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NEW PROCESS FOR PEPARI NG AN OPTI CALLY PURE 2
- MORPHI NOL DERI VATI VE BACKGROUND OF THE | NVENTI ON 1.
woizelsth4oifs0t he | nvention The present invention peraPre®4/012093
to a process for preparing optically pure (+)-(2S,
3?%@ g chl orophenyl ) -3, 5, 5-tri net hyl - 2- nor phol i nol
HREPFRECettE & P%%FNﬁc%ﬁéﬁ?ﬁﬁﬂﬁébéaHQ?§ ZYQREBINPHt ERIVATIVE

thereof froma m xture of (+)-(2S,

3S)-2-(3-chl orophenyl)-3,5,5-tri met hyl - 2- hol i I
BAC NbBE The RVERHOR | et hyt - 2- orphotino

3R) - 2- (3-chl orophenyl ) -3, 5, 5-tri net hyl - 2- nor phol i nol ,
_for exanple, a racem c mixture. 2. Description of the
1. Fi edpye separation of enantiomerically pure or

Opﬁé §@lsbut :mmn@heéia@awblpamg f(frfp?éba’qlm dptuaél@ prre M92S, 38)-2-(3-

ioners has traditio

al perf or
Ch'Ofoe'i‘%[M eheordRREY -4 p'TOJJP&EﬁdeWa"HaW%?'%(I qqciﬁt?%@rﬁa'ts and solvates
theredmbhpé mlsztrur@af (ar)Z(szsa:esas)cz (@&W@dph&%m ﬂatthmémyazmmidnnol and (-)-

Chj ral chro 0 s well
(2R, S H BosoRf ey & S in b AP Oh S PR RSB HEHure.
for separating both enantionmers at the preparative
scal e. agba,ti n, of optically enriched enantiomners
2. _maﬂg_ﬁzﬁa—éméw tography; however, has rarely been
aﬁl’v{élﬁé‘f%ﬂaﬁdh df:%fhaﬁwm&rcéllyﬂd)ur@ bﬁdpt(ﬁallpénmﬁhea eBpRtInidre from a mixture
arnaceutica

of ek PRTPITETS BRI OPRUNERST B CTeCh et BPiasRp T $a formation, 2

crystalliz&®ntretAol] ¢ardédAfinade nethddh sudhnmethatis ba:ewen known in the art. Chiral
concentrati O

whi ch | eads | ar
chromg IR b1 W KEAN BB ATebHE!, RETTIE BHE TR gl means for
separé’clhlgr abthsleabhmasry ahaise. présuraRguenilby ,Sdpagation of optlcally enriched
concentration of the des,lredp%ve{f%}%|r und in the e

enantipgiers, Histrisr HREeh | HiRMEHEdTERNS 8% YR SR L VgRoed o the
comméﬂﬁl QbYodLQ;tlbﬁQif af spdclfie pd%ﬁhacﬁﬂxtlamtc@rnp@hnarumertecamemyerobf technical

crteriy T80 SeeortEh BTG R 1§ BT RPGRGfhe iital fecd

conceffratiohl, @RARN Iééﬁst t@rdﬂérgéfq@ﬁﬁt@ranEﬁnpbeﬂﬁ@J edquired aadmmhemtlent use of
statjgnar ase_co 0 batch chro

the ofjehaaPTyY WPRerGETROTED: L RIEMGARGee TRGFBYE gonpound in the

eluentf |§QHérbfdﬁ@ Ib@smdanie rapirko largeanuaty of &itargy tisisalateethe desired material

and 1B AP SEHRORGg GETRHOM CHy MRS srl¥edodsfes some of these
disadvdatddes C&llo\mﬂg Iﬁbh@rmidi@fcijtphlﬁrrﬁsb/@epa@edi piceict (&ir mroanteaf stationary

phaset, YDA oftp B " SNRCH AR T i dndah ey sppvent usage,

theref&MBeMﬂn@@%@@hé@ylfm reteeeparly 1960's (U.S. Patent Nos.
2.957,927, 2,985, 589 nd 3,291, 72 has e, sed
TEP Distace, cxdmpen gt SRS, prhfialosRiiiyy 37 JER H¥Sfhatography
techndtagiesnkndVas by the2ttmekodi Wm%luam%ﬁﬁaiogrﬁ)lﬂa(mﬁ) N@G!qet Simulated
. 5,434, , 5,434 an 498, 752 al s
moving; BRd ), R EIARIEONS " e 18 s 288t el b pRs Ty sve and
VARIOOLBNTIEMEbrivepre<SME oas pafeateatin dre emtyelrQGDis\/(AJr&tRahent dlos. 2,957,927,
aci tio The concept of.
2o SRR T 1901 1% oS §RLR ng oIE Bl flaransty s
Patent 8lbge3,208166 andt3310,4960. WAR=BA (Ms. SyAste 2D8,a5434,299 and 5,498,752
also relate to SMB processes. US Patent No. 5,518,625 relates to the use of an SMB process
for separation under low retention capacity conditions. The concept of Cyclojet is also well-
known but it has not been demonstrated on the large scale. Lately the VARICOL® system has
been used and is described in U.S. Patent Nos. 6,136,198, 6,375,839 and 6,413,419.

VARICOL® is a non-SMB process which is a variation on MCC technology that offers several
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been used and is described in U S. Patent Nos.

6, 136, 198, 6,375,839 and 6,413,419. VARICOL (r) is a
woamsBMB4pr ocess which is a variation on MCC t ecimobmayi2093

that offers several 2 advant ages, such as hi gher

throughﬁut in ternms of nore feed sed an

advaniggar RIhyAS Bideer GENGBRH! 1B RSB MBFR oA p&?ff?éﬁe%%genera"y lower
solvenw%&mﬂmaﬁl PAthErARorAE orot@ceteahmgq/ @aan@bamm nir@ dosdistent product

quallty%gré@elg pf]égliﬁﬁtl]:lllgz( Srgg g 3 \(/)e\?#%wlon ll'l'\éggﬁ et?zggéggﬁrom nVoI 1006,
(2003)pgag§s @élaalirgm il Gl CAICHE ,JOth@h Beto2002/ VolPes, No. 12, 2800-
(6]

2816) aﬁmq’n%qd, S loatiy B DD/ZBaRa relgop b w@@&@%&nmogy and published

appllcét%ﬁhlﬂls|2tw2/()toaﬂﬂj583 uhl ne&lt&dtoa@mlmugﬁtdn%f A/SSRIOBIJREAATS Patent No.
rel at es 0.0

e, 107 43, e Spvhaon B, S Mo R BB Ko 037040, wo
03/051%%/75%%9)3/00@5@3/%6\#4@9200%@8@%&4& to YRceSER5MB&E pMParation of
03/ 072562 and WO 2004/ 046087 rel ate to processes for

specific GRMBPYII at i on of specific conpounds. The conpound
('rﬁe ( lzéiarﬁpg)una (?(*"FmStfﬂS)Fﬂl?@OGHldroﬁh&gP =35, Bilmi?ﬁélt}fii/l Zmﬁtpmhﬁol and
ol i nol an maceuti cal * acceptabl.e salts an
o S S P ECeRLELY Sl B0 compostons
compr%ﬁ'@pthé?slaﬂ@ érB@sé@Wtr%tmgU&mﬁbrblﬁB tiseades g dMWr@uach as depressmn
attent

or dj sor ers s r.essi on.
oSS St SEr o2 E 55 SEBMEmRlon ALLEMLED, ysurion
ParkinBbrgé adu@@sepamlmenmewadnsaéysf ld)ﬁcéddkmon Py kbosinn' o mcotlne contamlng
' or addicti gn to coc

. di s
(nclocig™RPRG0) RESKLEet ST TEIAET TP CE O EREEDg USagReLon of eiher he
(+)-(2S5BIcl (-}l (EREBR]-BiightibAkey 6ra aise mat@&/t)mmp rawaﬁm-cmnrophenyl)

3S - 3

355 st AanaRginaL ot Dptnce yrBrensals hizde 45 016 SRR B2 406 B1,
lssued3to5.le'ﬁl(1j§sl emb by lJaRuarp2phedi2n . S. Faxig%mst@mmz& Bﬂ cissuetieto Fang et

iS A ten . , 4 i ssue
al. on Yaie . S2a0S. iFts NoaPyroad 73 B s30T MpRRERE =g Mey 21, 2002
U.S. FBatemt/N328 B, 579sBuestied kamdprgan &kt .al.oon Jeanuatr ¥482001; U.S. Patent
Appllcgteothth?ﬁtlcRyhsl%g2&0@8(6);%3%? é18@}02£ﬂ05k§2+1 ng %@%7827 A1; as
well assswyed 0319362:52579&\2 elovedver,0 noel gofs theké, réf@fé]:cei) hilizes a continuous

i.catjon Pu on Nos, 2002/0052340 Al,

chromg%@gp{%‘égggqqlﬂ orBqucgmgftd SEESTUS . a5 wel | as WD

0 6kERDEs Adhrotratevashy theohaiqobs,t vewee rpeffennmﬂi:e:s)rrectly allow higher
effncne%qyrlpftérgrgst? (ﬁ%%g%at%]cﬁgr%ﬁgcgt%@@toagﬁ)ﬁ Qﬁ&g%@cpmglsg l\fveth suBstantlaIIy lower
solverg lblbﬂﬁ&ihv_@g Eapkiyal%m@ncmue@togmn eme!r dzor Imnbrrteogamm:atrbtyle to traditional

.al 1 ow hj.gher efficiency in terns ar r ,
oSS oo bERHoh B R RV B g U connuous
chrombwg%pwdy\seﬂ’:] isCdifficslt andaga@ hmlsartoclaéerbat)klnbwn for preparing optically pure

a n.be eto

(+)- (2?@[2& o‘ﬂg?rgep(%@g cé? IR ﬁ}%::\%e WSFP?ﬁ”@errrs of cost.

However, the set up of a robust and efficient

sum igl—f_ﬁ_gtﬁ{lﬁ optography systemis difficult and has

rfrown for preparing opti caIIy pure
(Fhe (M2&Sent invention relates to a process for preparing optically pure or enriched

(+)-2S 3 2L B AR RELX bRy =2 o SHRARY of SRIARR' dr 8. (2s, 35)-2-(-
chlorophenyl)-3,5,5- trlmethyl -2-morpholinol and (-)-(2R, 3R)-2-(3-chlorophenyl)-3,5,5-trimethyl-

2-morpholinol which can be a racemic or non-racemic mixture. The separation, by either a batch

chromatography system and/or a continuous chromatography system, utilizes a chiral stationary
phase (CSP), such as amylose tris-3,5-dimethylphenylcarbamate (CHIRALPAK® AD) or a
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The present invention relates to a process for
preparing optically pure or enriched (+)-(2S,

wGB3)osa4¢136 chl or ophenyl ) -3, 5, 5-tri met hyl - 2- nor pRoiErei04/012093
froma mxture of (+)-(2S, 38)-2-(3-

chemiggliyo(ry%rfreg)éfgrgr (trgergpﬁt Ig@ldﬁ.@,{y?ﬁls% %‘1)@ go'lfrirsp ?Fg)pﬁlg}{dous chromatography
includés BRteMe sLisPhs MTCS N/Armoob@ a?rdr@@ﬁf@tCV,QRlG‘(ﬂ[@-ré #repreferred method in
m Xt ur e. The separ ag on eit her

terms -9f, BWQFBt@r% Fe}eds(]‘%q I8 gf]dqe quggeﬁel mrg t operating parameters and

Cmsrsﬁé}ﬁ@iﬁ&!d&ﬁ@é}ﬁw system utilizes a chiral stationary
phase

as a
P EPuDiscantinucdty FARAPOLRTY afe Y3 PR SRR IgUeACIEGing benefis
(H. Lé@ngh&ambgalibunamef ioresmategrphyex,evbl. (908l BAOR\Kpddes 201-214). The

perforg'@@ﬁg élseﬂ,\%ﬁszprgo?gﬁt I| nu H)?rp ;e:rhcr ?mnrrgetto és Féyls g&k\uﬁq gfiss%er)erggl quoted in
kilograri€ op Fjefizhte Brovetdwdpdrikilbgrais OSP pEPday $kgafacfe@ecb/kg CSP/day)) can

stronggéﬁggé}%egé tlgeneépe%gﬁé?é}e gﬁ&%pqurgglggsl} @88 { UQl%B Bb fhe (awomatographrc

systerfiOTHik RUOHIRgAS iMdérRicagb aiigasel thé pﬁfojaaﬂi\.&twdf Zhiat lurﬁifby producing a slightly

lower tggfﬁ%rl: Qﬁrliltgf Cr&%{;gr%tlﬂq?&ag\e %r]: h‘e ueégr as gg\gﬁlege ?pl,}rgrgagon process e.g.

startméoﬂmtalé) mixtive perdnantdnee émrickedt ine (HrQBUES)RHBYchidgrephenyl)-3,5,5-

vimety SRR OEniE AT Aot S BARGL lndeippb s )

(2S, 3-Bkdhidrestesmet) s/ %etmylawmbrmamcshm ivg b tahegaewih errecovery yield
t he o tical urlt at_t he

of 92°6fo?ttrpéﬁ‘teﬁf:egrc trlgggvggeﬁl% awg te% PUf, gar&t@ﬁ'& 'Hbe r’ngﬁ‘rer Irquors obtained

from thit siioshe thet Sarhé co@Pesitiérngs mﬁeJdLutebtichctrM @5% perityni Crystallization as a

chomBa A br o reda A eH A 6 RS PGNPt 1955w i dupy solution of

(+)- (ZSUBS§ Qqaidr@mmkﬁﬂyi-sﬁ @tr@:eﬂs}ﬂ-&nﬁomgolmot thaa igifiteredeannd washed with
s enric

cold SGaERAIB L VG FUL By 25 35 GRS S 5PBiRYr3 ool wit
most infPuritied repreiniby intR&mpeieds liguera rati o (PAR)) crystals of

Sees i iy S e enantormspeiengh leasty B nand gsperaly ranges

between 98bE and DIoRE dithiat lecevene obthe ryquiied| ethaafiorB@%6f et |ddse90%, generally

s 800 a6 S BT L AL BB S BSmet 2

morphlinplasintaisarbeasouplesl with metplresepbpurtfrcétﬁﬁr%rpwsstay\)i recycled back into the
feedstr?e%ﬁt'ﬁlkalsﬁzﬂfagpgaan%x rﬁ$%%0a| gg%llgfglr wdt b ri%lcgrg ﬁ%ﬁ\,ﬂ;r/esd to produce
the de3rbdI(+)0@SP8S -2 3-C@AEophenyl)-3,5,5-trimethyl-2-morpholinol.

3S)-2-(3-chl orophenyl)-3,5,5-trinethyl -2-norphol i nol

that is filtered and washed with cold acetonitrile
DETANLED DESGRIPTIGN OF) THE SNVENTION

o i R T B T G . 5012

(3- chl&r’rmeherhyly 3,5 Spteimiethyl-2fmdrhieolilel i aneld phaemadcamtieallyi scegptable salts and

So"’akﬁf?ﬁ Fr50 re and OEF‘[)a(?éy?éfr%r redgr%h i o’oﬁé%’t@&@t&? g?-gr(;/&g?holinol and
(-)-(2R3R)- Z}(mehrlaﬂobyera}rb)e’ﬂﬁ SQﬁﬁfetr’&bﬁ-emrrzraﬂrnanrmr‘:h tare baropticdlgdenriched in
accorﬁ&%%cgh\grlﬁz Hr RBrgge]n(t%n\Ferrﬁ grﬁ QQF%Q?Q%GUV%MB? ﬁ)? a?rbﬂ?%ﬂotdg known in the art.

al ' so cou e presen
The npxturdsi pratiiced mr:mc:hsm:ocmsdes wrﬂwshelﬁ/ teacdceimint mixtures comprising a 50/50

mrxturfeeSrdf (B8 s 5(§ cw clghéh)g{‘é%'sctﬁﬂute 1258 Bﬁo@!}reanq ()-2R, 3R)-2:(3

requ € fequir
chIoro@Benyl)eal 5(5r-1yrrr(eﬂsrl -2-morpholinol. However the present invention can be used to

opticaftynfcr ShER RERPLERY ss3nBseedrtbifiRb 'i¥atér RS BHY! d9)-c2s, 3s)-2-(3-
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention includes a process for preparing optically
wenoispaedo (+) - (2S, 3S) - 2- PCT/EP2004/012093

(3 chl orophenyl ) - 3, 5, 5- trlneﬂhyl 2- nor phol i nol and

Chlorom%yg?:’gg %%;ﬂrcr:]al " acceghozi\rt])(l)le asr’u%l tSbstarﬂlaTc’oér}l/thm S op er)e(glg 3R)-2-(3-
chloroﬁﬁijnyg i@Sth@ﬂ@P@ﬁwwdlﬁoﬁ Pnd fdedBtobly For 2napirddees I\AﬁDbompnse both
(+-25R - SN EMBOBEIRN 5 SHTReEV LRI, (@bhol R, IR
chlorophdrid)-3:8.8-the Bk 2-ad@rpholindr idehefbd @ba\m:@hdaacgolwm hsuithisle for the

contmm%wla?q\ézgpi{b?pr}og%g ﬁ?@gfe{??g %E&B@ \e/(gurc H@ulg}epuntms? for instance

umpun@é@@@%&ﬁ@fravplthe lswaééus/ ob the Gl Cnixiure, hesent M| fsédi@ock may be
xtuyr
removedprior topURlg CB'?Q)‘ﬁi‘ﬁé%%HSg C%%%“? PPHRRAUR O HRIBRYY i nol
anfler( (3)=(28R 333)@-632dﬂé%phenyl) 3,5,5-trimethyl-2- morphollnol is purlfled by the
chl or henl? -trinet

continiigys btk T ohcs B SEBRHERCks | U raton by
crystamié’cﬁfnsoﬁWhétpté%t suehties it hreyeecosvaitad irgo ghaahadeutitsly acceptable

salts t@qpe?gﬁ%é\?%q(s) tﬁgreg? ) aﬁppﬁgy Hmseff HD§ Fﬁ%ﬁfqtm 62%13 496 B1, U.S. Patent

No. 6,38h3bamB1i, &).Sapaent No 0,361,875 BR, U3R) Patelit3No. 6,274,579 B1, U.S. Patent

pootch oS ERRRTEL Nt TR I  AERPREM B! o Bheqogerez v, s

well a8®)0 B4/6326hhar ophenyl ) -3, 5, 5-tri met hyl - 2- nor phol i nol

ol Mo ciylep e 1 LS atent Vo 2985, 55567 e Begbien o @ ohral

statiorPP PRasy g uses @ provitle $+)-(28P3S)-2-(B- cmbnepbmyn)mﬁ ﬁhtﬂmethyl -2-morpholinol

des | udi
in 60-i Pem ey lasbestn SEleted) A P02 FPECERe s PErt he.
fSSG’tathi’sS tre MICA Ea:aweogomtah afoxit ueres ca&roaéerappanatlﬁhﬂmch is one of the
st.ock ma er rior to
most ¢GRI ARGS LIE KIS B SRR bRIaE AU LAY £985.580.
g?‘e (o%ﬁmal rﬁ:ondltlonr:;: for an MCC separation rr?re generally identified by analyzing
. - € {
saton S 2 A, PBRCPELL: it Rt RO ARl oo
parariéts s Sloadiabilky bf thetsgpb, mobitehghiaspustiehgibateleativity, temperature and
tallization resent i nventl on

crys f the
e P, b el AR SRS e PP hons o cost
effectivd &eparfations. STHeY mictidblogy @séd tpdddntifyuthar dondttioos doroICC operation is
oo r By e s B W, 109 e -1
Pahe preféided MCLY ér,oﬁé’&rBlnayLb&usd%’aﬁsep&rt BApa wa-atagerienriching- pollshlng

procegIBanoBRP Y TR, RS (N AT 01708 AR e, B by another

separaﬁordmhhlqbedoiemh!ahc& tHéaem’mhrri‘dot The&ecbadd siageumdy tbe another MCC
Br t.on n iral _statio e

stage.pr,gl\ﬁqa%tlve 4y) égcond sr{age may 68 'LORRELNP Br%%gdur% F &aﬁ\%le HPLC or

crystaBﬁéztlo’%‘r(S chl orophenyl ) -3, 5, 5-trinet hyl - 2- mor phol i nol

808 i 5ae b S0SL b GoBLEFRRne PR oL B8 phage cespeciy
hexaneuand hepltaﬁe),l_ngCQnalka:rms:eaha)ealpumnmmowmrma,sartdn%pafpanol), methyl
tert—bLtétQ:etF%S(MTgé)Létbg nlﬂcehorfgjlagnggé a%%gj}lﬁﬁl.%f mtog'f P r%%?atﬁ}; MeSrsvile phase is
a combbredi dluen ©f hostomini VBT iseprapartal oTheawrefeged aatid bfyecetonitrile/isopropanol
s b B8R4 3 Y 1G9l %L IR, BLofbiBY, BEREoh 98200 ST SR wv, most
preferabiyo8%/a%t vharlanatotives ernbodIMeaﬁafm mabile qdhasﬁéswwpmbmed eluent of
aCetoFuriPrpé Iaﬁd %ﬁgno?,t&ea%g{oﬁitrilé %lnacettljlaWo[ thlsot, %U'Fée&?ﬁe%rﬁicé\”ffﬂlids (SCF), and

N




10

15

20

25

30

35

feed solubility. The optim zation of these paraneters
aids in identifying conditions for costeffective
weepsrati4sons. The net hodol ogy used to identifyPCEP2004/012093
condi ti ons for MCC operationds discussed and
lified in the Journa romat ogr aphy A, Vol .
SCF b Aohglsssan Bagsedoi aagtonrie T eheits daniaeatsise sl mounts of

base Hﬁbéu@l@ a@&ﬁ’é’ihﬂﬁarﬂﬁé)t orQﬁcn@(s} (é@cﬁta@gml) can be added as would be known to
enri chi_ng-p %f‘ rocedure in

those e TWBISHINS 0% BHOHEHS Ssm 1B O FIAEghEn thY ialORa of solvent

As useBRRIah] BB &R Hesitee"t shdemBRRGE" toiér t6RkralgRTEMin, did€branched chain
second stage may be anot her MCC stage. Al ternativel Y,

isomerg thegefond st age may be a different procedure, for
emwal a:hlriﬁhé?cogfapﬁwsi ahki Zadehtite (Fng-(2RDI R*)Fﬂlaﬁﬁﬁlmwhenyl) 3,5,5-

tnmetbgls.%j@grpg]%j 7 fpgg( gﬁ(g @%‘l g%g:#ar r%fer g] @(tg tégg}o preferably greater

than é@/@ I@f‘eﬂnﬁbhﬁncﬂ@idé@@ %refeﬁWWMC@ﬁﬁo@a@@W? @bkihg CRIRAYPAK® AD as
- but et he é MTIBE ace

te, one, .
the CRiBbEBHRAY PRASengad ST ENEIS ol SN R BRLR P anobile phase.
CEhigned @Jnﬂﬁmﬁﬁusoéhr@ﬁéto@fudhylté@r@ql@ tROplirpandhe ddéied enantiomer

preferred rati cetonitrile/i ropanol Is pbet ween .
rangeBepnop, P8 QSR BN, a B RieE SHITF BRbULANSHORIOT 6%, Other
embod{rNerﬁéJ c97ﬂ’% Yradent lﬁmﬂloﬁrmﬁlad@bbwpﬂﬁd Sfe Védhtlnuous chromatography

technGgafin 2oL SEPRIen PP Eallia R R Grereq £ aGRr o Pryigve the desired
purityahd r@bdi\wﬁw OthSr £Mbodiiénts iheriderthé ravemifation dstheSEwanted enantiomer
with al coho S c??edgﬁ)ggsed. n addition to the

andb5 S
and ”’e‘fyﬁmgﬂ%ﬂ@ﬂnﬂ’étd%m Kthe nts of base(s) (such as

dicaitibyial @mtam)at;yn acid(s) (such as HCI) can be added
known to, those. in

as_ woul d ne art. Typjcall the 0
T AN UOENS AR o o T, ahiier ERR syl above s0%,
prefe@BlySéde@rUS%/éﬁ vER tndrermémrabhyhabdver 98%6." Honaver, s it is p033|ble to

e fer t tr ht chain, and_br anched
moro 5 PSS P S, S, B SR A PSS SR e rftee
and/ot tktract Gs?lﬁflemé?rﬁ*tb -b%le(b% tﬂ}br@pmgmmdtoiﬁﬁdis 5ccErd2|nSg tostge present invention.

rimet - 2-nor phol i nol provides e (+)- , "
i e B L U A B e Gl 2B T on sl hrer
and c%%lhzerta@wmrrerl C excess, preferably by MCC

Sté‘?qrr%tngr%b %Héggsthg%de a@e LPA%%%}% aad/%r tl%eh %xf:ract is 60% and above,
prefe@@@fté!wvé [70Yedn epnhonaerefasablynabovegdle Thease. thelehafigr is |mproved by

cont i nuoys chr.omat o phy techni ur|t
subsqqEnG GBI LA PGB U oBLP BELRRERO5E, Hnabaupel”into a base
additivh&8lt.a recovery of the required enantioner of 96@6
er enbo nent t he pr.esent  invent. i ncl ude..
BB NEB RBB\E PRI DG AB. b ae Al Sligher trovghou
with airéwﬁéntmwabllmpuﬂﬁyyﬂtﬂd Hearahseoim mfrityt ben thesitreecbrrected or offset by
nanti o the desired purity and recovery.

peﬁo@'ﬂ%? Sé‘ﬁg H{eﬂygtaﬁﬁ%mde the racenization of the
uﬁMﬁhheuRaﬁmmznnner and recycllng of the nem1n1xture

e feedst tional |
gl,qgﬁpgn zh)&égséregp ngn’fjonpf-ﬂ ? ?‘}jﬁ rﬁg Qor rgﬁﬁ%te flow is undesired.
In theepriesattindtandesarad Inthalfaloevir@08%amples, it is the raffinate that ultimately contains

the desired enantiomer and the extract that contains the undesired enantiomer. However, it is

both unnecessary and wasteful to simply discard this extract. Rather, the undesired enantiomer
may be racemized, either chemically or otherwise. It is therefore possible to recycle the extract
into the feed stream by first performing a racemization. This will both recycle the extract and

reduce the amount of new racemic feed required.
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preferably above 95% or even nore preferably above
98% However, since it is possible to inprove e.e. by
wea 260sgeigoent crystallization step, an e.e. of pas/EPoW4/012093
as 60%in the raffinate and/6r extract is sufficient
to be able to prepare conpounds accordi

ng to the )
pinetbe resent Bistanss. the chemigal siryciyeiahithe 9%’%P9Hﬂdo(?7émﬁf?§t has a chiral

carbor¥ a%m @Mh GOtYrsdensioR QBRI |mts%}@r6g%ﬁ€hté\ﬂd$ tdIftively labile due to
salt thereof and crystallize t

its viciaaherMireement aRg r@ceénlzqtpntq%lldr%q p;(pf%ﬁt%d %Qﬁrc;peﬂrﬁglence of a basic or
acidic @§bhtact is 60% and above, preferably above 70% and
even nore preferably above 80%  The e e. theaheafter IS

i ﬁﬁv%%'e@ewdzs, (B SBERIBREIY 5ot Well Koawn-oHevoiyain dpqyjre assistance of

externdl %Belﬂsp(fa@rdfcoﬁﬁérlﬁdsﬂj)‘ & sdrhdtine@mROsIRPId PdflaxiRg eS8 solution of pure
addition salt. gasgﬁse behi nd .t he post

a
enantighps iy 8| §ovant éWh‘iCE VPG %.‘@%@P“%?@g%ﬁ)aﬁvamage of not

lntrodly&n‘idﬁaﬁ ERIBEHH HYent e@ii@R$Bsi 1 Bélrrehioved Mefordericpamg ihe racemized
urity can then be corrected or offset by performng a

enant@mswcf 8/RCIIUREMI | i zati on. Optional Racemi zation

Denengi RgukBa rehgirdhestits, e oyl Qﬁ@émat@l él’ﬂtﬁrnet'vfyiformed racemate
extract or raffi at? flowis unﬁies jred. n &r 'H
generalgd 1 Vi FaCeRIEAt OR Qwé“%ah%m@t@ 'mPvf'tvgof f{gs. Fowever, any

additidrf fngiaityeintthatheWlyt foffae & kacehRfg édrmbe bhﬁlnéml Hyer@crystalllzmg the newly
enanti oner nd tEDZ eﬁtract hat onta ns .t ge
formeg 1aRT@Ror™d ARGIENE? f (OTB0eh TN RCUE<clr Joaffd racemite can be

matcheast eful to si n'_ply d| scard th| s extract Rat her, the

undesi red enanfj oner d, either
o ABnest s TS bler g that Calk BErRe 5 ECBEETIapeets, Preferably the
solverit %ﬁ%ﬂ Soifirtepsiit st leadt50°¢. hﬂon‘begﬁdfeﬁdbly‘;am bylvéntrigds a bonllng point of
erformn ati on

55-1185% et il obla SR B et 87 HEBPPAUEH Bofaloting: ikl acetate

such é@%’éthyﬂ%&ta}lat Bﬂhypé@@@t@t (sbimetiraes eefetrbe 16 hﬁ’@lﬁ&is “EtOAC"), isopropyl
structure o

nt er est, has

acetalge, T S08IAIS Y oA o e (SR o 2l fypgntanore, 3
methyRZduegeRe AL GWErDnE edra AWtNyIJzaiyntemodéeatrﬂtnlet Slach eé r@btonitrile and

i ronnment racem zation c
promcp ] SR caRg 2 S b of b S C3 B RE as dtryene
glycoln@idwkﬁc afixtoeeinich as Waterdi €l anel MetkaoMMCl They usual |y

ul r% assi stance >((jterbnnl agents (acidic and

b ef l uxi ng of a solution

Ofl'h@ué&o%@mt iNOMRY présent Sigvergioh iEwWprefdrably esorildl ystationary phase.

e B SRR oSy Sheeh bl TR AL, iy ggpbomates o
celluldzef prefertBlyYsdatdty oh tlich R daniaie phaseantriazitie ahd Tt-hasié ebical stationary
orase RERT e kPO Hab et B SR bEATbse, rerray
coated 8 eita)apolpacrglamidedpiedsesy easionliteal |y sim [ ar i rrpuri ty

P %l c%%;w&%&eg%ﬁ@ywﬁpﬁétlo&%?y%% cﬂﬁ)/je mlcrocrystalhne cellulose-
triacet@&ﬁrmé@driarma NigClTide areVBTA-1), cellulose tris(phenylcarbamate) (Tradename
CHIRACEL 0OJ), cellulose tris (3,5-dimethylphenylcarbamate) (Tradename CHIRACEL OD),
cellulose tribenzoate (Tradename CHIRACEL OB), amylose tris[(S)-methylbenzyl-carbamate]
(Tradename CHIRALPAK AS-V), 0,0-bis(4-tert-butyl-benzoyl)-N,N’-diallyl-L-tartardiamide
(Tradename KROMASIL CHI-TBB), 0O,0'-bis(dimethyl-benzoyl)-N,N'-diallyl-L-tartardiamide
(Tradename KROMASIL CHI-DMB), and 3,5-dinitrobenzoylphenyiclycine (either ionic or
covalent bonding) (Tradename DNBPG). Each of the CHIRACEL and CHIRALPAK products
are available from Daicel Chemical Industries, Inc. The KROMASIL products were developed
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formed racemate and therefore the original inpurity

profile of the feed racenate can be natched. Anobngst
woOherspaetd bl e sol vents that can be used as racedqU/EPmY4/012093

agents, preferably the sol veidt has a boili ng poi nt of

at |least 50C. More preferably, the solvent has
by Sepayliph §rodickt abkkaghemicals. Suaele ghiplestatipnary Phases for MCC include

those §QIHVr%nCh|'réﬂ Tlchh&8§ibs @RGersEH BN PAKPr H1 @hmﬁfuddu@vw CHIRALPAK® AD,

acetate, such as nethyl acetate, eth acef at
an amﬂmtdwgweefceaﬁesdom AlicR §pladr - @?(ﬁ!&@’?'cg'lysamdgﬁﬁh form thereof

(CHlRﬁEPIAR@eTWQOﬁéA}e %eeﬁ at*o@nd hyt iyd p@ﬁ%ﬁatr@ silialek YbthkEe a&iRible chiral
such as anone

stationyagy Rypses. (oS gie CrRBLEENS R BHIRRLCEL® OD, WHELK-O 1, KROMASIL

DNB, kﬁWNS'L‘ PTRORAiIBRARE sold BY Chikdl ETeeHRGloGIEs, R&Ji® TeéHroldgies, and Eka
roplonltrll e; a nonoal cohol such as net hanol or

N0b9|1 r§éB‘P‘3'§§MoI a pol yal cohol such as diethylene glycol;

aPQm@leﬂy Cpr@l’e??b@flgsa THIFA Sstiofake Bﬁé@ ti@dldcomprlses amylose tris (3,5-
hanol / HCl . Chiral Statjonary

At yiROSASBIOBEIRE) SPeAHOp oS4 SYBTStE 1) PO CHET 3B g in size

(Trade?ﬁh{eathﬁmAkﬁaAm? PIRSZD uRXEHIRALPAKENAD aé cGisitickédtNad the material of
hases i nclude ce

IuI pse derivatives %H ers or
choioe, {prp3P8 R EeosBiPEE, PisParalraiSFsIecaPRRtogFARIG pepeyations as i
providbasbiffidicht PAbRRAEN Withaeldded Bati frefapes tcBhdudd product quality with high
stationary phases (Pirkle phases), anylose derivatives
produgtiyity  esters or carbamates of anyl ose, preferably

cpﬁgsgdrecahdsrémyg@éw@ol yacryl am de phases and the
| i ke. Sone conmmerci al %gaval | abl e chiral] station

o FB EAGerRE PERREUTRSIh BRI be PeRaielians|qf TSt are aiag Rt in liquid and

SCF cfmﬂ&rﬁé?@ﬁ@ﬁﬁY WaT Airge HelWesh)abotieb 1 tb @88 MPa, preferably between 0.5 and 30
Lis(p

car banat e radenamne
MPa. ¢ &he Jpwsyatwrﬁsm(t@escﬁa% Pﬁzﬂﬁ?%ﬂwcg'a%&ﬁafga ‘and 200°C, preferably
betweér EBSGFHE COnbRASEterddb) betwebh HbaR e 5t40°0emastasreferably about 25°C.
(Tr adenama CH RACEL OB), anyl ose
zyl - car bamat e] (Tradenane CH RALPAK

Aﬁhé/)varlables which affect the selectivity include the column type, temperature

press%[ﬁ, fg@g %24 el bﬁﬁéylkg E1 ﬁlllt Oﬁ}B’\%lf}r seﬁjec?w })/ canLdrgr%a{ cally mcrease by

condit@nfd the%bmnrrm%tmw td es=pation; Ne.Nrun@lingl thy Imdbilé phasy @raughdhe column

(with & WG BOT B 65 O 1596 6 PEVS P RIPT OB 1R hafs Prgferably, the variables
are sefR¥etl BYivdd9 SeiceBity(Faramiereare o@bﬁ%@r thdrach . Mbrd preferably, a is greater

CHI RALPAK pr oducts e available from
than 25 VgAY FEHETRRUAIE el P BB 1 oot R SRR ASE b Gitptersthan abous
25 were devel oped7 by Separation Products at Eka

RS P Fas APrT e 9] UgPee MAkavy: A% llustated i
Exanfpidl BAdIAK(the adbitloCidl Rpfdpahol) to (GEI d8tdPiiKier holAile, ptase increased the
anyl ose derivative coated onto silica gel, or the

cheni cal I y nmodi fi ed form thereof (CHH RALPAK (r) gmel ’

261)
selecllir 2 RRod e Spdrssonary phaalmpradodong e ¢ ) tcwe
pararﬁ‘éib%@ELl(av)a tohe CbidRidrédEitd Bﬁleﬁ[};heVﬂSﬁt}éhmrﬂatogfﬁ’ﬁmm%hditions. The
proceps é%ﬁ SW ggceq:aé—g thsewh iegﬁﬂrglog hlségcsc’)gnp%gg'%i(v(gﬁhg%tsls’howing the retention

to bea esgxénali aePy8% isopropanol. However the solubility of the racemate is shown to

increase with increasing isopropanol content allowing a more concentrated feed to be injected.
Competing effects are in operation here with 5% isopropanol being shown to be optimal and
superior to using acetonitrile alone (c.f. 22.5 g/L in pure acetonitrile and 30 g/L in an
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Particularly preferred is a chiral stationary phase
that conprises anylose tris (3, 5-
wdiostoayl4phenyl car bamat e) coated on a sili ca- geCT/EP2004/012093
substrate in both 10 mand 28 min size (Tradenane
CHI RALPA AD The 20 CHI RALPAK( r D.i.s .
acolgUHE/BOTBLERL PHS FUREFIal N OB B { HEndRt Al Rpeess operation
robu§iNasy, ispzel iMCti i@t afdatiRiduseope bR it PPy tRAVUIC any precipitation

ciochehteBaog AN el B UbBerable bRBa sereauss EPorptd ecucss e

Irkelrﬁb@oﬂﬁr@&pi@étioﬁldcl¢urr| ePE s adwﬂrthg'éeﬂi)ef/@'twM@CTL‘.B&téralweratmg purely
press es in roduct s

t
i 1608 RFEERBE 1 |°?Q'2ra?edﬂ% A el B L e P peuvle. Ao s
showPe invEsampROBt bélowk ihoudty alVHﬁb(edpécﬂr‘/@ﬂé(beohl&ﬂe!XBeﬂroﬁahbl) eluent the

and 30 MP The the .colu . 1S .
obtaige eFaer araeh ieg Seo i cadbrsPai AN YD ermRRRd to using pure
acet@eId with Rldiucedraiientiiopbenplidry(clhernoeeky febo of rdeedditelo 313 L/kg feed of

nos r ef er abl 5C.. S ctivity, P t "a" .
racerTRiE) Arive 5P@8 SHAGR Iy PD6 el Lo BpEated, [y Shaes glerpRes operating
paraﬁr@té,rgn type, terrperature pressure feed rate and

ve m xt

nt Ie. ition the ctivi ca
1 Ba TG BEEES 5B oRR RGP End %) hghral stationary
phasept‘/vh[@:h Have SpEstable @nvaliieseare: E)JOHIRPQ_HM@ muolwn plltasaeetonrtrrle b)

cHiRALEQHS 315,551 Y bdobine’ B0 e AR Vel G amin, o5

acetohibéle \Aas%abipﬁdpaable oB €loer Eeetomtmleg H-V‘E)%'l 28&bmno|| vartdyc) CHIRALPAK®
net er ! reater ref erg
5080 22§ G; afihy AEoBE oS0V BRaE o b SGhd) Al Froentage
conce@ubnare,bagsdoaspesi al |y preferably greater than
about 2.5. The selectivity obtained has a strong
i nfl uence on process productivity. As illustrated in
EXANIREBE®! € 3 bel ow the addition of isopropanol to the

a opitrile_nobil hase rease he a- sel ecti vi , -
e Rl RS i uedunt 580 e e ufderBhiEh' o b imventon
howePérp ey ihveriah is got to betondthed agdimitee trerstoal so have to be
consi dered to sel ect the best chromatographic
conditions. The process is also influenced by the
Exarmipfd €nt i MOCQjurifitstion aipacemiste witht CHIRAE PAKE rdWRdigmtand pure acetonitrile
retention tto be maxi mal at 2-3% i sopropanol. However
t he solS¥ ty of the racemate is shown to increase
W This iexampksrietxes ®qurificatiool ustgrgtiCofino Ghrugnatogrepley (MCC). Good

U 02 £ g OB BB fgpoine ver

obtained mmgmmrmrpa\xdm 2p e as stationasy plipsacetiquird acdtenitaleoammeeluent.

CSTbs riera B wbS, BelGinRagEr s | b A Mol HilniChidff continuous
RSB RPN LRSS, e s
spoiRUtEt 585 Bh % IR LHBiAT of B0 A BYlsf a3he il oﬁsey&‘tmpt'ca' purty

of thter}ﬁst eluted enantiomer on productivity revealed that the productivity could be increased

by more than 25% when the required purity decreased from 99.6 to 97.8%.

Racemic compound (+/-)-(2R*, 3R*)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol
was fed at a flowrate of 1.85 mL/min (total concentration of isomers: 20 g/L of acetonitrile) into
a MCC system comprised of six columns of 1.0 cm ID by approximately 10 cm length packed
with CHIRALPAK AD. Acetonitrile was used as the eluent at a flowrate of 7.25 mL/min. As a



10

15

20

25

|'i kel i hood of precipitation occurring and is
advant ageous over a MCC system operating purely in
waQosgoackboni trile in which racemate feed and PeoiERR®d/012093
enanti omers are | ess sol ubl e9 As is shown in Exanmple 3
| ow in using a m xed_sol ve

resu't 0GR WP 8 awﬁr%@aﬂwr)atee@f&%WW@ B ai'ATAAE seQYained at a

flowrhtBraypah g#LthﬁSTtﬂb@éthpduMdQ% tHeerafpar éndleﬂfdw Wetd Micbyered as white
ar e t 0. usi

a onitrile wit
solics, B VARSIRIOH Y ok Rstt: TB0RPover FanBho dront Sherid 3 @pd the purity
range’ijl.{aor{q/gyga g@e% of racemate) at the sane chiral purity
al so. wi t h creased, r t ness

e BoiRESh craditirsr s Sebaas TRGRD (e A RERR ates cppgitioning of e
CSP wit®thé Retddi sangionf nobil e phase and chiral stationary

phase whi ch have Sggﬁgiagég a.val Ees are a)

CHI RALPAK(r) AD 1 - ! (i S h) CH RALPAK

(r) AD 20 mwith acetonitrile 99 9% aceto itrile +

0. 1% di et hyl| ani feeeddbmcapiaationi@t | ¢ + 528 2 pr opanol ,

or 90% acetgnitr 'F'e%d'FIoWF(‘bté @LeRRROT. an@sc) CHI RALPAK

(r) 50801 20—mm-w acetonitrile orl 90%n-lhept ane +
10% et hanol .| Al | Eb’éF‘EFe’H‘t"fg?ée EBHEM rlat i 6178 lare based
on v/ v% e provided

EXANPLE@dFéI&EFI‘owI RAWI(MAQ/mixaNpl es.@r
however,

for‘ a fur‘t h mdarct andi na nf tha | n\lnnfl n;

the inventidn ; Raffipate ooy Kate (l/mid as 44 ni t ed

t her et o. Exanpl e,f{ecyNéitquwRafel(ﬁaJlmmm of Qaaemate with

CHI RALPAK ABD—26+- etorHt+ el t.
Thi s exarrélr)e rel at @Vﬁb‘bﬁ“f’t’fwéu on Pﬁ% M“utein

Col utm Chr omat ogr aphy (MCC). Good target purity and
reguer yolamng configlations were tested in order to adjust purities and scan for

eSS W S A G SRR cosos

the sapleasdeadwithpworeside biher iordseif dise edluran tonfifueatipapan-at2-onthen Zone 1

wa erf or ap 25 C og an | ti-Col
nas 1 GG 508 RSP SoRg)° B PPPTR E iAdgeg has 1 column. The
zones@ﬁé dafiredirelativeito seipit atnhbamdzameﬂle( deidt 2- 1). The purity
ecificati recovery of 96% A

was ,,99.
PBGTG of 1 REWERS tisiier ot e BB Yol 1y o the

deSr&iIIEI ut edeteean theostracoandoieedpointsyi ty reveal ed t hat

the oduct | vi t d be i ased. b re than 25%

vxg%?#o e rehﬂWFéﬁﬁtﬁtFF?;?”‘&é%ﬁ’?Z%B%f“ﬁ%’Fﬁsrgg 6 to 97.8%

Raoresmi\t con‘p@twedn the rajfina2Rarid eluent pomts _
The &éesg ]néo&e SFF eyany gﬁﬁlﬁﬁﬁéggpgwag@%ﬂﬂﬂﬁ? r t%‘??lm rn?e'?jolekpne?ljmentally are
shows imTalévat i on of isoners: 20 g/L of acetonitrile) into

a MCC system conprised,o j X _col ums flOcmey
appr oxi nat el y 103%5—)&%%@&9@ naualihs.

LPAK AD.

Trial AceComhiny I[| e was usmewese (i€ nethuent at a fl ow @t (@) | Purity (%)
7. 2boriflg. mMin. As aresult, an extract was obtained at a
flgwate Re@c&: n éaon BRGcE T|REFna®t ¢ |[Masnobtjai ned al Rar, Ext.

a2 f 2/ n n— The lconpounds—in-the

T 1 aflBidiktle %@16 ext récft /%‘?’e rec%\7er ed as'QPite [sBFPds |996 |96.2

2 arligrp-gMapey at1 on oig t 4 sol venly. The naggveryl hagged|gg 1 [96.5
from 96 2497 3% anhd the purity

3 1-2-2-1 |27.7 2.2 (8.4 4.3 10.5 0.45 97.8 |97.3

The following Table 3 shows a comparison of productivity and eluent consumption.
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ranged from 97.8-99.6% The optim zed conditions are

set inthe follow ng Table 1 below after conditioning
wohRodsieo@®P with the feed solution. Table : MCECT/EP2004/012093
optim zed settings Feed Concdftration (g/L) 20 Feed
uent FI ow | /

ecycl & Flow Rate Prédustiviy 24. 7 @ﬁéﬂt@bnsum tion
eri od '%‘r‘ﬁt}‘lf% o 4 RSEVPYUL) ol q@egd/@ggg/%,gw at i OﬂS(ﬂl\ﬁ{@ed)p
“Tgstled dggOordef to adjggt puritl es;gpd scan for 378
raf fli nate nurl ies from981to 99 5 %with|96 %
récoverdp.1 The Lol urm &6:F i gurati on2 P4 desgribed i n3t%e
ST org:y;é as e zon -3 (ot her ?S rftHhe col
confliguration is 1-2-2-1, tlhen Zone has[1 col um,
*CSPZ6hiwal Btaticnapy Eodagrms, Zone 3 has 2 col unmms and Zone 4

The pltlﬁiﬁ%%agg !rn ven dJ@vérﬁ) ﬂf é%o\?%{ei_ tﬂgge Fn%Lzé\%rbif %ftEPt rké/stem had been
runnieg foe at leasid! Ee&@ cyalas, po ih‘&t ﬁ,haZoem:hed stelady platm t he

extract and feed points; Zone : between the feed and
raffinate points; and Zone |V: between the raffinate

Exampied2:e| denantipmerie Enrichineent howpingWiGC with &yatallization m
;?fegn'ss gt{ﬁé|tﬂg e&)P?atnSH‘Eélf @b@f@ﬁ%g{/gq I@@‘ﬂ?ﬁl{éf géﬁésu}‘cs presented in

Exarmele t1eathoted dhattiog gmqiuptjvdy\ms@gmﬂcamlmhih.)enggd pyritl"re) specified purity. For

s 4okt AL B € B T8 8 gy 25
wher9ghes spexiffed? purity-was) inzreaped  fong.97.8% 1o £9.6%0. Agoglindly, enantiomeric
enrlcﬁﬁwﬁ %FI qﬁcﬁrz@&g whs %cl%egedzlon ofle i'.ngl‘hé fr%cﬁoﬁ]sg(Vafﬁna?g) obtained from the

sho a conp
MCGpbBramplei t-y %pl\eanums eyeneatast ﬁer tU@ rafamﬁt% tgdryness. A white solid

was P(SH?QH&E '\Ml'tﬁ y Lﬁt)ﬁlo\“eéﬂouf%w {d. &Nk Bodh N&rbRBdREic enrichment by
recrystalllzatlon wés subsequently performed on this solid using acetonitrile (the same solvent
used in the MCC step). Optical purity of the crystals was increased from 96.8% (e.e. 93.6%) to
nearly 99.7% (e.e. 99.4%).

Example 2 illustrates that an enriched solution of the target enantiomer can be
successfully crystallized to reach a very high final purity. Coupling chromatography and
crystallization for the purification of the required enantiomer is therefore a feasible alternative to

improve the productivity and reduce the separation cost.

Example 3: MCC purification of racemate with CHIRALPAK® AD 20um and
acetonitrile/2-propanol eluent mixture and VARICOL® optimization

This Example relates to the purification of racemic (+/-)-(2R*, 3R*)-2-(3-chlorophenyl)-
3,5,5-trimethyl-2-morpholinol using MCC. The procedure was substantially the same as
described in Example 1, except that the eluent of acetonitrile was replaced with an
4.53)

acetonitrile/2-propanol eluent mixture. This resulted in improved selectivity (a
compared to Example 1 (a = 1.92).

The separation was performed on the racemate using CHIRALPAK® AD 20 um as a
stationary phase. The best elution conditions were obtained with acetonitrile/isopropanol 95/5
% vl/v as an eluent. The separation itself was performed on an MCC (Multi-Column Continuous

Chromatography) system fitted with 6 columns (10mm column diameter, 100mm length). The



Productivity Eluent Consunption Recovery (% (kg /kg
sp*/day) (L / kg ed) 1 99.6 96.2 1.63 378 2 99.1 96.5

wa@.2005/03303 97.8 97.3 2.24 289 *CSP: Chiral Stacrmrany/012093
Phase The purities and recovEries given in Table 3

oo S A RE AT G 58 Va5 e o o ST PRLP R0 A Bhoropheny
3,5,5%iraatyl- Shﬂirﬂqoh_ﬁéﬂﬁﬁﬁéhﬁorﬁerl (lﬁéeg réthinee gi;smtﬁme'r): hme nt
coupl i Wt St a |zt|n ns
< Sh8 bedthsblogbbsvea i BnRed v SZeam VBRICH® bigfrssq A throughput
of 4. 6R@f§e§/ﬁgﬁs€/@felym/a§>9|@ﬁ@l/@ci 1 showed that the pr oductivity
s.signifi,cant

: Pl Contivell ireTaEP PR It EATieet it 6t 2.0 9% wit
96 Y%Pleeovsty] Vitdble hasedarttithe coptishizapsamkiguration wllfifg Weeactidvement of a

rafflng\tgc%rlgﬂ 9{%9{}5“' t rﬁvﬁgﬂéﬁ: {3 %rf ﬂgiﬁér%ﬁ]?eg ?%centrat%%'o(?%bg/L.

crystallization was achieved on one of the fractions

(raffinate) ob in%d f{.omthe of an{PIe . The
sol vent was evmmmm dr yness.

Trial Mo WiCbenmdhPdb4as| obt ai nedrigidie éampuid)y of abdutt (min) | Purity (%)
96. 8forifig. §. 93. 6% . Enantioneric enrichnent by

reciystallji zat i onReagclS|Fese friet aﬂﬁfaft@fﬂ’ﬁl@ntm this [Raf|Ext

solild usina acet i i solvent used-in-the

NMcC| dt4ed)!. 2@pti calP2pur | of'% he [rystal $1has |0-65 99.3/96.5
10 FTcr eased Trom ub 8% (€.€. 93. 6% to nearly 99. /%
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Table 5: Influence of the feed flow rate on the MCC performance

Trial No |Feed flow rate Raff. Purity |Yield |Productivity Eluent consumption
(mL/min) (%) (%) |(kYreea’kgcsp/day) |(L/KGreed)
1 3 99.3 196.5 4.59 189
2 2.8 99.5 [95.7 4.28 200
3 3.2 91.9 1]96.1 4.89 179
4 3.5 84.8 |96.2 5.35 167

25
The obtained results showed that a feed flow rate of 3 mL/min was very close to the

maximal injectable amount allowing a raffinate purity of 99%. The raffinate purity dropped

rapidly when the feed flow rate was further increased.
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feed flow rare—wasz—atq;%'rl—ﬁ—m‘-nfed ity Gy St

adj ustnent of th er operating tlow/rates. The

obj ective was to rr&menli ze the obit’IaBOned purity, keeping
a yield of 9p%foersthe i tf+rate. Table 5

[Jul I I I Ccu
illustrates pvari oug 'EﬁjIl ty/inj ecjte feed flow rates.
The sel ected coI um configuration was 1-2-2-1. Table

: fl fl t
R psih G oo o avCir e iidtafie PRl O BlEee gy
mL/miRY Tkl obiaitiedypurityens eqoaistargstse nwhereasrihe) be{sﬂ/d\/l((:%pufltyg)téained with

the sag{%( &3 {)\(;'al" e "é%%;a??@ 09-3% 28e 3ri8P1 & Tut 51t Re pufitiés obtained with

the VARICOL® process configuration were equivalent to the MCC performance obtained with a

v(\gas setat3

feed flow rate of 2.8 mL/min (very close purity for both extract and raffinate). Application of the
VARICOL® process permitted a better column repartition between the four zones and increased
the robustness of the separation compared o the MCC process.

Example 4: Enantiomeric Enrichment coupling MCC with Crystallization using mixture of

acetonitrile/isopropanol

Using a sample of the racemate and the desired enantiomer ((+)-(2S, 3S8)-2-(3-
chlorophenyl)-3,5,5-trimethyl-2-morpholinol), DSC was performed on a SETARAM DSC 131,
with a heating rate of 2K/min. Only the values of the top of the endothermic peaks (end of the

melting) were considered for the determination of the phase diagram.
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33.291.996.1 4.89 179 4 3.5 84.8 96.2 5.35 167 The

obt ai ned results showed that a feed flowrate of 3
wohdosilaomas very close to the maxi mal injectabbPeTarponni2os

allowing a raffinate purity 18 99% The raffinate

FlirerGpet BRRE e 2% A Tt asii 4 6t @Yz ool ha an

endott@piniopead(dpgete BPL By K Neeakh 8OAAR, Guthd|py): 28M 84 &#aol), TAre the racemate

vt a5 BTN Rk b M5 BB e (RUTAE .o, The

theoretibsl ape ekperirgrital alludsalrd shdui iaMhbMARb&IGN( ) processes:
Table 6 - Conparison of MCC and VARI COL(r) Processes
Colum DP Flowate (nL / min) Process config. (bar) Dt

(m n) Purity (aBleReTheadretidabatt Ei\ﬁerrlatdnthafbfues El uent

Raf Evf l\/l"‘f"1’)’)1’){'\’)’)’) ORQ1A{'\65\_9_5
95. 7 Mic 1X4msle) oo 2{9@‘?@’% 0.6 Qj@p%‘ &‘2
1. 5- 2. 3 VARLEOL ()32 03 Pﬂ"'Eq )14 0. 65
99. 6 95
Tabl e 7__El (QA55 atles Baff361725p 690 Fppd392-ﬁn Extir act
10. 10 B uent0-6% 0o Zone 3%1.8_00 Yaone 118912 90 Zone |1
11. 90 Zone 22690 |A revi eWdf thelresul t 3998 Tablle 7
reveal s| t hat0.The VAR CO 878.0f eed|fl| ow r 888.3nas det at
3 nb/mn. THe7®btlai ned pdBi.@y was equal 386.299. 6%
wher eas| t he et [MCC pur 883/4 obt ail ned wi 3850he sane
feed fllow ra.8 was equal 384099. 3% (see Bsgal 1 i|n
Tabl e 5). Thespurfities obgasned WMth 383.5

0.82 385.1 382.8

0.85 386.8 380.1

0.90 389.4 374.0

0.95 392.0 363.1

1 394.5 -

Iin the above Table 8 all of the values are theoretical except for the value of 394.5 at the bottom
of the column for equation 1 and 392.7 at the top of the column equation 2. These two values
(shown in bold) were experimentally determined by DSC as mentioned above. A review of
these values reveals that the eutectic is located around 0.80 (although it varies between 0.80
and 0.85) where the two liquidus of both the racemate and the enantiomer gather.

Using the information relating to the eutectic, it was now possible to optimize the post
separation crystallization step. As discussed above, the chromatographic selectivity can be
significantly improved with a 95/5 acetonitrile/IPA eluent composition. The modification of the
eluent composition has a significant influence on the crystallization step due to the modification
of the product solubility in the new selected solvent. Accordingly, purification by crystallization
was carried out on the raffinate obtained at the end of the MCC process of Example 3.

Evaporation of the solvent was performed on about 500 grams of raffinate solution
(enantiomeric ratio 97.5/2.5, total concentration of solid 13.33 g/L) and was stopped when
traces of solid appeared in the round bottom flask. The obtained suspension (total mass of 57.5
g) was heated up to 70 °C in order to re-dissolve the solid. The obtained solution was
subsequently transferred into a thermostated jacket at a temperature of about 15 °C under
stirring. Precipitation started after 5 minutes. The suspension was left at this temperature for 2

to 3 hours under stirring.
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the VARICCOL (r) process configuration were equival ent

to the MCC perfornmance obtained with a feed flow rate
woRo@/08013/ min (very close purity for both extpatErand012093

raffinate). Application of tlhe VARICOL (r) process

rmtte pefter colu repartition between the four

D iobedatod yeRkaber enetuis SrtiotegR SRtseeharat i or

conpared to the MCC process. Exanple 4: Enantioneric

Enri chment coupl ,ng MCC i stal | izAation using
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the racemate and the desired enantioner ((+)-(2S,
) - 2-(3- - - . , .
The 1ol PPUBhEREAS I the 5909 PriBRIESoMPRRb 3 A wapsatimaled at 5.16 g
based D%sfombqumeéslﬂlelﬁEﬂ'fABé%rlﬁﬁa dridthe rafiihftedsdigtaity nQ.3payikey) ofThe optical
Lo 2K mon.  Onl g val ues of the top of the endot '
puriy g5 eyt oo B G RBPesiaiedB cBmpbn T igr= BRE" Therefore, he
theoretiedl g/igttl ruitthemreodvenh evaphd®® %i Tpamebas Rhditethe nisbieticat rrecoverable
+)-(2S, 3S)-2-(3-¢chlorqphenyl)-3, 5, 5-tri
amour{t)ﬁﬁpé{ﬁle_ng_n%p%ﬁéﬂn? S%@@’”M%e%ﬁ‘i(?herm c peak (onset:

38 Whife oidkias3fikersd l6ff amd hiak@yat 463184undenmvbgyunand.81 g of pure

.t he emat e an endot her m (opset: 390.1 K . . .
enaniigaey OH S 30 ) N o b 380509 Jo P RE EmEEt e gptimizaton
this valuedvaxquaip=nedivith theadvees ths@etidad vield of rdavbey (83.88d)ow.

Tabl e 8: Theoretical an eri.nental Values X | e 0

1A 36k cipe vt A el APPSR E Bl e BT st FRAFLo 5 C for 2
hours Onder36iding. A9vhité $Dlid was Gécdve®i2b\bfilbatidh Swildrzd38KU0F Durtker vacuum
(Yield ééé'gﬁof%%%h@mﬁér&%ﬁ%%%U%ty%i%g Tgéé%ti%%}fugty%géieée%a@g mother liquor
was 8885,.1 382.8 0.85 386.8 380.1 0.90 389.4 374.0 0.95

2.0 3631 1 94.,{% g 59%33 aleovea Taib{? 8fa(lel %f tpeshowin a

vEIEEs TePES G008 NG JRch fal et @ (TREUR, Qe 3955 g an
enantiahetid eatloogteater than that of the eutectic composition is recrystallized, there is an
enrichment of the solid crystallizing phase while the optical purity of the solution (mother liquors)
is decreasing towards to the eutectic composition.

Another experiment was carried out on a raffinate having only 82.2% optical purity.
Evaporation of solvent was carried out on about 200 g of raffinate at 82.2 % optical purity. About
46.6 g of a concentrated solution was recovered and transferred at around 10 °C. A white
suspension is obtained on stirring during the cooling down to § °C after 5 minutes. The
suspension was then left under stirring for about 2 hours at this temperature. A white solid was
filtered off (0.64g), dried at 40 °C under vacuum and analyzed by means of chiral HPLC: the
optical purity was equal to 70.6%. The optical purity of the mother liquors was about 91.6 %,
which is higher than that of the solid obtained by crystallization.

This result confirms the fact that when a mixture of enantiomers showing an
enantiomeric ratio lower than that of the eutectic composition is recrystallized, there is an
enrichment of the mother liquors while the optical purity of the solid phase is decreased towards

the racemate.

Example 5: Optimiza"tion, and Up Scaling of Purification of Racemate with Crystallization
Step
This example relates to the enantioseparation of the racemate by Multi-Column
Continuous (MCC) chromatography. The separation was performed using CHIRALPAK® AD
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1214.4 g of raffinate solution enriched at 92 % optical purity with a total concentration of
solid of about 5.11 % was cooled down from 25 °C (where a clear slightly yellow solution was
obtained) to 10 °C at a cooling rate of about 1 °C/min. The solution was allowed to stand at
10°C for 1 hour under stirring to yield the first crystals (nucleation). A further cooling step was
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0 of, the, pro

enantst 45 8Xcoen S e a YE GPB! S35 FPrs oaimis 5Ridalist pEffe eutectic
at arceuR@ 8634 leﬁantmliérlbeatﬂi; hheethedreﬂﬁalaotﬁl-arﬂd)wnﬂmf Mgoverable pard Bnantiomer
was oIS 372D, A5 EloRls SO g e BT TREG GEMEH cytals 5.
g). purified crystals of the target enanti oner. The

upwa nanti o ly,. Db 1 zed d

DR hi@laef i FeotPEecain af PBens et ALY PLEP G, whoreas

analys& @l’pthérrﬁcbtﬁé’raliqu@f shavmer 1hbt #) obtdihed papmreds very witse to the estimated
erformfad usi ng a 6-col um confl guration. The col umms

eutect@fog‘%’ﬁﬂ 9.7 cmlength) were packed with
%bl?é‘rh!%élﬂﬂdriflcﬁln&ﬁmfﬁssﬁolfohﬁimj thESRCC madiaiécopsérftgmsdi emhis option was

sosl s B AR Y5t P BRI SRMcn o o
purity %Qadﬁcalﬂbﬁs )¢ OFt env9. BF%I |'lrmsresultmg1wfﬂméterwas avgperated to dryness.
CSP. congl tioning

| ower th n expec
The sqlaobnRbR e e RS e S R op
1‘2@ experpebrial ptbd:e!llllnréﬂwa@&haté mhimtuetiof 139.469 dfdthe siesifétk enantiomer
obtaln%mye rggwr)e)a-opgﬁj ian Q %\L)Con al(to]g ?a%gp\'\@ gql.sﬁt %gorpétpl @) ex Srade) was
sllghtIWABlrﬁ@i((é[lmlhatldn af ag@re;;}atels)/ﬁg) obtath &i tblmk Sucylwhich was placed at a
uratlo 1.5/0.7) Dcol = 2.5 Lcol =
tempeéa.q 8%6%&2{? Z’nﬁ%rﬁ (gl d 30 Feed Fl ow Rat o
( Alvbltin'®) of IXD064! dflagetohitrife &mptl%itaetemptr/altura)of abdutERQ F@Gar 4 hours was

used tggjvaféﬁg% 89%8{%%@5{'80 (R?;Ef ! nﬁj s'hf ?ﬁ%ﬁﬂz ﬁel&gp{@ér}atemd and the

cold dofvieR) wais GiouFée okfdRHECLfystalsr aMIflitgredOMidiy okfervalyieg tdie4D°C under
vacuun”P éSn% Ze%f %?ys e!lsl l\JATQ’etré qfteggve're% Tﬁbl ?no er llqaL‘Bl’ after filtration was yellow,
whereas the obtained crystals were white, showing that this washing step removed impurities
from the crystals. Evaporation of the solvent from the yellow mother liquors produced yellowish

solid.

Example 6: Optimization of Racemization step
Pure (+)-(2S, 3S)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol was tested with

various solvents in order to optimize the racemization. Specifically, about 2 g of pure

enantiomer ((+)-(2S, 3S)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol) were dissolved into
100 ml (total concentration of about 20 g/L) of solvent (see various solvents below) and heated
up to about 60-65 °C under stirring (under reflux). The solution was sampled periodically in

order to follow the kinetics of racemization.



10

15

20

25

10 depicts the opti mum yet robust VAR COL(r) process
leading to 99.5 %raffinate optical purity with a
woeamoeonoof 96 % Table 10: Optim zation of VABIES:OAN12093
Condi ti ons Col um confi guratiBon DP (bar) Fl ovvrate (mL
/ m'n] Dt (m 2leec ycl e Feed Extract Raff {1
Taple! Bilgsteates thesntios! Hugtly oighe faceBiizaion §F %‘G eﬁﬁe 'qragrdn various
solvenfd #WolhdhEmi@fed:NCcreased from 20 nL/ m n as shown above
to 23 mb/mn (+ % . This resulted in a slight decrease
of the recovery (although still > 96%, but w thout
any i nciggRce 0P hharic@s ddveatseoranikiueet ofpalvehyduridben
t he feed t , h
pu
PEGIvEM @rﬂﬁnxfu?&@ﬁ’s%ﬂ\bénﬁsp%ﬁm QW g%ﬁ%ﬁé@@'Pd(%)Of@dﬁeﬁlon (hours)

reached similtaneousl p\/pn atter adiustnent of the

i nt eheripniFiedRA @PBY. TH%8 behavi off2as conf [2Pred when
e TEEY N,pal € Wag, glgreaseo Q g/ and g nL/mn.
Thereforepéﬁng maxi mu %eed flowlrate was slet at about
23 L/ m Metfmd ncr ease>9¥h@ over al I95t31r oughpth, a final
on-Steps Ry Pet forpgg gaf ter e
VARI C(l(r)a pr ocess. Tre exper.i_nent vvas per for ned
starti ridethabdl/HCIr el at i mg: | ow ra|f9r7|4nat e purity (92
0—~Constdertrg—the—posttton—of—the—eutect+e (859
the theoretical recoverabl e amount of pure enantioner
r & pivesve ot Babdd ff ¥ reveals nidat 388éntitatioh e ctians gre theqmefietred ekient selected for

o S DS B . S 30 ToP f e 20 s
65°C).WHi$ sagdestsathat thec epticabpurin o@ﬁhespdmflédoénaabmuer Wwill Inckobsasignificantly
covod 3 P AT e 585, SN S n
isopropar@litbut céiversion Ermumw aftér@0 s @OP/Qmmhcemlmtlanndp;aiaero be much
ST T TR RO NS p—
in mefhagol d46 dtt proBude ah inpBiveanment colmpaged &b eth«an’dsmlhebtained with pure

ot SSENETSh B, OGS0 i, B8 AR AR Of reut of i

screerfind tstowsl that, yanedrd) e Gabegnizstiond ragethtc rte;&tedal flukind dt}-(2S, 3S)-2-(3-

chloroﬁﬁ%]@b-gg%sg F@g&’ét al pﬁ'}:oﬁ?(g él% ﬁg@&ﬂ% | |% ﬂ}léotfe%t é\%ﬂo% for Promotlng its
racemizatiord Whiili the tshmesrebuitsi ane appiicaidd tartiteecamizatien of (-)-(2R, 3R)-2-(3-
beai nnj t _abot . t I t f thi
chiorod ity h e8I S iicdofleant that Che total mse of
t Ae dznassed @ireve, ithe emmetbysin(tBe Bewlyafmtrme:ﬂnBWmamsprabmhly matches that
d f -
of theﬂ@mgonw eeheaegiffogﬁeﬁg%&saw%m% % egofre Pg'g?ém%t{aacian eliminate

this ingoupitynanad therefors theatrigingd umeuritn mofi Iem:an beamatdhed eTle eecrystallization
th é?. %?ﬁ% vr\ﬂljclg (Las csgnssi_ stent with the recovered anount
Metnog s g§c§qgwg19( 0g).
The obtained newly formed racemic solution is filtrated and evaporated to dryness. The
obtained solid is then dissolved in acetonitrile (20mL for 2 g of solid) at 60°C. This will produce
a yellowish solution which is cooled to 4°C and stored for 72 hours. This is then followed by

filtration.
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The obtained crystals (no washing step of the

crystals) had a purity of 99.6 % whereas anal ysis of
woOheosmatiaer | i quor showed that the obtained puPCTEPN®Z/012093

very close to the estimated18utectic conposition. A

chem cal pur| ficati on process fol| ow

bt lca O | .n Gt L..l. ".- ava

Exam

acetoritklleld- b@)@éﬁldl’@lubﬁt Mxtergi el ded al nost a pure enant i omer
mat ching the optical purity specifications (e.g. OP. >

99.5 % . The resulting raffinate was evaporated to

dTyReSEmpld folaes itdl tabp@ifiatbrnesrasemite /MR, eal*)dz (3 chlorophenyl)-
acetonitrile to rermvsq('%rp ihtl es. The experl nmen,
‘ur

3,5.5-ioriBHi BomAginoh g ST aREINTS, VG S aeR dpp same as

descrid@anini ex@hple s, aeﬂ%?t hiyatdihgi G8Pawad! diahgéd @b EMIRALPAK T101. The
raffinate and 5 P Lri

BRI A G TN ——

syste fitlad Wtw de'ldn‘s(né/\(h oaim wamﬁldmeraﬂ oantrﬂemh)at ure of
around 4 C for

Naitosioperoiind kamilals wers sk aTahe | opraspua e Bginesdponfiguration
allowifhg htﬁwp?rew&ndlﬁ ofl thed (WREIS, t3B)-25@LdhtbrpptEny B3I 55-trimethyl-2- morphollnol

My S TR -

exceddrofsbalos and fil tered rapidly. After drying at 40 C
der vacuum 28.5 g of crystals were recovered. The
4E£Table ther liquor after filtration was yellow, whereas the

Colur@Pff al ned Cr yrhedte (e enin! tleat (f9W ng that this
Conﬁdgashl ng step renoved inpurities fromthe crystals.

Vi#RaR AEkPACOIRIMRIS ABEWRAE [from t he yel | ow not her
lilquars! produced yel llowi sh lsolid | Exanpl e 6:

2-2'2(33ﬁ-1rﬁ z|42i%n $t3Racern?28Pi of- @t ep| Pure (+)-(2S,
3S)=2-(3-chtorophenyt ) =3, 5, b-trimet hyl - 2- nor phol i nol
was tested with various solvents in order to optimze
By using éhesgceontlitians and egjeralatingdp ayLicegesg-S9 eguigmep raePFOdUCthlty of
around BRI  ah e e e The SR pPrasiam I P ol
were dissolved into 100 (total concentration of

Final cobdition®0 g/ L) of sol vent (see var® geymesiyéscs L5 )

Paramgirts Ak eal up to about 60: 65 C undeeedseancentiaiion 2k
Feed refl ux). The sol ution was|Jad@ireldmiperiodically in

Extracbrder to foll ow the ki neti222.6f m/edeni zati on. 18 Tabl e

Raffinatel ustrates the Opti cal Put@&%8 mt/mirhe raceni zati on of

Eluentt he enanti oner in vari ous|2®l.{&mi/smiror sol vent

AT mxtures: Table :OP in vari ou4ssol vents or m xtures of

Zone Isol vent during raceni zati p38826 Mz,

3S5) - 2-(3-chl or ophenyl) - 3, 52.84 kg ifawet /Ivgl CSP/rdaiyphol i no |
Produ@plityent or m xture of solYVents Starting OP (% Final

OP—(% Duratiom (hours) Acetoni trite/ TPA(95/5) >99.8
92.8 20 Isopropanol >99.8 84.8 20
Example 8: MCC npurification of racemate _with CHIRALPAK® T101 20um and

acetonitrile/2-propanol eluent mixture

A total of 2.35 kg of racemate was separated using the Licosep Lab 50 equipment, in
VARICOL® mode, on the CHIRALPAK® T101 stationary phase and using 5/95 viv
isopropanol/acetonitrile as the mobile phase. 1.06 kg of the (+)-(2S, 38)-2-(3-chlorophenyl)-
3,5,5-trimethyl-2-morpholinol enantiomer (less retained enantiomer), with an optical purity of
97.0% was obtained. The recovery was 89.8% for the raffinate (desired product) with the
remainder being eluted in the extract stream. The productivity was 4.16 kg feed/kg CSP/day
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Met hanol >99.8 95.3 2 Water/HCl >99.8 >99.8 2
Met hanol /HCI >99.8 97.4 2 A review of Table reveals
woOheds/maaem zati on occurs in the preferred el ueat/EP2004/012093
selected for the purificati@ (acetonitrile/lPA 95/5),
t the kinetics_ is very |ow_ (OP still hirgrz afte

b h 0.
(24 hring e $ORENSHTFUMPIRE W% Lk Uit TPIRAIOPTSS YR TRlduT st pligized. The

produdity BBtaPieti AL fmRERBY it Riaxitunh fIB@tatd @f SHedfgelli giamms (30 ml/min).
reduced duri ntgj(t}]he f1 nal concenl]'_ra_tl on and drying

The opficalPurifheahbe Brthehenneneed et V§1AiZRIC8: i sopr opanol , but
conversion is still low after 20 hours (30%.

.. . Racem zation appears to be nuch nore favorable in
Initial sereeinCHEXDRABIERS 005 conversi on is reached after 2

hpablss 1441 dhé 13BN Bielowo BSmimariss tthenebulfo oN@inghy-eslude ffeening
A nprovenent cofgccpar ed to the result obtained with pure
experifgEISAIREIO. RGN HESATPRNS BRPReCOBNRAOBY wi t h aci di o
SPHECRUSWIRG IbYief} desthiBed B8 feeRingtpibsess owigte pariigllahemsence to the
CHIRAELIF]}?SEI? ggd@@%ﬁfg&%?ggmszt%&egh Rgs?rrrwlg’r ér%%ésesd\’/vag eufsleé]l )%rn gne other
comméﬂ&{aﬂy gpf]ramgas@sgeﬁed_ri {rgt hy:c -2-rnorpholinol in pure
net hapol i est option for pronoting i
K detonsiin HREC SPam B andhemie Bf & bl ret spavepe ped for
this prblriﬁ%ss[ﬁﬁiﬁﬁiiﬂciﬂde@rhs@jsatcfrnéry(??1|1ﬁ2|ﬁ§»XnT27 bﬁs?lyentldelivery, and a G1313A
chl or ophenyl )-3, 5, 5-tr - 2-nor phol i nal . .
autosaRIE BL e BeRElat 7R cPLY™ HUPHAWRLGS] SPhath an UV DAD
detectbR CABREE. ?é@%lﬁét@h{\(/é{s eRvoATeyraghald @tfatfﬁe/ mt%w @i ﬁ?hl/min O1|‘or all the
. racemate edst rys i zi t he ne r .
mobile BASRESEHPa TAbles G Wit | PP EP PR e P01y epgtion o
the en@hidindrswasstisutad B 0V at 220man be matched. The

recrystallization nethod is based on the foll ow ng
ste

P e esRi e S orabeeh st Apn seBchndad it hofpeles 1A and

13B, emfalriovlll ﬂod&atdmfme gie*ms %wedwje:nimmma by itﬂespefrlﬁéh‘r‘ak_ n:]azmn 2hayart (see,
0 SO . | S [ e S

for exaippig LB iEheR Palent aprlgeian VDR WARET it 7 heeyst0 4)

hours. This is then followed by filtration.19 Exanpl e

7AbYeGaficHs dsedar TableOfAr scierslt frewistibiioGidl RALPAK(r) T101
20um and acetonitril e/ 2-propanol eluent m xture This

n-hepEkaBpl-Begtel at es Methyhacqiatei=f ile@iton Diethytseing & DEA
+/-)-(2R*, 3R*)-2-(3-chl oroph l)- _
n-hex%}a:—,—’ %‘- i net hyl - Q?ﬁf%?éﬁ%ﬁ%‘f'%ng Iseprorylalgoliol SEAr
Methaneis= Mielast ant i al | Yetrdrgdsfuren asTHescr i Bhdnoln- BCHID! e 3,
xcept_ t the P was .chang [ P T T
eyl AR FOG | col PRNRSTRRRS SR ooy eyt Edher LiFree
(Mul'ti-Col umm Conti nuous Chronmat ography) systemfitted
fth colums (10mm col unn di a er, 100 I h),.
iy fosior SRt T SEPTS  BllEH TS waB Ao bR on the RUT and
RU2 dplrgisstationatyshasps enailebid froom Shigeida tHirenClagrhioals itdaptaing The RU2 column
packe B Eic o om0 using engh eeng) RpTIl s acette
and methyl acetate as mobile phases at an elevated column temperature of 50°C or 60°C
resulted in no separation, with the racemate peaks appearing to be irreversibly bound to the

column. The RU1 column gave similar results.
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conbi nations. The follow ng br

ween s®aolag process, wWith partic

CHI RALPAK and CHI RALCEL CSP'22
process was used for the other

iefly describes the

ul ar reference POTIER2004/012093

tested. A simlar
commercially avail abl e

CSP's tested. An Agilent 100 HPLC systemis an exanple

of the equi pnent that nmay be u

sed for this process,

which i ncludes guaternary G
elli yery| @nd |a|GL313A |ayt psa
=3 tlect i on pf| tthe col um el uent
= UV [DAD| det edlt ar 3[15B.| Raceps
S| at la|flowrate of | 1| nl /|min|fpr
Bl descri bed | n Tabl es| 13A and {13
%Lg:g Sgpar at | gn [of2iPe B DI
0 |Z220n The| tler|mg—r-€ '
[ SeffectivTy [(a) [used | Fes
~—| galjcul ate them (W 1| |be well| u
w| gkill lled | n| tlhe art (See, |for| e
&) dppl il cat | on (W2004/ 046087 at| p
5 Abbr evi ations |used | n Tabl esl3
5| flol|owss| a-dlepeane = |nhept Me
S| D g I- SDEA Elhexane F
2 Aci amﬁs‘%gtoayr‘%lcoho =
Q| Tet &i@/&rﬁf&@18= THE Et haho
S EEEC o0 ] A el S8l
O |NFBE | B | 40diZ | Ror, — 5t [ Fe~(o| upm
vwere|al sp perfofmed gn |The T
st at ignary| phases| avdigjabl e fr
Chem@al 5 |(Japan)| [The|RU2| cpl
parti gl es (250mm x 4my| using
gcetohitril e, |ethyl| aget ate jan
moblE| phasesc|al andkmvat pd ¢
qr |&OC & ps i Lel| i 0 Hgsaparid
pea <;%ﬁ®§m tp lﬁ%grg‘g
coI%ﬂELLtha)EL cpl [Nt |dave>
L c T -
B EER S < A
N~ Q. 3
q,gm opel @EB&% I:-IlE'tq)B’ 1_%_
=i p$$@lﬁm§gqﬁ£@$
|30 Qb S e B By G o
2| 9| 028G T Bl EEL 2R BIOR(G
B ea TR B 16 [ 3088 | A K E | | BE @)
2 | S EIR| S8 I SIS AT 3
g5 5ratetopttet—RAST68H
T 90:/110 n- hept|/ I|PA No| Separatipn
2
(]
N
0
o
L
5lzle/elele/eolelelz/elolz2/o/2le
[uaYfaa}fan] faa]fua]feayfea] fun)fanffac]yeegjeeffssjfusiantfaniyan
=222 2| =2==2
FRRRRERRE2E[RR 2225
ol e BB e
O0|0|0|0|0|0|0|0|0|0|0|D|0|0|0|O
SEEEREEEEEEEE EEEEE
S|EEIE|EIE|IE|E|E|IEIEIEIEIE EIEIE|IE
o(8|8|elele|eiglLelelL|elelL|elg|ele
Siivgivaivdivaivgivaivaivaivaivgivaivaiegivaivaiviivg

31 A punp for sol vent

| er for injection.

was carried out wth an
te was chromat ographed
all the nobil e phases

B at a tenperature of 20
rs was neasured by UV at

13A and 13B and how to
nder st ood by the person
xanpl e published patent
age 7, lines 1 to 4).
A and 13B are as
t hyl Acetate = MeOAC
n- hex G acial Acetic
| PA Met hanol = MeCOH
= EtOH Ethyl Acetate =
tert-Butyl Methyl Ether =
screeni ng eval uati ons
and RU2 chira
om Shi sei do Fi ne
um packed with 20mm
met hanol , et hanol ,
d methyl acetate as
ol um tenperature of 50C
on, with the racemate
i bly bound to the
mlar results. Table 13A
| e Phase First peak Rt
ectivity () Chiral pak
.29 6.91 - Chiral pak AD
6.96 - Chiral pak AD 20
65 1.55 Chiral pak AD 20
i ral pak AD 20

e
t grt|+0H | |e, capacity factor and
a
e
f

Y. 69 2. 02 Chiral pak AD 20
-84 4.53 Chiral pak AD 20




Chi ral pak 50801 20 90: 10 n-hept/|I PA No separation

Chiral pak ASV 20 90: 10 n-hept/ 1 PA No separation
wehoosakeab D 20 90: 10 n- hept/IPA 4.53 4.97 - ChCraiPem®h/012093

Q) 20 90: 10 n-hept/I PA No s aratlon Chiral cel OK 20

9R|h3c9?§' L%%Q}\éj g’é})ﬁlg&r\taﬁsg rc}:%éqendlgyiﬁ%%h%%loag: agglgr%.vi%l%nal applications

referreg- the;pWsEa@bﬁloﬂlaréher@lnmdeporatqdady refeggre20 90: 10

R 8. R ) S oy o s

many waye pSudckt @ralionsaparcito b ragardedl ased depbripée HOmlhe spirit and scope of

the pr%sz%gW@oﬁja@ﬁ@%@@@ﬁ@%@g{%ﬁ&@% cé{?{.%s # ne skilled in the art

are intandeslo/bEtigHIdedAgitrn the sco@hdf thé fallkwitd 0mS0: 50
Et OH MeOH No separation Chiral pak 50801 20 50: 50
Et OH/ MeOH No separation Chiral pak ASV 20 50: 50
Et OH/ MeOH No separation Chiralcel OD 20 50:50
Et OH/ MeOH No separation Chiralcel QJ 20 50: 50
Et OH MeOH No separation Chiralcel OK 20 50: 50
Et OH/ MeOH No separation Chiralpak 1A 5 00%
acetonitrile 5.2 5.7 1.20 Chiralpak A5 95:5
acetonitrile/1IPA 4.3 4.9 1.56 Chiral pakl A5 MeOH No
separation Chiralpak 1A 5 EtOH No separation Chiral pak
A5 90:10 n-hex/ EtOH 5.87 6.6 1.26Table 13B Col um
Particle size (m) Mobile Phase Capacity factor (Peak
1) Selectivity () Kromasil CH -TBB 10 95:5 n-hept/IPA
0.98 1.05 Kromasil CH -TBB 10 95:5 n-hept/ THF 1. 94
1.05 Kromasil CHI -TBB 10 60:40:0.2 n-hept /MIBE/ HAc No
separation Kromasil CH -TBB 10 90: 10: 0. 15: 0. 075
n- hept / THF/ HAc/ DEA No separation Kromasil CHI -TBB 10
95:5:0.1 n-hept/ THF/ TEA No separation Kromasil CHI - TBB
10 95:5:0.1 n-hept/ THF/ DEA No separation Kronasi l
CH -TBB 10 90:10: 0.1 n-hept/ DCM DEA No separati on
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11.

12.

Kromasil CHI-TBB 10 94:6: 0.1 n-hept/ MIBE/ DEA No
separation Kromasil CH -TBB 10 95:5:0.1

wa-2spud i OAc/ DEA No separati on Kromasil CHI - DRBT/E®2004/012093

95:5 n-hept/1PA 1.02 1.10 K¥dnmsil CHI -DVB 10 95:5

n-hept/ THF 1.92 1.13 Kr OWMI -DMB 10 60:40:0.2

n- hept / MIBE/ HAc No separ romasi| CHI -DVB 10

90: 10: 0. 15: 0. 075 n-hept/ THF/ HAc/ DEA 1.73 1.11 Kronasi l

CAl pRdBs4 OfoSprepérirlg roptieaity! BHRECAEN ()92S,1. BR-KSechdsriophenyl)-3,5,5-

AR iR shREL 0P, L0 B 12 o
R g 30k 2" MAREBA TP 43001t

pt-pARSI ondR)ep(SHihtarbphemy|) 3, Btrireeithyib2-nmorpihdlinol to continuous
a e : ,
EolrB Rt et T A D R o gB R LS SR st morphoiinol
t tiam thenmidéree nay be varied in many ways. Such

variations are not to be regarded as a departure from

t Tiee pisicess acenrlingclomiaiof wiaseip isaiskmixtingve atracamic aridues. |

such nodi fications as woul d be obvious to one skilled

i hhe heocass acpoedingtaeeldiot 1 oo claém i2novhedeid the mixturet iggpassed through an
SfrfeRe he follow ng clains.24 CLAIMS 1. A process

for p?yggearﬁ'i ng optically enriched (+)-(2S,

3Phe Prdcds lalr 3, Wunereirt HASRiRNte #; SGRE Rhi

o ohe GRg LRIl 3 Mt} INGTRULe /BRBA B8 a varicoL
3systemy 3- chl or ophenyl ) -3, 5, 5-tri met hyl - 2- nor phol i nol

and (-)-(2R . . .
3Rye Zﬁfeseséﬁhﬁ@?%@ﬂ@ntpl 0y anes of r ¢laisnhyl -to- Apreseinnsdid continuous
t Qnrﬁﬁféwg%&y%oﬁ{b’?@@@&&%@ﬁ&)énté?uéﬁséHnY&isﬁ@ at(€a8t one solvent, with a
3S5) - 2-(3-chlorophenyl ) -3,5/5-tri met hyl -2-mor phol i nol

f elival stadonary phase, whereihthepsabeat is srleeted ifiog the arpup gensisting of Cs-

WBELRLRG, T8 dMakbH Wty teft-b A M, Binyl dRateSaceldlfe and acetonitrile.
process according to claim1l or claim?2, wherein the

Mrd PFoRedSadeBRMR ol I Whareildia Bne B acktonkhR,

process according to claim3, wherein the mxture is

PRRS BrbckEY SRRy W ERIMAD, WhHEpsiR BhiPeludhis R IABRRE of acetonitrile and 2-
according to any one of clainms 1 to 4, wherein said

cBPARRlous chromat ogr aphy conprises contacting an
el uent conprising at |least one solvent, with a c

t h hi r al o
STBE |RIPRESS FATALHIT Jh&taimn’ t WES'SE i1 dcstoniifigcioed-rreanol ratio is

t hewaER YR/ 7ORRA toldongafv.C - C al kane, C -C al kanol,
met hyl tert-butyl ether, ethyl acetate, acetone and

arRé %bédsis!&cofﬁingﬂ&ﬁ.c[bﬁrﬂCS,Sﬁ/h.é«fé‘irﬁ)lfsdiimwcbtbnﬁhléi 18 2-propanol ratio is
erein [ u s acetonitrile.

V\Qetween 9%% ‘%I vﬁ/ to%[}}3 J/o A%

The process according to claim 5, wherein said chiral stationary phase comprises

amylose tris-(3,5-dimethylphenylcarbamate).

The process according to any one of claims 1 to 10, which further comprises crystallizing
the (+)-(2S, 3S)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol obtained from the
mixture.

The process according to any one of claims 1 to 10, wherein said (+)-(2S, 3S)-2-(3-

chlorophenyl)-3,5,5-trimethyl-2-morpholinol is obtained in a raffinate stream and (-)-(2R,
3R)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol is obtained in an extract stream.
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14.
15.

16.

7. The process according to claim5, wherein said
eluent is a mxture of acetonitrile and 2- propanol.

W@ .2005v@01@30 ocess according to claim?7, wherein BaraP2004/012093

acetonitrile to 2- propanol Patio is between 93/7 %v/v

9 %V Th
V\ﬁner é'{oéessé)a?égordé'& @nﬁnt?'r |nF e%'n@g prt§ 1%’184% c]%j‘yﬁ%e c§m|dr ises racemizing
bibewe (2R 58R)-26(8/chictaph@iyi B3 Zosvirimethl-2-THoephulincless form a racemic
arﬁ&g'!argcoﬁ%r(?% g%@-%?%\é%op%eny § ISdtrlpnhelthr ?& r%ér%kohno?aXd (-)-(2R, 3R)-
t 2-(SelfiGobheliyes, Eﬁl—tplhnei’myl-z ardpadine) . and Thabjectheg@sshe thus formed

, Which f h
SRR BBl BBl © g 10 v on Turther

PRI e B L o
BgieagyoF%Q? c%%@lg Rl c\]ajrﬁ % %%g oL %}%t Elnsm?fj F%C%H%&i%li%n ofs effected in

imelbBecli ned in a raffinate strean1and (-)-(2R

3R) - 2- (3-chl orophenyl )-3,5,5-tri net hyl - 2- nor phol i no

i Bepprogesredceanding teranyawe eft cleisms 215t 35, Whergim dloe$8)-(2S, 3S)-2-(3-

qgmg t i 1% - Whj f I
{);?dségl 1)- rfigscgm/nglé}ﬁg 2?9;?8:%&8&"{6? b%’récgvél%d lﬁ{\gh %H’lOUH{ E)fh Kt'least 90%.

3R) 2-(3-chl orophenyl)-3,5,5-tri net hyl - 2- nor phol i no

to forma racem c mxture of (+)-(2S,

3S) - 2-(3-chl orophenyl ) -3, 5, 5-trinet hyl - 2- nor phol i no

and (-)-(2R, 3R)-

2-(3-chl orophenyl) -3, 5, 5-t hnet hyl - 2- nor phol i nol and

subjecting the thus forned racemate to conti nuous

chromat ogr aphy. 14. The process according to claim

wherein the racemate is recycled into a feed stream

15. The process according to claim13 or 14 wherein

the racem zation is effected in nmethanol. 16. The

process according to any one of clainms 1 to 15,

wherein the (+)-(2S, 3S)-2-(3-

chl or ophenyl )-3,5,5-tri net hyl - 2-nmor pholinol is

recovered in an amount of at |east 90%



