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Duloxetine, and the preparation thereof, is described in US patents 5023269 and 4956388,
and also Tetrahedron Letters, 31, (49), 7101-04, 1990. Seven different routes of synthesis
have also been reported in Drugs of the Future 2000, 25(9) 907-916. These syntheses have
involved either a resolution of a key intermediate or a stereospecific reduction of a keto group

to the alcohol.

We have now observed that a particular chiral intermediate employed in the synthesis of

(H)duloxetine, namely

-
N

Z

H

undergoes considerable racemisation during coupling with a 1-naphthyl halide under the
reaction conditions employed in the prior art. In particular, in the presence of a strong base,
such as sodium hydride, and a protic polar solvent, such as DMSO, the dimesyl anion can be

generated which can cause partial or complete racemisation of the condensed product.



generated whi ch can cause partial or conplete
racem sation of the condensed product. WO 2004/ 056795
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The resolution step (i) is achieved with a suitable chiral acid in a suitable solvent. The chiral
acid can typically be selected from the group consisting of mandelic acid, tartaric acid, di-p-
toluyl tartaric acid, dibenzoyl tartaric acid, camphor sulfonic acid and the like. Other suitable
chiral acids may be determined by testing and the use thereof in a process as described above
falls within the scope of the present invention. Preferably the chiral acid employed in a
process according to the present invention is (-)di-p-toluyl tartaric acid. Suitably, the solvent
employed is a lower alkanol, such as methanol or ethanol, although again other suitable
solvents can be determined by testing and the use thereof in a process as described above falls

within the scope of the present invention. A preferred solvent is methanol.

The salts of (+)duloxetine prepared by resolution step (i) represent a further aspect of the
present invention and there is further provided by the present invention, therefore, a salt of a

chiral acid and (+)duloxetine, substantially free of (-)duloxetine. Such salts of a chiral acid
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of the chiral acid and (+)dul oxetine can be treated

., Mth a base, such as sodium hydroxide, to yield the
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the art. ncAcidie cothomealyf emplegtediitd Horm such salts include inorganic acids such as
hydrochloric, hydrobromic, hydroiodic, sulfuric and phosphoric acid, as well as organic acids
such as para-toluenesulfonic, methanesulfonic, oxalic, para-bromophenylsulfonic, carbonic,
succinic, citric, benzoic and acetic acid, and related inorganic and organic acids. Such
pharmaceutically acceptable salts thus include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, caprate, heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate,
fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate,
methylbenzoate,  dinitrobenzoate,  hydroxybenzoate, methoxybenzoate,  phthalate,
terephathalate, sulfonate, xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate,
citrate, lactate, I-hydroxybutyrate, glycollate, maleate, tartrate, methanesulfonate,
propanesulfonates, naphthalene-1-sulfonate, naphthalene-2-sulfonate, mandelate and the like

salts. Preferred pharmaceutically acceptable acid addition salts include those formed with

mineral acids such as hydrochloric acid and hydrobromic acid, and those formed with organic
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The proportion of (+)duloxetine achieved by a process according to the present invention can
be increased by effecting one or more, for example two or three, recrystallisations in step (i).
To this end, a crystalline salt obtained as a result of resolution may be dissolved in a solvent
therefor and the salt recrystallised from the resulting solution. In this way the proportion of a
salt with (+)duloxetine can thus be increased until it is substantially pure, that is substantially

only a salt with (+)duloxetine is present.

The mother liquor from resolution step (i), or the mother liquor from the or each
recrystallisation step, is enriched with (-)duloxetine. (-)Duloxetine present in one or more of
these liquors, or the pooled liquors, may be converted into (+)duloxetine for reuse in a

process according to the present invention substantially as hereinbefore described.

A further preferred aspect of a process according to the present invention comprises:
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Substantially as hereinbefore described an aim of a process according to the present invention
is to obviate racemisation associated with prior art processes so as to yield an
enantiomerically pure form of (+)duloxetine. According to the present invention this can be
achieved by the resolution of (+)duloxetine as a final process step in the preparation of
(t)duloxetine substantially as hereinbefore described, and according to a preferred aspect of
the present invention the prior art techniques for the preparation of duloxetine can also be
further modified by use of the following reaction conditions in an O-alkylation step employed
in the synthesis of duloxetine. More particularly, an intermediate process step employed in a
process according to the present invention comprises reacting intermediate compounds of
formulae (I) and (II) so as to yield a compound of formula (III), or an acid addition salt
thereof:
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her ei nbef ore describ and according to a preferred
aspect of the presest i ntion the prior art

techni ques for the pre ation of dul oxetine can al so
be further nodified byjuse of the foll ow ng reaction
conditions in an O al kylation step enployed in the
synt hesi s of dul oxeti articularly, an

according to the pre i nvention conprises reacting
of fornmulae (1) and (Il) so as
to yield a ormula (I11), or an acid

additi on sa

()

in the presence of a base and a phase transfer catalyst, where one of X and Y is hydroxy and
the other is a leaving group. The use of such reaction conditions according to the present
invention is advantageous in avoiding the use of stronger bases, such as sodium hydride,
employed according to prior art preparatory techniques (such stronger bases being a fire
hazard and also expensive), with the use of phase transfer catalysts facilitating the above

reaction step to be carried out under milder conditions.

The use of the above reaction conditions can also offer advantages when chiral intermediates
are employed in the synthesis of (+)duloxetine, by avoiding the considerable racemisation of

the chiral intermediate (S)-2-(1-N,N-dimethyl-3-hydroxy)propyl amino)-thiophene seen
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A suitable leaving group as represented by X or Y can be p-toluenesulfonyl,
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methanesulfonyl, triphenylphosphine oxide, halo and the like, with halo being preferred.

Preferably X is hydroxy and Y is a leaving group such as halo, typically fluoro.

An intermediate of formula (III), or an acid addition salt thereof, is typically converted to
(&)duloxetine by demethylating, typically in the presence of a reagent such a phenyl
chloroformate or trichloroethyl chloroformate or the like to provide the corresponding
intermediate, which is then hydrolysed to provide (&)duloxetine, or an acid addition salt
thereof. An intermediate of formula (IIla), or an acid addition salt thereof, is similarly
typically converted to (+)duloxetine, or an acid addition salt thereof, by demethylating,
typically in the presence of a reagent such a phenyl chloroformate or trichloroethyl
chloroformate or the like to provide the corresponding intermediate, which is then hydrolysed

to provide (+)duloxetine, or an acid addition salt thereof.

A further preferred process according to the present invention comprises reacting
intermediate compounds of formulae (I) and (II) to yield an intermediate compound of
formula (III), or an acid addition salt thereof, demethylating a compound of formula (III), or
an acid addition salt, so as to yield (x)duloxetine and converting (+)duloxetine to
(H)duloxetine, or an acid addition salt thereof, employing a process according to the present
invention substantially as hereinbefore described. A still further preferred process according
to the present invention comprises reacting intermediate compounds of formulae (Ia) and (II)

to yield an intermediate compound of formula (IIla), or an acid addition salt thereof,
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The present invention further provides (+)duloxetine, or an acid addition salt thereof,
obtained by a process substantially as hereinbefore described. Such (+)duloxetine, or an acid
addition salt thereof, according to the present invention can suitably be formulated to provide
a pharmaceutical composition according to the present invention, and there is further
provided by the present invention a pharmaceutical composition comprising (+)duloxetine, or

an acid addition salt thereof, obtained by a process substantially as hereinbefore described.

The present invention will now be illustrated by the following Examples, which do not limit

the scope of the invention in any way.

Example 1
N.N-dimethvyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine oxalate




to the present invention conprises reacting
i ntermedi ate conpounds of fornmulae (la) and (Il) to
wQ e@kgsens | nt er medi at e conpound of fornula (11 PeE)/GBRI03/005357
an acid addition salt thereof, W 2004/ 056795
PCT/ GB2003/ 005357 9 denethylatlng a conmpound of
formula (lIl1la), or an acid!&ddition salt, so as to
yield (+)dul oxetine, or an acid addi tion salt
thereof. A particularly preferred process according to
the present invention conprises reacting internedi ate
2- (1—Nd@nhndhglb3-&xpdﬂo®y)m¢mé afiipo)athtbphéne) (hakvkenes) W&Ssdisspmedﬂy. DMSO

ic acid to eId

(r0my Rty REde ) B Sl e teEEOG AT OP By PSS Wi added
0.1 gn{sg.r e re(gﬁll?%) Rpak W Et'ﬁ?ed 5‘lt @E@%Iai %oﬁpﬁﬁ@%%&f) naphthalene

so as to yield ()dul oxetine and
(11.7gashweas hdded s(o@lglwlvem%home tAdtef H)echehdiontwasecoembéteyit wgs guenched
process accordi ng ent. inve

NG e I RN ST M

vacum?mt "l(“ﬁe fe3HBE ‘v@z!slcﬂssﬁfv%ﬁ 8h rl@dm'l IB@e’chy! 88Qhtd tah@dxbBe %bil (Ggms) was
| oxeti ne conpri ses resol vi ngér acem c

added,( T)ld tdaoti@t inpgungiveas sirrpd iforp- lzan ayd filteed 415.22ra% 176 Ysyeldd
to obtain (+)dul oxetine di-p-toluyl tartrate,
substantially free of (-)duloxetine; and (ii)
amglenverting (+)dul oxetine di-p-toluyl tartrate prepared
In step (|) to (+)du|gxet|ne hydrochlorlde1 The

proeesées ofitheipresentnlnventlon can be prepared by
standard procedures known in the art. The present
N,N—dirﬁétﬁyllt?-annzfphtﬁaﬂkﬁiquxyﬁ»\lLtﬂm@hérﬂcptbyiammmb n&0gars) awasmcdiskolved in

addition saJt thereof, obta o
tolueng 4BAIN 121D TSR EF RSO B MR CORRER SBL Amine (24 Sgms) and
dintjeq %htmkﬂﬁé €v‘a£ heated to 60EC
L T
and stirsdnfot athedrst OAﬁtHr@msndn@etmn of the reaction, the mixture was quenched in 50ml
of 5% sodium bicarbonate solution. The toluene layer was separated, dried and concentrated

to give a residue.

The residue was dissolved in a mixture of DMSO and water. To this was added sodium
hydroxide (22gms) and the reaction mixture refluxed for 8 hours. The reaction was then
diluted with 700ml of water and extracted with ethyl acetate. The ethyl acetate layer was

dried and concentrated to give the title compound (74%).

Example 3
(+)-N-methyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine ((+) Duloxetine)

(%) Duloxetine (20gms) was dissolved in methanol (20ml) and (-)di-p-toluyl tartaric acid
(6.5gms) was added. The reaction was stirred under reflux for 1 hour, methanol concentrated
under vacuum, acetone (150ml) charged and cooled to SEC. The solids obtained were
filtered and dried under vacuum at 40EC to give the (-)di-p-toluyl tartrate salt of (+)
duloxetine (12.5 g).



a pharmaceutical conposition according to the present

invention, and there is further provided by the
w@e@3mni795 nventi on a pharmaceuti cal conpositi oPCT/GB2003/005357

conprising (+)dul oxetine, or an acid addition salt

t hereof, obtained by a process substantially as

her ei nbef ore described. THE present invention will

now be illustrated by the foll owi ng Exanpl es, which do

not limt the scope of the invention in any way.

Exanple 1 N

The abovei tarstabsy balt was - swapsind bd i By mixtyreof wiatss adciotuspe madi Womg of

. oxal,.ate, WO 2004/.056795,.PCT/ 05 .
sodiun Y94 G BAgH Sk SHFBEy ) DRORy P ntingy YR Soplad dred and
concerftrhfedd Gty WiRGurdi ©SRkMa6. | BthpVaEtate7Q0l) vwRet alkisd e the residue

hydroxi de (18.7gnms) and tetrabutyl ammoni um brom de
followe by oxalitergid Remsyndhe reppidon watedoded taiSECudnd the gixture stirred for

o oS T o DS RS E RpS compouna
asaan%%@édSt 1s conplete, it was quenched in ice-water
and eXx

( racted into toluene. The toluene | ayer was
dried and concentrated under vacuum The residue was

he bR el G et M SRERO RO B ORRA i B i antonctne
was bhdfied thHF 181 Tykl domitesh (0% SGOE) ZaPhyited do reffxarm €0 hours

(_ , :
Extractippmt}qyiﬂdrbar. romethaph{ 108 ehyiPbxysd by epncsphigiptioha Aelivemeiclded
| - . . . ., .
the rasg RinE Ty EREheving iomeretin U 8T IRP YR HBLG .

ine (50gnms) was dissolved in toluene (250nl). To the

reaction m xture was added diisopropyl ethyl am ne
Ex—a_m@gi. 8gns) and phenyl chloroformate (30gnms) was added

slowy. The reaction m xture was heated to 60EC and

stirred for 2 hours. After conpletion of the reaction,
(S)-N.Nadinteithoi-3¢(é-naphthalenylokwe2-thof@nepropanamine oxalate

(S)-2-(1-N,N-dimethyl-3-hydroxy)propyl amino)-thiophene (12.5gms) was dissolved in
DMSO (60ml). Potassium hydroxide (20.5 gms) and 18-Crown-6 were added (0.12gms).
The reaction mixture was stirred at 60°C for 1 hour and 4-fluoro naphthalene (11.9gms) was
added slowly over 2 hours. After the reaction was complete, it was quenched in ice-water
and extracted into toluene. The toluene layer was dried and concentrated under vacuum. The
residue was dissolved in 100ml of ethyl acetate and oxalic acid (7.5 gms) was added. The

reaction mixture was stirred for 1 hour and filtered to give the title compound in 88% yield.

Example 5
(+)-N-methyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine hydrochloride

((+) Duloxetine hydrochloride)

(S)-N,N-dimethyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine oxalate (50gms) was
dissolved in water. The pH of the solution was adjusted to between 9 —10 with 5% sodium

hydroxide. The mixture was extracted with toluene. The toluene layer was concentrated under



of 5% sodi um bi carbonate sol ution. The tol uene | ayer
was separated, dried and concentrated to give a

WO e@iasg9s The resi due was di ssolved in a m xt uP€r/6B2003/005357
DMSO and water. To this was added sodi um hydroxide
(22gns) and the reaction mxture refluxed for 8 hours.

The reactioon was then dildted with 700ml of water and
extracted with ethyl acetate. The ethyl acetate |ayer
vacuuﬂ(’i"r’@ %bgﬁt' E%ﬂ) ﬁ‘ﬂ‘dT8 I RALHG Bkl Fhy 8dddae? LdhldrEetEANRISBEbrmate

. anmpl e
(30gmé)yHlewymeThy Irea’éh()li nriafuine vab degtbdxy POXC tand spitred dor 2 hamsm After

i ne (+ | oxeti ne Duloxet|n 20 was, di ssql ved
complgtfpr A KRB B i A0 SOCER et BT DALY foch Seuhe
The re‘sﬁué gﬂﬁ )dléé@ﬁleg%j SebthahBE ak ARGk O S helirs | TR rddBERT mixture was

hour, nethanol concentrated under

concentmtﬂdumdelatcmuumew(giﬁ@arﬁ()h(btmndge ovhaghowes trltedtedovi8E@:etoitedo give
he fitlS %Rgglne mere filtered and dried under vacuum
the t1 89“2@?@' the (-)di-p-toluyl tartrate salt of

(+) duloxetlne (12.5 g). WO 2004/ 056795

PCT/ GB2003/ 005357 11 The above tartrate salt was

suspended in a m xture of water and tol uene and 500ngy

of sodi um hydroxi de was added under stirring. The

tol uene | ayer was separated, dried and concentrated

under vacuumto residue. Ethyl acetate (20nl) was

added to the residue followed by oxalic acid

(2.2gns). The reaction was cooled to 5EC and the

m xture stirred for 1 hour. The solids were filtered

and dried under vacuumat 40EC to yield the title

conmpound as an oxal ate (6.5gns). The nethanolic

not her |iquor obtained after filtration of the (-)DPTA

salt of (+)dul oxetine



was basified to pH 10 by Iye solution (50% NaOH) and
heated to reflux for 10 hours. Extractions with
waoelc@hlosg7esret hane (100 ml) foll owed by concent r B€T/GB2@8/005357
the solvent yielded the racemate base (8.5 gn) having
enantioneric ratio (+/-) of_48:52 by chiral HPLC
Example 4 (S)-N 13
N- di net hyl - ?- (1- napht hal enyl oxy) - 2- t hi ophenepr opanam n
e oxalate (S)-2-(1-N, N-dinethyl-3-hydroxy) propyl
am no) -t hi ophene (12.5gns) was dissolved in DVSO
(60mL). Potassi um hydroxide (20.5 gns) and 18- Crown-6
CLAIVE! © added (0. 12gns). The reaction m xture was
———JQSIrred at 60C for 1 hour and 4-fluoro naphthal ene
(11.9gnms) was added slowy over 2 hours. After the
reacti on was conplete, it was quenched in jce-water,
1. ahdresess s pEeparing §Hdgloxetire: o pr agid |addition salj dhergpfs which process
conqmgg&ed and concentrated under vacuum The residue was
I'ssolved in 100m of ethyl acetate and oxalic acid
(7.5 gins) was added. The reaction m xture was

i@.;ﬁ%cﬁ%afg g#eég%ﬂ%ﬁﬁ@%ggﬁge&i‘gﬁ% g]grag %ci%i s\éeas ttgl gbttaf.ntal s%lt of the chiral
(efzac% %? A Mbz etk LBt 18! BRI Nuloxetine; and

enepr opanam ne hydrochl'oride ((+) Dul oxetine
hydr ochl ori de

ri de) |
(it Tl e TPy i BB 5P Rer i
pddd@fontdag. sol uti on was adjusted to between 9 -10 with

5% sodi um hydroxi de. The m xture was extracted with
tol uene. The toluene | ayer was concentrated under WO

2. ﬁg.opﬁrgeég ngcr’orgi / t%qgls{ 00RS2ih thd ?claé-gig&ﬁiﬁnlg geflé‘(gg&‘%rﬁéfgle group

hé"reaction m Xture Wwas a -C or oe
consistihg of aihndelitaeid, (BOgicwrids Homtyluyharar eadd, diberxbyt tartaric acid and

was heated to 60C and stirred for 2 hours. After
camphor sulfonic acid.

3. A process according to claim 2, wherein the chiral acid is di-p-toluyl tartaric acid.

4. A process according to any of claims 1 to 3, wherein step (ii) comprises reacting a salt

prepared in (i) with hydrochloric acid to yield (+)duloxetine hydrochloride.
5. A process for preparing (+)duloxetine hydrochloride, which process comprises:

(i) resolving racemic (+)duloxetine with di-p-toluyl tartaric acid so as to obtain

(+)duloxetine di-p-toluyl tartrate, substantially free of (-)duloxetine; and

(ii) converting (+)duloxetine di-p-toluyl tartrate prepared in step (i) to (+)duloxetine
hydrochloride.

6. A process which comprises:



7.

conpl etion of the reaction, the m xture was
concentrated under vacuumto a residue. The residue

worm4a5&edl ved i n net hanol and refl uxed for 2 POUGB2003/005357

The reaction m xture was concentrated under vacuumto
give a solid residue which was triturated wth acetone
to give the title corrpound (36 gins). WO 2004/ 056795
PCT/ GB2003/ 005357 13 CLAIMS: 1. A process for

P@ﬁﬁé@dlvmg rhcehflt (O)datoxBEne With arthiel il priodgks aaddrding to any of
ereof, which process conprises: (i) resolving

r laiensi lcto(S+ pud Poirimin gremathen liguas ienrighedHa (ad@exeiie; o
obtain a salt of the chiral acid and (+)dul oxeti ne,
substantially free of (-)duloxetine; and (ii) if
ichB @t dxetife bhtains@ Frompstgp@y ®d)dul®detipe; (alnbl to

e free base or a further acid addition salt. 2. A

pr ocess according to claim1l, wherein the chiral aC| d
I d [ j :

RS 10 1 AT B RS scconing
dﬂotmyz;ﬁylalrhmtmﬁl c acid and carrphor sul fonic acid. 3.
A process according to claim2, wherein the chiral
acid is di-p-toluyl tartaric acid. 4. A process
aﬁﬁgrrogés@ ok Andg ) dulellRe brld soid V\ﬁiﬁ[tﬁ)‘nnsa‘-’rﬁ &iérefo'f' gomprising

conprises reacting a salt prepared in (i)

reactirtgy thteyoielliote compduhds oofyfostula¢ «)dend xB) speas to yleld a compound of

ochl or

¢
formu[é P’é?{ré?‘flgédwa?g%ﬁ{ gl(f:e% Z, \%Iru grhegfcrnlcggs conpri ses:

(i) resolving racem c (E)dul oxetine with di-p-tol uyl
tartaric acid so as to obtain (+)dul oxetiype
di -p-toluyl tartrate, substantially free o

(-)dul oxet i-ne;,, and
S /
+
X NMe)o
@

S%/\
o N(Me),

(11D



(ii) converting (+)dul oxetine di-p-toluyl tartrate
prepared in step (i) to (+)dul oxetine hydrochloride.

W® 2000p570E ess whi ch conprises: WD 2004/ 056795 PCT/GB2003/005357
PCT/ GB2003/ 005357 14 (i) resolving racemc

()dul oxetine with a chiral acid in a process according
to any of claims 1 to 5, ahd obtaining a nother
liquor enriched in (-)dul oxetine; (ii) converting

in the g eé E@f%tﬁ alﬁpii Bh4R8 @raﬁsff@ﬁéa%l?s@ Wwhare lofle OF XUdr@xetd Hﬁiroxy and

i) de3|red enpl oyi ng ()duloxetlne obt ai ned
the otler dsma biaemg(grm)p, iand aulp edingsscampownd jofi gormuda HHY, ijan acid addition

it ST ek S e R0 A PSR RSB, B

thereof%ﬁ{tﬁﬁﬁl@tﬁ%e%@(tp&ﬂmn@f formulae (1) and (II) so as
to yield a conmpound of formula (I1l), or an acid

addition salt thereof. Y S5+ XNM)2 (I) S '5
8. Ngwjg)o%ess(fo)r making (H)duloxetine or an acid addition salt thereof, comprising

reacting intermediate compounds of formulae (Ia) and (II) so as to yield a compound of

formula (111a), or an acid addition salt thereof:

AN\ (D
X N(Me)

(Iila)

in the presence of a base and a phase transfer catalyst, where one of X and Y is hydroxy and

the other is a leaving group, and subjecting a compound of formula (ITla), or an acid addition



WD 2004/ 056795 PCT/ GB2003/ 005357 15 in the presence

of a base and a phase transfer catal yst, where one of
woX2@nas6795 s hydroxy and the other is a | eavi nBCGB®3/005357

and subjecting a conmpound of forrmula (Ill), or an acid

addition salt thereof, to further process steps so as

to yield (+) dul oxetine, of®an acid addition salt

t hereof, substantially free of (-)dul oxetine. 8. A

salt tthreQP Q§ Sfuftﬁ’ér IH‘B&SQ Gteps 16l bk X 84d1A]+P duRRetdfd, @r A dictd Adtition salt
her eof, %;ﬂl sing reacting internediate

thereof;@nlpxbamndﬂyﬁfeebﬁf @fe@tl(wa) and (11) so as to yield a
compound of formula (lIlla), or an acid addition salt
thereof Y S/ X NM)2 (la) S ONM)2 5111,

9. (Alplr@\)ess addoidies 1r RERTCEr §fwirrdiass uﬂa%eﬂldwaﬁﬁnhﬁmﬁ&)edr (IlTa),
cat al where one of X and Y is h /droxy and th

or an gsidh edﬁlltlgn galt Bwigohols gpaRsted da dE iyl xeting, vy (é)dealkmes%%@smctwely,

f (I'lla), or an acid addition W 2004/ 056795
bydenﬁﬁgﬁ‘%%/ 005357 16 salt thereof, to further process

steps so as to yield (+) duloxetlne or an acid

addi tion_salt
10. A process for makmg (+)duloxetine or an acid addition salt thereof, which comprises:

(i) reacting intermediate compounds of formulae (I) and (II) to yield an intermediate

compound of formula (III), or an acid addition salt thereof,

ay
X N(Me),

@O
S/i\)/\
0 NMe)2

uty

in the presence of a base and a phase transfer catalyst;



11.

t hereof, substantially free of (-)duloxetine. 9. A
process according to claim7 or 8, wherein an

WO paoafosgs ate of fornula (I11) or (lIl1l1a), or RPOT/&GBR@3/005357

addition salt thereof, is converted to ()dul oxetine,

or (+)dul oxetine respectively, by denethylating. 10.
A process for making (+)dulléxetine or an acid addition
salt thereof, which conprises: (i) reacting

i nt ernedi ate conpounds of fornulae (1) and (I11) to
yield an internmediate conpound of formula (I11), or
i) deﬂnelthgﬂaﬂhg acompaind ¢hfereulf,(I1V), osan 4eik aflifitied 2alt, (sb)as @o yield
w&gﬁﬁ % in the presence of a base and a phase

t PxHng; | yst; WO 2004/ 056795 PCT/ GB2003/ 005357

17 (ii) demethylating a conpound of forrmula (I11), or
an acid addition salt, so as to yield ()duloxetine;

E (i) c(omver)mg Ghdaloxeting (biived iooctapi (g tab)dilaretinenotsanegsid addition
| oxet ti | t
tsgPor bl B Heallng G aA S T o

clalns 1to 5 11. A process for making (+)dul oxetine
h drochlor|de whi ch conprises reacting
lﬁ Mp@%e

rekingpyiwerstie hyde Vhich &ﬁ@P{lﬁS) wher e
Xis hydroxy and
(i) reacting intermediate compounds of formulae (I) and (II), where X is hydroxy and
Y is fluoro, followed by oxalic acid to yield an oxalate salt of intermediate compound

of formula (III)

N F
+
)
X NMe)2 '
) ¢
NP
o N(Me),
(1)

in the presence of a base and a phase transfer catalyst;



Y is fluoro, followed by oxalic acid to yield an
oxal ate salt of internediate conpound of formula
W@ Raok)p356795 S X N(Me)2 S O N(Me)2 (i) in the preCEOBR003005357
a base and a phase transfer catal yst; WO 2004/ 056795
PCT/ GB2003/ 005357 18 (ii) denmethylating said
i ntermedi ate conpound of fdBrmula (I111) obtained by
step (i) so as to yield ()dul oxetine; and (iii)
converting ()dul oxetine obtained in step (ii) to
(+)dul oxetine by resolving racemc ()duloxetine with
diii) demethyiaking azxitl amteoneaititd cempasdtaf foima AII) obtained by step (i) so

(+).dul t l-p oluyl tartrate, substantially
quégyzf?&( ))@BT‘% ?’IH{e and converting said
(+)du|oxet|ne -p-toluyl tartrate to (+)dul oxetine

hydr ochl ori de. 12 A process according to any of
clii@ wenverting ()duleketing abtainsdbias step iy dp e(d*bdédowlnm hyheesolving

. IR0 - GNPl DA (Aot i

biofia/ Batiadee subkiantidllP 06 FY-)acorEtde) gnd Qofterting da2d (+)duloxetine
wherein the base is selected fromthe gr oup

céirstodesligtrefe tp Ghdyloxatnipgirestiaride. sodi um hydr oxi de,

pot assi um car bonate, sodi um

12. A process according to any of claims 7 to 11, wherein the base is selected from the
group consisting of an alkali metal hydroxide, an alkali metal carbonate and an alkali metal

bicarbonate.

13. A process according to claim 12, wherein the base is selected from the group
consisting of potassium hydroxide, sodium hydroxide, potassium carbonate, sodium
carbonate and sodium bicarbonate.

14. A process according to any of claims 7 to 13, where the phase transfer catalyst is
selected form the group consisting of crown ethers, quaternary ammonium salts and
phosphonium salts.

15. A process according to claims 7 to 10, wherein X is hydroxy and Y is a leaving group.
16. A process according to claim 15, wherein the leaving group is halo.

17. A process according to claim 16, wherein the leaving group is fluoro.

18. A salt of a chiral acid and (+)duloxetine, substantially free of (-)duloxetine.

19. A salt of a chiral acid and (+)duloxetine, substantially free of (-)duloxetine, selected

from the group consisting of (+)duloxetine mandelate, (+)duloxetine tartrate, (+)duloxetine

di-p-toluyl tartrate, (+)duloxetine dibenzoyl tartrate and (+)duloxetine camphor sulfonate.



carbonate and sodi um bi carbonate. 14. A process
according to any of clains 7 to 13, where the phase
wo e@nsseEps cat al yst is selected formthe groupPCT/GB2003/005357
consi sting of crown ethers, quaternary anmonium salts
and phosphonium salts. 15. A process according to
clains 7 to 10, wherein X i$ hydroxy and Y is a
| eavi ng group. 16. A process according to claiml15,
wherein the |leaving group is halo. 17. A process
according to claim 16, wherein the | eaving group is
20. f I(tslutpxetiBe difp-tanyl tafrate, sibistaatialbcfrer afi(ddloxetineoxet i ne,
substantially free of (-)dul oxetine. 19. A salt of a
|2I ral ((+) dul oxetine, substantially free of
2L (yMy iz qEan < stitudisen spl dherqoheobiinerhby: apEIcses avgowling to any
Ofclaﬁﬁgijw pxetine nmandel ate, (+)duloxetine tartrate,
+) dul oxetine di-p-toluyl tartrate, (+)dul oxetine
di benzoyl tartrate and (+)dul oxeti ne canphor
2. gnate t 2004/ Q56795 PCT, jGBa(sz@gs/ 005357 19 20.
(D afiFBiEential SPEoRGNL FPIPR o At GISEE AR PBI oy pddion sl
thereoTf o‘t{taﬂl&% ¥ 9B ac r7.an acid
addi tion ga?t th erg%rdmﬁg:)%?g*gfé%&gﬁela glr7ocess accordi ng
to any of clains 1 to 17. 22. A pharmaceutl cal
conposition conprising (+)dul oxetine, or an acid
addition salt thereof, obtained by a process
according to any of clainms 1 to 17.



