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S('1-t 5(~5';'2 is a l~cw o r a l l y  a c t i x c  ;LZOIc ~.tlttirtLng~:ll. ptc:.;ml:[tx 

itl I:'ll[t:..;C I1 d i n i u a l  '[ri~.tl.,. ( I ). it i,, s{t[',cri,.~r 1~ cxi: , ,[ing a z o l e  a n  
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s.h~v',.v>, L'.rlh~.trl,L'c,.I a c t i v i t y  ~.t,.4i.tilP, t (.'a:iJ.i;/{,' ;.UlLI A.vf*er.qi//l{5 ]11- 

[',...'ctic~n:-.. hi C,t/]lltllO[l v,, i l h  OtIlC| ,:lZt.)lC :_lnlilLIne:.Lb, ( ,s  l ~. 

S ( ' t {  5(~592 {I )  c{mu_df> the  a z a ] c  t-rag. ~t d iha lc ,  m_'l]r.',bcn;.'.r 

l i n g  ;..rod :4 r ig id  :.,id,,.: c h a i n ,  d i : ' , t r ibuicd  ~.tr,t.tuutd :.~. ,,:cntral f i vc -  

m c m h c r  r ing .  L in[ ikc  K c t ~ c r m a z o ] c  '[3) l t ru~.-onazolc (4 i  and  

Sapc]cc ,  n;.~.:.'.{;ic {5 ). v.,.h]ch col!tail~. ~.t ,L'Cntla[ I .3-di,.~\,r.,lanc r ing.  

S ( I {  5('~5'-)2 o.mtLtin:., a mop._'. I-,t)t;uxt Lcll-.tthvdl-c.,f'u]-:.tr] fin.g. 

,.,.'l'~ich is t ; c l i c v c d  ' t u b c  rcsp ,~ ;ns i [ - , I c  I,,,] it:.; c ] ' , l ! : m c c d  ,.~r,tl 

l ' , i , . ' ,av~Li la l ' , ) l i tv  12 ). I t  ~_l]~e'~ cOnl~.t i l ' ,s :J 12.vuh,.:,xvluL:tcd s i d e  ch;.Lin 

~JI t]~,c c x [ r c m c  r i ~ h ~ t - ] ; : / n d  s M c  ,.d" :the m,.'dccu[,._', t h e  prc: , .c l2.cc 

,.>1 '..'..1~,1c1"~ r ac~i', it,, c,.'m~p;_ttcd t,..~. S(.'J I 5 ]'[),r ~:2,~..Ltr; 

c ~ t l l i c l  n< ' ,n l l vdr , .~xv la . l tCd vcr,.,i,t.tp, t.)t the  ,,_]1LI,2'. ' l h c  p r e s e n c e  o r  

t ] lcsc  lw{~. [-]1..~,~iLtlJc:., con ; i -d ie : t i c s  ' [ l ie s'.,lHhC:,i:., ~.:.r s ( ' ] - t  5 ( ,592  

tS, : :hcmc I ~.. 
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K("r ,~:l/~".Jv,'l,~',"/i{;i.,'.v. [{l l /yt l leS ha'.,,...' t'~L,L'ornc illr,:rea',illg[:,,, pt.;p- 

u l a r  h ~, rcccn,[ ' . ,cars for  '[he s' , , .nlhesis c~f ch i ra ]  b~.d]ding hlo,.:k.,, 

(3---('~ l h i : ,  is c s p c c i a [ l y  sL~ in t he  p.hayll]ar {lldu,.,F.l'V 

v,.hcrc'. 1-cgtl];.tlt.'JFy [;i-e:...,s, it]~-,,..' h~,:t:,,, CTlCoLirag0,[.] l ] l e  de'., 'cJoi 'Jrt leTIl i.:tIld 

m a r k e t i n g  ,.if chit-:tl t[FHgs :ts :.ingle (.'I11Is q]7.8). Ti le  '[v,:o 

ch h,fl sut;Ul~,it ,, ,[6 4n,.] 7). n e c e s s a r y  I;,r ,[he ,y4,[hesh,  (;]-Ol"~ticall 3 

pLu,.._' S ( ' H  56502 .  are :..,1~.{'~'.,','1:, l"elr(~s.,,.Titl'le,[icalL, r. ill S c ] t e m r  2. 

"F,, v,h, ,[!~ c~rrL',C,~,r~dcucc dx,u[d i,c ,:ddrc<.cd ar %,..~lL'r irLe-Ph,tkL'h r:~...'~cz~r~.h 
I l l>fi lm,. ' .  [ : l i , , Ir.ul,fvl lu:al i , ,r ' :-~,h~,~q~. K .15 .1 ; .~ I ) I * .  : ( )15  ( ]~dh~pm? i ] i l l  
R,,ud. I,:c.,llv,,,,ih. ",.:.1 il,:!t.~, :.i!53(L 
I{-I t ' l ; l l l"  ',t. 'I:II,::I;.I.~I'!421.1!IL~F'24~3', '" ' , ix~'; ' ; '[3. C,II1!.  BCH~ME 2 

: . i , ~ , , , I ! . , . : , i  ' '  , ' .1% " I ; ' . . . " , ~ .  < [ ' I , .  4 , .  ' f , .  I.%~. ) ( -~.  ',."~,I ~.I :~() I I , I ' , ' C ,  



I~fl.! I-',. \5()K( IAN /-7..~.L 

vertc,d lhe C.'4 ch i ra l  ct.'ll[C] It) t]~.c roqL ihcd (,~"t-cc~11JJ~LItLllion 
nnd I]~l-n])I:liic~n co lup Ic lod  Iho <,\.tllhc'<,i~, o f  14 I.<Dch~_'illc 4 i. 

[~L'k.'~.LLI:~C lhg c l l c tn ic id  [Uclll~Ul. iqtlt (i[' kCIt/llC' 12 I*~ {[IC ah_,~- 
It,.',[ ? showed  pcx)r dlr.L$,LCleO~;Olec'ljvitv. \:ILI'iI. iLL'~ ciluEli~lc'l'W\ 
n]:f t ic tOl.lh~!:., II)]ll_]lL" 125.]./?)-2-huu]i).l~)\_~-.'4-D_ull,ai~d (7 i  
wc ]e  C~]ll,4]dt, ru'd, []lc'-~u. ',L]~[)I'C~:.Ic']]~_'~. LO 7 c'C~Ltlct illc_'lLldO 13"<ic'l't) 
hia l  t~ducih~I ]  o1' Ihc kc tono  12. li',<dl~',:'.l~lIi~ul <~1 2 - h e l l / \  { 
t]:'L):]G'OTIIt~]lt ~ ~.I/ [_i~t_" (_"_~ ]]tl:-~][l~Yf. ';)1 >.c]cc[ivc tH1Z\ Yit,.ilic ~ ; \  ic.]- 

[Jt~i~. o l  2- l~0 i l / ) tc~x)- . t - i~u~l lano]  I G )  In l h i .  rcpor l ,  we dr 

b, Cl[l~<o ,1{1[" ,;'llorl.~ to exp]n] l  UIIZVI'['iO c l i c~ tc r - c~e lcc l ] t  i l t  tn 
plcl ' r  , ~_'~.lcr]l'~ ~ .~i l~k" ]comer  cq 2 t~cn/_~l<,x~.-3.. l~C'lt- 
[;.tnol [71 ~.~ {Ih Ll ~LLiT_~.ih.[O HC\'[ gFl~<l.l[~< [Ct t]~cilltalC <4c'p'<LF;t[i,Ill C~I" 
Lhe clesir0d f 2 . \ ' . .4 /7] -7 l ro t l l  LiIi'.~,~LII[OCl (].C,'._~5)-7. 

S C H E M L 3  

7tixttb.~lilIIfcr t~'tr~lh.v~]Fq/itrr ftTJ. ( ' ] i cn l oenzv r l h i t i c  il]~- 
j~r',~:t~.]:en I~ I l le 2.3'.4-[[]nl.L['~:',[][kl[k2'd lel. lah'r 11r hLIvc 
beCll ['~ir de~,crihed (O. 12). in paltJ~.'kltal'. Ihr r - 
rm~lic tk_'<4)tlilYiC'Llizalhm c)i d io l  (g) b )  ('. ~m~+.ct/c~ f [Diso Ig- 
(N~l~,q~.zvi11~. ' -1_]5)p lC) \ i (JL>n [hc f.~,'I-I1](IlIClr.tUOI[.LIO (lJ], irt Q o o d  

~ietd ~ i11~ t~igh cnnJ~lh)l~Ot'ic: ,.'xc~_'~s 1>9~'..'7 c)iG:illIlt>lliuric c',;- 

mt:xx ~u,c, ]1 ( ~cl~.u'nlo .3 t. T h e  ~cc re<,xc lcc~i  xit b o [  IhC ~I.i b,>oCltlCrlf 
h~ci,~cvcli~'aliOl~ li-ariM-0r,~ [ho ch i r a ] i t )  {_'mrlOl';klud hv  Ihe C'l l 
LVlllC lo the howl ) '  IoTittOd I~enz) Iic c0uIcr.  I~ I~ rm fho rc ~. 
ClUiiCd t ?/,~.4.Tl-tu'tt'ali\.'clrol'clran r-lllQ ( l l i t  (6()-7[)'.~ n \ e r a l L k  
lnli,.~dL~C[],~;ri o f  Ihc Iriafc~Jc ~.r~,~.l 1-el~lacunlL'n[ c~l" the Clc'.u'l:.llL' 

kr intorm0dlalc '  6. 

fZS,.?Ss./.<m,v//n'Ur<~:-<;~c f]4~. " lhc  r-cquired (].Ib._~,~l- 
iC~l-rl]} Illvdl';.L/Otl~_' e l4 )  wa~ i-~ru'[)',lr~;'<,l Erolll  cLll",l l~lCl~klO, s~hidi  
p r o v i d e d  the C2 ~.'tlli-~ll C'Clqb_'l J~cholllO 4) .  g'l.lb:',C~,lklCI11 C]tLlill 

chi l lg~nthln r/u" lhu" pyrro] id i l lu: '  ;i111]4.]c i~rnv jdcd k~.'h,ric 12. 
I-locket et. LtlldC[ al l  condi t ion. ,  t r ied, i -r  o f  12 re~,u][cd 
ip] a n i i x l u r r  (~9()'. I l l ) h i t h e  i ]5 ' .J /?) -  and (2,~'..~5') 2-1~r 

o x ) .  ~, �9 l~c'n[anol ('Tj. ~.iLh sc~l)cLralion o1' Ihe inin~>r ( 2,~,.351-di- 

~.Ib, lU'IL'tHllCI ~.LI I[1[~. ~.)r b,t/h~,O(.ltlL'li| giOp% I~rOVil]O di lTicuh I : f i , -  
[~ir.lcc'rltc_ul[ (~l ' t l lo r wi th  I lvdr~. l i lnc in- 

M A T E R I A L S  A N D  M E T H O D S  

..~n~ffwi<~t/,,:fll~U.~. I[Lgh-l~cr-J0rnlanL-C l i q u i d  chr~m~atn!;ra- 
I~ll?, q t l P [ . ( ' t  ~a~  car r ied  ~mt ~1~ a WalCr~, 715 t ' l l nJ  \Vi, ,p 
u'qUipl~ed ~sittl :t I.):Liccl (~hiralo_'] (-)1: uD]LIIt]<l/ [q).-l('l ~" 25 C11"11 
cChir:~.l -F,.'chri,,Lc~eiu'~ In,..',. [i\l,.',n, PA ) q 1"~ ,,Pn,C.)f I/h<_'xalw: I 

l i l l . / i t lJ l l :  l'l)~.;lll LL'NIpU'[;.ZlLfl~.~ t [~,Tj; ,clc_'[,.:'cLJt~ln ill. i~ L5 nn l :  rcL,.'ll- 
l i on  I.ime~: L2.V..~I?.lt(Z,~'.3.<~) -16n,  5~.7,;(.,.J Z rain :lr~<.i 
r L2.qi]/t.~,,4 'c) nl ir l ,  r,,:',,[',c.',:.'ti',.,,_'l',,... (]~.i:., uhlc~- 

nll;_il.C'~'._T'~i]~-]J) ( ( p ( " )  V,,~.L-t ['iO]'I.t~l]l]Cc.1 c/~1 ;t S]iiIil:LI.J./tL ( I ( "  14. - \  
c'l~.;k',, u..I.:G~,an) C'klLL]p]'iCLj ~.t. jl[] LI ] )1]- I  C~..~]q]laI b c,;',[unln c.],X: ",.\ 

.%ci,,:rllili,..:; ( 1 ~  m x ( ) . 2 ~  i l i m  x ( ) 2~ ,  I . t lu l  ~.ILLI1. <.:,.>l~di[J,',n> 
[ ()(YC 1];1 L mirl'. ] i) / l l l i n  [~.; ":'5I) (~ F,,,1- 2 l l l in :  rcl,.;'nti~n Iilll,_'.,: 
12.cC.~.gff~25..~/.,.'j-7. is. 15/f~.25 rain:  llu.: l:.kri',, rat,.',, 1 6~-'~. F, ngq.i- 
,t~rn:.~qc:.. t6h,. ;.m,,.l ,.:hl,.',rc~a,,.:,.'u~ir 16t..'..u 9 .n3.  ,~.u4 {lllt.J L.j..,RL) 

Ill]H. ['C',rJCCliV'<.'I t. c.]id F]~'~L E't.'h'~ll",'C.'), (')['rii',,_';LI F'~.~'l~,fl j's ".~ C.'['t_" m.JU'- 
I,,,.'r-I~lirlcd ~,l ~ P,,,.'rk ill.-I,L]n~<_'r 243 B I-~'~lIalinl,,,.q.Ol-~ [;~LItO ."",llil. 
C A  t. I:1;'<~,1~ c[~r~ml~..qC~l~.~I~,]'i_~ ',>~a'., c_-r_trricd q:ml ',,~, jl.h ~ , rbJ, . i ]  
(_'(;q) (-f-{]I( '~[]:\t ( t : ]~ , l lor  gt.-i,,.'t31]lJ,,:. I)i[.['-[~'lll-gJi P ' \  J. I<:tFI [ J,,- 
~.']'~L'E l it l~tl iC>llh \ \ 'CtC C~.LIII,,.!I~] ',,tit '[111 ~.t k l e t i l e ] '  I )1. .~,7 KE- 

C n k l l o m c l c r  CMcl t ] r  ( '~ l l~. .  H i , h i - t i n ,  It. \ . [ . i .  
Vil~.vl I~,~.Jt'r t \ " i t l 'v l ( ) tgu ;. virH,l br  Vill~,l [lcx:m~Y, ito. 

v i l l y l  /~.rol~i~.Ul:.ttc. v i ] l v l  d~l~i'~x,ccu~lc. :~lld hut', t ic  Hi1]l\.cll'il, IC 

kvc]c ohI 'a i l led Inu]~ l ( ' I  L.%,.\ < Pclrl.la~td. ()14,). ~ind ~ i i l \ l  uc- 
Chub:' [l 'nrll / \ [d r i ch  ('hOrllJc'dJ C~l"n[~,ln', I,\] i lwLttlkCC. ",,x'] I. :.uld 
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MJLf IIVI \~ I , . \T I r .  F ~ W I I I I  F. H( f ; ( ) '4 ,~, ' . , :%I) . \L. \~/ / .Y/ / l l l l ' , \ 'q5 I ir,~ 

were  u~,c,.l a:. r ece ived .  All n thc r  cIicnl]o.li.., \\.cru .nhI~lJllcd 
trom I:ishcr .";ciClllilic ~.tlld ',,VCI'C tt',:,Cr,.[ [.t> r-ccci',o.t. 

/-.,<vmu ,,~mr<e. }{nTylnr ~\,.'r'r ~h ta [ncd  I'1Otll Ihu I o l h ~ -  
] l lg  L'{)mll['llt_'rc]F4] S(.ltmlm.LC~ FJI]d ~.~.crc ttt.,cd ',IS r ece ived :  l.ipasc 

CR ...\r|~tI\'fical (bade !X11. ('hiro('I.l!(" CI'?.. ('hirnCI.I'L(" CR 

(dr} ~.. Lind (. r,~.~,r~.vo cslcru.~c Irunl .,\hu> Binlogics (no. I(':tm- 

bT'ideu. M.,\): I.Lpase AY. 31} II-~m~ ..\mnnu En/wnc t.'SA lid. 

t ' l ' rm .  \."A): I.ipa'.:e C'. r v/mJrz.,,u,:z fl 'om Bi,)CL:tIL~.I\:',I:'.. I.U.I. 
~POal!b.p]idd, tYntted Kin#d~un :  l.ipa>,c 31,15. C 'h i ra /v lnC I -3. 
and cllu]Cslc~nl t2M[Cl'[[%~.' [lO13'~ I'),;,..'hringcl'. Mmll]hci l~ ( 'n .  (Iml 
di::tn::tp,.di,,. IN)'. l:".rlxr 1._ipw.,c X X  C.nncclt l l-mC ;tnr, I l:-]Tl,,'r,.'c~, 

~ - 4 8 2 7  l.-i',,~.,..')':.,.t..,,.'/l.il~_t.,..,,.." J'll)lll ki[ lzy]l lC ] )cvc ]op l l lC ' ) l l  ( 'O lp .  
(N,,:,.v York .  N Y t :  .,i.h~,~r miu/wi ct, tc,-as,.:' Irc, nl F luk : t  
Binc]~iu'tik~t (Buch , , . . ' qwi tzu r l am. l j :  I.]pa,.e ('. , -~ f imtr ,  cu,~ 

In>In Gcn• ( ' o rp .  (Cal])lu-ictgc. MA) :  PiCL'.~IIIIL:tSC eX,. JI',.)lll 
Giq-U, roc~tdcs ( ( 'ha r l~[ !c .  N( ' ) :  l.[p~t.'~C (.)k. ()}"(.;. () t"( ' .  ; ind 
M Y  r rom .Mci(~ Sal l~D~ Co.. I. td. CF~ky,~..I:[pLtn): I . ]p ( l /y [ ] l c  
IN1-20 am] IM-(4`). l . ipozyrr~e I().()()(̀ )I.. S P - 5 2 4  nm.t SP-<,2d~ 

frmtl No, ,~ Nm-disk F ; in indusu ' i a l : ,  [ n o  (1)arthur\.. C' I '<  I_i- 
pase ('. uvlindruez.e, I . -g525 .  T y p e  VII and  T y p e  VII..\ ,  
POlcJrlo P.aT~r..:rcr.ttic I.ip.:isC (Type  I i )  and A c v l a s c  l (....1,... 
,,,';~"f'/('.r.~.~) [r,nnl Signla.I 1,NI. 1.ouis.  3,IC)): I.[pa,~e G-l(}1,)t ' l , , l~ 

Scflxa 3 I.Ln:.'ymc~. Inc.  (E lkha r t .  IN):  lu~ohc~ I .P l . -701  l'~,.m~ 
Sh inka  .,\tqlCl-ic;.H1. [mR.:, ( N e w  York, N Y ) .  ('~mdid~ ,'t~.v~**ez cs- 

r.r162 {AIItL.'.., B io lngh_ ' s ) (20  in t . )v ,  as d}~.tlY/,..:d F.t~tinst ',lqU',..'- 
,'~Lt".. bttl '[cr {S(I() till .)  { I() n lM -l'ris: I T'nM ( '4CI~:  pH (~.71 al 

.4"(" {~',crni.Shl 4rid then a,.:tainsl frcsh buffer  ~ 2(ff)ml .) fnr (-~ h. 
The  COnlCTIt'.: O1 tht: .Lli~tl"..:',..i:.,. }':q.tg w c r c  ~}lc,-t fr~)Y'cn 4m.I 
ly~phili/.cd and the lyophihue (1,).3 1 g} LiSCd :is is. 

rllix!LIrc o1'4 A mtdr  sievL's q,R x 12 mesh)(1.1,) g!. vin\,l  
ht~or~t~.c 1, I 3 ml . .  10,3 lllr)loL). ;.ll]d I_iD>c ()1-: ~ 1,0 g )~ ,  a:, su>- 

pcndcd in *cH-hul}.l nlmhv] cd~cr 1,~t{ME'b ~7_4 m).)~md 

s~irr-cd ~tl ro~m~ !CIllpCfLt!IJ;C I'~.~t 95 ((till. ,'\ solulkm o[7 [ (.If 

S. 5.]5 mm~d) {7flc.i dc.l in ~I-~.\.II~ ~2.~ n~I.~ ~a~ added, and 

lhL' llqJ',;IUf'e ',.v.as qirTcd nxt.~nc![caIly fur 16.'] h.-['he rc~tc!ion 

mi\tt~r'c ~~ts then I'i]Icrcd 1,hr~ug]~ a ("c[i~c pad. which wa~ 

w~,hcd whh ~BMIL I IO m[..}, and ~.I~- c~mfl~incd filmttc was 

C\.ttpr.)rLiIcd. "lhc t-r wax pkwcd Or1 ,:1 .,a;i{)~ column 1, I'~ g) 

and clu~cd ~ilh hexunc !5() inl.). 25f (50 mI.! and-.1-?~ (5{) 

in(.! ~BMl{/h0.\atle. a~td fl-nctiuns t~I 15 20 rlt[. wcrc col- 

lected. The dc~]rcd It-actinm~s WCl-C comhined ~md cv~tpon~Icd 

lo oht:4in ;.~ c~n]cn'[e'.:.s liquid {()>)7 g. 9,',;_2';~ de; f-~{).4'~ h ~ c d  

C, ll tO|[tl 2t]Cl.:.h{)l. 71.3*;"; based on (2S .3R)~n l - t ] l l g  malcriul}: 

I~~.l-'i~ +I(~.7 Ic 1.323. f".!OiIl: infrared (IRI ~11ca~l ]71:,4 cm 

I. choMJc~.II it;,rliz~.IIir.~11-MLt~ :..,l].ec[rrllllC!i'y (CI-I%"I,S)((.'H. 4) 

265 (M + I!: IH nuu'Icar m~tgnct[c resonance {NMR) (CI)CI~} 

~5().~7 (e. 3|-I}. 0 , 9 3  (~, 3t-1). t .15  !d. 3HI.  t..t~3 {m. 4 H I .  2.g2 
(t. 2t4.). 3.55 1,m. ] l-II. 4-.53 l A B  q~mrt, 2 t t  L 4.c~5 (m.  1H1 .7 .2  c) 
(m. 51tI: m~c N M R  {(TI)C]~k 6 I1,').1. 13.7. 15.7. Ig.6.  22.0.  
3fi,5. 7().Y. 75 .5 .  7{~,3. ] 2 7 , 5 .  127.t'~. 12S.3 .  13b;,(~. 171.4 .  

Anal . ,  c a l c ' d  tc0' C ] . l l 2 a O , :  (7, 72 .69 .  )4. 0 .15 :  found :  ( ' .  
72,S0 .  H. '-)_27_ 

/2S._{R y-2-ICun.r /n.vv-.r  ~h/oroet,  umgc, 1,2S.2R,~- 
FI6c). I'l 'ds was prepared  as n lxwc  frorn a I]l{Xl[1.1C O1"/ (fl.fl8 
,' .11.3 IltTl1(t]'~ 1,g2.0r..,i dc).  v i n y l  chh)l '~>acetalC (6 .34  m l  

SCHEME 5 

fs2.(~ lllll]Ol ). '411d No',. r.i l.ip,.~zy'rar l,\I 1,5.32 g)in/I~MI{ (~1,) 

mr_) sh.Jken a(251,) r-pn, al RT l<n- InO h. Whi]e Lhc I_ip,,"~ybrnc 

[*."I-caudy/cd m.:Vinlinn ,,;I ? ",.,c]Ih \inv] chloro~LCmalC i, l-el> 
[ively [;>t. dtc ]'L'tIL'tkoH ~J{)\V~ d{~wn cnnsidcr;lhlv after .--~OC.:; 

C't)[|',.CI':'..i()I]. This. I'r ',.'..;is 41}m~cd Io proceed for hm.ecr 

l.lIL11:, Ll~unl 10 11.1;tXi41i/.C L'Oll\'el'~i,,~ri alltl a L l ~ v  ih;()]J.I!j,:)tl ()]" the 
~ %.3.',)-di:,:,terc,.>T'r, cr ".,v['th g,.u~d de. R,.:m,::,val n f  Ih,: ,.:r,?'.vm,..- 

hL'LU..tS h \  I']l!r~.di*m. I,.d[ov,'cd t;v c,,; ]unln ,.:hrc~rn;.tl,:.~ruph F, 
v]ck.[cd ~ 2."/3R -|t,,c (6_ ~,~ ~ 9X.r de:  .vt 'w. ha:,cd ~_m Ic,~u.I 
amcoht~I. I)(}..4-Q~] hased on ct;,itip,t:,'..,ilJon ())I the ~LLllling nljx.- 

tuft): [(zm2i~>+iT.X (c !).202. I.-1.()IIl: ('I-MS (('II.~) 271 (.M + 

1): Ii( NMK (C.L)('[~)6().94 (/. 3}.I). [.2{){d, 311). I ,('~ (m, 

211). ).n0 (m. I)I). 4.05 (.,. 2)1), 4.5,-, 1,.,. 211). 5.()fl (m. II.{x 

7.33 (~ ,, 51-1k: i.~(, NMR i("I)(.I~) 6 l(J.0. [5.3. 22.7. 41 .(i 

7(1.9. 751. 127.f~. 12.7.7. 12x.4_ ].ix.?,. 164.2. I.alcr iracuons 

~cr-c chncd wifl~ 3!)';"; ILt()Ac/hexanc Io yield (25.3.~) 7 1.!).X5 

~.,, S(L2".i ba~cd OTI L'~.Hlnp,.)S.iI[I~'[I I)I the ~lal'liIIg rlliXltItL ~) 

(95,7"~ de) .  

12~._~R J 2-1~'~123/r~.t.y-.'~ ~<'H~.~f /)'~p'/r~s~H~' ~ 2S._~t~, ~-~ 16f) ), 

l h i s  ~at ,  prci%trcd :> :.~t?,t).'.,c 1mill [L rlliXttLl,...' ,~)f '7 1' 1.1') g. 5. ] 
mll~,n)) { 71,)",& dc ). 'vin~l pl',npionalC (I .3 1111.. I['9 IIHlt(.k[l_ al)d 
[.)p:t~C ()FG r.~,() ~) in ,,gMl.: (11,) ml_J ;.tl 251,} l-plll ~,~cl R-r fur 

I> h, .\flCl WOl-kup :md c~>lUlnn L'ht~.,ll1~.H.(1~r.:.t[lh~. IN-to reNt 

vallf IrLiCt[r411> WCf*C t'.t~Ill~HIc.Ll lr.~ ~ i~.'l~.f a sIi~hil_~ yclh~w liq- 

u id  1,().91 ,' 5':).6L..~ haxcd on moral sUtT'Ime r l l~t lct in].  7(/ .~G 
~~mvcrs ion  hi' (2S.3A' ) -7  (*;6>Y..~ de):  [ ( x l2~+21.  I (s 1.473. 

F rO} I ) :  (. 'I-M.% (C14.~);51 {N."[ + 11: IR (lice.it) 1738 cm -a- l f l  

N M R  { C I ) ( ' I  3) 6 0 .gq  ~y.. 3t4). 1.15 (~. 3 t t l .  1.18 tU. 31tm. [ . ( ,4  

tqM~. 2H). 2.35 (~/. 21{)_ 3_50 tin. 1111..4-_5,~ tAI~ qm~u:, 2 l{k  
~-) I~( ,  4 . 9 8  (m. I1-I,. ~ . . . .  ()Hr 5t-{): NN1R 1,(?rJ('Lv1, 6%.&. 11,).l 

[ 5 . { ~ . ~ t , ~  2 7 . ~ . 7 0 . %  75.4. ~(~.~. 127.5. 127.7. ~ '  ~ 

[74..%. / \nul . ,  ca ]c 'd .  [ur (.i ~lJ.,_,()~: ( 71.07.  It. g.gr',: I 'nund: 
1,17. 7 I 7,v,, ] t .  8.7 t .  

I.q~o;,'ylnc IM-c:_md,, :,'cd ucyh t t ions  l1.2 ,g o f  (2.~'..~l,~:l-ldcoht)l 
pc1" I'C~.tcli{)lll w r  COlll}.'~]llL'd. Ltrld (I~c butvr; t te ~ 2.3,3R )-(16a) 
1,5.36 g. 2ft.. ~, retool),u,b!.r.tilicd bV otlmttIllll r...'hft).[ll:.itogrF.Lpmt~ 
Was dr- ,stdvcd in a rn]xttu'c , f l iP l - ( ) I t  ;.~1,) n ' d . ) a n d  ~' M Na()l-( 

(I{}'0 ratA. l'hc mJxlt[re was hc~ttcd~tT T'cttux for 17.4 h,l]k'i~ 

coolcd to RT. nnd iPrOll was returned. The residue ~;ts cx- 

[ l ac [cd  i[\v[CC ~ i t h  E!OAc (100  'dmld 51 ' ) l l lJ . ) ,  ;)rid I lk '  u't+llt- 
hincd  , , rgan ic  cxlr-ac!t, WClC w a s h e d  with '-.,tLIL]f2tlcd [TL]I.IC~,Jl.LN 

Na("l 1,51,)ml.}, dried IMgN().+}. l ] l lcred.  :.Ll']r,.I CVatpor:,tlL'd, 'rhL" 
CItRiC pt't~dug!. ",.',.LIS t t is t i l ]cd in tt K u g c ] r o h r  o v e n  r4",ven Icln- 
pCf[tlt]ft~' I()0 11,)5 C.'. 1.1,113.1L1"~ F i g ) I o  o b t a i n  :~ c{~I~l lcss vis- 

cous l i q u i d  13.70 ,, 0.~.%;." 76 . ( ' / 40 \ 'C I ' :L ]J  rr{]tll sl;.t I[ i] l~ 

~2,'s 1,c)7.4q de!: Icx1:1 1 ~ + 3 5 . 7  1,c l . l g [ . E t ( ) } l ) :  

ha,()(S, V, 4. 74. ii,, I( lie)(. ~' 
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SCHEME 6 

Tt~ f[1c+LLt.) :~,-!.5('~ L'lll - I  (f~f): ~{1 ..'N.~.I]~. ( C ' I ] ( '  ,,I ~ ( . u7  (z..'~H]. 

[ ,15 (<l, .:,t-I1.2.25 Ihr .~.  I11), D,51 (m. II-I~ 7,.C~6tsn. I I- t l .  
4 ,55 IAI->> q~+.rs. 'F I ) .  7.3.1 l.m, 5l1):  ix(].. N,,k, IR  tCI . )Ctx)  

10._ ~, 1 3 . ] .  ] 5 . 1 .  7 l i . 6 ,  7.4. , t .  7 7 . 4 ,  [ ] 7 . 5 .  1]<~.4.  1 3 S . 5 .  
(. �9 .-\na[.. CUL]c'd, fo r  C I:.HI<~[.)~_: ( ' .  74. I~. i, I t . . ) . n 4 ;  I ound :  (:'. 

74 . ] f~ .  I1. g..:,2. 

r E s U L t s  A N D  D I S C U S S I O N  

,.I.~ti~wi~-h.fc u7t+/~tm7lir f~t.Yl~Ul'tL.c. ~ ~l.t~<,~'.~, " lhc  nh~. [L~ll~, sII~iir 
~tt,s lu  c x i n n i n c  [he CII/.yTI1Lt[]t" ac\.h~t ion n l ' 7  wJlh sl_LCcinic 

~.iilhvt]l-[c~.c ~ls 4c},lr.i l l l lg ilgc_:lll he.cause IhE ]~[-licil.lc'l hc'nllt, LlcC_'i- 
nc~lr t l ~ )  tt.c)c[]d hc U'~tS]]y .~OpCiY~tT.0d ['l'Om Ihc LIIl[C;_i+,JlCr.J I]1LII_c- 

I'ial hv CXIEac'IJull \v i lh  ~lik:~lL t l3  Is l,Sd~cn~r :S). 
.;\ .'nCFCCI1 l'~J" ]4~ Clll.\'lllt_'b, W;.l'~ Ui ldel '14ken \~ iIl~ (7) (4cJ+,; 

,,.[,,,_' } (5( ) t11~.  OIl/.yl]lO 150 I11~). ~Llld :';1-1Cr,.'Jll]c ' cLr~h~drid~t ( i i v r  
cqu lvu lcn I ' , )  in h_'Tlahvuhc)J'ttT4111 (TI  l l - l  t ] , t )niL)~.11 I~.T, .&l:tcr 

f~7 1t. l l l i i i -h i \ . . r  cluonlalt+.,4r~ll~h )' ('TI.CI die,wed lh. I  t+nty 

cIL~I~I Cllz:+YT1t<3>, cli.~l)l:l',,ucl siOtl i l 'Jcanl cil lal~<liC ~,u-titilV, i.lllt] 
i I P I . C  >,howcd Lh'u o u l )  JOLIr dlsl.~hlyod x i T n i l i c l m l  solC.Cl.J\'- 
]ly, The  uiJ:l:qClu'i,iG~,CliC t_'X~:ut'4t~O~: t , l  II;c ht:HI][:d, LIL.'c'iJlkl~-C [tlt'~{.J- 

I]C1 4 I~ )  Wt_'lC pt lor  ({17-~()(>~: rig), II1 [01"1i1~ (~J >,clccfjvlLy/ru'ac- 
I]t ][V. ihc lies1_ CllZy]l lC tv~.t~, ]~()YolDtt 1..PT. 7C)1. wh id~  ;LcYlatcd 
lhc i 2 . $ ' . 3 / 7 ) - d i 4 s t c l c o l n o [ .  W i l h  I. .P1, ? i ' l l .  lhc  ~lc') . ]ul ion ~~ls 

u'xr.i l l l i i iod in ]4 b,~.'s]~,'CLtl:~, t;.lnTJll ~ ilt l 'JolaI i tv 1['()111 cTha11~ll IO 

hcxunc,  Besl ~'t>,ullt, ~,~,.ctc" M~SCT-vcd ~ i t l l  iBMt- ; .  1.4-dl~+xano. 
t-~unyl ~dc'.uhol and ~-I~ulvl 41cohol .  l~ur sclccf ivi t .} , /r0'4c!f ivi tv 

~vas q i t l  1~i~,.: d0 v'4luc~ of" 7 ] - 7 7 %  ~vci-o ohscrv0d c~t $4 6~C:.;. 

TABLE 1 
Enzymatic Btltyrylallon of 7-Benrr, loxy-3,-pentanol (-t "~ 

! l t y r 1 1 1 ,  !'1t:~ 

O .'g~- H 
. . . - . . . . . ,  . . ,  �9 . . . . . .  �9 

(:)I:if I r B M E  O r a l  

7 I:SIS "'S 6 

~h. I t l :  7 I l I", , i  I "~ i r ' l V l l I I , : [ ) l ]  I I I . [ I  : 

~FI  
T 

"'l'" " 

CLg" a F4 : G . H .  

:2 /7 , ; i~ i  7" c R _ ()H.';31 

,',,1,,il, ~ I.if~a:,,:" C J] i,~ qT.l~ TL.fl 
'N f I~ ' ( J  [ N)()~.'\ '111s I , \ l - % )  h-> ~ltJ.I .  1 l l ( : i ,  [~ 

, , \1"1"1, ' t l l l  I t l l ~  - ~ { I  : ] 7  ~ !~$ ,11  ]~ .1 . ' ;  

~, IL~r l ld  t : ' i l r l , :  t l , ! r l l  r ( ' < l [ i [  I i[h'Y~r, ' ~,h'~ I l l I , L J  . J . l . . !  

G ,~i iL~rnu I .~.t ~ ll[ii~4i [ [!,~ (J~{..]~ . } l l .  )~ 

- N<),.<> SI ~ :~Jh ~t) cJ~.] 1 _ .~.] iI J 

:l,~r,,jhi,,r,< 5LIi)~':i,!I,,. :<It m~4; \ . ir lvl[ j i lu rK~, ,,lluiv,!l,,n!>: ,'~,r,,-IIcil~! 
"Tic 1) ' ik ' i  , ' : he " l  f i~t,V,I .. ,! i :1[  : r [ i r ) r i i  [ [ , i ] ) l ! f ' i , l ; t l i [ ' .  $~  I1. ~,',< <, l t l  ,.-7:. + ,iT f i r ,  

, h < ~ q c , l , . ~ l N i r , i  ,~ ~ 'k t  +,>'~. 

FIG. 1. 111~, i'(l'u'i I ,  ,i" +i~ vl,dir;-: <l;~'r~i ~r', I]ll, <1i. vl<~li~s;I (t17 in .g'St bi.~VI 
rntqhvl t'lliu'i :ltg,\,ll '. (~ndlill>nD: 2". ().2 .,_', (),.C, ,\.1. :~(!".,, elm', c,nzvn~+.' 
[)._1 !~; ;1~,\.11 , 2 ii,1; vinyl t,~lt.,!. ~,.,..,.~ c,(~u~v<~lonl<.; r+ ,um ~t , r l l f j ( , io i t ! r ( . ,  
(<~nve,rsi<>n ,'tl,., was IllL',l'~Urt'tl :1! if> il [i)l ,\.it.':{~, (.IF 4ml <ii h7 Jl r~)l 
I iFi<>zvi~u' I,\1 2(! 

c.nnvcrdc.n :d'tcr 64 [1. A r~umb,,_'r c.t" c'4hr4r urfl'JVdridr,,.': ac~:hl l in~ 
~L~cnts ~.Vrerr..! cx~tr'rlLnud. (;l,_lE;.tric 4nhyr..h-idc I ] 7 .1~ )  'dlu.v,od 

I~v< rc~cl ivi13: (~ t 2~..~ ccmvu'r~ion J l ' lcr  44 h i .  v .h i ]c  m~l lc ic 

~.Id p] l lhd l iu  ~mhvdrick' 4nd Mr  ~tc.'ic] <du>\vcd nn ~L~n>, 
o r  rc~Lcti~m, i t~ .d ro lvs is  uI" thu' hcn~istlcu'in:,tc" 15 (4W/; .  dry) 

vvit]l Ioy.nhc.  LI~'I_-?01 i l l  10 rY.J\.t phu.~phul0 h.cll'l'r 
[ I  C';2. i l f l J m l + l  ~ p i t  7.~)1 v,,':t.~ u.l~,.+ .,-.Low. A f l c r  44 h. t_he l-cu,:- 

,+\ sciK~s o f  IljllO~u'l~,-ct)nl_~LiElin~ ~tc'_vlaljn b' H~gllf~ WB~, :].1'~O 
r ~t~eirl  j ' [u I]1r [~ tnP~nc o r  u.itc~,.till,~ ~olxte 'ut ion h.~ 

;tc]ui/1]~tsc Cx[ r : l c thm.  I l o w c v c r .  [rC~.LI[]K_'Ill t+j~ (7} '~.][[1 e f l l v l  
(Jifl|OlJl}[~.i[llitlr.)p1,~)pJ'~t11.L}[C. c[h'~.] dLmc thy l  alliJl].C~,_,]y,:.'ino. 
c l hy l  d imelhx.hln l ]nohcnz~.~utc,  or sarcos]nc c thv l  c>,l_ct-(five 
gk]LtiVi.l[OLll.t4J' II1 /I-}'.%'lti {2  ]11.I.,t ill {hi;_'. priL'.:,,4cI1c.C CIJ TOvO~.~O 

T.Pl.,-'70[ t~r~e v,.,ei~_ll[ CqLl iV:}]cl ! l )  ~h(~VOLt rl~.~ :-.i~n ,hi i'0ac'- 

li..:.n al1r 6 ~' li, 
~.'i,+~.'! ,~'.~~.c+' ,~+<'.Vh.+ti,r'.,~ r u,rr . I:~C:CatlSC ir. ~,c,._un,.'d :LUllikcty 

t}l~.ll j i . l l iL' l iOl!aij/.ocj ch[UIs WOlljd bc ohl.:_tinCd euz\m~,tic~,ltv 
wd.}l h i l l ;  di:tslCrc~.~clccljvi l~,, b~u" Cx~.tlTlillCtj |hC cnl.).'tllO..C~d.- 
al}/:r,.':d :.IC',.1~lliCnl rM" ~'-hcil:,'.yl,.x',:.v-_~-i~.L'nlUn,nl (*'/} v..,iT, h \ iIY',,l 

I;'Ut}'T':Hr~ "IS u.cVh41iI1~ a~cnl, i"l-,,'~nl :_i ,~r,_U-CrCll r,q Id-7 hvr 

L'~1}Z'.~,illi~5,. ~I II.LHll)hCl ()[' C]]..fyD.1,CS ~;t;o'vVt_td ptt)llli: ',Jrl~ l,,..'~.lC!i'., itS 

CTahle I), I - Iowevcr .  in ~dl c~t~c~. Ihc m: t jo r  d ias~cre~mer  
(_~,f..~</~')-7 t't~iic'l~.'d I'tFei,,H",:JllJ,'i]ly. [-CsLIL|jlI~ i31 ~.l [r ~.'OU",,c']IJc]IL 

d i roc l  F, uriEJcati<~n. P>ec;m~,e ~d" t ] lc]r  h igh  di~,stcrcosclecf iv i~y. 

i-r I't.';I,c:tivil>. u',:)",.N ;.if.t] ccmm~r ~v~dluh] l i lv .  Mc.Jt~ 
L]pa.sc () I "  !C. t'~C~',+~.s~'l '411d N~v~', I.iT~.~z)'mc ] M - 2 0  ~M'. 
michel) WET,,,: ,,,.'Jlt~.:,gell [kH l'LIl'!1ir.:t" dcvclc~[:.t1~.Cill. (("',~U~,'/idr,"t YR- 
,~;'.+,,",P Vr I<.:'TII.IUI'Iv C:.IIIc:cl C-+vlh~/r~i<'~,,. ('~nch'U~ r~c~'~.~~+ 

wiJ]  be  us,_'d Ihl~ItL~hoLIt II1c' [Cxt exu'cpc w h e n  ic~lcl-i-[llg It.) 

l1141tLIl'LIc'Ltltu'r:D" l ubc l i n  7, ,i'x,'i)t<.t {.il:~O>')'Inc 1M i~ ,.>'dti\'o l . . ip~- 

b.\( JI ~, \'L~I. 7<. n~). I L ,IL~q7i 
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FIG. 2. Tht' effect of sr4venl on the bu lyry la l ion ,~1 7. (Mnditictr~s: 7. 
S() rag, ,10%, &.,; enzyme, 5C.;. rag; s(flvent, 2 mL; Villyl()BL], i[',,.,,t? t!qkliv- 
alents; r(]il111 rempurau~m: lf.~ h. Abbr( .v iat ion:  DIll[... ([iisul)~o[)yI 
ether. F(~r olher al)hruvialirms see Figure' 1. 

z y m e  i m m o b i l i z e d  on  :t m a c r o p o r o u s  rush):  [ M - 2 0  and I M - 6 0  

are di f fe ren t  ]oad i  ngs,)  

T h e  14 best  e n z y m e s  f ron t  the v i n y l  b u t y r a t e  screen w e r e  

a lso  sc reened  f o r  t h e i r  a b i l i t y  to use ~ r i t l u o r o e 0 t v l  hern is luc-  

cinate as .':1]'1 acyla t ing  agent (Scheme 6), Whi le  three en- 
zymes showed stmae selectivity I(2S,3R)-IS 80-9(}c/- de l. the 
rcactivity was low (3-149;- after fi5 tl). 

l"[l'ecg o,lao,km,~g age,~tZ~'oh'e,t. The in I'[uence of  aey ktt- 
ing agent Oll the degree of  COl'~versiol; vv'a,r examined ,  and 
h(~lh enzymes  sltowed similar  behavior  (Fig. l). Vinyl ac- 
etate was a poor acylaling agent for hoth enzymes, and vinyl 
benzoate  was s luggish.  The vinyl esters of  pmpiotltC, bu- 
tyric, and hexanoic acid showed similar  degrees  of  conver- 
sion, with vinyl butyrate perf{~rnaing best. The m;L ior  dilfer- 
ence was observed  w i t h  vinyl chloror.tcetate, which per- 
formed best for l_,]pozyme IM-20. while reacting poorly ,aith 
Meito OF. Acyhtlion with butyric anhydride was slower than 
for vinyl butyrate with both enzymes.  ;nld diastereoseleel iv-  
it}' was lower owing to  chemical  acylat ion,  For a compar i -  
s~m of  different enol esters in (71". rut4,~sa (Sigma Type VII)- 
ca ta lyzed  tr ;msesterif icat ion,  see Reference 19. vnd for a 
denaonstration of  the effect of  acid chainlength on the Novo 
Lip{tzyme-catalyzed esterification nf alcohols, see Reference 
20. Ft}r both ertzylnes, the enzymat ic  bulyt 'ylat ion was ex- 
amined i l l  2 0  con ln lOI1 solvents (the m o s t  promising solvent.,, 
are compared  in Fig. 2). Tile best results were obta ined in 
ether and hydrocarbon solvents  such as d i i sopropyl  ether 
(DIPE}. tBME. heptane, or hexane, tBME was the solvent of  
choice for further reactions. General ly reactions were faster 
with Meito OF than with Lipozyme IM-20.  

FIG. 3. The effect i~l (.~mcent4aLion cm M('il(~ (.)F-catdlvzr_'d L~uh,rvh.> 
li[)11 i)r 7. Sol.' Figur(' I tI~r ,.c,"nl)anv ,q~iJrt e. 

E[[~c/,v ~/ m~decular ,vieve,~Jfenq~erdmre/ccmcet~traliom In 
an attempt to speed  up the reaction, the effects (',f heating and 
n'Lolecu[;_u- s]Cvcs Oi'~ the Mcito OF-ca ta lyzed  butyryla t ion  
were exg.lllilled. Tile reaction was examined in tBME at a]n- 
bier1[ temperature,  42 ;rod 55~ Increasing temper~iture t-e- 

suited in increased emwet'sion without compromis ing  selec- 
tivity [(25,',3S,~-7 > 0_97 tie[. The presence of sieves (g /g ) re -  

FIG. 4. [hu ('llc'<.t c)r v iny l  bu~vrate conc(,ntral ior l  ~it't Meih~ )F-cal- 
alyzrad buh,.ryl.ltiorl ell 7. Sec Figure I (t~r c~mpany sour(.t!. 

]A(_)CS. V(~I. 74, rlr~.. ~1997, 



1H',h Ig. M()R(;AN ETAL. 

TABLE 2 
Scale Up of Enzymatic Bulyryla~.ie~ of 2-Benzyloxy-3-penlanol 7 <' 

Yi,:,ld 

kg .',k,q= i'z,: &., ,%, co"' ,%, 

7 7.0[) 742] 'D6,7 
12 S</, R)-I 6a 6,67 6% I qO.O ')H.-i 

"(Zr.;.ll,tJiri(.l'-.: 7, 7 kg,  74.;Y'...;. dc~; Mcitu ()F, 7 kg: Villyl(.}EgLI, ,~;.2 k t.,7-i 
,,k sk.,ves.. 7 kg.: /[gM[:. ;;7 [; F'(aOm tcr]]r)[.'raIur(': ]Q d. 
~'t'(.', {,r'~,lulti~aT'rl(,ri< cx( c'~S. Set' [aF)~(' 1 for o lhcr  ,thhruvi3.1i~lrl~ and 
t ' tJl l lpf l l l} '  S(JLJrL t!%. 

sui ted in a 10-209F h i g h e r  conve rs i on ,  c o m p a r e d  m i d c m i c a [  

r e a c l i o n s  w i t h o t i l  s ieves .  [ t l ld [ ] le o b v i o u s  e x l ) ] : m a t i o n  was  

lha[  (he sie\.'cs were rem(.)ving water  J'l'O111 t i l e  s y S l e l l l .  Kar l  

Fischer (illIi.lliOIlS were gi l iT ied  Oil[ lo dl,2.[ern]illC H" di{i'el'ellCes 
ill [llOisltii'e coiltetlt, could bc iTICaSLITcd. A n~ixltti'e of  stib- 

strate (10 g) and 3J. nlcdccular  sieves (10 g) in ,<BME ( Ifl0 
i t , [ . )  was stirred I 'or [ h, [tWj :t san lp le  was withdrawn.  Moire 

OP' (1()g.l w':is added, ihe mixture  v,.'a.s stirred Ior (1.5 ]1. ;rod 
a i lo the r  samp le  was w i lhd l ' aWl l ,  k para l le l  re;.tc'tioll hi the ab-  
scnc'e o[" sieves was set tip i l l l d  analyzed silllLlitallC(.)usly. N'{] 

difference m moisture contenl  was observed by Karl l : ischer 
t i t r a t i o n  ((). I 7-(J.209} b e l o r e  and 0 . 3 7 - 0 , 4 1 ( ~  a f te r  a d d i t i o n  

o f  e l l / y n l e } .  ;li lt ' i a f te r  a d d i t i o n  o1 v i n y l  t~utyra[r the i -o; ic l io l l  

in the absence  o1 s ieves was  s i g n i f i c a n t l y  s l ower .  I l l  I \ vo  si- 

IIIUII[IIIOOLIS reacl]ons, w i t h  :rod \\.'{|hotll tnolecLllilr sieve.,,, Ille 
two reacd(.ms were prc-stii-rcd in the ahsence o1 substT'ate for 
5 h: we hoped that bulk water would he eo t>umed in Ihe hy- 

drolysis c}f" vinyl butv l ' ; t te .  ;.tllt.I t i ler  the st lbscquent  acylat ion 

on addition o]" subslratc would i]t)t depend on the presence o1' 

s ieves .  On  a d d i t i o n  o f  StlbslrLl{r and s l i r l ' i l l g  Ior it fUI'[tlC:I" 
] 5,75 tl. c o n v e r s i o n  in l l ]c presence al ld  ;thseilCe ol" I t lolemulai" 

sievc.s "@.,;_ix 26,{4 Lilld 17. ]9;:, i -Csl)ect i \ ,e]y ( i n c r e a s i n g  to 67.S 

and 45.35{, ;t l ' tcr gO h}. ] l  is poss ih le  lhai  waler in IlK" r cac l i on  

miXltlre, or I];C bL, lyric ;tch.t i',l" ace ta ldehyde  restt]ting Iroi l~ 

h y d r o l y s i s  o f  I ] le a c y h f l i n g  ugenL  a d v e r s e l y  a l l 'cc lS the en- 
zyi ' f le 's pcr l 'o i - inance (21L  

In pa rq l l e l  i 'eacUons, tl~e best rate was  obse rved  al 0 .4~ M 

7 with Iwo equi,<u]Cnls o1' vinyl  hut\.'ratc in Ihc presence  of  
sieves:  ,'tg;_litl. Itle reac'ti(.m v,.=u:., notice:4bly s lmvcr  in the ab- 
sence of.sieves (Fig. 3,1. Wilh 2 -5  equ iva len t s  of  a cyhu ing  

;_t~c]lt_ there '.>.v~.ts rio i]la.jor diffcrcnuc Jr1 t'i.tte with either I'vlcho 
O[: or l . ipozyll te IM. l ]owcvcr ,  wilh t}Tle equ iva len t ,  some 
hqtchcs el" stal'(illg material  showed i l lCOmp]e t r  lCklCti()lG. [O1' 

bodl enzymes  (Fig. 4). Vqri:tbility in I.he l 'Je l ' fornlancc  o f  stmle 
b;tlches ~1 st, bsti-alc v,,a:,, observed ,  arid Ihc p{>,sibili,,y tlnat 
some samp]es or '7  cc, i]tained un enzyme  in]libilor was hnel ly  
examined .  Pyl-mlidinc.  d imed~oxvc |hanc  ([)ME).  arid resid- 
ual pyrrol idine arl]ide I I werc considered as pol,2111ia[ cmltu- 

m][li l l l [S,  and lheir el leel  (.111 1t11_" Moire OF-cala~yzed acylation 
ix shc~wn in Figure 5. L'ndcr idcnlical condit ions,  disl.iilcd pu- 
dl"icd (2S.3RJ-7 (97q  de) re;toted I-';.i.ster (h;_tll CI-LIdc nlatCl-ial 
(.799<: t.leJ, even  IhI.'t(.t*jJl I.hc ];J.llel' i,. 'QlllltiI|S Its:, act ive nub- 

,4ra.ie. Of  Ihc lhrcr cont_amhlan(s lestcd, on ly  pyr ro l id ine  
slmwed a si~znil'icant illh[hiloT" 5 effect on Ihc cn/.ym:iiic acv- 
lath.m: in the presence of  59~ (vol /vol)  ( I .25  cquiv41ctlt) 

I:~yrl'ol]dine. ,rely ~ 1()Sf i'er3.ctiO, il WaS t~bsc.ivcd at'ler 50 }1. Giat~ 
atlcl Sih ( 2 2 ) h a v e  shown that SL>TIIC chiral :ul~ines itl'e e t l e c -  

l i v e  i nh ib imrs  o1" ('. rug,sa t ipase, l . lowcver. Ihe level o]  

pyrroNdine ill vrtlde samples v,'a~, nor csl;th]ished. In addil ion.  
dlc prcscn, .c of  55f of  I.hc enar t l iomer ic  (2R.3S}/(2R.3R)-'t  

pair ( g6e)t de )had  no cl-['cct on ll~e rate of acylation] o t " / f da l a  
F, ol sho\u ). 

,s'coh,-.p. We ~ill hoped lhat. al'tcl- lhc enzyme.-cav<dyzed 
bulyryl:ition, lhe crude reaclkm nli• nlight be "acvlutcd 
chL'l]liC;1.]Iy \:vilh SLI~'CiTIiC anhydride, and rile (2,S.3,?)- 

hcmiMicc ' i l~ate 15 s(.> ] o r m c d ,  c o n t a i n i n g  a l l  o f  dk '  (.Jl lWLtTIIcd 

(25',3.~,')-"/ tli;.tstere~illler, c o u l d  Ihell be rernoved bv ulkal]nc 

FIG. 5. ] he e4rvc I <>{ IXaWnlial (on~aminant~ c,n the <']l~yrl'mali< bLiWry]- 
alion ,~i 7; pLrrifi(,d dLqilh.'d ,2S,.]R,-7 iq7":,;, d(',. r]F~-~."r~1%.mb, ds: ( rud(. 
7 ,78"4, de,, (h~s('(F symbnls. (cmdiqinns: 7, q,~ me,: ,\.'k,ilo ( ] i .  ](Ffl 
ru~u Virwt(4~u, nw~ e(lUivah.,nts; .I ..\ ~icv(,~, ]I1;l rag: r'l:JM[, 1.0 r'nl: 
r()l)r11 lempcra tu re ,  r),%,~,. IJimct] lr .~.~:~c' I:i~ur(.' I for c o m f x t n y  
,'e.r m;d ~rhur ,i]'~llrcvialiurl, 

FIG. 6. ]:ilgeyr'P,,llil I)utvrhlrk,n ml 7 v,ilh inlm<=hili;'ud c'i].'~.rrkr.'~,, ('ql11- 
dRid. mS: ,.al ~;.p,,'n ',vrnb,r~Is; "7 [.tl .r~ ~70'.'..,, de;; enzyme, I ~, .,vx~ ~,i~I 
()F(;, ~ g'.: '\.'inyl()lJ.u. I',',,~ ,..quivalur~.I~,; tRMi], II~ m[;  4 ,.<, ~i~,',,.,~,s, ] .e, 
I(~)]" ('ar)]~l.: I(IOll l  Lt'rl)f'J('r41tJrtE ;[)l ~. ]{)~,r.'(I ~,.'l']ll)4)]~,; 7,  l~.1 ,~ .7]'J"~;, (~s 
( ' ll/}.llld?, (J, I g.: \ / i r ] } I (  )]~[]II [\ ' , l)  q. Illl_liV4Is r ].(1 mlII, r{lOIl l  ll.'i~l- 
p,praIIUi-e. S~.'o I-igI..Jn...5 hlr abbr~.'vi;iIi<m'-.; ..,,pt. I:ir.v, ir[, I lilt q~lher i.c~r'n- 
pO rl'y ~;(]urccs. 
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TABLE 3 

Butyry ta t ion  nf  C o m p o u n d  7 w i t h  Se lected  Candida rugosa a n d  Mucor miehei Enzymes  a 

1 t(~7 

I n h y  V,[Ti,rl.Jt [;'rc)rlu,r ~ \&~l :mg~ T i m e  ,:h) 7 ,";-',. d(,:, 1 6 a  ~"~;,([(,~ ( (wivs,:fsJos ('YM 

( ,  FD'~(t:,;,t t,rl7'} llll'q/',..'irl',,.l Jlu[':/r, l t(, 
1 A l t u s  ] i pase  ( R  Ana l v t i , .  ,d ( ; r ,~dt ,  t l t )  l ~(, l'>u 4 r  n,,'d n ~:1 

2 Si ,qma I i p , , ,P  1.8 S2 :, ira.lrili~.,(]: l r,L~5 93 4-5.() n ' d  1,2 
A ] Iu , ,  ( h i r ~ { : l  .r:( CR  ,(hv~ :4.4 [.'.(I 4 ! .  I 7 2 , 8  9 ,Z  

4 A l l u s  ( h i r l / l  ] (  ( R  , t l r v ,  [{ I ,  1 fi'~ ,!.2,t, f~8,1~ ] { 1 

:~ B i~ {  a l a l v , [ , ,  I ipa~t ,  { . .  ~ vT'htr~r,z~ L',i '-),t ~.9 I i ,,~{ ~-)1 ,[] 41 '{) 
(, L n z v n x ,  En/.c~.(~ I . i pase  XX  ( (HIC( ' I I l J iL f { '  f;C:l I{{) 2 ..:t t) l . f  ) '4 5 .9  

Dew.d  o l ) m e n t  
( ~lr]% 

7 ,Mt'rlc~ 

I(~ A mar~..r~ 
l i gt x,l~r,q.q~.r- 

,'v'L m n.h~..m:, 

12 Ir x,h~in#,, :u- 
M , I n  rl ho i r l t  

I~  ( . i u n ; - y m r  
IJ. ,\,lr, q I,r ~ 

I ~ S i g m a  
1 ~ S i g m a  

1 7 A l t u~  

, \ ] , l : l l l h [ ' i r l l  

L ]p,[~<' <.)I L 1()7 igq 5] .4 0[) ,2 4,-i.7 
L ipa~,u ( ) F ( ,  141 ~lfl J5.14 W;', 1 "77. ; 

L i l ) : ist ,  ( ~FC  I [ ( )  ~ t j  1 : ; .4  *;'~.),7 4~,UJ 

I i pahu  A'~ - { 0  1f14 89  i l l . 1  IU,[~ ] U I .  

[. i !>ase ~.I)'q ,l,h 8~) :~ ] .1 1. ~ I 4 . 8  

( 'hJ~az\ .m<.  I ~ fl::, ~$~) i l . f l  2 % 9  ~I [.I 

1 iF, asu  ( .  ~ v f i n ~ # , ,  ea r ~ W.~ 4 9 . 2  T ~,. i 1 :~ ,5 
I ipat,  u M Y  ]()( I  W.~ ")C..~ 2 I . ()  .N, ,2 

1 iHasc.,-ryl)( ,  v i i  122 w i  57.t, .! ~,2 4t) ,  
I i[)a',t' t"yj:,{' V I I . A  145 [",9 54.,:I ft.7 2[I. 
, i r ~ r n n h i  l i , ' ed ,  
(.". tU, qr,'S,? (%[('F,1%[.' I J',~:l]~'Jt]ilar( 'l .!.!. { IVI  .I,-] S ~',~.(1 7 ,4  

Chcd [ rkk , r~4  t'Ml?rrL",{: S[~ ~:{f) J, { ,(~ ,12 .() %',4 

r ru,q,{~,,~ cuvynq~': , . , "hi t lL l(~r~l [ ' lhvl  lx.zb,'r, l [e 

]";' A. .,, I. i pas  (1,~ & n , d v ! i ( a l  { ; r a d u  (~l.)l h ' , . ,  <, ' ] .{ J<.l,~ 4~{.1 tl..~. 

2{) S i ,qm4 L i l )aSe [J'VTZ 5 ,F)ur i f ie (h  ] ~.{> q ', 4 " ; . [ I  2().1) t L r  

2 I ,'\]ILJ& {" 1 I , ( ' L I : (  ( R  ;clr'..,., IH. q / ,  4 0 . 7  [ ,u .3  [ 1 2  
22  M i , i t o  I Jl'Jd~.(' ( ) [  }]{r c]~ _) 7( ' t  '[){], :; ~,U.L! 
J ', F~i~x ala l~. [~.  [ i]~,~s{, ~.. ~',fm,"ha,~v,s 8'..L9 9 ~ r qO, ~ 2 L't  

2-,!. ,'\nq,]nr I ipa,4t. A Y -  ~I1 I ~-r 9 r  -c ,.j,.,,, r t ,4 2 ";.O 

2 i  I:;(x..hrin,.z, er-  ( : l l m L . v m { .  I ; l f i f l , ,q  u l : , ~ ,7  14.'~ 28. '1  
.V,, . ] r~nhuim 

2(~ ( ; u n / v m u  L.i l)ase ( _  ~ YM,.h.n ca .-]fl <t ~ ~, 4[~_[~ 2_7 7_[  
27  ,Mc' ib)  l iphlSe ,MY 9 ;L- I  9 ' ,  " ;U. ]  I Z .O  II',, [ 

2 8  Si,gm.i  I p a s u  [ V l X '  V I I  112.;; '  {,l~ ::74Ar ~,l..l'~ 2 5 . 9  
2H 5 ign%l  l i pahu  [\.1 x.  V I I -A  :imln<flfili;r i ~t5.~l 9 i .47.4 [ i t ,q fl.~; 
~(~ .,\I[LIS [". ~"lJ..~().~,~ [ S:tII',lSl. ' ' , ly~plf i l ,~lP:" <'; <U/~ , ] ~ . j  n.,'d 1. f l  

/vf Itl'/<'hi',7,eH,,'ymo,,,"vinyl bLJr",r<11<,' 

~2 "~1JVI ) I i f x ~ / : y n w  ] ,~  ~,[1 { i l  t ;9 27.,4 't ~ :~, 5 7 . 6  

g ~ N[,',,.~, SP '~,2,l [ i l )aSe 72 ~{~ 2 : ; . ( ;  { ! '~ {(J.9 
, n . n i m m ,  ]hi  l i z u d  I,\4-'_'(),"(,(), 

r lli.lka l~L,t,r,l..,c, .~ 7 I{U .H t, I H g..[1. I [J, { 

;'~ I ,]z".,.'r~r,' ~, 4 8 2 7  Er,.,'t'( o 1:'~ "a',u"l ir~,,su, ] { )4  ~{'~ - i 2  t r~..,'d . I 

( H ,  H. 

~ ( ; i s t - I ' I r { x  nd t , s  I ' i (  c , ] l t [ . is( '  A i t ) t ,  {r 4 ~.[.I .-~-r < I 

;7 b~d'.,,av I il~,~<.,,., (;-II)DH 174 :',9 .h.l.[] rl.,'d < I 

'I on.rs %ul:,.qrak'. O. I )4. I'~ 2r, ,',..I: viFiv] l;.tJtvHt,P, IEur'(' ,t'quiv,ll,~'rll'.-.. ,~r hilk~cHrl~.'fllyl llulvrak.', live i-r 

l[:l.l~-'tiL. -J.{J I11[.: I ( ) l ) lH [l.'111])t'l,1[LIr(': 2:~() r[)r~:~. St'e' T.~I~I[' I l,~r a l )hro, , : iad~Ulh.  

~n./d, n<'d d e l u l  mh l~ ' [ ] .  

o )L./--- 
O1-1 O OH O.l'-I 

. ~ i / ~ v ,  MOLTO L,paSeo. OF - ' "  " ~ ' " - ' " - / "  + ~ i ' / ' i  . , 12 CINaoH, r--~ m al~ h Y / "PRO* '  ~ "  
OBn ~ ,  O J ~ - ~  OBn OBr'- neHu~ OBn 

tBME 
7 (2S.3,gkl 6a (2 ~', JSI-7 f2S 3Ri-7 
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e x t r a c t i o n .  However, it p r o v e d  difficult to  c l e a n l y  and  c o m -  

p l e t e l y  acylate al l  of the um'eacted ;a lcoho l .  so we d e c i d e d  to  

proceed with a convenient column chromatographic separa- 
tion of  the (2S,3R)-butyrate 16a from the unreacted [2S,3S)- 
alcohol 7. The reaction sequence was successfully scaled up 
in a pilot plant as shown by the resuhs in Table 2 for a 7-kLz 
reaction (Scheme 7). After complete acylation [10 d for 
>95'~ conversion of  the (2S,3R)-isomerl, the bulyrate 16a 
was isohttcd by column chrontatography (5X SiO~), then hy- 
drolyzcd to yield enanliomcrically and diastcrcomcrically 
pure (2S,3S)-7, 

There W'el'C s()]lle process problems {)11 so'llirtg tip the reac- 
tion: the high Enzyme lo~(ting and the prEsEnce of  sieves 
caused problems in filtration: the reaction required extended 
periods to approach completion: cosl of the enzyme: and chro- 
rnatography w a s  required Ior isolation. B e c a u s e  an iTnrtlobi- 
lizcd enzyme WOtlid greatly facilitate lillration, Mcito Lipasr 
OFG (C. n~gosa, il~llnohilizcd Ol1 g r a n u l a t e d  dialttmaceous 
earth) was compared with Mcim OF (acetone powdcr). The 
best results wel-e observed with L i p o z y m c  [M-60 (activity 
three times that of  IM-20) or 3-g equivalems of Meito OFG 
(the activity of OFG is listed as one-third lhat of O1:) {Fig. 6). 
The use of  [.ipozyme IM-60 with vinyl chloroacetate as acy- 
lating :tgenl I(mks prmlaising: the faster reLiction, s i m p i i l q e d  

and less odorous w o r k u p ,  and the possibility e l  enzyme t'eu~e 
potenliaI]y oulweigh the increased costs of Enzyme and acy- 
lating aget l t .  

FIG. 7. IAI EmlXd,,_al ruLo Ihat p,"edicl'.:, fix, t.~l~,~ rr,,',l{.lirlb~ ell,.tnli.~m]er 
i:.t s,,'(ondary alcr@,ls with hydlr:.las,,!s, e.g.. (Lmdi(la rzz, Kr:,~sa I,,ll']HF>'[('d' 
f l~lri l R,[.'i, le,). i]:;) l h u  faster reacting 12 5.:';,rq)-7 ~lhevs Ihu nx~<lul. 

[-'~:}'mr .~mtr('(,. B e c g u s e  o i  tt lc l o w  rate o f  c n z y n ] a t i c  bt t -  

t y r y l ; n i o n .  ( 'mzdkkt  and  M m ' u r  e n z y m e s  I ' rom dif l ' r  COt11- 

i ] ]e l 'c ia l  sou rces  w e r e  c o M p a r e d .  W h i l e  d i r fc l -Cl ] t  i - cacdv i t i e s  

w e r e  to be e x p e c t e d ,  g i v e n  the d i f l c r e n t  a c t i v i t i e s  o f  the en-  

z y m e  p r q ) a r a d o n s ,  a s u r p r i s i n g l y  w i d e  v a r i a t i o n  in s e l e c t i v i t y  

was also observed. Of the seVCll ,~'/. miHtei pl'ep;.u';tt]ons ex- 
amined, only Novo Lipozymc IM-2()/60 and 01r correspond- 
i ng  i l O n i l ' n m o b i l i z e d  t 'o rm,  Lipa~,e SP 524 .  s h o w e d  any  I'e~.lc- 

t i v i t y  u n d e r  a c y l a t i n g  c o n d h i o n s .  - rhe  I 7 C, rtz,tto,v~t P n z v m e  

p r e p a r a t i o n s  tha i  w c r c  St l l -veyed fe l l  i n to  lh ree  s {Tab le  3 

f o r  a c y l a t i o l ]  c o n d i t i o n s ,  and  T a b l e  4 f o r  h y d r o l y s i s  c o n d i -  

t i ons ) .  In gcnel- ;d,  the p u r i f i e d  E n z y m e  p r e p a r a t i o n s  s h m v c d  

p o o r  a c t i v i t y  ( T a b l e  3. e n [ r i e s  1.-4). A l l u s  A n a l y t i c a l  G r a d e  

L i p a s e  C R  is a p u r i f i e d  f o r m  c4 M e i t o  O F  ~_Hld is k l l oWl l  [(",. bc 

TABLE 4 
Hydrolysis of Compound 16a with Selected Candida rugosa and Mucor miehei Enzymes" 

V ( i n ( J o r  PrI~([LIL:[ l i l l l t '  , h ,  [.rlx~r'G.t., I I ' [ lg]  1 6~1. I'l/I,<[{ I' 7 ;H,:, [.JU I '('OI1V,[?l'51t;.[1 In'n! 

C. ruE;~)sa enzymes 
] Aitus ChimCI.EC CR !': {.H 0.1 m[ 41.{  6.].7 .;4.7 
4 Ahus [iF;.as~.' CR Ana]vtic,fl Grade (2'01 {,[) :~ 1.7 42.O flJ.O 26.'> 
2 Altus C. ~"~.~l,~('.l.Sr] Eslerase Ili<]uid: ,'! [].75 0.5 m[. 4t~.fl 44.;, 17.l 
~ A]tus C. ru.gosa ,.Dialyzed sr.du-h 't I.(] 57.1 4ck7 4~,.6 q {.] 
r~ Amarlo I il)a~e AY- {(1 Lfi' It).$.3 52.L) {6.1 4".  
fl gI>t !hr i i lg( 'F (.:hd~::sturc .I (:,srura~<, ';.O ]{)3 ,() 4~, 1 46.t; 6t~.'.;' 

~%4.ail n }'tC.Lrl/ 

7 Br~ehringt,r- [ipa~,e .30'~ 1.0 1 t.6 4~,7 43,,[ 2(I,,~ 
,Man nheim 

8 Lnzvme I ipase XX (.onuentmle 2{tO 99..~1 I !.2 5fl/,~ -q,7 
[~)evelrlpmen~ 
CIOrF',. 

9 Gt'r~zyme ].ipasr (andida (v[inrlracea ~,(1 2q.=~ 49.9 42.2 %(}.6 
II) Mt!ih'~ I ipasu MY ~,L) lOft,t) 54,3 {4. t 45. 
I 1 Meih~ I. ipase ()~ {.(J fO] .2 .1 { 9  5t).I) {H.7 
12 Sigma [.~.52:~ d.'uriIied.~ 4.H I 5.4 ; 1 .t', ,',4.4 42.7 

M, ,rt)h'h~'i er~,/ym<'S 
1 ~ Enzyme 5..4827 [.nze,..u 7~.(~ t{)S.fl 47.1 n,"d" 0 

Deveh  ~[}lTlC'r~t Esieras(,i[. q)a se 
Corp. 

[4 {;ist-13rocades Piccantase A 7 U.I 1[)8.i 44.4 n/d () 
15 N~wo I.ipr~zymc" I(~',(}O{)l. 47.{) L5 ml. 4C..3 q~6(} ~'~.q 
16 Now~ ].ipr)zymc 1M-2(; 23,5 120.5 45.2 n/d [] 

'~O)nditions: Suhsirate, q'] mg 1'0..{4 nlmoh; 5~.! mM phosphate I)ulter pFI 6B tl ()m[.:. r~)um rerrq~urah~rc.. 
'~'50 mM KCI ~It) mL,, pH star, 
vCI_EC CR is a iormuEatc.d suspc'nsi~m r~r I lydmlyt ic  use. 
dCdr?ti i t ]- '  r0'~;,.',.' t'Sl~.'r<lst ' i~, 'qff>pri{.'.d as ,I ~,()ltllJq)r~; s{llilJ enzyrl le was , lbtained hy dialysis and ly~philizafi~m. 
{'el/d, n()[ duEerminud. 
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hmctive under acylation conditions. Similarly. purified Sigma 
lipase (L-8525) sh[}wed no aedvily in tBME. This may be duc 
to the loss of  constilueTlt sugars during pm'it'ical)ol/: the en- 
zyme is 7q glycosyfated (23}, tn contr:m(, the err,de Sigma It- 
paso preparation IType VII), which contains 389i added lnc- 
rose, showed 409~- conversion :fl'ler 89 h. Addilion t)l" carh{> 
hydrates t{~ previously dialyzed C, ru,yo,va has been shown m 
affecl the enzyme's bei~avior under both hydrolytic and acyla- 
(ion r (24), The highly purilied cross]inked enzyme 
c~ystal lbrnmlation (Alms ChiroCLEC-CR (dry)] also sh~)wed 
poor reactivity al 5r . w/w k)ading, AI highcl loading ( ] 0 - 5 0 ~  
w/wl with vmv] btnlyn-:~te as acylating agent, CI.t-C showed 
k)wer selectivity. :rod the reactions so:creed Io stall al <20(.4 
conversi{m in /BME alld isoocl:me with pure (2S.3R)-? (d;tt:l 
not shown a. Similar behavior in] the presence t+f" vinyl acetate 
has recently been reported (25), CLEC-CR alst~ showed poor 
reactivity with trifluon-oethyl hutyrate as acylating agent, and 
tile reaction terminated at ~11+:~ �9 conversitm. Optimal water 
activity and lhe presence o1 stirfuctants havc heen s.hc.wtl tO 
be impon-tan~ determinants of the i-cucdvity/se]ec~ivity of  
cross-linked enzyme crystals (26} and perilled i)repan'alions of  
C. r,~,oso tipase {27) but were not addressed in the prescnt 
study. 

Ca~Mida re~,,,,o.~a Mcito OF and its immobilixed fen-ms. 
OFG and OFC, showed 40-60~kh co;wersion al'ten- 89 it. as did 
Biocat~,lysts" C. c'vti,d;' .cea and EDC Lipase XX Concentrate 
(Table 3. entries 5-9). This set o1 enzymes also showed good 
diastereose]ectivity and tbrmed (2S.3R)-I6a with 89.929; dc 
[The de was lower than previously recorded above bec:mse an 
impurity coehlled on HP[.C with (2S.35)-16a. to depress the 
observed de]. The chiral prelen'ence shown by lhis group o1" 
enzymes agrees with the mode] propt)sed hv Ku;'.lauskas e; al, 
and Franssen e~ d .  I28.29) and is supported by X-ray crystal 
structures {~t" the purified enzyme (30) il" the medium and lar,,er 
groups are assigned to the ethyl and benzyloxy groups, nespec- 
tively trig. 7). 

A third group of  enzymes, ctm~prising Sigma Type Vll. 
Meito MY. Amano AY-3(). t~,oehringer-Mannheim Chin-azyme 
1.-3 and [_ipasc 305 ((.'a.di&~ sp.). and Genzyme C, c h i n -  

a'racea, al] showed poor seleclivity (Tublr 3. entries ]0-, 167. 
In fact. the de {}f fl~e product htltyl-ate 16a was less thai1 that 
or the starting ina~erial (47% de). indicalil]g a preference for 
acylation of  the minor (2S,3S)-diasterc~)mel'. While Sigma 
Type VII has heen shown to be hetelX)gene{ms (31-33). ii is 
also reported m be free el  contalnilmting enzymes that dis- 
play opposite stereochemical preference for the emmtioselec- 
tive hydrolysis of racelnic aryl- ,'utd (aryloxylpropionic esters 
(34).  However. the present study suggests tlnat s(m;e C. rzi- 
gosa preparations conluin fractions with opp(*sing diastereo- 
selecti vity unden- acylati n 2 conditions. 

A similar grouping ofenzyn3es was observed when Iriflu- 
oroethyl bulyrate was used as acyialing agenl ('lhble 3, en- 
tries 19-3(}). The reactions were slower lhan with vinyl bu- 
tyrale, but Meito OF and Biocatalysts" C. cvliiidva('ea acy- 
lated Ihe (25',3R)-isomer with 90-915'} de, while An'nun(~ 
AY-3(.), Meilo MY. Chirazyme [,-3 and Genzyme C', c h i n -  

dr~cue~ s h o w e d  a p~vl'erence Ion" the m i n o r  (2S.3S)-isomer Ide 
of the product (14-215{. ) was ]css than that o l lhe  starting ma- 
terial (47s de) I. While crude (i'. ru,go,va IMeito ()F1 report- 
ed]y consists of  severa[ hydn-cflases alld at least {me pro(ease 
c35.a, the lack oF reactivity o1" tl~e esterascs IYom Bt~ehringcr- 
MulmhCi ln  ;_1II1.] A[tus suggests Ihitl kt colltaminatitlg eSlelaSC 
is m~t i-csponsib]e I-or Mcim OF's reactivity ht Ihe present 
study. 

In contrast (o their bch:tvior ullder acy]au.ing tend((tollS. 
air ('m~dida enzymes were hydrolylically viable btll showed 
unift)l-lnly poor selectivity (Table 4), As before, the increqse 
in de of  the unreactcd starling matel-ial with increasing con- 
version indicates ~hat Amano AY-30. Metro MY. ;.iltd Signm 
Type VII prefer the minor (2&3SJ-isomer, Of thc Mlecor en- 
/.ymes tested, only Novo Lipozyme 10.000L (a liquid prepa- 
ration) showed activity: the immobilized [M-60 show.ed no 
activity I.II',.der s i m i l a r  c tmd i t i c ,  ns. 

The disadvarttages t)l" using crude COl~T~Flercia] enzyme 
prepan'ations in synthetic reactions have long been recog- 
nized, and many attempts to improve the enantiosclcclivity 
o1 C. rugosa lipases h:we been reported t35.36). Our rcsuhs 
reinlorce the ohservat)ml Iha[ a~l enzyme's  performancc nnay 
critically depend on commercial source and purity. 
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