13 SEP 2004 WO 01/ 68566 PCTI US(11/118090 NOVEL PROCESS FOR PREPARI,‘\I? 9
(+)-C S- SERTRALI NE CROSS- REFERENCE TO RELATED | NVENTI ONS Th| S app éfa? Q%
cl ai ns t he WeWaBRI660f provi sional application Serial No. f,éi%sgﬁ‘t}gﬂm filed
. March 14, 2000; which is incorporated herein by reference.

| NVENTI ON The present invention relates to the novel process of making and
purifying (+)-cis- sertraline. BACKGROUND OF | NVENTION Sertraline

hydrochl ori de, (1S-cis)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro N

met hyl - 1- napht hal enam ne hydrochl oride, having the formula a Sertraline
hydrochl oride is the active ingredient in Zoloft(r), a nedication approved
by the U S. Food and Drug Adm nistration, for the treatnent of depression,
obsessi ve- conpul sive di sorder and panic disorder. 1 WO 01/68566 CI Cl
Sertral one 13 SEP §004 PCT/ US01/ 08090 U.S. Patent No. 4,536,518 descri bes
a synthesis of serNOYERPRY @E&W@HB&EPAWG&)ECE-SERTMIN@CGSS f or
synt hesi zing sertraline hydrochloride fromsertral one conprises two steps.
First, sertralone is condensed with nmethyl amne in the presence of an

aci d cat al YGROSSREFERENOE mwﬁAW&W@ﬁ one, sertraline-1-imne.
as

N CH3 Sertraline I-imne The imne is then reduced to
sertraline. The R@ﬂ%mﬂmrmlmmhe béndfit Sf proRai@n aﬁiﬂ:caﬁoﬁ@@nﬁﬂﬁocom“ ses

the hydro o) e-l-imne concentrate at
y g%ﬁﬂ%b %95 ﬁleﬁ‘fvlarc I] r50{)0 which is incorporated herein by reference.

~ FIELD OF INVENTION
The present invention relates to the novel process of making and purifying (+)-cis-
sertraline. |

BACKGROUND OF INVENTION
Sertraline hydrochloride, (15-cis)-4-(3,4-dichlorophenyl)-1 »2,3,4-tetrahydro-N-
methyl-1-naphthalenamine hydrochloride, having the formula

H\N,CH_?,

«HCi
. l Cl

c
Sertraline hydrochloride

is the active ingredient in Zoloft®, a medication approved by the U.S. Food and Drug

Administration, for the treatment of depression, obsessive-compulsive disorder and panic
disorder.



roomtenperature for two hours over 10% Pd/ C catal yst in an atn05ﬁ2§éﬁ ﬁf
hydrogen (1 atmpressure). The product is a racemc m xture of t JUlénd
trans di as@ensises (" (f) 2 13 SEP 2004 WO 01/ 68566 PCT/ USO1pEp88 /0sa90
~cis/trans-sertraline”) in the ratio of approximately 3 to 1. This

hydr ogenati on step can introduce a nunber of contam nants, including

dechl orinated side-products, if not carefully controlled. One very

probl ematic group of side products are dechlorinated- sertraline
derivatives. It is desirable to have a hyd ogenati on nethod that reduces
the anount of dechlorinated-sertraline s products or elimnates these
side products. The purification of ci aline from
(f)-cis/trans-sertraline as describedx_r "518 patent is relatively
conplicated and expensive requiring nultiple recrystallizations, and the
(f)-cis/trans-sertraline so produced has cis/trans ratios |lower than 3:1.
It is therefore desirable to have a net of initially making
cis/trans-sertraline base from sertraling-|-¥nmne with cis/trans ratios
greater than 3:1. It is also desirable toChave a sinple and cost

effective, purification of (+)-cis-seriggghibpe from(f)-cis/trans-sertraline
base or from (f)-cis/trans-sertraline hydrochl oride. SUN MARY OF THE

| NVENTI ON The present invention relates to a process for naking
(f)-sertraline having a cis/trans ratio of greater than about 3:1
conprising the step of hydrogenating sertraline-l- imne at a tenperature
of at |east about 40C using a catal yst selected fromthe group consisting
of palladiumand platinum By the processes of the present invention,

catal ysts incl ugesppdt g¢/! : I%ﬁﬁj i al-k adi um on
carbon paste, and Pt O?W&gﬁgab?i%%@?d%\%e t c‘;'%i g]é)?g%r%gﬁ%;}t]i%b%rgoﬁéepr@ess
for maki ngsgriralomet rEie process for synthasizing seatralind loydvethlesde 8@ WertRidneand about

12:1 conprisiqg t he step of hydrogenatin sertraline-1-imne at a
t enper at ur E2BPTIEE lf“&f Sa%&ﬁ‘b S‘Zﬁ@%% ithepnslepsed| vaigh methyl amiinesin thgreserige of

i ' ' i d | | adi
processes Qﬁa@a%ﬁms%ltg&gég%%rgch hgf)eg‘}fﬁeﬁl.aﬁ‘%ley%rﬁa né:#llg‘i%?pa adi um on

carbon, palladium’™ Ite, an adi'um on car bo e. The present
invention also relates to a process for making (+)-cis-sertraline

hydr ochl ori de conprising the step of reacting an optically active sel ective
precipitant with ()-sertraline base havi,q,g-"l’& cis/trans ratio of greater

than 3: 1.
l Cl

C

Sertraline 1-imine

The imine, or Schiff base, is then reduced to sertraline. The reduction process of U.S.
Patent No. 4,536,518 comprises the hydrogenation of sertraline-1-imine concentrate at
room temperature for two hours over 10% Pd/C catalyst in an atmosphere of hydrogen (1

atm pressure). The product is a racemic mixture of the cis and trans diastereomers “(2)-
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The present invention also relates to a process for making P 700
(+)-cis-sertraline which is substantially free of dechlorinated L:ﬁéé 4
products, MH§IEE66Hg the step of catalytically hydrogenati N CTAIS01/08090
~sertraline-1-amne using Pt2 as a catal yst. The present invention also
relates to a process for making (+)-cis-sertraline hydrochloride from
(f)-sertraline hydrochloride with a cis/trans ratio of greater than 3:1 3
13 SEP 2004.: L 6...RPCT/US01/ 08090 conprising the steps of: generating
()-sertral icr}gé)gggslée%%% 'eoﬁ“b =R XIpgiedy 8 do (f hishydrogeniatien step can

hydr ochl or i idgodelt umshed/ e8RS ik O ; [ eat t han, 3.1; resolving the
(+)- sertraline so generat gq; ar?gatﬂ:tsgg% g‘f‘ﬁ“rf‘?gg‘téi‘?‘lfaag‘%ds%???m‘lﬁfé= if not .
hydr ochl or i seefulty eongradledn Orienwee roblerddtRQrro @) 8t §8e bRRC ra?éﬁ?gcﬁ]ofr%réteﬁ‘?k' ng
(+)-C|s-sertraIIJ ne, .hydrochloride from ()-sertraline hydrochloride

conpri si ng ¥HE @Fgﬁg" fvesqdiie dasirable to-hpave g bydrogkbatmonayethdd ittt eetueds e Sol i d

base to (d)isfh | 0 ride, resolving.the sertraline so

gener at ed; and Ffs’g{l%"tﬂf‘ﬁg}é ?r%)é:egér élnseésr'qer%fpﬁlffés FeRates these sidemsoductss ent
invention al so rEegheificatioR oPEieGe%RIiHE {-Ha(&g e Grfane 4 allRe trom
()-sertral i‘gg& base wherein the1 ()-sert Fraol In ¢ ééaéash%gézgﬁj%oaﬁt%ﬁ?{%ﬁm&e
dechl or i nat etk B¥FRtAarslaevely sompligatestanctexpeitsite jequiritipymbiiple Rclstalllz888nst han

about 1% t Lvel erein the, content of

dechl ori na;&{é%%see&p' ;&é "MWBH‘E‘{@W bas mpisttans mtics loyeribaw 81t ilbisal

met hods,  ceidforSddidab ' Gy f)-sertrali addi ti on of
a solid base to (E)- 'Slg???gﬁ%ggﬁvgggﬁhgﬂ'chﬁﬁﬁ?ﬁgwaﬁn%@sg P al i ne
so gener at &eriralingt liigdheawithgigtrinsaasos gredter thkh BE . Ny ¢y A5PEQ bR 1o BRIA LED

DESCRI PTI O;l Of TH(}E [ N\/ENTLO\I The present invention provides a new process
for maki ng TYE'%PRT £9sh FEeChYs putitication of(h)ickgseatreling fremr(s)-cisltransgerenlise  t han
about 3:1 B¥sebtdf ik %nf)' . line+y L. -imne. It also provides new
processes for makﬁgjbgée]rtra %%rgrgﬁ%%d[rﬁ%hg%%'ff base of sertral one,
sertraline-l-irnine. The nethods provided by the present invention provide
high cis/trans ratios of (f)-cis/trans-sertraline. Methods of the present
i nvention are al so expect ed YEMMARY QFEHE BNVENTIONand si de products

th i t : ] th .th nt i nventi
l'e0 have very oot Ve BATERS s REeaS g nbkine (ha Sealne proaser s.
Accor di ng ¢ig'tiahergtiocsfemeaternien kb 3SEEdmhpHsid}ethk %tdﬂrcﬁfﬁﬁﬁ?&ﬁeﬁétﬁ}@ deffarmenLf T

base of

Imine at a temperature of at least about 40°C using 2 catalyst selected from the group
consisting of palladium and platinum. By the processes of the present invention, catalysts
inf:lude palladium on carbon, palladium on graj:hite, palladium on carbon paste, and PtO,.

The present invention also relates to a process for making (%)-sertraline with a

J cis/trans ratio between about 8:1 and about 12:1 comprising the step of hydrogenating
sertraline-1-imine at a temperature of at least about 40°C using a palladium catalyst. By
the processes of present invention, suitable catalysts include, paliadium on carbon,
palladium on graphite, and palladium on carbon paste.

The present invention also relates to a process for making (+)-cis-sertraline
hydrochloride comprising the step of reacting an optically active selective precipitant with
(¥)-sertraline base having a cis/trans ratio of greater than 3:1.

The present invention also relates to a process for making (+)-cis-seriraline which
is substantially free of dechlorinated side products, comprising the step of catalytically
hydrogenating sertraline-1-amine using PtO2 as a catalyst,

The present invention also relates to a process for making (+)-cis-sertraline

hydrochloride from ()-sertraline hydrochloride with a cis/trans ratio of greater than 3:1°
3



sertral one, sertraline-1-imne. The sertraline-I-imne may be nade ?)é L%}
process of U S. Patent No. 4,536,518, the contents of which are 1 35EP 1004
i ncor por at B0 eiyj6ssef er ence. The sertraline- 1-imne is di ssolp¢gddetndide
organi ¢ solvent such as t-butyl-nethyl ether (MIBE), tetrahydrofuran
(THF), toluene, ethanol, isopropanol, n-butanol, ethyl acetate, acetone,
nmet hanol, or m xtures thereof, and catal ytically hydrogenated in the
presence of dro as Wth warm ng. Suitable catalysts include platinum
and pal | adi‘0 “F’Hggﬁ%‘?tgﬁse r EGRCIBHBS & hisralse bwédmogsé?;n aiqneaarsthiaseta (4-
catal yst i selralih@giaratnibrel % |l adi u .01/ 68566 SE§EP 2004
PCT/ US01/ 081190 ng{al yst I's 6@%%%%%%@082%8%%@& "’Sﬁﬂé‘? hite or

pal | adi um &rrelinbsnggesited; awbeﬁrceétmgtd?gcﬁ@kaialir@ bRghRindeal | adi um i s about
ably, the cafalyst is 10% Pd/ C by

\?/calt ghéL 0%? lrjlyag{)%/ﬂﬁ‘gingstéﬂéﬂwgégioé%%iﬁémtO@fprom fop meedabng (+)roiepdriraling he

cat al yst i ' r.ef.erabl e.platinumcatalyst is Pt02. B
the et hodgy‘g?a?hgagﬁégg%ﬁ‘su fiRURe R foclizeap SIRPTIYRE flie FemsfuRmerating (shst
about  40Cserfrakng BRsddigsh FBY sdIfE H}ﬁé@@é&g%tﬁagagﬁgg%ghfzﬁagggﬁolgﬁgtﬁ%%y the

reaction is warned to and naintai ned to a
pr ef er abl ySerEpléng soaganetated; and isatating (#)crertribing hadieRlosileabout 40C to about

60C. Wen the reaction i.s co.rrgl te, the reaction mxture is filtered, the
solvent is rendV2B ARy BYROUP )ﬂfseifghtqsatﬁépmﬁf@rm&mgs(dmwmﬂm frarl at ed

£)-cis/t ' : tion.h | t of
Gebhi or | not ae SRl Batd hdiein thof REREM. Ll B At B Arslinben o iabiane

si de pr odutideprogiets ghat ds very o) é.gle1s§eﬂiamabbutqa/o,v&%n@hﬁﬁoa? whéreofhp of the
3, 4- phenyl chl ?ri Hmtorrs are replaced by hydrogen. In ne hods of the
present i noPRTEGH orangted-scataking $1de prodcts is undetectablel bystqnvehtional methods,

£Y-cis/trapss b€ opi : i s/t i 0., i mat el

50 To apprpr il RS o' Redlitg (NSerfyiety ddilion o SUd he RS the

ci s/ trans setalinedfydeivhlridd; fesolmey ﬂh@‘%j-ﬁbr&!ﬂﬁle_rﬁl g@h&Gted! hnd 1s_elaﬁﬁ§ l(ﬁﬁBQ-F“ ment
ydr

of the preseni_i vention where the h ogenation of sertraline- -am ne

uses pal | &§ ¥ %b]ﬂftdé- as the catalyst in ethanol at about 40C, the
(=L)-cis/trans- sertraline isolated has a cis/trans ratio of approximtely
12:1. In an enbodi ment of the present invention where palladi umon

graphite is used as t m}'i;'pﬁnajmqggsgm?@bﬁ @erﬁ@mﬂol vent. In an
enbodi nent of the present invention where palladiumon

- The present invention provides a new process for making (+)-cis/trans-sertraline
having a cis/trans ratio greater than about 3:1 by hydrogenation of sertraline-1-imine. It
also provides new processes for making sertraline from the Schiff base of sertralone,
sertraline-1-imine. The methods provided by the present invention provide high cis/trans
ratios of (&)-cis/trans-sertraline. Methods of the present invention are also expected to
have fewer impurities and side products than prior art methods. Hydrogenation methods
of the present invention also have very low amounts of dechlorinated-sertraline side
products.

According to the present invention sertraline is prepared from the Schiff base of
sertralone, sertraline-1-imine. The sertraline-1-imine may be made by the process of U.S,
Patent No. 4,536,518, the contents of which are incorporated by reference. The serfraline-
1-imine is dissolved in an organic solvent such as t-butyl-methyl ether (MTBE),
tetrahydrofuran (THF), toluene, ethanol, isopropanol, n-butanol, ethyl acetate, acetone,
methanol, or mixtures thereof, and catalytically hydrogenated in the presence of hydrogen
gas with warming. Suitable catalysts include platinum and palladium. In a preferred

embodiment of the present invention the catalyst is palladium. Preferably the palladium
: 4




charcoal is used as the catalyst, preferred solvents are t-butyl-nethyl
ether and toluene. In an enbodi ment of the present invention wherg§§EP 2604
hydr ogenat i ¥R ®346856rt ral i ne- | - ani ne uses pal | adium as the CREREFEg0sh
~t-butyl-nmethyl ether at about 40 C, the content of

dechl ori nated-sertraline side products is |l ess than about I % By the

nmet hods of the present invention where PtQ2 is used.as the catal yst, no
dechl ori nat %gﬂiﬁrlﬁté%hl 1e side products can be detected, by conventional

met hods, in 1 Uy op-saybasy Ryltadaume on graphite on palbadiven oy eatticanakte

nmet hods. Prgh& | | fl-.chs/t.ans-sertraline is

subst anti al | yﬁ??ggyg% g(o:%]cﬁagé ?fn'g{iggl-%%}sﬂbg}“i %g) qugyﬂrb&ﬁlﬂ}%u Mure (f)-

ci s/ tr ans- geeferably,nbe catalyat ©d 0PABI/E 6] whih ' eat.er,.t han about 3
to 1. Preferably. the. cis/trans rat i%} i sID]g%(r)lﬁltaE]?l{}]Itegpl%T&r%dbﬁb@"B?c’%\ﬁfgﬁ%

addi t i onal PESICH! ByEnheihtheicgalyso ingilatioms Mooopeferilslg m&ﬁafmﬁﬁ%ﬁ%i isaO0f
sertraline-1-i mm@ey. xﬁer#?dé)%étg%% 13 SEP. 2004 PCT/ USO1/ 08090 ere the
present inventior provides F BEFSCRIIPVERISRathe Eepction iscwarmedrtoratleastaabout
hydr ochl or i408Cf Thewe4ctida mah) b ; B&k ' a -
(f)-cis/trans-sertraline baa%e i ?Hegllladg’:ao?%@hé?#\%geﬁ gﬁ%&%ﬁﬁﬁ?é‘”&?ﬁ%?ﬁ c

sol vent sudfiraed toprdmajnthined aoghandd 0°Cetohbooed 80°T- b Ry | on i
nmet hanol , Q\Fapﬁtﬁ?m or.eth acetate, and the sol uti oprll-ei S \}va’rmnﬁfate%onals
t enper at ur & S UEH 19804 Bintaigedat 3heulAQG terebert $03C( £ ) - ci s/t rans-sertral i ne
base is facili gh&fgl n.optically active selective |
precipitant. An opti ca?ff%/agog? ?g%r% lgg"’r Téh%trf*\lf mBI’ééﬁ'ﬁ? fﬁaﬁfﬁl‘e%@aﬁsqgent 1s

( D) - mandel remexsiddind(ths (Hecidebns sahkhe idted0-The 24504 | 9L G 8 g or
(-)-10-canphorsul fonic acjd, i ssaddede lt o] Eeheq;}lgact i g‘?ﬁﬂ{égﬂ?’% ge%glnﬁ(g
m xture i s"¥HEFFRLEVERtPRbR%E Yary low Bnonahefalechlonnatdd aadraliby sitepesducts. aci d

ar e ref e . | id.is r referred. The m xture is cool ed

Lo room tgem%g?’ac{:%ré’?%ﬁ O serltg Sids buodichelers Fsrratinelsrigations wherein ophe
tion i tHee3 4~ | il ' |

reaction ierbwhp phenyll @ldrife 206mé AR Ttélﬁa&td JiYedie Iffgxgéetf,n&{sgqqlﬂg%e d by

met hods known in the art. Filtration of e redction"m X

dryi ng yi @SSt Fveaiign aviers palladiunaisi used ps teicatalysntthe (I cé/anadbarrhivg cr ude
(+)-sertralhne. . This.crude. (+)-sertraline-precipitant is further
purified 3’3@%&#@?%’? s Tl ﬁp%fﬂ’“é%’é%‘as%ﬂr i PPEGEAIEl KLy which it hano!
and i soprawbstantialdtriproveheit bo& thELRARRE rd eferred.. The

recrystal Ignzgnc]ib (Hir) fnspért ral i ne-precipi tzkirr#ttﬁ)i 6?%’?%2%?\7@(?@% ‘%ﬁ’%’ﬁ}?ﬁ%ﬁ-a{?e
organic

odiment of the present invention where the hydrogenation of sertraline-1-amine
uses palladium on graphite as the catalyst in ethanol at about 40°C, the (%)-cis/trans-
sertraline isolated has a cis/trans ratio of approximately 12:1. In an embodiment of the
present invention where palladium on graphite is used as the catalyst, ethanol is a
preferred solvent. In an embodiment of the present invention where palladivm on
charcoal is used as the catalyst, preferred solvents are t-butyl-methy! ether and toluene. In
an embodiment of the present invention wherein the hydrogenation of sertraline-1-amine
uses palladium as the catalyst in t-butyl-methy] ether at about 40° C, the content of
dechlorinated-sertraline side products is less than about 1 %.

By the methods of the present invention where PtQ, is used as the catalyst, no
dechlorinated-sertraline side products can be detected, by conventional methods, in the
isolated (+)-cis/trans-sertraline by conventional methods. Preferably, the isolated (+)-
cis/trans-sertraline is substantially free of dechlorinated-sertraline side products. The (£)-
cis/trans-sertraline isolated has a cis/trans ratio of greater than about 3 to 1. Preferably the
cis/trans ratio is about 4 to 1. Table 1 provides additional data and reaction conditions
concerning the bydrogenation of sertraline-1-imine.
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sol vent such as toluene, ethyl acetate, isopropanol, t-butyl-nmethyl ether
or hexane. The sertraline-precipitant solution is washed with an ?gLS(Eprﬂm
basi ¢ sol uMi@#l/68séch as, 10% sodi um hydroxide (NaOH) sol utipe#, o ove

.pot assi um hydr oxi de (KOH) solution, and the 1like, to renove the seléctive
precipitant, e.g., mandelic acid. The organic phase of the solutionis
further washed with water and the (+)-sertraline base is isolated by

sol vent evaporgtjon. The (+)-sertraline base is dissolved in an

appropriat e or gahPire & Rresent nygution provides metiodds fanptepirings@)uts-atralne 0ol ed.

The cool ed i lution }js then acidified with hydrochloric acid,

whi | e mai nthg{h%?ﬂé’ﬁfl%gm#‘e%‘g?‘? Q*ﬁ"?gﬁﬁ%%’wl@%asa ¢ GhrGis(irany seryeling base is
facilitatedisselvédineat dppropiatd drbakicSst i r Lh&iCethah ¢i.ion
m xture is then stir rﬁe@d paﬁ;a r or)g% tEgpﬁg?g{lﬁbggfogpy%hgggﬁﬁ(%}ﬁ&f gtth%mgrrgﬁ‘f%iof
time, suchmgthyl gheumethanolmsbutano], bnethyl dcatace, &hé the' BRitIntid WabRe®fo a
(+)-cis-se ' Conpletion of the reaction nay be

traline h drocbhl orjde. t .
noni t or ed E??’P&B?W‘Sﬁ#%ﬁ%? %‘E?h sResphetiqniof he; (3)-sisftranatseriesling dasecisl or i de
F V isfy fol I - iLng. Sertrali hydrochl oride F
VTS di sl oset e 0 e E PN E b0 bty a5 i e e e T

content s _ofeledtive Ipravigitant So¢tpay @ )edattiiliRia0idDYL Y RESIBBGEId, (DL10.699 patent 6
WO 01/ 68566 13 SEP_ 2004 PCT/ USOl /08090 characterizes sert ra}l ne

hydr ochl or $3J@P opaAriden{g)-20-sppphensulfomaypcidnisladdedto theveketion miktye and

diffracti | - - cirQSKO i.fferentjal scanning calorinetry.

The ' oor t rap i Gl RBRE LIRERY P EnGencaid oid Rormerdebe peidge ne

i nventi on prefeesedd)-fbsdtlicheidsk @n&a@raensmam&ﬂaﬁ{dgéqgc&}ie& {q;ro% ae! X-ray
e

di ffraction pattern. The (gri nci pal peaks observ are at abou . 20. 2,
10. 40. 2, 1empergyre and stwed preferably. #houtl 7 heGrs2or uritB tHEdredctickdis tompletd.9. 70. 2,

20. 90. 2, . 23.20.2.. 23.60.2, 25.50,2, 26.00.2, and 29.10.2 degrees
2 theta. %‘%’ﬁ%%giﬁegﬁ?"&f’ngﬁ}t eaﬂnp%omgbym%ilﬂém%ﬁhﬁ art.pF daetienoty

the presenthe PEREES Snikttrd: RISy ESth f N SirecidBa g M 822
cm', 1012 gm, 1032 ont, 1054 c’}m, @%ﬁdgﬁe%@g@g’%ﬂgé’&%ﬁ?& and 1590
cm . The rirefesthly Bfe arde (J)-sextraline-myandelacen This crodk (-Fgserthalind- pres®ithheisi ne

al | ow ser%&tﬁlri nﬁﬁﬁeﬁ%ﬁ:é’gi tan@, Qr sertraline-mandel ate, to be rmade directly
fromthe seftral The  FACEMPEZRRAUIN FHRPPIORSIAE AREapiy spbygah dEtharel andduct i on,
of the seribépbhdifel drelgitfefed. T BiRinol is more preferred.

The recrystallized (+)-sertraline-precipitant is dissolved in an appropriate organic

solvent such as toluene, ethyl acetate, isopropanol, t-butyl-methyl ether or hexane. The
sertraline-precipitant solution is washed with an aqueous basic solution, such as, 10%
sodium hydroxide (NaCH) solution, 10% potassium hydroxide (KOH) solution, and the
like, to remove the selective precipitant, e.g., mandelic acid. The organic phase of the
solution is further washed with water and the (+)-sertraline base is isolated by solvent
evaporation. The (+)-sertraline base is dissolved in an appropriate organic solvent, such
as, ethanol, and the solution is cooled. The cooled organic solution is then acidified with
hydrochloric acid, while maintaining the reaction temperature at approximately 10°C, to
facilitate the formation of (+)-cis-sertraline hydrochloride. The reaction mixture is then
stirred at room temperature for an appropriate amount of time, such as, about 2 hours, to
facilitate the precipitation of (+)-cis-sertraline hydrochloride. Completion of the reaction
may be monitored by conventional methods. The (+)-cis-sertraline hydrochloride Form V
is isolated by filtration and drying.

Sertraline hydrochloride Form V is disclosed in U.S. Patent No. 5,248,699 ("the

'699 patent"), the contents of which are incorporated herein by reference. The '699 patent
6




I nproved, efficient and cost effective purification is possible when the
sertraline racemate has a relatively high cis/trans ratio, such a S pqﬂh
8:1 to abo¥OPP6&#66as well as when the content of dechloningg?ﬁf §£h§al e
.side products is low, such as, less than about 1% The nethods 8@ e
present invention successfully elimnate the need for several purification
steps prior to selectively precipitating (+)-cis-sertraline with an

ticall | ' I, Pi. t. Th (O ti I
o ovi des” an 21 67 gt R e i WBECEHBrdad i ¥ by 1l crerl nimy mealpyidrmoliens de

Crude () - ciray QifBRSHSE itffalddS e ARV i.s4trans ratio of greater than 3:1
may be treated with hydrochltl??i c a%%fl@d%el{%nq@?ﬁ%fém{rﬁgu‘@il%‘?m\?%smfért ral i ne
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steps prior to selectively precipitating (+)-cis-sertraline with an optically active selective
precipitant.

- The present invention also provides an alternative method of making (+}-cis-
sertraline hydrochloride. Crude (¥)-cis/trans-sertraline having a cis/trans ratio of greater
than 3:1 may be treated with hydrochloric acid to make crude (%)-cis/trans-sertraline
hydrochloride having a cis/trans ratio of greater than 3:1. The crude (+)-cis/trans-
sertraline hydrochloride having a cis/trans ratio of greater than 3:1 is dissolved in an at
least partially non-water soluble organic solvent, such as ethyl] acetate, isopropanol, t-
butyl-methyl ether, n-butanol, iso-butanol, and toluene, or a non-basic water miscible
solvent, such as, isopropanol, and washed with an appropriate aqueous basic solution,
such as, 10% sodium hydroxide solution, 10% potassium hydroxide solution, and the like,

to facilitate the formation of (%)-cis/trans-sertraline base. The organic and aqueous phases
are then separated. The resoluticn of the (#)-cis-sertraline base is facilitated by the use of
an optically active selective precipitant. The optically active selective precipitant, as

described above, e g., (D)-mandelic acid, is added directly to the organic phase which
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Facilitate the precipitation of (+)-cis-sertraline hydrochloride. Completion of the reaction

may be monitored by conventional methods. The (+)-cis-sertraline hydrochloride Form V
is isolated by filtration and drying.
(*)-cis/trans-Sertraline hydrochloride may also be recrystallized once and
| dissolved in an appropriate organic solvent, such as ethanol, isopropanol, methanol, n-
butanol, and iso-butanol. Ethanol is preferred. The optical resolution is performed by
adding solid base, e.g., potassium hydroxide, sodium hydroxide, sodium carbonate
(Na,CO;) and sodium bicarbonate (NaHCO,), directly to the sertraline hydrochloride
racemate solution. The salts are then removed by an appropriate method, e.g., by
filtration. The optically active, selective precipitant, as described above, e.g., (D)-
mandelic acid, is added to the organic solution and the (+)-cis-sertraline-precipitant,
e.g.,(+)-cis-sertraline-mandelate, is precipitated directly from this organic solution. The
resulting crude (+)-cis-sertraline-precipitant is recrystallized. The recrystallized (+)-cis-
sertraline-precipitant, e.g.,(1)-cis-sertraline-mandelate, is dissolved in organic solvent and
the mandelic acid is removed with base, such as, by washing the organic solution with

aqueous basic solutions, e.g., 10-20% sodium hydroxide (NaOH) solution, or 10-20%
8
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EXAMPLES

EXAMPLE 1
Step 1: Preparation of sertraline-1-imine (Schiff base ).:

Sertralone (100 g) was dissolved in toluene (1400 mL) and the solution so

obtained was cooled to 0-5°C. Methy] amine gas (38.7 g) was bubbled through the
solution while maintaining the temperature between 0-5°C. To the above solution, TiCl,
(20 mL) was added dropwise while maintaining the temperature below 10°C. The
reaction mixture was allowed to warm to room temperature and then was stirred at room
temperature for 3 hours. Upon completion of the reaction, TiO, was removed by fiitration
and the filtrate was evaporated to dryness. The solid obtained after evaporation was
sertraline-1-imine (101.17 g; yield 100%).

Step 2: Preparation of (+)-cis/trans-sertraline (sertraline racemate) free base:

A shurry of sertraline-1-imine (Schiff base) (10 g) in t-butyl-methyl-ether (MTBE)
(270 mL) was hydrogenated in the presence of Pd/C (10% loading) at 40°C, at 1 atm H,
pressure. After approximately 5 hours the reaction was complete. Filtration of the
reaction mixture through a cellite pad and evaporation of the solvent afforded (+)-

cis/trans-sertraline free base (sertraline racemate free base} (10 g) as an oil.
9
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-sertral i nWoanelsbat e: Sertraline racenate free base (75.6 .,\(yp/gm?%% Iz%d
.in ethanol (760 nm.) and the solution heated to about 50C. ( S

acid (37.6 g) was added and the solution was heated to reflux. The m xture
was cooled to roomtenperature and stirred for 3 hours. Filtration and
washi ng w et haﬁ ‘irfol | owed by drying at about 60C afforded the product
crude (+) b qg!m@%ﬂfnsertrﬁha&lmwm d (40.79), 94.6%
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(+) - sertrjal iMéBFandel atléi/&vas gst ablloshed by chikgoat HPLC. — Step 4-

Pr epar at i S ¢ anRdelatecrystals Crudel (+)-serfraline

UIT et Re—i
nmandel at Zéiuﬁ?e w4s cr@‘é‘; al liized P%m et hanol 6620 nl).  The hot sollution
was treatled o actlp@ggﬁtpﬁm T3 atet pmd gt ed—1o .uu..#z..pc. atyre.

The obtaijped solidiwas Tsolatéd by filtrat] on and washed wit t hanol .
After dri nd\ﬂ'ﬂﬁe ( PG arste alli ne- Taudel at g crysials pre obtaked 1n 82.8 %
y| e| d (3 PV VA aYal ala hy, Aar Q aVal DD S l"t ral | ne \A\as .

EUU U"/O Sefrtfar+Hhe oy —ctt
det ect ed.L_St e?% epara?? on of + -Sertraljne ‘FR/@rochl ori de F&¥dm V: The
crude (+)-sertral | ne mandel ate crystals 1n toluéne Were partitroned bet ween
a 10% aqueous sol ution of NaOH and tol uene. The organi c sol ution was
washed with water and the solvent was evaporated to dryness to give

(+)-sertragienss- tﬁmgofﬁg-udi @i E%i [Li% ﬁnﬁf (+-)-sertraline base (3.7 Q)
I n et hanol was a n chloride gas while
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tenperature and stir (ied for 2 hours. After filtration, \NaShI ng o e solid
W th 10 WOUHHeEBeRed ahont 56 (Petendstic acBB(I® g) was added and the solution

was heated to reflux. The mixture was cooled to room temperature and stirred for 3
hours. Filtration and washing with ethanol foliowed by drying at about 60°C afforded the
product cmde (+)-sertraline mandelate, in 83.7% yield (40.7g), 94.6% SS-sertraline,
3.01% RR-sertraline.

The optical purity of the (+):sertraline mandelate was established by chiral HPLC.

Step 4: Preparation of (+)-sertraline mandelate crystals

Crude (+)-sertraline mandelate (40 g) was crystallized from ethanol (920 mL).
The hot solution was treated with active carbon, filtrated and cooled to room temperature.
The obtained solid was isolated by filtration and washed with ethanol. After drying, the
(+)-sertraline-mandelate crystals are obtained in 82.8 % yield (31.95 g) 99.0% SS-
sertraline by area, no RR-sertraline was detected.

Step 5: Preparation of (+)-sertraline hydrochloride Form V:

The crude (+)-sertraline mandelate crystals in toluene were partitioned between a
10% aqueous solution of NaOH and toluene. The organic solution was washed with
water and the solvent was evaporated to dryness to give (+)-sertraline base (6.9 g). The
solution of (+)-sertraline base (3.7 g) in ethano! (18.5 mL) was acidified with hydrogen
chloride gas while keeping the temperature at about 10°C. Then the mixture was cooled to
room temperature and stirred for 2 hours. After filtration, washing of the solid with
10
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Table 2. Entry ~ Sanple tyl) e Preparation
(+) Mandel ate crude Tol uene,

(EtOH),

e specific conditions and results of these 5 expenments

10 vol

refl ex,

(+)-sertraline hydrogen chloride ((+)-sertraline HC)
99. 6% SS-sertraline by

Bt S,

Table 2.
Entry S'am le Preparation Conditions Yield (%)
1 () Sertraline base H,/PtO, 61.9
{(+) Mandelate crude Toluene, 60°C, room temperature 41.7
(ri.), 2h

(+) Mandelate crude Ethanol (EtOH), reflux, r.t. 2h 85.5

(+) Sertraline-HC] EtOH/HCI (g) 83.1

. Overall -yield 18.3
2 (%) Sertraline base H./Pd/C 81.2
(+) Mandelate crude Toluene, 10 vol., 60°C, r.t., 2h 452

(+) Mandelate crystallization I EtOH, reflux, r.t. 2h 86.2

() Mandc-late crystallization IT { EtOH abs., reflux, r.t. 2h 87.2

(+) Sertraline-HC] EtOH abs./HCI (g) ~90
Overall-yield 24.9

3 () Sertraline base H,/Pd/C, MTBE, 40 87.7
(+) Mandelate crude Toluene, 10 vol., 60°C, r.t., 2h 41.2

(+) Mandelate crystallization EtOH abs., reflux, r.t. 2h 88.2

j (+) Sertraline-HC] ~90
Overall-yield 28.75

4 (%) Sertraline base H,/Pd/C 83

(+) Mandelate crude Toluene, 10 vol., 60°C, r.t., 2h 40

(+) Mandelate crystallization EtOH abs., reflux, r.t. 2h 86.7

(+) Sertraline-HC1 EtOH abs./HCI (g) 71.7
Overall-yield 20.6

5 (%) Sertraline base H,/Pd/C, Toluene, 60°C. 78
(+) Mandelate crude Toluene, 10 vol., 60°C, r.t., 2h 442

(+) Mandelate crystallization EtOH abs., reflux, r.t. 2h 87.5

(4) Sertraline-HC] EtOH abs./HCI (g) 80.1
Overall-yield 242
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/ 0#090 EXAMRhB1/88566PTI CAL RESOLUTI ON (k) - Sertraline hydrochl 9{’% nsn
.dissolved in ethanol (20 nL) and KOH powder (85% was added

solution. The slurry was stirred at roomtenperature for 2.5 hrs. After
stirring the solids were renoved by filtration and the solution was treated
with D-(-)-nmandelic acid (2,66 . Precipitation occurred and the stirring
was continued for 24 hoursE S&Zir@Pﬂ"I@AM&DhU@IGms i sol at ed by
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powder (85%) was added to the solution. The slurry was stirred at room temperature for
2.5 hrs. After stirring the solids were removed by filtration and the solution was treated
with D-(-)-mandelic acid (2.66 g). Precipitation occurred and the stirring was continued
for 24 hours. {+)-Sertraline-mandelate was isoiated by filtration and washed with ethanol
and then dried to yield 2.70 g of (+)-sertraline-mandelate.

Optical purity of (+)-sertraline-mandelate was established by chiral HPLC

- methods. Table 3 provides additional data and reaction conditions concerning the optical
resolution of sertraline. In Table 3, the % Enantiomer RR is the percent area of the RR-
enantromer as determined by chiral HPLC; Chirace] OD-H, 250 X 4.6 nm, Su, column
temperature 5°C. In Table 3, the Yield % is the yield of optical resolution, based on the
% SS-enantiomer of sertraline hydrochloride practically obtained against the theoretical
SS-sertraline hydrochloride enantiomer that could be obtained. The yield was calculated
based on the optical purity of (+)-sertraline hydrochloride obtained. In Table 3, the Assay
% s the percent of SS-sertraline hydrochloride as determined by chiral HPLC method
using SS-sertraline hydrochloride as the standard.

Table 3. Optical Resolution
Entry Solvent Base % Enantiomer RR | Yield (%) | Assay (%)
1 I-Propanol 20% aq. NaOH 2.4 83.4 99
‘ 2 n-Butanol 20% aq. NaQH 2.7 81.9 96.1
4 | Ethyl-acetate 20% aq. NaOH 1.06 76.9
5 Toluene 20% aq. NaOH 2.2 75.8
6 t-Butyl-methyl-ether | 20% aq. NaOH 22.9 85.1
7 Ethanol KOH powder, 4.6 79.3 89.3
85%

Although certain presently preferred embodiments of the invention have been
described herein, it will be apparent to those skilled in the art to which the ilowenﬁon
pertains that variations and modifications of the described embodiments may be made
without departing from the spirit and scope of the invention. Accordingly, it is intended
that the invention be limited only to the extent reqmred by the appended claims and the

applicable rules of law.
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Optical purity of (+)-sertraline-mandel ate was established by chiral HPLC
net hods. Tabl e 3 provides additional data and reaction condition 3 SEP 2004
concer ni ng MeL1@8sG6cal resol ution of sertraline. In Table 3’Pctr|fl 110809
.Enantiomer RRis the percent area of the RR- enantioner as determ Hed %y
chiral HPLC, Chiracel OD-H 250 x 4.6 nm 5,u, colum tenperature 5C. In
Table 3, the Yield %is the yield of optical resolution, based on the %
SS-enantio Farh A ydrochl oride practically obtained agai nst the
t heoreti cal %%fr er ;mﬁ drochl ori de enantionmer that could be obtained.
The yield was cal cul ated based on the optical purity of ()-sertraline
hydr ochl ori de obtained. In Table 3, the Assay % is the percent of
SS-sertral i he hyérrsetsss fardeaking ¢ek-emmlitethabihg@is/ahn kG L0904 AJ:SAH@%
SS-sertrali cgi\ﬁdr.ox:hl ride Isj the standard. Entry - A Solvent Base %
Enant i oner Bf e eﬂ%&? YPgenatingsenraboe-yHiming styd teptpeenturd 0¥apigast NaOH
20% aq. NaGHokQhbapoygies 9 h rtain presentl referred
enbodi nents of the invent ?%ﬁ’gwg\]/%&%dejgﬂmqg%?&up 5§E§1ﬁg}geqféa?lp@1um qnd glatinum.
apparent to those skilled in the art to which the invention pertains that
vari ati ons .and dificatigns of the described enbodi nents may be nade
Wi t hout depfart i ntf*RTBASSE 19€ i li whernih the tamependtutetie between about.405CGaA db&ig! V.
it isinte that the invention be limted only to the extent required
by the appended clains and the applicable rules of law. 12 WD 01/ 68566
WHAT IS CLAMED I'S: 13 S E P 2004 PCT/US01/08090 1. A process for making
(E)-sertraline having a cis/trans ratio of greater than about 3:1
conpri si ng 3t he skhepregeshoficloge navhereinghe tatalliioBydrobeHiation 38 carit@gRehahur e of
at | east %%a% SAb(l)‘% 't'Siln& Sﬁcatﬁ,l yst selected fromthe group consisting of
pal | adi um and pi &t mup coted from the’group consisting of ethanol, tetrahydrofuran, toluene,
isopropanol, n-butanol, ethyl acetate, acetone, methanol, and t-butyl-methyl ether, and

mixtures thereof,

4. The process of claim 1 wherein the catalyst is selected from the group consisting

of palladium on carbon, palladium on graphite, palladium on carbon paste, and PtO,.

5. The process of claim 4, wherein the (¥)-sertraline has a content of dechlorinated-

sertraline side-products that is Jess than about 1%.
; 6. The process of claim 4 whereijn the catalyst is PtO,.

7. The process (_)f claim 6, wherein the (+)-sertraline is substantially free of
dechlorinated-sertraline side products.

8. The process of claim 6 wherein the catalytic hydrogenation is carried out in an
organic solvent selected from the group consisting of ethanol, tetrahydrofuran, toluene,

isopropanol, n-butanol, ethyl acetate, acetone, methanol, and t-butyl-methyl ether, and
mixtures thereof,

9. The process of claim 3 wherein the solvent is ethanol,
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2. The process of claiml wherein the tenperature is between about 40C and
about 80C. 3. The process of claim| wherein the catalytic hydrogehSEP @4
is carriedwiuo0i/48icean organi c sol vent selected fromthe gr_o%.ﬁgglﬁy'%‘j“ng of
.ethanol, tetrahydrofuran, toluene, isopropanol, n-butanol, ethyl acetate,
acetone, nethanol, and t-butyl-nmethyl ether, and mxtures thereof. 4. The
process of claiml wherein the catalyst is selected fromthe group

consi sting,  of palladiumon carbon, palladiumon graphite, palladium on
carbon pastl8; arddepregess of clrive 9pvhsres theofatadystiinpaladibe beigrarhie.
()-sertraline has a content of dechlorinated- sertraline side-products that
is less than about 1% 6. The process of claim4 wherein the catalyst is
PtC2. 7. The. prabegsodths 6f @i 8 whthsh i fmRAUHERL] ABed S

substantial ly free%gf dechlig%i@r‘l)gt ed-gie‘e%tog‘}a%ﬁlt{r?etbsl eﬁ%@gid%g?rs. 8. The
process of claim®6 wherein the catal ytic hydrogenation is carried out in an
organi c so:‘%ent ﬁel ected lJro.m the_group consisting of ethanol,

t et r ahydr of tir an, B BFRf&RT Clpigy b} ¥hared the satglishisqralladiumyon chrscerle, acet one,
met hanol , and t-butyl-nethyl ether, and m xtures thereof. 9. The process
of claim3 wherein the solvent is ethanol. 13 WO 01/68566 13 SEP 2004

PCT/ USOL/ | TR( ) 9TThe pfocedhel qdiacs séerdin tleabRelt MhsILBh) the catal yst is
pal | adi um on graphite. 11. The process of claim 3 wherein the solvent is
t-butyl-nethyl ether. 12. The process of claim 1l wherein the catalyst is

pal | adi um ch 1a:1h ocess of claim erein the solvent is
t ol uene. 1?14] Thgﬁgg gdccgssssé%f]alé g:} %i@“\/\r)ﬁ'@%ﬁaﬁsfﬁé’aﬁﬁﬁw ‘g]a§°%'&l | adi um on
charcoal . 15. The process of claim1 wherein the cis/trans ratio is between
about 8:1 and apout 12:1 and the catalyst is palladium 16. The process of
clai m 15 wher ei hhe Brocessmfelaimul whersithht wisédranaratis is4@6vesncabao8] and@Boutl7.

Igﬁsf);?;:ﬁaﬁz?fangh%i c!ytallést\ﬁ\@;%]ieaidri]uﬁhe catalyst is selected fromthe group

16.  The process of claim 15 wherein the temperature is between about 40°C and about
80°C.

17.  The process of claim 15 wherein the catalyst is selected from the group consisting

of palladium on carbon, palladium on graphite, and palladrum on carbon paste.

18.  The process of claim 17, wherein the content of dechlorinated-sertraline side

i products is less than about 1%.

19.  The process of claim 17 wherein the catalyst 1s palladium on charcoal wherein the

metal Joading of palltadium is about 5% to about 10% by weight.

20.  The process of claim 15 wherein the catalytic hydrogenation is carried out in an
organic solvent selected from the group consisting of ethanol, tetrahydrofuran, toluene,

isopropanol, n-butanol, ethyl acetate, acetone, methanol, and t-butyl-methyl ether, and

mixtures thereof.

21.  The process of claim 20 wherein the solvent is t-butyl methy] ether.
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of pall adi um on carbon, palladiumon graphite, and pall adi umon carhon
paste 18. The process of claim 17, wherein the content of 13 SEP 2004

dechl ori natvedosessé al i ne side products is |ess than about 9 ) e
process of claim 17 wherein the catalyst is palladiumon ch;'?cﬁ({g%'%mg{}'ei n
the netal |oading of palladiumis about 5%to about 10% by weight. 20. The
process of claim 15 wherein the catalytic hydrogenation is carried out in
an organic.,.solvent selected fromthe group consisting of ethanol,

t et r ahydr offdr an, L egyrersseof claisp 8P wharemt thersobethtisaithanel.nyl acetate, acetone,
met hanol , and t-butyl-nethyl ether, and m xtures thereof 21. The process
of claim20 wherein the solvent is t-butyl nethyl ether. 14 13 SEP 2004 WO

0/ /168566 PCF¥/ USOheQB6R9s 2Pciaii ) Whok i wherein the solvent is
et hanol. 23. The process of claim 2?%§§Igggﬁa%hméla§%q'vent is toluene. 24.

The process of claim 15 wherein the cis/trans ratio is about 12:1. 25. The

process of ,¢l ai m 24 Wner%}(g the tenperature is between about 40C and about
80C. 26. The pr Q& PLOHS o Claim by wigreietha cisfieans aatio ipaboiis 12 ect ed fromthe

group consisting of palladiumon carbon, palladiumon graphite, and
pal | adi um on carbon paste. 27. The process of claim 26, wherein the content

of dechl or 2hat edhs prdcesd éfivdaini IlEWhaEMHﬁe_finpe%ath%si%,bkﬂ?één%ﬁﬂﬁ?]doc"/gn\%n ouf N€
process of8 ngl m 27 wherein the catalyst is palladiumon graphite ere the
| oadi ng of @ ‘ladiumis about 5l to about 10% by wei ght. 29. A process of
claim 24 wherein the catalytic hydrogenation is carried out in an organic
sol vent selected fromthe group consisting of ethanol, tetrahydrofuran,

t ol uene, Z2&opr ThapicessroflRldiamal whatih t: . and
t-butyl - mséthg[ﬁm et hgtrml, esf:nd rln xt uvrves t heeF gfg?j&aég?d%tg&g&&g@wg‘}ﬂzﬁsﬁp%

wherein th 3R opsagonapdladivgl on graphive,esd atisdimakomearbdd pasts - sertral i ne
hydrochl oride from ()-sertraline base conprising the steps of:
27. The process of claim 26, wherein the content of dechlorinated-sertraline side

products is less than about 1%.

28. The process °_f claim 27 wherein the catalyst is palladium on graphite where the
loading of palladium is about 5% to about 10% by weight.

29. A process of claim 24 wherein the catalytic hydrogenation is carried out in an
organic solvent selected from the group consisting of ethanol, tetrahydrofuran, toluene,

isopropanol, n-butanol, ethyl acstate, acetone, methanol, and t-butyl-methyl ether, and

mixtures thereof,
30.  The process of claim 27 wherein the solvent is ethanol.

31. A process for making (+}-cis-sertraline hydrochloride from (+)-sertraline base
comprising the steps of:

(a) reacting an optically active selective precipitant with (&)-sertraline base
wherein the (+}-sertraline base has a cis/trans ratio of greater than about 3:1 to form a (+)-
cis-sertraline-precipitant;

(b)  reacting the (+)-sertraline-precipitant with a basic solution to facilitate the
formation of the (+)-sertraline base;
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(a) reacting an optically active selective precipitant wwth (+)-sertraline
base wherein the (=Q sertraline base has a cis/trans ratio of grea’(&rSEPHmﬁ
about 3:1WBME¥WPa (+)- cis-sertraline-precipitant; (b) reactinmgbiige
(+)-sertraline-precipitant with a basic solution to facilitate the
formation of the (+)-sertraline base; 15 WD 01/68546 .13 S E P 2004 -

PCT/ US01/ 08090 (c) reacting the (+)-sertraline base with hydrochloric acid
to facilitate t prec'.ﬁi at |+ﬁn Ofgﬁ%‘d s-sertral ine hydrochl oride; and
(d) isolating ( -ci%e-%ttl § g GHirseniipline begeovity By drpshlois acisk todfaeibitats thel ai m 31
wher ei n t hge&ighited o [ = -ralipge side products is less than
about 1% I’Xg& 9The pr%&gg?g%rggfﬂﬁﬁ%&%%éegiahat he cis/trans ratio is

bet ween about 8d} andoldtingi+)-diz:strtradide hyichI@RRrRss of claim 31 wherein the
process of step (a) is carried out in an organic solvent selected fromthe
group consi sting of toluene, iso-propanol, ethanol, t-butyl- nethyl ether,
nmet hanol , n-butanol or ethyl acetate. 35. The process of claim 31 wherein
the basic solution is selected fromthe group consisting of sodium

hydr oxi de 32quedtis mbwsio_cmlaaﬁ@,1p@ﬁ@&%itm&wéﬁpa@&%hﬁ%%&%e@%%id%”: 36. A
process for makl,ngf (J%-m s-sertraline hydrochloride from(+)-sertraline
¢ ea

hydr ochl oPrefickss neabout i%ns ratio of greater than 3:1 conprising the
steps of: (a) generating (+)-sertraline base by addition of an aqueous base
to (+)- sertraline hydrochloride with a cis/trans ratio of greater than

3:1; (b) nasol W‘lﬁ@rbb@s@ftﬁ:ﬁfltﬂ?abﬂé?ﬁnl?ﬁ%%sﬁﬁng?ﬁg ﬁtb%g%%aglea QLE8:1 and about

(+)-sertraline base; (c) reacting the -sertral i ne

hydr ochl od@el-acid to facilitate the precipitation of (+)-cis-sertraline
hydrochl ori de; and (d) isolating (+)-cis-sertraline hydrochloride. 37. The
process of claim 36 wherein step (b) further conprises the steps of

34.  The process of claim 31 wherein the process of step (a) is carried out in an organic
solvent selected from the group consisting of toluene, iso-propanol, ethanol, t-butyl-

methy] ether, methanol, n-butanol or ethyl acetate.

35.  The process of claim 31 wherein the basic solution is selected from the group

consisting of sodium hydroxide aqueous solution and potassium hydroxide aqueous

solution.

36. A process for making (+)-cis-sertraline hydrochloride from (*)-sertraline
| _ hydrochloride having a cis/trans ratio of greater than 3:1 comprising the steps of:
(a) generating (+)-sertraline base by addition of an aqueous base to (X)-
sertraline hydrochloride with a cis/trans ratio of greater than 3:1;
(b) resolving the (%)-sertraline base so generated to form (+)-sertraline base;
(c) reacting the (+)-sertraline base with hydrochloric acid to facilitate the
precipitation of (+)-cis-sertraline hydrochloride; and
(@) isolating (+)-cis-sertraline hydrochloride.

37.  The process of claim 36 wherein step (b) further comprises the steps of:

{(a) reacting an optically active selective precipitant with the (+)-sertraline
base wherein the (%)-sertraline base has a cis/trans ratio of greater than about 3:1 to form
a (+)-cis-sertraline-precipitant;
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(a) reacting an optically active selective precipitant with the
(+)-sertraline base wherein the (+)-sertraline base has a cis/trah$ SERtZ0H

of greater WRAYEW6ut 3:1 to form a (+)-cis-sertrali ne-pr.eci,eir}U%Qt' 16 WO
0]/68566 13 S E P 2004 PCT/U Sol /08090 (b) reacting the 1708090
(+)-sertraline-precipitant with a basic solution to facilitate the
formation of (+)-sertraline base. 38. The process of claim 36 wherein the
content of dechl@ri nat ed-,setrtral ine side products is |less than about 1%
39. The process p c| FPHEsthe ks raling progpitantawith e bayidsolitib®té fejlitse the

di ssol ved if@naaﬁmtpy_@gringhhé/b%%n-wat er mscible organic solvent. 40. The
process of claim 39, Wwherein the organic solvent is selected fromthe group

consi sting of ethyl acetate, isopropanol, n-butanol, iso-butanol,
t - butyl - methyl her and toluene. 41. The process of claim 36 wherein the

aqueous bas€"is RIpessg of elaim BAevhgrom phe ooitait $F dechl &finssQidHm iy gxi de

sol ution arRgodRIAS 34 yaroxjgde solution. 42. A process for naking
(+)-ci s-se?ﬁ al i ne %gg}aglc%%ﬁ de from ()-sertraline hydrochloride

conprising the steps of: (a) generating (+)-sertraline base by addition of
a solid ba'ﬁ? tog%-sert raline hydrochloride; (b)resolving the
(+)-sertrafrne @f@@ssﬁﬂém%@WMréinmm-éeamﬁ@aw@b&msﬁ@@é%ass&&lea%?Eti ng
t he (+)-se5ﬁgs@jn'?ig bgs%\{vith. hﬁjr_ochl_ori c acid to facilitate the
precipitation o ?yi'j]-%-i @I IPIPIRIG Qf8amg aplyestt or i de; and (d) isol ating
(+)-cis-sertraline hydrochloride. 43. The process of claim42 wherein step
(b) furtheégco ri ses theﬂcsteps of. (a) reacting an optically active
sel ective pYeci phearmcess effelaie3q, Whesen thdbeAgc ' ' e

% sBRsh 1%@%1%&%@%& thg.gioutpo form

(+)-sertrali bas as_a cis/trans ratio of greater than a
a (+)-cis- édeﬂrgfs“gﬁ ioﬁE{ﬁBf%‘Eﬁt"’ﬁ?’ﬂ%‘?ﬁr?FW}, nr-tendligothinenol, t-butyl-methy] ether and

(+)-sertralolmgeprecipitant with a basic solution to facilitate the

41.  The process of claim 36 wherein the aqueous base is selected from the group

consisting of sodium hydroxide solution and potassium hydroxide solution.

42, A process for making (+)-cis-sertraline hydrochloride from (+)-sertraline
hydrochloride comprising the steps of:

(a) generating ()-sertraline base by addition of a solid base to (*)-sertraline
hydrochloride;
, (b}  resolving the (+)-sertraline base so generated to form (+)-sertraline base;
(c) reacting the (+)-sertraline base with hydrochloric acid to facilitate the
precipitation of (+)-cis-sertraline hydrochloride; and
(d)  isolating (+)-cis-sertraline hydrochloride,

43.  The process of claim 42 wherein step (b) further comprises the steps of:

(@)~ reacting an optically active selective precipitant with the (+)-sertraline
base wherein the (+)-sertraline base has a cis/trans ratio of greater than about 3:1 to form

a (+)-cis-sertraline-precipitant;

(b)  reacting the (+)-sertraline-precipitant with a basic solution to facilitate the
formation of (+)-sertraline base.
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formation of (+)-sertraline base. 17 WO 01168,366 1 3 SE P 2004 PCT/U SO 1
/08090 44. The process of claim42 wherein the content of 13 SEP 72004
dechl ori naW&V&8846r a] i ne side products is |ess than about- 1861/48 08k
process of claim42, wherein ()-sertraline hydrochloride is dissolved in an
organi c solvent. 46. The process of claim45, wherein the organic sol vent
is selected fromthe group consisting of ethanol, isopropanol, nethanol,

n- but anol , 4and T$E; 74~ The process. of aim 42 wherein the solid
base is seﬁ‘gct egﬁ ? F g&rrl%e ?ﬂgha?%huﬁz W@SWE‘? g’teicﬁﬁter Oééf&}llaﬂﬂﬁfﬁdr%?ﬁfﬂé%e St assi um
hydr oxi de, peddcty iz 28s Hapabey@ng, sodi um bi carbonate. 18 13 SEP 2004 4& A
process] for making (+)-cis-sertraline hydrochloride from(f)-sertaline
base conprisiing the steps O (a) hydrogenating scrtraline-I-imne
acccordingsto t ragcess. of. a f claimse 1 to 30; b) ,reacting an
optically %é:’ti Vgﬁgﬁ{chﬁ ?/fecq?:}%@iﬁ’fq}e%{‘ (W‘Qeﬁ“@ﬂ&@@@ﬁﬁm@ is abgsolved froam
(+) - ci s- sebigaicisbReRf.€Ci pitant, a (c) reacting the (+)- sling-precipitant
with a basic solution to facilitate the formation of the (+)-sertaline
base.; (d) reacting the (+)~sertaline base vvith hydrochloric acid to
facili tateéhe ,?éeci pitatjon of (+)-cis-sertraline hydrochloride; and (e)
i sol ating 1%) - cf ¢ BRcess icﬁ)ﬂémrﬁ,ftw@@fﬂ%thedﬁgamp poluess sélectedniioimihe group
(+)-cis-seg i C ' e ri,sing. the Steps. of _hydrogenating
sertrali ned{'%.ﬁ{rﬁ’ggf%g%‘?aﬁﬁg{ Ok) %?qlhlglg%g‘%%le??g Ogr‘ﬂ?é#’l&‘?tﬁ?% 1- 30;
convering the (t)-serttaline base to ()-sestraline hydrochl oride;

47.  The process of claim 42 wherein the solid base is selected from the group

consisting of sodium hydroxide, potassium hydroxide, sodium carbonate and sodjum

bicarbonate.
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generating) ( )-setraline base by addition of an aqueous base to
(+)-sertraline resolving the ()-aertraline base so)generated to forrh3 SEP 2004
(+)-tert aline base; reacting the (t)-sertraline base with nydrochloride
acid to facilitate the precipitation of (+)-cis-sertraline hydrochl ori de;

and (f) isolatizgg (L)l Laline hydrochloride 50. A- process for
maki ng (+)cis-sert ral)plm(r\?!é?ﬁa;gé%‘gﬁI@rﬁ‘?&&i‘%ﬁi@“@?’ﬂ‘eﬁ%@* &ateor i de
conpri si nGonpgsisg BPstemfor; hydrogenarating sertraline-I-iznine according to
any of clainms 1 to 30; converting the (()-seirtraline base to

(t)-sertrali ne(ﬁydrbﬂhgmﬁ@sﬁmgﬁme]r-mmmdiﬁ%h%r i - hys - addi tion
of a solid base to () sertraline resolving t e‘(tﬁ%gr?gf%?%ﬁ%glew
so-generated to fori (+) sertraline lase; reacting the. (+)-sertraline
base-wi th hydrﬁghl oric. acid .tagl facilitate the precipitation of

(+) - ci s-sertrafYne HHAPHE BPrAE 25tivgsesayapraciniant with () sutrelinebriaits foen

hydr occl o A (m)eciwmm;gmipm:
(c)  reacting the (+)-sertraline-precipitant with a basic sohiiion to facilitate the
formatien of the (+)-sertraline base; |
(d) reactingthe (+)-sertraline base with hydrochloric acid to facikitate the Precipitation |
of (+)¢is-sertraline hydrdchloréde; a.u;'! ' |
{e)  isolanng (+)-cis-sertraline hydrochidride.

49. A process for making (+)cis-sertraline hydrochloride coroprising the Steps of:

(2)  hydrogenating sertraline-}-imine acr:;:rd.ing to the process of any of clakms 1-30;

®) mmgﬁngame ()-sertraline base to; (4)-scrtratine hydrochiotide; |

() gemeratingi()-sertraline base by adliion of an aquecus hase 19 (&}scrtraline

hydrochlonde;

@  resolving the (£)-sertraline base soigenerated to form (+)-sertraline Yase;

(¢}  reactingthe (+)-_scrtralii1cba-sc\arithhydrochlaﬁc acid to facylitate the precipitation
of (+)-cis-sertraline hydrochloride; and

M isolating fF+)-cis-sertraline hydrochoride. )

50. A process for making (+)-cis-sertraline hydrochlonde from (:ijd-scrtrahnc
hydrochlotide comprising e steps of; ‘

(a) ' hydrogenating sertraline-1-imine af:cur&iuL:g to any of claires 1 o 3c;

() wnvaﬁng the (.ﬁs.)-se'mzl:inc base 0 (¥)~sertraline hydrochlorids;

(-c) generating (x)-scrtraline base by:addition of a solid base to (Z-sertraline
hyd.roch]uﬁde; |

(d} resolvingthe (i)-st_:rt:a]me base so-generated to fonn (+)sertraline base;

_ : (e) .reacu'.ngthe (+)~sert;alinzb33eu'ithi\ydr0clﬂoﬂc:a.cidtofacilih.t:thcpﬁedpil:aﬁon

of (+)-cis-sertraline hydvochloride; and '

(D  isolating (+}-cis-scriraline hydrochloride.
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