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NOVEL COMPOUNDSAS | NHI BI TORS OF HEPATITI'S C VI RUS NS3
SERI NE PROTEASE Field of the Invention The present
WO pws876e8 rel ates to novel hepatitis C virus PCHOS20p5/005787

protease inhibitors, pharmaceutical conpositions

contai ning one or nore such inhibitors, nethods of

preparing such inhibitors ahd met hods of using such

inhibitors to treat hepatitis C and rel ated di sorders.
CONTROE MEQEI@DCFORCPROCES@ (I)F RENI@)VDH“KS BERMAM@KN&TE REDUCING

as inhibitors of th NS4a_serine %(ote

Thi §%QQHP§&R@MMETHAWMQARBQN¥% I%BRQ%Eﬁ

pat ent application Serial Number 60/548,507 filed

February 27, 2004. Background of the Invention

Hepatitis C virus (HCV) is a (+)-sense single-stranded

causat i ve agerPALKABOUNDIOK RIS SEN TN ey
1. ﬁi& sk 3htehtion bl 0od- associ ated NANBH ( BB- NANBH)
S

ee, International Patent Application Publication No.
d9yc04ien gelaisd tE@ndpmﬁveldapr@mssAppthec@moaﬁl of permanganate reducing

compo LU el e el e s o v

VIII met] $@ARRAYy 2GS bata@sﬂﬁaﬂ)@’elsbeﬁflé‘alw IS 1r(v|dﬂ&/6n rdig&patd 4 SmFoved process
virus (HBV), delta hepatitis virus
for redug 6OV IIE RIESWIOraRE PEB%%%PW@&?CWCW&WH"EB% angyglkyl iodides

from 1nt@ﬁc1: %ﬂ? StrEHE chtrﬁﬁgrthéc ﬂ)rrﬂ?é??ﬂ{ of 46BE aﬂh %?@%ﬁﬁétbg)ﬂyﬁé?n processes.

I'Sm ana primry lar Clrrnosrs

e _ne essary for pol ypeptide processing and
2. Tt%?:{fggaf%rg{lp n has been identified, cloned and
Axphgzagently Saployed gracetdeS forPainetiesizy. acetid h2id] 4bg of the most useful
Thi I ' I
commerg3Hy df HE, CAHIBHHL e A i ) D (b s igagyde as taught in U.S
Pat. Not ?'759 BYS is ﬁ’ecf‘fécﬂ’a%‘?&ae‘?%'l brPHRE BN 1§’@ 'Th%rb\éﬁio%?ﬁmon catalyst comprises
eins EE and and several non-structu
1hod1ump reﬁha dissof W81qr cﬁhe1’$11se4@1§p65wdamda Bhid mi83ionsmedium or supported on an

inert sol%gg X! nﬁb%{]%leGS kd%tlﬁr ot &l {]y'é enco erg'lﬁ qu{g@%%y met%yf/lodlde The

rhodiumdéast ‘tbé"ﬁlho@%hﬁ‘t% thé 8acBod §§?§té}ﬁ i ﬁﬁ’;‘ 8RARANH SN and the exact nature of
~consi sting of approximtely 200 of the term na

the rhodawinnooigtyi tathinafhg z(cbye a;ﬂtag{mcmpbaﬂd@ e rPaskikdwirgi theapature of the

natide pRolfPt B SRRBLr PR RRE SRGIRST AyBey HEFaMT b beloRtieble promoters,
most ofOWhizhMré &rkdnki@SodidesPr Mt lﬂylﬁ@ﬂllyeﬂﬁﬁusdfmgf ahé reaction is conducted by
t hr eedi nensi onal structure and mechani sm of catal ysis.
continuqyslyrubbhyzparbgpsionoxidg gaethrguehs ligued eqagiemmedivipiat which the catalyst
isdmmﬂé%l thronbin, trypsin, plasmn, urokinase, tPA and
A. The HCV NS3 serine protease is responsible for

ReSREREReR b e R AP REeh U5 PR Bt B orbLfproduce e

carboxyB il havip Sné eaBOM aiokl Mofdthaf) eRedl@honth the Bres¥itdedf a rhodium catalyst
proteins during viral replication. This has nmade the

is dlsclolsmﬂn\sgng@nlywswn%ﬁ Has ePaent AN ass 3001289+ iasugdt Mpp r19 1991; 5,026,908,
h
sowod i L RSICHRID SIS 0RY, s U G OOREMI G GA o No.

0161 SMM@shmddﬁl hep®ol Ak disclobéd thieretirs a(:dsﬂﬁ;\@cmpmlpj@ﬁmédi @®m methanol in
s been determ ned that the ot ei n,

It
a reactlogﬁﬁ?cggm@p@pryngn@ggl B%ﬁt§iﬁ=e‘ﬁ?ﬁhbjlehalid§ %‘qp%al]lhg)pg]yl fqghide, and rhodium
present %n:::g C§Nt%§'?leﬁl aéi;?%cﬁl?té ?:gﬁé‘éél;r\c/lhﬁﬁ/. ’ﬁﬂé&%&ﬁi@?&r‘sgq}é%gﬁtaq’yst stability and
occurs intranolecularly (Le., cis) while the other
cl eavage sites are processed 15 internol ecularlv
(i.e., trans). Analysis of the natural cleavage sites
for HCV protease reveal ed the presence of cysteine at
P1,and serine at P1' and that these residues are
strictly conserved in the NS4a/ NS4b, NS4b/ NS5a and
NS5a/ NS5b junctions. The NS3/NS4a junction contains a
threonine at P1 and a serine at P1'. The
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20. Cys- Thr substitution at NS3/NS4a is postulated to
account for the requirenent of cis rather than trans
wEe@sessdg at this junction. See, e.g., PizziP@&/Uusions/005787
(1994) Proc. Natl. Acad. Sci. (USA)
-9 1:888-892,Failla et al. (1996) Fol ding & Design
1: 35-42. The NS3/ NS4a cl eavage site is also nore
tol erant of mutagenesis than the other sites. See, ,,
the prod¢otiliyk batievcaehonglatioR Fedc1@34h bg. maintanled #68urphirvgRORgh levels, even at
It has also been found that acidic residues in the i
very loy gAieinColsER RS oF € el BRYAGY Jjless. ¢ &g wgefiqneppediym (despite the
i.Ci . , qal e .
goneral Gusflaf BlacBlE0Y ARG, arfr TRER, PLISv 0 2a4) ofjmmgintaining in the
reactionhaediube ealong ydtht eccatalytically edieciivx iatmnnis of skedium and at least a finite
I nt er nat i onal Pat.ent | icati.an.Publication . 30..
concentagpy 4)? g\iz)tt?r, a éP?Cdflﬁcp B(g@?fl)taaéléma dogilélﬁtl?rlfeovgﬁ 31’% glgov(e\sltgg ,1od1de content
which id fe@mnbad hefsdl iddadtott Rl dMmat ioaide Pupk ii6add PR ib\lgrese\ff@as a simple salt,
- 98/17679, Landro et al. (1997) Biochem 36:93 348,
with lithiygdpdide being peefatred. 1 Ghapatpits sdsehnthag thesgmeeBgtion of methyl acetate and

AR T
acetic a¢la) espegihilyet léw teActor (vMRF tontettratidns. BYOSBg BilABBBMigh concentrations

37:1 1459-11468, inhibitors affinity selected from .
of the mgthyhacebnapd indide salicons tging p yYBFHNE JREISE OhEatalyst stability and reactor

productlgpf ﬁ%@%n gﬁq rdgllle.Q@cg%f_l: r%l%:g%{h fgg%&% \%:J\Y/%ég)cz)g@n%ﬁémse}s low as about

0.1 wt %caswelove elaidt iv avan divbailyl deadafinadtsilnplyy as F*adirdtet gorchetrdtion” of water.

Furtherrgéﬁe? @%ﬁg&?@bg{ea}ﬁ%il%gﬂ gtg@%%éét?&eg?sta?ﬁ%}?gg%e jhodium catalyst, ie.

resistandde@@atalysf pledifiition fesbbROBY Hi?rin‘%ﬁﬁb PR&Shct Rocdflid Gtdp¥ @ ¥he process. In
destroy hépatitis C virus RNA has recently been '

these stagis sdibividasipn(foe dhe Birpasrdf dectydey® (R 1aptic adid (MNoduetriads 1@ remove from

998)). Reference is. al.so made to the PCIT . B .
the cataig hp CaOR BN RGe YBCBE Trog0 Tog B B TCHR i Fesgon vessel, is
ligand wA@BaHilYahE eRediar B eidite Al S, Paeaf Kes. 3t @) 250\8026,908 and 5,144,068

98/ 22496, published May 28, 1998 (F. Hof f mann-La Roche

are herein@pcorpergiofdhygefenses4, publ i shed February 18, 1999
' ' t has. b , o
e AR R P03 ol U R PR i st seid

rand in1nd

reduces @ficthbpat@tietsl a8 earbeadixiieraydrbBen, pindgnosiosict &id, the amount of other
, _.patients suffering fromHCV 15 infection is currently . .
impuritigsy grresepicgenestibc 1 Brcq SMaBHIe, i 4159 diAease® et qUehly Of acetic acid

. ] it . [ . of i i .
someingl W95t 8 BabSPAL bl ot Bl A D ing oy,
or modifyatgaeacishncahésioas.l ess t han 50% survival rate at four

years post cirrhosis diagnosis.. Patients diagnosed

Thekd) trh@C ahpuiibsrgfeec haditg of hegat age) ésglacﬂﬁllyl &fheh NBeYBare recirculated
have a five-year survival rate of 10-30% whereas 20.

through {hgggactignimosesealheAgpuifipedatdesase Hemerparganaiedime of the acetic acid

- i RO RY2=F ' f
iclude GROGHIPTRARNE: Inl MSaER, SHEFLISoaiiRbEIS At 55, bR, the phrase
"carbonyAs §$ guterdedBwemenmgempbmyis! thei nortGanadelydeta. ketone functional groups,
. Publ i shed Cctober 12, 2000) which S%scloses pepti de ,
which cepapoypds s Ob May Pt P9FSeST HisaBERAe SER (P asigl @i Reaction, 75,
369-380 E@%‘y,%% furer ﬁfscus%ﬁbﬁlo%,tiﬁlpuﬁies,]iggl%a%gglafiag gf'@c SS.
escri bing the synthesis of bicylic ahal og o? an

i nhi bitor of HCV NS3 protease. A conpound discl osed

therein has the fornula: Reference is also nmade to W

Han et al, Bioorganic & Medicinal Chem Lett, (2000)

.10, 711- 713, which describes the preparation of

certain a- ketoam des, a-ketoesters and a-di ket ones

containing ally! and ethyl functionalities. Reference

is also made to WO 00/ 09558 (Assi gnee: Boehri nger

| ngel hei m Li mited; Published February 24, 2000) which

di scl oses peptide derivatives of the fornula: -



10

15

20

25

where the various elenents are defined therein. An

illustrative conpound of that series is:Reference is
wabkas/osmae t oWD 00/ 09543 (Assi gnee: Boehr i ngerPCT/US2005/005787

| ngel hei m Li mi ted; Published February 24, 2000) which

di scl oses peptide derivatives of the fornula wher e

the various el ements are defined therein. An

illustrative conmpound of that series is:Reference is

‘Bhes praventeinventibrSis @608 02 71‘6(1181‘332@ randfpe rreinogighpérManganate reducing

Canad mhlch dISC|OS protease inhibitors of the
compoupgsetPRfner eURh t AR 305fA %&@ SroREHPRs Zielde pitybketone,  butyraldehyde,
crotona].tdg fel Deet Y&%EHnaIdagimo 3 3-8 f‘%ﬁ@f?él&ékérdg Arfact hlédf?ke and the aldol

I nt erferon- Corbi hati6n th rapy Wt
condensatimapriodiicts drededtn {Tde fpegsent. in®adion elsg lead Ber redyetem cﬁtpregblomc acid.

(1998) Proc. Assoc. Am Physicians 110(2):98-112.

Thee sarbbhyr mpiueiies ufekaibellr shove, by ms&aﬁlﬂe@d@ﬁ&p@nﬁa@ct with iodide

f ff
catalyst &?orgq)tgrns?tﬁggfrggg lﬁﬁ%ﬁﬁ' %?1 ajky ﬁgége%g%eggg/l 1@119, yl);odlﬁ%, hexyl iodide
Ci f QI t
and the ‘f‘hﬁ‘é %@ﬁ dﬁglé%\@gd %@f i Hgga{?%ssniglﬁg ntgcg Eeac%ﬁ gf&ﬂetebécﬁuse even small
amountPbhtinse utpudtés id nies) agaiiol acsh @m(ﬁxt tamgr tolpolsﬁﬁ(ﬂfie catalyst used in the

h.di.scl oses, certain cqg of the ollomnn
productid sl VTGP R 105 ROLGeidar T ABETHLY Srofoss iREsictdEeiy The present
inventioR! Rt 8RS CalkiRRkicar o HémbRPadf hik§l GodlidliSn Zﬁ‘ﬁ@lﬂhlf Ic97 alkyl iodide
conpound di scl osed in the afore:nentioned é@
compouhds tAseordiiglpvhesguseomany dnpReies m:mnaé@w@n@cem@yﬂwu is a primary

oiecivs ) ey o G sk et i S i s o

endi n at ent li.cati.on,
Qo iscp RS iR e O st et e pspticyadd product with
oxidizerk Y&¥8e Ol atbe RhdtAAR 1 ek Abd-0hMEH, ARIMBOURHShABKNSvMch treatment may or
serine prot ease inhibitors of hepatl tis Cvirus. The
may noidbe combined svith distldaiionagipthe caeticondd.aFlee mesotypimahpedfication treatment

o F SR G ERE Bl 58S eI e AE L G t 1 e

No. 5,79%EA, f&fen@@&@ﬂfdﬂ?l wgRirddles Fom Higadit 8REABNby GBating the organlc streams
preventlon or anelioration of one or nore s nptoms of

with an japgag compowmd sueras hglrexyhapiges whicheeaeis svids thpr@dquhpompounds to
r i ar r 0
form oxhePBHGREA 89 ALGRIEY B ALLAL B IR IBLE SYTRUOMBim the oxime
reaction pedilcest I}ngé\?w the tadetitioyalateagaert f thy fihaligseduct adds cost to the process,
particularly the HCV NS3/ NS4a serlne(frotease usi ng
and distilyon ohihe s BFOIFi agtPTRENCE con resik eaddifionahmapyritiss being formed.
met hods of nodul ating the processing of the HCV
Whily eistnogablgsiorptain @cgt@m@@d, odi selptivaly degh purity, the acetic acid product
formed I'l!ﬁ(b%ﬂ& lc§kfl %@rr ﬁglfboﬁﬁgtlé &Iegso an!i npﬁrﬁf%ca.[rglqytreatment described above

csent N avention provi I

frequent®/ taﬁﬁmgfsotrfeh/lhbﬁ d@fo&n@hlmh&spb@(o PlicofcemsLganate time due to the presence of
phar maceuti cal conpasitions contai ning one or nore of
small Prtoa@rtl@aﬁﬁé dpddual FEPHEHeS- oﬁl%?@pawfflﬁﬁnbﬁarm?@@M¢ ¢ighe is an important
C.
commer&%{jfy#é%{]mg{slﬁle &ﬂp g@%@%ﬁ%ﬁnﬁt égg%t%lug%lﬁg FSW% r'ﬁge?s, the presence of
impuritiesmhhi decatase lpenﬁangaeate rtmtmrse)bgn‘ctlbim)lcsyivmrmrodt is not economically or

hepatiti.§ C using one or nore su ounds
commergigly. tegsitle £ FRIPYE AL BABH oSy B [heSt) TRPUFIGS HBws s acetic acid by
nodul ating the interaction of an HCV pol ypeptide with
HCV protease. Anbng the conpounds provided herein,
conmpounds that inhibit HCV NS3/NS4a serine protease
activity are preferred. The present invention
di scl oses conpounds, or enantiomers, Stereoisomners,
rotaners, tautoners, diastereoners and racemates of
sai d conmpounds, or a pharmaceutically acceptable salt,
sol vate or ester of said conpounds, said conpounds
havi ng the having the general structure shown
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in structural Formula 1: Formula | wherein: RLis H,
OR8, NROR10, or CHROR10, wherein R8, RO and R10 can be
wo besssaees or di fferent, each bei ng i ndependent PgT/US2005/005787

sel ected fromthe group consisting of H alkyl-

al kenyl -, al kynyl -, aryl-, heteroal kyl-, heteroaryl -

cycl oal kyl -, heterocyclyl -,4arylal kyl -, and

het eroaryl al kyl ; A and M can be the sane or different,
distillatiea diechese ngnien de jheen demitrities stelve dicglth g paintsReIodRERt BRhe acetic acid

SO2R, and hal o; or A and M are connected to each other
productsch' t hat the noi ety: shown above in Formula | (i.

M L-E-A taken together) fornms either a three four

Iijhas gwyebecgieeIPAILARE ih e isBtityy erenaisally xiablsynsthods of removing
impu1r1t1§§r %Fé’wlgg?gg'??lgggﬁﬁt%{éﬁéﬁﬁry ﬁeo\n%ses rvgdfbh%(%éen?m{aﬁ?lg 1@@@%&%&)%@@ or adding

unnecessury 6()§1?%ij ULs. iP&teﬁé Np, 5 @66;}336 Gh&%cﬁ?%ed@meﬁ( ® @fﬁmg& dRcloses a method
and R3 can_be the sapme or different ein
for mar!“ﬁ%fé‘ﬁé}gd B DU HEHE LGS F‘Hés%ﬂgoﬂ’ﬁ wistddeyih gofentation of the
reactlon%lohﬂfon befvik €500 ppmallk}éns\(ited tHaY ‘BP Qadikud mn !E@ta%tgﬁfeﬁ%c?e concentration
het erocycl yl -, aryl-, heteroary cycloal kyl')
below thih gitreshodd; gt ylp)oamklyltg sulamyd;s-tab Ifgﬂma,tmam)dj impurities such that one need only
or. alternate and,R in NRR are

het e
distill thg gm&%oar%c% B%/?gﬂct&? ﬂgﬁams]&‘@ PPHQ“%*@?&% forms a four

Buabeed) TS i Q0005 B b ARy Bnd D051 Asgloses that carbony!
impuriti?(se*)ﬁgérﬁ dn ftﬁ@ﬁ'&e-{g aki cﬁl%duafggejﬁe%%)c%n&bn'tl%te%n %%rggg%grom the light

s selected from R16, S, S(O
ends col@mis AMdootingly, éndhghl&ndﬂ];ﬁlunﬁl@yelﬁ&’& isRicdedTwith Tad, amite compound
r. dif each b

(such as i hoi iR Aele Tt b PGPS inds e dapivatives tha

can be RplitedRéRItBRdMAInIng! d@Mead bYedigHInmbK ef&)éﬁlﬂn@'ﬂf)éﬂye{cetlc acid product
het er oal kynyl, cycl oal kyl, héterocyclyl, aryl,

with impgpyadapeiprngdnetedinsar yl , and het er oaryl al kyl , ~ or
alternately, R17 and R18 are connected to each ot her
Ruporfean atent Applécation &og BP-(h@&vo@2esl? ey UdalPatent No. 5,625,095 describe a

process ﬂ)é{pgc;cgl&@' I}lgl'ty\,\fl]tg%ls%g?ﬂ aeca II'h%{llgﬁ ghgeq‘%%,]égllg:ygllq%reéééntration of 400 ppm or
less is rHARUABRHI hUhe FeRiorOBf LARR!A Mn%l@d&pl%ﬁﬁieﬁééey dRERsIdnt b‘rtoggss to remove

Wi th one or nore noietieées selected fromthe group
acetalde]@m| Stieargs enggenizd rfgx)proqgssqwjzo rgmyangetalﬂth}de include a light phase

contamlréﬁ y? gltr%ﬁ OWaggzy%e‘gﬁl q{cbcﬁ ﬁpg 9 ‘?@}W %ﬁeigaé%ya[ ¥1easvl¥| %grﬁoagumng primarily

methy] @t medtiyy|acetaRt idoadeyic, achd;katl Sverh&iagtedeh containing primarily methyl
aryl sul f onam do, keto, car boxy, car bal koxy

iodide a%m%@ybaﬁe%e O& PestrElaiBnG ﬁsrwaﬁfqr@edéwmmb@am) teylighk gnd heavy phase
r tro. Th
hose bS] B9 AIEALAT B Y18380d, ) e nconttion o
acetaldelqtd&er such that the noiety: shown above in For rrul a I
forms either a three, four, six, seven or
B glssmesdeneand YL6 Ortsi Noad 5f62l5f09‘50a1§b diictos® Thefa86ment of reaction

heterocyclé asixto tenmsrrbered aryl, or a five to
conditiogsefp. ramfERr @8 Tenaiaart peeteldehyde inl thasereioed Althoagh it is stated that

formatlo{? hcg' %g—glé \}(lkgg (R tana%?ﬁlfa?clehga@ 2 l{ﬁgr}mmﬁ’%@ﬁ {nﬁd a kyl iodides is

ere are ctomnnec suc
reduced bpicehirolling the formation of acetaldehyde, it is also pointed out that management of
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shown above in Formula | fornms a six -nenbered
cycl oal kyl (cycl ohexyl), Formula |I can be depicted
w@seosng7evd t h ordinary skill in the art will apptBUSADE005787
that simlar depictions for Formula I can be arrived
at when A and M shown above in the noiety: (ML-E-A
t aken together) are connectéd to forma three, four,
seven or eightmenbered cycloal kyl, a four to
react1oneb<§i’ﬁﬁt1(m%nbﬁ?%i)05&1 RicPEEd e, formatidn tof FropivRIEPEsi@an undesirable by-
, or afive to ten-nenbered heteroaryl In the
Pl’OdUCtabove noted definitions of R R, R2, and' R3 preferred
. alkyl is made of one to ten car bon atons, preferred
MOkferepbntbsr lhhasthn disslosecia eonmowdy tassigend G BemnaNom 143,930 and

6,339, l’g{ gt}gg if gnaos\éﬁi? g? stéalfln lgtg}a u%‘/ |ttehﬁ§cfeé*rgl§fz lephpﬁc% fhe acetic acid

product b tREEMHeORMM -stefeepr@ifRaneh ¥h thdlasht @A ESlumh overh¥sENThese patents
nitro sul fur phosphorus atonms. The conpounds

discloser @rppgglémc@dp@yeqsomnwhlghﬁhe E;ghtt eiedsseveykeadgs disiilled twice, in each case
taking t@?@%tﬁééﬂﬁ% o\%fhlgac? O 9 §ez1, f})itengrg i d[‘i‘aet 8?{1 fes %Hqt © the reactor. The

ereln, can rea I seases

acetaldehyiddirials didtidlateeix &mihcﬂed Hﬁﬂi witti Mo BhloSe (tlﬂd:ﬂiajdi@yi of ﬂ’mmﬁtaldehyde for
Def i ci ency ? yndrone), and rel ated disorders, as wel
disposaly leayine g S%T}thlOWﬁ’éa‘"&Ethﬂe@D’@%/C‘B’fceﬁfé%% ipjthe rafijpate, glat is recycled to
the reactdiCY).s PEALR A&, 6RUSYENLADNE, 3'3@\{71 9 e 1a bﬁl‘fﬁ@lt Hedén P5&efRlence in their
more synptons of hepatitis C. nodul at'1 on,
entiretyt r eat ment, prevention or anelloratlon can be done with
the inventive conpounds as well as w th pharnaceuti cal
WMIB Qlsd ibovesiesdritfed rpivdeadel age bepmicSdsHyl ﬁut&hoving carbonyl impurities
npounds.. Wthout being lLimted to theor [

'S
from thﬁe Pﬁl@%ﬂa&%tsmﬁ@ ey &roth@ag@swrtbéomrféf/ maacsﬁaldqém@ levels and
perman E%e@xﬁg aglﬂ@m% ¥ &h 'fi‘ﬁglc 95%9 %9({5 of, TRt mﬁiﬁl&\% ents can still be
ot ease.l ey can al so nodul at eP e processi ng of
made. bPepaltdultglﬁ, tBerei renwing HGMEd fod @lmemitlvd esoluﬂehsatd s problem to improve the

efficiency; Descr ; p Qn’cglﬁgxgﬁ%gag q%qq'})ala%: éeqtl(gvg]l Sr’ﬁergs(tﬁzntgl\\llgrﬂgolno&owdes one such
altemaﬁ% g&ﬁﬁ@ﬁ.al Formula 1 or a pharmaceutically acceptable

salt, solvate or ester thereof, wherein the various

noi eties are as defined above. In another enbodi nent,

Rl is NROR10O, and RO is H, R10 is H or Rl4 wherein

R14 is H, alkyl SIMMARB’&DF(H&EKNVEWEI@NOM yl,

ccloalk al kyl - ar al kyl het er oar I-aIkI

g%/qunz%,spe t k;gyw}?gené rm%élflgl? HK \S;cilesaar pmceg/q fpl aSﬁ FARRE %cetaldehyde from
methyl ﬁﬂhﬁdlb}rf%mtﬂla%ﬁ" IThe SBEBEA S8L1hdeR The r%?e Qrcﬁ'UcHstﬂHH 'asﬁﬁ)ﬁlgre containing

I n "anot her enbodi nent, R2 is selected from

methyl lgdn:ia pnd enstiakichydy infa dlbtdldtmhlapmm@ls 1t petdues ax o@efheamand a residuum;

rneasuri% ﬁ‘lgh(gelnﬁlﬁbnbgg‘j W%V%%he%%}ds ?Cﬁl Clse ta]? geag_&g It)rh@ge%sg l&(}ﬁgblg Agsociated with
said distRBioh Spphrata @) FIBenset et Behstfed AefitW &) 4 Blativk RoAdkntration calculated

addi ti onal enbodinment, R3 is selected fromthe group
therefromongheg@ ithe pPcesevarigbleoisi meleeted dromasheating Bie, GRdump pressure, feed

. th ' H | th nbodi t, Y
composﬁ%&‘? &gsggr om ‘Jﬂwd r%lﬁ)?fagivm ngnrrglngtl 2; \ihe?e: EEQ(SZ is
Iﬁ%'&? teﬁgﬁpfsét? iy sl SHEHER TR Dot o Hoaraidpac dhienyde from

methyl 168 aThe neeloacheddds @B stdps af méhll1r)%ni3ﬂﬂ)ttuférco?@d“ﬁ1}izlg mhdihyl iodide and
anot her enbodi ment, Ti and T2 can be the sane or

acetaldeliydef iy ardistillasion apeiegisita d@p@mﬁefm pyerbeddeanded esidnunhextracting the
group consisting of: wherein T5 and J can be the sane
or different, each being independently selected from
the group consisting of alkyl, aryl, cycloal kyl,
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het eroaryl and heterocyclyl; or the noiety: taken
toget her represents and T3 and T4 can be the sane or
walpdobesmes , each bei ng i ndependently sel ect ed PE€DISINS/005787

T3 and T4 taken together may formpart of a four t o

seven nenbered heterocyclic ring; in other words, the

moi ety T3-NC-T 4 may formpart of a four to seven

menbered heterocyclic ring. In another enbodi nent, the
overheativigh water ® @olide aadqhicamekiractfantl hauffingtes hfeuqirihg@Be density of at least

QUNDS AS | NHI Bl TORS OF ATI TI'S C VI RUS

one of ﬁ%oﬁm%gp@@?%@nﬁu %‘Pdagf“a{%énfirﬂ%é‘fﬁlpérﬁtﬁﬁ%st g siReess variable
associatbd¥ERtho HLSﬁﬁjgn‘géne%)lﬁafhtﬁ%&eﬁhe Q?h?ﬁﬁtﬂoﬁ'sﬁzgcﬁl\fe{ Ofsd toWﬁeasured density

protease inhibitors armaceuti cal conpositions
ora relatiyatcahmnttgti@nealmlaﬂﬂfd rthersﬁumh Thihadjirgted procasst vaoibleds selected from the

repari uch i nhi bi ors and net hod f using suc
group ofisiE SrkeTiHeD CFAME HpAEHETS PEvy et PRRed et Iagpy composition,
and refldagio iR wRMidtDRBH Rﬁdr@tﬁ@'alnb{ vilk Y GbISBR tH el xtaepounds

as inhibitors of t HCV NS3/ NS4a serine protease.

I t V,
T PRGOS AL o BT S PR SR i s
The probesbrinanges2iie fQID@\mngBmﬂsg reoginek ofethanel wWithemtbopnmonoxide in a reaction

medlumg‘,&%\}@%%} e{\ﬁnﬁﬁgt%gqueﬁlﬁatpéﬁeégg%g af]lggtﬁllggto?steﬁa?gtmg the reaction

mediumCiaks g tvia @i BtcohfAiriRd aébticNgi, %&E&afoﬁfdes a&%ﬁ@ﬁ%e and water and a
particu i n bl ood- associ ated NANBH (BB- NA

liquid pkqeeeedlstllhn&ﬂwaftap@rrmawm Iernﬂuqqmmultfwﬂuaew@mﬂl p@dwtmmdracﬁrst overhead

contamu%% ﬁe%%yg heaﬁ?} %% g‘)%tng%&ﬁlg'_f%l St‘fr?t o%eéhead and extracting it with

water togjnsducﬁ ay laqﬁeiﬁis %R@mt ahd efraffiyipe Soffhinind MbthyNbdedRd nebd@ing the density
I sease, such as hepatitis Avirus (HAV), -hepatitis B’

of at leagt qngof (tlquﬁyJ;st owheasl, H@paélup@qssexypewd(thﬁ@fﬁnate and adjusting at least one
r
process gcyrft %ﬁrggl%b‘n%ge% agkt% %1}%@0@@%@%? oﬁ?}éfégéeﬁ Histh& E@\Qnd Rrhead based
on the nadasiobd dessiny am np tebaivy dontdnatation of esildehyBeoe ﬁteﬂyy,l i@tide calculated
HCV protease necessary for polypeptide processing and
therefroRp; r a| replication has been identified, cloned and
expressed. (See, U.S. Patent No. 5,712, 145).
Thi s appr oxi E%@‘(MP EMOECTHEMMBY@SH

fﬁ@ntlai'll[ﬁratésr@x thrg)gcg@ﬂages% eﬁﬂl@&iﬁ?e 1ntﬁ% %{el%?m 6,339,171, for the

rmnus, a nu
removalpffaiaﬁ)dmyl (rEﬂurﬁred fEﬂ)l aanidtesmedingl stﬂem-@ftﬂhe Qiattfoﬁabllatlon process for the
4a, 5a and 5b). NS3 is an

Productla%a Flﬁﬁ?lg%)" a6‘8“‘}?((23’@(1E}S‘t""Btr"earcﬂonencoded by approxi mately

1893 nucl eotides of the HCV genonme, and has two

TGSt 2ridtlugmtepisserredgmbediaenty ef @ﬁ@r@a@énmmn which a densitometer
is locateﬁo&s%l) %{arézlﬁg hgtflnggﬂt% giﬁhg%géhﬁméglg g% E en?‘% %ase r{ﬁ‘é seconfi distillation
column.the Cterm nus of the protein. The NS3 protease is

consi dered a nmenber of thechynotrypsin famly because

A6 siimduateds idofSlatibnPbétiveémthe afctRae defMBT &l dverhead stream 54 and the

t hr eedi nensi onal structure and nmechani sm of catal ysis.
respectiverqeapenitaiimis ofyasetaliehy deandripstivddodide insthakitesay f act or

Xa, thronbin, trypsin, plasmn, urokinase, tPA and

Wik therﬁavemnl\i%u&epﬁbile tp rvatiemmodificmé@nomsli diteendtioe forms, specific

embodi ) R 5 P i RS Rt T e n et
herein. #¢houR Bé" 'elﬁderrﬁﬁ&f’ rli"dv@'v@r ftﬁ’z[t tBENReAtidN S AQUhteNiéRto be limited to the
proteins during viral replication. This has made the

HCV NS3 serine protease an attractive target for
antiviral chenotherapy. The inventive conpounds can
i nhi bit such protease. They also can nodul ate the
processi ng of hepatitis C
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virus (HCV) polypeptide. It has been determ ned that
the NS4a protein, an approximately 6 kda pol ypepti de,
WO 2008/08898 act or for the serine protease acti viPegr/v$2005/005787
NS3. Autocl eavage of the NS3/NS4a junction by the
NS3/ NS4a serine protease occurs intranolecularly (Le.,
cis) while the other cleavage sites are processed
internolecularly (Lell trans). Analysis of the natural
particul4t! feAMAGBCISbdde Rdtkdr, tHEVh WhEbE asitehavE®) @bt HIE nIdEFRAGAS, equivalents
of cysteine at P1 and serine at Pl' and that these
and alteynativepfelingvathin fhesepre idhe Byveriion 4 defediay Hienpaended claims.
NS4b/ NS5a and NS5a/ NS5b j unctions. The NS3/ NS4a
junction contains a threonine at P1 and a serine at
P1'. TheDESECRIPTAONOFILIIUSTRA TAVENSSIBOBEVIENTS

Bt BRSO Lot 0, O LSIEL, Of 18t of claiy, ot
all featu‘f'esg?f a2 &bl ﬁﬁpl@iﬁeﬂt&@(%ﬂﬁrepﬁé%&lbéﬂafnl thlSAﬁﬁglfIC§9&n (HS@MI of course be

888-892, Failla et al ng & Design
apprecmlﬁcBEhaai’n tlﬂwéeWBﬁﬁTNSﬂa)f @heasualg ecisual anbedlmeab mepregous implementation-

specific geﬂ(se&)gsn fz)élfs)qf lgﬁknﬁtﬁ? i 1egF:tt a@eg@ﬁ)%e{%t QRe;:irc ?s suc% ds compliance with

system-88itePARd MRdihesd- iela{ﬁélf* cBhfMiRgeWhicBURLl] t\"&é‘}* fash dire implementation to
residues in the region upstream of the cl eavage site

another. g MoTEQYRYI rtewxlllfbﬁr amrqsm@tﬁé rhlgat c,suelma@eelos@ent effoch miglat feq complex and

94 73 1-.7 i b [
time- COIBPglt“éga%élt %’Vﬁg ea/\ee %sgﬁoerae pog;u{xg’ gmder in efogﬂ%ol‘cé% )%)f 8;@@?3' skill in the
art havidgSt8€ bedHt ©F fad digglasurdat ent Applicati on Publ i cati on No.
98/ 14181 ), certain pe{)tl des and pepti de anal ogs
Thequirificatien pracess Rhh ena@S@ﬁ inxpgiandatiseanl ip @By Pesessoreigo carbonylate

methano{ g0 3Reek 848 4n i gfﬁg?. X @f@r{lﬁgg@ Effbiyst such as rhodium and an

iodide pfo?n@;@@@& P& tidylaily UMSI-prBtcu;B&I thetiowlwatdrir88&hmBtavaly:d carbonylation of
methano%o a%ﬁgqﬂg na]glngst :gwrgblifgﬁﬁsgé?[ég Pﬁtlegth %\IB;SS({O[SJ[ 23?8 i?e%graﬁlg,e the rhodium
componéri't%?%ﬁe %t%?ﬁ% is belidR3 14 bé@@e%ent' i I?k'xéofofrl‘ﬁro? AddotdihitYon compound

sel ecte Uman pancreati ¢ secretory trypsin
of rhodiiimhwizh taohangeBS'bImI@ﬁyntqudvmng Ehiddglst roep@rf tthﬂ Heand§ MBi spyh coordinatjon

compoungcgl Ia @gﬁgﬁtpztg de é 313% fitQn agi;pgﬁwr% (il g 8§erf, ?lligl‘g)r?gﬁ,ﬂ lyeheved that carbon

monoxideMBédrtifha®t With (ASHuh. ARt floBivED GombBadR 1o0d4) cat@Pd &htem may be
antichynmotrypsin (ACT) (El zouki et al.) (1997) J.

prov1ded—]e§pmtrodgqmg, mio g)e regctionlyony thodéus inthe (form) oEdlodpim meta), thodium salts

such as tg; £ 0Xjdg (2 g’e %etg,lét ' C\%\é'r lrog gg?%oqg%ﬁecenté%eﬁge@@gdmm and the like.

TH, hal&%ﬁ);)romaeﬁgéécﬁﬁp@ehﬁ obtisamyle syehtBnféE of a halogen compound
Publ i cations . WD 98/ 17679, published April 30,
comprisingggw rgape é*ﬁh‘#fh drhwgcdkyl; éanlsaqiw@ﬁtﬁate tablggyl:or\apy! halides can be used.

Preferab%;tﬁe?ﬁﬁga \I%Ulgb ggggrz u% %?%%E(agr 1§Hfhfa¥§é‘ ﬂalgrggﬁocﬁé‘ Qlkyl radical

correspoﬁEB@etbrtmgelkyl n@dabzﬂebfntﬁ.‘arfadh dldatho), . thEH rasabegylated. Thus, in the
|n cirrhosjs of the liver d in induction
calbonylgflolp] gfc) gq) It jpegticagkd thedhabid epﬁgn%f;lbﬁﬂﬂ‘sqng)qsg gnethyl halide, and more
ferabRALEENE Dagief fering from HCV infection is currently
prefetd §’a““ 5}HCV Infection is nore difficult to treat than
'Rblehe;uld wacEonohediepatnplppediney tnelitdeany ackentfcompatibietwith the catalyst

rem.s nass C|aed Wit h

system i R0 0BG E0reat PR (58 ShrtA GOnY olERISReN Sifor the desired
years post cirrhosis diagnosis. Patients di agnosed
with | ocalized resectabl e hepatocellular carcinom
have a five-year survival rate of 10-30% whereas
those with | ocalized unresectabl e hepatocel |l ul ar
carci noma have a five-year survival rate of |ess than
1% Reference is made to WD 00/59929 (US 6, 608, 027,
Assi gnee: Boehringer | ngel hei m (Canada) Ltd.;
Publ i shed COctober 12, 2000) which discloses peptide
derlvatlves of the forrrula Reference s made to A

I o, 4 a A PNININ A PN\ S OA NN NN\
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prot ease. A conpound disclosed therein has the

formul a: Reference is also made to W Han et al,
wBr@engmms ¢ & Medi ci nal Chem Lett, (2000) tO PULLS2003005787

whi ch describes the preparation of certain a-

ket oam des, a-ketoesters and a-di ketones contai ni ng

allyl and ethyl functionaliBies. Reference is also

made to WO 00/ 09558 (Assi gnee: Boehringer | ngel heim

carboxylit nicidestid/dluddtérs g dhdse invdadoynpdlinds2 A0R) prafeineh sdivest BESquid reaction
pepti de derivatives of the formu] a: where the various

mediumglop el Ve QBT LIOR IERCERT EOMGSE 16 SARoRtI Heacis BfsWusid Thus, in the
cuvon BB ABUED SRS TR U AR e

Wik iis beadaiked [mﬁle)tea'&m,on 206800 m \blot athccnhk:&ﬁiaﬁﬁ)ﬁs w{aﬁﬂielcd)e that which has
deri vatives of th Ia V\h e the vari ous elements

heretofozs begfbf49HERt PHSHERHor ARLIET G SLT 191} rCRGIFOTRkRT- 8 hasageviously been
taught t§&'ih ?ﬁodlﬁnl%%fa@j{;z%ﬂ(‘c‘irﬂﬁ 1liS0 rdiRHSst & the Bypeboeb %tlp%7thls invention, the
(Boehrlnger I ngel hei m Canada) whi ch di'scl oses
additionmfow&ﬁmertﬁ hibene¢fania edfect uppnttheeeactidrerats (U. ShBatwrN@ \%769,329). Thus
most co 5%1F1?(?Sp§9a€9%Pﬁ Eqnu% e\x(/ja}t%ﬁhcgp?e&trgHo% (( a't\lﬁf:aithag)rﬁﬁp if wt r? Accordingly, it is
quite un‘éﬁﬁ&'té&laﬁhbpfbabf@{ 225 Wb%ﬁnﬁélﬁaé/qual b &l abdVfeCleh@idANrates obtained with
See g Ber enguer et al 98) Proc. Assoc. Am
such hlghhlymls: ohf#gter TopoaniTaBon ¢an berprhieved feiftapiies cendehtratiqnsdelow 14 wt %
alo d response rate and frequent side
andaSk“yﬁam@§¥6 awpge g., Hoofnagle et al. (1997) N Engl.
1. addeanc3 Gviltt the Carboalaliyn pIGce¥@GRdsh uskful aaihalheure acetic acid
for HCV infection, Reference is further made to WO
according fo7 416 Bresd sTyREHON, \he desirephisasittie TP ATes optatned even at low water
r [ r
concentﬁﬂgﬁé ﬁ{'} Z@ch&hg he t?elo ﬂ'?agéwglg élegledr%%r a«#h}ﬂ 261 a?es Sx?ch%ﬁ‘ a'dﬁfti%nal iodide ion
which 1Sd§3\fel aedlatidvertke njdldiswhiSB is [eseinhes @bﬂhl@aslﬁombtdr bu(tID:{sSméxilyl iodide or

at i S:A'S i fic conpound dj sc|l ose
other orggngy aodi hsnadtiNesab T50e mrs sy Br8 Todide gl y1 it sodide being
preferrecﬁghgsulggehqaﬁﬁd)ﬂﬁt WP Ghiel 3oMnBE 831 ﬁ%?ﬂ I\QQtate and lithium iodide
02/08198; WD 02/08256; WO 02/08187; WO 02 (Y
act as 1R /p4@LTERLS WOQM@BMWBIyamgh p:enchnngtmnsSof p@:&lecpft these components are
present S50 o s e bR beRar Hidh epapS i e Heymuliancously
(U.S. P& TRUPA61,259NPhs coichitgidd sTIRRSH jobflie RiséPnSth®@Feaction medium of the
hepatltls C virus. The disclosures of those
preferred prbbayletierseagiien sysé@m pobelicrad febeigwitbnighefeeempared with what little
prior art:tﬁglj;eglg ‘&eaﬂ%%ﬁ hisee gek?»hdg sa e1\{¥ regc%%tnns%/rs]ttes al}ths sort. The absolute

nee

concentt@ﬁﬂﬂ)sf.h@dﬁleli&eE(bﬁtentlis hdre ltlﬁmioﬁﬁblﬁtth@ﬁsemtﬁlﬁ&ﬁmif Itlfbl’pr@s[ent invention.
anmel i oration of gne qr nore synptons of hepatitis C
Hgesabonylafignegdction ofanefbenol otp acetiatasich Prasuch maye he icgried out by
n f
COHtZLCtl% th%ﬁ%tielﬁ{o?f%&h \ex@ﬁ h]?ig?n &n%tlﬁagl dp?pl?% qurgiaéa%{)}lggﬁﬁéﬁ Hoﬁomde bubbled
through a¢1qur¢1| deytioheid solvart pamion amﬂmm pamtammg the hlyodulnﬁ chtalst, methyl iodide

NS4a seri ne_ prqtease, onpounds proyi ded
Pfom"teheﬁn%ﬁhﬁl Aatialee and 24diioad HoRd gﬁléas%aﬁf nﬁﬁa{aqhg?msn@ f t¢pgperature and
pressule%ruﬁﬁﬁé Stb rﬁ’fthé @ﬁbgﬁrtﬂﬂ RERL! ey iiShd %eﬁél?ﬁl}{: %ge%gg%@ that it is the

provid ereln y o the I nventi
concentretitnodf’ mahdles;orﬁ inethpreatyst systarerihatds imponard esd anoboheetation associated

s of hi bitors o
with the i di3e 200 thetci® SSEBOPE Fee RO RGS ghe nerenh e gion is mot as
t he conpounds, nethods of preparing pharmaceuti cal
formul ati ons conprising one or nore such conpounds,
and met hods of treatnent or prevention of HCV or
anel i orati on of one or nore of the
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synptons of hepatitis C using one or nore such
conpounds or one or nore such fornul ations. Also
w@e@sioghsos ar e net hods of nodul ating the inter aptT/08200$/005787

an HCV pol ypeptide with HCV protease. Anong the

conmpounds provi ded herein, conpounds that inhibit HCV

NS3/ NS4a serine protease acPivity are preferred. The

present invention discloses conmpounds, or enantioners,
significait a5 €@l feoeobthe iatiadesiRentraitno ARy snetaiiaditie sAane gy @dide salt of any

racemat es of said conpounds, or a pharmaceutically . ) i
organic ﬁﬁté%rbtoékﬂuétegﬁﬂ catéqﬂ ASFH qléaéqrgilryoqmlggloa P Bﬂ%)éqmg]“s%norgamc cation
can be ﬁs%'d 16 QIE0 wﬁlﬂsthb %xm 19 sﬁﬁﬁl&ﬁg%ﬁibléiﬂ Hﬁtﬂemlcﬁlh&g;gh{‘ to provide the

ctural Formula 1: Formula whereln ,

desired NR@IRﬂf@he wdideHRAR10he inidededs ndde@, as Rgnamlcbamp)‘efraablbﬂ it hE iodide salt of

a membfsnifa %ﬁ? rﬁéoql{gﬁggﬁégtgtiﬁ,ﬁf @g n zﬁ ﬁlrcg]L% end 8%(7}1%612&0? the perlodlc table as

set fortPInkihBY Efandiso¥! of, Cﬁk%h@t&f@hck?hymd" %ﬁu%h%ﬁ)ﬁy‘ €RC Press, Cleveland, Ohio,
cycl oal kyl -, heterocyc , arylal kyl--, and
1975-T6nexo8r @élrtlymhlInypmtlwlanalhmhcmtabeoctld@ @arvéef_uﬂ Wnthflehmm jodide being

preferreﬁlgcﬂ,%eb@ n%éag g ﬂc}é]: %rogeglrs %%tsed %Lﬂ/lug}hés 1618%1?1%0& E@ etdéhuonal iodide
over and:‘al&hleCthEl @Ega&l&i@didéqirohlb%r Dbkt Sh A 93t &olutiohah Mddcdints of from
forms either a three, four, six, seven or

about 2 & Yot e dhepethah p‘r@we isepresut it Bn@ghet femsbped.5 to about 30 wt

%, and {i’gﬂﬁf&@%g&rd}é% Jﬁg)trééegt n ?&Sﬁﬂ?@%%ﬁfa@{u}{ & arboﬁt Ed) \6&% The rhodium
catalyst G(@senﬁlﬂ%ﬁidﬂ)lts afrfran BY&H200 Ry atidus 2600 pﬂf&d)eRﬁnkhaﬂ (P&m). ‘
he sane or different, each bejng | ndepen en Y . .
Lydical (tioy IRCRRURgS defp-asbamyiation lldee %Proaqur@we y, 150 to about 250°C,
C
with the® E@@%ﬁgygl@{lé@ 5‘%’ Lrﬂil ut pgﬁet{azérﬂggr )2/?0"'(1‘3% ?()heffr)r d[ &anlge The carbon
monox1c(ehparenlopl5pss’.w¢ Yoa | they Irea,ct(arqﬂln mrkwmczlyabld is typ1cally about 2 to about 30

heteroaryl-alkyl-; or alternately R an n R ar
stmosphgs 0y R LR bR APRT N FFRRPPRR. Hebrig o o g g ressure of
by- plodlﬁ!tsg Bid FRMAHOL Prdigi8raIaNE t:bﬁlltaln@ﬂ‘ Bqfids Sth%&bﬁﬂ‘&a@tcf rﬁ?ﬁ@gure will range

the foll owing noieties: wherein Gis N O
from abqt g5 tRalgut kA Atmgsplergad R19 can be the sane or

' fflgalcoé‘a 1'121 QC%I{IQ %101 ?f% ?Qr%ﬁs&%tgﬁbgﬁekechgegil gntgl‘a tilggide-prornoted
rhodlumf@itaﬁy’@w d@ﬂmhlylauah W%&thaﬂtﬂttsfa@aid(.ydi&'ls sl@db@ﬂ @2Fk¥| 1 and comprises a
het er oc | al kyl, heteroaryl, and

carbonylpiew Feasioys I)iasﬂay : an(é§a mpthE indidei agetiq pqid dighhepdsRoburgnd4 which has an
r n

acetic aél?&ghd% stre n%ﬁr febg&l%:lgcgl érgce;%tag E% ?.&rplg[‘ p{lﬁﬁ%gﬁp %8@ %f%:t&l and flasher are not

shown m: MEM'EIGJBSE arcaaiziderdiestandard eqlnpmelfltOIwW t@ll known in the carbonylation

- menbered, cyclic struct and (ii) likew
process ikl ErichaPRI HORPacipl ISRy BiC Séelflamr?eétp Y5SRa@Pible Folumn type
f t
within th'lg;thet?% ('i:r%/ag Hi%‘ ;flsﬁd eO? esﬁiﬁggéé)c %ﬁ’%&al éﬁtﬁfﬁ%&’ %Mau?{llly at a constant level.
Into thishespetoodineré ar&:ycxhtnmlok;llb/ iotroteté rfmshah&ytham:éncd:bon monoxide, sufficient

water as %%&%a Iérgaglﬁtg]glﬁ:t) ieaﬁfgar é,{?ﬁ?%é(&[ég}lptgg]t% d)?dent | % H%urggcgi?tﬁur}leedqum recycled
catalyst SQR8S HoROE fflashy bR Ya ré%b&@&fnetl%ﬂlﬁb&iﬁé‘ and methyl acetate phase, and a

thi o, al kyl thi o, aryl thio, am no, am do, al kyl am no,
recycledaiqytcam anetjc adidk phaelffanyh, ‘ovarhghd tckiymy flecasiet b6 Hanmeldy] iodide acetic

i i SRR 3 SRR R 3 oy S e i s

al koxycar bonyl am no, al koxycar bonyl oxy, al kyl urei do,
aryl urei do, halo, cyano, and nitro. The above-noted
statenment "A and M are connected to each other such
that the noiety: nenbered cycloal kyl, a four to

ei ght - menbered heterocyclyl, a six to tennmenbered
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20

aryl, or a five to ten-nenbered heteroaryl" can be
illustrated in a non-limting matter as follows. Thus,

wo orosesmepl e, in the case where A and M are coP@EUSEAS/005787
such that the noiety: shown above in Formula | forns a
si x -menbered cycl oal kyl (cycl ohexyl), Formula I can
be depicted as: One with orldinary skill in the art
will appreciate that simlar depictions for Formula |

recoveri@@th® ervdle lacstedacad ad) estydlinchtdly shvomtioa poethyl fodidee and methyl acetate
noi ety:are connected to forn1a three, four, seven or

to the ggagler-- Fﬁar?b@?eé@fe@y Brasgssk yRrbog Ponpxide g “gj’r‘i'fln%ﬁb’e iigoduced into the
carbony!h%{o‘ﬁr@%&{_]}ﬂ%t hefow? F}féﬁaa:gﬂrl{o? %lg@g?sg@sggéﬁ tEtYIJatge Qbnteni i MR fReous feed is
thoroughilgl digpensedehsongk ithe Ead:thgh(ﬁﬁéb barthiis Rﬂlﬁlr@rmeamnAegaSﬁmstmlrge stream is

ach other to forma f 0 ei ered I c .
vented ’g?mu@? Jr#torfo Pif%efﬁﬁ’d‘ 1?) OQ B850 gﬁ?ﬁ’@d?&%”fsoa m@i‘ﬁ%‘P a set carbon
monoxnﬁé) [pfaﬂfampgev\s:s@gr att ® éﬁp%ﬂfé)éﬂ?@?&f) R%rééylﬁla' Th@ttcgrrlgérﬂtﬁl?e o®Nfe reactor is
controll@tb am@ tteechrban manhxuh feed 18 @nttciﬂum:ch at mrae suiicient to maintain the desired
total e{ﬂght nmenbered cycl oal kyl or heterocyclyl"™ neans the
otal reactyf PERPHE possibilities: (i) that R15 and R16 are

1G9 0f¥esTbaEL L0 dfaWnMB R oMt Garboh{Ta6h WaBtoMat b eatkbSXFRIYAL to maintain a
9 are not; (ii) that R15 and R19 are connected to

Constamf taviel dhasgiol 411131 & mfodueasl ihithee RIS ok thR Elaghes thetcatadynd solution is
Wlthdrasfvg ?a%,]a(baée) 1eagn éﬁrego ﬁl?tét%; ??értlggaggcg cf‘on?al}un t%g}{ %?I}IS %Ha e iodide salt

along wRRI&Is&d dluatntlﬁés dfméthyl &Bchtd, Inhéthﬁ&b@lﬂe andﬂ@dter) | \K}hﬂldW&le Vapo1 overhead
above-noted definitiaons of R eferre
stream ¢ff fhg | flasherngaumprises Grigely dhe EWdB‘étr w6He étﬁl@n@éongo Wéﬁﬁeqn?@aﬂ iodide, methyl

acetate, ﬁhéf Y ss@ilvFé' g%(%?s e§1t1ﬂ2q}?e Rhac YVQ QntEﬁHg ﬁl%r[?atgﬁe%o%gﬁt of a portion

eferre I S°nade o reeto el car
of the cmtb@rr&nomxddepaleﬁg mn&dgetsedntsrb;apk)ﬁlucts satle lamatejzlhaner hydrogen, and carbon

dioxide §r&<§ o Ocﬁ/eOIiEl SE %s:zmgas gl%gt g%?rﬁ&ﬁj Itleaggsfrg%rgﬁﬁ ggected to the

light en&yorngflﬁéijc%ldmn by o{ YRIAREI¢/€S Or in conbination with one
or re other suitable agents disclosed herein, can be

Iudes beerf disclosahin B dPatead ées. $uldd, 989, andod, 3@4&% Hef there is a higher

| concenttgltﬁv h,ragl{o\g( %@%S‘gég‘g%?@d W al‘téél q;r&cetﬁ@aﬁ}ugyﬁolq&n{ hrLthe light phase

than in A6 heXiyt phaet shepatkiting c@u)ﬁnrlﬂs THisVin fceid@asewith the present invention,
reventing HCV, or aneliorating one or nore synptons

stream 5%, chujeiting PRCE, is digptefdel ah avedgad tecsierdpeantasrléyehere dhe light ends
[ h the inventive
phase, sGEu T8 hARELES GRLRG, SRR the nventive
T.He ﬁl@idﬁUitﬁ/thﬁmﬁpbﬂfad@I mag:oﬁsudbledaﬁmnmhi@d ofVietrd@litg PRC's, primarily
being limted tqg theory, it is believed that the HCV
aldehyd?,sr tnd gyl m 85e qogbaNgmephqqg@get& 8¢id sdgamfbe vapor phase stream is
[ n T
distilled B A PR e A A eiplr T OF i H¥iydes and ally
iodides {dOéupiok et oft@oplenai dogd] ffoms arfirpt vapor phasaracetic acid stream includes
enbodi nent, the present invention discloses conpounds
theﬁﬂk“ﬂ?%ﬂfﬁ?e represented by structural Formula 1 or a
) RBL BRI thE Frdi Wa ?chﬁ%@%e%c%h& strf ¥P4 r rcoﬁ‘@én@ér and biphasically
thereof, "wherein the various noieties are as defi ned
separam@cheformm frsvhdaay lignidgdiaseeprodud®bng g fiNRIRLOlquEd gh#Re preduct;
H, R10 is Hlor R14 wherein R14 is H, alkyl, aryl,
het er oal kyl, heteroaryl, cycloal kyl, alkyl-aryl,
al kyl heteroaryl, aryl-al kyl, al kenyl, alkynyl or
heteroaryl -al kyl. I n another enbodi nent, Rl4 is
selected fromthe group consisting of: In another
enbodi nent, R2 is selected fromthe group consisting
of the follow ng noieties: CONTROL METHODFOR PROCESS COF
REMOVI NG PERVANGANATE REDUCI NG COVPOUNDS FROM METHANOL
CARBONYLATI ON PROCESS BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention
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This invention relates to an i nproved process for the
renoval of permanganate reduci ng conpounds and al kyl
w0 owsaig9d$ or med by t he carbonyl ati on of net hanedT/Us2obHens787
presence of a Goup VIII netal carbonylation catalyst.
More specifically, this invention relates to an
i mproved process for reducilg and/ or renoving
precursors of permanganate reducing conpounds and
) &iylillingdhel@ight riguidi pHasy pmzluaim & ffir @ adt&ilttibh RGIUnRe to form a second
formation of acetic acid sai d carbonylatlo

vapor pb@S@c@@%@CldzpmMrﬁﬁﬁeéw Wlea% kY Eiched AW gldshydes rndyalkyl iodides with
esi zing acetic acid, one
respect SR B S O R g Bl UL %1 0% hecat al yzed
c:)arobdmsi@t the memhdmmph@mlse ytream imaer ponndrooraiehste tagorm a second liquid
% in US Pat. No. 3,769,329 issued to Paulik et
phase product, n Cct. 30, 1973. The carbonyl ation catal yst
@%Hﬂhﬁg Fhe! sBOsH ‘I%un? ;ﬁ@r rGHuR R &/ &0 dREMAION ®Fimn to reduce and/or
ispersed in a reactlon medi um or supported on
remove #re alkudrmdlslo,l aldbhydbmlg pmoplhma abigll ioyperitieomt the first yapor phase acetic acid

cat al pr.o Lfied b thyl iodide. The
StreamlPWoacﬂ’l% head a %h?"iﬁ &%33@4 ?%reﬁﬂ’egpggcti on systemin
AMheNuriiBNihef @Ry ENGhet BRIRHACHreAR LHp@ioﬁillyi RelchRBAS UMrefrom the
noi ety wthin the active catal yst conplex
relative \pooeanirations pf ne@wldehyd@h@dn@pdw igstidg, f?éldh%ﬂnl“ﬂ‘@amﬂr Geownsration of the
second rglsbs[prgl%&oxg][éoiurﬁ? al%a[se prIg ?fl%egr}rl%a%&reg ?é:nlsiﬁ tvee;c}éléce%ﬁgﬁons calculated
therefroff, gani ¢ i odi des. Most typically and usefully t he

reaction is conducted by contlnuousl bubblln carbon )
Hvp severdiencyh of ther RyiRyHrtaas) displesgd A Ae? | %@ﬁe rﬁ%l Ol 7Mp epown in FIG.
s :

1. Refe%alj@fg t%‘;’l%Ig}Ieéf é of?m%?%?gl){agg ﬁu}:{ t%cgﬂggto}'lﬁf?@ ‘z %%1]@ ﬁ}eg{})l ?Sdide, methyl
acetate, mﬂdldeleydbfmdmhida@xwomyl @by Tigs emeant & thom ceﬂtd}bmsed and separated
, npre than the al cohol in the presence of r hodi
(in vessghi§) {o pohesatte PSSP GG Fy TGS e g S Py of catalyti
componMRS--whRicf 33 réAtouldiSE ‘t@@he’vﬁractog-inotls%%gvn R PR, gpﬁnd a light phase (30)

I ssued Jun. 25, 1991; and 5,1 068, issued Sep. 1,
contalnlmgngtaldﬂd’dEuW@ipeand peatisricidNo. EP 0 161 874 B2,

ed 2. As dis dth :

e pheecr ol el B PR A e Eb R EER Aove the PRCS

and prirg&il thd‘hdéﬁal&@ﬁyﬁb! lomp6hicht 6f tH¥RkRNh, AitldudR it BSRERH8Y k¢/remove PRC’s
nmet hyl iodi de, and rhodlun1present in a catalytically

from theflfgéaétnh@s.@ 639D reseusat it s bvwe§@1r;§*atl@hﬁlze gpraenbatéon Ahwcetaldehyde is
sornewh%f3l grga&—(n f t?l&@ﬁ{ase tIX tﬁwgﬁ’lgc?dl% :f) é’d clmyd dc?efsglll;e% herein, the distillation is

reactor can
carried (5111 NPt & btAgdsy b ig b/ﬂﬂ BY @ﬂ)}ﬁ%lﬁbﬁ@ lfhaathe\/cﬁitﬁlalt1©ﬂvrrv@t’t%rperformed in a single

concentrations, i ht percent or less, in the
column peyeli dhe Heht Rittse @&}, i dl@%%f—%éo §elvamals, wbéqls&eneaﬂo form a second vapor
phase (S&Z%Qﬁcl)hgg i Eldgwtc%,% %}ll&]n glﬁ?l é@f/gg?(% ?%éé[ t(%é’t cat m -4 %am 36 is condensed

(vessel B0Y ko dorataatecvnd aicju}d @hisecpmmﬁ:tarfﬁhmtse@j‘ndrllkpﬂd Lpimml(klO) containing

at least a fj nlte ent atl@ﬂ of water, ipe0|
acetaldefyiife dRethEk 1Sl me al? o 4G U etce iRy 1%@89@6 He & é%ﬁoae distillation
t ent t
cotumn $2H EHkroft i hob BIRH FRCRschin R 11V OBIAP oOfhpBEARY This process has
been fom to, redictehanididrhexmove edicas J0& nfgthpreél{x} nodide 1rﬁp1mt;mtfeu1m<k1n an acetic

e co cent t|on et.at e
acid stopay elaflsd HepE LPGH: e el et 45 OFT B el By gedueed andor
the rate of carbonylation of nethanol to produce
acetic acid, especially at |ow reactor water
concentrations. By using relatively high
concentrations of the nmethyl acetate and iodide salt,
one obtains a surprising degree of catalyst stablllty
and reactor productivity even when the liquid reaction
medi um contai ns water in concentrations as |ow as
about 0.1 mﬁ % so lowthat it can broadly be defined
sinmply as a f|n|te concentratlon of wat er .

. ] -
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i ncl ude carbonyl conmpounds and unsaturated carbonyl
conpounds. As used herein, the phrase "carbonyl" is
WO paosfosimgs t 0 mean conpounds that contai n al dehpdBUS2005/005787
ket one functional groups, which conpounds may or may
not possess unsaturation. See Catal ysis of Organic
Reaction, 75, 369-380 (199802 for further discussion
on inmpurities in a carbonylation process. The present
removed yentlean 50%, dhogcifed goateediani 6050.al @rlemkﬂ,‘ﬂ‘it/ isNPossible to keep the
erna?ganate reduci ng conpounds éPRﬁ%%% h as
concentEaion JFERRAQRIC 3¢ i HE agege W]f B0 Wt out 400 parts per million by
2- et hyl crotonal dehyde,
weight, BB B ﬁfy&“d&u"t‘ﬁ?g‘? B2 J%S%ﬁfnigmt he Iike, and the al dol

Irond thestap iof rihe tightuertds ¢rr@ﬂieterf coliﬂma p4.eepots amwvembived via stream 28,
acid. The

condensgg,ra&gﬁ&adsﬂ:gﬁ Vﬁgﬁ%gleﬁbt Jg]gafflp &r Lop! tOé)JEnglglture sufficient to condense
and sep@f®d FhdebydasatlP YndtBACodMel MndtRi Qc%tz&@t éﬂeiﬁﬁeh@ﬁ@ RHESBer carbonyl

to formnulti-carbon al kyl iodides, e.g., et
componmtel,u ahel, wifgr yito |twq|p@ese8héxgc}rtwmdf liecaam d8t0helplrllsmn0ﬂct)ndalsable gases

bl e emove_al.k reaction
such as B0 e By BP0 nF LRl SRsipe 6Py RE SRR on FIG. 1
Also lezlvﬁhgt BecrBERL teeiél Gedah@REUG! blienst illastRedd aNFIdne] CRLAE Yishvy phase of
used in the production of vinyl acetate, the product
stream Jp §Irdigarityoisyhesv phieseds reaipulicask focthe egagior;Thi qoaeleas@cmam generally a

small arﬁcghgx? 33 e% O@SI k&pg? ) cfglll arpy lgés tﬁgﬁ Sl%}ft ?O Ivgg%g)f é]gen%% gngase may also be

directed AoC® R:dﬂbbgj/lytreetmleﬁﬂ.l@ﬁ)cmnynd ttIQUfelntalnﬁﬁr @Edygladatoe thal ieﬁctor or reaction
al dehyde, is a primary objective to renove

system. F@wél@ Sfiem él%eah%waéseazﬁay f Kgpted e idudbrresombiped with the light
phase (sﬁ@ﬁn BOP? %the%ﬁﬁﬁ@ﬁérpﬁﬂ exh%&ﬁfﬂ SHYGHoh Y1@s
inpurities include treatin eacetlca product
‘Wiet light phaliez(stream Gﬁbmeilreﬁlaﬂeo distilptiem od>1umn 18. A portion of stream 30 is

directed g KR RGBT s RO Ty o s 30 enters

column @g akRBeARBDI I MGhdthe THRIAMDOSK tht BéBIu‘ﬁﬁ{ Gﬂlllﬁﬂlﬁ'l‘gasteh%g to concentrate the
treatment involves a series of distillations of the

aldehydq copposmnésdelcstrean 32 gnt@| cg,\@rh@adwﬁeamﬁ [ 4 acﬂpir@ufgr wnﬁetJ agyd acetic acid

from the l%% r%,r ocrorgn% 5ﬂt§ t8§ {31 3%975 gllstel : IH 511 ?t cﬁé%]g]?%\g?] ngl% rspgnch preferably

contains\Wppfoxaiatalyi 40etr 68 [Tﬂmlféﬂlp%ﬂi@lhe asn gy eeexiy M Msout WBBEN(139.4°C) at the
reacts with the carbonyl conpounds to form oxines,

bottom toRboyivkel BY(8§i3SEd pt Hici o qfdhes eplaipa Exiting theboftpagor 18 is stream 38
a r.
contalm %)Sé)ﬁmq eﬁg Y% g&e{t@éﬁﬁ?{%{?ﬁé&g ? %%16?% 3R 19 ﬁfﬁ%&%ﬁ-:% dt{ﬁ:n%rally cooled
utilizingadeat exehinges if feey@ed ceths lightnehddicstuindd @Iethmd @bcdneg 16 via streams 46,
treat d acetic acid product can result in additiona

48 and ylipmately fdegengier ?roﬁ%%faon ghstany If hag Beagolound thatirecycling a portion of
stream 3‘8bﬁi@ﬂltﬁ1é’i'lcz?st itfeaftChE bQ%k ﬁﬁb\?h'béféaclaﬁtep 'lgl'in&é'c{s'eg ¥eeididlRy of the inventive
acetic acid product forne [ ow wat
process z{miretibwlfalt more qcbtahbhsdeamd)emrcseht inahe hghttpham; s®¢dm 32. Stream 36 has
B f scri bed abave frequently renmain omewhat ﬁlefi cient .
een o R hlaxéesmf)xqr@tetljﬁ SCYED L glgﬂto?t de?hya% copfent whghsiream 38 is recycled
through BEQRRAAS 1ﬁfth1§ FRdrneP! PRAMEI A0 fopPbf EAShAUR! isisTRMhI 36 &ﬁltamlng PRC's
Since a sufficient pernanganate tine Is an 1 nportant
and in pagiawsr cicalaldebygde, mﬁﬁ;ﬁhmﬁh@ avitly] meotdtec tandusethamdt and alkyl iodides.
be suitable for many uses, the presence of inpurities
that decrease pernanganate tinme i s objectionable.
Moreover, it is not economcally or commercially
feasible to renove m nute quantities of these
inmpurities fromthe acetic acid bydistillation because
some of the inpurities have boiling points close to
that of the acetic acid product. It has thus becone
inportant to identify econom cally viable nmethods of
renmoving inpurities el sewhere in the carbonyl ation
process w thout contam nating the final product or
addlng unnecessary costs U. S Patent hb 5, 756 836

T 1 Y o
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acet al dehyde. Streans suggested for processing to
renove acet al dehyde i nclude a |ight phase containing
wperiosmsichs water, acetic acid and nethyl acet ap@r/Us2005/005787

heavy phase containing primarily nmethyl iodide, nethyl

acetate and acetic acid; an overhead stream cont ai ni ng

primarily methyl iodide and3nmethyl acetate; or a

recircul ating stream fornmed by conbining the |ight and
Stream 3% &ViheRhB&6ted ibeseovesicatd apcaserdld nfdr it danbedny chified ho @bndense any

t hese streans possesses the greatest concentration of
condensgijegases8rppel: EP 0 687 662A2 and U.S. Patent No.

, 5. _al .di n t . of ' g

B o e R AOETR A acb BRI ahsiiy iogide, methy!

acetate, hirEnfegt@anbbrA péitichafghreamn 4Gsisseaed tohafurhorldetsireflunfstream 42. The

. .by-products such as crotonal dehyde, ‘
remaindes’ o R 0 GALT SN G CRUMALSH RO dlose 8 thesbpitesn ofhe column.
coN | ion e f}férﬁ‘iﬁfo&' pihagedAbdRY dom ithe nRetR1SBdide, methyl
Cbhnnng%i%%gg %h?m%%at nanagé%@gtt%freaction coﬁ%it?onsﬁgs e, ey
acetate, gdopethadoli insireas 9. Inhenef canbpaliient, oflupn@3i confagnsaadiodt 1@(htrays and is

operted g e e Koo Bt PRk koL Iy MR 4BESH 1o about 1757
(79.4°C)6at Ht308 3 ANkefhad3 Breteited difboditentS 10 120]Bnlaths structured packing in
significantly reduce the undesirable inpurities in the

place of gcrysi Theapiederpadophelinghly apsiructired packangwiithj ansinfegiacial area of about 65

2,03 _ PHrif.icatiaqn on i . e . .

rere. ot G2 SR8 et N LER PR SIRLRETBERE ol 1R rovided 0

compatible gWithe (ks compodigad its 8 Jhurifieedint Whe &olinin.e&#cvagasbserved during
taki ng the acetal dehyde overhead and returnin

) ¢ . a .
experimeriatiapl thabgndem celmelondingnivbish; s eqasrek by ‘Eop@eparation, was better
: . I i LSk 1Sy € t it
it s L EANERE Myt AP L S oy T
residue df sphsal 22| eavimgida eiitgrdtf the amttioyn lobvbe cabtweimlade higdecycled to the

concentration in the raffinate that s recycle o the .
carbony R (pcesty, S I ﬁg%lgﬂ% oRECNG 01 1515640 OF, Paga sé?ﬂfi}afa?k& separations
performéd iPERANMBAIIBRRE 18 dBf 58D GRo! B EdEd o8NhdihEYsingle distillation

Wi | e the above-described processes have been
column.successful in renoving carbonyl inpurities fromthe

carbonyl.ati on system and for the nost, par ontrollin

AIIGRGR D e A0 e Rhen gL RV PRLAS, SEblaRumpffichyde and
paraldehy & 'IfH'e_E@#ol fts gend@ilf afy RAUBblechldr (vBiht, 1680 fgAMEIBRAE $00. Paraldehyde

can stil e made. Accordingly, there remains a need _ i
has beet dioued tterbrardlatévelivisolublené tle Tercgop rlismidnando Primeriby dn acetic acid.

the efficjency. C f [ e ehyd .
metaldef 0, St 5B ERERy O b Shb Ty RRTREcBLoRE A Ao Sotubte in the
reaction @ljhi@rHRRbhd ghou0B Witi% BoncBhiMRIRY OF THE | NVENTION I n one

asgect, t he gresent i nvention provides a process for

slagedng (e ePapridie:de> 1% bih REWRYAT: it §as Bepmyyiscovered that during the
. distil ' . i ne )
reaction, :Iirgit Mtha[h% %gat}ﬁ@&u@&?gﬂ%jé?%ﬁﬁg %%%%%%13%%8@ d@él}érrr]lgrs of acetaldehyde
form. Thesetaglie hyolecilar sveighs pblyhatd Gnokpyar ateight teveaterotiac ebant 1000) are
, over head and a residuym. . neasuring the, density of the :
beheveddggpwé éigfmélpﬁocgw%?éj % 1¥_tht P aa.sgta fge &se%léssegx.dvtgmogsp]é:. As heat is
applied BIROSY Mk An¥y feld $6thakadh §hd hirRkd RIXhBRRAL BF U tbider where their removal
response to the neasured density or a relative
is cumbergmoe fnca polymarizbd, uhat ad onlyedtightip selublaén ergahis qurageesss solvents and
can be re\éﬁé\}f@ﬁjfogn It]:fsee%gtleggt gg?f/ {n?eg Qn%?%ﬁ%gggf&ﬁa 8§ icl)xlal}tilfgiﬂor a{fﬁ aeeded, preferably
reflux ratio. In another aspect, the present invention
provi des a process for separating acetal dehyde from
nmet hyl iodide. The method includes the steps of
distilling a m xture containing nethyl iodide and
acet al dehyde in a distillation apparatus to produce an
overhead and a residuunm extracting theoverhead with
water to provide an aqueous extract and a raffinate;
nmeasuring the density of at |east one of the overhead,
the extract and the raffinate; and adjusting at |east

S o o o,
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water to produce an aqueous extract and a raffinate
contai ning nethyl iodide; neasuring the density of at
wo easvseoe of the first overhead, the aqueous BXI/DSZIDS/005787
and the raffinate; and adjusting at | east one process
control paraneter associated with the distillation or
extraction of the second oVérhead based on the
nmeasured density or on a relative concentration of
in colurrﬁcm abdetyaethe formmedtioy | of itbebe dmpurties, li.at, exttalietyelt ranchparaldehyde and

BRI EF DESCRI PTI ONOF TH il lustrates
higher mojgcylasy yeigh tpobf”@)f‘éés‘g Cagﬁgﬁ%%@ Iﬁflntbltgfs gneElly fepsist of Cioto
alkanols! Rl%ﬁe‘%aﬂiz ]m%tB&HolI Retel: %@N@hm@fan& DAY hisd dRBEVidda8S I iR ombination
nte late stréam of the carbonylation process
with eacharthdrhe witlodoe br mor@bthar: ethitytoas iSdrebyn 46, oelriblosyd aoition of column 18
react -4 | ustrate%referred e [

odi.nment s
residue d 3 P 6?%%%#’%% S GPRIPIRS WREE g 45als F‘?labr?@géiﬁn?es can serve as an
inhibitor! 2¢3h66#nAR FAGSY I fATNEY § dp]ﬂs thR R as9 MBSk tI00 rEt?e%uﬁ b@ is added to
overhead fromthe second distillation colum. FIG
column 2?2 Itoisntribit dermeasionedfangteldshisist mepﬂralﬁehydsamuéaesj ank htg@er molecular
ead stre nd t h

weight p@ﬁy oe\ég{ ?1&3? ghasres ug 8@ feg oa% %% %eﬂ\ﬁc?liad to gle areac‘itor any inhibitors

added nfub@be SbMmpaimble With ehet 1|&§ctidﬂvcﬁiétmﬁfy iTs h@SJSé‘@pfdubﬂ &hdtGmall amounts of
various nodifications and alternative fornms, specific

water, methsnel Resticsacith e AsoEPirAiewihessoindg net indstEip wthi the faqgtion chemistry
d des h

and prac%ﬁ%lm glg%m%& \grtjé)lmgtg) aﬁ(’g gl‘g c!tf h%g?[ﬁfd%féglcllemsg%rﬂ 50I Lts also preferably
employedQis dnnin@ibdet sine loiis niateriad doéwndith&jaagd theuleadtoffl @i balance Although

di scl osed Rat her, the inventjon is intended to cove
water is Bt Paglatl e Riefesied as af &nm@r%mtéerdﬁwogﬁwﬁﬁaﬁ?gﬁé@re btained by adding

t ngp within the scope of the invention as defined

water to gil“‘“ke appended cl ai ms. DESCRI PTI ON OF | LLUSTRATI VE

lﬁmguhvaidw&ﬂ ¢dlumn r22t isvetreemb® comainsngoPR Clse Sirpara it ndirected to a
est of clar

condens 55 B RS R RES R G e el e

vented RS sdceR@H 21 Nihk RoBdSRES hfatefals! Xk rebdive 44 aHdtreapUsSESREm 56, a slip
appreci ated that in the devel opnent of any such actual

stream of siperai Arebnits usedJaﬁelreﬁus fﬁ)lmﬂl@n% Az dtribng fediation eletdlynpAg is stream 44

contamnbgbg\egly? é{%ﬂ l&%&g rﬁ tﬁ% ac%t nge);@e&g%?rrl% l%%fe? ’I‘hlg atream is combined

with strebmsam Q&scH @hmee@bs@x%batwewmtaad dwbttedd tordhb Ireaéafry f rom one
I mpl ementation to another. Moreover, it will

be
Tnispmpertantalgr theaaxtagiion @e@t@@@nbﬁwéme @pfhsad sipaghof pelumn 22 remain

I
o, RN IRV P00, TNl B 0 35 i s
13°C byt dvavaitiondhwchgiqéekivanetd thoed of bikifl iditkelasor eny fieehanism generally
purification process of the present invention is
ﬂCCCPtedtWéhEanuﬁtf&ny process used to carbonyl ate nethanol to
hhe

1@2&?1 %égx?gc g%gwég SZQ% ﬁtg%al‘ﬁz %@gﬁ gfﬁiaaib? Qéélg t%(llrog aa&ondenser/chlller (now

stream 6@patd theh ao by exsaftod 27ptoaemsse asd tdogele (smaMIaIMEIunts of methyl iodide from

the aque!g@?gilg(? sgrgéqaqlp?/ﬁe %é@gqrt%ogy Islgﬁ'gpn of ]%gf h@{] (%{gftug 563(%1act68 with water,
preferabGORRER Y anliiR i QAT & X B ORARIOW ateHBal Sflea)iVih the reaction system.

systemis believed to be present in the formof a
As a resclttmfdnhma@xtmtlemmpoﬁhmblqdider sepaiaten fiprn the ah@mﬂg éRRCs and alkyl iodide

phase. Insfbglﬁ? cAred e ¢ &xﬁ%@{ I %IIHn gli%%lﬁe 3} Yv?gff 3\9 fte%1tt§§ec%d 1%? bout 2 is employed.
coordination of rhodi um and hal ogen, it is also
bel i eved t hat carbon nonoxi de coordi nates with
rhodi um The rhodi um conponent of the catal yst system
may be provided by introducing into the reaction zone
rhodiumin the formof rhodiumnetal, rhodiumsalts
such as the oxides, acetates, iodides, etc., or other
coordi nati on conmpounds of rhodium and the |ike. The
hal ogen- pronoti ng conponent of the catal yst system
consi sts of a hal ogen conmpound conprising an organic
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her et of ore been thought practical for achieving
sufficient reaction rates. It has previously been
wao awghs7ephat i n rhodi um cat al yzed car bonyl at i oPCT/US2005/005787

reactions of the type set forth in this invention, the

addition of water exerts a beneficial effect upon the

reaction rate (U.S. Patent IMo. 3,769, 329). Thus nost

conmerci al operations run at water concentrations of

‘Hic dRasiis Sbauf stkedné4 Mavelahoedtae@ryfont thei top Ghbirésf. This PRC-rich, and
. unexpected that reaction rates substantially equal to
in partigiiey, aEefeldehwlecicio adreous Phats i HEFid {h v&sten rmtgﬁnt Also exiting the

extractot ?s ?ttfﬁlafg stiddin®d6 &Qﬁlﬁﬁ{;}grﬁé’th o&ﬂ@ Mﬁcl@%mo@iﬁﬁﬂ tyblgd Lo the reaction
er concentrations Iom1 % and as as a
symBnlﬁmmnumwﬁﬂy&mhaﬁmmmdance wi th the carbonyl ati on process
nost usef ul to manuf act ur acetlcgd CI d accordin

Hife DRTSERIe APPLISEYEN PR NoPh disgeeed dhate e ts 8 VanitEegus, fg analyze the

composfﬁ%ha(gntﬁg OUGEhsBE VOB LR rSANCEM &ThRARS2DYnd BE DR analysis to
In the reaction nmedium nethyl acetate and an

provide dehdibadloeaitrol od ithtedisthativni iwhedss  dVieke #nislextbonay tdagirable to remove as

it oot B SR8 e s REOBREh, 7S fghan o oo

without | QS8 P 1B RICtivEncd 1 RUh&I8r adiekt oMthd) prddebd WBACH®Ed ARrein is that
being preferred. It has been found that under |ow

becausewegathyl iedide éner esriceially expensive radetaltthatamalspiveni expensive to dispose of
asa resuép cgfl ﬁet %{lhg 2 isS oefselé:g% ggﬁgélg{li (élésjsg 1at’élgvt® %ﬂglreﬁleﬁ{ ig og!:sié é at gg}rlfements that

can remdRél atdialdeliyide preRdnt dorohBioh (ﬁhzﬂkylwb&tdei)@h@ PRIC’t ﬂb&s Gt the same time
conmponents are present sinul taneouslﬁ (U S. Pate

conserves mygy] poshide torthe sxeniest Grient PSHDEE vt APPSR tlt@tsttle challenge of

meetmgI &13&41% ie%ggésgt %pm ’tI sdéblﬂfé: giirlnézfjtﬂsfoBEetflﬁtrbﬁﬁHuﬂaBg&ﬂyé %étﬁﬂ iodide and

acetaldehy)dmhﬁ‘&d sinhitaln lwhlhﬂtg Iplotritsl emkingrit amhetvhﬁr élffl&lld ﬁalab]nlgve an optimal
h the se of h

e salts reactio
separatqhhy s 95y o! oAb S gl PTGt ofe R GR0Y Bipeess to separate

methyl 8{HeSRm ate@RERF ismeiyaﬁétﬁﬁlvgrtotr@%tlb@ﬁfnﬁhsﬁﬁﬁctﬁﬁttéﬂgem temperature,
pr esent invention. The car bonyl ation reaction of

reflux ratietaneniod like @@Bteqmnalmltjls plesichidst torkaye He wastracewtatgprodeys information

contactin met.hano e n the liquid
availablg Rk EIRg (h U ot RO R e OB SRS ough a
Tﬁe%p@tcaﬁ%hﬁe asiind tﬁ@ﬂ 8 it RA6H iphitefdésefib&P AbRcNiatdbe controlled
the rhodi um catal yst, nmethyl iodide pronoter, nethyl
with greaieeaceueacy ydneaduiing theatlatvd espentraighsief mathy] 10étde and acetaldehyde in
the conq%g;e% 41?]@{]21 a%%%e% ?A{ 35I6u§§ of %9 %qlﬁ%sr si’lnrg?}( 3 fstc%rtf be acwmphshed simply

I’on’ product € genera
by measufifi® @iy aa@ht? Bﬂ'thd tistiBaté.enlg@n@etildedyde wiath hadh densn@rbf about 0.78
in the cat st s stemthat is inportant and not th
glcm® aicEponp tﬁr@&eé@teteats w fonmaRE CPHHIOOTSHHE CORRPURdS), am@tfvb gedide has a
51y h
density {)?;4&%{1 5% |&8 ’ ﬁh!é%m“% 'n%g &g‘%ﬁ‘e?}h@%{l&{ ﬁ%%ﬁffﬁ%&%qughﬂﬁlenﬂy great
that theCreiatimt C(ﬁtcemmtloﬁmyofrrﬁte&iyl I10dildd eanslabdetaldgshydayini edintkeure of the two
salt of an&ﬁor ganj ¢ cation aternary, cati on such

compoupds Bay byl dhiegly fes?mﬁ%g e e sty aaycbe mepged either at
normal grgfkgggoﬁlﬁﬁ&smr%Yﬂe{j@&lfn Qttsafﬂrﬁfe abbm| t§m bk & ﬁ'i‘st léferred to measure

e 1n the reactio umto prov dethe ired
the densitgvaderattuphgrocesd icdeditivitsetio eligndtodnmbeessar yatdd@lilgas tkee control loop that
netal, sal.t refe .abl is an iodide salt of a
Wouldb?‘rﬂtt’f?éitm%‘]fb%an g8 BgB%rh%qt sting of the metals of Group
A and G oup HA of the periodic table as set forth in
t he "Handbook of Chem stry and Physics" published by
CRC Press, Ceveland, Onio, 1975-76 (56th edition). In
particular, alkali nmetal iodides are useful, wth
lithiumiodide being preferred. In the | ow water
carbonyl ati on process nost useful in this invention,
the additional iodide over and above the organic
i odide pronoter is present in the catalyst solution in
anmount s of from about 2 to about 20 AL % the met hyl

. e s o r ~ r~ 1




20

process art. The carbonyl ation reactor is typically

either a stirred vessel or bubble colum type within
wokioshstehe reacting liquid or slurry contents BECBEUS2005/005787

mai nt ai ned automatically at a constant level. Into

this reactor there are conti nuously introduced fresh

met hanol , carbon nonoxi de, ufficient water as needed

to maintain at least a finite concentration of water

The deheity mag be araseedd imanyrEeyrehad 54 S6ab§ s 62 ¢hluidbf which have the same

fromthe flasher hase, recycl ed nethyl_jodjide and
composifigphysinga PRYeaL §§ﬁn%aﬁlsé¥°’f”§@§7 3?@&6(2&&3315 18k j2c4. For example,

v appfhl AR LMD MG LEERIAAE MPRRNLRE Bk o1 e vt

stream SelobitlmeigiiredeaicEhtraitone of smestyd helider @ehpicopbidhydeatAcH), and dimethyl
rqvi de ans forrecovering the crude acetic acid and

ether (D%ﬂﬁeﬁgﬁ%‘%ﬂfﬁﬂﬁ@tW%%PEW ' methyl iodide, and methyl

acetate to the reactor.

nonoxide isS ¢

ntinuo

sly int

r oduce

into t

In a preferred process, c
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a constant |level therein and is introduced to the

flasher. .In the flasher the catalyst solutjon is ) )
Fmrﬁoﬁ_rmtweacoe@iaé@gﬁféaﬁﬁzwe@a PAARE R ERRE Sicqptpagions with the
online d?%’siﬁy%éﬂsﬁ&rﬁeaﬁ, rﬁ@ﬁbﬁﬂﬁlfﬁﬁﬁrhﬁenﬂ@ Wegeeo%weld%{ag&g‘gh& Bnethyl iodide

er quantities of nethyl acetate, nethyl 1 odide, ‘ ‘
and acetaldehyatee roopcanttiatiens, héndiegting  dlvar adet stypiealm mbceaske conditions  both

fl.asher .conprj ses. | ar gel he. product acetic acid
concentrgficiis AbE HARBITR TS A LaIEle SRIEHY AL aiE: and vt er
Bihe &0 ¥ RSty RS RS re@Xdntd, NG EdMulA8RGEIANvARINRArBidiRIbdsBE thereon, may

fl asher consist of a portion of the carbon nonoxide
serve as gheobagisfor ho@aﬁ@@@e@stﬁ]@ﬁ@m prasessupeolsnine? Faegiimize the separation of

merty! (" B50 BB cortls b Rriflbebolir PRI & ncreasing or

decreasifid fHRAeROf16W ritb€o thedhdtilRAES cOlnmiihirédpehsetdlcifmyed 4n & ratio of methyl
stream 26, It has been disclosed in U S. Patent Nos.

iodide t@ agefgldolyrieandlisrmativelyy thet rpiluxt 1t within ghengjwap may be adjusted (for
C ration; ' t. ' . .
cxampiscBPFERNTh! G SR e3P anP o BRI {hegation . s

a furtheit hi@ginative} e besuytrqivase’ bt rehmexéfluxngay deuatdjusted in response to the

Thus, in accordance with the present invention, stream
measureg gpn%ﬁpg@wi quacpm@ibehyge and aetlyd 19dde hy dudgearangior decreasing the flow
. ELLIper e : : :
rete of S e oo i Yaitp Ay by ORS AT AR Tplic of glip seeam 46
between ptresen s iand 60t | Golumeyprbssuedtan dhe boomitded th sspaense to the calculated

nmet hod of renoving PRCs, primarily al dehydes and al kyl
concentigliofSyes  from a vapor phase acetic acid stream The

vapor phase streamis distilled and extracted to

renove PRCs. An exenplary nethod of renoving al dehydes

and al kyl i odides and reducing | evels of propionic

acid, froma first vapor phase acetic acid stream

i ncludes the follow ng steps: a) condensing the first

vapor phase acetic acid streamin a first condenser

and bi phasically separating it to forma first heavy

i quid phase product and a first light Iiquid phase

product;b) distilling the Iight liquid phase product
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acetate, acetal dehyde and ot her carbonyl conponents.
This streamis then condensed and separated (in vessel
wdagjosogresepar at e t he heavy phase product cont aPei/ns2o0$e5787
| arger proportion of catalytic conponents-which is
recirculated to the reactor (not showmn in FIG 1), and
a light phase (30) contai nillg acet al dehyde, water, and
acetic acid. Either phase of the Iight ends over head
TRy cdigpssusesfurntdlymd ifsddithayeslsé be agjumwe Ithas RRRGsdiswstered that under
_ primarily the acetal dehyde conponent of the stream
certain giFqUARRRIIFeS it is adpriagsPrLlp scparasaud resircylater HRPEIE 9f) Yrppm 66 to the
column @&%SfO §f?’ c%]ulﬂﬁ %@u%ﬁlahgmg gﬁ%ﬁ%r}a{e%r{ﬁs vﬁ@:{mtﬂ] fes onse to changes in the
ncen Ion of ace yde I's somewnat grea in
measu1el‘dh'alat1ph asgcentratidiseof endiiodiiodide andpeetdléehydn G#V(Idldﬂsnrﬁuheallter the column
herein, the distillation is carried out in two stages;
feed corpp@sitiqn.wi | | be appreci ated that the distillation my
@ﬁntﬂﬁ rgc‘ﬁEfﬁ@Q thd}, Al MVBACRHNTE For¥Rhin ofdof! i hﬁrocess parameters
ase Is directed to colum 18, which serves
assoc1atécb mnmhaths ehsbxhlatlm parnphiagespe8s) toemeasoraldchiangel 1dethey demposmon of the
des wi,th res m28.. Ste
distilatg e rniHbisg e SETEEH BopSr Bt byt s ESORATHE . Gy agpPropriate t
control BH@UERH- an-ﬁhl%ﬂﬁﬁc&ﬁ%olsitl@ﬁé dt pasand 4@e, GONIAISH 'tlﬂﬁcolumn heat rate to
acet al dehyde, nethyl iodide, nethanol, and net
account for changing fetidr mmﬂms,aors@c@djastdhgtrﬁﬁlwmat@ o @éﬂy seinghanges in reflux

eh . separated fromthe
Cmnmmépﬂepm% %ﬁ lPﬁmg%ﬁBQH%rd% &$"M4s been found to

Dh%dﬁﬁ)n&ﬁdﬁéﬂsuﬂi@g’lﬂ%@eﬁiltﬂ fasite dQforefof tilestlalig Imdnidhed® above for the
inmpurities found in an acetic acid stream It has al so

purpose s eanE ARG the distidationgolnR.db isaep fesirablertp eatnledengity measurements
Ih e 9
to momt%)? gy?cgrﬁro?% cﬂfgé@ﬁ)mkz g)é@ér’cé%lﬁﬂ ﬁ%lll%@ @ng%gt%% gl]iait gﬁﬁactor 27 functions
by facilithitéhgco phaset sephiation dfer@n (b[atvma:n(}l hmvgi methylhﬁ)dﬁieephase ancﬂ d less dense,
product bél ow abo '

parts
aqueonspiSey SIS BRESHINe. 25 SRSaper SHERTFSH, b it e measured
density BPBt&fr tﬁeh&#ebﬁéqéxtﬁl@fjﬁre%ﬁl &Pb! @h%%etﬁﬁl iH8Re-ritf rafffﬁ@férs‘iream 66 would

renmoved via stream 28, condensed, and directed
1ndlcate\aelssed)f diise Fparaiapon sheamxéractor| wlgdh imtuan M@nhlmdtcateahat methyl iodide

sufficient to cond se and s ar.at e, t he.caondensabl .
was beiRERPOVEOMR B SHERTYTCHBet AL i dest APHANFcTaRg gichglsewhere, it is
desirablé & BRRYve GRARANENHES anPREse/ @ tvthid 1he Prddess BRRS B8 xinthm extent practical;

portion of stream 28 conprises noncondensabl e Pases
in additiencthe asesemebﬁnn@hsdxocaée inripel peitpons exragt careadverselyaattect e wastewater

treatmerﬁ éf’é@cfeﬁ%? Wg}(‘ﬁl etgta e{gté%cé 1%%rldln§m&/anl%béect¥6 GS% ilar P{b{n%asurmg the density of

stream 46 Bﬂdrlﬁﬁtﬁ atdditotiflg bf Ge rdsiduab adefddigay Yoeas i inshdt@asam, allowing for
Odinarily this heavg phase is recirculated to t he

correctiyesar#ioB (¢ Shit ingregse ip vealerelay tuevi@eter 2y) 1 revaonse f@r?éumacceptably high
% u

acetaldeﬁ}l(gét %on%gnt\‘aﬁ on f‘h S?.Fe}{lﬁ:%(?/r rgff %Z%g Itl{ré;@?ergltbgba %Jnsmi/ﬁleter may be

equippedl t@@&lm&lyphme&&hadﬁlstth ef m@tmem‘_fenultlpmsa’eaads thhinhhe process.

reactor or reactiopn syste Thi,s slip strea
WéHe ythp Hayentiogyh hase bec ARSCHDSh i Fietiepse & tﬁn% rPB‘?fﬁ%Ed embodiments,

obviousgh(gchflfxﬁﬁ)nk'agﬁtaltgxl%ﬁéﬁs &ré{ﬂo?ﬁﬂb?t@) thb Y off Sy sk111 in the related art. In
'at1 on and extraction of “carbonyl 1 npurities.
particularhatHough thepprasat (rszbmtﬁmrhas Opern gendralb'cﬁeedﬂied above utilizing the light ends
tillation colum ortion eam.30 is . .

phase Oﬁ?‘?ﬁ  BRERTEG! e |CF‘15HF§1%WH§PY88?% rﬂ%"‘i’& aﬁgggé?ﬁl‘iﬂ“mwn of PRC's

stream 34. The remai nder of stream 30 enters colum 18

as stream 32 in about the mddle of the colum. Colum

18 serves to concentrate the al dehyde conponents of

stream 32 into overhead stream 36 by separating water

and acetic acid fromthe |ighter conponents. Stream 32

is distilled in first distillation colum 18, which

preferably contains approxi mtely 40 trays, and

tenperature ranges therein from about 283F (139.4C) at

the bottomto about 191F (88 3C) at the top of t he

1 4 o - .



Col um 22 serves to separate the mpjority of the
acet al dehyde fromthe nethyl iodide, nethyl acetate,
wa@pasogtshanol in stream 40. In one enbodi ment, PCDIUSIMNS/005787
22 contains about 100 trays and is operated at a
tenperature ranging from about 224F (106.60C) at the
bottomto about 1750F (79.48) at the top. In an
alternate, preferred enbodi nent, colum 22 contains
and alky8 tisdigésuneyl bp aekietd gn hecopdaace with the ayesent theenpioef Simiakly, although the

process B beapfeabibbee BAVE B (SRSt BF GPIEN 8P Bgtem of a partculr

configurd&d! thiror ¥aki@¥ods ?th%zcﬁél&'éd %Hﬁ%uﬂah&% %?%Eﬁuﬂﬁle replacing distillation
water|§1, provided It 1s conpatible wth the
columnscifpek?? iviths ¢inglbeojm, firesadsa contdreplemiu fiherdforeyss invention includes

observed during experinmentation that uniform cal um

Al such) BRGHG oM A g i B b 5B 1ot dikar SEe i dhe scope of the

followinB@idifk oMHebqdivatathgdofacki ng than with trays.

ternatively, ceram c packing may be enpl oyed. The

resi due of columm 22, stream 44, exits at the bottom
of the colum and is recycled to the carbonyl ation
process. It will be apparent to persons of ordinary
skill that the separations perfornmed in distillation
columms 18 and 22 could al so be carried out using a
single distillation colum. Acetal dehyde pol yneri zes
in the presence of nmethyl iodide to form netal dehyde
and paral dehyde. These pol yners generally are | ow
nol ecul ar wei ght, | ess than about 200. Paral dehyde has
been found to be relatively soluble in the reaction
liquid, and primarily in acetic acid. Metal dehyde,
upon its precipitation, is a sand-like, granular
pol ynmer that is not soluble in the reaction liquid
beyond about 3 wt % oncentration. As disclosed in U S.
Patent No. 6,339,171, however, it has been discovered
that during the reaction, and wth the heating of
columm 22, hi gher nol ecul ar wei ght pol yners of
acet al dehyde form These hi gher nol ecul ar wei ght
pol yners (nol ecul ar wei ght greater than about 1000)
are believed to formduring processing of the |ight
phase and are viscous and thixotropic. As heat is
applied to the system they tend to harden and adhere
to the walls of the tower where their renoval is
cunbersonme. Once polymerized, they are only slightly
sol ubl e in organic or aqueous sol vents and can be
renoved fromthe systemonly by mechani cal means. Thus
an inhibitor is needed, preferablyin colum 22, to
reduce the formation of these inpurities, i.e.,
net al dehyde and par al dehyde and hi gher nol ecul ar
wei ght pol yners of acetal dehyde (AcH). Inhibitors
general ly consist of Cl1-10 al kanols, preferably
met hanol ; water; acetic acid and the |ike used
individually or in conmbination with each other or with
one or nore other inhibitors. Stream 46, which is a
portion of colum 18 residue and a slip stream of
stream 38, contains water and acetic acid and hence
can serve as an inhibitor. As shown in FIG 1, stream
46 splits to formstreans 48 and 50. Stream 50 is
added to colum 22 to inhibit formati on of netal dehyde
and paral dehyde inpurities and hi gher nol ecul ar wei ght
pol yners. Since the residue of second colum 22 is
recycled to the reactor, any inhibitors added nust be
conpatible with the reaction chemstry. It has been
found that small anmounts of water, nethanol, acetic
acid, or a conbination thereof, do not interfere with
the reaction chem stry and practically elimnate the
formati on of pol yners of acetal dehyde. Stream 50 is
al so preferably enployed as an inhibitor since this

. o L, I T e . T



Upon exiting receiver 24, stream58 is preferably sent
t hrough a condenser/chiller (now stream 62) and then
W@ 2008108798 r act or 27 to renove and recycl e smal PCHIB200$/605787

of nmethyl iodide fromthe aqueous PRC stream 1In

extractor 27, PRCs and al kyl iodides are extracted

wth water, preferably wat €2 froman internal stream

SO0 as to mmintain water balance within the reaction
WHATISCIAIMED ES:result of this extraction, nethyl iodide

separates fromthe agqueous PRCs and al kyl i odide

phase. In a preferred enbodi nent, a m xer-settler with

a water-to-feed ratio of about 2 is e ed. The .

Jaqueo@@f%@ﬁi‘rE’étselzalf?t@érﬁ%@lqeb%@omﬁ%etgﬁﬂ ¢ by distidlation, comprising
thesmp§9F top thereof. This PRC-rich, and in particular,

acét al dehyde-ri ch aqueous phase is directed to waste

Distillingr £ ahixent .coMlpsisingx iethyy) ibdide emtlr aetabdehiyde riaf4 idistifletion apparatus to

streaqéag IBfntal ing nmethyl iodide, which is nornally
produceag Qygibegd anfl 3 st Eghtlon systemand ultimately to the
Measunhg%t&%sn}]—&‘iesaﬂf@%@adam i cants have now di scovered

t Rat iI's advant ageous to anal yze the conposition of
Adjustirtghe lmh@mwe@bsewemﬁéedsssmaﬁed cwﬁhs@abdidtﬂ&%ioumppmm ng rQSponse to said

s t hat anal s to ov | de f ont r ol th
measure; Gyl i, bAc e SateeRtara o AREE BB i Boehify yoriable being
selected! BomeRVE0aS JBMSiBLBLE OF Aletii}y dfe, aétduﬁ%h hgressBRCSfe@® composition, reflux
possible fromthe acetic acid process, it is inportant
compositign gad shlukire@ut sacrificing cost-effectiveness. A
j or r
%20 auAs gﬁgr%r:g%ﬁwff/)? gelzptg%ﬁlélg a?@glggh}gggg%# gxﬁﬁ QJT %d%@ cbﬁlghgiﬂé the steps of:
Distilling®4 efiiixétire tddadprishgahsthyV dodidexne nzSdetaQﬂethﬁ s p&DSlEtlﬂﬁtl@’S apparatus to
a result of safe handling issues, it is especially
producega$iverigrdanda fesliBMent process i nprovenents that can
r f
Extractih MG AEEL AN DR RHE el MR BT B 1y
Measurmg dledEnlef vihe lapseaicasftsadveriteagheasl dxtract dntl saidirhffimate; and

preci ated that the challe e, of et.'n t hese
Adjustm&ﬁtéas? QRESPIQFess yatia ﬁéls%oicwée ith, 5%1 lhllﬁ ?%ﬁ]maéqttus or said extraction

step in E@F@Héé Qo BIdMeadREll dEndydoas %lﬁ‘ﬂl@emgntﬁ‘ﬁi& SAIOUIARY therefrom, said
bot 't ng points, making it sonewhat difficult to
process a/ahabiv éeang sdedterh ifroge plzer group ncongistingof @f rad;er @f hgatyng said distillation

in the a rec at.i an .
spparat Gl ety AR “PORTe SRR iB By o to seid
dlStlll&thﬁ LYpAERS, fefMR rhGo ikl NeMtif ﬁﬁﬁarﬁt'ub) Clvtef k@dSrateto said extraction

enperature, reflux ratio and the |ike. Consequently
step, and comnbinafianis theseaf. t 0 have the nost accurate process
i nformati on avail abl e concernlng the quality of the

th a -

fave T b P Chlh o DR BRI O 1l GuB0Bl4 b Rured and the
heating ahi©ve refux baiocBnidjadtédth véspbnsgrieatary dasiyracy chicentration calculated

measuring the relative concentrations of nethyl iodide
therefroing acet al dehyde in the condensed distillate in stream

54, 56, 58 or 62. Surprisingly, this can be

£CCONpll @Be&s SIfM@hdn BY wHBRSY iHeN@enkfie o@%ﬁe biath@fd &sNBeasured and the

distill Unl i ke acet al dehyde, which has a density
heating wfe ialdjusted iy BspsresaiRo said dewity toe meen@ntrator silenilated thegefrom.

many common organi ¢ conpounds), nethyl iodide has a

density of about 2.3 g/cnB, alnost three tines

greater. This density difference is sufficiently great

that the relative concentrations of nethyl iodide and

acet al dehyde in a m xture of the two conpounds may be

calculated directly fromthe density. The density may

be neasured either at normal process conditions or

after cooling a sanple to roomtenperature. It is

preferred to neasure the density under actual process

conditions to elimnate unnecessary tine lag in the

control |oop that would be introduced by a pre-cooling

perlod The denS|ty nay be neasured |n any of streans

. o o



exanpl e, by varying the split between streans 58 and
56) in response to the concentration ratio. As a
wo cwoslogTeoml t er nati ve, the concentrati on of thePCDUSIINS/005787
reflux may be adjusted in response to the neasured
concentrations of acetal dehyde and net hyl i odide by
i ncreasing or decreasing t flow rate of stream 50.
This can be acconplished, for exanple, by adjusting
5.ne SPhé prooéssif ihaint 2,eerardif thedsmeiy ob theeatract48 neaghrb@and the water
Col um pressure can_ al so be controlled in response to
feed rate fpsaic pEYACKOB §CR IR e@mtwgm FSARODPR d0 é%&‘ﬂ%‘éﬁ‘ltﬁ’i%ﬁ @nceygation calculated
therefrogP! UM feed may al so be adjusted: It has been
I'scovered that under certain circunstances it is
advant ageous to separate and recircul ate a portion of
Gt r edlihd racesst tieCloh dnwheareid the defisiyodiuiim 2finaGhmngemyred and the

the flow rate of. this streamjn response t hanges in .
water fiefgrolpo S aTpaitiab N SR 1SRERES sk HEREaF deconcentation
calculatéN@herg®inal dehyde woul d in turn alter the columm feed

©conposition. Control schenes that allow nodification
of nore than one of the process paraneters associ ated
i t h Ameocgpssior produriag asefiaasid ¢omprésiisoihe steppotieasur ed
: At it . sl : s L

Reactm%ﬁ%@?&ﬁ@% wgths%gopoglorg?ﬁ’%%é g{qzé géearc]:tl&l? rl}%éiﬁ{n:l Séﬁbﬁgrﬁé %Va%r, ﬁlethyl iodide,
and metky}anpla inithe prayenbe obppatalyst at e to control both feed

and reflux c gsitLons at the _sanme tine, to adjust . )
Separatipg dhe BIogHsts ﬁggﬁ FEpCHOR Fitg 2 olatile p&dugqg}qéq FRypIEERE acetic acid, and a
less voldft gﬁ&ﬁglions, or to adjust the reflux rate to of fset

chahges in reflux conposition. Many other simlar
Distilling anidatdl@ile phase ipasBstidlagon khppaaids ta pield opmeésiiadetig atideproduct and a

. ensi ty af. one or . e of th treans nmentioned above

first ovef a0 EHPRRIPRIEE SO ORI ST He i st || at1 on

Conden$if$ bBast hipoltondIf$Ldd8sd Jvallegd;t 0 enpl oy density
nmeasurenents to nonitor or control the operati on of

Measuring theadeneity ofsaid ¢condensed ifiastoveibeat;@od t hat extractor 27
. .functions by facilitating a phase. separation.therein . .
adjusting ol SrerphaS eapedh P EaPeE SERaeBTaR dnf detiIahi af said volait
phase in@64RALSORBRISRe £ 0kt Aefdifybracdhad iR fye 8alc{aRa erieRihy, a
significant change in the nmeasured density of either

t he agueous extract stream 64 or the nethyl _
8 odi dewerpresese &f Clam & wheteianthe guiibied acqtisdicidhprodyct) qoatpins less than

f j ' ctor, which in turn
amxn4Q%g@ﬁ%%§ﬁg?§§?é??ﬁ§@th€?%€ﬁmlogﬁge was being renmoved in
the extract stream As has been/expl ai ned herein and
%! sewWhermpcdss of €laes8,raldreinttbe porifed veetiveichlprodocti catains less than
nd reuse.j.t within the process to the maxi num extent
about 255 BEEFLlpn B ieh hroBRE TR ence of met hyl 1§ och de
in the aqueous extract can adversely affect the .
10ast emat plocéss et CRIth DI WEGSH §Ad Wi 1643t 1RE R3Eds@Gbnirs] parameter is
ordinarily subjected. Simlarly, measuring the density
selected drong theegmls sonsesting of arrpisi aldreptieg eid distillatean ahpatatus, a composition of
acet. e e n trati I.h that strea allowing .. .. ... .
the feed?GEIELAPDY I RRIE B S URIuddhe’ M Bld PRt fPasit cisitasion
apparatub,ta €@tihAtessurd 7 sdid disEB RIS ph@nBNanddatemtiaih yhefdogh
acet al dehyde concentration. In a further refinenent of

the invention, a single densitoneter may be equi pped )
Ho sdihedrosess of HieHm dr whemmin ichdislling ftep fomprges @ least two successive

o orees ol ticnl it hi ' . .
i 4, 4SR0S B 0 1 PEESRR ML ACEAOS o o st

preferred enbodi nents, obvious nodifications and
alterations are possible by those of ordinary skill in
the related art. In particular, although the present

i nvention has been generally described above utilizing
the light ends phase of colum 14, any streamin the
car bonyl ati on process having a high concentration of
PRCsand al kyl iodides may be treated in accordance
with the present invention. Simlarly, although the



conposition and reflux ratio. 2. A process for
separ ati ng acet al dehyde from nethyl iodide, conprising
wo b@sssmps of : Distilling a m xture conpri si ngP@BUR3005/005787
i odi de and acetal dehyde in a distillation apparatus to
produce an overhead and a residuum Extracting the
overhead with water to prov%]de an aqueous extract and
a raffinate; Measuring the density of at |east one of
from omzaiod S@iﬁb dtséﬂdtioreafilSdaetﬁﬂwacstreamdirls amQIhafraﬁf saidt distiliatigns, wherein the
Adj ust.i.n east ces . vari.abl e asioc

proportigah SE AN FYLE O 3B BRSO SR B FHaET Gred density or a

concentﬁiti%ﬁ caltul8sPa8S R o0 Sal d measured density or a
rel ati ve concentration cal cul ated therefrom said

grocess vari abl e belng sel ected fromthe grou
onsi $he Agees of Glaire.dprtes sompysivaitp dereh ¥taetingsaid condensed first
| ation
overtea 3R BhitFto FATR RIEAR i Ahdngt Sbidky ' 00 cai g
distillation apparatus, reflux ratlo |n sai d
HW.sti Th@t;hmesapba(flailmiﬂ wateegin f the dlovatretet of S&axi:aﬂ assocmted with said
extractio and conblngtlons t hereof . 3.
extractl(bq, SteRss ;bcg cgln}nr%spometo&ﬂ trp[%as&@c}s ?Wl%fort‘h éoncentratlon calculated
therefrogver head is neasured and the heating rate or reflux
ratio is adjusted in response to said density or a
concentration cal culated therefrom 4. The process of
H.ai nTlx pignsseioch Glaign d@n@lttlwo(tommelrtgvenhleadatl lsast a portion of said
raffmatet g sglrg eéle%rseéegﬁ%alraesg}eé%g%sgn 1§te Is\xgﬂqjg ﬁcaﬁggi[agarrl %I%Bz(t)r t%s wherein the
fraction tofgael fadifate thih® RIxea &kt ik fEchmeerhevaﬁ@tI%hlﬁ it A@justed in response to
density of the extract is nmeasured and the water feed
said megsyesl depsiiy P egnCeRiEAion falsilsgedi thergfipiist ed i n response
to said density or a concentration cal cul ated
ere KP the
e o o BEpPRAZESR. &ha Lodbite HEGRPLR, Lt er
Reacting emihamuﬁ e)vlth:) csthonl meortox@let inoa redogioni medidinusdmtisimg water, and methyl
ﬁl@ ponse to. sai q density or a .concentration: cal cul ated
fodide iy henLeseBsR oA Calitocess for produci ng acetic acid
Performﬁ%”@hﬁ&ﬁ%p&f'@pﬁﬁaﬁ@ﬁ oPbaid ReRGHH REITRL RAPRlidH £ @ap%f“?f?z%@ comprising
monoxi'de in a reaction nedi um conprising water hyl
acetic adigdhnetbyl ladmlen@temjdeha@aearmlt\eatﬁmrtdwehcpnegb@ce of a
ar at i t he

D1st11hn§%%1gi %E)rbll)hésﬁs? fia gIF op aB @1 g %e]: %Buréfieéf ace 1%1(3:?18 product and at

least a fidt@Gvarhe &S SorMpH 1@1&% bR DR Qe arkd ﬁlEthlyl joagiesai d vol atile
phase in a distillation .apparatus to yield a purified

Condensipg84i@ fiagtionehedtiuct and a first overhead conprising
I I
Extractllggélﬁofhﬂsg e‘iiﬁeagr\gltk?gzteﬁeg \;g E@f(ﬂl e aﬁ% a't]es !;5}% Jﬁstm% g%iljtyl 3odide and an
aqueous@ktraatt d condensed first over head and Adj usting at
| east one process control paraneter associated with

Meas“ﬂfl&éh%hd???lm 8t i reast 0§a.8&re%| wlsofied pREs B grovpsiampising of said first
C entration cal cul ated
Overheaé%ggie r om %W&%‘gg&g&gf aim7, wherein the
Adjustinguat |1éasednea]_met¢ss camlmﬂ aramoiietaseanidted withletther the almtlﬁbmrt of said vapor
arts per . lion b t of propionic acid.
phase orthechistRa BT s1d ErsonBed ar Sones o Sskipe s Bewibi o« concentration
calculat@CinSrefloggduct contai ns | ess than about 250 parts per
mllion by weight of propionic acid. 10. The process
of Claim7, wherein said at | east one process contro
parameter is selected fromthe group consisting of a
rate of heating said distillation apparatus, a
conposition of the feed or reflux to a colum in said
distillation apparatus, a reflux ratio in said
di stillation apparatus, a colum pressure in said
distillation apparatus, and conbinations thereof. 11.
The process of Caim7, wherein said distilling step
conprises at |least two successive distillations, said
process further conpr|3|ng the step of supplylng at

oy




extraction step is adjusted in response to said
nmeasured density or a concentration cal cul ated
wo b@smesTeesn 14. The process of C aim 10, furthP€T/US2005/005787
conprising mxing at |least a portion of said raffinate
with a feed or overhead stream associated with said
distillation apparatus, whéZein the fraction of said
raffinate that is nmxed with the feed or overhead
K. edlhd proedjsusit €thimnly, eslpoeinesaid at &adk omaprucess control parameter is

density or a concen ratlo calcul ated. therefro 15. A ..
selected SFoSB BLEPBR CHIGUAE Ph 14E 8F hEAE el BB Gr ABPHLS. eiggiposiion of a

feed or RMfiuxReRGH ReodREDIREA! 2 %lﬁﬁnQﬁrsQﬂrﬁlﬁmfh@Péh% éuﬁtu@ a reflux ratio in said

reaction medi um conprising water, and y i odide in
distillatibhepparesenc @re@sula ie azidl dissillatipe rapparrmusm,ga a/atar desddraicaprosaid extraction
atij.on said reaction nediumto provide a vapor
mq;an%ﬁgg n@%ﬁﬁr Fﬂg acetic acid, methyl iodide,
acet al dehyde and water and a liquid phase; Distilling

BRi d Tapetokiee ClRind 13, FhithdratoBprianpandhtamit® the concentration of
produce a purified acetic acid product and _at |east a

propionitiagist inseidraeatitacid modnel hetp va alequs 1A Ryidgepe mal s by eight.
i odi de; Condensing said first overhead; Extracting
2 d fid Pfocgyse b @QHIW lgh ﬂﬁﬁg&r c&ﬂ il %ﬁnﬁnﬁﬁg fehd'@bRcentration of
conprising nethyl 1odidée and an a ueous extrac
propionib@agiinisaig dctuic abédpiodyctdfelct ab@ad b0 pmes sdr mﬂmnsh_yl veci gt
fromthe group consisting of said first overhead, said
raffi nate and sai d aqueous extract; and Adjusting at
| east one process control paraneter associated wth
either the distillation of said vapor phase or the
extraction of said first overhead in response to said
nmeasured density or a concentration cal cul ated
therefrom 16. The process of C aim 15, wherein said at
| east one process control paranmeter is selected from
the group consisting of a rate of heating said
distillation apparatus, a conposition of a feed or
reflux stream associated with a colum in said
distillation apparatus, a reflux ratio in said
distillation apparatus, a pressure in said
distillation apparatus, a water feed rate to said
extraction step, and conbi nations thereof. 17. The
process of daim 15, further conprising maintaining
the concentration of propionic acid in said acetic
aci d product bel ow about 400 parts per mllion by
wei ght. 18. The process of Claim 17, further
conpri sing nmai ntaining the concentrati on of propionic
acid in said acetic acid product bel ow about 250 parts
per mllion by weight.



