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llx capacity of microor@sms to synthesise various 
organiccompolmdsisindeedfalltasticwhicllisnow 
intensively invest&&l by microbial chemists. From 
synthetic chemists’ point of view, bowever, a micro- 
orgaaismoraneruymeamberegardedasakindof 
reagent which executes a partic& transformation of 
@compo~.Although~concept~graduallY 
prmding among organic clmlists,’ the arc still vast 
poss1~es of employing these bidysts in pre- 
parative organic transformations. DoubtkMly the ellaIF 
tie-selectivity is the most noteworthy feature of a 
microbUreaction.Wetbcreforebeganourstisto 
definescopeandlimitationofbio-catalyticfeactionsona 
varietyoforgnnicsubstnu.Herewereportilldetail 
our6miingsontheasym&richy&olysisofacetatesof 
raccmic alkyl alkynyl ca&ols and a-hydroxy esters by 
Baciuussnbti&var.Jvii~lllisb&eriumiskIMlto 
effzt’u”“” hydrolysis of acetates of some terpene 

. 

l+qmmth oj opticauy active aikynyf aicohd8 
Optidly active alkynyl akxhols are useful intcx- 

maths in natural produd syatkses. For example, 
opticaUyactiveformsofvitamiuE,6ste&ds~and&ied 
bean beetle pheromone* were pnpared from alkynyl 
alcohols.Tbeycanbepnparedeitherbyopticalresollc 
tionofthe racematesorbyasymmetricreductionofthe 
conespond.ingecetyleniclretonesinthepresaKxof 
(+)-(?2$3R) - 4 - dimethylamino - 3 - methyl - 13 - 
diphenyl - 2 - butaaol (Darvoo alcohol).’ However, the 
resolutionistediouandtberedu&nrequ&3ratber 
inxzessible “Darvon alcohol”. 

Whenac&Itesofraccmicalkylalkynylcarb&ls(~~ 
lwensheltenfor3daysat300with~sub~var. 
8&er grow0 in 296 mltrient broth, opticauy active (Rb 
alkynyl acetates (R)-I and (S)dkynyl akobls (!+2 
wereobtai&assbowoinTable1. 

The absolute conf@mukm of tbe hydrolysis pm&t.s 
2wasassigaedtobeSbycorrelationwithtbenqnmted 

bC112)‘1-lf-o-CjddJCX)‘thDC-a-D 

oolapkx. 

datailltJlecasesuf2a,92JJ,1”alK12ePTbesahsolute 
stereochemistry of (-)_2d was deduced by the un~ 
versionof!JO96opticanyplrre(+~2dto(sx+)deam-3- 
01.” Tbe (+)-cllyllc alcu4ol 1 also belonged to the 
@series, since (-)-21 yielded the natural enantiomer of 
the Japanese beetle pheromone [(R, 2) - 5 - (1 - 
decenyl)oxacyclopeotan - 2 - OIKZ].‘~ In any of tbc above 
cases,theNMRsignalduetotbe0Meprotons0ftbe 
(q-(-~-metboX~-u-tr&XoiMthylphcl.ly~tic acid 
~A)~t=3’ofOl-a@+~_~t 
higberfiekithanthatoftbcenanhomenc 
the pnsence of the Sivers’ reagent, Eu(fo&. By this 
correlation, it was possible to deduce the absolute 
cul@ua&ofktobeS 

TheoptiCdpUitkSOftkpdllCt8W~dCtC~ 

bytheNMRanaty&ofthe(S)-(-kMPAesters3of 
theaMols2inthepnsenceofEu(fod.b@xperinn- 
tal).” AhemaGveiy, the MTPA esters 3 were analyzed 
byglc.TheretentiontimesoftbeMTPAestersof 
(~~bolswercalwaysshortathantbcn#oftbc(R~ 
alcol~A~. The mdts obtaid by these two methods 
wereingoodaccord.Anacetate(R)-lwithunknown 
opticalpuritywashyhlyzedto=p=the[QlD* 
oftheUMlEspolK@alcobolwiththatoftheCnab 
tiomericakohdwhoseopticaltxiritywasde&minedby 
tl~MTPAestermethodfnthisman~theoptical 
pulitiesofauoftheprodu&weredetemliMtasshown 
in Table 1. 

It is now clear that the Mum always preferentially 
hydrolyses (&acet@s to give a mixture of (Sj&ohols 
imduncbangal(R+ctatcs,althoughinvaryingoptical 
yiekls.Thea&ateawithsmalkralkylgroups,(~)_la,lb 
alKlle,yieldedprodu&withhigheropticalpuritics, 
while the acetates with larger alkyl groups, (*)_le, Id 
and 11, lplve urumtidactory resuh. No hydrolysis took 
placciathecaseof(*)-lgwhereRandR’werebotb 
~Yalhmyl~alLylgroups. 

Inviewofthesimp&ityoftheexperimmtalpn+ 
cedure,thismic&ialmetbodisaaexceIlentpreparative 
mctb&dforc4li+alkYlalkYn~~*ofkno~ab- 

con@&m.NotablyItsspossibktoobtamthe 
bath emu&men by a siugk fermcotation, employing 
;*T” seperation of the producta (RF1 and 

. 

phpomliopl of optically activea-hydmry crtas 
~~widtlYemployed~studyine~ 
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Tsbk1.Asymmetrichydrolysisofsomeaawesofracuaic auylpllrynylCWbilNJlSWitb&Z&USsvbpilisvpr. 

Product Isolated obad.[a&, (optical puritfesjb 

Substrate ratio" yield of 

Qg -2 cg -2 @) -2: @I -2 Acetate (IJ-1 and Alcohol (g)-2 

+91.tio 
c 

la 1 : 2.8 98 I 201 (728) -22.50c (54%) 
Cy 

lb 1 : 1.6 228 : 369 +m.loc (906) -2..0°c (681) 
- 

& 1 t 1.3 2m : 289 +ll.loc (168) -3.2CC (14U) 

Id 1 : 0.4 534 : 25t +3.2O = ( 76) -2.1°c (16t) 

k 1 * 1.8 258 : 36t +7*.9o= (74a) -7.60d (54)) 

If 1 I 0.7 2m : 14) +17.4oe (346) 
& 

+3.20e (406) 

19 l:o - - 

a As determined by GLC or NMR analyses of the crude products 

before chrmatographic purification. The area ratio of the 

signals due to a_OE (64.2) and CgOAc (65.2) protons was 

compared. 

b As determined by the N?lR measurement of MTPA esters. 

c Measured a* ether soln. 

d Measured as CEC13 8oln. 

e Measured as n-hexane soln. 

aSyUllWiCEdMiQIlOfprochiralkCtOWStOoptically 

active alcohds with chid metal hydrkkM Rccclluy 
rcdhoo of aLx!topm with IAH and (s)-2-(2& 
XY~yl) Pyrrdidioe was w+?d *to sive (s)-a- 
methylbenzyl alcohol ill 95% m excess.” In 
order to compare the enantiosekctivity of the microbial 
asymmetrk hydrolysis with that of the chemical I&c- 
tion, we fed tbe racemic X&ate (*)r of Q-un?thyibell- 
zyl akohol to BflciuuJ subus var. Nii The resulting 
poducts were W-ace= 4, bl:: + ZWY’ Oz~clopencaae), 
ad (s)_alcohd 5, [a]$17.7” (cyclopeotaw). They were 
* in 54% [(WI and 24% MWI yield, nspec- 
tively. aod their optical purities were 21% [(R)41 id 
41% [(q-q as based on the optical rotation, [a]+t3.1° 
(cyclopeotane), of pure (SJ-( -)-a-metllylbenzyl alcohol 
s.‘Thns,inthisparticularcase,themkrobialenan- 
tiosel~vitywasfarksssatisfactorythanthechemical 
eaantioseltivity with chiral metal hydrides. 

It wxmred to us, however, that the sekctioo of a 
crystallinechiralmokcukasatargetmightenableusto 
~opticaIlYP~finalptod~byrecrystallisiae 
partmtly resolveU materMs availabk by microbial 
hydrolysis. we therefore chose mam.klic acid 8 alul 
treated the racemic acetate 6 of ethyl man&late with 
&rcillws srrbtilis var. Niger for 3 days. To our pkasore 
the acetate group was preferentially hydrolysed, leaving 
tbe ethoxycarbonyl lpoup intact. PartiaUy resolved (R)- 
acetoxy esta 6 and (SJ-hydroxy ester 7 were o&aiM?d in 
31 and 27% isokted yield, reqectively. These were 
sepamtelyheateclunderrelluxwithdil.HCltoe&t 

(water).“Tbiswasrccrystalli7Athteetinwfromwater 
to tie 985 mg of (RH-bamielic acid, [a]b”-1W 
(water). similarly 3.3g of (t~maodelic acid (sy was 
obtainedin47%optkalpurity.This!vasn?crystallw 
four tian?a from water to give 3almg of (S)-(t)-luaB 
dclic a& [o]F t 153” (water). These mandelic acid 
eoantiomers were 97-97.596 optically pure and compar- 
able in its purity with highly pm&d commerckl materi- 
als (cf. Aldrich Gold Labd materkk, [a]Bt 154” and 
-153q. we were thus able to obtain both (t)- and 
(-)-forma of highly optically pure mandelic acid by 
microbial resolution without employing expensive al- 
bSdsasresolviagagcots.Itshouldbeaddedthatthe 
pheaY~lpoup~f(*~~po~~~alkynY~(~- 
R?~Of(f)_l,whikthatof(~)_(totbealkylgroup 
(R) of (2)-l in the stereochemical recognition by the 
eaterase of Bilciuw WbtiiiJ var. Nii 

The SucceM descrii above ewwaged us to attempt 
the microbial hydrolysis of the raccmic acetate(~)-9Of 
ethyl leucinate. In this case the rate of hydrolysis was 
exceedi@yslowandtheshakingculhlrewithBucuuJ 
SUM& var. N&w was continued for 12 days to give 
4~gofanoiltrom12.9gof(*~.Tbeoilwasprovedto 
beamixtureofanacetoxy~ster9andahydroxywterlO 
ill2:1ratio.Thebothwereobtainedpureafterchroma- 
@raphicsepa&n~Tooursurprise,botbtbeacctate9 
(816 mg), [a]r t 37.1’ (et&r), aod the hydroxy ester 10 
~~ti~Ara~y+ 142 (+r&ve=s& 

those of alltben~~. Their optical pmities were 
9096 for (R>, ad 783% for (R)-10. This result may be 
explaiaed by the preferential hydrolysis of the (?+ 
acetate 9 to give (Sj-hydroxy ester 10, which was further 
metabolixed by the Wm. The derivatives of 
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unnatural (&form of leucinic acid were less readily 
attacked by the bacterium. 

In conclusion quite an intazsting caantiow~ 
wasobscrvedinthecourscofmic&ialhydrolysisof 
variousracemicac&atcsofalkylalkynylcarbilAand 
a-hydroxy esters. This will be useful as preparative 
means for chiral molecules. 

oilwasc)lromstop;apbedomne;rtralalumina(Woclm.pndeII). 
mtion with n-pcntaoe (or ha@ mve an acetate (RN etc. 
Flntk ellltb with n-pclltflnc (or bcxaoc)-cthw (1: 1) pve a0 

dcdmt (*2. etc. lkil abudlmamdfmitieBm?rcfutly 
CkCkCdaS&SCIibdbClOW. 

(a)Pwamthnof(f~lrCommeraaOyanihMe(*~22r% 

1.4297, h -3400 (II), 3300 (a). 2lzO (WA 1100 (3, 1050 (m). 
1020 (a). 970 (s) cm-‘, was treated with &OX&N to give 
(kkh, b.p. 6lM9WO mm, rZ? 1.4175; u.,, 3300 (ml, 2140 (w), 
1745 (0. 1380 (s), 12AI (I), 1030 (II) au-‘; d 0s OH, t, J = 7Hz). 
1.65 (2H. q. J = 7Hz). 2.00 (3H. a), 2.3l(lH. d, J = 2Hz). 5.20 (lH, 
4J1=5Jz=7Hz). 

(b) ‘4ucmM hy&cdyd#. The aatatc (*)lr (1.918) &avc an 
oit(cal.5&hpoll+clDbidhydroly&.Thiswaa~by 
c~tD~lU~ol(R~l?,b.p.6(Ml130mm,n~ 
1.4178; [al +9w (c -09L etba) @IL’ [al&t 1w (etha)l. 
Talltspccmmof(R)_lawaaideaticalwiththstof(*)_l~ 
Iatcrfmctimmgnve254~of(S)P,b. .5Y/XImm,rtl.42% 
(al?? - 22Y (c = 0914, edher) ilk’ r(l)% t 3w (c = 25, dkd 
for9396o&altypun(R~t].IbclRapwtnanof(s)-21waa 
iddcalwitbtbatof(+)_hTilc~Agta(s~anrore 
pdaedintlJco8lKll m&&fmm3O~of(*2x~Ir,33OOim). 
2140 (w), 1760 (8). lzw (a). 1180 (a), 1130 (8). 1020 (ax la00 (I), 
720 (a) cm-‘: 8 090 (3H, f J = 7Hz), 1.75 (2H, q, J = 7Hz), 243 
(IH. d, J = 2HzX 352 QH, b. a). 5.41 (lH, dt, Jr = 2, Jz = 7Hz),- 
73(sH,m);a(loOMHz,ccI,ia~~praeaceo4~~o4 
(fodh) OAfe 4.46 m961.4.72 r23%). The o&al OwitY of (se 
was--thdorc .5496;. (gm jl50 rig) &i -Iu+ttd 
(WCdsN) to give 118 ms d (SW, b.p. WI33 mm, d 
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(s)-10. Ita optical fomtion value was: [alg -412 (c= 1-m 3.T.CManiamiK.Yamaahi@&fcBldClkm37.1667. 
!zthcr).Tbcopticalpurityaf(R)-9waIthmforc9096.1t8IRaal 1691,1695(1!n3). 
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b.p. 112llem mm, ri? 1.4217; [tx]g+ 14.2’(c -0.827, db=). 
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