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1 RESCLUTI ON PROCESS FOR PREPARING (+) - (2S, 35 - 2
- ( - CHLORO PHENYL) - 3, 3, 3 -TRIMETHYL - 2
wo RRRHA4E NOL BACKGROUND OF T | NVENTI ON Fi el d etTiERe004/012095

I nvention The present invention relates to a process

for making (+)-(2S, 3S)-2-(3-chlorophenyl)-

3,5,5-trinethyl -2- rmrpholln,g (hereinafter the "(28

3S) enantioner"”) and pharnaceutically acceptable salts
RESOLSHON sodeke fogrdrrerhakond de) salst 39f-21 he-¢S0RE8)ENYL) -3, 3, 3-TRIMETHYL
-2-MoRTE@DER@er by dynam c kinetic resolution (DKR).

Description of the Prior Art Bupropion hydrochloride,

() - 1- (3- chl or GAEREROINDF FrHE: WeVENTIGNhY! ) - ani no] - 1

- propanone hydrochloride, shown below, Is the active

ingredient of Wellbutrin(r) which is marketed in the
Field dfithé RiefiicH €s for the treatnent of depressi on t is

SO0 the actlveln redi ent of Zyb r) whic

ket iNYertiol relsfascly aprocess 5’;‘5 ”égrlf'n@l @)- f2§ §§b~|@r(ﬁ§hlorophenyl)
3,5 5—tmﬂétﬁ3’zﬂ2—marphawﬁr QRdreinaitsr e @B BS) asnadfiorhdld BeY r;ﬂllaﬂfhaceutlcally

ccoepth 5 Sl R B PSRN 1 A o 8 T B by RS it
resolution{DKR).ne oxi dase. Wiil e the nechani sm of action of

bupropion, as with other antidepressants, is not
entirely certain, it is believed that this action is

Descriptidi of the Ryiorfat adr ener gi ¢ and/ or dopami nergi c
%F&ﬁ:ﬂ’ SME cﬁ'@éﬂlyr V' de(if?{§8f98|%§k&ﬁ/3%ﬂ& Pph%tm re:)hy)%mlno] 1-

select ve I nh nor a
propan@a% bxsdr@crlimrld@/ea*@wn rbélsh\/\c is the agiivedmaredienroé Wslbutrinfowhioh isynarketed

in the Uﬂlte@nStgﬁls fOOHE |t|%atn(e9§ of @épreésmna‘dt' isSisofthe 'acﬁ}éolﬁgr@dféﬂt of Zyban®

Review of 1ts Mechani sm of epr essant
which ig giarpigd igthecdnitpdcRiptepay @niaid tp;ﬁm@mg qessaion.- szoplqrgs@p inhibitor

of the ﬁetﬁi’@ﬁéﬂ UpBeke rdf rﬁiﬁeﬁiré!@hﬁe QNA’ %dr&ﬁﬁﬁf@ lﬁ@t ahd does nM inhibit the

Pri mar ani on ur na dinical

serotoqﬂgyepﬁpgft?r or @OX%m'ﬁ%gx'dé%GW@GGﬁﬁ n’@gh@ug@@}é agtiogtof bupropion, as
with otbermrmpemessdmes:samt efbrely @ﬁbm&;ttlus/aemls@maﬂmﬁa@hon is mediated by

noradreg]%égj? cﬁg uc%)@gﬁwg{?ggﬁg tma?léﬁm eﬁ“lﬁrgvﬁg%éﬁr%q%gegeé Wellbutnn to be a

selectiveriahibifw rof esradienalii@l (NGt doses that were predictive of antidepressant activity

in animal models. (Ascher, J. A., et al., Bupropion: A Review of its Mechanism of Antidepressant
Activity. Journal of Clinical Psychiatry, 56: p. 395-401, 1995). A more recent analysis of the
research (Stahl, 8. M. et al., Primary Care Companion, Journal of Clinical Psychiatry, 6, p. 159-
166, 2004) concludes that bupropion does act as a selective dopamine and norepinephrine

reuptake inhibitor, with slightly greater functional potency at the dopamine transporter.

Cl

CH; O HCI
H;C >L
HsC N~ > CH

H

3



10

15

20

25

Bupropion is extensively netabolized in man as well as

| aboratory animals. Urinary and plasnma netabolites
wonadswdel4bi ot r ansf ormati on products forned vi aPCT/EP2004/012095

hydroxyl ation of the tert-butyl group and/or reduction

of the carbonyl group of bupropion. Four basic

nmet abol i tes have been identified. They are the

erythro- and threo-am no al’cohols of bupropion, the

Buprogidryis @&@nﬁﬂély\ ehebilizedf in PeERr RRVdINas 1866ta@nBRAR! UARry and plasma

ot o BT ol ot 5 RsBaiol e ot roum
and/or t rediictioh Yofr fhbat:arb@yl Cgr@.ttp P BUPdPIAY FolPbabie eefabbilids have been

ot R e 8 g A Bl B e Kt o o
of  bupriopipn regndbea ofnomhonmcﬂalmeltamtbuet aﬂl@&e Thetabdites 38) bupropion are
e Z3ERLAE'h U TRLA Al O 4B et e
charactgrized. IB@cmgs@rtbe ilasmadenseritiatiofs d)fhhs metatoliies rags highsr than those of
bupropﬁ)'ﬂofﬁeyp\% ‘B\é’ofélﬁm%([jl l@t‘tgﬁg ed salt. | .HA The (2S, 3S)

enant1 oner an ceutical ® accept abl e salts and

J68£%.e%5) teﬁ‘@ﬂ@@"ﬂer ofribie presnhetind umetatulite: (AR5 08RY)irecemate has been
found t6 BERA iaSiieOmEBBolRE HRd Qﬁ@h)}d%l&ldé Baif SAAE At ré%%%own below,

seases or disorders such as depression, attent

'Sapregeéfq dset hyperactivity di sorder (ADHD), obesi ty,

m grai ne, pain, sexual dysgunction, Parkinson's

di sease, Alzheiner's diseape, or addiction to cocaine,

al cohol or nicotine-contgiring (including tobacco)

products. For instance, ence is made to

co-pending U. S. AppOica Serial No. 10/150, 287,

U S. Patent No. 6f 34274 Bl, issued to Jerussi et al.

on January 29, 02, U. S Pat.HGl No. 6,337,328 BL,

i ssued to Fang -t 7 om January 8, 2002, U.S. Patent

Appl i cation Publicallion Nos. 2002/0052340 Al,

2002/ 0052341 Al, and 2003/0027827 Al as well as WO

01/ 62257 A2. The nethods of treating these di seases

Ahel (26.89) deardiomsr dad phabedteutivatih esmapntae;ﬂee seittCasd aoldatbd ehereof,
and phra &deatiCd Sc o%#é) fgioééqeﬁroﬁf H&ﬁiqu dsr n Ien Cu%%é\/ nglttgéjatma/ numerous

erence. eferenc
dlsease‘gacpraglpgrgﬁrsdgg@r B eleprassipn,epitantion cd$f10f hgperbeivity hiisof &S, (ADHD),

obeS|ty,3§)|gr9"ne(%§n %@luﬁn@%?dnemﬂ' ﬁég@g%& eds‘%g% éjgﬁglm)ers disease, or

racemate. U. S.  Patent tent
addlctlow&cpgaé@@ Grobal®r r@%ﬂtl,ngﬁorpug@mggm@@ﬂmgsglgamo)pgrodmﬂs For instance,

referenc&) B3 rfd8& 18 206-petiathg V. ) I Bheapdn Aerial No. 10/150,287, U.S. Patent No.
6,342,496 B1, issued to Jerussi et al. on January 29, 2002, U.S. Patent No. 6,337,328 B1,
issued to Fang et al. on January 8, 2002, U.S. Patent Application Publication Nos.
2002/0052340 A1, 2002/0052341 A1, and 2003/0027827 A1 as well as WO 01/62257 A2. The

methods of treating these diseases and disorders as described in these references and the

references cited therein are herein incorporated by reference.

The references cited in the previous paragraph describe the preparation of either the
(28, 3S) or (2R, 3R) enantiomer from the (2R*, 3R*) racemate. U.S. Patent No. 6,337,328, U.S.
Patent Application Publication Nos. 2002/0052341 A1 and 2003/0027827, and WO 01/62257 A2
refer to a chiral acid resolution method for preparing (2S, 3S) enantiomer from the (2R*, 3R%)
racemate. However, the method described in each of these references differs from the present
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refer to a chiral acid resolution nethod for preparing

(2S, 3S) enantioner fromthe (2R*, 3R*) racenmate.
wélawsweoi41t he nmet hod descri bed in each of theseCT/EP2004/012095

references differs fromthe present3 invention in both

procedure and result. These references relate to

chem cal resolutions of the racemate, whereas the

present invention involves KR which results in the

inventi&%ﬁ@'ﬂo‘é@k}ro‘éé’d’h\? Eﬁé Péluﬁ’f Tkgﬁeaﬁ%ﬁngé@re g@ﬂtdgwgmﬁ:%l Fe%%lhp&]s of the

enantioner, so t e yle
racemags)whereastihepresent invegliandnvaives IR Bbizh ibessdislinghe @hﬁémcal conversion

of the gﬂ-’g ﬁg)t Eﬁ‘atn'tl&ﬂepfo H%e(ZrSa%QﬁneﬁaﬁﬂdFﬁét” §o Qhatithe y@?cB' of 3L (28, 39)

%ﬁenan toners. 'n the sinple chem cal
enantiones @r%erﬁaﬁer NS hased pathe CQW?@@*@tP@fOéFf‘@ﬁé‘@é“'ﬁﬁWUfe of the (2R,

3R) arﬂdS@Satﬁ tepantibsdrs.edn Cthé%rﬁﬁl@%ﬁéﬁhé‘al Yeddnieh |d‘ﬂQhe fré&'srﬂﬁe@e these

of dlastere neric salts. "@P g_axuru T1t
refere“f"??em&l%ts‘,?"?'aé%i hgi desired digstaieomgHe Mosheting! &rope? P Uie e d'%%%eome“c
salts. h@@dxnﬁﬂrﬁ;}*@d optheerRbirdat digsterebrichearminstaisre befat tidet §BRbased on

the con e ok P s T I G Tarore (PSCEMAEeHP Tl pr oice

umgemmu meet efeaiidal @nenzymatnm resautionsafj@ ecasit enateriss eraiuce the

deSIred ena%tlgr%x gP mlrFo'Pel%rg %@ eré/ s&mdertcflté 2915XI n'nethg&%ﬁg'e{l ry?:“e‘l‘jd of 50%.

The urdieslm dmtlalslelwasmrrornlm@eedlaas@e;somet)li@dgaatdm as waste. In rare
Y ' fnnd 0024 :

cases, %?E'gﬁ dcgéél k?é; 89@62&? t%?@vﬁg&@ﬁﬁlﬁ ﬁl{i%?@tlcab’kglh dofollg)og’ 819 % desired

enantiogiearita eaelityatinm pfn@etwntlw%uwm theigReeletion. PlameyeraKR's are

extrem&iftrér%mélf Yhe' &%Sartc\ﬁ’cgn Bihﬁn@ée&r% @tdsfé?ecﬁ’sfon%r@%a‘?ﬂd%é‘ﬂ? for example,
di ast ereol soners fartl cul arl for exanple, conpounds

compowsist eRFIRIRT ttwe @R ﬁPnt@féhtiiF‘@% botly glieal sniers Miyshlbe capable of
equ”,b,g@cm ers must be capable of equilibration. SUMVARY OF

THE | NVENTI ON Accordingly, it is an object of the

present invention to provide a novel process for

produci ng a sal tswmmoe?maa)vmm oner that i's

sse tially ena cal ure froman jni
EaRoo ol ds RETTRREIE b reske kot B, 8bvig8 ' i pracess for
producing ei shlodf the €28,e3S)t dnanti@én thaisie essentiahy enantbmhceﬁlarnmkeafrom an

initial s%?lﬁ énfmﬁrﬁqe ﬁw%rzglﬁl %P\/ bﬁ)@m+rsoyglse)l‘g§gnpa9 a&{cer%an 50% based
on the iaitieloyadipley to t he pr esent i nventi on, there WI Il be a

Wf%h fﬂ'e?ﬁ%erﬁ' 'rllrg}eg &“f IJ @&nf) ?&L@C 8@%’0%%0% t?)? lécga?ronsﬁ) will be

enanti o e i nact enantioner Wl
appareméhﬁir%@rﬁmgutﬁ tWﬁSQ%WV@WGﬂleWiM“ChﬁSa gsich bighen yield of the target

compoﬁig RUBlsy 3d) Bhaltdhet, dPRaIMREE (€ AR S TR REDE Rbsent in

such low concentrations as to not seriously diminish the pharmaceutical effectiveness of the

product.

In one embodiment, the present invention is drawn to a DKR process for preparing a salt
of the (28, 38) enantiomer that comprises:

mixing i) a sample comprising the (2R, 3R) enantiomer, ii) at least one solvent having a
boiling point of at least 50°C and iii) 1.1 equivalent or higher of (-)-(R, R)-di-p-toluoyl-L-tartaric
acid (hereinafter “L-DTTA”) in any order, heating the mixture to at least 50°C for at least 1 hour
to form crystals comprising the L-DTTA salt of the (2S, 3S) enantiomer, and isolating the
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product. n one enbodi nent, the present invention is

drawn to a DKR process for preparing a salt of the
wO028)5/03@u1 enanti omer that conprises: m Xxing i) PaTAERDPHO12095

conprising the (2R, 3R) enantioner, ii) at |east one

sol vent having a boiling point of at |east 50C and

iii) 1.1 equivalent or higher of (-)-(R

R)-di-p-toluoyl-L-tartaric acid (hereinafter "L-DITA")

f )
envtalt i e i oD DT o S S shinBimer Rebpishalype based
on saiksggniplef the (2S, 3S) enantioner, and isolating the4

crystals, wherein the yield of the L- DWTA salt of (2S,

3S) enanti oner Qn. sai d

sanpl e. DETRETABEE NS 5 BNON The

Prhes#édent rmv&mttdnop?o‘ﬂﬂé‘a\/da d@sﬂw@l ﬂ‘iﬁmbmdg fthH (kasmg?élhlemer a single
reoi somer fro

enan i as
clsterbGEUEF O GolERIPh BHET dOTHE® pr BRSO ENal? GRaREERe of @
crystalkdfatien- mdycetdabbyrﬂraéﬂrlontfarisﬁmoetﬂbnagjemmnmed a second-order asymmetric

transfopp%tﬁagf orpﬁg: lpgrrt]antla Fith ]ivﬁ@% gﬁlfal eﬁ%?sogaw rgt?r{g aégﬁgﬁé ch?al center
equilibéing er gsyeuusttic brh{ansrﬁgma(cmsr che cl‘ﬁ)ryglalllz:amnémduced Asymmetric

Transf&%élh!)ﬁéa rl‘?hé&gjl st ﬁert % %da\ﬂlﬁélprM' 91n§n§f_1§8mers, Racgmates and

al'l uce tric Tra
Resolgtlgn_s_J éﬁgnqg@*soubyshlng;@pn@@ny ,Malamﬂ Rhy 1891, Ghapter 6, pp. 369-377). These

proces%ha%];é %E%rr%fer%'ﬂcmg%mﬁ% a%élgééét 'ino"!’:“'nantl&élé‘cﬂ% Synthesis: The
['1shin Mal abar, FL, 1991, Chapter 6, pp.

Opt'mmmolym gwﬁ&@& ‘eroé‘@%@E%}’ Brle inPsesepgChpmisy inthePharmaceutical

Industr@S(GRaRAQIL K. IQ), E&makem&dk@ﬁww@yw@sw ppTQﬁl 315.
tIWUWlSO|utI0n" Partrid

PP GEseMeimeah the jRiogeRs f ar%?ae%@. &l o F ﬁa%é?%% enantiomer
compriéésadamasetti, K. G, Ed) l\/arcel Dekker, New York, NY,

i 8 BB o Rt i B8, SRR B2 B S558rl  soing
point affiakileegt 6)°Ca asadipl £1 caqmpalestl airghlgllmf (fARDTBR)in engrdrdembeating the
mix’turt-*fI {o) at%%s&%a (‘Frb? Ieja%h\(%%r {(})Iafélgnﬁ] gwgtapsoé%n]]&% n?;ot ? 'i_-LI?Itt}lA?%alt of the
(28, SS)renant}onmrd@Tct lsbleMQ thg ctystalsrivkenginethe giekt Oﬂ teabiDBRGHtmf (2S, 38)
enantlc%?r |se@?5teﬁth%ﬂ§g°o tga§)f89 BH‘SQIB%ﬁtheS compr i sing the L-DITA

and isolating the
dihgsolyerf, fomm initie tnMentiye gragess carhke anyDYRA sodpng aF thezglvent will

preferabfy) diBRB UL IBITTIASs A F HeQPR! SR rRRf6rRd R Er P8 LSBT EA salt of the (28,

e.
38) enant%?ner Preferably the solvent has a boiling point of at least 50°C. More preferably, the

solvent has a boiling point of 55-110°C. Most preferably, the solvent is at least one selected
from the following: alkyl acetate, such as methyl acetate, ethyl acetate (sometimes referred to
herein as “EtOACc"), isopropyl acetate, propyl acetate, butyl acetate; dialkyl ketone such as 2,4-
dimethyl-3-pentanone, 3-methyl-2-butanone, 2-butanone and 4-methyl-2-pentanone; and a
nitrile such as acetonitrile and propionitrile. In an embodiment the solvent is ethyl acetate.

The molar amount of L-DTTA relative to the molar amount of the (2R, 3R) enantiomer,
(or if the (2S, 38) enantiomer is also present relative to the combined molar amount of the (2R,
3R) and (2S, 38S) enantiomers) is 1.1 equivalents or higher. Preferably, the amount is 1.2-2.0

equivalents. More preferably, the amount is 1.3-1.5 equivalents.
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The solvent for use in the inventive process can be

any type, so long as the solvent will preferably
wdizesolviit he L- DTTA salt of the (2R 3R) enanPCoOmRR004/012095

over the L-DITA salt of the (2S, 3S) enantioner.

Preferably the solvent has a boiling point of at |east

50C. More preferably, the solvent has a boiling point

of 55-1 OC. Most preferably, the solvent is at | east

Wen @h]%fia ﬁl@nf ro@'ﬁ\é hﬁveﬁ’n Ao’éﬁbn glﬂlbn‘a&eﬁ'@tt‘érge‘i%pound is

as net acet at e, eth acet at sonetinmes referred
promoted biy @ﬁ@nw geed eygplof g Sal’t §bibe S 3 eardiomer {9rsgjsymixture.

%@trﬁkﬁre &Uthé! |sar?15l%tc%hﬁmsﬂg %é‘?d kb @ﬁ@nti%hh@h BEert éhd L DTTA is
pent anone

but an ut a

heatedéﬁ@t l@ﬁﬁ%@%?r Pzef?r@h't/aﬁbeﬁ@ﬂ%% *}J?aFﬁdtP.r?f Wéﬁ 3@8 XS is being
heateda@rfét fNblihy | RuAiBAUR Me&dtioR| Bdtvédh tHe @R, SRycaidn@s! 3sh@nantiomers

olvent is ethyl acetate. The nolar anount of L-DITA
Pfoceeaa ative to the nolar anount of the (2R 3R)
enantionefj, for if the (25, 3§ enantioner is al sok]
present™Nre ve to the cof | ar amount of “the

aft nfgml STTA. 1 equij {8 ntf

or er O Pr efFerabty, andunt +s—t—=2=2
ents. Mre pref ly, the anount is
alents.n an enbodi nent of the invention,
crys$lal l'i zation of the thrget conpound is profbted by
addi ng a seed crystal of a salt of the (2S, 3S)
gRAdnMBRd: t 0 sai d m x$,8feantidi® M xture of t {(s)sadmpner
corrpri sing the (2R, 3R) enantioner, solvent aneYsRlDATA

g{a i gIr @F%IX u?ée\%lt ﬁ%ergﬂ'uﬁef &f thlleé(st 5‘0'5@ fcgp%lgbﬁ" S%ﬁtsperlod of

m xture 1's bern

time, “ﬂfh eryqstalhzamnrgj teey LD T Ty salheh @ad?ﬁoﬁs)b@iané@ﬁert sEqUeRthe (2S, 3S)
enantiopidr fRAFtHeZRuiliBRIM %BM @Wgsthﬁrééﬁfﬁﬁmﬁn td the- rlghpﬂ—a-EAsHown above).

R) - enant | omer , S? enant i oner - enant.i onme

Prefer%yyg‘leé‘pmqu%ls @?atﬁgﬁ‘q{taé eﬁ‘?‘hbh‘?qﬁe Mﬁrg(pr@feéabéx thg mixture i 1s heated for at
least 5tHYNRES Mst p@f&ébmtthé eattireDOhebted far s0416 heure™vhee =l efhpefature of

betwee(nz‘%gC gt ne ryﬁi)g(gl o Z tl on ohrﬁg%(%g'%@)s&%%q 'ﬁ%@ the possible

equilibdi ermmrtehes etquadhudwm a}rmefféﬁivebMeldrmfvihEgidshed QR&I Bsbéham‘bmer the
to th i as, sho bov

et B e CARRIBURRREYE) R e 50 B ure i

heatedmaytherfactos Whéett &rd _llfversea/tprbrmImGznaB hour s. Mbst
%%feg{ir?qbér&eetdgeth@c?(}}s{f‘éfseof'tﬁe D—%ﬁ't'lﬁdsaft 3f th%QQé,%é} b tiomer begin to

en a tenperature’o
form. These crystals may also contain the undesired (2R, 3R) enantiomer (as a salt) based on
the type of solvent chosen for the DKR. In other words, the DTTA salt of the undesired (2R, 3R)

enantiomer may be partially insoluble in the chosen solvent and a portion thereof crystallizes

with the DTTA salt of the required (2S, 3S) enantiomer. However, the solvents of the present
invention will have a much higher preference for dissolving the DTTA salt of the (2R, 3R)
enantiomer thereby leading to a product having relatively high enantiomeric purity. In the
present invention, the enantiomeric purity of the (2S, 3S) enantiomer in the crystals of the
present invention is at least 80%. Preferably, the enantiomeric purity is at least 92%. More
preferably, the enantiomeric purity is at least 96%. Most preferably, the enantiomeric purity is at
least 98.5%. As used herein, an “essentially enantiomerically pure” sample, contains the (2S,
38) enantiomer in at least 96%.
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bet ween 50C and about 80 C is used, heating for 16-24

hours is suitable. Due to the possible equilibrium
weiostiuetl to achieve an effective yield of thecdEsreedi2095

(2S, 3S) enantioner the tenperature at which the

m xture is heated and the Iength of tine for which the

m xture is heated nay be fagtors whi ch are inversely

proportional. As heating proceeds, the crystals of the

LSLQEB_Qt@NOCQJS drlge 6@§nt %)antﬁiﬂar@f)é@éfﬁfed Q@l%rncdhﬁnzlfm%r iflwhich the

These cry sta s may al so contain the undesired

water ganigit Fso'f?é’ut belaw 0:5%otbelayal.deh- Jhe PasOR slslechin the Ay ayit be gware of

steps m@ﬁ; esh be'takdhao @K&re IO WBRF théﬁiSs kte;BteoéIW éué’fﬁﬂef/?@f It has been
I oner a

he undesired (2R 3R), e art
found 8 TABY SOFIF CHIGNERSAUN BOPVeHPreh Fner &7, B OHa) g pracemate
degrades Y(alttdubh 2i8s chitdl Iputityeis Dhafecat) re@ﬁltm@cm e&finhator( 8She isolated

th f. th t .
(25357 ROTA Poh " AR St OF Bl S5 SrEhohal RAP° 2 amino-2-
methyldiopand] ) iDegradatorDiETAss absenadd witreethaiv) a’ﬁB) methamdl ibeimgrused as the
sonvent, 88 6Y ol 83 80104 B PepyCh.hANALELRLLKe! Y i of
nantiomeric purity. n e en |nvent|on t he
dnantelm@m@tmﬁrtma yreeénttmn@n(uzs thasyocemfurmsrt’ee LiDV Tdhsalt of the
(28, 3%’; ée/r?g?grﬁ?roiﬁ %d R &5eBL 50@'\’ nge'd% l’hé n‘%al sgﬁ':z)ﬂe C%Qréiz'gmg the (2R,

enantlonerlc purit

3R) engpffaangsy e %hjy yhe Yield issqtdanst e rest pmprly; the yield ipgblpast 75%.

9% isMardd ?l%%f ef akl Ye J#rBg @8ank) %ﬁt‘l&ﬂ&ugélf Yn is8ffi@bnt purity is
| east 98. 5% used herein, an "essenti al

'mpoﬁ%ﬁam%tﬂémgc@m FeRRunt thes gegragationo asRacks r@fﬁ@eq 4g abgyy. Hence,

achievid§ aN{ieRINET atl 1Badtt500E 36 tso@ﬁa% éﬂdnﬁ@hér}’caﬂ@ Buit @5 33) @haktiifer salt
i nventi on under conditions in

esen I
reflectdE SFAcHfRl SHRREBHTEIY ahe T VR B TeR BSOS bel ow

On B0 entibsiipentssinths kirédeatd invantioR e thar broﬁéds| fuRtBera¥dnRiseé a step of
e the wate

converfiS BB STBTEN s BBF (1555 hprohie 'S anelorahar elR g another
salt is aplhaimacmﬂndliytacomtalvle sélt, sughes a mwrmhlarnietsemt (2% and

.SI%% Fnlg g@%&]rﬁ] 9 ht%d?ace&%]t ! t}so%%p char]' i Eeﬁur'r'h methods

I'S uUha n contanln |on 0
described oinat/éi I(’ev_tswtalspr A4§&|31 Wi iSh Paitgnt DT AG,SAY 828 )B1ofU.S. Patent

AppncéﬁBHEflebﬁ@é?noﬁt cab%gasr 90448 %Wzooﬁo@féﬂ?ﬁ and 2003/0027827 A1 as

ro atl oh 1S obsérv

well a%ﬁ@a&%&%ﬁdﬂ@ﬁﬁ@fﬁw inserpatagsyoretpsendge Agarticelarly pegfetred method
is now'@erldRehst, RRFBLMESE LiuaistbEd &Rk t@%ﬁé&ﬂc"‘éﬂa‘hdpéshwmle indicating

sol vents. n an enbodi ment of the present i|nvention,
preferredh embpgimests plothgnyantion.- @?M’e@aw way of iusiralion aydy, since various

changéér@ﬂtm@dlﬁﬁatlbrﬁb withih eeCpitft Al sb&ﬂ,ﬁéf th® tvBaRRdAviP 'Beécfhﬁia apparent to
those ilyﬂ@p ép Arbqe grr‘{‘p Hf%?@?ngpt@§q£g%s(crlp@&3§ug%ﬂ% nﬁﬁ?andtsl fgr converting the L-

DTTA paleterabdthy; sahaily belvibliiaoah tb @as pekdhoskiiae ih sné aktedlith specific
d of the, r enant i o

metho%iu]of P%qvgpﬁorbfﬁrtﬁ? )%lyﬁirgc%lérld% saﬁ e?lso being disc osedS in tﬁe agove mentioned

patents and applications.
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i mportant, thus taking into account the degradation
aspects referred to above. Hence, achieving a yield of
wabtods@aeis1 50% of i sol ated enantiomerical ly pureCt/Z82004/012095
3S) enantionmer salt reflects the practical consequence
of an effective dynam c kinetic resolution. n an
enbodi nent of the present |9vent|on t he process
further conprises a step of converting the L-DITTA salt
EXAMPEEShe (2S, 3S) enantiomer to another salt.
Preferably, said another salt is a pharmaceutical®
acceptable salt, such as a hydrochloride salt. The
Synth aparing the racemate is not particularly
|3 Ehb%broﬁfdf&eﬁ@ié"@l@ @eISJfon'onWas| gbr#f v StirrBa A0 hé\Qed to 50°C until
it &g %J ﬁﬁ)ent 37,328 B1, U S .
molengBREATHe 461 CAFOTR PRbaN s AekES, kespipg sy petature at 50-55°C.

The crlﬂﬁ}ﬂbﬁﬁﬁé‘%ﬁwﬁgﬁwv@uw%ﬁw?@%ﬁ thggnghea&d}wlm -8 CME 30 minutes
re herein incorporated by reference. A
toexmg%yﬁo%ﬂ]gprvﬁpreferred nmet hod i s now gi ven; however,
it should be understood that the specific exanples,
whil e indi cC:)ati ng preferred enbodi nMents of the

invention, yare given by way of illustration only,

si nce [ hanges and nodi f i es athin the
spir d stope -of Brhe nventi become appatent
to t skilled in the art fros 4t ai | ed

desc Sui t abl e net hods for converting the LDTTA

salt tg another salt wll be wel Clknown to the person
skilled in the art, with specific nethods for
conversion to the hydrochloride salt al so being

Eh§l9%r@5tﬁ§| térﬁpérB@r@QPfﬁ% H?@r%ké?&%dregéfo%%&tu?@%as below 77°C, ethyl

tat Eﬁﬁﬂcatlop S Synthesis o
acetate3 (2o8H) ¥ies 6@)@6’6%@% 39@5@1 was 1S Yo weflixgésrlytipn temperature
approxiatfatdly eab°@ndeheat Bstht & 245°C)UHeh! 95%' Q%FhlnoBZ’ H{Btﬁ‘ﬁproplanol (34.7g

contamﬁ'lg%{gg/g{euré3'2{?nq5%5§§w ngtﬁ)aw%ﬁ, %\Aﬁd}d%}%m gﬁvgéla}@gung reflux. The
mixturegead khenphoilge dindét halﬂmr(] ﬁmm@emmmthgﬂ ewlxtgﬁe \Kés&ﬂlufédf Rth water
t xpel.. rogen bro .+ Br +
o) BT oD g BT ed e b oersing el
washingriwithuwatend4srbie ltien 2@, actdty | (650Bt The tdrdfarhiureVas thé&hixture was
.,_.added. TBS sol.ution was heated to reflux (solution
mamta"eeeq%%owsﬁ © d4pin WkHR I NPInYes the gl f Gystallizationt 15C)
The rbr@é'u% tham WS%&WH pthem athed 3s;6|1th7§4vagt=9nlt('»@‘ESVr\'Ill‘ilb Nghe %olution
ded sl ow vy,

contaml\\;\\ﬁtt eel‘awgmme ?ﬁ c}?ac?rg gﬁfL o) aPH@xmzat(\ali'a %4ml at atmospheric pressure then

diluted with fresh ethyl acetate (86ml). Distillation was continued until a further 86ml of distillate
was collected. The solution was diluted with ethyl acetate (107ml) then sampled for water
determination. If the water content was greater than 0.1% a further 86mi of ethyl acetate was

distilled out. The solution was then diluted to 300ml (275.8g) with ethyl acetate.
Cl

i D

NH3B1‘

Racemic Mixture
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m xture was then boiled under reflux for 3.0 hours.
The hot m xture was diluted with water (30m ) then
webhyslo4aiaet ate (35m ), stirred for 5 mnutes, POEMP2004/012095

transferred to a separating funnel, washing with water
(45m ) then ethyl acetate (65m ). The tenperature of
the m xture was mai nt ai ned above 40 C during workup to
mnimze the risk of crystallization. The organic

SyntheRRaS heiaseteBai R Sdnfidigt Washed with water (75m ). The
solution containing the racemate was concentrated to
approxi mately 64nm at atnospheric pressure then

Examgléhuted with fresh ethyl acetate (86nl). Distillation

S continued until a further 86m of distil]ate was

coipErR ! THRE 1o U Figh OAS2mah| L ceavin) UR eHy Pockier o@D was
preparédlgmlbomeﬁasﬁaaﬁe' 16iciab AL 598K SF TS 1uAn of r%n&ﬁ?fte in ethyl

wat er content was greater than 0.1%a further 86 )
acetategiréparedoabovatves addeddp shei bdilie LIRTTA e rapidlytas possikls. Watsout delay

di | pt t 275, 8 it h _ethyl - NH .-
et il bS8 TERR 20 R0 98BS S 31 oiin
contimed o :itb@liIEI hbxaMht eendaivies of ‘gieisohlltioﬁ okt reD&?ﬂiAte( n{r’ﬁeﬂtﬂﬁgipetate prepared

0.19 , 1.3, equiy) jn ethyl acetate wa ) )
above wa%@fﬁiggao fhs bgﬂmgéer#”ﬁ K03 Ay eha Ree ?%g g@w?suaads was fipsed with

ethyl aBdtatb NE7 SR URSRR Wis JoRGAMRISE: 4 Rur@lelY4 haes! ahe S@F)@m;ﬂe@as cooled
above was added to the boiling L-DTTA as rapidly as

to ambjst teperaturey/he puedugewas fikaedioldr yashed withfethy ecetadn 00ml, some
t | r i

of the i call o W 2 8 € DALY HfRaried LB VRIS ROHE Wl 70.7g
(74% yitld tmeddudri the Jchloapesmdphenoneedtdriihg actdrat e op thepDELTA salt of the
25, 3 bovngiawas added t?lt he boiling L-DTTA solution over a
(28, S‘SSP‘? M5t VKIS S nd was rinsed with ethyl acetate

(17.8m ). Reflux was continued for a further hours.

The suspension was cogled to anbient tenperature. The
product Chas fil yered pff, washed with @thyl acetate ¢

0 C under vacgumy to give 7
"-chl or@prq phenone

O 1
| @ L-DTTA sl 6f the (253
er as” whi teocrystal s.>E)N w,, DTTA N OH prra
H

H
Racemic Mixture (8,8) enantiomer (R,R) enantiomer

Example 2
(2R*, 3R*) racemate (a 50/50 mixture of the (2R, 3R) and (2S, 3S) enantiomers, 0.5g)

was dissolved in 5 mL of the solvent described in Table 1, below, then added to a stirred
solution of L-DTTA (1.13 grams, 1.5 equiv) in 3 mL of the same solvent in a heating bath at

800C. The mixture was stirred and heated for 18 hours, then cooled. The product was filtered
off, washed with fresh solvent and dried to give product having the enantiomer ratio described in
the following Table 1.



ETOAc . DTTA H Racemc M xture (S, ) enantionmer (R R
enantioner Exanple 2 (2R*, 3R* ) racemate (a 50/50
woisasimel4of the (2R, 3R) and (2S, 3S) enanti omeCT/EP2004/012095
0.5g) was dissolved in 5 L of the solvent described in
Table 1, below, then added to a stirred solution of
L-DTTA (1.13 grans, 1.5 eq v) in 3 nL of the sane
solvent in a heating bath O C. The m xture was
Table ’ﬁhésbl‘éﬁor%f%@&ﬁ etk Pefceﬂagtehﬁ%r'ﬁ)ustsﬂﬁfén@m ed. The
product was filtered off, washed with fresh sol vent
and dried to give product havi ng the enantioner ratio
Examipfe CT [ BBRehfl (e 101 T0W Ng Tabl[§soreP! RatioR&SSIT 1 0ON:
of the (2R*, 3R* ) racemate in \/Z%rsl Qus sol vents
Exanpl e Sol vent |soner Ratio 29, 2R, 3R 2A Met hyl

2A  Acet af glethdl Restate. 4 2B T sopr opyl ggczeia@e 99.6 : 0.4 2C
Pr opyv Acot %fa 990 6 - 0.4 2D | gobut \I| Acetate-98.6
Y

2B 1 4 oFlseopY AseliSite 99.0 : 1. QDO EHGI Acetate 99,7
2C . . 3| Bfopdl, Acdatgret hyl - 3- Pent ancrge@g ®4: 0.4 2H
1

Methyl - 2-Butanone-99 8 - 0.2 ’) Ruf anohe—99 9

2D 0.1 2) fSEb%%ﬁ?Faf% Pent anone 99. :98 G. 842K Acetonitril{
2E 99.8 BOtyQA(QeltatEr op| on| trile 99./99:; oQ 1.0The yields of

the reauired enantio rf rnm t hese Examl es
LB T l—v’ LA RR" LILA ™ A g r.l

2F s g /Eﬁly[/ﬁcqtrﬂg foI I owi ng Tabl e 9.7 ta8Pe

117

2G 2,4-Dimethyl-3-Pentanone 99.6 . 04
2H 3-Methyl-2-Butanone 99.8 : 0.2
2l 2-Butanone 99.9 : 01
2J 4-Methyl-2-Pentanone 99.7 : 0.3
2K Acetonitrile 99.8 : 0.2
2L Propionitrile 99.9 : 0.1

The yields of the required (2S, 3S) enantiomer from these Examples is given in the following
Table 2.

Table 2
Example Yield (%) | Example Yield (%)
2A 54 2G 62
2B 92 2H 71
2C 83 2 55
2D 97 2J 73
2E 89 2K 63
2F 90 2L 63
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Exanple Yield (% Exanple Yield (%9 2A 54 2G 62 2B 92

2H 71 2C 83 21 55 2D 97 2J 73 2E 89 2K 63 2F 90 2L
w62d@/0¥a1 quot ed yield for Exanple 21 was achi egearkon4/012095

usi ng a hi gher concentration of racemate (reducing the

sol vent volunme to approximately half of that indicated

above), due in part to the {)qact that the (2S,

3S)-enantionmer is nore soluble in the particul ar

The qlﬁﬂid"ﬁ@lﬁ fEORESHNE DI (wers é’éﬁé‘,‘é@r@/) uﬁﬁ’@ﬁaﬁ@‘i’ert&nﬁ:&ﬁm‘ﬁbﬁ%‘f racemate

solvents referred to, and al so to a gre
(reducigg feazphtanb Molmettn @ppr@matew@@rﬂfﬂ%ﬁt 'ramcat%i' AP @»e iptpart to the

fact théte%vszsz 3Y)- etnhﬁtldrr?ei; is 3Pbre RaIbleOe thef b@mblmale s@t/é}ﬁrconcemed (2-

t t
outancE) ey BeDLIPBLERES e T SORARPIOLEHS Siigie ispradation

at the Wa@r peidentramm. USlrrﬂng)h itiad eécovenyt:@‘rthé s, O(BES) driadiié@ner from the other

ative sol ve . agdi t.i,on i e for. .
solven%@/mg;' rgodze q\‘fﬁ lcif (Eéarg gﬁeth glg )IV\ﬁ)B ol?}ae plelcéegﬁ%ge improved if
the exmxipent was\perfasiep e@sihg mrghér nerhaegtratidnsr(@&\rer relativefsoivent volumes). In

e h ' f. ng. i
addltIOFl tF'ug %I@ 0\{9%1(0%?662('& V\?qt.h)é) g g&r}%b 28 5)% I{T]%)E&/(E?%!: M%Féxpeﬁment was
perforreedammgoamngeon@g)fowaﬁm lB’soIdehé ipodndnpbinh otthat solveBihis)relatively
then added to a stirred boiling solution of L-DTTA (1.
39, l.5equiv) in ethyl acetate (3m ). The m xture was
heated at reflux for hours then cool ed. The product
Exam%@§ filtered off, washed with ethyl acetate and dried
give a 70% ield of the L-DITA salt of the ﬁ S, 38)3'
hedbRI® pEthe R ghantionesidRypod ¥yaa dgb?S@E’éad'F &thyhaseigissml) then
added tt@ al éwedqfonﬁzgasmnln@n ?ofVMaﬁ)Tfl'N (I1owgd 168401G) O B8 SedtatenBml). The

prodyc aving t enanfi oner rati
mixtursy s etec AP IST GURUIS et SORSHng hP STK Wi FSBRREoTs washed with
ethyl aa'éiél'lb?n? %E%camdn&a §E(b% @/Iﬁld bSthé’E.KD'Rm balt TSRS, 38ReRditiomer.
Yie 9

low.

Comparative Examples

A procedure analogous to that of Example 2 was followed using other solvents to give a
product having the enantiomer ratio and overall yield as described in the following Table 3.

Table 3
Example | Solvent Isomer Ratio 2S,3S : 2R,3R Yield (%)
C1 Diethylene Glycol 99.8 : 0.2 19
C2 tert-Butanol 50: 50 21

All cited patents, publications, co-pending applications, and provisional applications
referred to in this application are herein incorporated by reference.

The invention being thus described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a departure from the spirit and scope of
the present invention, and all such modifications as would be obvious to one skilled in the art

are intended to be included within the scope of the following claims.
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1.

Cl Diethylene Gycol 99.8 : 0.2 19 C2 tert-Butanol 50
: 50 21 All cited patents, publications, co-pending

wappisioaaitsi ons, and provi si onal applications rePermEenos012095

in this application are herein incorporated by
reference. The invention being thus described, it wll
be obvious that the sane may, be varied in nmany ways.
Such variations are not to be regarded as a departure
fromthe spirit and scopegfpidre present invention,
and all such nodifications as would be obvious to one
skilled in the art are intended to be included with

Pherasesphdoroirrapadng ¢ belli A (E+H@Sns3S)L-@rohiquephenyix3.5 5-trlmethyl 2-

FPHdP SolftRdt cBiaki ng a salt of (+)-(2S,
ﬁ%‘ﬁ% chlcorgphenyl) 3,5,5-trinmethyl -2- norpholinol

trmﬁ grrryls?awe nwm;m;sm@ -@.mmlaez) I@b@@nﬁl‘)hﬁ RiRmethyl-2-

ez%rp@o" o (A A R aderhent: 555 1643 m0¢ Wit B, E Bolbs mgint of at

ﬁad@ﬂﬁ@%%dmgﬂrﬂteqﬁvaléht loe ARfhebEPL- Ia'ITdA iri ar)y ckddr, heating the mixture to

t f, L-DTTA |
BBt e a5 Tonito o8 pigstely, A8 B st FH of (+)-(2s,
38})- m(&-cylst(mhenyt)eﬁm5 trirnethya2-morpholidolg (2], 38) efantio28, and isolating

E‘%ggsté@) &P&S%%’& Ml %)f’ t%ea_ BT%AIS RSk h{ehg% %Lgﬁﬁno% is greater

sol'afl ng
\m%lr’c'@i‘ynbas% owseilddsampfeme L- DTTA salt of the (2S, 35)
enantiomer is greater than 50% based on said sanpl e.
Zhe Praseps aecostingiocdaini hgwheretn the splvenirrseferably dissolves the L-DTTA

%9& ¥&hé )(Z‘N , SREEaiYmE S5&/ ﬂ4§§ BT éﬁlt@ﬂﬁe @2%' ﬁénatnh&ner.

enanti omer over the L-DITA salt of

35& p%&éé‘é é&ﬁﬁfng t8-claifR® &f Q&IRS3, viHerdlh H et F‘s'a’i'lé@sﬂoﬁy selected
he sol vent is at | east one sel ected

?rpﬁﬁ"%%ﬂ?ﬁtatﬁc‘e?[@f'%eto'&?a? Mgt one, and nitrile. 4.

3 wh th I t
i R
"%Hé’ fpcg*gis %cc% G%%alcé rﬁrtt' anybone.lcﬁ rc%'imso i éos ésl accgl‘iﬁ éﬁ) amPP -I‘E-B]Q‘L-DTTA
myZQrOeequivatelnm ne 1 to 5, wherein the mxture of t he

sanpl e conprising the (2R, 3R) enantiomer, solvent and
Theprgess agperdirgio anyren¢ @k claims 1 to 5, wherein the mixture of the sample

comprising the (2R, 3R) enantiomer, solvent and L-DTTA is heated to reflux.

The process according to any one of claims 1 to 6, wherein the mixture is heated for at

least 5 hours.

The process according to any one of claims 1 to 7, wherein the crystals are essentially

enantiomerically pure with respect to the (2S, 3S) enantiomer.
The process according to any one of claims 1 to 8, which is a continuous process.

The process according to any one of claims 1 to 9, wherein the sample comprising the
(2R, 3R) enantiomer is a racemic mixture of the (2R, 3R) enantiomer and the (2S, 3S)

enantiomer.

The process according to any one of claims 1 to 9, wherein the sample comprising the
(2R, 3R) enantiomer is a non-racemic mixture of the (2R, 3R) enantiomer and the (28,
38) enantiomer.
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13.

14.

15.

16.

7. The process according to any one of clains 1 to 6,
wherein the mxture is heated for at least 5 hours. 8.

wohespaoeess according to any one of clains 1 POT/EP2004/012095

wherein the crystals are essentially enantionerically
pure with respect to the (2S, 3S) enantionmer. 9. The
process according to any ong,of clains 1 to 8, which
iS a continuous process. . e process according to

eW'ﬂé dP&fes@faC%r@I ojang%ng of %ﬁr‘se’i fb b, %é@%b% sample compiising the
onprisi ng the enan

rf?'?c:t eerantipmer 69@3'”3% '%‘ﬁ’a?RW’thrthSrﬂaRt ?ﬁ\) ?@Qt'orﬁ@) based on the
boEMA sampiENe process according to any one of
claims 1 to 9, wherein the sanple conprising the (2R

3Re ;ﬁcﬁwsis!amardmgstoaanymromwmw@ 11to %4 :»vherecrf thblzwlr(;%f{;;)rznprising the
35%@2@%%@@%% T e L I e R T o
T PR BB BhSos Ao 1dRh PARE RLse K B e

\ABR,gh'iR)of esggitidmeants eform&l Thea psiepesompdsiog dreegting 2-bromo-3'-

THbr i8bh oﬂb?@ﬂ%—%@n 2- Mﬁ?l@@aﬁae sanpl e

conprising t ant ris essentially

aiRa b QIR b&éﬁrbl}ig RHreﬁwy(gr% oﬁ@banﬁ@ﬁnfd Qﬁrefurthéﬂcorﬁbﬁsmg a step of
process accord clains 1 to

W‘ﬁ@feéh'w dbe d- 95 | %B'E&Frﬁh‘? s@ﬁg %@wtpmwjo éwawﬁr Satbrwhich is
iphafnficBBcdIl} adcsdit&ie.CONPri sing reacting 2-brono- 3" -

chl or opr opi ophenone wi th 2-am no-2-net hyl propanol . 15.

Tihe poasses acakding dbn@aitd 1&NWhed @fe other It Iis ted hidtochloride salt.
further conprising a step of converting the L-DITA

salt of the (2S, 3S) enantioner to another salt which

i s pharmaceutically acceptable. 16. The process

according to claim15, wherein the other salt is a
hydrochl ori de salt.



