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Bl SULFI TE PURI FI CATI ON OF AN ALPHA- KETO AM DE FI ELD OF

THE | NVENTI ON The present invention relates to a
w@e@s®ss1d or the purification of an al pha- ket oPemiUs®07/025520

via the formation of a bisulfite adduct, for exanple,
the purification of the al phaketo am de (
1R, 5S)-N-[3-am no-1

- (cycl obut yl met hyl ) - 2, 3-di oxopropyl 1-3-[2(SH [(1 , 1-
i et SUNTEPURICATION A AN AL AIETO RENDE | - 1- oxo

B, b- Al NELNYT - 3- azabl cycl o[ 3. 1

O] hexan 2(S)-carboxam de, an HCV protease inhibitor.
BACKGROUND Identljzé“_qu@nr Pl i cation in this
section or any sec!—mn'—ur"'ﬁrr‘;—amfcatl on is not an

adifhe presantiheantisn célates id aeaedess farshepurdication oftap alpha-keto

amu@ér)%% @%ggrrﬁ\é nt | fga @?wﬁﬁgatdghﬂiwi?#@éﬁ ﬁ’é‘%lfléaﬁlgﬁ of the alpha-

ketd anrpidec(anes)as[stmanoaj-(oyclowmatm@ %@eimxopnmpwba-{z(S) e, 1-

ampyis e syl g 2RO | PR TARR PR e

azabi@fé[BH1.@Rexad- @sg -Paberamide, arf HCVZprBfe@sdintiblitoses a
genus of HCV protease inhi bi t or conpounds t hat
i ncl udes the compound of Formula I, ( 1

R, 5S) - N-[ 3-am no- 1- (cyg;igbgnyjumjhyl) 2, 3-
di oxopropyl]-3-[

, 11dentitication of agy pmﬁ{?ﬂn iadhis sAGHoNAF ARy seeion. ofithis aRRiication
is ot ﬁ&’cﬁ%é’n %g’a HF&IEX oS @F’éﬁ)’&ih@[p’ﬁes’bnt invention.

oxam ormula I US2005/ 0059800,
publepatitiscC Nmm&«rlcm) is 20@psentiesingte-standasrRNA yisug Hhat has been

L
necpssary the polypeptiaocessing andpdraéreplicationrasdeen ddenttieds Y9

RN T TR o

mclb&@ﬁ&c@%@ﬁﬁ@of Fcbrhﬁﬂh Harm, 58}‘[\12[3 -andinoa -(cydishutgmethyl)-2,3-

oS RRR R SRR A b M-

oxoBUR NS 8-BitnihyA Bt £128 2b Heaanecslmumaaﬁd&ornul a
artg di scl oseﬁ-gfn U%ge /0249702 d |1\Ioven‘oer 10,

2005. Published US Patent Appli catl o‘h\/

2007/ 0149459, fil edNovenber 13, 2006 i s
oxi dation processes for prepari o ndoof
Formula | . _

Formula I

US2005/0059800, published March 17, 2005, discloses a process for preparing
the cbmbound of Formula | and discloses a bisulfite adduct of FQrdea'l which can be
used to provide the compound in a pure form in accordahce with the methods taught
in Advanced Organic Chemistry, 4" ed., Jerry March Ed., John Wiley and Sons, 1972.

US2005/0020689, filed January 27, 2005, discloses processes for preparing an
intermediate useful in preparing the compound of Formula I. Methods for preparing
diastereomers of the compound of Formula | are disclosed in US2005/0249702, filed
November 10, 2005. Published US Patent Application No. 2007/0149459, filed
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Purification of the conpound of Fornula | is difficult

for several reasons. The conpound Fornmula | is an
w@bphazdsed o anmi de that is unstable and forns dPEBIS2007/025520

especi ally under basic conditions. Al so, the conpound

of Formula I is amorphous, thus it does not

crystallize and precipitation does not inprove the
Novaubier 33,4006 discl0dastoxidation pidessss Rerire it &ﬁﬁﬁﬁﬂn@%f
Fo fo[ﬁ}preparl ng the conpound of Fornul a I%rgesulted In

or t 63 to about 98.5% purity. Hlstorlcally, _

al eehisiesn @ﬂﬂ'\e‘t@h@@@ﬁd BﬂV&nﬁ%qr?s Hl\‘ffc'uft !fc? p‘%/raﬂ{ag&?{s' Re

their bisulfite adduct. Bisul puri

compousd Forpea | t‘s"fa"t:fiiﬁﬁ!ﬁnls?i@@"%%thpblsmostable andrforongdimers,
esp'eéu@ilyﬂﬁddé? b2dic g?@)gﬂhdrﬁ 159 e &%ﬁgﬁ&'ﬂ f«%rpr{u?a{ ﬂﬁ dhdtShous,

ron1aqueous solutio
thusit deemencitcrysialiize and merdelt%ﬂee does kcmumpmvé mmpumy ofsthé gkt

ot PERIOSR, A prBodf AT bR e RAmPotal & sl

resyltegdm ebeutitdrio aboutP8hSs earityncl udes: Na2Cq 3 in O g.

> O ERady Giebvat g Bripds e 8ph putfl P eparnaster
blsulﬁm Qddtmos)sulflfe(pmmicaﬁoméf thmmﬁflﬁmgugq%gfgg?ged

oy 98i5fon £ %?'E%‘?@a@d#g}"‘ﬁﬂm%t@5%@%&%@'0@0“6

solytion ibfy |f|mzhtupn oaugéneraﬁcﬁi &ftdnildéhyd@ Br kétbRé fBM aﬁhﬁ@olé@b'bﬁéulﬂte
bisulfite aﬁ% is not preferred since filtration

addpds aegRvaRIished ilpg A6se of A SHERS avidn ExamBles RBBeariagp inen
literafurd hferegdﬁbtéﬁori lSizserg Eééésttﬁ@udéébﬁhiﬁae ni érlg]nSPntheSIS Call Vol. 4,

ases erein enera

903355%33 %%B'flmn\éfpa%ﬁ%%?QMZB%% apd ﬂﬂacpeahietrafmdrcewaml@
321%2@021)t Eﬁah&@%ﬂé&eﬂgm@ibﬁ%ﬁg aidts iftude? RSN R LTam. C em.

en acld conditidns are used 0 regenerate

Soct H@ %Zﬁ%ﬂﬁéﬁb AsHPeURWVOrAH87428i sul fi t e adduct ,
gepgf l%b'dt‘eﬁéréﬁH%fya &ﬁlfi‘éh?r&gﬁfj %ol:ﬂ@ﬁ cff'gg hrgg%edj Ste 36

necessary see reference
bisylfie apdiatisonetiprefpped siace diliration ofbe a@iGat 19 a;quep@r treaddition,

basg ?éédl}afih IFHt?i'g)ﬁLg gﬂa %do‘hﬁ?maatth%ghbgtrg{?gg ng‘ %;]i?g{aqrf i thdse'
caseswhereirothe ségenesated grduustisfunstabledd UlﬂBlC&bddl[l@lﬁE féH exaimple,
wh%%%eiﬂéggﬁ%@egé{ré@%t e%ggwgwrcqucgf) IQ(%nBNJ? q; Wjesyacig gonditions
are ﬂSQdTiOt rhgemmateeﬂapeublstrage compound from a bisulfite adduct, generally
strongly acidic conditions and heating are necessary (see references above).

Published international application no. WO 99/57123 reports using non-
alcoholic solvent in a process for forming a bisulfite adduct, however the process
required isolation of a solid bisulfite adduct and regeneration the substrate from the
adduct using NaOH.

A non-agueous method for regeneration of a substrate from the corresponding
bisulfite adduct was reported in J. Org. Chem., 64, 5722 (1999) as a means to
overcome side-reactions such as degradation and hydrolysis during regeneration of
aldehyde/ketone with a base or an acid. In this method, trimethylsily! chloride
(TMSCI) or its equivalent was employed in acetonitrile. During the process TMS;0,
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bi sul fite adduct was reported in J. Org. Chem, 64,

5722 (1999) as a neans to overcone side-reactions such
wasoodegBacat i on and hydrol ysi s during regener ap€DOSH07/025520

al dehyde/ ketone with a base or an acid. In this

met hod, trinethylsilyl chloride (TMSCl) or its

equi val ent was enpl oyed in acetonitrile. During the

5 Na(WSO?éﬁd AEBv&eNtabratsdases! piddlictdVhen Q‘MS?II Wa@@s@@ Removal
of

co- products when TMSCI was used. Renpval

of t%cq;pr@au@is sequeraq thecRIOE9Rs StaRscak Sikrationsfier NACHY, |anu¢<ats| wrk-up

(oo Eles T el SIS e

highyBeilingf soéyem gﬁeganelratwg of eldebydes fmsg@ae:oaespmdmg bisulfite
r | fite adducts
ad L TR o T B I 4ofRRRReR Abhltlont Wab KepediE gt cnem.
10 Reseﬁpm R&71(2004)) howbvethkisprdtese eecuites &&?o»ﬁa’i@ﬁ#&dnawbl Vﬁr
t.nl S, .process re |resm rradi atj on. Publi she
Pudithet RlerfeiRta ppliatEn rPol S0 e455 Bp s ibas iedsestatippoLen
aldetggenerad terfospbnding Blstity atRiuct ieshRJGRM &5 RRBIBIRGolvent
bi sulfite adduct isolated froman al coholic sol vent

SYSEPLYNg ﬁQ?WQ“%tecbass Srithreglowgsalilicathonylicompeusad. ifgn example,

acemmgdl\/l\/& for exanple, acetone and glyoxylic
aci d RY C]: THE | NVENTI ON What i s needed is a

15 met hod using nild conditions which provides the
compound of For Wﬁﬁ_&\{ﬁﬂ{g&d form than has
previ ou [ r A
Phe. conainit S7E8ay Rid fBlra il bopBfoBE WRH i\ e
compayindichgoruda bise inore ptmilsdsiormm“ baapdavtwhlgrbee_n available,
whi.ch i
wheIh R hKbRlfordtihe Boninsfin® LR hioh B gy wiihe
20 avoistngdagradation fessesl Thesd-amdrothar dbjedtives areoneﬂs/ the present

e AR i o s SR ZProbolE Bufying e Siemsing o

Forowtgaini ¢ sol vents, with an aqueous bisulfite sol ution,
t hereby form ng an aqueous phase IQ?ITEB_{I sing a
bi sul fite adduct of the compound o \/Forrruloa | ; and b)

regenerating the conpound of FornU|Za=>L‘(N NH,
N

precipitate form by: \(/H o
) o}
e N\:/go
0 =
Formula I,
the process comprising:
25 a) extracting an organic phase comprising: (i) the compound of Formula |; and

(i) one or more organic solvents, with an aqueous bisulfite solution, thereby
forming an aqueous phase comprising a bisulfite adduct of the compound of
Formula I; and
b) regenerating the compound of Formuia I in a precipitate form by:
30 (i) a process comprising: (1) extracting the aqueous phase containing
the bisulfite adduct of the bompound of Formula | .provided in Step “@”
with an organic phase comprising one or more water-miscible

organic solvents, thereby forming an organic phase containing the
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(i) a process conprising: (1) extracting the aqueous
phase containing the bisulfite adduct of the conpound

wW@RooBoOTa3Wwe a | provided in Step "a" with an or gBei/tsS2007/025520

phase conprising one or nore water-m scible organic
sol vents, thereby forming an organi c phase containing
t hecompound of Formula I; and (2) mxing the isolated

or gani ¢ pbéngounddf iFdagulan aemt(zmtxlrrg%@tse@tédoargaaué phase

with water at atenperatg Le e to precipitate
the conpoBiyidse incextfacting ptepdp)i b@”"'“&lﬂ’é?%@tﬁﬁ!"%ﬁ@%s
phase prepgpfb io'predisitatd b doHip@uﬁd‘oﬂf&ﬁaﬂlaCl phase
conprising one or nore water-mscible organic solvents
t( her )dtb)yd gaé@ngmeaaquegua masedwgaﬁm'wte%a nmp@nlorgaiv:( )

iii) a a
a carbony %sgtn%béﬁﬁgr@ %ﬂ@(@dg%fergﬁg%/blg%?gdtn% S%W%“t
preci pi t atherebyeprecipiasing dheéormenund|oh Formda l;(@rv) a

naueols praBeB e B HRuEC T HeRe videtyp 8166 37 5 Hbehd®
phase conpompougl atan @ddent suitabte ipgmecipitate therdomgpodnd of -
opti onal | arbonyl conmpound or an oxidant conpound;
and (2) axﬁL 'WE] h8 or gani ¢ phase obtai ned in

et 209 8 SgeTRr N (pradssLommprianglt) extacing cueousnase
i nsol ubl eP{ m]eé’rﬁ"l @gﬁ’fr[g agtorglaqlc‘ewbaéeagpmpéisgglag legptone
to preci plotftrﬁt $dhent QR Bptithally acardkyidompofi®bhar OX|dant

aspect of t resent jinvention co es a proc
for purifyPHgo 'P\"éa@gﬁ%)oéﬂ ing the-y9 rfgah@smtwsﬁa'n extragling

process cgw(vg ; tcPa séIOél’mdﬂ %lﬂﬁreflff%ﬂbﬁtsmﬁ‘%%h the
conprising a i te adduct of the conpound

Formul a | CQWOBMOB'FOIFH’(SJJ@ lgﬂrgsgmb@ (@ampgmlgent)(q;)a temperature
extractingyiilfe & ﬁﬂébgh&t% tﬁ@'ﬁb’rﬁbo@fd dfiFdrmganound of

Formula | forned in i nto an aqueous phase;
and

Another aspect of the present invention comprises a process for purifying the

compound of Formula |

HsC CHj
Y 0
£2 H NHZ
)
[HN
1
My
L
A Formula I,

the process comprising:

a) forming an organic phase comprising a bisulfite adduct of the compound of
Formula | and one or more organic solvents; _
(b) extracting the bisulfite adduct of the compound of Formula | formed in Step
“a” into an aqueous phase; and
(c) regenerating the compound of Formula | in a precipitate form by:
(i) a process comprising: (1) extracting the aqueous phase containing the
bisulfite adduct of the compound of Formula | provided in Step (b) with

an organic phase comprising one or more water-miscible organic



(c) regenerating the conpound of Formula | in a

precipitate formby: (i) a process conprising: (1)
wezimsardlieg t he aqueous phase containi ng the bPETMIUB20E025520

adduct of the conpound of Fornmula |I provided in Step

(b) with an organi c phase conprising one or nore

wat er - m sci bl e organi csol vents, thereby form ng an

or gani ¢ gihanes, eiélsy foiniielg hh@rg“dm&bﬂéﬁé' cSitaingthé dorhpound

-and (2) mixing the I sol at ed organi c phase provided. in
ext ract i ¥fd-ognelg land (& F}'?‘"Wa‘ﬂ‘éHSOéﬁte%OFBéWﬁ@Pa%Pfé’V'ded in

sui t abl ee)&ﬁﬁf?ﬁgfgieB' (1)Aith Waer S%gﬁ@%t\?r% Eﬁéﬂ@kcﬁgr’eclp%te

() addi e aqueous phase prep
an organilhe cpmgentt@frﬁmmylaqlgorone or nore water-m scible

or9enhe SR Bbad Bl eeR pRaALd A0 B SRTRRHIhEke
itn St ep cch?pr:smgamdmryhoremqtmumdgble cmg:;armcrscﬂmﬂis( sluz;relagbl e
O precipita co or a or (iv) a
reggnera re8|R|t§t}r@BE§§orggﬁqud%fgﬁgnule )®’extracting the
iR et el iy
0 pg i ?2 ;;ll %@W{?}e&qﬁx'@hﬂﬂﬁﬁﬁ '8 ’eg?tfp'téﬁﬁ tgﬁ SPMpeuRhefngd:
an or gani c ase obtained in
extracting st{vglp c)(lg |tooasolvent or m xture of

sol véid s |r?93mfaéﬁ"tpﬁ%39§% FRERrING { DRtRENNG thejagueous phase
i nsol ubl Sro(/ﬁl%d@rﬁ‘Ste‘bC{b)’ﬁﬁﬁ hn %F%a@uct ;ﬂﬁES E@l‘hbhﬁné at kﬁ&l dhe

to precipitate the conpound
aspect ofraanie solpehanchaptianaly @@@rbamé @owppmft@rs@ q»twlant

purifyin c

b an” al QAP AR )" aAg FHobdadhic Phdetaliog A S0l

an or ganbeppeldivi1)cerapsaleantgr mpqtqre@f selvards il whicintieund

to be pupif] I f. ;

nd on al&g&hcgﬂwéf&arﬁogﬁw?% l)|§ g\%blgpfégﬁﬁamq%m t%ﬁér‘ﬁB@rature
m xt ur e ofitaibleymprecipitate dime sqmmunu chRomouledus bisulfite
solution, thereby form ng an aqueous phase conpri sing

a bisulfite adduct of the carbonyl conpound to be
péAnbfhieedspdti ohthedsvention pedvides aisataproeess for pavifying a compound

comprising a keto-amide, a ketone or an aldehyde, the process comprising:

a) extracting an organic phase comprising: (i) a carbonyl compound to be
purified selected from a keto-amide, a ketone; and an aldehyde; and (ji) an
organic solvent or mixture of organic solvents, with an aqueous bisulfite
solution, thereby forming an aqueous phase comprising a bisulfite adduct of
the carbonyl compound to be purified which was initially contained in said
organic phase; and

b) regenerating the carbonyl compound to be purified by
(i) a process comprising: (1) extracting the aqueous phase containing the

bisulfite adduct of the carbonyl compound to be purified provided in Step
“a” with an organic phase comprising one or more water-miscible
organic solvents, thereby forming an organic phase containing the

carbonyl compound to be purified; and (2) mixing the isolated organic
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organi ¢ phase; and b) regenerating the carbonyl
conpound to be purified by (i) a process conpri sing:

W@ 1)o8@xd3n@ct i ng t he agqueous phase cont ai ni hg tPET/US2007/025520

bi sul fite adduct of the carbonyl conpound to be
purified provided in Step "a" with an organi c phase
conprising one or nore water-m scible organic

sol ventghask libﬂf\ﬁﬂéu i emadtilg Sepo™ gamh Wa@aaﬁsteﬁﬁﬁ&aufa ng
t he car bon npound P% fied; and ( g m xi ng

the is o?%?é'& 1) P@&lﬂ'téﬁﬁﬁﬁ% gar Ca@RoyTd te,bernitiedi @ St ep
t {
or e TR hp aBliodhs (AR6 pRAALER 1 PR P1d oh oroanic phase
(i) adefmryisingeonedqimnre WalkiJeisgiblepaganit saivedise phe(ra)v
t
wnt or - SEPRNG RS ERBoRAEBIpSURICIRDAIAREC, 1 1t ng

t he (ihr adfing todberpquentis tphase proavided |lreStecha) d carbonyhdainpound

corpourtt Sr xR R b hegRRa NorthaBasp B
car bonypurifiedpornd to be purlfled or (iv) a
ration process co ctin

o 8T8 [AeRDeraP ket FRMRFRE (1) Sipeina fe shushmedhase

phase Clpr:’clspidbd iMStept(a) wittsan organmrmee gornprisinat 184 one
opti ona

and ( 2) OGHIE AGNERGATS SRRV BOmE PaARing o an oRdant
ext r act edifipsiinap alﬁd)g 2) 1 add thb@r@arﬁ@ﬂ)h’&%@tob@&indﬂ lﬁtebtfr&‘ct@lb step
solvents in which the car %/ npound to be purified

i s i nsofHNE) (i saNeNtss XY °fa%°"’&"f$e'ﬁﬂ@|'¢é‘ttb¢ garbonyl
sui t abl gorhBouldas bBigudtid IsNBsdhaid RIVARtSQUERY Bk {e gwéﬂb?ature

purified. Another aspect of the rnvention provi
al so a pritsbles's pregipiiale feyGareny! eamprimdto bepydtied
conprising a keto-am de, a ketone or an al dehyde t he

process conprising: a) formng in an organi c phase
corfmother agpeqt of thernvanganipeovideis\alse a procassconperifying a carbonyl
et one or

t o-am e co

Corﬁé&ﬁe'cgn@%hﬁgﬁtk%to Qﬂﬁjde( OR S r lﬁl d‘lééhﬁggqﬂggoc%s
compprisirfg: ed;

a) forming in an organic phase comprising: (i) an organic solvent or mixture of
organic solvents; and (ii) a bisulfite adduct of a keto-amide, ketone or
aldehyde compound to be purified;

b) extracting the bisulfite adduct from Step “a” into water, thereby forming an
aqueous phase containing a bisulfite adduct of the keto-amide, ketone, or
aldehyde compound to be purified; and

c) regenerating the keto-amide, ketone or aldehyde compound from which the
adduct was prepared by:

() aprocess comprising: (1) extracting the aqueous phase containing the
bisulfite adduct extracteded in Step “b” with an organic phase
comprising one or more Water-miscible organic solvents, thereby
forming an organic phase containing the keto-amide, ketone or
aldehyde compound comprising the adduct extracted Step “b”; and (2)
mixing the isolated organic phase provided in extracting Step “(c)(i)(1)”
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b) extracting the bisulfite adduct from Step "a" into

wat er, thereby form ng an aqueous phase containing a
wheealfdidte adduct of the keto-am de, ketone, 0OPCT/US2007/025520

al dehyde conpound to be purified; and c) regenerating

t he ket o-am de, ketone or al dehyde conpound from which

t he adduct was prepared by: (i) a process conpri sing:

(1) extrah wagrahgtediperatufe snh_ame t6 9#&:@&%@99 &&6 -amide,
bi sul fite adduct extracteded in Step

or gani ¢ bﬁﬁa%ee%%%wﬂgrcﬁ@pew@ 'BPfei‘f@Fbowat er-niscible

or ganjjc

ot AN, el ihelaqub iR (ke bR in e (0 GnBRERE phase
conpri si G@npmmﬁmm@ﬁw&i@?m@ms\e@wdrﬁﬂ solwemﬂs (tmreby

m xi ng t t h [ OV

extr agt i E%cfgfl %pr%,t?% %%ﬁ?&# t gg‘@g?g[r a'ﬂ? ygetcgmﬁ’g}"éq ure
sui t abl ecaeroprisirerthpiatidoc ektnactk@tmﬁtam‘mEor ket one or

al dehy.de d therefro i,1.) .addj ng the

aaqucdi ST RIPE spetiR|diag afividsyn s (hh Asgamt
phase ¢ ocmnpmndgar@n&x&fanﬂﬁhl&blé&b (pfeciﬁltﬁfel thb Qefb'iéiﬁlﬂé Cketone
solventstag reby precipitatin he ket o-am .
ket one of! ARCHIE FEMES %ﬁ?m%‘gﬂﬂﬁhﬁﬁdﬁ@cttema%ta@mtep b'; or
ext r grj ed rédensttion g%oes@ Eofhbhiding: Q%Mcﬁrg; thB %qg

phase provided in f é , a carbonyl oun
oxi dant BigvidgdinSiep (B W hﬁnpéaa@lctm@smpr@pmgiet |eR%tt°@ﬁe

Or 3 Qe MHRnRAGRBHNShSGERNA £ Garbbf BOMGIN S APGkRM

in Step (1v) a regeneratio

conpri si ﬁ‘@fﬂp@!ﬂd and (%c@qldﬁ@p W@TmmembM&eqammxtrd@mg
St
n Step Giah Wiibfi1)AB iR br rﬁ’ﬁnﬂﬁ.ﬁﬁo%&wrh e aiglﬁgﬁéke o-

one organi ¢ and optio a car oun
or an oxpange; ketongoualdehsedajcom)ouad domgrisihg ther aptuctextracted

Corvent 5roRe 7 EEREEL M el bt g uflabl to

ket oani dpreclpitatersaidthedietteamitie, ketope unaldetoyderdopipound.ne
adduct extracted in Step "b" is insoluble (an

antisolvent) at a tenperature suitable to precipitate
sainisarhe ekntbdinaaritsief, this étventveoproabsbahisGrefe AEW &3 /@Siploy an

organic phase during the bisulfite adduct formation which is selected from acetates,
for example, methyl acetate, ethyl acetate and isopropyl acetate, ethers, for example
methyl tertiary-butyl ether (MTBE), and hydrohalocarbons, for example, methylene
chloride. In some embodiments using low polarity solvents and the process of
Scheme I, it is preferred to use high concentrations of an aqueous bisulfate solution,
for example, above about 10 wt% aqueous bisulfite solution and a saturated aqueous
bisulfite solution. In some embodiments utilizing the process of Scheme Iii it is
preferred to use low concentrations of a bisulfite solution, for example, below about 10
wt% aqueous bisulfite solution. In some embodiments utilizing the process of
Sceheme Ill using aqueous bisulfite solutions above about 10 wt% aqueous bisulfite
solution, it is preferred to employ an aqueous phase having about the same polarity as
an acetate or a mixture of acetates, preferably ethyl acetate. Other aspects of the
invention will become apparent from the following description of the invention.
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In some enbodi nents of the inventive process it is
preferred to enpl oy an organi c phase during the
wher@alfddte adduct formation which is sel ected PEDIS2007/025520
acetates, for exanple, nethyl acetate, ethyl acetate
and i sopropyl acetate, ethers, for exanple nethyl
tertiary-butyl ether (MIBE), and hydrohal ocarbons, for
exanpl e, “B‘E"I‘A‘l fEI?DE@b‘P%’IPﬁ@N dJP THETRVE! NTENt s using
| ow pol ari heme 11, it
i sTpe efegaememoce;ssd@e savgn' aﬂma@ues oNer mesrepon@mmtméb ull
el £ oG fibihe Lot @ B naBb R YRR op ] Oa bisiite
ueous bisultTite solution and a saturated aa
add:ctss: bbtatned aslawatensollitions whieh €ah bd idirectlyusad fdri rege@raﬂw of

ss of t referred t.o use
a o ARE RS Gy I aratybig éw#‘?acﬁ%ofam'%qmgw%Pmesfea%f"&ms or
basib;iiooﬁgltlab@ uAddﬁ»elMs%masl eﬁmnﬁl Icﬁtﬂpburi? c%@kiﬁlhh’@nwhk:h as®used
e odi nent s tilizi t he rocess O cenhe Sln
for EAReIgRoTh aee.Teoly OB MEIE STy @oSPRIBP e e aintiEe
a selitsol ih iokganfOddian®) whidh dad Her waﬂsblét@n%fm&droauct without
aqueaus phase haV|n about the same polarity as an

fema@t%pe PiRdugtsyiNg ﬁne@%ﬁqa'e@@at fich ag anisroave istaqyired.
ac¢lRhér, tHet Jrs&es%ssmé ,@resénmmnt.mﬁnﬁmeas %@Hadm&m dimer

aparent fromthe follow ng description o

t he
formﬁ@@mnaa ppxficatiorDT pebisrifiteTadducief thq@mmmmvas @mrqtﬁ@ted form
of aWa*?ﬁfd“l( A‘S’ 5&@@.&.@5@@%&@&n.@6vee&ags%f mée\&?ttehsombuny of the

gorte Imnates IS ation
addyrc ardainicdmpy diies: can beeremayved gffectively by twpiphase exdractipapyhe

fou@%ﬁér%m .feha.geraﬁ&%% qo%s%%ﬂnwmgag?en\gﬁ@[ n ma'cpah\%i and

e d rec used I on
physizalpropéties ofalphatketb@mides niteemetihpd ek thedovendion hias a further

st Rover R L e e RS BB e 9 iSOl icaton
reavfiunsisuah as Sswedn boMoffaly eridatidrisotthe adae thateesutsSaimibinethyh

sul Gt 0B o el ik Frediely o Prguon the

bisulfite!patifiedtionf t he product V\/lthout renoval of
ment such as a mcr

co-product e ve _
PrD’%\ﬂﬁHl'J vaaub'\sn?@ ﬁeqcegtl f?éc} - BERaingdhe ERBPRYIR; @(s;yltggau\r/'s about

63%%%[19% H%rww e§3|ﬁ§m eAstabesRrbf wbreséf&nmfe%amets@ns in
drln urification bi sul fite adduct of

ab%ﬁﬁ@dﬂ 3bpuh 98,83 Befitdd f orm of an al pha- keto am de
an%él%oﬁéreﬁ‘\tel %r@h@ﬁh%rﬁ&@es ﬁ@ﬁé&?@y e LﬁrB@eM e mventlon

sol ubi | yo t he adduct’ organic It es can
make mgcwfm‘mqwmﬁtmbm@t m@p mrwde pure com@owr@ua large

quag'ltlfé I’?Jg tﬁee&%ﬁgésgﬁf RE éﬂﬁhgﬂgé SAEERE 1dr1 &b Nchie!plrifications.

In one aspect the process of the invention is shown schematically in Scheme 11,
below. In step one of Scheme Il, an organic phase comprising the compound of
Formula | is treated with an aqueous phase comprising bisulfite, thereby forming an
aqueous solution of the bisulfite adduct of the compound of Formula 1, which is
subsequently regenerated from the aqueous phase without isolating the bisulfite
adduct. In this aspect of the process, it is preferred to employ as the organic phase,
very non-polar solvents, for example, but not limited to, ethers, for example, but not
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physi cal properties of al pha-keto am des. The net hod

of the invention has a further significant advantage
wob@a/0tdses conpound i s produced by DVSO nmedi at ePICT/US2007/025520

oxi dation reactions such as Swern or Mffatt

oxi dations: the odor that results from di nethyl

sul fide or other sulfur-containing by- products can be

f I r,ﬁw

hmﬁgrtr@qf‘%tg?lt%rﬁé %‘ir&%@ publ'i's 3%"#%'(':% uarsgsW Ch Is more
P°|§5r'%9'§Pi°M@d ﬁ@reexemmeo ety ac@éalemale prefemmmem@ﬁ amaamrs

phad whith i et Yian o010 WERIoREERB8h i Ml 15 88, nat the
bisykiite iatiguct itakervep in thé aqueous@hase di Ml brosppreviaed e fdrghe

ess,of the jnventi ke the proce A
proflhS o SEREIDS |1 vape phases it BB bilib e ogiea by arivsting
the comwtratibn of Disulfpe usBthintthd hqseout fphase.t he process of the

invention is suitable for |arge-scale purifications.
In one aspect the process of the invention is shown
schematically in SchemegtHeMliow. | n step one of
Sghepe 11, an organi ¢ phase conprising the conpound of
Fodul,aql WS tseat ed wib aqueous phS®® cogpri sing

bi t hereby flo an ¥idequs. sofyt ik - the
b sk i@adm fe and “S1—Hory 3 T\ Luhi cr
H S‘ sUbseqlent |y regepnerated firomt her S p

out isolating thg@iseundtjte adduct® ARn this aspect

o¥°"f"ﬁ’é process, it is preferred to enpl Eopmiag t he

organi c -phase, very non-pol ar solvents, for exanple,

but not limted to, ethers, for exanple, but

notlinNed to, nethyl tertrarybutyl ether (MIBE). Wen
wheasindt gahirsfep1e3Re Wt 6hthesmoBERe A@L,ar is enpl oyed, for

exanpl e, ethyl acetate, it is preferred to_enpl oy an
aqueous phase which is | ess than about TPk %

concentration in bisulfite to insure that§'/he
bi sulfite adduct is taken up in the ue s e. It
I

w Il be appreciated that for the pro heme 11,
organi ¢ phases of different polarity™ H oused by
adj usting the concentration of bisulfi Ased in the
aqueous phase. SCHEME Il solv Bisulfite A duct Foernul a

| i Swe £6f the phate8s shown in Scheme I, a solution of the compound of
Formula | in an organic solvent or mixture of organic solvents comprises an organic
phase which is extracted with a dilute aqueous bisulfite sollution to obtain, in the
aqueous phase, a bisulfite adduct of the compound of Formula‘l (hereinafter, the
adduct). Preferably, the aqueous phase comprises less than about 10% of bisulfite,
more preferably the aqueous phase comprises about 1% to about 3% bisulfite. In
some embodiments it is preferred to prepare the aqueous phase from a bisulfite
source selected from sodium bisulfite, sodium metabisulfite, potassium metabisulfite
and other similar bisulfites, more preferably sodium bisulfite is employed. It will be
appreciated that suitable organic solvents for use in preparing an organic phase
comprising the compound of Formula | for use in Step 1 of the process shown in
Scheme Il can include any very low polarity solvent having about the same, or lower
polarity than MTBE, and mixtures of organic solvents having low polarity. As
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wherein Rrefers to the rest of the nolecule, i.e., In
Step 1 of the process shown in Schene |1, a solution
w@ooslzs3conmpound of Forrmula | in an organi ¢ sOP@ENE2007/025520
m xture of organic solvents conprises an organi c phase
which is extracted with a dilute aqueous bisulfite
solution to obtain in t he aqueous phase, a bisulfite

meﬂ%ﬂg&%?&fepr 4 8fan§pée it lé}é%rvﬁ{%&fgéﬁa]t% 25

ase conpri’s
adjuﬂmmtammetconc%tmtlom) o{smsmilteen themqeeqmse;ﬁhasab Agcardingly,

ool AR AR oA R PRy iy i
abopt tlbpa?mgt;jmcha&mesemglpgmll &s thmomgdnuspﬂefsetv?weaqm ICE t
ecte sodi um bi su um ne [ ite,
confpEGor orb et el FaB0T piAch s eBS Hian aommt AEs | ¢ oo
nore preferably sodiumbisulfite is enployed. It wll

R e R F e

stem (é%@.ramraadd ifoﬂﬁatib‘h%f it @wmeJadeﬁct; héa RihePRreSaAing from
Il can include a ow pol arity sol vent

abOSh TogcABeut 10 1o RISIREEbNG HOTCARAUL 507 i pbgut oG Wi
ascAbifig 0 iffel %gnePafl gétm.ghe‘s fénY;fé'Pétﬁreh a\{w& éx%%tam VibIH b -

Asnent | oned above, solvents I gher polarity can be
obtainedl.olutiplei extragliansda ite & @e&@tmsz 3t may\be performed to increase

thex{%&g}%,i@té%d@&oﬁ% dite in the aqueous phase.

y, acetates, for exanple, ethyl acetate, and
ot her solvents or solvent m xtures having about the

sa AR . ic.
and PRk iioticftis Rl RARAAT op RoMIE ik taRRArom an
aqueloas phase, ite’wsprefehmai taknoumernltatem%aquﬁomselmmﬂmmla Step 1
rocess

£.1h i f

by it ipg aRGeaiR Mass COCLAPHbm At o BroReGrob ek 256 14 ¥

renwgd ld;;BgénlcaVoI@uléﬂVDmr'u?gllStﬂprh‘gg)gwmm hreqtrosdinin the&c@@otlsophase.
abou

WHER Skl les-nmigop & saried b 8 Binouald eyoialig om e

aqUedB phaddfrém vmérpm@rcaﬂidnw@dmmnm e bd puﬁnédqg@rét@atated
Mul t1 pl e extractions preferably 2 to 3

theE?@Y;ﬁ'@Pfoé!PFrHt? WSWﬁtw@ag@e? Hzthy.reweé@tes iPEeaiRitag H@&&tp
sayo BFe’\‘/bﬂ@%e tPmans® oﬁareeﬁhwbéipme WH &dind Eﬁ\bea.Hefn'tseamzmg

onpound s precipitated froman aqueous phase,
vol@trles glripriag itds pwirreat toadd a srealhgmewiiof pisalite pwﬁnu@@@luﬂon

pref/e{argﬁix 268ous i Bisuliitd, @%terfeg%pg?f%cgﬁﬁ%wﬁ%ﬁaw @ Ltabilize the

m'at a tenperature
adduct as well as to reduce foam formation during distillation.

Step 2 of Scheme Il shows regeneration of the compound of Formula | from the
bisulfite adduct comprising the aqueous phase. Regeneration of the purified
compound from the adduct in aqueous solution is accomplished using one of four
regeneration methods:

a) extracting the aqueous phase containing the bisulfite adduct of the

compound of Formula | with an organic phase comprising one or more
water-miscible organic solvents followed by precipitating the compound of
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renove organic volatiles (volatiles stripping), which

are present in the aqueous phase. Wen a vol atiles
w@ReoBopi3mg step is carried out, the renoval of P€TES2007/025520

vol atiles fromthe aqueous phase from which the

car bonyl conmpound to be purified is precipitated

t hereby i nproves the physical properties of the

rege L g _ o

fof metBaa3 fBEARE BldaRicihask b7 mikifo 8 cigific BRETohEIAY

ut i | ithe egmpaungdtaf Feenwa t wilbwalprit is preferred to add a

smal | anmount of bisulfite aqueous solution, preferably

aqueous sodiumbisulfite, to the separated aqueous

phb} a@irectlyspratipitating théeoraplaindtof &srmuta | from theagesbus ghase

foam formation during distillation. e Sche

|1 S i@ Rishitfe il Sttt obpcisi ok Fafndiar hy g Te

f r omaghgol shisbiviit a2 tHsEone@amRF-ivfidcitte blganieGeReHE

phase. Regeneration of the purified conmpound fromthe

adduct in aqueous solution is acconplished using one

of of QécipiRBiRg HAédrisbumaioR PefmuIA) b ?dr{té’&ih'g% h§feous ﬁhase
aqueous phasé cont alc?cliqry:;gpitiﬂgﬁbl sul f1te adduct of the

CONPEGARING Fbistiiiteaddu ompend of Formule |vdipll ai ng
one QfardH?&Pcd’r‘ﬁﬁcﬁfna”brs(ﬁi p,{gxigﬂqw)rsol vents foll owed

by preciprtating the conpoun mula | fromthe
organi ¢ phase by m xi ng the organi c phase contai ni ng

h . W0 : ' |
or Ok EBRHRYSH ploBbRLdtmpristi: PRk e ikl phase
aqueaosnrisinge isulfitei addngt of tie campaund o Bdumdla bvith lag organic

Ul ; :
at | 1REe Shmbfi of et b TE b 3B SRl R et
pL eciqoinpund @rr] thexidanoompbunt; :ﬁgt(ay :n?ixihg u)%g@a?mifmﬁ

t he agueous. se.containj,ng.a bisulfite addyct o e
compUIRINGT INEXURGHD TteRid ;Wi g Salvat PBR(He & RpEMa I

or  (iwhictRtheonslind oRFdrridia &isriegAUIS i alisBIVEASeherein the
S P SR T W
For mytr@imulad. t h an organi ¢ phase conprising at | east

one organi c solvent and optionally a carbonyl conmpound
or an oxi dant conpound; and (2) m xing the organic

PhaEsRn AP triRisB §8gdrbrait A6ihols afd Gifustdd ndftt h @ sol vent

or mxture of Solvents In
Regeneration Option (a): extraction of the compound of Formula | from the agueous
phase containing the bisulfite adduct into water-miscible organic solvents followed by
precipitation with an antisolvent.

In this optional method of regenerating the compound of Formula |, the
aqueous phase comprising a bisulfite adduct of the compound of Formula | obtained
in Step 1 is contacted with an organic phase comprising at least one water-miscible
organic solvent, optionally the organic phase comprises a mixture of more than one
water-miscible organic solvent, optionally in the presence of an inorganic salt of
suitable concentration to maintain phase separation, to produce a solution of the
compound of Formula | in the organic phase. Examples of suitable water-miscible
solvents include, but are not limited to, acetone, tetrahydrofuran, acetonitrile and
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whi ch the conpound of Fornmula | is insoluble (an
antisolvent), wherein the tenperature of the m xture

w0 200807438kl e to precipitate the compound of Forp@TIUS2007/025520
Each of these regeneration nmethods are discussed next.
Regeneration Option (a): extraction of the conpound of
Formula | fromthe aqueous phase containing the

b . |

bR e B ek B Geisane

solvemit i onal net hod of regenerating the conpound of
Formula I, the aqueous phase conprising a bisulfite
adduct of the conpound of Forrmula | obtained in Step 1

i SOpﬁdiﬁathﬂ@frgwiné balaﬂarerugedl 'to:mnnlrxmmrﬂeﬁ‘séﬂeséam alhéreast
ne water-m scib ani.c sol.v opt ong
g TG SRR ML B Ao poLRse BOF Imilpdfcsodium
chloria ithilinThidAte, utasmiing calolide; Isbdlumnirbrﬁfdl@|dn)zl thélikd) avith
presence of an inorganic ggh&g sui tabl e

SOdEBhMtqedﬁ'ﬂﬂrPfP@"ﬁ& 89N imealsmRIPYIRg incrgacRRlts & s

pref@rréés0 E&éﬂé@ﬂy Qfsahj?&eﬁ QAP 8B fInseMBIENDodimehtd R Prefaedeo
phase ' es of suitable water-m scible solvents

carry 9t th\g@xtrgqpngm@ the mixgdphasgs Mmaintaiped attemperature of from
abobf18 WHIURLKSARC. RREL Oialnell] o FUUITIY Wi BIRERhtairiny the

sonme enb nents acetone IS pre err
compauad ohferoiul kcasoepiienally epvaghiedifusher witb agdanergasig isak

soltf%ﬁ A%r?f‘e‘#aﬁl asHEl'h lcprib%ss%llﬁﬁﬂf‘lro%#@% re%ﬁé]éﬁs'ml) &¥&fent. In

e I norgani c sa ut are
sommembwdnmeats Orme Qiminemn itdh peaferdgesd toladdhihe mgahiccphade containing

o BRRERAN Sl 5 g TGO i 1o i
°C termé@mtanegoutrtbe ganmlq:)ourmcabft Forimula Is Irpsmr:ﬁbegnmddmmmia}ye@rred
uti o enbodi_ment

o isifarp b 8oBlate 4y el AP L U B Bl yidpg e

to opkas B pmtlé(ﬂabmpdur&taﬁambﬂeabw.e of from about 15 0C
to about 30 OC. Thus obtained, the resulting organic
phase containing the conpound of Formula I can

Reddiieratich szhBﬁ (Wsh@at ;Sr@abifaron\m e @inpduat WFbﬁn@lah trom an

sol ution referab sodi um chl ori de sol uti on?
aqyegus eaasee%qr@mzﬂngoa QﬁPF'FGt iGhefdhe compounshef Formula | by

corﬁéﬂ%ﬁﬁ 'tH?éi%ouQ?ﬁSsé’Wtﬁ'oHS @r mioke ivditeP) "rrg&‘?(?lé %leéﬁﬁsadd the

or gahi ¢ phase contal ning the conpoun For mu to
water at a tenperature of from about 15 0C to about 30

In this optional method of regenerating the compound of Formula |, the
aqueous phase comprising a bisulfite adduct of the compound of Formula | obtained
in Step 1 is admixed with at least one water-miscible solvent and water or to a mixture
of water-miscible solvents and water, thereby forming a precipitate comprising the
compound of Formula |. The precipitate is isolated by filtration and the wet cake is
dried under vacuum to obtain the purified compound as a white solid. Examples of
suitable water-miscible solvents inciude, but are not limited to, acetone,
tetrahydrofuran, acetonitrile and mixtures thereof, with the preferred water-miscible
solvent being acetone. Use of acetone is superior to other solvents since acetone can
trap bisulfite as an acetone-bisulfite adduct. ‘ '
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OC to precipitate out the conmpound of Forrmula I. In

sone enbodinents it is preferred to isolate the
wee@siopist@t e by filtration and optionally the RMeI/USZRB025520

is dried under vacuumto obtain the purified conpound

as a white solid. Regeneration Option (b): direct

precipitation of the conmpound of Formula I froman

ase, co bisul fite adduct f t he
Req R oR SRS AR e o b Eniatnarulna ebhey fivpegnd
or anokidagine or nore water-m scible sol vents. I nthis
opti onal nethod of regenerating the conpound of

Forrmula I, the aqueous phase conprising a bisulfite
ad Fi'Hﬁfs dbiuoﬁé? %&muager@ﬁatﬁgrtw&&naouﬂeto@Faﬁx%na Nyt ep 1
is adm xed with at |east oné water-m scible sol'vent

aquePHs RRASE COBPNISIAg a bfﬁuiiﬂ%?@dl@i ofihe Q?mmtm QiIF@f@t;'!a\} ep{ayed
in §f dy 8@bRiacte g%{he&’\)éatfep F&hﬂl@ c%aﬁ%hﬁ%’oﬂigb@ﬁf of&m{ibédt,”lﬂereby
[ e'precipitate I's

€ compoun For nu
preolrstalﬂag t;h!b aomfound ohEoraulah dnishmevembodakents 8 isdpretedredieier

mai B iRuftr Baleolhpie cbhbl B TBRUfS Bt ihi Spmpound
of Fomolladiat a taMpemateremﬂtfrdm abaouwt @ °Cdo gaomtamr?e in some
g b a8 SR E e g e Qi b Tyl BRbwea by
wa@q@tmwryuiab meorfollactteﬂ enlmbs: ?fgrfguggtotg]yeqhé @Unﬁ@j sopvpiosnd
of ng"@@%ﬁgggl‘@ﬂﬁ%ﬁ%?@ atralggct Regeneration Option (c):

direct precipitation by contacting with a carbonyl

conpound or an oxidant. In this optional nethod
o EaABplss ok 5 AR AT FEMBPUIKE e, ot R0 JLSS

egd&Bﬂ@@loﬁ)ﬂi&Wcicﬁér@s@t thb ot fdyhﬁn@&%’@rta 841t thBRof URAKEheS ffor
obtained in Ste |s contacted with a

exaw&!% @cgtén%: binesQrae BORPIME a garbanyl 6RMEaHRd, itin ereieyed
to u@ﬁ@ﬁ/gﬁélt %bﬂlﬂc LRR a‘hﬁ@é@H)ﬁqgl% g’l:é?é "Eké\nh!es P sSABR oxidants

SItIS referre mai ntaih the m xture of
incladg @yugrepmg@lte@tﬁp:orxgmehQO&aS&uguperswltat@canmmomum pefieulfate,

and AR s et o brodmno RTBH BlHb En et EPRGrcy o
usetsodisin pénsulfdte. tresarhe bn@opmmtspemalowngya dartbanyhcdropound or an

oxnéa% l |t° %gef@fe héenfgone\l%%oﬁitr d 5 :&??técgﬁ 8 Cl&ﬁ‘f?iefﬂ? ?%twgﬁ? the

vacu um e pur
amd>uni$)f me\mm;musdlaf Eorniixia infx be;pwbupﬂaﬂetiabrlemralaly labaytl 1 equivalent
is uggn’pounds i nclude, but are not limted to,

Regeneration Option (d): extraction into a phase comprising an organic solvent or
mixture of organic solvents, optionally in the presence of a carbonyl compound or an
oxidant, followed by adding the organic phase extract into a solvent or mixture of
solvents in which the compound of Formula | is insoluble.

In this optional method of regenerating the compound of Formula |, the
aqueous phase comprising a bisulfite adduct of the compound of Formula | obtained
in Step 1 is extracted with an organic phase comprising an organic solvent or mixture
of organic solvents. In some embodiments it is preferred to carry out this extraction at .
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gl yoxal , glyoxylic acid or a salt thereof, pyruvic

acid or a salt thereof, and ketones, for exanple,
wa@e®sons16 | n some enbodi ments using a car bonyl PCT/US2007/025520

conpound, it is preferred to use glyoxal, glyoxylic

acid and sodi um gl yoxyl ate. Exanpl es of suitable

oxi dants include, but are not l[imted to, oxone,

ategg)r%;f‘a?u LUﬂrBﬁlr atélf 3510 ngigg(}?gbu@ 1451 ufté“t%r% e(t%% i um

' ate. In sone e ments enpl oyl ng
conains the gompeundeef Foomulad and diptionabi issvashad aith |waterdﬁéemove

. i ml i . .
res 08 YA Mo s "B neF R Bl BBpuaoted with
a s br Aixiure piisoladrs irswhich e compoand bEFarmulant is afsotuble (an
antERERANT T o ABryimets Lisg e RS oAl efiebod fdh b s
opt;enalrmmhod)af re émeratnrmaé eo?mtmmd of mtnala Ia:t laaémpe:aMre/ effrom

re Q ani c solyv I Oha
bt B o % SRGRER BRI FotpiBg ThHE obtained,
opt‘oahnyqn@gré@ipnatéds dBtaifeR wfmaétioﬁ SNPHE fikdrtdak6 s dtionally

solvent or mxture of solvents in which the conpound
waghed withaneprimarg ajiguats abhandi-sqlvent(s) ancrigdgmser Y\%QUHHUt°c9‘V9
the PRAGIEERI BB 8% m{m&ﬁed o&.oﬁagmab%ndw di e HOHEAUS

phase conpri si ng bi sul fite adduct of "the conpound of
comeatrﬁje%by distitagion @quf‘h filgatipn, thereby.samayingcal refudingihe

con‘é?ﬂl?eﬁfoﬁ o BRRA] ccé%'UéHsslr Qﬁd&qo %[9!6% fhe nﬂ&@é‘ﬁpr&ﬁer{? ofttg ©

organi c SO
preplpéater Eealmples@asmgabdm0rgamc§ommsat@rt yserin mlaopmmbm&ﬂ@ﬂ of

rea@heralidHinaRad o afftuorltedd. St sEera® eifiotie ditride,
lso;m'ppylmnaiall@/ g}l@lhsimasﬁmiob, J;\M'érghry_brﬁlybmgg?l elitbequE; B‘:‘sa'ndumktures

- u , . .
thetid ol ofhe SnBoliBal} siFerodei o ARPBY VTBR o¢ HergaNk fnase.
Exarmplgsof suitablevaniticidviehes 100 uwmdnsmfpu&m métidod ofi régeneratlon
ol s B SHarERn, bR Tesaroh Rebnesie, cane

an@mtmmegthéa@éfth%e bﬁmﬁﬁéﬂts RGs preforaB 48 ﬂe?lfane s) as an
ormula_ | at a tenperature of from about -30

antlﬁetyeot Orftrwalé\bynqm@p gRimPnRYAMMe. SediPBLAtRridenithium v ehioride,
po@@é.@h %ﬁ%rud@%ﬁ&é&ihdrﬁ thlfﬁld@rcﬁﬁ'b@' dR6E dhﬁng)@feéhlxﬂﬁgn&ﬁ/step to

[tration ter cake is optionally washed
'mmwth@ry@l@pfth@rc@nmouqd@tgomulahemwd/ent(s) and dried
under vacuumto give the purified conpound as a white
solid. Optionally, the slurry of the product is
coriertionaby, doe bytratitionistepeisicarmiotlefub inethe ipreseace oha carbonyl

co%ﬁ@dn%bé’r arneéwa’dnqgo %cm aqg V&dé?\%rét%ﬁ of the compound.. Examples of
suitable carbonyl compounds which can be optionally employed include, but are not
limited to, glyoxal, glyoxylic acid or a salt thereof, pyruvic acid or a salt thereof, and
ketones, for example, acetone. Examples of suitable oxidants which can be optionally
employed include, but are not limited to, oxone, potassium persulfate, and sodium
persulfate. 1-1.5 equivalents of the oxidant or carbonyl compound are used, with
more than 1 equivalent being preferred.
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concentration of organic solvents in order to inprove
the physical property of the precipitate. Exanples of
W@ iosamd3es or gani ¢ sol vents for use in this optPONEE2007/025520
met hod of regeneration include, but are not limted
to, ethyl acetate, nethylene chloride, isopropyl
acetate, nethyl acetate, tertiarybutyl nethyl ether

(Vi iatbits S ARIRRn, S0 1€ TRAL) BRNh Sobdrarbe

withEe pralcess sifowsischerbaiialinin Schelmed i whdrein amarlilta atithiict of the
opti on nmet hod of regeneration.i nclude
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an azm@bwmeem SrptBraAd aEh iIMSELC &5 St thel dbnmilﬁd of
ments jt referred to use hept
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e presence of a carbonyl conpoun
to, asetaiem forexamals; eihykacetategener ati on of the conpound.
Exanpl es of suitable carbonyl conmpounds which can be
optionally enployed include, but are not limted to,
gl yoxal, glyoxylic aci CSGHEMEJHI t t hereof, pyruvic
aci cnpr a salt t hereof, and tones, qfor ex dne,

ace s of sujtabl e ox’dagmils whi ch ganxbg
\pgitlrtgﬁd errpl yetjihe| ude, pbaf aoe pre{- &” Q%

ssi umge( s I ate nd jgul)ﬁca‘ife

"1 EVeqw valtents|of t ' . &9 bonyl oxpound

aremused, @fXh nore thap™¥ eq |\4,af bei N Formula1

preferred NdlsoS O no,g,rﬁg ment s of the i nvention, ‘the

process is carried out in accordance with the process

shown schematically in Schene 111, wherein a bisulfite

ad thigécordaric vithar® pw&ds@breE@meu |s€hématﬁ:aw RASdhfhd IN, Bfep A
gani ¢ phase, the adduct is extracted into an aqueous

COmpEE® CPHATINgAERTaMG PhARHCQMRPrisingoatdeast one REIABIG solvent pad
the %QHBQWoﬂforﬁﬁfaW@r a bis§If|f(-:ﬁ‘élﬁr?(*:'i:,r t@fép‘? ifid ﬁ@stuhﬁe AGuiRPHfthe

hase provided in Step B usin four
Conmﬂunéﬁ Fomgeh@rtae pfgawmertaées sqmepmbg)ilms:rtrsuyefeﬂed to

mlxqpé’lé%aﬁ%roqﬂags vrﬁ’rh% oBlis &Mn*(ﬁnslr@ b?gﬁfﬂ a\/r\héﬁwst &e

r ocess chene s e erre
coniagiing thegerganic @hpmwréh @@quesqf m;sulixtﬂ ain meodlments itis

pre%?rle\ﬂ &8k llJé/%%fé@?ﬁt&%&@bfg S Hhixtuldl dredivbhts, /% ekahpR;

exa
acetates and mixtures having similar polarity, as the organic phase. In some

embodiments it is preferred to employ concentrations of bisulfite in the aquesous
phase which are above at least about 10 wt.% bisulfite: It will be appreciated that in
keeping with the present invention, an organic phase of lesser polarity than acetate
can be employed in the process of Scheme lil by adjusting the concentration of
bisulfite in the aqueous phase. In some embodiments employing an aqueous phase
comprising bisulfite it is preferred to employ an aqueous solution which contains from
about 10 wt.% bisulfite to a sufficient amount of bisulfite to form a saturated bisulfite
solution. For the process of Scheme lli, suitable sources of bisulfite include, but are
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SCHEME Ill Fornmula | In accordance with the process
presented schematically in Schene 11, Step A

W@ enpioiaes contacting an organi ¢ phase conpri SPEOyUS1007/025520
| east one organic solvent and the conpound of Fornmul a
| with a bisulfite source to provide a bisulfite
adduct of the conpound of Forrmula |I in the organic
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bi sul flte It rred queous
adjustmant to rﬁha/mrwﬁntr@mnaqf :bssuwe)mt% @qweoy@ phaseswinsurefthatdhe

blsdlﬁ’te %dﬁt%tgé %k PP ?MT%'Hr &ic Bﬁacs‘él fh‘\ E@HE Snitokifhéhts itis preferred
ate ite so ution. € process o

to %mmn@thvllacetawuadm 1 asiouxefis\sltl'bMTBEs a$ thetasganic pbake. Ipgeme

em%cﬁrﬁgﬁts i |$nPEqurr oﬁtg (%grg/ é’sltl"g}s'u SA“ {njnﬁ)aﬁlgﬂ I%?lg tbeﬂ‘m\‘llt?1 agduct of the

congpdund |afrEntrsulail dta température df tromwbeustiit@ito dbcatiBOIG,.e to

repar ueous, .phas 2y of gani ¢ sol vents
preﬁeﬂ?etﬁ\ésf%? eruLe %\fsqurﬁgg?)lft%nlggo gtéBQh Step A of the
process shown in Schene 111 |ncI ude, but are not
hal ohydr ocar bons, for exa
chilbSTeh S SaRena Ll THopaana PHPES ComRNGE Bisulie Adag of the
con@éJiMU AFSFALIR | id SARICRRIMVItIPER Wakr. RSbMEBMBbdiffedts ites
m xtures thereof. It will be appreciated that the

pret??@Qﬁ%thﬁ [exgactionrsteniahe aeoamanisayragiation ofdhe mixed phases
it will B¢ éﬂpﬁe&&ta@ﬁﬂﬂ%ﬁ\ égﬁ&%?ta@nﬁro%\ﬁnﬁ’é R 9ighBr BRI e

haV|ng about e Sane pO arit as acetates in whic
of Rai@uladds erovisted subseagnd imdtep &. He seme émeetlimgnisiemnploying
agRAiBIES ¢ p%}ey}@d wa@rﬁ@&gﬁe thixkd ghle ﬁ%ag}a'nsd of fi6m GRBRAE "

minutes to about 10 minutes, more preferably about 5 minutes of agitation are used.

In some embodiments it is preferred for the extraction to be carried out at a
temperature ranging from about -5 °C to about 30 °C. It will be appreciated that when
higher temperatures are employed in Extraction Step (B), increasing amounts of the
compound of Formula | are regenerated from the bisulfite adduct present in the
organic phase, and accordingly, increasing amounts of the compound of Formula | will
be retained in the organic layer, resulting in a lower yield of purified compound of
Formula | when it is regenerated from the aqueous extract in Step C of Scheme lil. In

some processes it is preferred to separate the organic phase at the end of Extraction
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adjustnment to the concentration of bisulfite in the
aqueous phase to insure that the bisulfite adduct is
WO 2008/0763p6 i N t he organi ¢ phase. I n sone enbodi PENUS2007/025520
is preferred to enploy ethyl acetate, alone or adm xed
vvith MIBE, as the organic phase. In sone enbodi nents
is preferred to carry out Step A, formation of a

B S0 S FORREES i et

extrpctedl omlthy orjanie phasper ature of from about 20 OC to
about 300C. In Step B of Schene |11, the organic phase
containing a bisulfite adduct of the conmpound of

Folmatnie émbadiMshisacs Q%fwéﬂo%ﬂoy@anﬁﬂe adlibor8 Bisulfite
enbodi ments, it is preferred for the extraction step

solytign Meplage-efyaien asthe pauepuUsRase: rsomecermbodimenis @gtw,oylngta
bldeté bolbﬁor?ébothﬁgnh%&% BHARb iMEkthh o.iég@t« i ?sgg}rtan%weerﬂo binpRy

t he conpoun
an mvv%&utmwmlewg less tmrepbqpt 3wt.% ohleisfiteodi nment s
enpl oying agitation, it is preferred to agitate the
m xed phase for a period of fromabout 2 mnutes to
abéawithGheraquetoss phase eomprising thb bisutiiteoaddust ofi the tempodnd of

d ' . .
Forfiliihibolh 14t £ 31 b orif oateiE Rl T isptsfmepts iy which
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r

(corphikhs & Bisiliauaf b arole st MBI VgL a1 RAr sl below 25

°C toe@mewtésmhaﬁsrgamb Qol'atuléfs |(\|rol§iﬂesf ﬁf;ﬁbuﬁlﬁ% irfiprolé tHY srepérties of
resulting in a | oner purified conpound

the BECRARGIRIONCHIBRI I 10 32 PURIES LiedPHRtih S Blamay g et
In sEeledBPodirents 8PthE ﬁ?&ce%%fb?sehémém eMpld awo%%%sﬁﬁpﬂu i

is preferred to sep ar”ate eorganlc se at the ‘en
SfeR;IP"CE}@ regenpatioh SteB' @narierdp skippingaplatites'a siprll arpount f

4 blsdIfﬂE 'éﬁ@écﬁjstsl?oﬁmﬁﬂ%‘r% er@ly EP&UH sisllifies tao 8&5@&‘{& st?c}ﬁﬁ{ezt% Sdduct

fromthe organi ¢ phase. In sonme enb
as Vpelle@etprre@qedoemﬁomat@ndiunug@hsatlm@ous bisulfite
solution in place of water as the aqueous phase. In
some enbodi ments enploying a bisulfite solution as the
aq@@eihq)mwusmhzae penyidedrin StegB vBSchigme Bl lplsepwateeidthe .

purfig B S PR e e bl R el g any o

Regeoatatios iQpjions A tbiDs dédadribed abdvecior BegéreeatiomPreprofahe process
of Scheme Il

In an alternative procedure for the process of Scheme Ill, above, once bisulfite
adduct formation Step A is completed, the organic phase comprising the bisulfite
adduct of the compound of Formula | can optionally be subjected to a solvent swap,
replacing the organic solvent in which the bisulfite adduct was prepared with an
organic solvent suitable for carrying out the process of Scheme Il. Once the organic
solvent in the organic phase has been replaced in accordance with this optional

procedure, the phase is concentrated under vacuum, and a water-miscible solvent as
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Formula | provided in Step 1 of Scheme |1, above,
optionally, in enbodinents in which the purified

W@ eoopouisde conpri sing the adduct is precipitat erCT/US2007/025520
directly fromthe agueous phase in which the bisulfite
adduct is taken up in the process of Schene IIl, it is
preferred to concentrate the aqueous phase provided in

. eme || rish . isulfite.a f
o Res ' 305G e iyt P PIcVIcB8 i odieie ol sF PRl
out the pueified eomesindud IFoamgjahincaccotdahce with Suisdrad |1 Step i,

st ri ppi . to jnprove.the properties af the
ReggRiaNBh Ebfion R deabiB SoonS P FRoLSp Saamal « ne

formati on of a "gumy" precipitate. In sone

empodi ments of the process of Schene I]1 enploying a

volTae biselitespyrifisationgraeess oh thegPvendon e be Faried ﬁutsftﬁeng

eithefhe igYated séIR HmigoRRH BYFYAUM | brefsAutiRohtafiARe cBfmpound
bi sul fite aqueous solution, preferably sodium

of Ferrulp{ prepargdsin agersdancs withg syntbetic iecasyer for prepalirg theas
. . tHYE: \ s
con;;g:uh& %PP&H{dPaﬁmér%&Hﬁmglg‘? [hedﬁ’rbbé%réig%&g%éhoghyq‘lr?tgﬁgﬁo. e

ueous phase provid I'n 'Step B of
7,052,966 @he @66 patenpuwhich éslincopp@iattheseinbyrefgrence. One example

of B BRI 1€ BlBROORY VP 9B pHehL YFicRiesg a pial

pro€tyee tor ataviing3hewothpofind bEFpmudakas asol@idnandetail. Additianal

exeieh o1 ¥ tde BlcRERF IS Sorafitplab il e Sortequlg SR Bumiiat either
as mbpl?mde;fuid b(l:asc g rsgmmir)]g c@rlfn a?: e?um:rm P:.xsl'z:s;nﬁd g? Fl(!)a'r:?jut: Ap'pig:ation
No AUt tf uhe 0L Ao@aspt). MaisP it b Poriecigain B

reféi@hdee Mthel ‘9708 bublicatth disdieddsi prépaaibncdf theSorRp PRI FFormula |

Wi th an organi ¢ sol vent suitable for carrying out the
andjisRepacation It iasteremeidnce the organic sol vent in the
organi ¢ phase has been replaced in accordance with
this optional procedure, the phase is concentrated

undiblishes & patedt appligatian ma- O0B04459y pvhlishedidane2 2007,
i ' Qf the
s @Ot el il iifato Hibodtute oF ohitamathe et ealele AbfFeLra
Forradadil a | in accordance with Scheme |1, Step ii,

Regeneration Option A described,@lkqyve for the process

of Schene I1. The bisulfite puri f\\\{,catHi @0 process of

the invention can be carried out/wiljzjrg € ther the

i sol ated solid conmpound of r [ju or\ acol ution

contai ning the conpound of rogul & | Opregased in

accordance with a syntheti B’l\g‘((oc?f}tﬁe forrepari ng

the °© N Formula Ii,

to obtain the compound of Formuia .

In some embodiments it is preferred to use the process of Scheme |l to prepare
a bisulifite addﬁct. In some embodiments of the process of Scheme Il it is preferred to
use sodium bisulfite as the bisulfite source and methyl tertiarybutylether (MTBE) as
the organic phase solvent. In some embodiments it is preferred to carry out the
extraction Step 2 (Scheme II) at a temperature of from about -5 °C to about 10 °C. In

some embodiments of the invention employing the process of Scheme |l it is preferred
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conpound of Forrmula | , for exanple, the procedure
di sclosed in US Patent No. 7,012,066 (the '066

W@ a108/0te316 whi ch i s i ncorporated herein by ref eP€nts2007/025520
One exanpl e of such a procedure is Exanple XXIV of the
'066 patent, which discloses a typical procedure for
provi di ng the conpound of Fornmula | as a solution in

to eftEie} doordf fedenBPitbn FEHEH P in o it SBEMBfIOFFRES L "
emlzodimends atilzehgoptionk! cegemeratios odalihadta” tedtep @ df Scheme il itis
bl, i d P t | i ti . US2005/ 0249702
prefefta 10°Hie MyBE vtk P rdd pifSh 880 R exiatiof, Ieonds or
emiipdimerite te_mpit@in]g'ﬁtpﬁghég gég”égpﬂibh ]?adcgre@ “d ivm:eke;?] 3& _o?téonal
reparatl o (0] 2, 1 u N | .
carle Loy d 0 6 OHIZET BIABURYED in Bl KA  oepaation

pro€siR| it Bairéfefred Wher SOEERNLADE&Bony? BbinbSHIRE 10 eMiBiog 8,gIyORAIE,

.di scl oses several alternate procedures for oxidiZzing
aciq $alt. | nt er medi at e conpound of the Formula I1: Fornul a

Il, to obtain the conmpound of Fornmula I . In sone

embodi ments it is preferred to use the process of

ScHesemelenkwdiperpaités prefared tpiuse thederaeess af $ckeme lil. In
sorRS LR i BaRl 0088 1 SpSPURE e rlfaby pppiy socum
bisulfita ias éheabigulfiletsoutcet dn some eimhogdineeriie utilizMpBES peoseshief Scheme

. . _ | ; L
36 BRfefed oAtz 8) SRR <RenESHoalP RE M Bodshie B
aceldty/MB Eamibxdurpe asther arganic phase. abosdme Bmb6dimenisutilizing the
| di t t ' i . | .Qvi

progiess, o SREE o KR re Hikto Barr Bl oY 2k BNy L pB Roha
mainéejyesteat &l temperatlire @ froth'about & ¥ptoZateiut $8P@MIn $dme | N
oG RS LG hesicessst SSRBRIN R brelef@as bildertia o
regérﬁétrlaiidi?pmgﬁl inSlep T tﬁn% gplidreal trdmera;ﬂéﬁﬁrcfdéés ?escribled as

extractjon, |n sonme e i PEN e oyl ng opti.on .
DB LB e 120 OIS FHGeoSb! ST T SBoves I SamS CTEHABRyHP Using
the pRoEREY BASEierid | IP¥iFbRRNal egBABRRMEHrotBssSideR i hbfekledad

t he reﬁgeneratl on process, it is preferred when

utilize MIES aythe raamie oiveridnpiLicaenergtienpiosgss Igispaeproeess
utilidiflg SpBehdl -redé?\e%ifaﬁ pPOcRd “BeaMPa bArbbRylRORIpBLAG H $tep (HP1), it
. the process of Schene I11. In

is preferred to employ a glyoxylic acid salt as the carbonyl compound.

It will be appreciated that by selecting appropriate reagents and reaction
conditions consistent with the teachings of the present specification, the process of
the present invention is suitable for providing purification to a wide range of carbonyl
compounds selected from keto-amide, ketone and aldéhyde compounds using either
the process of Scheme Il or Scheme lIl. Purification of such compounds can be
accomplished by carrying out the processes described herein making adjustments in
the solvents used in the process, if necessary, to account for different solubilities of
the compound to be purified.
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sonme enbodi ments utilizing the process of Schenme |11

it is preferred to enploy sodiumbisulfite as the
wher@alofddte source. In sone enbodi nents utili zi PQT/UR®07/025520

process of Scheme Il it is preferred to utilize an

organi ¢ solvent selected fromethyl acetate, ethyl

acetate/ MTBE m xtures as the organic phase. In sone

rﬂ%gbgr FBRghS eseérhpbg wtntum@tr%qr?@aﬁ;ceése@@hméandénhon Lin Inithe

to carry out Step 2 (extraction) with t

foIlowimmmphasmf hipicatiprcedures iprioliowing abbreviations:a5e Msed SEQAC
(e BB SN (lmyai BSELOIREBdiqey RELE

diméthgamioptopg3-pthylcagmdiimidg).ep "C' t he opti onal
regenerati on process described as option "d" in Step
"2" of the process of Scheme |1, above. In some
enbodi ments using the pExunnw§1of Schene 11 and
optional regeneration process "d" r fqr;ed to
0P | § 2 @udioRtondrorsecy Sanee b Fagaberalich ffon ')
regenerati on process. In sone process ut|I|2|ng
opti onal regeneration process "d" r bon

Preparation efCompoundy T gyeadtor was qf@f&ﬁde(ﬂ éﬁr‘@a O%eéﬁﬁp(iy"%d

HN&LMqryllc acid salt as the carbonyl conpound. It wll
be appreci ated that by selecting appropriate reagents
and reacti omscBedi t i ons consistent with the teachings
of the presen??specﬁ?icamion the process of the
present inve n NS |table for providing
purific (o] 4] wider ange of carbonyl conpounds
sel ectedn rsqykq;g am\ge, ketone and al dehyde
conpounﬂs silng either the process of Schenme Il or
Scheme 111 “A8rification of SuEbrmaglagjounds can be
acconpl i shed by carrying out the processes described

24 RKEOIEDEK ang 180 jLud ERAE.sTherbatehetemperatuiesvassadiusted pehween
15 Qﬁcff%&(? f\i {he”s%?r?etsf%ﬁ{p%ratﬁr% @féﬁ%} b kfg°§ eﬂ* foﬁl@&%ﬂﬁx{ EtOAc rinse

I es oln
(8 L) sldschargedaial tae reguiltant mlxnuswaatcaatged QMSOd83 bwbie t he

In the f |
malpRIBAG RemrBrR s i B4R Sa R o 4/ % [Chypo (1089
kg) ﬁta@%aﬁ@tdwtm:e?neh?mmg tHet reActionrmiatuing betmiers )15 °ONgd 30° C
L ul T oxl de
ArerseletY e esroR) e B Ry FoTopt e maiaising i gogion
mixtUre ietest 20IC Bh@G0SS, thie réadtienenikiute wiegesied & a temperature
[ Preparation of Conpound : To a reactor was

tion,.
betg/%grpg%oC@néé & kg) of the conpound of

Purification of the Compound of Formula |

In a separate reactor was charged 165 L of water and 33 L of EtOAc, and the
mixture was cooled below 5 °C. The reaction mixture containing the compound was
transferred into the mixture of cold water/EtOAc at 0 to 10 °C. The organic layer was
separated and washed with water (99 L) three times.
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Formula Il, Formula Il 24.3 Kg of EDCI and 190 L of

Et OAc. The batch tenperature was adjusted between 15
w@n@sA%30C. At the sane tenperature, Et3N (9. 6PCKYS2087/025520

eq) followed by EtOAc rinse (8 L) was charged. To the

resultant m xture was charged DVMSO (83 L) while

mai ntai ning the tenperature of the batch between 15 0C

d+25 0C, . ed while
{ T8t ey ToR roRbls shRuB el ped @S2 el sBuion 50
(preparedffioay 4s|a§ kg @f NablSaX, ahhegs eat vatn). Mhetwhicte vas a@rtaﬁed for 3
e mai nt ai the reaction mxture ween .
n a3 tresigens RABSEE IRvRr A Srarae S s e Grgpnie
laydr%@%bﬁééﬂrﬁtéd&bwem 1% LO& vehthebariilufddrvifh mBquzovt) The
t he Con'pound of F I In a separate reactor
separiad payeerssNaH §PsMéwaaﬁad%%wrhwgeweé@yer ahbe ferw'tant
mixitrewig BgitRed P 8!Hest 208307 STHY orgd e 1dyBARAS Qébd?étéh '&h@ cooled
cont ai n| ng the conpound was transferred into

to Oni0Cur e of coI d wat er/ Et OAc at 0 to 10 OC The organr c

step 2 To 8 Borlad SrenE i L BB e pdlbncBlCpter gk Lol o%®)
wrtmdﬂ@gitabbrh'ﬁihd?rh@qmeréu@assadmtdddﬁr g pire pﬁfﬁhdequaﬂ'ar wakg
sePREHEth 370 0hon6n WEseT L cxitiin NRkiaSesS T 1J6) wie adasto

the FRRRIB/eR ATRE (afe? YH@r wib QistildPditke fiftl 96luSof about 171 L under
concentrate d to about 116 L of volune and diluted with

vacygBpeoyep Lci o removedPeSed aqueous NaHSO3 | ayer was

stef} 5 (Htife eliin ST 8, TEGoaERERBE YR st e B ino

a slagypaf Nﬁ@l;ﬂ&lﬁd(g() ?‘Dhrmiomea 83-1) @t g%:so Le fJ‘ ha: seifaxatdnﬁ%aetmieddyef
165

roletEPY ot s & Ty PlsacRd v a0 2o s oot a47 1

ovet alo ntﬁn Bt 15- fzi Re. amreeagrﬁa)tioay@{aboasr hsmp@b@datem fitered and

ut, on O contaln
dVitnwator (3o Tk s oS was oneh sy wecyug) g S % o
produ@trd 0 Rf (1%} Bahé blAfied/€drppBunafasalbpite sbfid. L under

vacuum bel ow 25 0C to renove volatiles. Step 3:
(Regeneration nethod a): The resultant water |ayer of
Step 2 was added into

Example 2

(Purification Process of Scheme lli, Regeneration Option “b”)
Preparation of Compound: To a reactor were charged the compound of Formula
(17.5 kg), 25.7 kg of EDCI, and 202 L of EtOAc. The batch temperature was adjusted
between 15 and 25 °C. At the same temperature, Et;N (10.2 kg, 3 eq) followed by
EtOAc rinse (9 L) was charged. To the resultant mixture was charged DMSO (88 L)
while maintaining the temperature at 15 to 25 °C. CH3;SO3H (11.6 kg) was charged at
15 to 30° C. After agitating at 20-30 °C for 1.5 h, the reaction mixture was cooled to -5
to 5 °C. To another reactor were charged water (175 L) and EtOAc'(35 L) and the
mixture was cooled below 5 °C. The reaction mixture containing the compound was
transferred into the mixture of cold water/EtOAc at 0 to 10 °C. The organic layer was
separated and washed with water (105 L) three times.
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a slurry of NaCl (49.5 kg) in acetone (83 L) at 20-30
0OC. The separated acetone |ayer foll owed by acetone
WO 2087438 L) was added through a 0.2 mcron fiPCEUS1007/025520

water (347 L) over 20 mn at 15-25 0C. After agitation
for about 1h, the precipitate was filtered and washed
wth water (83 L). The wet cake was dried under vacuum

at 30-40 OC to produce 13.0 kg (79% of the purified
conpound as a white solid. Exanple 2 (Purification

Purifcatior ©f thefCdaaormdg of Formukebener ati on Option "b")
Preparati on of Conpound : To a reactor were charged
the conpound of Formula Il (17.5 kg), 25.7 kg of EDC,

2 Et QA h j.ust ed
st 15 7885 tpslindioaip coifio® Fhs SubeRERS0L bR sBReR, ©
(Pfeb%l@dZTdd“G52_|;3 ktg ﬁﬂ NéHBD@\taedt1 be _LE? WAy, | Treewlidle Wgs b/gﬁaéed'fog 3

char.ged. To. ant. mixtyre was c e
nou AR e P10 AU Al BB s DRoe] 20 CaE
30 @Bﬁgﬂduéods NalisBg)a géﬂﬁa§ B@Méd ahd $8vdd0 THe drgarfié Ia%r was

gitating at 20-30 e _reaction mxtu

congaegRstp AoVl 404 Py and-SistbuRENTREAZBS L) vEheseparated
aqu@&?g REdsOR {56 Waslzgdéd)toaﬁ@oﬁb%%y%?’ 5The red0Rart Rfixture was

m xture was cool ed bel ow 5 The reaction mxture,

agitated feri hh AL2Q-Be °C oo QraRNicIayerasseparaied ant epolgso 0-10 °C.
m xture of cold water/EtOAc at 0 to 10 OC. The organic
| ayer was separated and washed with water (105 L)

Sk 296 1 B YR S SO AP T 20l 0
witheaHegRtiarandube whbletwasmagitaiasifar & eif.r Tive QuedUR (ayef was
sep ﬁH %&fu@oh&? " ta{’&?&f LLC?T}-EQR‘"Q%F%%B(% 8"1% E@ﬁw@%aﬁ@f layer

wad zm‘deelr a'the veatdrd byer avasistiied dmthe3idaD@lurié of aimmemm; L under
Na I d d d. Th '
vac i BB 3 5 BRRSBRRIRIS: about 140 L of vol i and
Steg'3lF W&}%@ﬁg\ﬁlttaht WHBFI ggﬁﬁoh)Steﬂ_ B @va%ea%[e@tlrﬁgu%ﬂé' G%irﬁlcron filter to

ayer was a ani c

a mixtigrg| of mterrﬁ 93 Lrandracsten (Satleat 1\5;25 3Ch Aétpr agitation fax. about 4

", g BBl at g i TS WARAT PG Ty, e bt falfulbured
unded umtmoawom &C tq prodluce 10.440d65% ot thewwurritied cerpaund as a
whiféngbi he whol e was agitated for 5 min. The aqueous

"was separated, and a solution of water (2 L)
cont ai ning NaHSO3 (0.8 kg) to the water |ayer

Example 2A
(Purification Process Scheme lll, Regeneration Option “b")

Step 1: The compound of Formula | (5.9 kg, 87.3% purity) was dissolved in EtOAC
(89 L) and MTBE (79 L). To the resulting organic solution was added NaHSOs
aqueous solution (prepared from 17.7 kg of NaHSO; and 39 L of water). The whole
was agitated for 1 h at 15-25 °C. The aqueous NaHSOQ; layer, which is used later,
was separated. The organic layer was cooled to 0-10 °C.

Step 2: To the cooled organic layer from Step 1 was added cold water (59 L at
0-10 °C) without agitation, and the whole was agitated for 5 min. To the separated
water layer was added a solution of water (1 L) containing NaHSOj3 (0.3 kg). The
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was added. The water | ayer was distilled to the final
vol unme of about 190 L under vacuum below 25 0C to
WO eomswe3vel atiles. Step 3: The resultant wat er PCHYS82007/025520
fromStep 2 was added through a 0.2 mcron filter to a
m xture of water (193 L) and acetone (53 L) at 15-25
OC. After agitation for about 4 h, the precipitate was

| O,
watgriaVeE S g B o ey Sba R, dnkor [ifuhRq 6425 10
to repGvvolatiieshe purified conpound as a white solid.

Exanpl e 2A (Purification Process Schene |11 , .
Stensd:q &he Fasultai walarilawer frem) Step g yvas: adgid threugivo:A dnigyon fiiter to a
i g5 0 i laBout 4 h,
m'xéfgdi&%a?%ﬂg(sﬁ?) dnd Secidife ?%‘?ﬂ 6-2b o0 Al A k'?!'ﬁ%rgpcé%ni c

the pieripitaterwasdiiteredcrnd washedbwith )NaTU89 b The wet qajse sagdegd

. (€ L 0, 8 l e
o AL of p ot WpioNEe RS Da B RN bt b IR
compayed as atwhite solid.used | ater, was separated. The organic
| ayer was cooled to 0-10 OC. Step 2: To the cool ed
organic layer from Step 1 was added cold water (59 L
at 0-1 0 0C) without agExampleld and the whol e was

agitated.for 5 mn. T he rated water. | ayer was
Soted atrlitaion PEresRaPhe 11T R Biatin g i fiscs

Step 8: This@bmpdbisaet RarmiufyieB1 ey wiissfissolved i BtOAwe(2b0 mal) and
vol une of ab 2 L under

MTHE e e NebiSOaai9es soldnZes s wegaodea, Sy esutant
twofpghase HigBredvaPagiRtkiest rbbhaseperdtute for @ MTHd brgahiclayenwas

m xture of water (65 L) and acetone (18 L) at 15-25
sepgratehpincpoqied t0a (on for about 4 h, the precipitate was

Stemﬁiz l.st@dl@gl firdodied ke 9 .5WC (BoBRLS was @ dbd to therodict 6PSiep 1 and

1s dried under vacuum at 30-40 OC to produce 3.0 kg 5
the migurengasegitatied foy B roin. THe sRRMIadNRIBLIAVRINRS eancaniiifd at 2
. . PUL i C '
© QR BTy U B TR s v
forgdmrula | (31 .1 g) was dissolved in EtOAc (200 m)

&ﬁg 1\1)\%3'; gtgg‘:ggwgﬁ softfigh P?EE?EP BGHRDI ' 9Bk %6% glyoxal
( )

e resu
in water (9.9 mL) was added over 30 min. The resultant slurry was agitated at 8 °C for

30 min and was allowed to reach at 25 °C. After additional agitation for 3 h at 25 °C,
the precipitate was filtered, washed with water (300 mL), and dried under vacuum at
30-40 °C. The purified compound (20.7g, 67%) was obtained as a white solid.

Example 3A
(Purification Process of Scheme IlI,
Regeneration Option “c”, With Carbonyl Compound Present)

A solution of adduct in water (prepared as above in Example 3, steps 1 and 2,
45.2 g containing 4.15 g of the compound) was cooled to 8 °C, and 50% glyoxylic acid
in water (5.8 mL) was added. The resultant slurry was agitated at 8 °C for 1 h and
was allowed to reach at 25 °C. After additional agitation for 3 h at 25 °C, the
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t wo- phase m xture was agitated at roomtenperature for

3 h. The organic | ayer was separated and cooled to 3
wOMsBr@am 2: Cold water cooled to 3.5 0C (300 pd/USEE7/025520

added to the product of Step 1 and the m xture was

agitated for 3 mn. The separated water |ayer was

concentrated at 25 OC (jacket tenperature) under

preéﬁﬁ\fa‘t%i%§ fll?érédj NEhshbd WA W"Q?@TQalﬂ'ﬁ&léd Lﬂﬂbf \Yac%ms(? 5609 Ther

The resultant water solutio rom Step
purlﬂe@\mmmde(a 7t1 0 B%00vasehiainedagrydiascich water (9.9
nm.) was added over 30 min. The resultant slurry was
agitated at 8 OC for 30 mn and was allowed to reach
at 25 0C. After additi (ExahnmgBBati on for 3 h at 25 0C,
e.was filtere ter _(,300
- S G pdde Foate @A LS TR BamRRA 452 oo
conmm@g)wnd o GA0he Gomoliid) was cobledtan@eC aahdasomh’i &Bjlatel.
3A (Purification ProgﬂFss of Schene |

SoITSR ARBP AP SIOTES P SaEh Of 407D IORYIB i I BATRS B 25% NaOH)
wadARAYver éo . UTh@fbsGliarﬁ@QM‘}twds Zdﬂ@tbﬁ lat § PCEH B AndWas

above in I'TE) , steps 28 cont ai ni ny

allowed 4 pagh at 82 Go Aﬁ@mﬂﬂhqnaéa@'@a%@rﬁ@ aj 5EC, tepregipiate
waégfllbé‘?%‘d’ I\A}a%h%‘]? vl Watdtehsd driedt ﬁldék)/ad’é@ﬁ\ i) ﬁ{éan dnﬂag .

resul tant urry was agitated at 0C for

compdupdédl 14a WdMaSambtalBe@@S aA(fl”t"érSOHHdl ti onal agi tation
for 3 h at 25 0C, theprecipitate was filtered, washed
with water, and dried under vacuum at 50 OC. The
purified conpound (2.71 Exang#eé® was obt ai ned as a

whi f..ad
(pr epar deurcaliEoRss Botbais Ut Sk8ondbudt Ofion ' hg ™
g@a%og obCoitnpeurd rm@a m@écwva/sere@hh@dme orioundrod Faerduleith

o 43 Bt Be e, ot BT 200 ReferyStlberuiRamms qpupted

bet®Beril 8 and 26 °Ce A tthersdmé kamperawds, By {738 Rg) falowbdy EXDAC

rinsg {813 Ps Spazart T0,t6n ressitan Mixiire 98 StaroeH DS Q436 1 while

malf@eﬁmﬁ@; ltﬂeetb ré‘l@é%q 5%bh 0B °@atc%soaﬂcts B Qra%%ﬂﬁl?zed at15to
yac purified conpound 14

SA[;@,rt%gltﬁg@g agzchawﬁq:tf@r 1L5h; the reaction mixture wag cooled to -5 to
5 °C. To another reactor were charged water (90 L) and EtOAc (18 L) and the mixture

was cooled below 10 °C. The reaction mixture containing the compound was
transferred into the mixture of cold water/EtOAc at 0 to 10 °C. The water layer was
separated and extracted with EtOAc (72 L). The combined organic layers were
washed with water (90 L) three times, and its volume was adjusted to 216 L by
addition of 30 L of EtOAc. HPLC assay of the EtOAc solution showed 88.7% purity of
the compound of Formuia |.

Purification of the Compound of Formula |

Step 1: To the resulting organic solution was added NaHSO5 aqueous solution
(prepared from 28.8 kg of NaHSO; and 63 L of water). The whole was agitated for 1 h
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Exanple 4 (Purification Process Schene |11,

Regeneration Option "d") Preparation of Conpound : To
wa@2008ani3os wer e charged t he conmpound of For mul BCT/0S2007/025520
(18.0 kg), EDCI (26.5 kg), and EtOAc (81 L). The batch
tenperature was adjusted between 15 and 25 0C. At the

sane tenperature, Et3N (7.8 kg) foll owed by EtOQAc

at 15,25 Thepber eSS Ghifyer Vies sibafefed o R Rrof b s
coolet] td.57 oot ZH O0C. CH3SOBH (8.9 kg) was charged at 15 to

32 0C. After agitating at 20-30 OC for 1.5 h, the
Step @advitieconled erganiadayecwas addadcoldwater R70¢. 1-TSChwih her

i R R A S
&l{ﬂ%xﬁ% %ol@l%téﬂ Iayé?gvds%efﬁﬁmﬂu*wme d% mﬁd@@ dt ng ®8

o e m xture of Et OAc at
C. whedvoiphagic mpgyresuasheateditonlfi2e 3G, ra@étﬂafdsqnlmm glyp&c@te( 72
soldﬁ))n w%@%d@@d‘gi tﬂé‘éa%géﬂﬂbérahﬁé‘ehﬁeﬁ"ﬁﬁ getﬂed id¥8 @rr

reetlrres and its vol une usted to
waSLsewraé@mamd washed with watef (98 lpadhe H&a@wdgmyvasfcooled to -5 to

S CE% Fég{j&gdpur IOI | Cﬁtl on O%(K Egrzéoy 1%f°dd$v%][ 8'lﬂ-g[ﬁ%W}ﬂmmgrhe

res@tappslarry Wes corcantratelditd mboutr agfrli. cTranreclpltaie was filkeréd @nd

wasBhaBERGTO Bl e el SUERRSHR LAGARcliut o Blodier 00

10.6 kg 58 20)Q@f thehpurified eompoiibdHas aavmtgephdmaHPls@ pasat sirnbwemﬁ 8%
' 7 1 0C S 2. T

purf Gt Sl f Rl E R SRt M ded col d water (270 L -7

0C) with agitation, and the agitati on was stopped
after finishing the col Exanipglescharge. Step 3 The

col d wat er _was se rate MTBE was

added at(Suréncg%orgP@@essm eghi\gﬁd%egﬁnﬁf heat ed
q: BeZonffound BfiFdicul® DQI'U@“&%’WW)GW% &Qdueldqlﬁl MYBE (120
added at t he same tenperature. After itation

mLx he3@&Natipes awsmyt'e@ GreaRred frame. msqﬁw QaangafaormL

wateBvds)addbBeartf B8 WHold A4S to¥Bs teaued °C(hnd5ag§t9te§ {8G ANGhe
was added to col d heptane (702 L) at

watgy Byerparseramatad gt thpreametempesdures |HRLG anglysis Showed 5939
(59@)9 Jer2iL A dﬁhﬁlg of heIRPHEd edPpbund RehPIvaR: Riybpt © Was

Ttere
Example 5A
(Purification Process of Scheme Il, No Regeneration Step)
Step 1: The compound of Formula | (10 g, 86% purity) was dissoived in MTBE (120
mL). 1.3% NaHSOj; aqueous solution was prepared from 2.0 g of NaHSOgzand 150
mL water. 100 mL of the bisulfite solution was added to the solution of the compound
in MTBE. The whole was cooled to about 4 °C and agitated for 1 h. The water layer
was separated at the same temperature. HPLC analysis showed 5.74 g (57%, 98.2%
purity) of the compound in the water layer. To the organic layer was added about
50 mL of the bisulfite solution prepared above, and whole was cooled to about 4 °C
and agitated for 1 h. HPLC analysis of the separated water layer showed 1.26 g
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washed with heptane (54 L). The wet cake was dried
under vacuumto produce 10.6 kg (61% of the purified

W@ oimpowsds as a white solid. HPLC assay showed POT/8%2007/025520
purity of the isolated conpound of Fornula |I. Exanple
5 (Purification Process of Schenme |1, No Regeneration
Step) Step 1. The conpound of Formula | (10 g, 86%

0
(1% 895 oulf of tn3 RaimgSind, T dliFod T e nyliedRbmptnd
wasbfaimed byatwerextragtionadded, and t he vvhol e was cooled to
about 3 OC and agitated for 1 h. The water |ayer was
separated at the sane tenperature. HPLC anal ysis

showed 5.93 g (59 % 99Eimuplere'ty) of the purified
conpoudlnth wat er er. ampl e 5A (Purifjcation
Pr oces & WHICKORLTRCESE °f ﬁgﬁéen‘g??fﬁt'@t éB‘)O"S{dép 1:
Ste %heTﬁ@%ﬁB&%@éf F'B@rhﬁld'l@(b o@mag d|s§&\/éd3WEth: (MBSmL). 40%
ssolved in MIBE (120 ni). 1. g eous

NaH§Z{p1 aqueausaeuinndprapraed rgmse. gCPfé‘laM’SQﬁaﬁHQ b of watepywas
add@ﬁt ®he é%@:ﬁaﬁ’f%?fphﬁil@ midktSie! vflélst @gﬁ%ﬁeh“&t 'ré’dip] Y@%@?ﬁ?@o%ight.

e SO ution o e corrpoun
Thecasgariellayer washsepatatedand goelgd tca$e<a for 1 h. The water

Steh 39 Foid Beep BRI % ool NTad GRS Y b o e 1 an
thewbnbcwasdagmatetdffer 1@&mer. | ayer. To the organi c | ayer was
08 PERears eyl el ol SR 2B Mol b BieRo G e
MTB!FJIUOD L), ldRY thearealilyesit snixtliret vazs wamm“dabm “Gadreer agitatedrfor 30
min B B4 serm ooty e VREE U s GoRuRpATs (e water layer
eARTED S5 et e O S 13 420°0
The TSR d53e5 438 SRBABIedE A DM T BE gy em ¥ora wadedatity weter
10@@5\0 H@%ﬁoas@hhahové&% 03 %‘?gﬂfh@lb‘émﬁé& S8rhSSuridih GRANTBE
from3 HSG3 and nL of water) was added. The

ex“'ﬁ@@ultant t wo- phasi c mxture was agitated at room

t enperature overni ght. Eggmgféggml c layer was separated
and cooled to 3 0C.
(Purification Process of Scheme Ill, Regeneration Option “d”)

To a solution of the bisulfite adduct of the compound of Formula | in water
(124.0 g containing 8.9 g of the compound) were added MTBE (100 mL) and
saturated NaCl solution (30 mL). The resultant mixture was warmed to 30 °C and
agitated for 30 min at the same temperature. The MTBE layer was separated and
washed with water (50 mL). HPLC assay showed 7.46 g (84%) of the purified
compound in the MTBE extract. '

Example 6B
To a solution of the adduct in water (prepared as above, 121.7 g containing
8.45 g of the compound) was added MTBE (100 mL) followed by a suspension of
potassium persuifate (10.4 g) in water (20 mL) at 25 °C. After 45 min agitation at 25
°C, the MTBE layer was separated and washed with water (50 mL). HPLC assay
showed 7.41 g (88%) of the purified compound in the MTBE extract.
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Step 2: Cold water cooled to 3 0OC (000 nL) was added
to the product of Step 1 and the whole was agitated
wo 00080@3mé n. Step 3: To the separated water | aRer/usr00m25520

Step 2 containing the adduct was added MIBE (100 ni),

and the resultant m xture was warnmed to 30 0C and
agitated for 30 mn at the sane tenperature. The MIBE

| ayer was separated, and to the water |ayer was added
MIBE (100 nlL). The resultant m xture was agitated for

30 min at 30 OC. The I\/IEBEmb&ayG!T. was separated. The
conbi ned MIBE | ayers were wth water

L 50uigh SHBRAOS Imwgley HI0RaTeH 5% RRoNRul £1. Gepomaing
8. 82‘3%813119:5 réag?auﬁd) avmae@mﬂeo e} #IBlved &9 a susPensmn of

urif ion Process of eme I'll, Regéneration
°X°'®f1|1<ﬁ19) ig'waterd4Q mi belowRs &r Aﬂ%mwﬁﬁm at 25f@y dhe YT BE
f r
2yl U SO BT A et eI HREE STl o 00
(9 4°éhofuha1padﬁadac(qmmndm tbe MBBE axtyact. The resul tant m xture
was warnmed to 30 OC and agitated for 30 mn at the

same tenperature. The MIBE | ayer was separated and.
HPL(z Bltedminiation efPwity (50 nl). HPLC assay showed 7.46 g

(S o b RO P B R paang o
theﬁmlﬁﬂardedcmwajume 121 .7 g containing 8.45 g of the

cennmnaind Aaddnd |\I|'|_DE /1nn nd )

A

'Fnl | e\ r\rl |n &
\JUII’JUUIIU/ VVA O (“ AV AV AV | VIT L= LUT III_
&Qlusemsi on of potassi um per\gﬂ@f"@?b PGO'@G844 g)mmrx 159,
(20 rrL) at 25 0C. After 45 Him agltatlon at 25 0C, the
%E ayer was separated fpngl; l&e a&bhate
HPLC assay showed 7. 41blﬂf %t‘ﬁﬂ;& Qp
compound in the MIBE extrhpc % |§|°| Ut'r?ae
of the adduct in water (pregf ‘% é 0,19 RhogP
containing 8.82 g of the [ A8d% MTBE_ (100
ftadlertol | 0 =dF|bwratesuspen"rm(ﬁfn)omne ( 11.89@ in
wat er (40 )O%MZS 0E—AfFter—ft—th—agr-tatton—at—2
0C, the MIBE layer was sepaPated arftP washed WPPh wat er
(50 M _). HPLC assay showeda@. 30 gjo 100
45 0 100
45.1 45 55 .
60 45 55
Detection UV 220 nm
Column temperature 40°C
Run time 60 min
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(94% of the purified conmpound in the MIBE extract.

HPLC Determ nation of Purity The purity of the
wa@ormpouisds of Forrmula | is determ ned by HPLC apCDUS1007025520

to the nethods described bel ow alternatively, the

foll owi ng equi pnent and conditions are used: Wile the

present invention has been described with and in

conj j i L f Lpent forth

abov e pBRicToldiing BRIAMLS FERSINIER e 38a; e "anc
[0) [T LTTg. vanmy dif Ut erTratyl IT 11 I UITS allI
ot h@b’mvnari ations thereof willl %\ arro'e(‘r(ﬁfg'f‘(ﬁ '[“Hb’éis%?’m'
@rdinary skill in the art APTH 1ch alternatives
mo8blvemtat i ons and vari at i or)s Salvent AvtAzetbaitriie oMethlahol: 10
wWithin the spirit and scope oiMphespbatedeiifer,ipiv20T(5:6190,
28 84106 1We claim 1. A prloess8 for purifying the
(
é

fompound of Formula | the pr goreAt B:EetdniiilBIMethanol (80:20,
extracting an organi c phase eayprising: (i) the

O un OoT HOT, Ia. 1 ald I 1 arie I, TTOT € 0T ITC
;OEP? K0S, with 'gﬁwéﬁﬁfeous k:T@FF W'S)e ‘2’6‘1 ut i on ? br ehy
orm ng an aqueo¥8LBARse cgnpri si ng|86 bi sul fi tfe5adduct
pf the conpound of Fornul a 3sand b regeneratw& the
conpound of Hornula | in a I pi formby "Ti) a
rocess conpriising: (1) extl[rdbting {he aqueousi@hase
tontai ning the bisulfite acdug_t] of t&e conpoundgof
Fornmul a | provided in Stepa—w-thian—ergani¢c—phase
sonpri sing one or nore wat ér 8fi sci b|& organic |1
$ob¥RBiigh thereby form ng an g/ 8Hs Phase contai ni ng
he—conpound—of Fornuta—t—tand {2—mxng—the+solated
ré&'ﬁ‘m? BRREEUYE ovi ded in ext'spaéti ng Step (b)(i)(1)

i ROnwimeer at a tenperature sgimiabl e to precipitate .
ttreTompourdof—For ot o (T T —addi g the—acreous
phase prepared in Step (a) into an organic phase
conprising one or nore water-m scible organic solvents

PN R N N N .Y
70O

While the present invention has been described with and in conjunction with the
specific embodiments set forth above, these examples are meant to be illustrative and
not limiting. Many alternatives, modifications and other variations thereof will be
apparent to those of ordinary skill in the art. All such alternatives, modifications and
variations are intended to fall within the spirit and scope of the present invention
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thereby precipitating the conpound of Formula I; or
(ii1) adding to the aqueous phase provided in Step (a)

wa@2@anbosny| conpound or an oxi dant suitabl e toPCT/US2007/025520

preci pitate the conpound of Fornmula I; or (iv) a
regenerati on process conprising: (1) extracting the
aqueous phase provided in Step (a) with an organic

5 WeBIQ?r?e conprising at | east one organic solvent and

10
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i'onal 'y a carbonyl conpound or an oxi dant conpound,
and (2) adding the organic phase obtained in

extractin ste LV { S ent or m xture of
1&\%9&% E‘é%\é %’bé%%l? 03 F%f ‘gﬁymﬂ al is
[ nsol ubl e (an ant i sol viegAtsat a tenperature suitable

to precipitate the con‘pQEmd of ol a | . 2. The

process of claim1l I At sulfite used to form
t he adduct of the umd &f Korxula | in Step (a) is

sodi um bisulfite. 3 5o°cess f claim1l wherein in
Step (a), the orgdhi d pRase conprises tertiarybutyl
nmet hyl et her and the ext¥action is carried out at a

theé'r%gg%‘% r% from about -5 OC to about 10 OC. 4. The

ess a im3 wherein the regeneration nethod
used 'S that described in Step (b), subparagraph (iv).

ug)e 8)‘ ra&lrgg géso(sr%%)rﬁc étleﬁa% OME{HGH}U% %S@B{pgnad;' ﬁ=osrr9\hl\éq,nand
t er i) @ng-dpuidré ofjdnRy soents] vth pnaressusifiswifiteisolufion, thereby
wherein the regeneration is '

t
or LIRS o SAURR BhAS? COBRTE Abisaiteriss] o€ cogpound of
cl airgyvuheaadn the car bonyI compound is a glyoxylic

d | t . Th f | a , St
) Togemleralingine poBPOTELOL o B ROTRIES 1o BYDa U

bl Sul fiyte, at;ttscé?srs%m&sﬁ@l we aktracﬁmg g a@.fébbdbhhs@aidwlhmg
et her and the extraction is carried out at about

to about 1G6hebisulfilecadgvst &ithe eemPewsketdioampg p@%@éﬂgg%?ep
used in Step (i) ah%Lda‘n?ép%%é‘”cbhﬁ%n%%né%PH\%F@G/E\%‘PJMsmble

(iv), and erein the regeneration process
utilizes terganic selvents, theieky foratingan guggamsephase contalmng the

compound of Formula I; and (2) mixing the isolated organic phase
provided in extracting Step (b)(i)(1) with water at a temperature
suitable to precipitate the compound of Formula |; or

(i)  adding the aqueous phase prepared in Step (a) into an organic
phase comprising one or more water-miscible organic solvents
thereby precipitating the cornpound of Formula |; or

(i)  adding to the aqueous phase provided in Step (a) a carbonyl
compound or an oxidant suitable to precipitate the compound of
Formula |; or

(iv)  aregeneration process comprising: (1) extracting the aqueous
phase provided in Step (a) with an organic phase comprising at
least one organic solvent and optionally a carbonyl compound or an
oxidant compound; and (2) adding the organic phase obtained in
extracting step (b)(iv)(1) to a solvent or mixture of solvents in which
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organi ¢ phase and wherein a carbonyl conpound is
present in the formof a glyxoylic acid salt. 9. A

w@e@smss16 or purifying the conpound of For nul ap¢FORI00T/625520

I, the process conprising: (a) formng an organic
phase conprising a bisulfite adduct of the conmpound of
Formula | and one or nore organi c solvents; (b)

For it a1 P SmRoft & EmBitE e luk i SREREERACE.
and (c) retpeperaturersyitable te prepipitatd tref cdmpombaf Foimmulal.

precipitate formby: (i) a process conprising: (1)
extracting the aqueous phase containing the bisulfite

. aTlisloceds dfiemaira arvamueid ted bibeifitelwsad to RFA WMaladHuchofIhe P

\(Mg% with an orqanj C.phase conprising one or nore

eRAURISE PRI | hadiee ()ds sediing bisulile: eby f or i ng an

organi ¢ phase containing the conpound of Formula I ;

and (2) mxing the isol ated or%ani Cc phase provided in
ha organie phaseacamprises

s C ;

(e R EePEh It e IR By Sl U iRy

i fierp abautob§Eid @abpltalde"Gonpri si ng one or nore

wat er - m sci bl e organi c solvents thereby precipitating

t he conpound of Formula |I; or (iii) adding to the

. afjoepuseghefiaiproowhetenh the r&tieppration maethat dseadyis theo desonbed

or. Qan i dant sui taplle to precipitate the conmpound of
F'Sr%ﬁ?gb)sl ’sl.ﬁ)&ara(qr%h V)regener ation process conpri sing:
(1) extracting the aqueous phase provided in Step (b)

- S pfPoh G DRAF ) B PR HERIASER (B

oXispardgrasPOUS thettayn tbrijaty-bagdlether. t he organi c phase
obtained in extracting step (c)(iv)(1l) to a solvent or
m xture of solvents in which the

The process of claim 4 wherein the regeneration is carried out in the presence of
a carbonyl compound.

The process of claim 6 wherein the carbonyl compound is a glyoxylic acid salt.

The process of claim 1 wherein, in Step (a), the bisulfite used to form the adduct
is sodium bisulfite, the organic solvent is tertiarybutyl methyl ether and the
extraction is carried out at about -5 °C to about 10 °C, and wherein the
regeneration process used in Step (b) is that described in subparagraph (iv), and
wherein the regeneration process (iv) utilizes tertiarybutyl methyl ether as the
organic phase and wherein a carbonyl compound is present in the form of a
glyxoylic acid salt. '

A process for purifying-the compound of Formula |
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conmpound of Formula | is insoluble (an antisol vent) at
a tenperature suitable to precipitate the conpound of

wo-orsbe1d . 10. The process of claim9 wherei nP€TES2007/025520

bisulfite used to formthe adduct is sodium bisulfite.
11. The process of claim9 wherein the organic sol vent
in Step (a)is ethyl acetate or a m xture of ethyl
acetate and tertiary-butyl net hyrhsc&m!ner 12. The
process of claim9 wherein the ext ,actH oR i ot ep (b)

Is carried out at about mnus (- ) Ch out (+) 10
0C. 13. The process of clai tke ©
regeneration process used is S(9r| b in Step

(c), subparagraph (iv). 14. HThQ’ peoc%ss of claim 13
wherein the organic solvent usédA\s the regeneF@‘ImMI
process is tertiary-butyl nmethyl ether. 15. The

the progesssconggrisinigai m 14 vvher ein the regeneration process

RSO oyl EOEES50L St bty S SR SR o
pr esmula;llgad ok bogwlre ?@apmllmggnﬂsg. nThEsgr ocess of

- Efermatacinging pubiECaqeRe Lo oR TP S £BiRtla ) forkgd in Step
Pr ocegsin@f arCaquedus pHésy; eno in Step (a), the bisulfite

used to formthe adduct sod m bi sulfite the
ofQarfPgerngsatingipe Png‘é'i"iq%f l?H "?rétpfﬁﬂ'p"@ienf@ ¥n Step

b) the 1 émi halaqabeus pHass s the
g)C)to(babgﬁdc%% b&ﬂghéin@f( yWhe;:tg’:“;;nt t hg re F;1ersa Int(arrﬁrfg

process hisulfits qpldgpb?f tpe ):omgoqr}gaqf Fogaulail pEQyided in S?ep (b) with

subpar ag Eﬁ‘% a(w'ié’ahas@ ré@nip?lsiﬁ@ lohb & nfoé whifer-Adiscible organic
tertiary ether as the organic solvent in

the pres eolwentafthar ywwmga@@ organic phage containiigdbe cprppound
purifyi ngs gokehor. %ﬁbgam Cﬁ\gﬁﬂs idfatéd Qr%EMu@g)h‘éQ@?deﬁieB%

(a) ext ractl ng an or ase conprisin
car bonyl extoagiogiidep Of) vathpuater at@jtegmeawr@@uﬂat@jmtcaprempltate

ket o- am % %qa}n&oq.[n%rbq Fo?rﬂ?laqn L2l dehyde; and (ii)

anor gani c ure of organic solvents, with
an agfipoasdingshe dgweousqhase prepardteingigp (intd Ay osganic phase

SaUeous, MR 7 g e b e ety
cont ai negredipitating the compound of Formula I; or
(i) adding to the aqueous phase provided in Step (b) a carbony!
compound or an oxidant suitable to precipitate the compound of
Formula |; or
(iv) a regeneration process comprising: (1) extracting the aqueous phase
provided in Step (b) with an organic phase comprising at least one
organic solvent and optionally a carbonyl compound or an oxidant
compound; and (2) adding the organic phase obtained in extracting
step (¢)(iv)(1) to a solvent or mixture of solvents in which the
compound of Formula | is insoluble (an antisolvent) at a temperature

suitable to precipitate the compound of Formula |.
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organi ¢ phase; and b) regenerating the carbonyl
conpound to be purified by (i) a process conpri sing:
W@ 1)o8@xd3n@ct i ng t he agqueous phase cont ai ni hg tPET/US2007/025520
bi sul fite adduct of the carbonyl conpound to be
purified provided in Step "a" with an organi c phase
conprising one or nore water-m scible organic
10. S Phe/ BRicSss et DulerdThROIRNG ISR iooRh B adiiet i sadiia
onyl conpound to be purified; and (2) m Xxing
t bisulfiteol at ed or gani ¢ phase provided in extracting Step
"1" with water at a tenperature suitable to
preci pitate the carbonyl conpound to be purified; or

11. (The pRddsagf dde Qammemsm@b@aalc;sobpmrie Stem(aBs ethyl acetate or
intg an aqr n|c hase .c ing.one or nore
wATTExtuR 4 Bc%gtﬁaﬂ'iﬁée'ggg Ig%t“ﬂ'é?@ﬁ{/ precipitating
the carbonyl conpound to be purified; or (iii) addlng
to the aqueous phase provided in Step (a) a carbon

12. ¢ bhp 8RS AaMEKWoRIRN 188 rextaaﬂtlentrbsfﬁpéex ipicauied oph about
cm,,lagrmls SQUBBHUQ%)H@ oge purified; or (iv) a

regeneration process conprising: ( 1) extracting the
aqueous phase provided in Step (a) wth an organic

13. ggﬁlé g?{g@%&é&élgwg%ﬁhe offPhb r& g%ﬁﬂﬁ r&e§9 ggé‘é‘fsvtﬁ&%escribed

onyl  conpo oxI1 dant conpound;
airdStep )(c)asubipagagragh (v)gani ¢ phase obt ained in
extracting step (b)(iv)(1l) to a solvent or m xture of
solvents in which the carbonyl conmpound to be purified
14.i The peadesb bicigien1 awhered! themrganid salvent oped itthe eegeneration

suitable to pr plt te the carbonyl conpound to be
pBF‘?CPP%!:?te%ég’ c‘}ﬁ'r’B%t WERY burifying a keto-anide, a

ketone or an al dehyde, the process conprising: a)

15. fs hrsﬁé’ﬁn Ceia? Oﬁaﬁpr an' gf%? ﬁéﬁpéé)é%é@'ﬁ{‘r ces%d.b a in §1e AlleSs of
blswi tcl)(m aﬁa@é‘ﬁ cav‘/)fgg df HiedreqBhélatiork§loesss iglcafiedauy ehe

onpound purified;b) extracting the bisulfite
acﬂ’ﬂ%ﬁ?ﬂ(’?%@rp@ibéﬁwcﬁmﬁom‘ wat er, thereby formng an

16. The process of claim 15 wherein the carbonyl compound used in the
regeneration process is a glyoxylate salt.

17. The process of claim 9 wherein in Step (a), the bisulfite used to form the adduct
is sodium bisulfite and the organic solvent is tertiarybutyl methyl ether, in Step (b)
the extraction is carried out at about minus (-)5 °C to about (+)10 °C, and
wherein the regeneration process used in Step (c) is that described in
subparagraph (iv), and is carried out using tertiarybutyl methyl ether as the
organic solvent in the presence of a glyoxylate salt.

18. A process for purifying a keto-amide, ketone or aldehyde comprising:

(a) extracting an organic phase comprising: (i) a carbonyl compound to be
purified selected from a keto-amide, a ketone; and an aldehyde; and (ii) an
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aqueous phase containing a bisulfite adduct of the
ket o-am de, ketone, or al dehyde conpound to be

w@uoshT@ds and c) regenerating the keto-am de, PREUSII07/025520

19.

or al dehyde conpound conprising the bisulfite adduct
extracted in Step "b" by: (i) a process conpri sing:
(1) extracting the agqueous phase containing the

bi s Hﬁaﬂc‘%}?ﬂ/@ﬂf&tm&?&}é SrGaidsdivbnit, Sith R aqieblls ﬁig%lrte
orgamn c phase conprising one or nore water-m Sci e
or gaolutions dherehy formirigeancdnuebus phase campeising ai kisybiia edduct of

MG i g ' g
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m Xiorganidphassohad ed or gani ¢ phase provided in

tracting Step " iY(1)" with t
OB} et Ui carberit ¢drhodungib bE abeliy o fo- ami de.
i«ﬁt one @pro@é%ﬁh@tﬁh isfQTI9 @gﬁadﬁh% tﬂ%‘ ﬁ@gbu@ p?ééé dontitlngthe

€ aqgueous ase repare I N e N an ar ni
e s TS siite B AUt oh ey LSyRad 19 e PR AHeEn Step
sol vent«g {yiig bR BYgdMicesHaak cBipRsing BRe bholeeWaeRFistble

ket one or al dehyde conpound conpri sing the adduct

ext r act @ganip sgveps; thereby forming an erganishase eesainigadifs
phase p i hBoudld& i i Ani
oxi dantéag%?rﬁgg?ﬁe‘a?o p?é)%ﬁ%in?%c{ﬁ25?@@3@9%&8@&{(% on%

or al dephase provigrslin@xtracting SIema " with waleral@ tespetatered

I N St epg ifRhie tRrdd ' I

ooy oo S bR R RSBt

i n Si)epadding thietdguaousphpasei prepsted in Stepia)iistoran ergamie ghase
A . q

o an BRSO AR GRY AR oBaRR IR AR "

phase opresgipitaiihg the eathoagitcomposthe o e pyrfied(d) to a

et Jli aBingla baypous A RSB SHEP () e oqrypeund
adduct exan egii@st sunalske epprebipitate thersarboiyl €ofmpound to be

anti sol VeEft@{d' at a tenperature suitable to precipitate
sai d t hBYKECGpChni de, ketone or al dehyde conpound.

(iv) aregeneration process comprising: (1) extracting the aqueous phase
provided in Step (a) with an organic phase comprising at least one
organic solvent and optionally a carbonyl compound or an oxidant
compound; and (2) adding the organic phase obtained in extracting step
(b)(iv)(1) to a solvent or mixture of solvents in which the carbonyl
compound to be purified is insoluble (an antisolvent) at a temperature
suitable to precipitate the carbonyl compound to be purified.

A process for purifying a keto-amide, a ketone or an aldehyde, the process
comprising:
a) forming in an organic phase comprising: (i) an organic solvent or mixture of
organic solvents; and (ii) a bisulfite adduct of a keto-amide, ketone or
aldehyde compound to be purified,;
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b) extracting the bisulfite adduct from Step “a” into water, thereby forming an

aqueous phase containing a bisulfite adduct of the keto-amide, ketone, or
aldehyde compound to be purified; and

c) regenerating the keto-amide, ketone or aldehyde compound comprising the
bisulfite adduct extracted in Step “b” by:

(i)

(ii)

(i)

(iv)

a process comprising: (1) extracting the aqueous phase containing the
bisulfite adduct extracteded in Step “b” with an organic phase
comprising one or more water-miscible organic solvents, thereby
forming an organic-phase containing the keto-amide, ketone or
aldehyde compound comprising the adduct extracted Step “b”; and (2)
mixing the isolated organic phase provided in extracting Step “(€)(i)(1)”
with water at a temperature suitable to precipitate the keto-amide,
ketone or aldehyde compound therefrom; or

adding the aqueous phase prepared in Step (b) into an organic phase
comprising one or more water-miscible organic solvents thereby
precipitating the the keto-amide, ketone or aldehyde compound
comprising the adduct extracted in Step “b”; or

adding to the aqueous phase provided in Step (b) a carbony!
compound or an oxidant suitable to precipitate the keto-amide, ketone
or aldehyde compound comprising the adduct extracted in Step “b”; or
a regeneration process comprising: (1) extracting the aqueous phase
provided in Step (b) with an organic phase comprising at least one
organic solvent and optionally a carbonyl compound or an oxidant
compound; and (2) adding the organic phase obtained in extracting
step (c)(iv)(1) to a solvent or mixture of solvents in which the the keto-
amide, ketone or aldehyde compound comprising the adduct extracted
in Step “b” is insoluble (an antisolvent) at a temperature suitable to
precipitate said the keto-amide, ketone or aldehyde compound.
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