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Lipase from Pseudomonas cepacia was first applied in hydrolysis of ester substrates which had 
crown ether, azacrown, and acyclic polyether moieties as cation binding sites. The reaction behaviors 
of these crowned ester substrates were changed by addition of alkali metal salts. In particular, 
12-crown-4 ester offered enhanced reactivity and enantioselectivity in the presence of sodium salt. 
FAB MS, I3C NMR, and computational studies revealed that the ester formed a diastereomeric 
complex in which Na+ cation was sandwiched between two chiral crowned substrates. The lipase 
reaction was effectively controlled by “host-guest chemistry” of the crowned ester substrate. 

Introduction 

Lipases have recently been recognized as effective 
catalysts in synthetic organic reactions as well as in 
biological reactions1 and provide an interesting alterna- 
tive method for resolution of enantiomers. They catalyze 
hydrolysis of various ester substrates having fluorinated, 
organometallic, and other exotic functional groups. Since 
their reaction rates and stereoselectivities are often 
modest, several approaches have been used to improve 
their reaction performances.2 Optimization of reaction 
conditions, modification of substrates, use of nonaqueous 
media, and enantioselective inhibition have been inves- 
tigated extensively. 

We now report that lipase from Pseudomonas cepacia 
is an effective catalyst for a new series of ester substrates 
having cation binding sites such as crown ether and 
related polyether m ~ i e t i e s . ~  We examined the effect of 
complexation between these crowned substrates and 
alkali metal cation on the lipase-catalyzed hydrolysis. 
Since reactivity and enantioselectivity of some 12-crown-4 
derivative were specifically enhanced via crown-metal 
complexation, lipase reaction was controlled by “host- 
guest chemistry” of crowned ester substrate. Crown 
ethers have been reported to be complexing and solubi- 
lizing agents for several proteins4 and to accelerate rates 
of some enzymatic  reaction^.^ However, this is the first 
example of crowned ester derivative exhibiting enhanced 
reactivity and enantioselectivity in lipase-catalyzed hy- 
drolysis. The present study, therefore, indicates that a 
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combination of biological enzyme and synthetic crown 
ether offers new and promising possibilities in the optical 
resolution of racemic crown ethers and in the improve- 
ment of lipase catalysts. 

Results and Discussion 

Crowned Ester Substrates. We prepared three 
kinds of crowned ester substrates: racemic 12-crown-4 
1, azacrown ethers 2-4, and acyclic polyether 5 (Scheme 
1). 12-Crown-4 derivative 1 and acyclic polyether 5 were 
obtained by acetylation of corresponding alcohols, while 
azacrown ethers 2-4 were prepared by reaction of 
unsubstituted azacrown ethers and 2-bromoethyl acetate. 

Cation-binding properties of these crowned esters 1-5 
were characterized using FAB MS competitive tech- 
nique.6 Table 1 summarizes relative peak intensities of 
[ester + metall+ ions which reflect the relative metal 
cation-binding abilities. Their complexation selectivities 
were clearly dependent on their polyether structures. For 
example, azacrown ethers 2-4 exhibited cation selectivi- 
ties which were apparently controlled by size of the crown 
ring. 12-Membered crown ring is formally size-fitted to  
the Li+ cation, and the aza-12-crown-4 2 bound it more 
strongly than Na+ and K+ cations. On the other hand, 
larger 15- and 18-membered crowns 3 and 4 favored 
larger Naf and K+ cations, respectively. Such a “cavity 
size-selectivity” has been frequently reported in the 
l i t e r a t ~ r e . ~  Crowned ester 1 showed somewhat different 
cation selectivity from the corresponding azacrown 2. 
This has a 12-crown-4 ring but bound Na+ cation more 
strongly than Li+ cation. Since the signal due to the 
l-Na+-1 complex was weakly but definitely observed 
as was the signal of the l-Na+ complex in the FAB MS 
spectrum, the crowned ester 1 was suggested to  form a 
sandwich type 2:l complex with Na+ cation as did some 
12-crown-4 derivatives.s Acyclic polyether 5 was em- 
ployed for comparison. This has six ether-oxygen atoms 
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Scheme 1. Lipase-Catalyzed Hydrolysis of Crowned Esters 1-5 
0 0 

I1 
ROH + ROCCH3 

II Lipase PS 
ROCCH3 + Metal Salt 

2 (n=l) 
3 (n=2)  
4 (n=3)  

Table 1. Cation Binding Selectivities of Crowned Esters 

relative peak intensity 

Assessed by FAB MSa 

ester ester + Li+ ester + Na+ ester + K+ 
1 39 100 9 
2 100 38 10 
3 61 100 5 
4 1 70 100 
5 8 100 41 

Conditions: LiC1, 0.0083 mom,  NaI, 0.0083 mol& KI, 0.0083 
m o m ;  crown, 0.0033 m o m ;  in m-nitrobenzyl alcohol. 

Table 2. Effect of Alkali Metal Cation on Hydrolysis 
Rates of Several Crowned Estersa 

relative rateb 
ester none +LiCl +NaCl +KC1 

1C 2.9 1.7 5.8 4.3 
2 5.3 5.5 5.9 5.1 
3 3.2 2.1 3.1 2.5 
4 3.6 3.9 2.8 1.6 
5 2.3 2.1 1.8 1.4 

Hydrolysis was carried out in 0.1 m o m  of metal chloride. 
Details of reaction conditions are indicated in the Experimental 
Section. Conversion (%)/reaction time (h). Racemic substrate 
was examined. 

and an  ester terminal group and showed a Na+ ion 
selectivity. We carried out lipase-catalyzed hydrolysis 
of these crowned ester substrates exhibiting character- 
istic cation binding properties and observed interesting 
effects of metal complexations on their reaction profiles. 

Lipase-Catalyzed Hydrolysis of Crowned Ester 
Substrates. Lipase PS (Amano Pharmaceutical Co.) 
from Pseudomonas cepacia was chosen for this study, in 
which the enzyme showed a single band in an SDS disk 
gel electrophoresis experiment and had a molecular 
weight of 32 000. The enzyme content was estimated as 
less than 3.1 x mmol/g, while the remainder was 
mostly amorphous Celite.g Esterase from porcine liver 
and lipase from Aspergillus were also examined. They 
slowly hydrolyzed crowned ester 1 and were not effective 
for chiral discrimination. 

Table 2 summarizes hydrolysis profiles of crowned 
ester substrates 1-5 in the absence or presence of alkali 
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metal salts. The conversion (%) of the crowned substrate/ 
reaction time (h) was calculated as relative hydrolysis 
rate and used as a measure of reactivity. Lipase PS itself 
catalyzed hydrolysis of these nonbiological substrates, 
and their relative reaction rates depended on both crown 
structure of the substrate and nature of the metal salt 
additive. Among azacrown ethers, 12-membered ester 
2 exhibited highest reaction rates under the various 
conditions. This may suggest that the 12-membered 
crown substrate easily draws toward the reaction center 
of the employed lipase. 15- and 18-membered esters 3 
and 4 were slowly hydrolyzed, but their reactivities were 
interestingly changed by addition of alkali metal cations. 
LiCl delayed hydrolysis of aza-15-crownd derivative 3, 
while KC1 decreased reaction rate of aza-18-crown-6 4. 
Since the relative reaction rates of the aza-12-crown-4 2 
were rarely changed by addition of alkali metal salts, 
these salts were thought to have little influence on the 
activity of the lipase itself and to modify reactivity of the 
crowned substrate. 12-Crown-4 ester 1 exhibited char- 
acteristic cation dependent reaction behaviors. The 
relative reaction rate of this substrate was particularly 
increased by addition of NaCl and reached a comparable 
level to that of aza-12-crown-4 2. Acyclic polyether 5 was 
also examined. Its reaction was slow, and addition of 
metal salts lowered the rate further. Recently, KC1 was 
reported to enhance catalytic activities of subtilisin and 
a-chymotrypsin in transesterification of Ac-Phe-OEt. In 
these cases, the salt was proposed to protect the enzyme 
by an organic solvent or to help in maintaining the 
enzyme's native structure.1° In contrast, our observa- 
tions suggest that  NaCl enhanced reactivity of the 
crowned substrate 1 via crown-metal complexation. 

Enantioselectivity of lipase-catalyzed hydrolysis of 
racemic ester 1 was, interestingly, influenced by metal 
cation complexation (Table 3). The E value indicated is 
called the "enantiomeric ratio" and calculated as shown 
in eq 111 

E = ln[l - c [ l  + ee(P)lyln[l - c [ l  - ee(P)11 (1) 

where c indicates conversion of the ester 1 and ee(P) 
means enantiomeric excess (%) of the product alcohol. 
The crowned ester 1 has a reactive ester separated by 
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Table 3. Lipase-Catalyzed Hydrolysis of Racemic 
Crowned Ester 1 

Tsukube et al. 

time conversion ee (%) of 
ester 1 additive (mom)  (h) (%) product" E 
racemic none 7 20 44 3 

LiCl(O.l) 28 47 53 3 
LiCl(0.2) 10 44 50 4 
LiCl(O.3) 10 44 55 5 
NaCl(O.05) 7 54 41 4 
NaCl(O.l) 6 35 73 10 
NaCl(0.2) 9 32 54 4 
NaCl(0.3) 9 35 46 3 
KCl(O.l) 15 65 32 3 
Tris buffer (0.1, pH 7.2) 10 48 36 3 
Na+ buffer (0.1, pH 7.2)* 8 46 42 4 

a (S)-Alcohol was obtained as a main product. 0.1 M NaH2P04- 
0.1 M NaOH. 

Table 4. Relative Reaction Rate of Crowned Ester 1 

relative rate" 

ester 1 additive (mom)  (R)-1 (S)-l 
racemic none 2.1 

LiCl(O.l) 1.3 
NaCl(O.05) 5.4 
NaCl(O.l) 5.0 
NaCl(0.2) 2.7 
NaCl(0.3) 2.8 
KCl(O.l) 2.9 

(R) none 2.2 
NaCl(O.l) 8.7 

( S )  none 
NaCl(O.l) 

Conversion (%)/reaction time (h). 

0.8 
0.4 
2.8 
0.8 
0.8 
1.1 
1.5 

0.5 
3.1 

two atoms from asymmetric carbon, and high enantiose- 
lectivity was not expected in the hydrolysis of such a 
substrate. Indeed, the lipase catalyzed hydrolysis of the 
ester 1 to give (5')-alcohol with low enantioselectivity (E  
= 3). Addition of NaCl salt greatly increased the E value 
as well as reactivity. The highest E value observed was 
10 when the hydrolysis was carried out in 0.1 moYL NaCl 
solution. The lipase well recognized the chirality of the 
crowned ester 1 in the presence of NaCl and effectively 
promoted enantioselective hydrolysis. An enhanced E 
value was not observed in a Na+-phosphate buffer solu- 
tion, indicating that the counteranion is another impor- 
tant  factor in determining enantioselectivity. As de- 
scribed above, KC1 and LiCl influenced relative reaction 
rates but had no potential to enhance enantioselectivity. 
Therefore, crowned ester 1 was thought to  form a ternary 
complex with Na+ cation and C1- anion suitable for highly 
enantioselective recognition by the lipase. 

Relative reaction rates of (R1-l and (5'1-1 were calcu- 
lated from the data of Table 3 in which racemic substrate 
1 was employed (see Table 4). Addition of NaCl salt 
significantly increased the reaction rate of (R)-l ,  while 
reactivity of (5'1-1 was slightly influenced in most cases. 
The greatest rate difference between (R)-1 and (5')-1 was 
observed in 0.1 M NaCl solution, which included 0.38 
equiv of Na+ cation to the ester 1. Further addition of 
NaCl salt offered only slight enhancement for (R)-1, 
though adding a smaller amount of NaCl increased rates 
of both (R)-1 and (5')-1. LiCl and KC1 influenced reac- 
tivities of both (R)- and (5')-substrates to similar degrees, 
and rarely enhanced E value. Thus, Na+ cation had a 
unique effect on lipase-catalyzed hydrolysis of the crowned 
ester 1. 

Chiral crowned esters (R)-1 and (S)-l were separately 
subjected to lipase-catalyzed hydrolysis (see Table 4). The 
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Figure 1. Metal cation-induced changes of 13C NMR chemical 
shifts of crowned ester 1. Reagents: ester 1, 0.05 mmol; 
LiC104 (A), NaC104 (0) or KC104 (O), 0-0.15 mmol. 

lipase favored the (R)-1 and gave the (5')-alcohol more 
efficiently than the (R)-alcohol. The hydrolysis of both 
(Rbl  and (5')-1 was notably promoted by NaC1, though 
greater rate enhancement (6.6 times) was obtained with 
(5'1-1 than that (3.9 times) with (R)-1. Such rate en- 
hancements for chiral substrates were larger than ex- 
pected from the results of racemic substrate. Although 
several possibilities should be considered, multicompo- 
nent complexation between ester 1 and Na+ cation is 
probably involved in the enantioselective recognition of 
racemic substrate. 

Cation-Binding Property of Crowned Ester 1. 
Cation binding of the crowned ester 1 was characterized 
in CD30D/H20, CD3OD/CH3OH, and CD&N/CH&N (2/ 
3, v/v, each) by I3C NMR spectroscopy. Figure 1 il- 
lustrates Li+-, Na+-, and K+-induced changes in selected 
carbon signals, indicating that  cation-binding charac- 
teristics of crowned ester 1 were largely dependent on 
the nature of the solvent. Indeed, addition of alkali metal 
salts offered significant shifts in CD30D/CH30H and CD3- 
CN/CH&N, while only slight spectral changes were 
recorded in CD30D/H20. The observed titration curves 
confirmed that the ester 1 preferred Na+ cation to  Li+ 
and K+ cations. Furthermore, this formed a 2:l sandwich 
complex with Na+ ion in less polar media, while 1:l 
complexation occurred with Li+ and K+ ions. 23Na- 
NMR spectra gave structural information on the sand- 
wich complex. The chemical shifts of Na+ cation com- 
plexed with ester 1 were almost the same as those 
complexed with unsubstituted 12-crown-4. The FT IR 
spectrum of CD&N/CH&N solution containing ester 1 
and Na+ salt was recorded.12 Since the cation-induced 
shift in v(C=O) was negligible ( < 3  cm-l), the ester group 
of the substrate 1 did not offer effective coordination with 
the Na+ cation. Cation-binding properties of the aza- 

(12) We thank Professor T. Higashiyama of Okayama University 
for measurement of FT IR spectra. 
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[AI (R)-I.Na*.(R)-I [E] (S)-I.Na+.(R)-l 

Figure 2. Possible structures of sandwich complexes with crowned ester 1 and Na+ cation [AI (R)-l.Na+<R)-l and [BI (S)-l.Na+- 
(R)-l. Sodium cation was omitted for simplified illustration, though the calculations were done for sodium complexes. 

crown ethers 2-4 were similarly investigated by I3C 
NMR titration experiments. They exhibited cation- 
induced spectral changes which were markedly different 
from those with the ester 1 and indicated 1:l complex- 
ation even with Na+ cation. Several lipases have recently 
been characterized by X-ray crystallographic ana1y~is . l~ 
They have hydrophobic domains around the reaction sites 
and accommodate hydrophobic substrates. Although the 
detailed structure of the lipase PS employed here is not 
clear, this catalyzed enantioselective hydrolysis of hy- 
drophobic substrates.I4 Thus, the crown ester 1 was 
suggested to specifically form a 2:1 sandwich complex 
with Na+ cation and be hydrolyzed stereoselectively in 
the hydrophobic domain of the lipase. 

When racemic ester 1 forms 21 complexes with Na+ 
ion, there are three potential diastereomeric complex- 
ations which may occur: (R)-l.Na+<R)-l, (S)-l-Na+W- 
1, or (R)-l.Na+W-l, Further, each diastereomer has 
many isomers based on gearing of two crown rings. We 
camed out molecular mechanics ca lc~la t ion '~  for these 
2:l complexes, assuming that the two ester groups were 
not involved in the metal coordination. Figure 2 il- 
lustrates the optimized structures of two diastereomers, 
which are almost the same except for the geometry of 
the ester-functionalized side arm. This indicates that 
chirality of the crown ring carbon had a great influence 
on the spatial relationship between the two ester groups. 
The lipase was thought to primarily recognize two ester 
groups of the complex and to fix it in a restricted cavity. 
The 2:l complexation may amplify the differences be- 
tween enantiomers of the substrate l and facilitate 
enantioselective hydrolysis. Since the (R)-l*Na+<S)-l 
complex is not formed from chiral substrate, this may 
also explain the difference in rate enhancements between 
racemic and chiral substrates 1 (see Table 4). 

The present study first revealed that the crown ether 
derivative has the potential to regulate enzymatic reac- 

(13)  (a) Brady, L.; Brzozowaki, A. M.; Derewenda, Z. S.; Dodson. E.; 
Dodson, G.; Tolley, S.; Turkenburg. J. P.; Christiansen, L.; Huge- 
Jensen, B.; Norskov, L.; Thim, L.; Menge, U. Nature 1990.343, 767. 
(b) Cygler, M.; Grochulski. P.; Kazlauskas, R. J.; Schrag, J. D.; 
Bouthillier, F.; Robin, B.; Serreqi, A. N.; Gupta, A. K J .  Am. Chem. 
Soe. 1994,116,3180. 
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(151 "Extended MM2 program" (CAChe Scientific, version 3.0) was 

employed to calculate 32 kinds of isomers. Among them, complex B 
proved the most stable. 

tion via metal complexation. The crowned ester sub- 
strate was dynamically modified via noncovalent crown- 
metal interaction so that reactivity andlor enantio- 
selectivity could be enhanced. Chiral crown ethers have 
been broadly utilized in asymmetric sensing, separation, 
and reaction processesI6 and have been prepared by 
elaborate stereoselective synthesis. Our approach can 
be considered a new and facile method for optical resolu- 
tion of racemic crown ethers as well as for the improve- 
ment of enzyme-catalyzed organic syntheses. 

Experimental Section 

General. Racemic crowned ester 1 was prepared from 
1,4,7,10-tetraoxacyclododecane-2-methanol (Jansseu Chimica). 
(R)- and (S)-1,4,7,10-tetraoxacyclododecane-2-methanol were 
synthesized from (R)-  and (SI-isopropylideneglycol (Merck) by 
the procedures reported" and then acetylated to yield chiral 
esters: [a12'o -6.7" (c  1.28, CHCId for (R)-l; [a12'o +6.7" (c 
1.11, CHCIJ for (SbL Their spectroscopic data were exactly 
the same as racemic 1. Azacrown ethers 2-4 were prepared 
by reaction of corresponding unsubstituted azacrown ethers 
(Aldrich) and 2-bromoethyl acetate.ln Acyclic polyether analog 
5 was derived from hexaethyleneglycol monomethyl ether 
(Parish Chem.). All of them were chromatographed (alumina; 
CHnClz/hexane) and had the correct elemental compositions 
determined by high-resolution mass spectroscopy (E1 mode). 
The purity of all new compounds was established by 'H and 
13C NMR spectroscopies (see supplementary material). Se- 
lected spectroscopic data of the newly obtained materials are 
summarized below. 
1.4.7.10-Tetraoxacvclododecane-2-methvl acetate (1): 

oil, 9U% 'H NMR 1cDi.1,. d 2.07 s. 3H8, 3.43:3.97 tm. 15Hr. 
4.03-4.14 rm. 2H ; "C NMR iCDClls d 20.81. 64.13. 70.34. 
70.61.70.90.71.10.71.27.71.46. 170.71; IRrneat,~ 1740cm.'; 
HRMS mle calcd for CnHzoOs 248.1259, found 248.1211. 
1,4,7-Trioxa-l0-azacyclododecane-l0-ethyl acetate 

(2): oil, 70%; IH NMR (CDCl3) d 2.05 (s, 3H), 2.71-2.81 ( t  + 
t, 6H), 3.54-3.69 (m, 12H), 4.16 (t, 2H); "C NMR (CDCM d 

(16)(a) Cram, D. J. Angew. Chem., Int. Ed. Engl. 1988.27, 1009. 
(b) Lehn, J. M. A n ~ e w .  Chem.. Int. Ed. E d .  1988.27.90. (e) Gokel. 
G.  W. Crown E t h s  & Cryptands; Roial Society of Chemistry; 
Cambridge. 1991; p 164. (d) Still, W. C.; Eliekson, S.; Wang, X.; Li, 
G.; Armstmng, A.; Hong, &I.; Namgoong, S. K.; Liu. R. Molecular 
Recomition: Chemical and Biochemical Problem II: Roval Soeietv of 
Chemistry: Cambridge, 1992; p 171. 

(17) Miyazaki, T.; Yanagita, S.; ltoh, A.; Okahara, M. Bull. Chem. 
Soe. Jpn.  1982,55,2005. 

(18) (a) Tsukube, H.; Uenishi, J.; Higaki, H.; Kikkawa, K.; Tanaka, 
T.; Wakabayashi, S.; Oae, S. J .  Or,. Chem. 1993, 58, 4389. (bl 
Tsukube, H.; Hari, K.; Inoue, T. Tetrahedron Lett. 1993.34, 6749. 
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alcohol was a major product in every case. The optical purity 
of the alcohol was determined by 19F NMR analysis of the 
corresponding (+)-MTPA ester.Ig The signal due to the tri- 
fluoromethyl group of the MTPA ester was split into two peaks 
(90.10 ppm and 90.14 ppm from CeF6 internal reference), and 
the enantiomeric excess of the product was calculated by 
comparison of the peak intensities. 

FAB MS Experiments. Complexation of crowned ester 
(0.0033 mol&) with LiCl, NaI, and KI (0.0083 mom, each) in 
m-nitrobenzyl alcohol was studied by measuring the relative 
peak heights of [ester + M+] ions. FAB MS spectra were 
recorded with a JEOL DX 300 instrument, and the peak 
heights were averaged over at least 12 scans. 
NMR Binding Experiments. 13C NMR studies were 

carried out with a JEOL 90 A spectrometer, while 19F and 
23Na NMR spectra were recorded with a Varian VXR-200 (SC- 
NMR Laboratory of Okayama University) and a Varian XL- 
300 (Kaneca Techno Research Co., Ltd). Crowned esters were 
dissolved in CD30D/H20, CDsOD/CH30H, or CD&N/CH&N 
at a concentration of 0.05 mol&. 
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20.98,55.06,55.74,62.69,70.59,71.49,170.90; IR(neat) v 1735 
cm-l; HRMS m/e calcd for C12HBOa 261.1575, found 261.1568. 
1,4,7,10-Tetraoxa-13-azacyclopentadecane-l3-ethyl 

acetate (3): oil, 70%; lH NMR (CDC13) 6 2.04 (s,3H), 2.82 (t, 
6H), 3.50-3.75 (m, 16H), 4.14 (t, 2H); 13C NMR (CDCl3) 6 
21.03,54.96,55.33,62.88,70.4.4,70.73,71.27,170.95; IR (neat) 
v 1735 cm-l; HRMS mle calcd for C14H2,Oa 305.1837, found 
305.1810. 
1,4,7,10,13-Pentaoxa-l6-azacycl~dwan~l6-ethyl ac- 

etate (4): oil, 60%; lH NMR (CDC13) 6 2.04 (s, 3H), 2.83 (t, 
6H), 3.61-3.70 (m, 20H), 4.14 (t, 2H); 13C NMR (CDC13) 6 
21.00, 54.23, 54.89, 62.93, 70.34, 70.66, 70.98, 71.10, 170.93; 
IR (neat) v 1730 cm-l; HRMS mle calcd for C16H3107N 
349.2099, found 349.2094. 
2,5,8,11,14,17-Hexaoxanonadecanyl acetate (5): oil, 

(m, 22H), 4.16 (bt, 2H); NMR (CDC13) 6 20.93,59.06,63.69, 
65.22,69.29,70.68,70.78, 72.15,166.32; IR (neat) v 1735 cm-l; 
HRMS m/e calcd for ClsHsoOa + H, 339.2017, found 339.1965. 

Lipase-Catalyzed Hydrolysis. Determination of Hy- 
drolysis Ratio (Table 2). A suspension of lipase PS (86 mg) 
is distilled water (1.0 mL) was centrifuged at 3000 rpm for 5 
min at room temperature, and then the supernatant was 
immediately used as the enzyme solution. Ester 1 (0.045 
mmol) in 0.1 M MCl aqueous solution (0.15 mL, M = Li, Na 
and K) and the enzyme solution (0.07 mL) were mixed and 
incubated at 35 "C for 6 h. The reaction was stopped by 
addition of small pieces of ice and then extracted with CHCl3, 
dried over MgS04, and evaporated to dryness. The hydrolysis 
ratio was determined by lH NMR analysis. Other esters were 
similarly examined. 

Determination of Enantiomeric Excess (Table 3). 
Ester 1 (50 mg, 0.20 mmol), lipase PS (25 mg), and additive 
in aqueous solution (0.75 mL) were incubated at 35 "C for 11 
h. The mixture was extracted with CHCl3, dried over MgS04, 
and evaporated to  dryness. After determination of the hy- 
drolysis ratio by lH NMR analysis, the crude product was 
separated by silica gel flash column chromatography (hexane: 
AcOEt = 1:6 to methanol) to give the alcohol and the recovered 
acetate 1. Optical rotation measurement indicated that (SI- 

80%; 'H NMR (CDC13) 6 2.07 (8, 3H), 3.37 (8, 3H), 3.56-3.68 

(19) Dale, J. A.; Mosher, H. S. J. Am. Chem. SOC. 1973, 95, 512. 


