WD 2004/ 056795 PCT/ GB2003/ 005357 1 A PROCESS FOR PREPARI NG DULOXETI NE AND
| NTERMVEDI ATES FOR USE THEREI N The present invention is concerned with a
process for preparing duloxetine, in particular a process for preparing
(+)dul oxetine in enantlonerlcally pure form and to inte use
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N- et hyl - 3- (1- naphthalenyloxy) 3-(2-thienyl)propanamne, is a dual serotonin
and norepi nephrine reuptake inhibitor. (+)Dul oxetine has particul ar
therapeutic utility as an anti-depressant. Dul oxetine, and the preparation
thereof, is described in US patents 5023269 and 4956388, and al so
Tetrahedron Letters, 31, (49), 7101-04, 1990. Seven different routes of
synthesis have al so been reported in Drugs of the Future 2000, 25(9)
907-916. These synt heses have i nvol ved elther a resolutlon of a key
intermediate or a stedeBRYCESHFOK ~&yﬂﬁLQ- DULOXAIEE D b to the al coho
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DVBO,  t he pglicBRYY pr3pdrig (¢RTulddRtine in enantiomerically pure form, and to intermediates for

use therein.

Duloxetine, N-methyl-3-(1-naphthalenyloxy)-3-(2-thienyl)propanamine, is a dual serotonin
and norepinephrine reuptake inhibitor. (+)Duloxetine has particular therapeutic utility as an

anti-depressant,

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

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 sotvent, such as DMSO, the dimesyl anion can be

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



generated which can cause partial or conplete racem sation of the condensed
product. WD 2004/ 056795 PCT/ GB2003/ 005357 2 There is, therefore, a need for
an inproved process for the preparation of (+)dul oxetine which al I evi at es
the problens associated with prior art processes as referred to ab

have develW@ewswsdss a process which is advantageous in PGB %5357

racem sation, so as to yield an enantionerically pure form of

(+)dul oxetine. In particular, our process can be seen to achieve the above
descri bed advantage, by carrying out resolution as a final step in the

reaction process (thereby obviating the opg’ortunl ty for racem sation during
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salt prepared in step (i) to the free base or another acid addition salt as
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group consrs I'C acl arirc acid aric
acid, di bmteﬁﬁydmtb@rddactsdiaawndmm@MM rasethfsatiuinc aci d and the like. Qher
suitabl e chiral acids nmay be determ ned by testing and the use thereof in a
process as described above falls within the scope of the present invention.

Pref er abl Ycdohding 6 1tRd pRGéd iGvankioN ethetefors, there is provided a process for preparing

(+)duloxetine, or an acid addition salt thereof, which process comprises:

(i) resolving racemic {*)duloxetine with a chiral acid so as to obtain a salt of the chiral

acid and (+)duloxetine, substantially free of (-)duloxetine; and

(i1) if desired, converting the salt prepared in step (i) to the free base or another acid

addition salt as appropriate.

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 methano!l 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



process according to the present invention is (-)di-p-toluyl tartaric acid.
Suitably, the solvent enployed is a |ower al kanol, such as nethanol or

et hanol , al though again other suitable solvents can be determ ned by
testing and the use thereof in a process as described above falls wthin
the scope @foioheopresent invention. A preferred sol vent PEYCRROYANST The
salts of (+)dul oxetine 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 (+)dul oxetine,
substantially free of (-)dul oxetine. Such salts of a chiral acid WO
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(-)dul oxetine, are useful as inter lates for reparing the free base or
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present invention include (+)dul oxetine mandel ate, (+)dul oxetine tartrate,

(+)dul oxetine di-p-tol %Ip tartrate, (+)dul oxetine_ dibenzoyl tartrate,
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(+)dul oxetine can be treated with a base, such as sodi um hydroxide, to yield
the free base. The free base itself can, if desired, be converted into an

aci d addighjonRedrab tsa.&sh@%ﬁeéd amai@g) b tRChEseAOHIVEARR SldsSritddl AavERyn pe for med
in step (11) 1nclude those formed wi th .
converted to the free base or another acid addition salt according to step (ii) of a process
according to the present invention. Suitably, an intermediate salt of the chiral acid and
(+)duloxetine can be treated with a base, such as sodium hydroxide, to yield the free base.

The free base itself can, if desired, be converted into an acid addition salt thereof.

Suitable acid addition salts which may be formed in step (ii)} include those formed with
pharmaceutically acceptable organic or inorganic acids and are well known to those of skill in
the art. Acids commonly employed to form such salts include inorganic acids such as
hydrochlorie, 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, monchydrogenphosphate, 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



pharmaceutically acceptable organic or inorganic acids and are well known to
those of skill in the art. Acids comonly enployed to formsuch salts

i ncl ude inorgani c acids such as hydrochloric, hydrobrom c, hydroiodic,
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accordi ng to thdrqzhieidat i nvention conprises: (i) resolving racemc
(f)dul oxetine with di-p-toluyl tartaric acid so as to obtain

A process according to the present invention preferably yields (+)duloxetine in substantially
pure enantiomeric form. Thus the ratio of (+)duloxetine: (-)duloxetine as prepared by the
present invention may be at least about 94:6, such as at least about 98:2, or more preferably at
least about 99:1. Preferably (+)duloxetine prepared by a process according to the present
invention has an enantiomeric purity of at least about 99%, or more particularly at least about

99.5%.

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:



(+)dul oxetine di-p-toluyl tartrate, substantially free of (-)dul oxetine; and
(ii) converting (+)dul oxetine di-p-toluyl tartrate prepared in step (i) to
(+)dul oxetine hydrochloride. A process according to the present invention
preferably yields (+)dul oxetine in substantially pure enant.i o‘ﬁrgﬁ form
Thus t he r a¥9e00dPsq’®y dul oxeti ne: (-)dul oxetine as pr eparpé:J’(%‘V“ 3 ‘E)r esent
invention nmay be at |east about 94:6, such as at |east about 98:2, or nore
preferably at |east about 99:1. Preferably (+)dul oxetine prepared by a
process according to the present invention has an enantioneric purity of at
| east about 99% or nore particular|ly at |east about 99.5% The proportion

of (+)dul oxet i(Reresdting vasgmixy CGadypwtiad st el agd aad rhteining:a emthar digser i on
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recrystallisations in To this end, a crystalline salt obtained as
a result of resolution may be dissolved in a solvent therefor and the salt

recrystallised.fromthe resulting solution, In this . way.the proportion of a
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converted into oxetine for redse in a process according to the
present invention substantially as herei nbefore described. A further
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such mother liquors, may be treated with a base to remove any residual chiral acid and to
thereby afford the free base enriched in (-)duloxetine. The free base can then be converted to
the racemate, typically by reflux in a suitable solvent for several hours, optionally in the
presence of a suitable acid (e.g. HCI) or a base (e.g. NaOH), which racemate can then be
recycled for use in a process according to the present invention substantially as hereinbefore

described.

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 (x)duloxetine as a final process step in the preparation of
(+)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:



(i) resolving racemc (f)duloxetine wwth a chiral acid and obtaining a

not her liquor enriched in (-)duloxetine; (ii) converting (-)dul oxetine
obtained fromstep (i) to (f)dul oxetine; and (iii) if desired, enploying (4
) dul oxetine obtained fromstep (ii) in a process accordin 0 th esent
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not her |iquors obtained froma process as descri bed above, or pooled such
not her liquors, may be treated with a b@se to renove any residual chira
acid and to thereby afford the free base enriched in (-)dul oxetine. The
free base can then be converted to the racemate, typically by reflux in a
sui tabl e sol vent for several hours, optionally in the presence of a
suitable acid (e.g. HOJ) or a base (e.g. NaOH), which racenmate can then be
recycled for use in a process according to the present,invention
substantially as hereinbefore described. Substantially as hereinbefore
descri bed an aimof a ess according to the presentjinvention is to
obvi ate racem sation sochated with prior art RCES so as to yield an
flccor t he present

I eved by the resol uflion g oxetine as a final

invention this can be

process step in the preparation of (+)dul oxet sstgfitially as
her ei nbef ore descri bed, pnd according to a preferred aspect of the present
invention the prior art/techiigues for the preparat@dn of dul oxetine can

al so be further nodi ¥ ed useN(d2 t he foll owi ng reaction conditions in an
O al kyl ation step enploygﬂ in the synthesis of dul oxetine. Mre
particularly, an internmedrate process stlep enployed in a process accordi ng
to the present invention conprises reacy¥ ng internedi ate conpounds of
formulae (1) and (11) so as to yield a cdonpound of formula (111), or an acid
addition salt

N

Q N(Me)o

(1)

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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in the presence of a base and a phase transfer catal yst, where one of X and
Y i s hydroxy and the other is a leaving group. The use of such reaction

condi ti ons L0 the present invention is advant 3geRYysSqdsRead¥Pi di ng
the use of s ronger g%ases such as sodi um hydride, enpl ogegﬁgccor%}!ng to

prior art preparatory technl ques (such stronger bases being a fire hazard
and al so expensive), with the use of plase transfer catalysts facilitating
t he above reaction step to be carried out under mlder conditions. The use

of the abgye r. nt
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the reactyqer hopeot AORACHRITEAMRnS, Which caused partial or complete racemisation of the
condensed product. This undesirable racemisation can be avoided by carrying out the O-
alkylation step under the reaction conditions of the present invention and there is, therefore,
further provided a process for preparing (+)duloxetine, or an acid addition salt thereof, which
comprises the following intermediate process step of reacting intermediate compounds of

formulae (Ta) and (II) so as to yield a compound of formula (IIla), or an acid addition salt
thereof:

VA VAN )
X N(Me),

(Ma)



the prior art. In particular, as previously discussed in the presence of a
strong base, such as sodium hydride, and a protic polar solvent, such as
DMSO, the dinmesyl anion was generated wunder the prior art reaction

condi tions, [ ed partial or conplete racem satio ondensed
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there is, therefore, further provided & process for preparing
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the group consisting of potassium hydroxide, "sodi um hydroxi de, potassium
carbonate, sodium

Suitable phase transfer catalysts can be crown ethers, quaternary ammonium salts,
quaternary phosphonium salts and the like. A preferred phase transfer catalyst can suitably

be tetrabutyl ammonium bromide or 18-Crown-6.

A suitable leaving group as represented by X or Y can be p-toluenesulfonyl,
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 (1), 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 ftrichloroethyl 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 (t)duloxetine and converting (¥)duloxetine to
(+)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 (IT)

to yield an intermediate compound of formula (Illz), or an acid addition salt thereof,



carbonate, sodium bi carbonate and the |ike. Potassium hydroxide can often be
preferred. Suitable phase transfer catal ysts can be crown ethers,
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acid addition salt, so as to yield (+)duloxetine and converting
(f) dul oxetésplatiomto yielil dt)dulesetingsomprisesn aci d addition salt thereof, enploying
a process according to the present invention substantially as hereinbefore
described. A still further preferred process according

(1) 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.

The compounds employed as starting materials in the processes of the present invention can

be prepared by standard procedures known in the art.

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-dimethvl-?-(1-naphthalenvyloxy)-2-thiophenepropanamine oxalate



to the present invention conprises reacting intermnedi ate conpounds of
formulae (la) and (1l1) to yield an internediate conpound of formula (Illa),
or an acid addition salt thereof, W 2004/ 056795 PCT/ GB2003/ 005357 9

denet hyl at i nd of fornmula (Illa), or an acid adgi.t.l SO as
to yield (+ 83?%@%?gﬁe, or an acid addition salt thereoﬁghiéﬁﬁgﬁﬁgﬁ?arly
preferred process according to the present invention conprises reacting

i nt er medi at e conpounds of fornulae (1) @nd (I1) where X is hydroxy and Y is
fluoro, followed by oxalic acid to yield an oxalate salt of internediate
conpound of forrmula (111), denethylating the internmedi ate conpound of
formula (I111) so as to yield (f)dul oxetine and converting (f)dul oxetine to
(+) dul oxebi(n, ¥hesFFh Al NERPS] atine)-tidthedod(12MIgmR) a6 dissolval BNDMBD
substantially as heneinbefor&zdescribe In particular it is especially

) d.

pr ef er r ed (10t Proé"‘éﬁmﬂtl?wﬁoxtl {1%(mns) 2nd Jeizabatn mwibge@!de(wyrer @1 vi ng
(5 aul oxol? i eSpclon Iniiokd i EHPH GO0 K | Sp kR POER APHOTA L. ane
(i) converitigng) (vay alded xkotily eveti2-hputso| Afjdr thearesatioh avap comaletd itiwassehéd ) to

+) dul ti hyd hlori.de. T d I . tarti terial
' the. pr Stieuate g8 ErlidledSi doTieng e SRR BN grish ard gty Shah ey
procedur egadaWnThd rebiife Mab disddl@ednCTIBRIl of REGDhdcdile bbd bR&Tc RIPVIgHRF was
(+)dul oxetine, or an_acid addition salt thereqf obt ai ned by a _process

subst ant i afdeg. Fhe rragtianpixie wayatirred fpphbousgag fiftarpdi(15eneats; 1o visidan aci d
addition salt thereof, according to the present invention can suitably be
formul ated to provide

Example 2

(£)-N-methyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine ((x) Duloxetine

N,N-dimethyl-?-(1-naphthalenyloxy)-2-thiophenepropanamine (50gms) was dissolved in
toluene (250ml). To the reaction mixture was added diisopropyl ethyl amine (24.8gms) and
phenyl chloroformate (30gms) was added slowly. The reaction mixture was heated to 60EC
and stirred for 2 hours. After completion 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-methvl-?-(1-naphthalenyloxv)-2-thiophenepropanamine {(+) Duloxetine)

(#) Duloxetine (20gms) was dissotved in methanol (20ml) and (-)di-p-toluyl tartaric acid
(6.5gms) was added. The reaction was stirred under reflux for 1 hour, methano! 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).
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e reaction mxture was stirred for 1 'hour and filtered
falB%eey by owilic aEki(@3igmsR The reaction was cooled to SEC and the mixture stirred for

ract ed
um

gns)

At DR AR d 103l SRPERBRABRARE Bhbl e Bl 500

ab bh oda@itd}@nfsR513mL) . To the reaction mxture was added

di i sopropyl ethyl amne (24.8gns) and phenyl chloroformate (30gns) was
added slowy. The reaction m xture was heated to 60EC and stirred for 2

hours. Af 4@ AMRbES hBhePliqldiOolBRatdmp fittlin B He L DMBS st 8P RToteing O

was basified to pH 10 by lye solution (50% NaOH) and heated to reflux for 10 hours.
Extractions with dichloromethane (100 ml) followed by concentration of the solvent yielded
the racemate base (8.5 gm) having enantiomeric ratio (+/-) of 48:52 by chiral HPLC.

Example 4

($)-N.N-dimethyl-?-(1-naphthalenvloxy)-2-thiophenepropanamine oxalate

(8)-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-naphthalenvloxy)-2-thiophenepropanamine hvdrochloride

({(++) Duloxetine hydrochloride)

{8)-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 solution. The toluene | ayer was separated, dried
and concentrated to give a residue. The residue was dissolved in a mxture
of DMBO and water. To this was added sodi um hydroxide (22gnms) and the
reaction m xed for 8 hours. The reaction was t with
700nl of wa?‘gﬁ an{?%&bﬁr acted with ethyl acetate. The et hyl{wa?:%zgh:{ fsgaiyer was
dried and concentrated to give the title conpound (74% . Exanple 3

(+) - N-net hyl - ?- (1- napht hal envl oxv) - 2-t hizophenepr opanam ne ((+) Dul oxeti ne)
(f) Dul oxetine (20gns) was dissolved in nethanol (20rrfL) and (-)di-p-tol uyl

tartaric gohil Gopsii MEorAdSo dhS ERCLEORARS ShIL St WlEteLed ux for

1 hour, concentradted oy vacuum ace

cooled to ﬁﬁiﬁs) IlbﬁlﬁothaseaemlamM&ewSeleaﬁeﬂ lté soel aﬁ@dtu«déd ﬁﬁl AREIRS, A@eﬂum at
40EC to give the (- p-toluyl tartrate salt_of_ (+) duloxetine (12.5 g).
WO 2004/ osmnlshqn@f/t%m%@noms%mq wawﬁ@cea%%mdﬁ viare tearesidigs suspended
in 2 m Xt ihe QleubalsiaiBided Bl HEMEGNa 20RKEd o 2 ROHL UM AR iR AGadded
under stirring. The toluene |ayer was separate drle an concentrat ed
under vac uermentmttrdemddueacuﬁmhy Ignacﬂeaoati aesidrg wﬂlywiwass tidletelgd motht dcetoneto glue

fol | oned i gns The reaction was cooled to 5EC and the

m xture s etﬁfé #’8?1%%f9?1%1%92 The solids were filtered and dried under vacuum
at 40EC to yield the title compound 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 wth dichloronethane (100 m) followed by concentration
of the solvent yielded the racenmate base (8.5 gm having enantioneric ratio

(+/-) of 48: iral HPLC. Exanple 4

(S)-N, N-di ne\%ﬁﬁp‘?‘/‘@-g{yf’é napht hal enyl oxy) - 2- t hi opheneor onanari Heb oA 5152
(S)-2-(1-N, N-di met hyl - 3- hydr oxy) propyl am no) -t hi ophene (12.5gnms) was

di ssolved in DMBSO (60ml). Potassi um hydroxide (20.5 gins) and 18- Crown-6
were added (0.12gns). The reaction mxture was stirred at 60C for 1 hour
and 4-fluoro naphthal ene (11.9gnms) was added slowy over 2 hours. After the
reaction was conplete, it was quenched in ice-water and extracted into

tol uene. The toluene |ayer was dried and concentrated under vacuum The

resi due was dj ssolved in 100m of ethyl acetate and oxalic acid (7.5 gins)
was added &l ‘reaction mxture was stirred for 1 hour and filtered to give
the title conpound in 88%yield. Exanple 5 (+

- N-net hyl - ?- (1- napht hal envl oxv) - 2- t hi onhenepr opanamni ne hydrochl oride ((+)
Dul oxet i né.- hy dAquhsest fod @yeparing (+)duloxetine, or an acid addition salt thereof, which process

(S)-N,N—d%gsb%%g-?-(l-naphthalenyIoxy)-2-thiophenepropananine oxal ate
(50gns) was I'Ssolved in water. The pH of the solution was adjusted to
between 9 -10 with 5% sodi um hydroxide. The m xture was extracted with

t ol uene. The taluene | ayer , oncentrat ed. under WO 2004/ 05679 .

beT/ cho00a] o0 dreulyse eSS REEE WiB Shirt M ot S e A3 AP e Sh s
added ? -chl or ggd Byd (+9dliextingsibdtantiall BRENS)(-)dhlonbtihe; difle reaction m xture was
heated to 60C and stirred for 2 hours. After

(ii) if desired, converting the salt prepared in step (1) to the free base or a further acid
addition salt.

2. A process according to claim 1, wherein the chiral acid is selected from the group
consisting of mandelic acid, tartaric acid, di-p-toluyl tartaric acid, dibenzoyl tartaric acid and
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:

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

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

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

6. A process which comprises:



conpletion of the reaction, the m xture was concentrated under vacuumto a
resi due. The residue was dissolved in nethanol and refluxed for 2 hours. The
reaction m xture was concentrated under vacuumto give a solid residue

whi ch was tr th acetone to give the title conpy ns). WO
2004/ 056795 ‘Eﬁ# %@%’8@ 005357 13 CLAIMS: 1. A process f&t‘%éﬁﬂi %r?

(+) dul oxeti ne, an acid addition salt thereof, which process conprises:
(i) resolving racenlc (f)dul oxetine witt# a chiral acid so as to obtain a
salt of the chiral acid and (+)du|oxetine substantially free of

(-)dul oxeti ne; r g ep (i)
to the free ba Z&cg)?l(’ﬁlb%rur%ﬁgﬁ%g@? %Jgir{glgagwﬁ @%‘%fsgé‘%g@g acc%r%gl ng to
claim1, wher etlaimsHetodhandébtzioing alnmtbalhqnmr@dni:hwrin’(-brhﬂ@wdn@ consi sting of
mandelic acid, tartaric acid, di-p-toluyl tartaric acid, dibenzoyl tartaric
acid and canphor sulfonic acid. 3. A process according to claim2, wherein
the chiral aci dglcsn@kuﬁg(t)ahwxbuﬁeajbtmdd@mﬁtq; (ifto (AdRIRe@ES ac cor di ng to any
of clainse 1 to 3, wherein step (ii) conprises reacting a sal t prepared in
(i) with hydrochloric acid to yield (+)dul oxetine hydrochlorlde 5. A
process for pr I ses:
(i) resolving ﬁgg{g%&%re%l %k@ﬁgﬁ)@o&@%%@@tﬁg tm Zrta @g&g%l %Psoé as to
obtain (+)dul eayiohelahs btatBl uyl tartrate, substantlally free of

(-)dul oxetine; and

7. A process for making (+)duloxetine or an acid addition salt thereof, comprising
reacting intermediate compounds of formulae (I) and (II) so as to yield a compound of

formula (II), or an acid addition sait thereof:

+

(I
X N{Me),

@
S/E/\
o} N{Me)o



(ii1) converting (+)dul oxetine di-p-toluyl tartrate prepared in step (i) to
(+) dul oxetine hydrochloride. 6. A process which conprises: WO 2004/ 056795

PCT/ GB2003/ 005357 14 (i) resolving racem c (t)dul oxetine with a chiral acid
in a proces ' to any of clains 1 to 5, and obtaining a nother

| i quor enriéﬁ@g&@hgé("?fgdul oxetine; (ii) converting (-)dul d’)?&?%@%%?ﬁ?%d
romstep (i) to ul oxetine; an i) i esired, enployin ul oxeti ne
f p (i) () dul i d (iii) if desired, enploying ()dul i

obtained fromstep (ii) in a process aggording to any of clainms 1 to 5. 7.
A process for making (+)dul oxetine or an acid addition salt thereof,

conprisin reacting.internedi ate conpounds _ of, for nul and, (1] 0 as
to yield @Sﬁfféiﬂ?agéﬁ bage Pj“‘iﬁ trgoster Sﬁlf‘q?ﬁ]i’ whargy O%%ﬁiﬂ%?l\)‘(slé{ﬂﬁ’d‘%’ﬁ%%‘%‘%f Y
S X N(Me) ghe diheé is £ 1B )edoup; indNabRil O edtund 6T fARRRABITY) 0b&bdcid dddition
salt thereof, to further process steps so as to yield (+) duloxetine, or an acid addition salt
thereof, substantially free of (-)duloxetine.

8. A process for making (+)duloxetine or an acid addition salt thereof, comprising
reacting intermediate compounds of formulae (la) and (II) so as to yield a compound of

formula (I11a), or an acid addition salt thereof:

AV (1
X NiMe)s

(TiIa)

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 (IIla), or an acid addition



in the presence of a base and a phase transfer catal yst, where one of X and
Y is hydroxy and the other is a |leaving group, and subjecting a conpound of
formula (111), or an acid addition salt thereof, to further process st eps
so as to vyi + oxetine, or an acid addition salt

substanti al I%gi2 )gqﬁg? (-)dul oxetine. 8. A process for mal? Zﬁftzﬁ?’éﬂﬁf%%eu ne
or an acid addition salt thereof, conprising reacting internedi ate
conpounds of formulae (la) and (I1) soi@s to yi eld a conpound of fornula
(ftra), or an acid addltlon salt thereof: Y S X/\/\NM)2 (la) S ~J

0/ \ /' \ N( MO t resence of. a hase tr. r catal yst,
wher e one Eﬁ? ﬂ'&' tggﬁd"&? 5%( B asttﬁé"%?ﬁ% ﬁﬁgx%"ﬂ%egyﬁaclgr%ﬁiﬁ?né%

subj ect i Nehepeof QABNBAHEENP ﬁ-eé@f hiaxéthe) , or an acid additi on WO 2004/ 056795
PCT/ GB2003/ 005357 16 salt thereof, to further process steps so as to yield

(+) duloxetine, or an acid addition salt thereof, substantially free of

dul
(; dul oxebi ne. afpodlfeing, BeRRh §on Rer&h%qﬂtgnﬂﬂg?boé‘g’?fﬂ UL

internediate o I'T1) or or an acl Ion sa
i s conver peen aed gfditen saliethersef, Imon(vea} bd;t}shlquetmt?egpét)ﬂulvmtgpe regpypctively,

denet hyl ag)y Qnethylating.

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

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

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

X NMe)z
S%\
O N{Me),

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



10. A process for making (+)dul oxetine or an acid addition salt thereof,

whi ch conprises: (i) reacting internediate conpounds of fornulae (1) and
(I'l) to yield an internediate conpound of formula (l111), or an acid

addi tion sal Y SXNM)2 0 NM)2 in the pr ase and
a phase tran‘ﬁs’?télrﬂﬁ@g"?g yst: WD 2004/ 056795 PCT/ GB2003/ 005%%"&59
denet hyl ati ng a conpound of formula (Il11), or an acid addition salt, so as
to yield ()duloxetine; and (iii) convearting (f)dul oxetine obtained in step
(ii) to (+)dul oxetine, or an acid addition salt thereof, enploying a
process according to any of clainms 1 to S. 11. A process for making

(+) dul oxeti ne hydrochl ori de which conprises: (i) reacting internediate
conmpounds of f @) demethylating aoempduni of Fdrevuta (KI), 8 iy sbid xdditiardsaltYsd & thlyikdd O,
fol |l oned by ox&lnﬁoaqiq t8 yield an oxal ate salt of internedi ate conpound
of formula (I|Fpdusjoxelingand X n k) 2

(1ii) converting (+)duloxetine obtained in step (ii) to (+)duloxetine, or an acid addition

salt thereof, employing a process according to any of claims 1 to 5.
11. A process for making (+)duloxetine hydrochloride which comprises:

(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)
Y
] /
+
)
X N{Me)z ’
y ¢
S%\
o N{Me)2

(Im)

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



s O NNMe)2 Z~ C.6 (M in the presence of a base and a phase transfer
catalyst; 18 (ii) denethylating said internediate conpound of formula (1I11)
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
()dul oxetine with di-p-toluyl tartaric acid so as to obtain (+)dul oxetine
di-p- toluyl tartrate, substantially free of (-)dul oxetine, and converting
said (+)dul oxetine di-p-toluyl tartrat® to (+) dul oxetine hydrochl oride. 12.
A process according to any of clains 7 to 11, wherein the base is selected
fromthe grog) depneghyditingosatf inteimetiatd donfRuad of Yetfratd 0H) obinel lbglstepr(Btsal
carbonate and an alkali nmetal bicarbonate. 13. A process according to claim
12, wherein t Betogaeld Exuloxeting;@ddf rom t he group consisting of potassium
hydr oxi de, sodi um hydr oxi de, potassium carbonate, sodium carbonate and

sodi um bi carbonate. 14. A process according to any of clains 7 to 13, where
the phase tr agi) eoncatiag W&)dulsxetine| shtsine fiwrstept (i) ¢ ¢Hjduloxeting byngsellingr own

et hers, quaternary ammoni um sal taje]?nq phosphonium salts. 15. A process
according to &camisidylgxetme Wil disp-tolwyldaniarie agid sastoyobiain £Hideloxetivg Hrivup.

toluyl tartrate, substantially free of (-)duloxetine, and converting said (+)duloxetine
di-p-toluyl tartrate to (+)duloxetine hydrochloride.

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 process according to any one of claims 1 to 4, wherein the product of step (i) is 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.



16. A process according to claim 15, wherein the |eaving group is halo. 17.
A process according to claim 16, wherein the leaving group is fluoro. 18. A
process according to any one of clains 1 to 4, wherein the product of step
(1) is a salt of a chiral acid and (+)dul oxetine, substantially free of
(-)dul oxetine, selected fromthe group consisting of (+)dul oxetine

mandel ate, (+)dul oxetine tartrate, (+)duloxetine di-p-toluyl tartrate,

(+) dul oxetine di benzoyl tartrate and (+Pdul oxeti ne canphor sul fonate. 19
19. A process according to claim 18, wherein the product of step (i) is

(+) dul oxed.i neAdirodess hdtbtiihg tAdihind | &, wikdridifi tiad Prodddt W1 ke €i) & (+X)duldiétertiipne.
toluyl tartrate, substantially free of (-)duloxetine.



