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present invention relates to a nethod for the preparation of the well known
anti - depressant drug cital opram

1-[3- (di met hyl ami no) propyl j - 1- (4-f [ uor ophenyl ) - 1, 3- di hydro-5- 5

i sobenzof d of the |
Gital opr am | Sheitfe ke EfsparntenBfCHEBREBR 7o' (7ot "hac now been on the

mar ket for sone 10 years and has the follow ng structure: [err]

It is a sel e?gé ?eseﬁlemvreaﬁ&y réthEé g as‘ﬁ{eﬁ{da”fd? e - FresHr o mﬁ@%ﬂ%

reupt ake inhi accordi ngl ant i depr act

anti depressa FPl'&QF?‘i‘tv Gelopram,. b‘i})gﬁ Jpmino)propy, ?‘g-ba?fpe ef}y bé\ﬂétFYQFmS‘
publi cati qns;soea;zoﬂnaﬁwmimld?r 0g. Neur o- Psychopharmacol. & Biol.

Psychiat., 1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand., 1987,

75, 478-486. The conpound has further been disclosed to show effects in
t he treat menBackgraund of the Iayention cerebrovascul ar di sorders, EP-A 474580.
20 Cital opramwas first disclosed in DE 2,657, 271, correspondi ng to US

4,136, 193. Th,s, patent Ub|ICtI0n des es .t he prepar at ono

cital opramb ngr%fsh'ﬁﬁ’ egr{gm ggegarptﬁi}lgl at has nﬂ@thﬁg fpg some
used for pregearsm@ﬂhdstthéﬁmowmgstﬁﬁttwccordl ng to the process descrl bed, the
correspondi ng 1-(4-fluorophenyl)-1, 3- dlhydro 5-

| sobenzof urancarbonitrile is rNa@s{ed
3- ( NN- di net hyl am no) propyl - chl ori df prefence of
, OThe st t| ng material was

met hyl sul fi nyl met hi de as condensi ng

pr epar ed fromthe correspondi ng ’-bro”e e attve by reaction with

cuprous cyanide. 30 According to the npikppod, which is only outlined in
@ by ring closure of the

general terns, cital opram my be ob
conpound: :

F Formula 1

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 preparatlon of citalopram by one method and outlines a further
- . method which may be used for preparmg citalopram.

v 25 According to the 'process described, the corresponding 1-(4-ﬂu6mphenyl)-1,3'—dihydro-5-
¢..  isobenzofurancarbonitrile is .reacted with 3-(N,N-dimethylamino)propyl-chloride in the
s . - presence of methylsulfinylmethide as condensing agent. The starting material was prepared
e from the correspondmg 5-bromo derivative by reaction with cuprous cyanide.

©30° -Accotding to th'é: method, which is only outlined in general terms, citalopram may be
obtained by ring closure of the compound:
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in the presence of a dehydrating agent and subsequent exchange of the

5-brono group with cuprous cyanide. The starting material of Fornula Il
I s obtained from 5-bronopht hal i de by two successive Gignard reactions,

I.e. wth 4-fluorophenyl magnesium chloride and NN 5 di net hyl am nopr opyl
magnesi um chl ori de, respectiv L£HON and surprising nethod and an
internmedi ate for the preparation g t al opr,am wer e described in US

Pat ent No 4, 650, 884- according to WQiLstr ] nqklate of the fornula

[err] 10 IS subjected to a rin ostr’e reaction by dehydration
with strong sulfuric acid in order to Qbtain cital opram The
intermediate of Formula 111 was prepar om 5- cyanopht hal i de by t wo
successive Gignard reactions, ie. wtHR | uor ophenyl rmagnesi um hal ogeni de
and NN di met hyl am nopr opyl nagnesi u halogenlde EﬂﬁSﬁectively. 15
Further processes are disclosed in Intermational pplication Nos. WO

98019511, WO 98019512 _and V\D 98019513. 95

relate to metihdesPiarerepha dehydraing agenf and su %?ﬂBﬂi;fx‘lz%@gg of &% WQ SRrbmS Brbup with
am nocar bo nylalphﬁ;b @Yyarfie. The Stabiirgcieterisicoft FuvmslacHes obtained frcmm |5gbramphthahde by
reacti ons, cI osure | .
1, 3-di hydr 0| eﬁ‘l’f%qsﬂ?’% rg}”‘r%a@er X&fo@é QL. %xt}{ E!-‘il Eﬁ 1"a ngesmm chloride and N,)N

'va espon ng 5-cyano
corrpound 5. aixmﬂwhkmmmylmm¢m Plﬂﬁﬂﬂe’ﬁﬁp@ﬂvey application No. WO
98019511 di scl oses a process for the manufacture of cital opramwherein .
2 G substl LUl o 2 Y S LIRS bl OIORRRY phFRkBR Y SN b

described in US Patent No 4,650,884 according to which an intermediate of the formula

. F Formula m _
° _ is subjected to a ring closure reaction by dehydration with strong sulfunc acid in order to
obtain citalopram. The intermediate of Formula III was prepared from 5-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N-
dimethylaminopropyl magnesium halogenide, respectively.
215 o _ : _ : _
_ 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 -5-(sec. aminocarbonyl)phthalide is subjected to two successive
3 Gngna.rd reactions; ring closure and conversion of the resulting 1,3-dihydroisobenzofuran
.20, derivative to the corresponding 5-cyano compound, i.e. citalopram. International patent
S _application No. WO 98019511 discloses a process for the manufacture of citaloj)ram wherein
a (4-si1bstituted-2-hydroxymethylphenyl—(4~ﬂuorophenyl)methanol compound is subjected to
g riﬁg"’ closure and the resulting S-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.



ring closure and the resulting 5-substituted

1- (4-f1 uor opM@9YM3044 3. di hydr oi sobenzof uran converted to tRfd/DKI00581
correspondi ng 5-cyano derivative which is alkylated with a (3- 25

di met hyl am no) pr opyl hal ogenl de in order togobtain cital opram WO
00/ 12044

net hods of ring dual enantioners o am are

in US Pafatent No 419403 0stom wlich islsorpppears iy tbe)peaucbsmeﬂf tbhentﬁmﬂghate of
closure of hanhiarArmBdbaterief out vidOlbild estdriwiti@yadee carried out via a
| abile ester with a base. 5 It has now, surprisingly, been found that
cital opram may be manufactured by a novel favourabl e and safe procedure
usi ng corsvefti bast nsWalsuﬂpriginghft deemifeund that citsopraar ymayf be hparufactured dy alfovel
Accordingly g, mf lrBMAR e R c%h?ézﬁ&tkﬁrtﬁxg’lﬂé(t@halgﬁt hod for the

CI ta opra

preparation o corrp I Sing reacti conpound of Fornmul a

PCT/ DK99/ OOE%LH methog%gf Preganng the mdmdual enantlomer]gs of. c taJPBram Are discl | {1'[)’8

|V [err] wherein R
is (err] abliimary@fithe fAventign al kyl sul fonyl or arylsulfonyl, with
3- (N, N-di met hyl am no) - propyl nagnesi um hali de, pref erably of

3-( N N di e LL A HRE SHa¥ent TREMGR UikleS B 2ho¥1S mbthod Br HeTfrdtioh Ve t418hham |

[err]
whi ch is i sepmprsingseactien phacompougd phermmalXi cal |y accept abl e salt t her eof

CN

F_ormula v

wherein R is C, 4 alkyl, acyl, C, ¢ alkylsulfonyl or arylsulfonyl, with 3-(N,N-dimethylamino)- |
propy! magnesium halide, preferably of 3-(N,N-dimethylamino)propyl magnesium chloride
15 to afford citalopram :

Formulal o

whxch is isolated as the base or a pharmaceuticaily acceptable salt thereof.
20 T another aspect; the present invention provides the novel intennediates of Formula IV.

o Inaﬁn'ther éspéct,‘ the invention relates to methods for preparing the intermediates of
. Formula IV. |

-

25



20 I n another aspect, the present invention provides the novel

i nt er medi at e&OMV/1IFMANUl a | V. In a further aspect, the i n\p&ypg?p/oossl
relates to nethods for preparing the internedi ates of Formula IV. 25
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4 I n yet anot her aspect‘ of the invention, the conmpounds of Fornula IV
?;?r ij sed f Orln tyr!:(ta anoth'?:l[ e %‘e ?IIve;[ltrl]gn "fe %@m%oﬁt?c[m ot %gm%la Flg)’ W%Jﬁ%gd: hr the
In yet anot hnepaﬁatmaif,thdﬂaeexmceempoun&nzfd’rumohﬂhl ates to an anti depressant
phar maceut i cal conposition conprising cital opram manufactured by the
process of the invention. Ng t he prgg&s}s of the invention, cital opram
is obtained by a single step S Hon 10 fromthe conmpounds of
Formula 1V, wherein Ris (err] acyyq Cerjr] al kylsul fonyl or
arylsul fonyl [err] N Formula 1V
Surprisingly, the product of the Gignard reaction ring closes

spont aneously and directly to ci talspram and accordingly the reaction
of conmpound of Formula IV with the Gi -

B - Formula IH

In yet another aspect, the present invention relates to an antidepressant pharmaceutical
composition comprising citalopram manufactured by the process of the invention.

By the process of the invention, citalopram is obtained by a single step Grignard reaction
10 from the compounds of Formula IV, wherein R is C,, alkyl, acyl, C, alkylsulfonyl or
arylsulfonyl
CN

Formula IV

Surprisingly, the product of the Grignard reaction ring closes spontaneously and directly to
citalopram, and accordingly the reactlon of compound of Formula IV with the Grignard
15 reagent leads to cltalopram in one step. -

Furthermore, according to the invention the compounds of Formula IV may be prepared by
three different methods.

20 One.of these methods mcludes protection of the hydroxymethylalcohol of (4-cyano-2-
hydroxymethylphenyl)(4 ﬂuorophenyl)methanol of Formula VI:



15 reagent |leads to citalopramin one step. Furtherrmre !(259%0@9] to
t he i nventi oNOK&2%¥brpounds of Fornula |V may be prepared by ree

di fferent nethods. 20 One of. these nethods includes protecti on of the
hydr oxynet hyl al cohol of (4-cyano-2- 5

hydr oxynet hyl phenyl ) (4-f 1 ubr ophenyl ) met hanol of Fornula VI: WO

00/ 12044 PCT/ DK99/ 00581
5Terr] f &Ml oned by an oxidati N to afford the compou

Formula 1V, wherein s (Jerr] alkyl,
Hdaffﬁéﬁﬂpnuf the

arylsulfonyl. 5

performed by any ~el| ent oxi dat i_og , preferably per d by
[err] The st ing material of t orrpound of Formul a

prepared as desEribed iwt 10 Internafional P ent Applicati & v

PCT/ DK97/ 00511. Anot her nethod for preparing the conmpounds of Formul a
IV includes the reaction of 5- cyanopht hal i de W th

4- f 1 uor ophefigllaveedrhysanuntidatiapeto affard e egsnyounds of FormpladiYy (wherein R is C,, alkyl, .

magnesi unbr gg%ld@ mﬁmyp%a}ﬁgu]f&@ptlon wth R X, wherein Ris as defined
above and X T a l'eaving group, preferably R-X is pivaloylchloride,

3, 5-di metfhoxybenzoyl chl ori de, nmet hyl i odi de, et hyl brom de, tosyl chloride,
[err] or Me3BEexidation of fheecongmmhdoof iFormhblau¥i, rra;l;edbetﬂrfmmed by any convenient

oxidation agent, preferably performed by Na,WO,.

The starting material of the compound of Formula VI may be prepared as described in
10 International Patent Application No. PCT/DK97/00511.

Another method for preparing the compounds of Formula IV includes the reaction of 5-

_ cyanophthalide  with  4- ﬂuorophenylmagnesiumhalide preferably  4-fluorophenyl-

L magnesmmbronnde followed by the reaction with R-X, wherein R is as defined above and X

15 is'a leaving group, preferably R-X is pivaloylchloride, 3,5- dlmethoxybenzoylchlonde '
methyhodlde, ethylbromide, tosylchloride, Me,SO, or MeSO,Cl.

The reaction is illustrated below:

20 The starting material, 5-cyanophthalide, may be prepared as descnbed in Tlrouﬂet L;
wi Bull Soc Scu Bretagne 26, 1959,35.

'.;_:"Accordmg to the third method for prepanng the compound of Formula IV, one of the

- enantiomers of the compound of Formula III, i.e. the R-enantiomer, is subjected to protection

25 . and dehydratmn to give the compound of Formula VII, which is oxidised to give the ketone
of FormulaIV.



[err] 20 The starting material, 5-cyanophthalide, may be prepared as-

descri bed i nWQ GOt | J. ; Bul | . Soc. Sci . Bretagne 26, 1959PCHDK99/00581
According to the third nmethod for preparing the conpound of Fornula IV, one
of the enanti onmers of the conpound of Fggnula Ill i.e. the R-enantioner,
I's subjected to protection’25 and dehydration to give the conmpound of
Formula VI, which is oxidised to give the ketone of Forrmula IV.

WO 00/ 12044 eN CN CN

PCT/ DK99/ 00581 oo R 6 [err] R
In this way, R£030H 0 e la | 14 _se obe usedo$Hient he preti@n
of racenic o a,En 5 PevdmloThe oxi dat)ve clleavage of the conmpyuny”of
Formul'a VI1 is Yy oxidation, prgfgfably™ ~ performed by-\pSerr]

(per manganat gg~2or ozdile, RuC [err], Vil Cit al opram
mar ket as an anti depressant drug in the formof the racemate. However, 1
in the near future the active S-enantioner of citalopramis also going to

be introduceg ﬂﬁ%: B¢ the RBRIniBIner of FomﬂiQQIﬁﬁfaPV!%O&eﬂqw}%xi: ?Jpa)rara 3 of racemic

ci tal opram ma. algr ‘epared fromthe conpound 0 rmul a
separation o‘F enanti omer and the R-enantiomer followed by r| ng
closure ofs the S- enantioner as described in US Patent No 4, 943, 590.

The R-enanti fﬁ@&@&&&%&%@&%ﬂg c&hpound JFROAHLE Vit is OFSE & b3S oh, Dkerasis”

used after separa
performed by MnO," (permanganates), or ozone, RuCl,, OsO,.

Citalopram is on the market as an antidepressant drug in the form of the racemate. However,
10 in the near future the active S-enantiomer of citalopram is also going to be introduced to the
~ market. '

The active S-enantiomer of citalopram'may be prepared from the compound of Formula III

by separanon ‘of the S-enantiomer and the R-enantiomer followed by ring closure of the S-

15 enantiomer as described in US Patent No 4,943,590. The R—enantlomer of the compound of
Formula III has previously not been used after separation.

Furthermore, according to a further aspect of the invention, after conversion of the R-
enantiomer of Formula III to the non-optically active compound of Formula IV, the racemic
20 compound of Formula HI may be prepared as illustrated below:

CN

Deprotection Grignard

" Tliéﬁcemic compound of F ormula IT1 may be separated into the optically active enantiomers
by the procedure described in US Patent No 4,943,590 thereby obtaining the S-enantiomer of
i the .compound of Formula III, which is used in the preparation of S-citalopram. The R-

ey enantlomel' of the compound of Formula HI can be recycled once more in the process cycle
.. described above

In this way, the R-enantiomer of Formula III may be converted to S-citalopram.
30 )



Furthernore, according to a further aspect of the invention, after

conversi on oWaQ #1124 enantioner of Fornmula Il to the non- 85?(@%39{"9581
active compound of Formula IV, the racem ¢ 20 conpound of Forrmula Il may
be prepared as illustrated below [err] 7 The racem ¢ conpound
of Formula Il may be sepafated into the optically active enantioners

by the procesire, deser Lbedidn UERL S dPuk AicaNchdbes MofPhA B0l

S:enant i oner CoNpSune I's use
pr epar at i on cohdifions faxisugh reastions endimay easilyrherdetesmineddry a presonckilled e therart.

Formula 111 can be- recycled once nore in the process cycle descrlbed
above. In this way e R- enapt | oner of ForrEJI f(}l,l r{alg be conv ed
to S-cital Op’],flgmlgl@gt the SpCCl c%gnoer} s, the term Cq I' refer 3% a “Granche or

PCTI DK99/ §05hbranched alkyl group having from one to six carbon atoms inclusive, such as thethyl, ethyl,

ar o convent | DREPYL -ArbBl 1 B8 SR 28yt Sproplf 2 ZRGHH1A, ARHt 2ERAIRLE

det erm ned tI;fODylperson Skl lled in the art. Thr oughout the
specification and claims the termCerr] alkyl refers to a branched or s

unbr anched ro aving fromope to car.bon at.ons inclysiv
unbr anohed Sl P L9 A ThP e R S SR Erip o, s Bhen5t it
2- met hyl -18- piaphshy], iR partitulae phery! br Bagsubstintedphenylhy| - propyl .
The termaryl refers to a nono- or bicyclic carbocycl i c aromatic group,
such as phenyl and 10 naphthyl, in particular nyl { rin substitut%d
phenyl . he tgrm hétﬁfﬁaﬁét @feé%rtw F’@f“é‘r er lbéfyﬁh?rg’ﬁ ToqyP 1%i35%f€?t}°cgr°“l” such as
het er Fclycl I Cmabgnattmengt; Opmmﬁm;h oaszolyl isﬁikzbm,, thizzelgy | isoghiadolylflyimidazolyl,
oxazoly i spxazpl h th
benzof ur anyl; en.&gi %Mlﬂ "?tﬁ %’ P%ﬂ/ y? W‘ Wﬁﬂlgﬁﬁgﬁ% %ﬂ “é’(}r %119 olg%,rand ‘*H""?Yl
i ndolyl, gnd thienyl.

_Acylis used in the meaning of C, 4 alkyl- or aryl- or heteroarylcarbonyl wherein C, 4 alkyl and

~ aryl and heteroaryl are as defined above.

Halegen means chloro, bromo or iodo.
20
Preferably leaving group means halogenide or sulphonate.

In a preferred embodiment of the invention, R is acyl, preferably pivaloyl, acetyl or optionally
substituted benzoyl. '
25
~ The compound of general Formula I may be used as the free base or as a pharmaceutically
" acceptable acid addition salt thereof. As acid addition salts, such salts formed with organic or
.inorganic acids may be used. Exemplary of such organic salts are those with maleic, fumaric,
benzoic, ascorbic, succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic,
. 30 acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic,
o -::.._._:. ;-'-'-_cii_::_"aconic, aspartic, stearic; palmitic, itaconic, glycolic, p—aminobehzoic, glutamic, benzene
' sulfonic and theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-
. bromotheophyllme Exemplary of such inorganic salts are those with hydrochlonc,
‘" hydrobromic, sulfuric, sulfamic, phosphonc and nitric acids. :

T 3s _
The acid addition salts of the compounds may be prepared by methods known in the art. The

base is reacted with either the calculated amount of acid in a water miscible solvent, such as
acetone or ethanol, with subsequent isolation of the salt by concentration and cooling, or with



15 Acyl is used in the neaning of C[err] alkyl- or aryl- or
het er oar yl caMeodi204gherein G err] al kyl and aryl and heter%%?’??”%(?‘?shs
defi ned above. Hal ogen nmeans chl oro, bronmo or iodo. 20 Preferably
| eavi ng group neans hal ogeni de or sul phonage. In a preferred
enbodi mrent of the invention, Ris acyl, preferably pi vaI oyl, acetyl or
opt lonally subst [.tut ed benzo 25 . .. The c ner For

1 onally ap SRR 55067 P A5 R ETRENTY Sl RGeS EoLl

addu ti on sal dichlowometiiane Axittathedalhishpparatiog spaatanepusiych salts formed with
organi c or i norgani c aci ds may be used. Exenplary of such organic salts
are those with naleic, funaric nzoi c, ascorbic, .succi.nic, oxal | c,

bi smet'hyl enekh# nl@m@unwétcﬁlaﬁ@%mrmf i tbe mYepHanoRY fe radministergd 1n gy spitable way
propi oni Cs tadtiaring, suitabllecfyshh cfor Gkarhple, orelllyl 0 e forinaof tabletsymbpsules|rpoeraers or

ci nnam c, cit racom nic, glycolic,
p-arm nobenz%’f%p %r;{?{eélrﬁra nqﬁég%n 0%2 elosé’ lgﬂr? s??’f d@)’pﬁ‘)‘fﬂ ‘i ne acetic
acids, as well as the 8- halotheophylllnes for exanple 8-

E;g;ﬂ;é Eleglrorgme ﬂiﬁnnfé&ﬁﬁ&&l %ﬁhu@inoﬁy 6htHe riﬁ’s?eﬂﬁﬂh EnaSWel Srefir&d by 9&%/6\%16&1 methods

ro uric, sulfam ¢, phosphorilc netri
acids. 35 ntherﬁé aer%M&.%%%h%r redihy miiing, s GEH Y ersdt w&h &ﬁnw
met hods kinovadjuvantshenddort dilddmes and sh@quemlyr eranpnesbmg tthe eniktuee ih he conventional

cal cul at ed s
cal cul at oo iding Hhadind weBINAlealiWht€ op i ¥ifbrise® L6 ftch, podESHA0E
cool ing, or talcum, magnesmm sv@r:gg/ gelaging, lactose gums and the like. Any other adjuvant or

PCT/ DK99/ 0054Hitive colounngs aroma, preservatives etc. may be used provided that they fre compafible
excess of the, ﬁgh i.d i.n v;g #el mm sci bl e sol vent, such as ethylether,
Wi VRfest

et hyl acet ate € actiyg thane, with the salt separating
spont aneassl y. The pharnaceutical conpositions of the invention may

be admi ni st eggigtidnd ﬁpxnﬁwi&xébﬂn@y WRYprepaed uynsaom Skt £BLE ihSeenf Ghd HoRADIE
SRR AL i e e ot ﬁ?qt@nsme?ﬁrgﬂﬁ Sterils, iR GERSRE the solution
The phar nacetotthe desifedrvoiime, i scenidisatfont dfethe solation and filijnghie spitelpiaragtbobles or vials.
comuenttonal B e saaold iy G4 BN o OLES, K A58t
and subséﬂueﬂﬂay"a@dﬁ%@é‘é@ilﬁﬁgﬂ% B€. ni xtur e in a conventional

Examples
The invention is further illustrated by the following examples.

g Examplel
... 2,2-Dimethyl-propionic acid 5-cyano-2-[1-(4-fluoro-phenyl)- I-hydroxy-methyl]—benzyl ester.
. To a stirred solution of (4-cyano-2-hydroxymethylphenyl)(4-fluorophenyl)methanol (9.2 g,
L 0.037 mof) and triethylamine (4.0 g, 0.04 mol) was added pivaloyl chloride (4.2 g, 0.39
30 ‘mol). After stirring for 60 minutes the reaction mixture was poured onto ice, extracted
' .. with diethyl ether (2 x 75 mL), dried (MgSO,), and concentrated under reduced pressure to
. give a colourless oil (12.0 g). The compound was purified by chromatography (eluent
. .. hexane/ ethyl acetate 1:9 to give the title compound (8.2 g, 70%). _
. 'H NMR (DMSO-Dg): 1.1 (s, 9H), 5.15 (m,2H), 6 (bs, 1H), 6.25 (d, J = 6 Hz, 1H),
35 7.1-7.2 (m, 2 H), 7.3-7.4 (m, 2H) , 7.7-7.9 (m, 3 H).

Example 2 _
o ' 2,2-Dimethyl-propionic acid 5-cyano-2-[1- (4-fluoro-phenyl)-methanoyl]-benzyl ester.



tabl efti ng maschi ne. Exanpl es of adjuvants or di | uents conpri se:

starch, potave 08420d¢h, tal cum nagnesi-um stearate, gel ati rfé:T"P'é%"(Wég
guns, and the |ike. Any other adjuvant or addi tive col ourings, aronm,
preservatives etc. may be used provided that they are conpatible W th'
the active ingredients. 15 Sol utions for injections nmay be prepared by

I th t di ent bI .. di t t
ol vent forTe  ctrred SOSRUR dita i iERDPEPIRN okt T oA A Sse By
to thg| deSIlﬁ}Qﬂ?mlnuﬂ@l] “beheyli estqra(s. Ong,obtozgenmggt iegylevethtd i(R0 i MD) i was added
suitable a es or via it a i u
in the art ogra PgRige sghﬁlﬁnaaﬁ Qg’gﬂ 152$2Wég©a€q‘|€%§y 15683
ant i oxi dantmpl)e'amd (n-Octy)3NGHHSOs (0. 23 Q‘ h@O()(bﬁ/mui) orhe mixXturet was thenl heatedagted
by the f \‘3:?19?115¥W|a?1§w035 cgol tgga&ﬂlt&nnéerﬂmr %de?]@emtbﬂzl'u@ %lo%ﬁac?eﬁ' d

5- cyano- 2- [ uor roxy

stirred sol Withgietipi z}n%) w128 gﬁgqeﬂra,teql mpderosAesed) Dressuredaol

(9.2 g, %10eﬁii7t1ﬂ81kétowtﬁﬁouﬁd UL’BngTDUIG %%.0 g, 0.04 nol) was added
pi val oyl chloride (4.2 g, 0.39 30 nol). After stirring for 60 m nutes the

reaction m xture was poured onto ice, extracted with diethyl ether (2 x
75 L), driBsampleS err]), and concentrated under reduced pressure to

give a ggl Oﬂéétﬁ%lﬁ-kya(nlaz}p!-&}nethmniﬁ@lmqlﬂiﬂar ﬁer@l)betJleéixyl']ybe?zE'ﬂ%%F %ﬂap hy
(el uent e %neﬁﬁ%t cetate 1:9 to give the title conpound .

709 . %f rr]): 1.1 (s, 9H), 5.15 (m2H), 6 (bs, lH) 625
(d, J = 6 Mkthoﬂll-?.)A Acetic anflyd#id2 (108 g, P nid)) was aitdéd drdpwiseid)a stirfed/sofutfon( 6f 4-3

i oni ¢ ano-2-[1- . .
Ch 11 wor o- pRERoe ST Re s s ERb L B ot B o Dodpgoniuite 72
PCT/ DK99/ 008,81.21 mol) m acetommle (438 g) at 20 °C. Once the addition was complefe trunethjflsﬂﬁ
stirred, r n
5- cyano- - [%ﬁ?ﬁ Tl uorg ﬂ“ﬁ;ﬁ vl %eﬁy%r%g@%emgeswlﬁn}g i an XOth r§a(610n
0.025 nol) ieﬁlpétaﬁWa‘é@?CEffém( tcm?_ Vaand & overmgbaf Ggewn etes#ﬁ@AM étg,on
30% wt (10 ©.143ndly Wasttieh,adi&d td the Qeal:ﬁoﬁl mlﬁtufﬁ)&ﬁl the redtibn miffise was then heated

-Qctyl ) 3NC 0 3 t t
ng I uxyf'zjr ﬁ@ud g‘ﬁ’i 38 te% gmrh)go ﬁé‘gﬁ L$ \‘A%ﬁ%img aﬁ{,a mgl Fﬁt e
HCl , ext racregetion mnmltehwas @@mntrm amd¢nredugal prepsurel ranédle@wgmmi) withcaqueous

?gng egt rzgt7 eﬁnmaﬂiarsomfhaca@ mrﬂﬁﬁbmac&ea with- tglu\éﬁ‘e (D eimess.| ertecbParicCHIRE Wi

5- cyano- 2- [i‘ ?ﬁ e +)a35ﬁn‘ir}’?"59‘t‘if“%’|08@f"6 rﬁ‘ﬁlé’ﬁ@ Pressere- to- gy (the Hilg Somnoupd as a

and t hepala ataage oil 469.5tgh 86 &Of
Characterised as the oxalate salt. A warm solution of oxalic acid (1. g, 0.0177 mol) in
_ methanol (50 mL) was added to a stirred solution of the title alkene compound (6.63 g,
25 0.0173 mol) in methanol (50 mL). After allowing to cool, the crystals were isolated by
filtration (7.4 g) and washed with cold methanol (10 mL). M.p. 168 °C
'H NMR (DMSO-Dy): 1.9 (s, 3H), 2.2 (m, 2H), 2.62 (s, 6H), 3.1 (t, J = 6.2 Hz, 2 H),
. 4.8 (s, 2H), 6.35 (t, J = 7THz, 1H) 7.1-7.25 (m, 4H), 7.42(d, J = 7 Hz, 1 H), 7.9-8 (m,
2H). _

30" BC; NMR (DMSO-D6): 20.35, 24.98, 42.16, 55.54, 62. 51, 111.17, 115.25, 115.59,
: 118.51, 124.85, 128.0, 128.18, 131.32, 132.43, 132.73, 135.65, 135.99,138.68, 142.9,
2+ 164.72, 169.96. -

" Anal. Caled for C,,H,sN,OF C, 63.14; H, 5.53; N, 6.14. Found , C, 63.1; H, 5.58; N,
o - 6,12 .
35 : .
..+ Acetic acid 5-cyano-2-{4-dimethylamino-1-(4-fluoro-phenyl)-but-1-enyl] -benzyl ester
.~ Method 3B. Acetic anhydride (1112g, 10.8mol) was added dropwise to a stirred solution of
- 4-{4-Dimethylamino-1-(4-fluoro-phenyl)- 1-hydroxy-butyl}-3-hydroxymethyl-benzonitrile




Met hod 3A. Acetic anhydride (103 g, 1 nol) was added dropwi se-tg a stirred
sol uti on of We 00/12044 PCT/DK9900581"

[ 4- di met hyl ami no- 1| - (4-fl uoro-phenyl)-1-hydroxy-butyl]-3-hydroxymnet hyl - benzo
nitrile (72 g, 0.21 nol) in acetonitri1 (438 g) at 20 [err]C. Once the
addition was conplete trinethylsilyl 15 chloride (5.5 g, 0.05 nol) was
added dropwi se (resulting in an exothermc reag ure rai sed

P P 300G ey e8 maahins AecraTins (LUOR Bt St EhuMtingcth PLETGHhaTRC sehtion
0.14 mol ) wagm aaﬁuamw fq&ntzlmemrseam)l ad slﬂirnetlubezami Coaceneratetli F,SO7i(300u ge3

of reacti ont eimaé adfis % et bk, ol B Rl hbenl @ thatn R 30

of reaction)™ was concen rate under
reduced pr esfonBersfdPhElindighted completipn af; magtc@)z A ften gpeJing:the geastipn miktugejvas

d t te t
?nl\/gsg)f(t) r g%d Igeo#g%%t rg%dgg&‘t}e(gﬁ ArhrABRiA - soiﬁlﬁﬁnc(ﬁﬂ%'?'zﬁldpéﬂﬁeteﬂﬁﬁxth toluéi{el &dumes)

LSO A Eeeasic nuAte Vol Mehis abd Concepepted plief deitEd brésufie J8 BRE e

salt. A war nigedotipoand as a?&ldrmgtmlﬂ(l()ﬁ g092 %)0177 nol) in met hanol (50
m.) was added to a stirred solution of the title al kene conpound (6.63 g,

25 0.0173 nmol) in nethanol (50 mL). After allowing to cool, the crystals
were isol ateBxampple4 fji|tration (7.4 g) and washed with cold nethanol (10

). Mp. 168 2{&51&}19 propzo[zﬂ'r dc}d‘f-wﬁo(wmd'ﬂn)w'l L4 Tozo-pBeRy])-But -ényl]-
oH) | 262(sb65}) 2 osbicye SafitFogr2 1) 4.8 (s, 2H), 6.35 (t, J =
THz, 1H) 7. 1bep 5”‘(%""&' ""f“ifif‘lf 5787 W 1 H), 7.9-8 (m 2H) . 30
[err]C NVR MMBO4K) A Sutkf oDpivaByl dlodide (35051 0.825 nmil) was rdded tol aStipsd

% ég gg 138, 6%&&&3% 811244 @"2‘2 ‘&7%1%’1%85‘1’218(4%“3?’3%) 1J§Ero4(?»bu€ﬁ]g? r ?dro?&%eﬁ?l-

H 5.53; N Beneanitrile (721 g, ©;21@80l) andtriethyjgming (25.0 g, 60].22'73501A8b§‘fe€°%i1‘?j (438 g)
5- cyano- 2, atdt@‘*@ykﬁgf BO-mhinufks! LoReprRbe NS0, b(uoml)wl ddde@ Ndrspwiet 81 the
r

2/{3 ,t ? ?§d3 S ol ﬁgqeatet:lfgb]aﬁ;]{] e héate]alatgm 18 t%?‘i%& 7dded. Ar o Se w2 Bowed to

4- [ 4- Di met hyteotito robm( ténipetanire; pasralizpd Szvilhya;t[\mnys usmpoinja- @517 ansk pxteactad withn

zonitrile 1 dried SO d concentrated under reduced
PCT/ DK99/ 005 1fthylethe:¥\D qq{e gr%éﬁlic phase was dried (MgSO,) an 4550

g, 2.9 nol) . presswsetegive the tisle copmmyund ang yellpw el (B28( P& &M ting in an
exot her m g reﬁﬁtateﬂzedasdlematakme(aémmm 188°¢0 to 50 [err]C) and

eact ton i x HONR (OSREDDEATE, rotel A7 8 Qﬂf% £isy L0088, ?dﬂ%dlr

for 3 hrs (HPU@l(Meaﬂ%EzcdH]N‘bﬁﬁoﬁd, df—rlédi%llﬁ))63b&tt ér—éo%ﬁznéH Hel' 3(m,
reaction m xjy 5971@@ 7 = ey, rlaj.liz;ed_gvm{ mgueous ammoni a sol ution (25% and

v Soneant' o WHABRSGBATES . a67h, 405, 35800 6E 8 LIRS B SAEREDY.,

pal e orange 81.33,1182328),13623%038.58, 1425G et 4 1 0 2, 2-di met hyl - propi oni ¢
acid 5-cyano, %a{ %ded%}%;g T oPrLc( 45 bl LA gﬁh?yé 52 Dbugl 20V 6486 H, 6%“%6"

ester, and t e oxa Ythiér eot . 4A"7A sol ution of pival oyl
chl ori de (26: @g, 0.215 nmol) was added to a stirred solution of
4-[ 4-Di et hyl am no- 1- (4-f | uor o- phenyl ) - 1- hydr oxy- but yl ] - 3- hydr oxymet hyl -

30  2,2-Dimethyl-propionic acid 5-cyano-2-[4-dimethylamino-1 -(4-flucro-phenyl)-but-1-enyl]-
- . benzyl ester, and the hydrogen chloride salt. :

Method 4B. A solution of pivaloyl chloride (30.1 g, 0.25 mol) was added to a stirred
solution of 4-[4-Dimethylamino-1-(4-fluoro-phenyl)-1-hydroxy-butyl]-3-hydroxymethyl-
. benzonitrile (85.5 g, 0.21 mol) in acetonitrile (290 mL) at 0 °C. The reaction mixture was
'35 stirred for a further 60 minutes before concentrated H,SO, (32.5 g, 0.33 mol) was added.
 Once the addition was complete, the reaction was heated at 70 °C for 180 minutes. The
reaction mixture was allowed to cool to room temperature, and the acetonitrile (220 mL)
was removed under reduced.prcssure before neutralization with aqueous ammonia (23 %)



benzonitrile (72 g, 0.21 nol) and triethylamne (25.0 g, 0.247 rml% in
acetonitril S¥PA%82M# 15 at 20 [err]C. After 60 minutes, conceltGTHREYP/E3Y
(40nmL.) was added dropw se and the reaction m xture was heated at 70 C
for 180 min. The reaction mxture was alloped to cool to room
tenperature, neutralized W th aqueous ammonia (25% and extracted with

under r eaucad exagile Bk b7 EnGE Lo ERw Phats, Siab el SMESOLT Bl -Bpdebiruad

g, 96 % . 2@ndGhredacddepressart tagivehepink ailaifehs title corbpowrddi€d. 1)) 188 [err] C

err] H NWR y . , =
Es. 2 ]Hz 2 -mé.%%g%g‘%ﬂggﬁ@“el%w ?Lzli& @49@ 0%512 “?’D(:ﬁ’l?é %Pl_ﬁiﬁg 5“‘%&% #?,
J = 6.3 Hz, Stipfed7solution qfanhydrons) HGl ip (ethanal {200, mb). | pfter;’ stirgng ngt pegm
[ﬁgr %S 23\2/8R tfsgﬂb@@u7 5@5 ?:lirr 303 glirﬁﬁe?fjthe E’(ﬁvgu:]f3 ,wa? Zi'eﬁx;fgécﬁ tSLﬁ&'ar xﬁ%w?& présidre? diethyl %th%lr
Galed for | &ﬁ;ﬁ?d BT e respitagC yBile oBriE v ekl chd ity Wi digfhyferper e
5.6 30 2heHGIselt K48.18).ddpanilés &€ d

5- cyano- 2- [ 4-di net hyl am no- 1- (4-f | uor o- phenyl ) -but - 1-enyl ] - benzyl

ter, dt d hl. or i, | t . thod 4B. A sol yti f
o1 val byl chiot PREASRoPEMHAAS Gi L dmetpretipos Ui B bt opo

4- [ 4- Di et hylenzyl agerd hydrogbrusidfatgohenyl ) - 1- hydr oxy- but yl ] - 3- hydr oxynet hyl -

b il ) : QN | . '

e 11 e S W k) S 1524 0 o AT ol

concent r at edf[ é{ADigrgthyiamyinod -3 lvend-phenyl)- bligduxy-butyl [rbpdrokymetligi-bénzonitviie
lete, ' f idh :

o e 5580 B ST RS e Al g e

acet oni t ri | durtherobQnminutes bgfose capgspsaed FWSP, (83dc 8d OpiBeBllr Wap addade Once the

neut r al i 2et iad8itivht Ras Goiaplee, ASTRALEON Wad theated at 70 MO fOO18@ iflutes. The reaction
PCT/ DK99/ 00

. eeeg. 11 d
ext ract i on- WA YA HRYSHa10 99110 ohogH fempsrarute. 8¢ e dSFopiigisoigmayey wider
concent r.at edreduced (pressure, doivers! (10ewd ) rvast asidgil \and arepiovkd anderofeducad pressuze to

conpound ( 1Qgveld title compbui®hsh p2OpRik diN112.4lp5. al kene conpound 11 (50.0 g,
0.11 nol) in nmethanol was added to a sti rlged sol uti on of anhydrous HC

in methanol (200 mL). After stirring at room 5 tenperature for 30 m nutes
t he sol vant &dimetiplpipionibarcid Bdvmel-H-divethydgmitivet-(¥flucroipbenyl)-burvbhenydided

and the resyy [mgyt)ihs,gmgg),gﬂ»@e? filtered and washed with diethyl ether to
gi ve the HO salt” (48.1 '

2 2-Di n»et:hy|Mﬁt}1%149nilz,ivgeylcphgor'ide'\égﬁ:g,lg% [xgglr)] vcv:és added dropwise to a stirred solution
5- - 2- 4)f di i = = 111
cyano- 2- | 4fdyBiDhteayidasnb ll(\gtf&igk&%%n?kel;-g*&mMubdm}ii'&mxﬁﬁetgw%rguzle

e A 53 i o7 ingh dn abripRgtle 46135 129 3t Foom ggmperkture. Orice the addition was
4-[ _4E Di lrrgi hpbm(pierm-ﬂscﬂd&iciﬂ ubmﬂah@umgnﬁ-dmﬁwé&?lgt wldssanbudncqmm% ﬁag mik§n
zonitrile . : -
Ceaction %ﬁr%ﬁ\}ﬁg’s ﬁ)%%o&eg ébg”?:g radgﬂloﬁ o?]E ﬁﬁ%ﬁﬁ (ég%ug,;é. lgéf ?lé.cl'he reéaction
concent r at eda¥Byre pag stirrsd for apfugthend() mingies, paured intorivater, [gutracted withi GHLH,, the
conpl ete, t lorganiephdse wasedrisdo@IgSD, R and Bodcehitrated uRlerldudddprestire. IR resultant
reaction ol was then dissolved in anhydrous ethanol/HCI, concentrated under reduced pressure and

30 treated with diethylether, filtered to give the alkene HCI salt (22.6 g, 98%).

., Example5s -
RN 2,2-Dimethyl-propionic acid 5-cyano-2-[1-(4-fluoro-phenyl)-metharoyl]-benzyl ester.
. i Method 5A. To a stirred solution of the HCI salt of the alkene 2,2-dimethyl-propionic acid
- 35 5-cyano-2-{4-dimethylamino-1-(4-fluoro-phenyl)-but-1-enyl}-benzyl ester (165 g, 0.337
++ mol) in H,0 (1100 mL) was added a solution of NaMnO, in H,0 (40% wv) (3.7 mol) at-
‘such a rate that the reaction temperature was maintained between 45-50 °C. Once the
“addition was complete, the reaction mixture was allowed to cool to room temperature and



m xture was allowed to cool to roomtenperature, and the acetonitrile
renoved undewo 0o/12¢4dduced pressure, tol uene (200 nmL) was adde(fcé“rf?aK?Wed

under reduced pressure to give the title conpound as a pale pink oil.
(112.4 g). 20 2,2-Dinet hyI - propi oni ¢ aci
5- cyano- 2-[ 4-di net hyl am no:] - (4 fI uor o- phenyl ) - but-1-enyl ] - benzyl

ester, hydrogen ¢

) vvas’ added hll@é spgg gxlt&tf Iy\faé ag 4\{%% Eci)lﬁ%!ra?%rf (3%2'1% an) (a.nd thegéol% remdue
4-[ 4-Di et hyﬁamtmedlm( dbefdne (2000 ndy) ydnyl- filtdrpd] r evaperatioy Ighve theycimde yketnk ywWhibkle n

o o B e BTG ot o Bl a2 e

met hanesul phisieyltetasieias i prse conpound 83 HX25 b MPi 7 §leiG] (50 n) was
addefl foglowqurmt {oMsedd gt)tocm(sobﬁyrsqt(@ytﬂwmgg(ﬂﬁ(xﬁtgsH), ¥045 gmljt Tz
reaction r m nutes, poured into

wat er, extr eé %W?ﬁ] 4&2‘“ (ﬁ)osglaﬁr iﬁghase was dried (MgSO err]) and
concent r at edPCnNMR r@MSCDGM265,u63.01,THE3.A83ul 1@t 116.360il18.Wds 12936, 132.19,
di ssol ved 'V“&a?%/% rgﬁ?@@%:f;@ 1359RCER1 3] EfleuntieTes, aduged 193 645U € and

30 treated R dle tere i ve t a salt (22,6 g,
089 | Examph Bt e NOUR, €. To50s Shi St o4 137 Foa, €70 ' (B0
5-cyano-30[l¢0¢-fluoro phenyl ) - met hanoyl | - benzyl ester. Met hod 5A. To a

stirred solution of the HO salt of the al kene 2, 2-di nethyl - propi onic acid
35 5-cyano- 2-[4-di met hyl am no-1| - (4-fl uoro-phenyl)-but-I-enyl]- benzyl ester
(165 g, : 0. 33%2-Dimethyl-prapioni§ ecid Pevyanord1-(fluorospheawé-methapayliibensy! eser.
Nal\/htq er r][ 'Meﬂ%{ﬂ 58] ©ZAOH Gv%vai BubbléiDhroudh a A.:stmeﬁ%ii!tx@n ot AlRede 2, M Qimethyl-
reaction tenperature was_naintajn ween

addi ti on- wasPTeRiRpIceasid ey 4“8'6?6 %ﬁ’eﬂiyiﬁ"?}f‘% lvé‘£W$‘86\%{¥8le‘a WYE]PEEFWO rfister

t enper at yse @8® g, 0.093 moly\éh ¥)01AGEE mL) and concentrated HCl (70 ml), with the reaction
PCT/ DK99/ 0051_8

filtered  TrONgREd by HBLG.  Durigg the paction.  vhite presipiae formeg, and. o) g ond of the
the sol i-d r oeadiion the Whitgsolid was dltered, awpsheshwith 200w and)drie puker ¢ pressure

evapor ati on @) e Pretedieeritekabic ¥ filte comph@id @215 & 76y f1ltrat i on
through a silica plug (eluent hexane: ethyl acet ate 8:2) to give the

title ketone as a pure conmpound 82 g, (75%. MP = 81 [err] C. 5 J[err]HNW
( DVSO- D6)20 (02, 8-RimetiyHpropioric ¢cid 520lano-2-[BR4-uara-phengl)iethanoshi-bengzyl gster. 7 Hz
%EDI\/BCI Dg 7221\/1@{19“125&3 TS & enbiok) the.8 aiikfgs. 2, il'&meth 1-pRbidnfc IR 5-cyano-2-[4—
132. 58, 155, ‘B@eﬁ‘i’@q}s 1 és‘b‘%‘lrphwg 91 H%’f’mi %éﬂ 7(1@ g’_ﬁ@%‘fm@ in
193.94 . .. Awater (258 mb) dndretliyi rac¢tatg, (100 nﬂDwaH,ad&edBHaIOz,l (39 .21 ®.14rmote) and€ RuCl,,
70. 49 H 5 1%3 %I | (l)J %? é ‘ﬁ] ensm% @%Qﬁﬂ%ﬁ W%OIBIFSO Bqul%u%Cétdamblﬁntéem%er ature.

5-cyano- 2- [ hano est er
Ozone i n. %) eFig r%agmsu%p%mhwaﬁgﬁltes@ds@mgéda msnof Sihegs Theeorgame phase was
2, 2-di net hyl aratedﬂdhﬂ Rrashied"whk iwhter (50 ml). Evaporation of the solvent in vacuo gave the title

s oanc- 2 bl AL 0nio bR i dy o |- bennitecter

w th the.reacti.on foIIovved by HPLC. During the reaction, a white
pr eci pltate Eﬁlﬂpﬂﬁ and at the end of the

30 2,2-Dimethyl-propionic acid 5—cyano-2—[]—(4—ﬂuoro—phenyl)-methanoyl]—benzyl ester.
A solution of 4-fluorophenylmagnesium bromide, prepared from 4-fluorobromobenzene
(19.2 g, 0.11 mol) and magnesium turnings (3.2 g, 0.13 mol) in dry THF (100 mL), was
R ' added dropwise to a suspension of 5-cyanophthalid (15.9 g, 0.1 mol) in dry THF (150
... mL). The temperature was kept below 5 °C. After the addition was complete, the reaction

_' 35 _I_nixmrg was stirred overnight at room temperature.

o ,Pivaloylch'loride (13.3 g, 0.11 mol) was added to the reaction mixture and the temperature
* was raised to 60 °C for 2 hours. The resulting solution was added to a saturated solution of
NH,CI (100 mL, aq) and ice (50g). Diethylether (100mL) was added and the phases were




reaction the white solid was filtered, washed with water and dri ed under
reduced pressop®i2044 to give the protected title ketone as a FGTOKWMAIFRINd
(22.5 g, 72%. 20 2, 2-Dinet hyl -propionic acid

5-cyano-2-[1-(4-fl uoro- phenyl) met hanoyl]-l%enzyl ester. Met hod 5C. To a
suspensi on the al kene 2, 2-di met hyl - propi oni"c acid 5-cyano- 2- [4-

~di met hyl am no- 1- (4-fl uor o- phenyl)-but-]|-enyl]-benz ster r].(11.
0,022 nol e) separated. Tha argapisphasg )Vaaﬁﬂs}éftdh?’ﬁh&bthéﬂ%qq )mhgén%dﬂ’&! (180

Nal Qerr] ( %Q..)ganthéé dg‘ﬂﬁ{o?ﬁha@él svaRdeiedl it MgSO, (20g)r Evapdrticibofthe sﬁhents gave
suspensi on was 3, H'%‘g f'(l)'pe

resul ting sﬁ‘s‘ﬁg ﬁ mo‘?ﬁ ?%’S % {%&% &g&[ %B%E%mén#eehﬁﬁps?‘nﬁé o]

phase was ﬁxrtwp'amad and washed with water (50 m). Evaporation of the

p—
r-»

sol vent ia vachee aaudle e oblaide® by critmBeiidd ﬁ%nﬁfEtQ'Ac/ ﬁnsraaﬁ)alfue%de
on standi ng anple 6 30 et hyl - propi oni ¢
acid 5- cyan(9°§‘PP':‘Lnd(l§ @F&%ﬂcﬁsmﬁwws Ci¥s®Kanoyl ] - benzyl est er. A sol ution

of 4-fl uorophenyl magnesi um brom de, prepared from 4-fl uor obronobenzene
(19.2 g, O. Jﬂxggh 7and nmagnesiumturnings (3.2 g, 0.13 nol) in dry THF (100
m), was ed dropW| se tQ a suspensjon_of anopht hal i de§*15 9 %l? 0.1
nmol ) in dry fFEDmetylamipppropyle! {%@M@Fﬂ)ﬂa?sd%ﬁ%lo"%eﬁw furan FeréoniRileer

t he addi ¢ orzznwaﬁog@lmzlsake the reaction 35 m xture was stirred overnight at

I d dded
Feacti on m s olien, e SkdipeRn Frestonic R stypRed 1 Jhslror Eppeeipegioyl®
hours. The rbenzyitester (2805 gi 0684 waol) Hmmgtdtous THR(1S0ank)ats®d P Gtwasadded a solution
[err] (100 rge 3 @g)N- Gﬂ%&%@@%ﬁpﬂ%@é&\é it Ritforidk 48 kqieslemE G 3R riddfon

phases were
PCTI DK99/ oofeHowed by HPLC. After 1 hour at 0 °C, saturated ammonium chloride;was added, and

separ at eds The mixgad i waspbasetedasvithasthell avetits, @rikd NNSH}) (&2hdl @Ondehiraed dunder

water (100 I, t ] )
e 00 g bl 105 8T IR o i 24D ORI 1 é*%feﬁg%w
as an-oil mxehtweakme@qubums&mlpyfq@m@cm further reaction. A
pure sanpl e I s obtained by crystallisation from EtOAc/n-Heptane (1:9). The
title Oulﬂdls obtai ned as off white crystals. Exanpl e 7

1-(3- D|rreth propyl) 1- (4-f 1 uor o- phenyl ) - 1, 3- di hydr o- | sobenzof ur an- 5-
car boni t 20 | ef-{ h(¥-Bledrd-phenplanathanogti3- hydroxyniethykbegioultiilen of :

2,.2-di hy I

benzy: rrg;tgr %@Q{g&ntgo%gwﬁgl ;‘ éﬁ%%%aﬁ %ﬁ{f@f’?@&%#&ﬁ i er# 33@’5

added a sol 58t€5420 g, &GI@MW&MWW SFRLY Prenaswsl an!aathe@riaﬁ%warq gdno
equi val ent s)Methgaindl he00 efs)i and - surrécDIitowe@inbye rhfdrfturdf (HPLQ  hadidatedl! ddmplete

[err]C, sat Le
extracted ﬁ’ﬁ*@%@met g?lxegﬁ'ang "g% %2 @ﬁgﬁ #2%%38a§p e%;sw dgig?lﬁved n
reduced pf eSMUBE, maskgdywith tseturated SMIORDBY (G oasleamddiried Me0,) gand pencentyatel %
HPLC)) . The under reduced pressure to give the deprotected ketone of the title compound (14.6 g).

~ Example9

4-[4—Dimethylamina-]-(4-ﬂuoro-phenyl)—1—hydro@-butyl]—3—hydroxymethyl-benzonitrile
30 To a solution of the ketone 4-[1-(4-ﬂuoro-pheny1)—methanoyl]-3-hydroxymethyl-benzonitrile
(15;(_) g, 0.046 mol) in anhydrous THF at 0 °C was added a solution of 3-(N,N-
dimethylamino)propyl magnesium chloride (2.2 equivalents) and the reaction followed by
H?LC.‘ After 1 hour at 0 °C, saturated ammonium chloride was added, and the mixture
. was extracted with MTBE, dried (MgSO,) and concentrated under reduced pressure to give

" 35 the title compound as an oil. (16.7 g (purity 85%)).



oxal ate salt is obtained by crystallisation from acetone. Exanpl e 8 20
4-[ 1- (4- Fl uowo-goheesg! ) - met hanoyl ] - 3- hydr oxymet hyl - benzoni t ri | @CT/DKSp{18581
ket one 2, 2-di net hyl - propionic acid
5-cyano-2-[1-(4-f|uoro-phenyl)-nethanoyl]-%enzyl ester (20 g, 0.061
nol) was added to freshly prepared Na neth xide (SodiumO0.25 g, in

Met hanol 100 -nmL) and stirred at roon1t§ﬂ£§iﬁﬁ$rea (HPLC i ndi cated conpl ete
deprotection). The nethanol was then r nder reduced pressure,

di ssolved in 25 MIBE, washed with saturated anmoni um chl oride and dried
(MySA err] )1, anchetijacnibePr@dration o Eitiddpri dumPeisinp ecuRtioof Dc@npiint D€
depr ot ect ed_ket of the title conpound (14.6 Q). Exanpl e. 9 :
4-[ 4- Di met h¥ W@Wﬁﬁgvl (4-f1 uor o- phenyl ) -1 - hydr oxy- but yl ] - 3- hydr oxynet hyl - ben
zonitrile 30 To a solution of the ket o®N

4-[1-(4-fluoro-phenyl)-net hanoyl ] - 3- hydrioxynet hyl - benzonitrile (15.0 g,
0.046 nol) in anhydrous THF at O [err] s ad®ed a solution of 3-(N N

di met hyl am no) propyl nagnesi um chl ori dE ui val ents) and the reaction
fol | owed by HPLC. After 1 hour at sat urat ed anmoni um chl ori de
was added, and the m xture was extr cted with MIBE, dried (MgS(err])
and concentrated under reduced pres
an oil. (16.7 g (purity 85%).
PCTI / DK99/ 00581 14

CLAIMS - 1. A method for the prusara ion of Emﬂmhéﬁran1conpr|5|ng reaction
of a conpound of. - Fornmula IV [err]

Formula IV @hereuhB ieCpy, dikylsacg], & ¢ plkplsuljonyl argrylsutforyd, with 3N N-dimethylaming)-
aryl sul f Onygro ﬁ sﬁlhll b\klﬁ'l'e Rrbfdyabm- (N’,N‘ d1maﬁ[ﬂﬂ¥ino?ﬂ3&f§@ Pagfitdidh 'cﬂli)nde to
clta op

WD 00112044

preferably I met hyl anlno)propy magnesi'um chl oride to afford
ci t al opr am.affo

Formulal .

which is isolated as the base or a pharmaceutically acceptable salt thereof.

2. Thé method o.f.Cla_im l_dharacteﬁsed in that the intermediate of Formula IV is prepared
by oxidation of the corresponding compound of Formula V:
15

wherein R is as defined in Claim 1.

L]



[err] Formula | 10
whi ch’is i swWaowekoss the base or a pharnaceutical |y accept abl ECTRKIHP e of
2. The nethod of Claim1l characterised in that the internediate of Formula

IV is prepared by oxidation of the corr%spondl ng conpound of Formula V:
15 i [err]

Formula V wherein Ris as defined in Caiml. WO 00/ 12044
PCT/ DK99/ 00581 15 3. The

met hod of Cjai 'Imm?mefh%ﬂaifmmhszcthhnacﬂeﬁﬁd ih hieat ¢herpampalindfof Formula & 1 prepared by

repared b ot ec I
F4- (F:)yano- ZyHEPa? ﬁen?’(‘%’%’gﬁnemgfuor ophgﬁy@)%{&ﬁ gﬁioacym%hy%egy%{-
5 Jerr] ﬂuorophenyl)methanol of Formula VI:

"5

Formula VI

- 4, The method of Claim 1 characterised in that the intermediate of Formula IV is prepared
by oxidative cleavage of the corresponding compound of Formula VII:
10

NS
F ! Formula VII
wherein R is as defined in Claim 1.

15 5. The method of Claim 4 c}fé.ré&édsed in that the oxidative cleavage of the compound of
Formula VII is effected by oxidation preferably performed by MnO, (permanganates), or
ozone, RuCl,, OsO,.

6. The method of any of the Cl_éims 4 - 5 characterised in that the intermediate alkene of

20 Formula VII is prepared by protection and dehydration of the corresponding compound of
Formula III:

UL



Formul a VI 4. The nmethod of Claim1l characterised in that the .
I nt er medi at evofoo/2z044ul a |V i s prepared by oxi dative cl eava®ETAKI0Q581

correspondi ng conpound of Formula VII: 10

[err] _ 16 Formul a VI wherein Ris
as defined in daiml 15/ 5. The nethod of Claim4 characterised in that
t he oxi dative cl eavage of the conpound . of Formula VIl is effected by
oxi dation preferably performed by MO e (permanganates), or ozone,
RuCl[err], Gsderr]. 6. The net hoglof any of the Clainms 4 - 5

ene of 20 Fornula VII is
he g@rrespondi ng conpound of

characterised in that the internedi at
prepared by protection and dehydratio
Formula II1: WO 00112044
PCT/ DK99/ 00581

B

HO

F Formula II

wherein the compound of Formula III is the R-enantiomer.

7. The method of Claim 1 characterised in that the intermediate of Formula IV is prepared
5 by the reaction of 5-cyanophthalide with 4-fluorophenylmagnesiumhalide, preferably 4-

fluorophenylmagnesiumbromide followed by the reaction with R-X to prepare the ketone

compound of Formula IV, wherein R is as defined in Claim 1 and X is a leaving group,

-. preferably R-X is pivaloylchloride, - 3,5-dimethoxybenzoylchloride, methyliodide,

ethylbromide, tosylchloride, Me,SO, or MeSO,Cl. ' '
10 '

8. The method for the preparation of the racemic compound of Formula III comprising the

steps of

a) deprotecting a compound of Formula IV
CN

‘15 -l -
wherein R is as defined in Claim 1

| b) reacting the resuniting compound of Formula VIII

L



Formula 111 wherein the conpound of Forrmula Il is the R-enantioner.

7. The met hOWOoR1294i m 1 characterised in that the intermedi aPETBKIFSHLI a
IVis prepared 5 by the reaction of 5-cyanophthalide with

4-f | uor ophenyl magnesi unhal i de, preferably

f 1 uor ophenyl magnesi unbrom de foll owed by the reaction with R-X to prepare

t he ketone conpound of Forrmula IV, erein Ris as defined in Caiml
and X is a | eaving group, preferably J X is pival oyl chl oride,

3, 5-di met hoxybenzoyl chl ori de, nethyli od et hyl brom de, tosyl chloride,
[err] or MeSOerr]d. 10 8. The met or the preparation of the
racem c conpound of Fornula Il conpriQipgtheOH steps of a)
deprotecting a conmpound of Formula IV

Formula 1V wherein Ris as defineggdn Caiml b) reacting the
resul ting conpound of Formula VIII OWD 00/ 12044
PCT/ DK99/ 00581 17

CN [err] For ny %I W th
3- (N, N-di met hyl am no) propyl magndsi um hallde pre erably 3-(NN-di et hyl -

am no) pr opy! - maghes! (R ahehy HiniddpRbF ARkl fAEE BrerRP LR AlmbRHM ! 2

amino)propy! magnesium chloride to prepare the racemic compound of Formula IIT

CN
O OH
HO N\
Formula IIT

9. The method of any of the Claims 1 — 8 wherein R is acyl, preferably vaaloyI acetyl or
optionally substituted benzoyl.

10 10. A compound of Formula IV:

7 Formula IV
wherem Risis C, a]kyl acyl, C,_s alkylsulfony! or arylsulfonyl, preferably pivaloyl, acetyl
or optlonally subsntuted benzoyl '

15 11.-An antidep\mssant phatmaceutical composition comprising citalopram manufactured by
the process of any of the Claims 1 —9.

12. Use of an intermediate of Claim 10 for the preparation of citalopram or S-citalopram.

- DT



[er%a
any of the a al)@';[l - 8 wheweRun NRELIECEUA
optionally substitu

o %
Formula |11 9. Thefisea
IPI;.OP PERTYfOBOANEATIQN val oy | , NS
ted benzoyl. |0 P§gtond (':’ ound of Forrmula IV [err]
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