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WO 2004/ 056791 PCT/ DK2003/ 000902 Escit al opram
hydr obrom de and a nethod for the preparation thereof
woher4psement i nvention relates to escital oprampPCTpiK2M03/000902
is the S-enantioner of the well- known anti depressant
drug citalopram i.e. (S)-1-[3-(dinethylam no)propyl]-
5
Escigalopram hygrhadnpgmidd agd dinhsttiod {&- the pyepmation ahazoboni t
rile, inthe formof its hydrobrom de as well as a
met hod for the preparation thereof. Background of the

Thé‘ ﬁ?é%éﬂtQHveH@ioﬁ) rEialedRb %E@lfaﬁ)lpgaé'}fﬁ\‘%ﬂi&ﬁ o Sa%dn?igﬁfef %f ﬁ{ét well-

drig that has now been on or sone
kam\dn hasatiddpeessait| odlmgg cithlopednyr ee. N@pl@ﬁduﬂﬂthﬁhﬁmbbﬁropyl]

eIe centrally acting serotonin
1((4 fiwa?rgs@w ﬂf& -§9hﬂr)z fuseprerheaitiijenhii they  form  of its
i es.
PRI 0gY WE@“‘? GO TR
correspondlng to US 4, 136, 193. The diol,
4- (di met hyl am no)-l (4" -fluorophenyl ) 1- hydroxy-1I-b

liasggqonad(qﬁmwntlza met hyl ) -benzonitrile, and its use

as an internediate in the preparation of cital opram

has been disclosed in e.g. US patent No 4, 650, 884. WO
CAARA P &7 D %eﬁ@oméﬂ@%%mg ti eha§n8ﬂ‘3ﬁgeh O&he market for
(escital opram) of the f'ornmul

some years and has the following structure

@

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake
inhibitor, accordingly having antidepressant activities. Citalopram was first disclosed

in DE 2,657,013, corresponding to US 4,136,193.

The diol, 4-[4~(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxy-1-butyl]-3-(hydroxy
methyl)-benzonitrile, and its use as an intermediate in the preparation of citalopram

has been disclosed in e.g. US patent No 4,650,884,
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NC O F (Il) 5 and the antidepressant effect of said
enantionmer is disclosed in US Patent No 4,943,590. EP

woat@seappl i cati on No. 1.200.081 describes theCcua20d3/000902
escitalopramfor the treatnent of neurotic disorders
and WO 02/ 087566 descri bes g$he use of escital opram
for treating depressive patients who have failed to

The Ssengpdomer ei‘@“ﬁlm%h@ﬁfbﬁﬁ?mlggﬂ s and for treating a
nunber of other disorders. Methods for the preparation
of escitalopramare disclosed in US Patent No

N& and a nunber of other patent applications.
1 pplication al so describes the free base of
esg Ras an dil, the oxalic acid salt, the

pand ' m?pdxggﬁhL<f+)-tartaric acid addition salt
of escital ppram e to the toxicity of panoic acid
[ s they are not suitable in

al s. Escital opram has now been devel oped
as an anidjdepressant and a need for alternative 20
salts of epcital opramhas energed. In the search for
salts suit@able for a pharmaceutical conposition nore
than 30 organic and inorganic acids were investigated
in different solvent systens andlunder different

condi tions. These acids gave either oils or anorphous
solids having noderate to high 25 hygroscopic

an«? gcﬁgrg%tﬁifi?%fr%ss%%% Eegfg%t:] ég )r(sgfla.c 81’132{1‘1%08’1%}( Sig aAilscggs%gslg t PARLE No

yI'i ¢0r'gant ¢” acl n ese

4,901 539, EP[/;!HE&‘L da¥io® NS 1.200:082MsdrIble fasihse oescitalopram for
2004/ 056791 PCT/ DK2003/ 000902

the treatment of neurotic disorders and WO 02/087566 describes the use of

escitalopram for treating depressive patients who have failed to respond to

conventional SSRIs and for treating a number of other disorders.

Methods for the preparation of escitalopram are disclosed in US Patent No 4,943,590

and a number of other patent applications.

This application also describes the free base of escitalopram as an oil, the oxalic acid
salt, the pamoic acid and the L-(+)-tartaric acid addition salt of escitalopram. Due to

the toxicity of pamoic acid addition salts they are not suitable in pharmaceuticals.

Escitalopram has now been developed as an antidepressant and a need for alternative

salts of escitalopram has emerged.

In the search for salts suitable for a pharmaceutical composition more than 30 organic
and inorganic acids were investigated in different solvent systems and under different
conditions. These acids gave either oils or amorphous solids having moderate to high
hygroscopic properties. No non-hydroscopic crystalline solids were formed from

monocarboxylic organic acids and these acids formed mostly oils. Di- and triphasic
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3 organic acids gave anorphous solids. Interestingly,
the salt formed with L-tartaric acid was an anorphous

weabihsePhus, very few crystalline, stable, PCT/DK2003/000902
non- hygroscopi c salts of escital opramare known. 5
Formation of crystalline sadts with hydrochloric acid
and hydrobrom c acids have until now been

or&aﬂ@u%%@% 836! amcprph%sofhdw Jatstestingliid therealt formed sithi hdartaric

i.tal bronlde may be formed 10 using
amgi@%gﬁs §@¢6% ‘de under anhydrous conditions.

Summary of the invention The present invention relates
to escitalopram (S-citalopram) in the formof its 15
Thus gepbicvrdrgsaliiag, stabley nan-bugrosaplasalie ob estitaloptant fre known.

invention relates to escital opram hydrobrom de in
solid form such as anorphous or crystalline forms. 20

FornfatRn B¢ gd@ﬁﬁﬁé Sk ith W Eitacid\d \ﬁﬁ?{rblﬁf& dcfdsHa ?_ until

to escital opram hydro in crys ne form

now reemtnmacaakfb rel ates to a pharnmaceutical conposition
contai ning escital opram hydrobrom de and one or nore
pharmaceutically acceptable carriers or diluents. 25

¢ AP o RCRSTELI LBl 504018 59 81 e

us1h@§a§&ﬁslﬁ)&ﬁbbkbﬁndﬁ urﬂiepﬁlﬁfyﬂﬁﬁ.@lébh&—iﬁbnsﬁo”pos' t ion for
the treatnent of depression including treatnment of

patlents whi ch have failed to respond to initia
w th,.conventional SSRI's, neurotic disorders

subdpfy She MR v

The present invention relates to escitalopram (S-citalopram) in the form of its

hydrobromide salt.

In a particular embodiment the invention relates to escitalopram hydrobromide in

solid form, such as amorphous or crystalline forms.

In a more particular embodiment the invention relates to escitalopram hydrobromide

in crystalline form.

The invention also relates to a pharmaceutical composition containing escitalopram

hydrobromide and one or more pharmaceutically acceptable carriers or diluents.

Finally the present invention relates to the use of escitalopram hydrobromide
according to claims 1-2 for the manufacture of a pharmaceutical composition for the
treatment of depression including treatment of patients which have failed to respond
to initial treatment with conventional SSRIs, neurotic disorders (such as generalized
anxiety disorder, social anxiety disorder, obsessive compulsive disorder, post
traumatic stress disorder and panic attacks including panic disorder, social phobia,

specific phobias and angoraphobia), acute stress disorder, eating disorders such as
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30 anxi ety disorder, social anxiety disorder,
obsessi ve conpul sive di sorder, post traumatic stress
wdizemroderiand pani ¢ attacks including panic di BOTa&?2003/000902
soci al phobia, specific phobias and angoraphobi a),
acute stress disorder, eatiag disorders such as WO
004/ 056791 PCT/ DK2003/ 000902 4 bulim a, anqrexia and,

bubpis; eRoreyds eRY nPRespy SEBHNEER. u RS- BRI heSYIEEs t Fogutive
SR e ORISR0 Bl BRI BBt e a

abiet ai | ed description of the invention It has been
found that salt fornmation is very sensitive to the
presence of water and salt formation should therefore

carried .out .under anhydrous conditions. Preferably
Dels%%ll‘%‘f‘é?sgpﬁtal?# F]H}es‘“?f%{}qf‘l“\éd out by dissol ving
esci tal opramin an anhydrous solvent, such as 10
acetone or a ketone with a |arger nol ecul e wei ght,

It kasdteem ounst thytl salt Soimatiphkevaneensitpregbdhapiesench ef water and salt
anhydr ous, sol vent. i s ane that, does ,not easi.l iC
oo shivid ThpRroRs SRR gt el ag gt cond iy Trterllly sai

fod@fion AR CLARK d@g?%sgﬁrégg@gggﬂgpm i & ous solvent, such as

escli tal opram hydr obrom nprises 15 preparing an
acetohy or aulsetard with anlapger ahoiesiile andigidy such somethybisobhitylketone.
drogen bronmide in an organic solvent (such as

h
Prefsgbbr disy Pulaidedifotolvasy 16| 1Aty dasmpel ewsdy el dgefyater. The
il de. a%?ds gﬂﬁ&gytﬁdc{eg%sg_rgggni c solvent. A suitable

a |quo{ of Thrs solu

ron i"s"then added to a solution
of escital opram base in an organic solvent. 20 A third
met hod for nmaking crystalline escital opram

Anplaro isresiadd for omplking eeryalgHing g escatalogtpme ohiwdralroptide reapgprises
hydrobrom.c.acid.to escitalopramfree base.tq formthe .
preflying an P byIrB iR om O Ry PR R P uiaegh Bppride in
an"E@ARic KMt {(Buchngs Bbigrbe HABSHHIS by bubbling anhydrous hydrogen
bromide gas through the organic solvent. A suitable aliquot of this solution is then

added to a solution of escitalopram base in an organic solvent.

A third method for making crystalline escitalopram hydrobromide comprises adding
an aqueous solution of hydrobromic acid to escitalopram free base to form the salt,
with the water being removed subsequently by means known to the skilled chemist
(for example drying by azeotropic distillation using for example toluene or iso-propyl
alcohol, or drying using a solid drying agent). The escitalopram free base may be in

solid form, an oil or a solution.
Examples

A) Experiment with HCI gas: A 250 ml round bottom flask was charged with 5.7
g escitalopram free base and 120 m! isopropanol. The mixture was stirred until a
homogenous solution was obtained. The mixture was cooled to 5 °C and HCL gas

was bubbled in for 20 minutes with cooling. The mixture was placed in the
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(for exanple drying by azeotropic distillation using
for exanple toluene or iso-propyl alcohol, or drying
wa0ngserssol i d drying agent). The escital opr amPET®E&2003/000902
base may be in 25 solid form an oil or a solution.
Exanpl es A) Experinent mﬁth HCl gas A 250 m round
ottom fl ask s ch W th 5. cital opram

el QYRS 158 Pl é%%?lzﬂéawaﬁ rorp ; £RG R ¥ then
coﬁéén{rﬁfeq MNdcho q? ha%n?tg%%@%ﬁ% gllyl'lltebﬁﬂe W cﬁggo?&}eﬁeﬁil ac-Eﬁﬁle by

m Xture was coo gas was bubbled in

hefitiig K045 GUtiessoltidn wanh 0y moldresohatiohlin eacv@ne)pl rﬁlnneﬂasmwas
t he WD 2004/ 056791 PCT/ DK2003/.000902 5 refrigerato

scipicdiesitg initiatgonusinaion Fad dhe selutiar beermsgl Ou%he Tﬁa tt:?n was

oo 15 RRRBE 16 A 3R 3y B! g

tranbRfed 8 Uh hABeMBSItlS f& cﬁyﬁi@' (30 °ETHLVIATT) tb1a pm\&ieﬁn@\) sample of
The flask was scratched to initiate nucleation and

this pewdet was expobssictarsir andaw diypickrdaipswitet from thasgir 5 besemean oil.

to 5 C h f Luf fy
APty Herormeds oo antee st i Vi T HigeRns Skt "Kone

of%éébﬁ%lé%@uﬁédﬁha\ééﬁa pkdudt powder . A sanple of this
wder was exposed to air and as it picked up water

fromthe air is becane an oil. Attenpts were nade to
recr stallise he oil using a varle%ﬁy of d|

@meﬂbwg FOr goe 815 TRPETRICRION R T8 PR aasgtg? fyperiment
abB{fg g)&%hEH%Q ) wﬁ(ﬂﬁﬁﬂéﬁﬁo b E&uﬂﬁ[ i85 -propdh 51 No sohd material

exper|l S run exac as t expe above

waxaatd tBko-gaspaneioub vl bbl@énﬂ dhbogd toercstohel(d @)S\ nidglar solution) an
| SO- propano No solid material was forned in

off- gs@utp 150 ﬁ@meﬂutﬂ@rﬁohé Iwasrrollegiedh geasherd withtcokbaqelong. tg give a
crynst%al?me matena .O'ﬂ)le crystalhne escitalopram hydrobromide was found by melting

point, HPLC, and proton NMR to have a good purity. A sample of the material was

exposed to air and it was found to be non-hygroscopic.

0] Experiments with different solvents: These experiments were performed as
follows: To a solution of the escitalopram free base (approx. 20 % w/w) in dry 2-
propanol was added dropwise 0,9-1,0 eq. of HBr (g) dissolved in dry 2-propanol.
Precipitation of a solid normally occurred within 30 minutes. Where the precipitation
was performed in a solvent other than 2-propanol, the resulting mixture was
evaporated under reduced pressure and the appropriate solvent was added, evaporated
again and the appropriate solvent given one more time to the mixture before final

crystallisation.

Below is a table showing results from different solvents:



off-white solid fornmed. The solid was coll ected,
washed with cold acetone to give a 15 crystalline

worb@roseddl The crystalline escital opram hydr obPOmiD&R003/000902
was found by nelting point,

have a good purity. A sanplé of the rraterial was
and. i s .f.oun groscoplc
Preg PR BRcr Reelonfit hdrobREndnfon fertiovmg
71T ment g € perfo a
Sc’i)cgﬂp tion of Yﬁ‘i escita g@?@ﬁﬁﬂ@g bl\éﬂ?iém\g}ﬁﬂ}tok. 20 %
WA—-A—gy—2——Br gBanRol—was—added-dropuwi-se-—0-0- 1, 0 eq.
Toq)lienlgIBr (9) | dissol ved |h991|“%2 prodamqloc Prec pitation
of a solid{ normally octurred withijn 30 mnute1>. Wer e
eci pftattom —wasperforned—m—a sotventq ot her
MTﬁE/]P -propamo} , the resglbblng m Xt upeyas evapor at ed
(2eme®r reduced pressure and the appropriate solvent was
added, evaporated 25 again and the appropriate sol vent
1pd8i ven one %tinetog@gmxture fc@efinal
crystallisation. Belowis a table [showi ng results from
g-Herent—solvents—3p—WO2004/ 056791
MPBE/ DK2003/ 090902 6 Prﬂ,'ﬁ}%tati on 1¥1,e%Ci t al ppram
hydrobrom gde fromdifferent solvents Solvent|Yield
PUTTTY (—HP_L,%) VeI Ting Point _ Tof ugne 81 "% 99, 1 % 131 C
THIBE/ 1 PA  (266:85) 72% 9393% 132 Q 133W°G7% 99, 4% 133
C MIBE 93|4 %992%[[316C
Butanone 30 % 100 % 133-134 °C
n-Butanol 67 % 99,9 % 133-134 °C
iso-Butanol 66 % 99,6 % 133-134 °C
tert-
Butanol/TPA 82 % 99,9 % 133-134 °C
4:1)
2-Butanol 85 % 100 % 133-134 °C
MIBK 75 % 100 % -
2-methyl-THF | 84 % 100 % -
1,4-Dioxane 65 % 100 % -
Ether 91 % 100 % -
EtOAc 88 % 100 % -
MTBE = methyl #-butyl ether; IPA = iso-propanol; MIBK = methyl iso-butyl ketone;

THF = tetrahydrofuran; EtOAc = ethyl acetate.

HPLC, and proton NVR to
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THE 54,5 % 99,95 % 133,9 C Butanone 30% 100% 133-134

C ii-Butanol 67 %99,9 % 133-134 C iso-Butanol 66 %
wO2@/0367083- 134 C tert Butanol/IPA 82 % 99, 9 13208400902

C (4:1) 2-Butanol 85% 100% 133-134 C M BK 75% 100% -

2-methyl -THF 84 % 100 % - 174-Di oxane 65 % 100 %

Et her 91% 100% - Et OAc 88% 100% - MIBE = et hyl

t- butyl et her | PA = i so- propanol ; M BK = et hyl

Otggrgéﬂ A7 setsgi; %sn \%B:t : t tr h@%@@%ﬁyme, were
trild, %ﬁ{%%\gn\(, §a1h§é{ﬁ)lﬁ as acet onitrile, nethanol,

et’han ropyl encarbonate, were tried, but gave
no crystallisation: 5 Another approach i's to di ssol ve
t he base in, 2- nol , ~add. 0, 9

AR OBPEIFE il STt oo o1 Rinagtly il 0.9 L BEHG b Saveons
hytdpoeorm Eloi®YaikARERIR L oRAALEAPRove the water by repeated azeotropic

distillations (e.g. 2-propanol and toluene). This procedure seems to give somewhat

lower yields.



distillations (e.g. 2-propanol and toluene). This
procedure seens to give sonmewhat |ower yields. 10 WO
waQwds8791 PCT/ DK2003/ 000902 8 dains 1. PCT/DK2003/000902
Escital opram (S-citaloprain) in the formof its
hydrobrom de. 5 2. Escital gpramm according to claim1l
(én SO|Id form 3. Escital opram hydrobrom de accordi ng
0™l aim2 in crystalline form 4. A pharnaceutica
conposition containing escital opram hydrobromni de
according 10 to any of clainms 1-3 and
1pHcitdopuati (atitajoppampht thb Fancaritd IRsobodiddi | uents. 5.
The use of escital opram hydrobrom de according to any
of clainms 1-3 for the manufacture of a pharmaceutica
c tnent. .af depressi oni ncl udi ng
> Zt;EGESft?%g et chlrtu{%%tCtlarl lélhsohgg%mT'ai led to respond to
initial 15 treatnent with conventional SSRI's, neurotic
dlsorders (such as generalized anxiety disorder,
3.s &sriialopran I@tdyolup@&%cp@cordmgse skimé ioenytdlEne/frm.
di sorder, post traumatic stress disorder and panic
attacks including pani ¢ di sorder, social phobia,

4.8 pe phirnfacBitetal EmPHGHSEGS tﬁﬂﬂ%&s@halogﬁlﬁ{ fiy&bbfoRtide ac cording

di sorder, eating dlsorder a anor exi
10 aIﬁUalub@fsqlalms ldy shédpmarmacqutiealiseastpidible can ey MaRiiluents.

cognhitive 20 disorders, inpulse control disorders,

attention deficit hyperactivity disorder and drug

5.aB%8 Qise of escitalopram hydrobromide according to any of claims 1-3 for the
manufacture of a pharmaceutical composition for the treatment of
depressionincluding treatment of patients which have failed to respond to initial

15 treatment with conventional SSRIs, neurotic disorders (such as generalized
anxiety disorder, social anxiety disorder, obsessive compulsive disorder, post
traumatic stress disorder and panic attacks including panic disorder, social phobia,

specific phobias and angoraphobia), acute stress disorder, eating disorders such as
bulimia, anorexia and obesity, dysthymia, pre-menstrual syndrome, cognitive

20 disorders, impulse control disorders, attention deficit hyperactivity disorder and

drug abuse.



