised

from hot toluene.

Yield 85.0 g, 85%. Purity: 95.0% (hplc, peak area).

15  Example 4
5-(4-morpholylcarbonyl)-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1, 3-
dihydroisobenzofuran, oxalate.
A solution of 4-fluorophenyimagnesium bromide, prepared from 4-fluorobromobenzene (31
g, 0.17 mole) and magnesium turnings (6 g, 0.24 mole) in dry THF (100 ml), is added

20  dropwise to a suspension of 5-(4-morpholylcarbonyl)phthalid (36 g, 0.15 mole) in dry THF
(150 ml). The temperature is kept below 5 °C. After the addition is complete, the reaction
mixture is stirred for 1.5 hours at room temperature.
A second Grignard solution prepared from 3-dimethylaminopropyl chloride (22.3 g, 0.17
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 final 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. Methanesulfony! 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)



PCT/ DK99/ 00210 14 N CH3 N ~ CH3 Forrmula | which is isolated as the base or
a pharmaceutically acceptable salt thereof. 5 Z The nethod of daim1l

wherein thew@g&)%é»g{fi on the 5-fornyl conmpound of Formula X’f‘tﬁqlﬁ‘%gﬁh@pram S

carried out version of the fornmyl group by reactio agent
R3- XNHz wherein R3 is hydrogen, lower 18l kyl, aryl or heteroaryl and X is Q
N or S, followed by dehydration with a dehydration agent. 10 R2 O'N 3. The
met hod ofandiradted With pnigydyge prdlic aRdi(53. aig.gr. BupolR)-dissélved ireacemn Q00 afl). Thai m 3
\évher ein mlixﬁlfldjis% z%rr&)ﬂl QARJeraBlrk ¥enfht Bhd %%rég%étg{cg P{(aél?%%q'g%%g otf%gg'; hﬁr o
I gnat g,.a ,4:, or, .35 ere Iy | Y,

155 Thal B4 1 280 S AR U PR GRS 3TN B R30It and R2
t oget her 24G(RH; hé=10Baodb4 (SHaR), 887 (b, Jnle Hz), 3137 {8H, m)as.ib(1Ehal i nyl group.
6. Thes ngtnpsHef, sA331 K d, 1912 2HW) N1 821, R J=8.5a10,)0P4] @E H&[Jé&@ﬁ\%\%%&?d

4,5-di hyﬁéé:(}@ga_gi%tai@%}i%b@group 7. The method of "Cl ai m6 wherein Ris

4, 5-di hy azol -2-yl. 8. The nethod of any of Cains 1
- 7 char dewrkchlgddor G HANF, Ohé 1iGHE,nEM01ai% Hob. 150X dtaFamdI(Y 61l $3pHepar ed by
ring cl oguneNot 4dphe correspondi ng conmpound of Formula VI: WD 99/ 30548
PCT/ DK99/ 00210 15 Fornula VI. Werein Ris as defined in aim1l. 9. The
nmet hod of Caim8 characterized in that the conpound of Fornmula VI is
obtained s fromthe correspondi ng 5-substituted phthalide derivative by two
successi Bxafdpigsiard reactions, i.e. with a Gignard reagent of

Shal ogen KN TR BB e s ED ]y woeshenthie et hod of O aim 6
and 8 chaihvdrassopernsdfuran, prreret he conpound of Formula VI is to prepared from
4-di met hyl gt ok 4{frofdpHedyRBXERBMHN bRIAE plepRRe B AhRNRbHobEagki on with a
15 (16.5 g, 0.09 mole) and magnesium turnings (3 g, 0.12 mole) in dry THF (50 ml), is added
dropwise to a suspension of 5-N,N-dimethylcarbamylphthalid (16.5 g, 0.08 mole) in dry THF
(50 ml). The temperature is kept below 5 °C. After the addition is complete, the reaction
mixture is stirred for 1.5 hours at room temperature.
A second Grignard solution prepared from 3-dimethylaminopropyl chloride (12 g, 0.09 mole)
20  and magnesium turnings (3 g, 0.12 mole) in dry THF (50 ml) is added to the reaction
mixture. The temperature is kept below 10° C during the addition. The reaction is 2 hours at
room temperature with stirring.
The reaction mixture is poured into ice water (100 ml) and a saturated solution of ammonium
chloride (50 ml). THF is evaporated off in vacuo . Dichloromethane (100 ml) is added and
25 the organic phase is separated and washed with water (2x50 ml) and brine (50 ml). The
organic phase is extracted with 2 M HCI (2x100 ml). To the aqueous phase is added 4 M
NaOH (100 ml) to give a final pH of 9 or higher. The water layer is extracted with
dichloromethane (200 ml) and the organic phase is washed with water (50 ml), brine (50 ml)
and dried with MgSO, (20 g). dichloromethane is evaporated off in vacuo . To the thus
30 obtained material is added DCM (250 ml) and triethylamine (20 g, 0.2 mole). The solution is
cooled to 5° C. Methanesulfonyl chloride (18 g, 0.16 mole)) 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. Yield: 16.5 g. 69%. '"H NMR (DMSO-d,, 250 MHz): 1.35-1.58 (2H,
35 m), 2.23 (2H, t, J=8 Hz), 2.50 (6H, s), 2.83 (2H, t, J=8 Hz), 2.89 (3H, s), 2.97 (3H, s), 5.13
(1H, d, J=12.5 Hz), 5.21 (1H, d, J=12.5 Hz), 7.17 (2H, t, J=8.5 Hz), 7.30-7.38 (2H, s+d, J=7.5
Hz), 7.54- 7.66 (3H, dd+d, J=8.5 Hz J=6 Hz J=7.5 H2).
The oxalate salt is precipitated from acetone.



properly protected 2-( hydroxyrret'hyl )-4-(1, 3-oxazol - 2-yl ) - phenyl magnei um
hal ogeni de derivative. 11. The nethod of C aim8-10 wherein the ring

cl osure of &,Ia?g/g&gpound of Formula VI 15 is effected by a%%g?s{/@gﬂ cl osure
ci

perfornmed by norgani ¢ acid, such as a sulfuric or phos or
an organic acid, such as net hyI sul fonid, p-tol uenesul fonic or
trifluoroacetic acid. 12. The nethod of any of Clains 8-10 wherein"the ring
cl osure of the conpound of 20 Forrmula VI is perforned.by a basic ring

cl osure \/E,amﬁ,lgabi | e ester preferably with simultaneous esterification and
addltlonjo;, rretho erein the labile ester is

t he net hane® r&ﬂ’??cﬁfmet@’%’ﬁ’m’gffgéz'l(fglf‘@ff’g)‘e ¥ \ggrfﬁf‘}‘fﬁif%’ﬁﬂ ran.
trifl uor desenyde ofExamipld 4003 frmtohe iedissofved il tomste(l 0and), ﬂ“hesdmm i2&oollel

triethyl tamocemiu-me@bmlamwn@mﬂﬁ t6WM e 0. BPmoltfis 20 gd of any of
ere ore reaction, the 1 nt rredlate of Formul a

Clainms 11-1
VI is be ‘%‘Bﬁ?&pgi"me’iah%lslkf@ aéhaét&?ﬂ%’égés rempysdagy ﬂt?t??h‘ﬁlﬂm hgtitrpdfosAmnt i oner
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pr epar at | 3% ]téj @Hrgﬁ,l .24 (2H, t, J=8 Hz), 2.66 (6H, s), 3.02 (2H, t, J=8 Hz), 5.18 (1H,
d, J—13 Hz), 5.28 (1H, d, J=13 Hz), 7.17 (2H, t, ]=8.5 Hz), 7.60 (2H, dd, J=8.5Hz J=6Hz),
7.75 (14, d, }=7.5 Hz), 7.82 (1H,s), 7.88 (1H, d, J=7.5Hz).
15 Anal. caled. for C,0H,,)N,F,0,. 1.2 CH,0,; C, 61.79: H, 5.65: N, 3.22. Found C, 61.62: H,

5.86: N, 3.45,

Example 7
5-Formyl-1-(3-dimethylaminopropyl)- 1-(4-fluorophenyl)- 1, 3-dihydroisobenzofuran

20 oxime.
5-Formyl-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran (B3 g,
0.1 mole) is dissolved in EtOH (150 ml). Hydroxylamine, HC1 (14 g, 0.2 mole) in water (150
ml) is added and pH is adjusted to pH =10 using NaOH (28% aq). The mixture left with
stirring for 14 hours. EtOH is removed in vacuo and EtOAc (200 ml) and water (100 ml) is

25 added and the phases are separated. Evaporation of the solvents from the organic phase leaves
the oxime as an oil. Yield: 33 g. 96%.

'H NMR (DMSO-d,, 250 MHz): 1.15-1.43 (2H, m), 2.02 (GH, §), 2.15 (4H, t+t, J=7 Hz),
5.10(1H, d, J=12.5 Hz), 5.18 (1H, d, J=12.5 Hz), 7.10-7.30 (4H, m), 7.50-7.63 (3H, m),
8.19 (1H, s), 11.34 (1H, s).

30 The oxalate of the title compound is crystallized from acetone. DSC: reaction onset. "H NMR
(DMSO-d;, 250 MHz): 1.36-1.63 (2H, m), 2.20 (2H, t, J=8 Hz), 2.65 (6H, s), 3.00 (2H, t, =8
Hz), 5.11 (1H, d, J=12.5 Hz), 5.21 (1H, d, }=12.5 Hz), 7.16 (2H, t, J=8.5 Hz), 7.45-7.63 (SH,
m), 8.15 (1H, s) 9.35-10.05 (2H, broad peak).

Anal. caled. for C,;H);N,0,F,. 1.05 C,H,0,; C, 60.75: H, 5.79: N, 6.41. Found C, 60.55: H,

35 6.06:N, 5.93.

Example 8
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Formula IV
wherein R is
R2 0]
\
/N
o 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,
. 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 o NMe,

F Formula V

to the corresponding 5-cyano compound, citalopram
20
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4. The method of Claim 3 wherein R1 and R2 are lower alkyl or Rl and R2 are linked
and together designate a 4- or 5-membered chain optionally comprising an S, O or N atom.

3. The method of Claim 1 or 2 wherein R is a group Rl

15

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-
20 oxazol-2-yl group

7. The method of Claim 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
25 IV is prepared by ring closure of the corresponding compound of Formula VI:
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9. The method of Claim 8 characterized in that the compound of Formula VI is obtained
s 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-(1,3-0xazol-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 Claim 12 wherein the labile ester is the methane sulfonyl, p-toluene
sulfonyl, 10-camphorsulfonyl, trifluoroacetyl or trifluoromethanesulfonyl 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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Formula V.
5 16. An intermediate for preparation of citalopram having the Formula VI
R
O 5 NMe,
F Formula IV

wherein is as defined in Claim 1.
10

17. An antidepressant pharmaceutical composition comprising citalopram manufactured
by the process of any of Claims 1 - 14.

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

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



