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Abstract The Porcrne Pancreatx Ltpase (PPLJ- and Mucor Esterase-catalyzed resoluhon of 1-phenylethanol 

5 tn four dtfferent alkyl carboxylate solvents, viz methyl acetate, propronate and butyrate and ethyl acetate, 

was evaluated The benefiaal rnfluence of the aa’dttron of molecular swves 4A to the reaction mature IS 

demonstrated A Mucor Esterase-catalyzed resoluhon of 5 on a 0.5 mol scale 1s described The hnetlc reso- 

lution of a large variety of secondary alcohols (5 - 22bJ was tnvesngated usrng both brocatalysts under the 

estabhshed optunal reactron con&tons for substrate 5 

Introduction 

In the last decade the apphcanon of enzymes in orgamc me&a has been the SubJect of extensive mves- 

nganons The state of affarrs concernmg this Important syntheuc methodology has recently been renewed by 

Khbanov*, the pioneer of bmcatalysts ut non-aqueous solvent systems Successful apphcauons of various h- 

pases (macylglycerol hydrolases, EC 3 1 1 3), eg Porcme Pancreanc Llpase (PPL), Candrda Cylmdracea 

Yeast Lipase (CCL) and Pseudomonas Pluorescens (Llpase P). have been reported m carbohydrate chemls- 

try2-‘, rn pepude synthesls8-13, and in lactonlzatton14*16 and macrolactonlzauon17-19 reacuons However, the 

mam emphasis has been on application to asymmemc estenticauon and transestenflcauon reacuons In order 

to prepare choral alcohols2usc and carboxyhc acrds21*2251, or their denvaaves, with htgh enannomenc purny 
The general sequence of transformaaons underlying the enzyme-catalyzed conversions is depicted tn 

Scheme 1 The essenaal step 1s the formaaon of an acyl-enzyme complex Carboxyhc acids (R’ = H) can be 

used as acyl donors24,46*50 and racemtc alcohols have been resolved In thts manner ustng hpase-catalyzed 

Scheme 1 
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estenficatron reacttons It seems however, that transestenflcatron reactrons usmg apptopnate esters as acyl 

donor, are more versattle m terms of flexrbhty, reactron rates and thermodynamrc lmutatrons28*s2 For 

enzyme-catalyzed transestenficatrons Kltbanov22 recommends the use of achvated esters of carboxyhc acids, 

such as mchloroethyl and mfluoroethyl esters (R’ = CC1sC!H2 or CF$H2) These esters are effectrve acyl 

donors and the released alcohol has a low nucleophrhcrty, which IS advantageous for the positron of the eqm- 

hbna shown m Scheme 1 Usmg thts methodology, a senes of secondary methyl carbmols, RC(OH)Me, has 

successfully been resolved wrth PPL as the biocatalyst using ether or heptane as the mam solvent22*23*47*48 In 

thts procedure, the products of the reactton, wz the remanung secondary alcohol and tts ester (a butyrate 

when 2,2,2_mhaloethyl butyrate 1s used as the acyl donor), need to be separated from the excess of acyl donor 

and 2,2,2-mhaloethanol, which sometrmes reqtures tedious work-up procedures In the transestenficauon 

reacuons cued above, PPL 1s a rather sluggtsh biocatalyst Ltpase P seems to be more effecave for these 

transestenflcatrons When carboxyhc acid anhydndes are used as acyl donors an effecuve hpase-catalyred 

kmeuc msoluuon of racemtc alcohols can be 28 accomphshed Enol esters, such as vinyl acetate, are also mte- 

resnng acyl donors29*30*s2Bs3, bet ause the released vinyl alcohol tautomenzes to an aldehyde and therefore the 

reverse reacuon 1s cut off However, the aldehydes may cause unwanted snle reactrons”33 It 1s surpnstng, 

that the use of alkyl carboxylates serving as acylatmg agent as well as solvent has received only scarce atten- 

tion m the hterature, because the posmon of the equtltbnum of the transestenficatron process will be favo- 

rably mfluenced by the htgh excess of acyl donor and the expenmental procedure will be attractrvely simple 

Cestt et al 25 described the resoluuon of 2,3-epoxy alcohols using PPL m ethyl acetate or methyl proptonate 

as the reachon medtum Recovered epoxy alcohol was obtatned with excellent enanttomenc punty Both 1,2- 

and 1,3-drols are selectrvely estenfled at the pnmary hydroxy group by PPL m ethyl acetate, proplonate, buty- 

rate or caprylates4 Ammo alcohols are succesfully resolved by means of PPL m methyl acetate55*56. It should 

be noted that acylauon of an ammo group attached to a secondary C-atom takes place at the same rate as este- 

nficatron of a pnmary hydroxy group, whereas m the opposite snuatron, 1 e an ammo group at a pnmary 

C-atom m the presence of a secondary hydroxy group, only the N-acylated product 1s found Furthermore, the 

excellent enantuxhfferenuatmg ability of hpases toward mesa-52*57*58 or prochrral &01s~~ m either methyl or 

ethyl acetate has been reported Ftnally, Carrea et al s9 described the regloselecttve acylauon of the pnmary 

hydroxy group of chloramphemcol tn methyl butyrate using Chromobactenum Vlscosum as the catalyst The 

hteratum reports menttoned above, concermng the use of alkyl carboxylates as the solvent and as acylatmg 

agent at the same ume, refer to hpase-catalyzed transestenficattons of pnmary alcohol functrons The reaction 

rate of transestenficauon of secondary alcohols 1s extremely slow under these condmons29 

The atm of this paper 1s to further evaluate the use of simple alkyl carboxylates ut hpase-catalyzed 

transestenflcatlons of secondary alcohols where the esters serve as acylatmg agent as well as the solvent For 

this purpose, a senes of choral secondary alcohols was selected In addmon to PPL, the less known enzyme 

Mucor Esterase7*M+39 was used as a biocatalyst 

Results and discussion 

The expenmental condmons were established for the commerctally avarlable substrate l-phenyleth- 

anol (5) The low botlmg and common solvents methyl acetate, propronate and butyrate, and ethyl acetate 

were considered as medntm for the btoconverston reaction The processes that are mvolved m this kmeuc 

resoluuon, are depicted m Scheme 2 (for methyl proptonate as the solvent) The enanuomer that reacts fastest 
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Scheme 2 
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Slow reactmg enanuomer (remammg alcohol) 

will be converted preferentially mto the correspondmg ester. If the kmeuc selechvlty between the enan- 

tiomers 1s high, the slower reactmg enantlomer will remam unchanged The substrate 5 was &ssolved m the 

ester solvent contammg the enzyme (PPL) and the resulting suspension was stmed for 68 h at 4oOC The pm 

ducts, viz the remammg alcohol (-)-5 and the ester of (+)-5, were readtly isolated as smgle compounds and m 

good yields, after filtrauon of the enzyme and removal of the solvent, followed by column chromatography 

The ester was saporufied, using the procedure described by Cesh er al 28, to give alcohol (+)-5 m good yields 

The enantlomenc punty of both alcohols (+)- and (-)-5 was determmed by compmson of ther optlcal rota- 

uons with those reported m the literature 6a for the enantlopure compounds The PPL-catalyzed resoluaon of 5 

was camed out m the four solvents mentioned above and under the reaction condmons grven m Table 1 

(enmes 1, 2,4 and 5) The results show that the enantlomenc punty of the alcohols (+)-5 obtamed after sapo- 

mficauon of the enzymatically produced ester 1s high. the degree of conversion, however. 1s rather low 

Optimal results are obtained at a reactlon time of 68 h at 4BC m methyl proplonate (entry 2) Snmlarly, 

Mucor Esterase was evaluated as a biocatalyst Only two solvents were tested, viz methyl proplonate and 

butyrate (enmes 9 and 12) In comparison with PPL, Mucor exhlbtts a nmllar enannoselechvlty m both sol- 

vents, but the reaction proceeds considerably faster In methyl acetate and ethyl acetate this enzyme &plays a 

low acnvity62 

The high enantloselecnvlty, observed for the transestenficatlon of alcohol 5 with both PPL and Mucor 

Esterase, demonstrates their resolvmg potennal In all cases, the esters produced are isolated with high enan- 

tlomenc punty (ee 2 97%) These excellent results were a stimulus to optimize. the reaction condmons m 

order to increase the conversion rate 

For both enzymes the converslon could be improved only slightly by prolongmg the reaction time 

(enmes 6, 11 and 13) or increasing the reactlon temperature (enmes 7 and 8) This observation can be ex- 

plained by assuming that the faster reacting enantlomer (see Scheme 2) reaches its state of eqmhbnum rather 

rapidly Prolonging the reacuon time only bnngs about some further conversion of the slower reacting enan- 

tlomer and, along with this, the formation of some extra methanol which will affect the equlllbnum of the 

faster reacting enantlomer unfavorably The ulumate consequence 1s that prolonged reactlon tunes result In 
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Table1 Enzymatic transestenficanon of 1-phenylethanol(5) m alkyl carboxylates a 

ester alcohol 
__. .______._._........ .._......._._. 

:ntry solvent temp,“C time, h enzyme [alzDb e%c*d confi$ [ulzDb eeshd conv’ 

1 methylacetate 40 68 PPL +56 1” >98 R -l3.8 23 19 

2 methylproplonate 40 68 PPL +55 go >98 R -27 1” 48 33 

3 methylproplonate 40 68 PPL +548O 97 R -446O 79 45 

(molsieves 4A)f 

4 methyl butyrate 40 68 PPL +54 go 97 R -23 6O 42 30 

5 ethyl acetate 40 68 PPL +56 8O >98 R -15 5O 27 22 

6 methyl proplonate 40 164 PPL +56 5O >98 R -36 8O 65 40 

7 methyl propionate 60 68 PPL +55.9’ >98 R -312O 55 36 

8 methyl proplonate 60 164 PPL +56 4O >98 R -39 3O 70 42 

9 methyl proptonate 40 68 Mucor +56 00 >98 R -4300 76 44 

10 methyl propionate 40 68 Muco+ +55 4O 98 R -46 2O 82 45 

(molsleves 4A)f 
11 methyl propionate 40 164 Mucor +55 lo 97 R -45 8 80 45 

12 methyl butyrate 40 68 Mucor +55 6O z-98 R -4340 77 44 

13 methyl butyrate 40 164 Mucor +54 8O 97 R -427O 76 44 

* reachon ~&hons 3 0 mm01 of 5.600 tng of PPL or Mucor Esterwe, 15 ml of solvent For &tads see expzttneotel sectton. 
b opttcal rotetlon (c 1. chlomform) of the alcohol obtamed by hydrolyas of the ester or of the recovered alcohol 
c enenttomc~lc excas (ttt %) of the alcohol obtemed by hydmlysts of the ester (“d ot of the recovered alcohol (ee,) 
d deammed by cotnpenson of opttcal rotatons an authenttc sample of the (S)-tsomer purchased from Aldnch wth [U]23D 

-413’ (neat) has an ee of 96% es was deduced by cotnpatwm wttb the rota&on of enatttopum alcohol [tX]‘9, 142 9’ (neat). 
(R)-mnner (ref 60) Tlus sample has [CZ]~D -54 2’ (c 1, chloroform) 

e cotwerstott (to %) calculated acmrdmg to the formula canv = eel I (eee + eep) (ref 61) 
f IOO tng tno~ecular stews 4A1 mmol s 
g 50 mg Mucor Esteme I mm01 5 

less sausfactory optical yield@ This problem can be cucumvented by the addmon of molecular slews 4A to 

scavenge the hberated methanol The beneficial effect of molecular sieves 4A has also been observed by 

other authors19J9 Grattfymgly, the addluon of molecular slews to the reachon nuxture considerably 

Improved the conversion after 68 h (cf entnes 2 and 3, and entnes 9 and 10) and consequently the enannome- 

nc punty of the remauung substrate alcohol (-)-5 (82% at 45% conversion, entry 10) 

These results clearly mdlcate that, under proper reactlon con&tlons, both enantlomers of alcohol 5 can 

be obtamed with a high enantlomenc excess 

A procedure for a multlgrarn scale resolution was developed for Mucor Esterase, because of Its higher 
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acnvlty toward 5, compared with PPL (as Judged by weights of crude enzyme per mm01 of substrate, cf Table 

1, entnes 2 and 9. and entnes 4 and 12) Ftrst, the amount of enzyme and solvent per umt of substrate was 

drastically reduced Second, the separation of the ester of (+)-5 and remamng alcohol (-)-5 was performed 

by dlstdlanon instead of chromatography For that reason methyl butyrate turned out to be the solvent of 

choice. because the butyrate produced and remammg alcohol (-)-5 have the requned difference 111 boiling 

point (see expenmental section) It was found that at a reaction temperature of 60°C the amount of both 

enzyme and solvent could be reduced to 12% of thetr ongmal values, sttll gvmg a conversion of 32% after 72 

h It should be noted that no molecular sieves were added to the reachon nuxtuxe m order to faclhtate reco- 

very of the enzyme These con&tlons were found to be suitable for the resolution of 1-phenylethanol5 on a 

0 50 mol (61 1 g) scale, resultmg, after work-up, m 27% of the butyrate of (+)-5 Alkaline hydrolysis afforded 

(+)-1-phenylethanol m 26% overall yield and with an ee of over 98% The antipode (-)-5 was obtamed in 

64% chermcal yield and with an ee of 44% By repeatmg the enzyme treatment twice, (-)-1-phenylethanol 

was eventually obtamed m an overall chenucal yield of 36% and with an ee of 95% The procedure above 1s 

easy to perform and 1s therefore attractive from a pracncal pomt of view 

Having established the optnnal reacnon conhuons for the resoluaon of 5 (methyl propionate, 68 h, 

4ooC, molecular sieves 4A), the senes of secondary alcohols shown In Chart 1 was subjected to the transeste- 

nficatlon using PPL and Mucor Esterase For the sake of companson, the pnmary alcohols 1 - 4 and the ter- 

uary alcohols 23 and 24 were also investigated In all cases, the reacaon mtxtures were analyzed by capillary 

GLC before work-up When a certam conversion was considered too low, the reachon time was extended to 

164h 

The substrates shown in Chart 1 were either purchased from Aldnch (1 - 3.5,6,10.11,16 and 20), or 

prepared by Gngnard reaction” of appropnate alkylmagnesmm halides and aldehydes or ketones (7 - 9, 14, 

17 - 19,23 and 24), or by reductlo@ of ketones with LlAlI$ (12.15 and 21) Chlorohydnn 4 was prepared 

by reaction of epoxy styrene with HCl m chloroform66 and bmmoalcohol 13 was readdy obtamed from 

a-bmmoacetophenone by reducnon30 with NaBH4 The norbomene alcohols 22a and 22b were prepared by 

Gngnard reacUo@ of methylmagnesmm itide and endo-norbom-5-en-2-yl aldehyde, which was obtamed 

by well established procedures65*67-72 The results of the enzymauc resolutions are collected m Table 2 

The data collected for the pnmary alcohols 1 - 4 reveal that, as expected, they react much faster than 

secondary alcohols For 2-phenyl-1-pmpanol 3, the enanuoselectmty of PPL IS moderate (E = 10) and of 

Mucor Esterase rather low (E = 2) It should be noted however, that the use of PPL as catalyst affords remal- 

mng alcohol (+)-3 nearly enannopure Chlorohydnn 4, which could serve as a precursor for the synthesis of 

optlcally active epoxy styrenes, 1s vntually not resolved by either of the enzymes 

By companng the senes of secondary benzyl alcohols 5 - 9, it IS clear from the data shown, that all the 

esters are obtamed with an excellent enannomenc punty when PPL 1s employed However, the reacuon rate, 

and accordmgly the conversion, 1s decreasing when the carbon chain in the substrate 1s made longer The 

latter effect IS even stronger when Mucor IS used as the catalyst, the substrates 7 - 9 are hardly accepted by 

this enzyme The ngd blcychc aroma~c alcohols 10 - 12 were transestenfied at a relatively high rate and 

with a htgh degree of enannoselectlvlty usmg either bmcatalyst In all three cases, the pmplonate and the 

remammg alcohol were obtamed urlth reasonable enanuomenc punty The high reactlon rate exhlblted by 

alcohols 10 - 12, compared w& substrates 5 - 9, suggests that l?ee rotanon of the aromatic nng in the sub- 

strate has a neganve influence on the reactlvlty Bromohydnn 13 1s of mtetest as to provide a convenient 
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access to optically active epoxy styrenes (cf chlorohydnn 4) Although the converslon IS rather low em- 

ploying PPL as the catalyst, the proplonate of (+)-13 was obtamed with a high ee Treatment of this ester with 

base2* afforded O-epoxy styrene with an ee of 95% In contrast to PPL, bromohydrm 13 1s not accepted by 

Mucor Esterase (cf substrates 7 - 9) The other secondary alcohols contauung an aromatic nng, VIZ 14 - 16, 

are estenfied at moderate to high rates by PPL, however, m all cases the enannoselectlvlty 1s low (E = U-30) 

Remarkably, compared with 1-phenylethanol 5, PPL displays a low selectlvq toward I-(4-methoxyphenyl)- 

ethanol 15 (cf E = 160 for 5, E = 30 for 15) This difference has been observed previously for Ltpase P by 

other authorsB, but until now an explanation has not been given Mucor shows a slmllar behavior toward sub- 

strates 14 and 15 1-Phenyl-2-propanol 16, however, 1s estenfled at a high rate and with a high degree of 

enantloselectlvlty (E = 105) by thts enzyme When the phenyl nng 1s replaced by the fury1 nng, as in 17, reso- 

lutlon leads to moderate results for both enzymes (E = U-20) The cyclohexyl and cyclopentyl substituted 
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Table 2 Enzymaac resoluuon of pnmary. secondary and tertmy alcohols m mthyl prop~onate a 

i SI ubstr tme,h 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

4 

4 

4 

4 

68 

68 

164 

68 

164 

68 

164 

68 

164 

68 

68 

68 

68 

164 

68 

68 

68 

68 

68 

68 

68 

68 

PPL 
. ..____.........-.....--..-......... 

propionate alcohol 
.._....._..- . . . . . . _. 

“P 
b*c configd eeSbsc conv e Ef 

4gd S 9gd 

lob S 4h 

97d R 79d 

96 R 78 

93 R 

94 R 

92 R 

91 R 

93 R 

92 R 

89 R 

91 R 

95 R 

95h S 

95h S 

8gd R 

87d R 

84 R 

82d R 

94 R 

94 RJ 

86 R 

>98 R 

24 

39 

14 

24 

22 

34 

89 

89 

48 

34h 

47h 

52d 

72d 

38 

63d 

71 

54 

82 

18 

w 

82s 

67 

29 

45 

45 

10 

13 

160 

120 

20 35 

30 50 

13 25 

21 25 

18 35 

27 35 

50 50 

49 65 

33 65 

27 55 

33 60 

37 30 

46 30 

31 15 

44 20 

43 70 

37 50 

49 35 

15 z-120 

Mucor Esterase 
.____......._..._--..----.-..---.--. 

proplonate alcohol 
. . .._____.._ . . ..-.. 

wbsc config.d eeSbsc conv c Ef 

17d S 35d 

33h S 18 

9gd R 82d 

94 R 29 

94 R 43 

90 R 90 

92 R 83 

96 R 53 

88d R 59d 

87d R 61d 

94 R 91 

79d R 55d 

89 R 46 

86 RJ 59 

85 R 69 

978 

98g 

67 

32 

45 

23 

31 

<5s 

c3s 

50 

47 

35 

7l 

40 

42 

49 

41 

34 

41 

44 

Cl08 

2 

23 

250 

45 

50 

60 

65 

85 

30 

25 

105 

15 

25 

25 

25 
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Table 2 contmued 

PPL Mucor Esterase 
.~~~~...~.~~~..~.~.~.~............~..~ . . . . . . . . . ..------..-~.....~~..~...... 

propmnate alcohol propionate alcohol 
_.._..__...._. . ..___.. . . ._.._.__.__ .____. 

substr. ttme,h -b*c config d ee,bc conve Ef ee,,b*c configd eesbmc conv e Ef 

22a 68 >95 R’C -35 27 >55 z-95 Rk -48 33 >60 

22b 68 >95 Rk -20 17 >50 >95 Rk -29 23 >50 

23 68 _ _ _ no I I no 
mdcuong - reactlone - 

24 68 - - - “0 - _ _ _ m 
macuong msctl~ - 

a 

L 

J 

k 

reachon co~&tmns 3 0 mm01 of subsante, 600 mg of PPL or 150 mg of Mowr Estemse, 15 ml of methyl ~mptonate, 300 mg 
of molecular stews 4A. 400~ nor &tads see expenmatte~ seaton 
enatthom~lc excess (m %) of the alcohol obtamed by hydmlyns of the ptqnona (eeP) or of the recovmd alcohol (eq 
estnnated by lgPNMR- or GLC-melysts of tbc comqondmg Moehex estexs. onles.s othuwtse mdtcated 
estebhshed by comPanson of the opttcal rofatlon wtth that mported m the btaatme (see erpenmental sectmn) 
convers~m (m %) calculeted eccordmg to the formula conv = ees / (~a + ee& (ret 61). unless mduxted otherwse 
~~~encrstlocalculatcd~gtotheformulrE=Ln(l-amv(l+~)/In(l-conv(l-~)(mf 61) 

dawmwd by csplllary GU: (~ted) 
dewmmed by comparison of the optxal mtatton of the cotresptdmg epoxlde ~9th that repted m the btemmre (see ape- 

M=ttoN 
isolated yzld 
no mformehon known 111 the btamlre about the relilt.Pm betweul absolute confiiumtlon and OptMA rowJon abwlllte 
configomhon based on enelogy wtb subsuetes 5 - 18.20 end 21 
transestenfied as e mu.ture of both &astemomers 22a and 22b (62 38) no opttcal rotauon duemuned. absolwe c4Aigllratloo 
based on alogy mth subsuatea S - 21 

carbmols 18 and 19. respecttvely, as well as 2-octanol20, a substrate that has extensively been used m enzy- 

mat~c resolutlons20*2234*2, are readdy accepted by both Mucor Esterase and PPL wtth moderate to good enan- 

tloselecuvities (E = 35-70 for PPL, E = 25 m all three cases for Mucor) Adamantylethanol 21 apparently 1s 

too bulky to be accepted by Mucor Esterase For PPL a low conversion was observed under standard con&- 

nons, but nevertheless, the proplonate of (+)-21 was obtamed with a high ee (JZ > 120) ‘Ihe norlxnnenyl 

subsmuted carbmols 22a and 22b exhibit a moderate reacuvlty, although these substrates are transestenfled 

with an excellent enanaoselecuvity (E > 50) As shown m Table 2, tertuuy alcohols do not react under the 

applied reacuon condmons 

With respect to the steteochenustry of the antqxxie that 1s preferennally ester&d with these enzymes, 

these results show that, without exception, they all have the same basic absolute configuration, whtch 1s (R) 

for most of the alcohols Due to the presence of a bromme subsntuent, the pmplonate of bromohydnn 13 1s 

denoted the (S)-configuraaon, but It actually has the same spatial ortentatton as all the other substrates 

A close analysis of the results m Table 2 suggests that the high enantloselecnvlty observed for PPL 

and Mucor Esterase 1s caused by the difference m size of the substltuents, R, and Rz, at the choral centes 

(Scheme 3) An increase of the bulkiness of R,, with R2 1s phenyl, has a negattve effect on the enanttoseleca- 

vlty and the xacuvlty &splayed by either catalyst (cf the senes of substrates 5 - 9) In the case of PPL, the 

efficiency of the resolution decreases enormously in the change from R, 1s ethyl (alcohol 6) to RI 1s n-propyl 

(alcohol 7), while urlth Mucor Esterase the efficiency already collapses by replacing the methyl subsmuent 
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Scheme 3 

(alcohol 5) by an ethyl subsntuent (alcohol 6) A decrease m reactivity IS also observed m the senes of aro- 

matic bycychc substrates 10 - 12, consldermg the non-a.romaW nng as the R,-subshtuent The mutual diffe- 

rences m enanaoselectlvlty, however, are neghgble The effect of R2 on the efficiency of the enzymatic reso- 

lutlon of secondary alcohols IS much more comphcated. The relatively low enantloselecnvlty exlublted by the 

non-aromatic alcohols 18 - 20, as compared with I-phenylethanol 5, demonstrates the positive impact of the 

phenyl group on the enantloselechvlty Since the Rz-substituents m these alcohols are of comparable nze, the 

typical electronic features of the aromanc nng may be of importance Also m&canve of electronic effects IS 

the relauvely large &fference m enantioselecavlty observed for the 4-methoxy substituted phenylalcohol 15, 

as compared vcrlth alcohol 5 Replacement of the phenyl group by the aromatic nng systems naphtyl and fury1 

(alcohols 14 and 17, respectively) also leads to a decrease m E-value with both catalysts The presence of the 

aromatic nng adjacent to the ciural center seems to be crucial for PPL, wluch IS not the case for Mucor 

Esterase (compare results for 1-phenyl-Zpropanol 16 with those of 1-phenylethanol 5) Extremely bulky 

Rz-subsntuents, such as adamantyl (alcohol 21) or norhom-5-en-2-yl (alcohols 22a and 22b) strongly retard 

the reacnon The enantioselecnvity, however, IS positively affected by these subsntuents 

These extensive stu&es, mvolvmg the transestenfication of a great variety of secondaxy alcohols with 

quite different structural features, show that both PPL and Mucor Esterase are versaule tuocatalysts for tlus 

purpose Although the reaction rates m most cases are relatively low, the observed enantioselechvlty IS u- 

sually high enough to allow practical apphcahons In parncular, the convenience of the procedure makes 

resolutions with these enzymes attractlve from a syntheuc point of view 

Experimental section 

General remarks 
Melting points were measured with a Reichert Thermopan nucroscope and are uncorrected IR specb-a 

were taken on a Perkm Elmer 298 Infrared spectrophotometer ‘H-NMR spectra were recorded on a Vanan 
EM-390 or a Bruker WH-90 spectrometer with TMS as the internal standard 19F-NMR measurements were 
camed out with a Bruker AM-400 spectrometer (no internal standard used) Capdlary GLC analyses were 
performed usmg a HP 5790A or a HP 5890. contammg a cross-hnked methyl sillcone column (25m) Column 
chromatography was performed usmg Merck aeselgel 60X254 For the determmation of optical rotations a 
Perkm Elmer 241 Polanmeter was used Porcine Pancreatic Lipase (PPL) was purchased from Sigma Mucor 
Esterase was obtamed as a gft from Gist-brocades, Delft, The Netherlands Both enzymes were dned at 
reduced pressure (-0 02 mbar) dunng 4 h pnor to use The solvents used for the enzymaac resolutions were 
stored on molecular Sieves 4A (10% w/v) All glassware was ovendned before use Substrates 1 - 3, 5,6, 10, 
11,16 and 20 were m stock or purchased from Aldnch 

Enzymatx transestenficatton of I-vhenylethanol(5) in methyl acetate general vrocedure 
Either PPL (600 mg) or Mucor Esterase (600 mg) was added to a solution of 5 (366 mg, 3.0 mmol) m 

methyl acetate (15 ml) The suspension was stmed magnetically for 68 h at 40°C after which the enzyme was 
filtered off and washed with dchloromethane (3x8 ml) After removal of the solvents I-phenylethyl acetate 
and remnnmg alcohol were separated by column chromatography (ahcagel / hexane - ethyl acetate (32)) 
The acetate was hydrolyzed to the correspondmg alcohol by the procedure described by Cestl et al as 
follows the acetate (164 mg, 1 0 mmol) was stmed m a 1 M solution of sodmm hydroxide in ethanol (4 ml) 
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at room temperature durmg 5 h, after which the ethanol was evaporated The residue was taken up m water (5 
ml) and extracted with ether (4x5 ml) The combined extracts were dned (MgS04) and concentrated Column 
chromatography (nhcagel / hexane - ethyl acetate (5 1)) gave pure alcohol (+)-5 m yields rangmg from 85 - 
90% The optical rotations ([a12$)of both alcohols were measured under standard condmons (c 
1 ,chloroform) 

The procedure at various temperatu=s and reaction times was the same as described above The 
results are collected m Table 1 

Multraram-scale resolunon of I -ohenylethanol (51 
Mucor Esterase (12 5 g) was added to a solution of 5 (61 1 g, 0 5 mol) m methyl butyrate (310 ml) 

The suspension was stured magneacally for 76 h at WC, after which the enzyme was filtered off, washed 
with ether (3x100 ml) and stored for further use After removal of the solvents, the butyrate of (+)-5 and 
remammg alcohol $-)-5 were separated by careful &sullanon, fumlshmg 25 6 g (27%) of ester, b 107 5 - 
108V at 6 torr (lit 3 119 - 123°C at 14 torr), stall contammt 1% of alcohol (-)-5 acconbng to capdlary GLC, 
and 39 0 g (64%) of alcohol, h 83 5 - 84 5OC at 6 torr (lit 7 98 - 99°C at 20 torr), contaminated with 15% of 
ester A sample of alcohol (-)-5 was punfied by column chromatography (slhcagel / hexane - ethyl acetate 
(5 1)) affordmg pure (-)-5, [@o -19 lo (neat) (lit 60 [a]tgD +42 9O (neat)), ee 44% 

Alcohol (+)-5 was obtained as follows the butyrate of (+)-5 (25 g, 0 13 mol) was steed for 6 h at 
room temperature m a 1 M solution of sodmm hydroxide m ethanol (425 ml) Ethanol was evaporated, the 
residue was taken up m water (200 ml) and extracted wth ether (4x125 ml) The combined extracts were 
dned (MgS04) and concentrated Dlstdlanon of the remammg llquld furnished 15 4 g (97%) of pure alcohol 
(+)-5, b 66 5 - 67OC at 2 torr, [al25 

A higher ee of alcohol (-)-l 
+42 5O (neat), ee >98% 
was obtamed by subJectmg it to a second [on 30 5 g (0 25 mol) scale] 

and a third [on 12 5 g (0 1 mol) scale] resoluaon followmg the same procedure as for racermc 5 and using 
recovered enzyme from the first and second resolunon, respectively In this manner, (-)-5 (10 5 g) with an ee 
of 95% was obtamed, [alZD -40 7O (neat) 

Substrates 7 - 9,14,17 - 19.23 and 24 were prepared by Grgnard reactron” 

I -Phenvl-I -butanol(7) general vrocedure 
A soluaon of benzaldehyde (10.6 g, 0 10 mol) m ether (50 ml) was slowly added at room temperature 

to a Gngnard reagent (prepared from magnesium (3.0 g, 0 125 mol) and n-pmpyl bromuie (15 4 g, 0 125 mol) 
in ether (50 ml)) m such a manner that a gentle reflux was maintained The reacnon rmxtuxe was stmed over 
night at room temperature, then saturated NH&l (125 ml) was slowly added at PC Stmmg was contmued 
for another 10 mm at room temperature, then the aqueous layer was extracted with ether (2x50 ml) The com- 
bined extracts were successively washed with saturated NaPS205 (15 ml), saturated NaHCG3 (15 ml) and 
water (2x25 ml), dned on MgS04 and concentrated The residual 011 was dlstllled to furnish 12 0 g (80%) of 
7, b 72 - 74OC at 3 5 torr (lit 75 113 - 115“C at 17 torr) A sample was also punfied by column chromato- 
graphy (silicagel / hexane - ethyl acetate (12 1)) IR(CCL) v 3610(s), 3600-3200 (s,br), 3080 / 3060 / 3030 
(m), 2960 / 2930 / 2870 (s), 1950 / 1880 / 1805 (w), 1455 (s), 700 (s) cm-l *H-NMR(CDC1,) 6 0 91 (3H, t, 
J=7 OHZ, CHZCH ). 1 15 - 154 (2H, m, CFI2C!H3), 155 - 189 (2H, m, CH(OH)CH& 2 00 (lH, S, O&, 4 67 
(lH, t, J=6 SHz,&_(OH)), 7 30 (m, 5ArH) 

I -Phenol-I -Dentanol (8) 
Prepared from n-butyl bromide (17 1 g, 0 125 mol) and benzaldehyde (10 6 g, 0 10 mol) fumlshmg 

13 6 g (83%) of 8 (oil), b 69 - 7l“C at 1 torr (lit 76 124 - 126“C at 10 torr) A sample was also punfied by 
column chromatography (nhcagel / hexane - ethyl acetate (12 1)) IR(CC14) v 3610 (s), 3600-3200 (s,bri, 
3080 / 3060 / 3030 (m), 2960 - 2920 / 2870 (s), 1950 / 1880 / 1810 (w), 1455 (s), 700 (s) cm- 
1H-NMR(CDC13)76 6 0 90 (3H, t, J=6 OHZ, CH CHH), 1 15 - 152(4H, m, C&C&CH3), 162 - 1 87 (2H, m, 
CH(OH)CH_;?), 194 (lH, s, OH), 4 64 (IH, t, J=t5Hz, CX(OH)), 7 32 (m, 5ArH) 

1 -Phenol-I -hexanol(9) 
Prepared from n-pentyl brormde (18 9 g, 0 125 mol$ and benzaldehyde (10 6 g, 0 10 mol) affordmg 

13 6 g (76%) of pure 9 (011). & 102 - 104°C at 2 torr (lit 7 17O’C at 50 torr) IR(CCl,+) v 3610 (s), 3550- 
3250 (m,br), 3080 / 3060 / 3030 (m), 2960 / 2920 / 2860 (s), 1950 / 1880 / 1810 (w), 1450 (m), 700 (s) cm*’ 
‘H-NMR(CDC13) 6 0 87 (3H, t, J=6 OHZ, CH&&), 1 18 - 1 47 (6H, m, (C&)3CH3), 162 - 1 82 (2H, m, 
CH@H)C&), 2 02 (lH, s, OH), 4 63 (lH, t, J=6 OHz, CH(OH)), 7 29 (m, 5ArH) 

I-(2-Naphtvllethanol(14) 
Prepared from methyl itide (5 7 g, 40 mmol) and 2-naphtaldehyde (5 0 g, 32 mmol) gvmg, after 

column chromatography (shcagel / hexane - ethyl acetate (9 1)), 5 0 g (90%) of a white sohd, m 67 - 7O“C 
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(ht 78 71 - 72V) J&(CCl 
1450 (w) 860 (s) cm-’ p 

) v 3610 (s), 3550 - 3250 (m&r), 3060 (s), 3020 (w), 2980 (s), 2930 / 2880 (w), 
H-NMR(CDC1 ) 6 156 (3H, d, J=6.5Hz, CHH), 2 09 (lH, s. Om, 5 04 (lH, q, 

J=6 5Hz, &OH)), 7.40 - 7 53 (m, 3ArHj, 7 73 - 7 86 (m,4ArH) 

I -/2-Furfurvl)ethanol(l7) 
Prepared from methyl x&de (9 2 g, 65 mmol) and f-furfuraldehyde (5 0 g, 52 mmol) furmshmg, after 

column chromatography (sthcagel / hexane - ethyl acetate (7 l))\ 4 3 g (74%) of 17 (oil) JR(CCl4) v 3610 
(s), 3600 - 3100 (s,br), 2990 (s), 2930 / 2880 (m), 1740 (m) cm- 152 (3H, d, J=6 5Hz, H-NMR(CDC1,)79 6 
CHs), 2 50 (lH, s, OH), 4 87 (lH, q, J=6 5Hz, CH(OH)), 6 21 (lH, d, J=3 5Hz, furan-Hs), 6 31 (IH, dd, J=3 5 
and 1 OHz, furan-H4), 7 37 (IH, d, J=l OHz, furan-H,) 

1 -KWohexvlbthanol(18) 
Prepared from cyclohexyl chlonde (14 8 g, 0 125 mol) and acetaldehyde (4 4 g, 0 10 mol) affordtng 

12 1 g (95%) of crude 18 (orl), & 82 - 91°C at 25 torr (lit *O 81 - 82% at 15 torr) Sub uent column 
Y! chromatography (stlicagel / hexane - ethyl acetate (5 1)) gave 9 6 g (75%) of pure 18 (011) JR( Cld) v 3610 

(s), 3550 - 3250 (s,br), 2960 - 2900 / 2850 (s), 1450 (s) cm- 1 1H-NMR(CDC1s)81 6 0 73 - 188 (12H, m, 
c-C&Jr1 and O@, 1 16 (3H, d, J=6 OHz, C&), 3 54 (lH, dq, J=6 0 and 6 OHz, CH(OH)) 

Prepared from cyclopentyl btomtde (9 3 g. 62 5 mmol) and acetaldehyde (2 8 g, 62 5 mmol) tesultmg, 
after column chromatography (nhcagel / hexane - ethyl acetate (5 l)), m 2 8 g (41%) of pure 19 (011) 
B(CCld) v 3620 (s), 3550 - 3200 (s,br), 2980 - 2920 / 2860 (s), 1450 (s) cm-’ H-NMR(CDCls)” 6 120 
(3H, d, J=6 OHz, C&),1 30 - 1 84 (lOH, m, c-C!&&, and OSF), 3 57 (lH, dq, J=6 0 and 6 OHz, CJI(OH)) 

2-Phenyl-2-butanol(23) 
Prepared from bromobenzene (19 6 g, 0 125 mol) and 2-butanone (7 2 g, 0 10 mol) furmshmg 112 g 

(75%) of 23 (09, & 86 - 88OC at 10 torr (ht ss 97“C at 15 torr) A sample was pm-died by column chromato- 
graphy (sthcagel / hexane - ethyl acetate (9 1)) J&CCCL) v 3600 (s), 3600 - 3200 (m,br), 3080 / 3060 / 3030 
(m), 2970 / 2930 / 2880 (s), 1900 / 1880 / 1800 (w), 1445 (s), 700 (s) cm“ ‘H-NMR(CDC1,) 6 0 79 (3H, t, 
J=7 5Hz, CH,cH,), 154 (3H, s, C(C&)(OH)), 1 80 (lH, s(br), Oa, 1.83 (2H, q, J=7 5Hz, C&X-J,), 7 15 - 
7 51 (m, 5ArH) 

3-MethylJ-hexanol(24) 
Prepared from 2-pentanone (4 1 g, 48 mmol) and ethyl brormde (6 5 g, 60 mmol) fumrshmg, after 

column chromatogra 
(s), 3600 - 3200 (s,br P 

hy (sdrcagel / hexane - ethyl acetate (7 l)), 4 5 g (81%) of 24 (011) B(CCl,) v 3610 
,298O - 2870 (s,br), 1460 (s) cm- 1 ‘H-NMR(CDCls) 6 0 82 - 101 (6H, m, 2xCH&!HH), 

1 16 (3H, s, CH(OH)CHH), 127 (lH, s, O@, 1 31- 162 (6H, m, all CJ&) 

Alcohols 12, 15 and 21 were prepared by LIAlH, reductro@ of the correspondq ketones 

6,7,8,9-Tetrahydro-5-H-benzocycloheoten-S-ol(12) general procedure 
To a suspension of L1AlJ-J~ (1 5 g, 39 mmol) m ether (50 ml) a solutton of benzosuberon (5 3 g, 33 

mmol. obtamed from Aldrtch) m ether (50 ml) was slowlv added m such a manner that a gentle mflux was 
mamtamed The reactron mtxtute was s&red at room temkrature for 2 h after which at 0°C water (3 ml), a 
15% solutron of potasstum hydroxtde (3 ml) and water (3 ml) were carefully added followed by MgSO, 
After for 1 5 sttmng h at room the solids were filtered off and washed with ether (3x50 ml) The temperature, 
orgamc solutron was dned on MgS04 and concentrated to give 5 2 g (98%) of 12, g 99 - 1OO“C (ht 84 100 - 
1Ol’C) v 
‘H-NMR(CDC1,) JR(CC1,) 6 

3590 (s), 3650 - 3200 (s,br), 3080 - 3000 (w), 2910 / 2850 (s), 1440 (m) cm-’ 
1 37 - 2 07 (7H, m, CH(OH)CH&ms), 2 54 - 3 07 (2H, m, CH(OH)CHH), 4 90 (lH, 

dd, J=2 5 and 5 OHz, CH(OH)), 7 00 - 7 50 (m, 4ArH) 

Prepared from 4-methoxy acetophenone (15 0 g, 0 10 mol) furnishing 15 2 g (100%) of pure 15 
B(CC$) v 3610 (s), 3650 - 3150 (s,br), 3100 / 3070 / 3030 (w), 3000 - 2870 (s,br), 2835 (s), 1610 (s), 1460 

1H-NMR(CDC1,)85 6 144 (3H d J=6 5Hz, CH(OH)CH ), 2 43 (lH, s, Om, 3 77 (3H, s, OCJ&), 
~&~~H, q, J=6 5Hz, C&OH)), 6 84 (dt,‘J=i 5 and 2 5Hz, 2ArH)y 27 (dt, J=8 5 and 2 5Hz, 2ArH) 

I -(I -Adamantyl)ethanol(21) 
Prepared from 1-adamantyl methyl ketone (2 3 g, 13 mmol) fumtshmi after column chromatography 

(sthcagel / hexane - ethyl acetate (7 1)) 1 5 g (98%) of 21, q76 - 77°C (ht 6 75 - 76°C) J&(CCld) v 3630 
(m), 3600 - 3300 (w,br), 2980 - 2840 (s,br), 1450 (m) cm- ‘H-NMR(CDC1,) 6 1 10 (3H, d, J=6 5Hz, 
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CH(OH)C&), 139 (lH, s(br); Om. 1,51 (6H. s(br), mA), 1.67 (6H, s(br), C&), 2.00 (3H, s(br), 3“cH_), 
3 30 (lH, q, J=6,5Hz. CH(OH)) 

2-Chloro-2-ohenvlehanol(4) 
Tlus alcohol was prepared m a yield of 49% b 

0.15 torr (ht.66 86°C at 1 tox~) IR (CQ) v: 3600 (s), r 
reachon of HCl with epoxy styrene”, h 72 - 73“C at 

650 - 3200 (s&r), 3090 / 3060 / 3040 (s), 2960 / 2920 / 
2870 (s), 1950 / 1870 / 1800 (w). 1450 (s), 1380 (s), 1250 (s), 1080 - 1020 (s&r), 700 (s) cm-t ‘H-NMR 
(CXX&) 8.2,45 (lH, s, O&, 3.87 (W, d, J=7 0 Hz; Q&OH), 4.90 (lH, t, J=7 0 Hz, Q-jCl), 7.33 (m, 5 ArH). 

2-Bromo-I -tAenylehnol(13) 
This compound was prepared ut a yield of 97% by NaB& Eduction of a-bromo-acetophenone accor- 

dmg to the procedure described by Huatake et al. 30 Column chromatography (s&age1 / hexane - ethyl 
acetate (9.1)) furmshed l3 as a colourless ofl whtch sohd~fied upon standing at -WC B(CCl.,) v: 3560 (9, 
3600 - 3300 (m&t& 3080 / 3060 / 3020 (m), 2960 / 2880 (m), 1950 / 1880 / 1800 (w), 1450 (m), 700 (s) cm- 
‘H-NMR(CDQ ) *** 6: 2.87 (lH, s(br); Om, 3.49 (lH, dd, J=8.0 and lOHz, cH_2Br), 3 63 (lH, dd, J=5.0 and 
lOHz, CHHBr), a 89 (1H. dd, J=5 0 and 8 OHZ, cH_(OH)), 7 31 (m, 5ArH) 

2-endo-(1 -hydroxvethvl)-brcwlo~2 2 I lhetN-5ene (22a and 22b) 
Thu alcohol was pnpared acconlmg to literature procedures Diels-Alder ation of acryhc acid and 

cyclopentadtene 67*68, endokxo separation by mdolactoruzaaon 69*70 followed by zmc - acetic acid redu~hon~~ 
of the iodolactone gave pure endo-bicyclo[2.2.l]hept-S-ene 2-carboxyhc acid. LIAU-& reductron65 of this 
acid, subsequent Swem oxldauonn and finally Gngnard adclltio@ of methylmagnesmm mdtde and the alde- 
hyde obtamed, furmshed a pure colorless ofl wluch, accordmg to capillary GIL!, conststed of diastereomers 
22a and 22b (62.38). By comparison of the 90 MHz NMR spectrum W&I hteratme datag9 stmcture 22a was 
assigned to the maJor hastereomer and structure 22b to the mmor one IR(CCl,) v* 3620 (m), 3600 - 3NO 
(s&r), 3060 (m), 2980 - 2920 (s), 2870 (s), 1450 (m) cm- 1 ‘H-NMR(CDCl,) 6. (nuxture of 22a and 22b) 0 50 
and 0.93 (1H ,m, H (e&o)), 1.13 and 1.23 (3H, d ,J=6 OHZ, cH_3), 1 28 - 1 53 (2H, m, 2xH7), 1,63 - 2 13 (2H, 
m, H (exe) and H&xo)) 2 77 - 3 17 (3H, m; Ht, Q and -(OH)), 5 88 and 6.00 (lH, dd, J=3 0 and 5 5Hz. 
H& 8 15 (lH, dd, J=3 0 &d 5 5Hz, Hs) 

Enzmatrc transesrerrficatlon of substrates 1 - 24 

Substrates 1 - 24 were transestetied e&es by PPL or Mucor Esterase m methyl propionate as the 
solvent by the procedure described below. The alkalme hydrolyses of the pmplonates of alcohols 3 - 22b 
were camed out followmg the general procedure described below for 5. The essenti data, such as reaction 
ume, conversion, ee’s, absolute configuranon and enantiomenc ratlo, ate collected m Table 2 Optical rota- 
nons ([a]=,) are gven below 

Enzwna~rc transesterrficatron of 1 -&envl-ethanol (5) and alkahne hydrolvsrs general twocedure 
Molecular Sieves 4A (300 mg) and either PPL (600 mg) or Mucor Esterase (150 mg) were added to a 

solunon of 5 (366 mg, 3 0 mmol) in methyl propionate (15 ml) The suspensron was sttrred magnetically for 
68 h at WC after which enzyme and molecular sieves were filtered off and washed with dichloromethane 
(3x8 ml) After evaporaaon of the solvents, the propionate of (+)-5 and remmng alcohol (-)-5 were sepa- 
rated by column chromatography (skagel / hexane - ethyl acetate (5 1)) The proplonate (178 mg, 1 mmol) 
was sapomfied at room temperature with a 1 M soluuon of sodmm hydroxide m ethanol (4 ml) durmg 5 h, 
after which the ethanol was evaporated The residue was taken up in water (5 ml) and extracted with ether 
(4x5 ml) The extracts were dned (MgS04) and concentrated Column chromatography (sihcagel / hexane - 
ethyl acetate (5 1)) gave alcohol (+)-5 

Synhests of he a-merhoxv-a-trrfluoromethvl-a-ohenvl acetates general mocedure 28*w 
(+)-a-Methoxy-a-tnfluoromethyl-a-phenylacet$ chkmde (32 mg, 0 125 mmol) was added to a solu- 

uon of S (12 2 mg, 0 10 mmol) and dry pymime (10 drops) m carbon tetrachlonde (10 drops). The reaction 
rmxture was sttrred over mght at room temperature, then dtluted with ether (5 ml) and washed successively 
with 2 M HCl (3 ml), brute (3 ml), saturated NaHC03 (3 ml) and bnne (3 ml) and finally dned on MgS04 
GLC showed that no stamng matenal was present anymore 

For compounds 10 to 12 and 21 to 22b the dlastereomertc MTPA-esters were analyzed by capdlary 
GLC, the ee was determined by mtey tlon of the respechve signals For all other compounds the MTPA- 
esters were dissolved In CDCl, for %-NMR analysis Ee’s were determmed by mtegraaon of the CF, 
signals When mtegranon was not possible (either due to small impunties wluch interfered with the CF, 
signals or incomplete separation of the signals), e&s were deternnned by comparison of optical rotaaons with 
literature data (3,5,14,15 and 17). 
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1 -Phenvl-I-htzanol(9) 
PPU68hk alcohol pbtamed from the prop~onatc, [aI= 
recovered alcohol, [alBD -7. lo (c 1, CHCl$. -5.8’ (c 5 ! 

+34.6” (c 0 9, CHCI ), ee 93%, (R)-configwmon. 

PPU164hI. alcohol obtamed from the propmnatc, [a]‘& 
cyclopentane), cc 22&, (S)-conQuration. 

recovered alcohol, [alaD - 
+35 6“ (c 1, CHCl ), ee 92%. (R>configurat~on; 

12.8 (c 1, CHCl$, -10.2O (c I?3, cyclopentane), ec 
Literatumgs for(R). [aID +2 86O (c 5 71, cyclopentane), cc 13% 

3 4%, Q-configuration 

I -In&no1 (10) 

I -Tetralol (11) 
PPL(68hl: alcohol ob@ned from the ro lonate, [alz 
purred alcohol, [al D +30.4O (c 1, 

-313O (c 1 1, CHCl$, ee 918, (R)-configuration, 
&-I&), ee 89%. f$‘)-configuration 

or(68h): alcohol o$amed from the ropionatc, [a] D 
+27 2O (c 1.1 &I 

z?iz ~F~~o$Z?!a~D -32O (c 2 4, 

-30.8O (c 1 1. CHCI,), ee 928, (R)-configuranon; 
Cl ) ee 83% Q-configura~on 

specified 
CHd$, ee not’speclfied, for Q, [a]“,, +32O (c 2 5, CHCl$, ee not 

6,7,8,9-Tetrahvdro-5-H-benzocwlohetxen-S-ol(12) 
PPL(68h): alcohol~btamed from the pmpionate, [a] 
vered alcohol, [a] 

25D +33 4O (c 1, CHCl,), ee 9596, (R)-configuranon, reco- 

s 
-13 8O (c 1, CHCl$, 48% ee, (S’)-configuranon 

Mucor(68h). alcoho obtamed from the pmpionate, [a]=o 
recovered alcohol, [alzD 

+34 lo (c 1, CHC$), ee 968, (R)-configuration, 
-18 8O (c 1, C!HCl$, ee 53%, (S)-configuratton 

Literature g8 for (S), [a], -26 6O (c 4, CHCl,), ee not specSed 

2-Bromo-I-vhenvlethanol(13) 
[a] PPU68h). epoxlde obtamed from the proplonate 25 

epoxide obtamed from the recovered alcohol, [a]* 
-43 5O (c 0 8, benzene). ee 95%. (S)-configuranon, 

(R)-configuration 
o +19 lo (c 3 5, benzene), +15 7O (c 0 7, benzene), ee 34%, 

PPL(164h) epoxide obtamed from the propionate, 
epoxide obtained from the recovered alcohol, [al”, 

[a]25, -42 4O (c 3 8,benzene), ee 958, (S)-configuraoon, 
+2100 (c 3 7, benzene), ee 47%, (R)-configuraaon 

Literature 87 for (R)-epoxy styrene. [alzD +42 2’ (c 3 1, benzene), ee 95% 

I-R-Nmhtylkthmol(14~ 
[a] PPL(68h) alcohO1 obtamed from the propionate, 

recovered alcohol, [a] 
25D +49 6O (c 1 1, CHCl,), ee 89%. (R)-configuration , 

25D -29 2O (c 1, CHCl$, ee 52%,@)-configuration 
Mucor(68h): alcohol obtamed from the propionate, [a] +49 lo (c 1 1, CHC&), ee 888, (R)-configurauon , 
recovered alcohol, [alzD -33 8 (c 1 1, CHCl,), ee 59%,t&)-configuratlon 
Literature ‘* for (R), [a], +55 8O (CHCQ, ee not specd’ied 

I-f4-Methoxv-vhenyl)-ethanol(E) 
PPL(68hl alcohol obtamed from the propionate, [a]25,, 
(R)-configuration, recovered alcohol, [a] 

+52 lo (c 1, CHCI,), +43 6’ (c 1 1, benzene), ee 87%, 

(S)-configurauon 
25D -41 9’ (c 1 1, CHCl,), -360’ (c 1 1, benzene), ee 728, 

Mucor(68h). alcohol obtained from the propionate, [a]= 
878, (R)-configuration, recovered alcohol, [aIS, 

+51 8O (c 1, CHCl ), +43 6O (c 1 1, benzene), ee 

(S)-configuration 
-37 28 (c 1 2, CHCI,), -30 4O (c 1, benzene), ee 618, 

Literature 99 for (R), [a],, +50 3O (benzene), ee 100% 

PPL(68h) alcohol obtauwd from the propionate, [alz 
vered alcohol, [a]25D +15 6O (c 1, CHCI,), +15 8O (c 47 

-35 lo (c 1, CHCl,), ee 84%, (R)-configuranon, reco- 
be 

Mucor(68h) alcohol obtained from the proplonate, [a&, 
nzene), ee 38%, (Qconfiguratlon 

recovered alcohol, [alzqo 
-39 3O (c 1 1, CHCI,), ee 94%, (R)-configuration, 

Literature loo for(S), [a] 
+35 8’ (c 1 1, CHC!l& ee 91%, (S)-configuratIon 
D +17 O” (c 5 8, benzene), ee 41% 
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I -(2-Furfiilkthanol(17) 
PPL(68h) alcohol obtamed from the proptonate, [u]~~ +18 6“ (c 1 1, CHQ), ee 82%. (R>configura~on, 
recovered alcohol, [alzD -14.4O (c 1 1, CHCl& ee 63%%(S)-configuratton 
Mucor(68h) alcohol obtamed from the propionate, [a] 
recovered alcohol, [u]~ 

+18 00 (c 1, CHCl$, ee 79%, (R)-configuration, 
-12 5’ (c 1 1 CHCl ) ee 55%. &)-configuration 

Literature lo1 for (R). [a& +5 8 (c 3*1:CHC& ee 22% 

I -(Cvclohexvlkthanol(18) 
PPL(68h) alcohol obtamed from the propmnate. [a]= 
recovered alcohol, [alzD 

-3.4’ (c 1.1, CHCl$, ee 9495, (R)-configuratlon, 
+2 8O (c 1 1, U-Q), ee 718, &&configuration 

Mucor(68hy alcohol obtamed from the proplonate, [a] 
recovered alcohol, [a]= 

,, -3 00 (c 1, CHCI$, ee 89%. (R)-configurauon, 

Literature loo for (S), [ap 
+ 14’ (c 1 1, CHCl& +2 3” (neat), ee 4646, Q-configuration 
o D +0 182 (I=0 1, neat), ee 35% 

1 -(Cvcloventvnethanol(l9) 
PPL(68h) alcohol obtained from the propionate, [al25 
recovered alcohol, [a]=~ +12 2O (c 1, CHCl,), ee 5496, 
Mucor(68h) alcohol obtamed from the pmpionate. 
recovered alcohol, [alzD 

-18 2O (c 1, CHCl,), ee 86%. (R)-configuraaon , 
+lO 90 (c l? CHCQ ee 5996, @)-configuration 

Literature for this compound no optxal rotauons are known m the hterature absolute configurauon based on 
comparison with compounds 5 to 18 and 20,21 

2-Octanol(20) 
PPL(68h) alcohol obtamed from the pmpionate, [CZ]~D 
vered alcohol, [a]=o 

-8 lo (c 1, CHCl,), ee 86%, (R)-configurauon, reco- 
+7 90 (c 1.1. CHCl,), +8 go (c 3 2. ethanol), ee 8246, Q-configuration 

Mucor(68h) alcohol gtamed from the propionate, [a] 25D -7 90 (c 1 1, CHCl,), ee 858, (R)-configuration, 
Q-configuraQon 

1 -(I -adamanrvl)ethanol(21) 
PPL(68h) alcohol obtamed from the proplonate, [cz]~’ 
recovered alcohol, [alzD - 

+l 6” (c 0 4. CHCl,), ee >98%. (R)-configuranon, 
0 4O (c 1, CHCl,), ee 1895, &-configuration , acetate of recovered alcohol, [u]~D 

-3 3“ (c 2 6 Ccl‘,) 
Literature ld2 for the alcohol no optical rotations are available m the literature, acetate, for (R), [a]~ +18 1’ (C 
3 8, CC&), ee 97 7% 
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