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Lipase-catalyzed transesterifications of aryl-substituted alcohols with vinyl acetate in organic solvents have been
investigated. Vinax of (R)-1-phenylethanol is much larger than its (S)-counterpart, although their Ks are similar each
other. It is proposed that a lipase from Pseudomonas cepacia can form a complex easily with each enantiomer, although
the complex with the (S)-enantiomer is abortive. Enantioselectivity for the ortho-substituted 1-phenylethanol is smaller
than those for the others. A three-dimensional model for the active domain of the lipase has been proposed to explain the

enantioselectivity and substrate selectivity of the lipase.

Lipases in organic solvents have been used widely by
organic chemists as effective catalysts. They catalyze es-
terification, transesterification, lactonization, and even ami-
nolysis.!— Many racemic alcohols, carboxylic acids, and
esters have been resolved into their corresponding enan-
tiomers by lipase-catalyzed transesterifications.® However,
there have been little information on the substrate selectivity
and stereoselectivity of a lipase in an organic solvent. Thus,
organic chemists have had no straightforward recipe to find
the most suitable lipase and reaction conditions for obtain-
ing the best result. The selectivity of a lipase in an organic
solvent is a function of the structure of the substrate. Sev-
eral reports have contributed to understanding the effects of
carbon-chain length of the substrate on catalytic efficiency
and enantioselectivity.”~'” Furthermore, since a lipase-cat-
alyzed reaction involves two substrates, an alcohol and an
acyl donor, the variation in the structure of alcohol influ-
ences structure-dependence of enantioselectivity for acylat-
ing agent,'®™?¥ and vice versa.'*?*—2® Nevertheless, there
have been few studies to discover the effects of substrate
structure from a kinetic viewpoint.” !

To understand the effect of substrate structure on lipase-
catalyzed transesterification in organic solvents, we stud-
ied the reactions of substrates with various carbon-chain
length.? When @-phenyl-1-alkanols and w-cyclohexyl-1-
alkanols are used as substrates for transesterification with vi-
nyl acetate, the reactivity of the lipase for these substrates de-
pends on the carbon-chain length. Benzyl alcohol is the most
reactive and 2-phenylethanol is the least reactive among the
w-phenyl-1-alkanols studied. On the other hand, cyclohex-
ylmethanol is not a special substrate and behaves similarly
to other w-cyclohexyl-1-alkanols.

#Present address: Department of Liberal Arts and Sciences, Faculty
of Engineering, Toyama Prefectural University, 5180 Kurokawa,
Kosugi, Toyama 939-03.

It has been reported that 1-phenylethanol, a chiral ana-
log of benzyl alcohol, can be resolved by a lipase-catalyzed
(trans)esterification with high enantioselectivity.**—*" Cat-
alytic efficiency of a lipase for the (R)-enantiomer is much
higher than that for the corresponding (S)-enantiomer; in
most cases, the E-value®® is more than 100. On the basis of
abnormal enantioselectivity exerted by some lipases for 1-
phenylethanol**—7 and of the finding of hydrophobic regions
lined with phenyl rings at the vicinity of catalytic sites of li-
pases from Candida rugosa®*” and Rhizomucor miehei,*)
we proposed that a lipase from Pseudomonas cepacia pro-
vides a pocket that has special affinity to an aromatic moiety
of a substrate (anchor effect) and the location of the pocket
is quite close to the catalytic site.” _

In this paper, we wish to discuss the substrate selectivity
and stereoselectivity of a lipase from Pseudomonas cepacia
on the bases of kinetic parameters for a series of substrates.
Although it is well-known that 1-phenylethanol itself can
be resolved into enantiomers with high enantioselectivities,
little is known on the effects of aromatic substituents in a
substrate on catalytic efficiency and enantioselectivity of a
lipase.**—*¥ Thus, 1-phenylethanol and its analogs or deriva-
tives were reacted to gain understanding of the effects of aryl
substituents as well as the effects of carbon-chain length on
the substrate selectivity and stereoselectivity of a lipase from
Pseudomonas cepacia. The substrates used in the reaction
are portrayed in Scheme 1.

Results

Kinetics, analyzed as pseudo-first-order in alcohol, were
followed by gas chromatography, observing the increase in
concentration of produced acetic esters. Cyclohexane and
vinyl acetate were used as an organic solvent and an acyl
donor, respectively.

Racemic alcohol of a constant concentration (500 mM : 1
M =1 mol dm™3) was used. Nevertheless, the catalytic effi-
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ciency of the lipase can be measured independently for each
enantiomer by using an appropriate chiral column. The re-
sults are summarized in Table 1. Kinetic parameters for the
lipase-catalyzed transesterifications with certain substrates
are listed in Tables 2 and 3. K, and Vy,, of the reaction were
calculated by a Hanes—Hoolf plot.*> Here, the value of Vi
is normalized as Vi,/mg lipase.

It has been reported that the lipase-catalyzed (trans)-
esterification proceeds by a ping-pong mechanism.*® Since
initial step of the overall reaction is acylation of a lipase with
vinyl acetate, the initial rate depends on the concentration
of vinyl acetate. Since a constant concentration of vinyl ac-
etate (500 mM) was used throughout this study, the observed
K and V.4 are not absolute but apparent parameters. Fur-

Table 1. Relative Reactivities of Lipase-Catalyzed Trans-
esterification for Various Substrates
Substrate Conversion/%" E-value
R S

1Me 62.6 0 —
0-Cl-1™° 24.0" 0.520" 53

o-Me-1M¢ 37.39 9.33% 4.8
m-Cl-1Ve 48.7 0.211 317
m-Me-1"¢ 50.3 0.119 590
p-Cl-1M¢ 46.7 0 —
p-Me-1M¢ 48.5 0 —
15 13.5 0 —
15 1.24 0 —
1Be 1.39 0 —
2! 21.3 0 —
22 21.0 0 —
3 27.8 0.425 77

4Me 30.9 6.94 5.1

4 33.2 5.47 7.2
5 ca. 100 0 —

a) After 1 h. b) After 24 h.

thermore, since a lipase is not soluble in an organic solvent,
the reaction system is heterogeneous, and the rate of lipase-
catalyzed (trans)esterification depends on the efficiency of
stirring. Therefore, different apparatus may produce differ-
ent results. ¥ For these two reasons, it should be noted that
kinetic parameters herein reported are valuable only when
they are discussed as relative magnitudes.

Discussion

Three-Dimensional Model of Active Domain.  Cat-
alytic efficiency of the lipase is defined as the amount of
substrate reacted (%) after a constant reaction time. Table 1
shows that (R)-enantiomers react faster than the correspond-
ing (S)-enantiomers in all the substrates studied, and the E-
values are extremely high in general. However, it is note-
worthy that the reactivities of 17 and 1% are too low to be
assigned large E-values for these substrates without ambi-
guity. It is also recognized that the unsatisfactory E-value
stems from surprisingly high reactivity of the (S)-enantiomer
relative to the (S)-enantiomers of the other substrates.

The reactivities of (R)-m- and -p-Cl-1M¢ and (R)-m- and
-p-Me-1M¢ are about 80% of that of (R)-1™¢ irrespective of
the electronic property and position of the substituent. The
reactivities of ortho-substituted substrates, on the other hand,
seem to be lower than those for the others except for that of
(R)-5. In enzymatic reactions, it is not uncommon that a
substituent at the ortho-position of the substrate interferes
with the reaction. In other words, the extremely increased
reactivity observed for (R)-5 is unique.

Factors that affect the E-value as well as that provide
unusual reactivity to the ortho-substituted substrates will be
discussed later in detail on the bases of kinetic parameters.

Generally, two “pockets” of different size are assigned for
the active domain of a lipase to explain the substrate selec-
tivity and enantioselectivity.!***##® However, the fact that
reactivities of the (S)-enantiomers are not parallel to those of
the corresponding (R)-isomers suggests that the traditional
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Table 2.  Kinetic Parameters for the Lipase-Catalyzed Transesterification of 1-Phenylethanol and Its
Derivatives
m max /UM s ™! mg ™ i % Vinax /Ku/s ™' mg ™'
Substrate Kn/mM Vimax /UM s~ mg ™ 'lipase 10°Vinax/Km/s™ " mg™ lipase
R S R S R S
1M 4944 3.6 154%12 448 £0.10 0.0400 +£0.0017 90.6 +63 0260 =+0.018
o-CI-1™ 467 + 7 889421 0.19340.002 0.00830+£0.00017  0.413:£0.004 0.00934+0.00010
m-Cl-1™ 443+ 1.9 237414 3.77 £0.04 0.0452 £0.0016 851 £3.6 0.191 +£0.009
p-Cl-1™ 314+ 2.8 124411 3.16 +£0.06 0.0097040.00041 101 +9 0.0785 +0.0064

o-Me-1™ 354 +32 497412 0.32240.019 0.0817 +0.0016 0.912+0.062 0.164 =+0.003
m-Me-1M 8424 6.8 501£17 3.07 +£0.11 0.0304 £0.0009 365 4+2.7  0.0606 40.0011
p-Me- 1™ 633+ 6.6 258430 429 +£0.16 0.0268 £0.0019 678 £6.7 0.104 +0.010

Table 3.

Kinetic Parameters for the Lipase-Catalyzed Transesterification of

Benzyl Alcohol and Its ortho-Substituted Derivatives

Substrate  Km/MM Vg /uMs™ mg™'lipase  Viax/Km/s ™' mg™'lipase
1% 4.8241.09 56.84+12.3 0.0118 +0.0008
o-CI- 1% 6.4540.93 38.54+ 54 0.00596+0.00017
o-Me-17  4.674+1.20 75.9+18.6 0.0163 +£0.0013

interpretation, which is based on the metaphysical size of the
pockets, is insufficient for understanding the phenomenon.
For example, in a comparison of the reactivity of (S)-1M¢
to that of (S)-0-Me-1M (or of (S)-0-C1-1M°), the traditional
idea must tolerate a controversy that the small pocket cannot
accommodate a phenyl ring but does an o-tolyl (and even an
o-chlorophenyl) group. The small pocket can accept alkyl
groups from the ethyl in (R)-1%* to the hexyls in (§)-4MeFt,
The Es-value® of a phenyl ring is not much different from
those of hexyl and cyclohexyl groups. This fact suggests
limitation of the idea that the substrate selectivity of a li-
pase depends only on the bulkiness of the substrate. In our
previous paper, we proposed an anchor effect,”® by which
the aromatic moiety of a substrate can find an appropriate
position to be trapped into a pocket at the vicinity of the cat-
alytic site. In addition, it should be noted that there has been
no report on lipase-catalyzed (trans)esterification of tertiary
alcohols, which might suggest that one of the substituents at
the a-carbon of an alcohol must be a hydrogen.

A revised active site model to explain the relative reactiv-
ities of substrates is proposed as shown in Scheme 2, where
the circle represents a small pocket that is on the front side.
In addition to the large and small pockets so far proposed,
we add a third pocket, which is the smallest and can accept
a hydrogen only without steric strain. Ser-OAc denotes the
acetylated serine residue, and we assume that the large pocket
is the site which exerts an anchor effect to keep the aromatic
moiety. High reactivity of (R)-5 is taken into consideration
for drawing relative positions of the catalytic serine residue
and the pockets for aromatic ring and hydrogen.

Since the phenyl group of (R)-1M¢ fits well in the large
pocket with the methyl group at the medium-sized pocket,
this substrate can enjoy the catalysis of lipase more easily
than (S)-1M¢. When (S)-1M¢ is incorporated into the lipase,
on the other hand, its phenyl group will be set in the large
pocket to be stabilized by the anchor effect in a similar man-

ner to that of (R)-1M°. Then, the hydroxyl group of (S)-
1M has to be located in the medium-sized pocket, which is
an inappropriate position for the reaction with the acetylated
serine residue. In order to set the hydroxyl group appropri-
ately for the reaction, the a-methyl group is forced to come
into the small pocket designed for incorporating a hydrogen
only.

Low enantioselectivity of the lipase for 4™ can also be
explained with this model: Since the large pocket is provided
for accepting an aromatic moiety, the hexyl group is not
affected by the anchor effect, and it is not bound tightly in
the large pocket of the enzyme. Consequently, the a-methyl
group of (§)-4M® can experience a reasonable freedom in the
small pocket. Thus, (S)-4™¢ is a better substrate for the lipase
than (S)-1M¢. However, since 4" has no phenyl group and
cannot enjoy the anchor effect, even its (R)-enantiomer is
harder to incorporate into the catalytic domain than (R)-1M¢,
and the overall reactivity of (R)-4™© is smaller than that of
R)-1Me,

The reactivities of (R)-1E"P%B" are smaller than those of
(R)-4MeEt  Because the aromatic rings of (R)-1E6PHEY are
again fixed tightly in the pocket, the position of the alkyl
groups are completely restricted and they cannot avoid steric
interference from the amino acid residues constructing the
small pocket. On the contrary, according to the looseness of
bonding, (S)-4V*F! remain small reactivities.

Effects of an Ortho-Substituent. When a substituent is
introduced into an aromatic ring, both electronic and steric
effects have to be taken into account. Therefore, we selected
methyl and chloro substituents for perturbing the molecule
of 1M, These two substituents have similar van der Waals
radii®” but their electronic properties are opposite.

On inspection of Table 2, it is recognized that a high enan-
tioselectivity of the lipase can be accounted for mainly by
a large difference in Vi« between the (R)- and (S)-enan-
tiomers. The difference in K, between the (R)- and (S)-
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enantiomers of 1€ is small, which predicts that the (S)-
enantiomer can form a complex with the enzyme as easily as
the (R)-enantiomer does.

The observation is consistent with our proposal on the
shape of the active domain of the lipase: The (S)-enantiomer
also has its phenyl group stored in the large pocket easily, or
the formation of the complex is as easy as that for the (R)-
enantiomer. However, in this complex, the position of the
hydroxyl group of the (S)-enantiomer is inappropriate and
the reaction does not proceed further. Since only those that
are incorporated into the domain at a large sacrifice of steric
fitness as illustrated in Scheme 2 can undergo further reac-
tion, the Vipay for (S)-1M¢ appears very small. In other words,

Side View

®)y0-23

in this case, the real figure of the reaction may be understood
by imaging a large K, for the reactive ES complex.

The most striking features seen in Table 2 are (a) an ex-
tremely large K, for the ortho-substituted substrates and (b)
small Viyaes for 0-Cl-1M¢ and (S)-p-Cl-1M¢.  Ortho-substi-
tuted benzyl alcohols, o-Cl-1¥ and 0-Me-1Y, do not have
the abnormality, as seen in Table 3. As mentioned above,
since benzyl alcohol and its ortho-substituted derivatives are
replaced by two hydrogens at the a-position and these hy-
drogens are stored respectively in the small and medium-
sized pockets, steric strain is not important for trapping and
transforming these substrates even though the substrate is
twisted for the incorporation (Scheme 3). Molecular orbital

(8)-0-23

Scheme 3.
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Table 4. Enantiomeric Exccesses and Optical Rotations of the Alcohols

Enantiomeric exccesses/%

Substrate
Optical rotations

(5)-1* >99.9 (CP-Cyclodextrin-B-236-M-19, 100 °C)

[a1% —59° (¢ 0.130, CHCls) (lit,>*[a]p — 46.7° (¢ 0.0409, CHCl3), 95% ee (S))
(8)-1F" 31.8 (Chiraldex G-TA, 105 °C)

[l —13.5° (c 1.65, CeHs) (1it,*[ar]p +40.0° (c 4.39, CsHs), 92% ee (R))
(S)-1%" 25.2 (Chiraldex G-TA, 110 °C)

(@]’ —8.62° (¢ 1.08, CsHs) (1it,*®[a]p +30.1° (¢ 3.01, CsHs), 96% ee (R))
(R)-0-Cl-1M¢ 99.4 (CP-Cyclodextrin-B-236-M-19, 142 °C)

[a]5$65.7° (c 0.625, CHCLs) (lit,? [ +41° (¢ 1.00, CHCl3), 67% ee (R))
(8)-0-C1-1¥° >99.9 (CP-Cyclodextrin-B-236-M-19, 142 °C)

[al¥ —64.5° (¢ 0.545, CHCl) (lit,?[a]¥ +41° (¢ 1.00, CHCl;), 67% ee (R))
(R)-m-C1-1M° >99.9 (CP-Cyclodextrin-B-236-M-19, 142 °C)

[a]?3 +44° (c 0.220, CHCl) (lit,"? [ +36.7° (¢ 1.00, CHCl3), 84.6% ee (R))
(8)-m-C1-1¥¢ >99.9 (CP-Cyclodextrin-B-236-M-19, 142 °C)

[a]% —41° (¢ 0.36, CHCl3) (lit,”[ ]2 +36.7° (¢ 1.00, CHCl;), 84.6% ee (R))
(R)-p-Cl-1M= >99.9 (CP-Cyclodextrin-B-236-M-19, 120 °C)

[al$+51.3° (¢ 0.595, EL0) (lit,”” [a]p — 48.9° (¢ 0.0613, EL,O), 94% ee (S))
(8)-p-Cl-1¢ >99.9 (CP-Cyclodextrin-B-236-M-19, 120 °C) _

[l —52.4° (c 0.555, Etz,0) (lit,*”[alp — 48.9° (c 0.0613, Et;0), 94% ee (S))
(R)-0-Me-1M®  >99.9 (CP-Cyclodextrin-B-236-M-19, 130 °C)

[a]if+70° (c 0.340, EtOH) (lit,’[a]® — 14° (¢ 0.400, EtOH), 25% ee (S))
(8)-0-Me-1M¢ >99.9 (CP-Cyclodextrin-B-236-M-19, 130 °C) :

[al —75.2° (¢ 0.270, EtOH) (1it,’*[a]® — 14° (c 0.400, EtOH), 25% ee (S))
(R)-m-Me-1M®  >99.9 (Chiraldex G-TA, 115 °C)

v [a]3 +40.4° (¢ 0.530, EtOH) (lit,*”[a]% +23.4° (c 1.00, EtOH), 55% ee (R))

(S)-m-Me-1™  >99.9 (Chiraldex G-TA, 115 °C)

[a]F —41.9° (c 0.500, EtOH) (1it, [a ] +23.4° (¢ 1.00, EtOH), 55% ec (R))
(R)-p-Me-1"* 999 (Chiraldex G-TA, 95 °C)

[@]?57.7° (¢ 0.36, CHCLs) (lit,”[a]p — 54.1° (¢ 0.0532, CHCls), 96% ee (S))
(S)-p-Me-1M >99.9 (Chiraldex G-TA, 95 °C)

’ [a12 —57.3° (¢ 0.190, CHCI3) (lit,*[a]p — 54.1° (¢ 0.0532, CHCl3), 96% ee (S))

(5)-2! >99.9 (Chiraldex G-TA, 93 °C)

[al5 +39.7° (¢ 0.515, CHCL) (lit,’?[ 1 — 8° (¢ 1.00, CHCl3), 24% ee (R))
(5)-22 >99.9 (Chiraldex G-TA, 102 °C)

[ +22° (c 0.380, CsHs) (lit,’”[a]p +3.08° (c 4.70, CsHs), (S))
®-3 98.7 (Chiraldex G-TA, 100 °C)

[a)3 —8.1° (¢ 0.480, Et,0) (lit,*®[a]® — 7.79° (¢ 3.10, Et,0), 96% ee (R))
(5)-3 >99.9 (Chiraldex G-TA, 100 °C) .

[a]® —7.7° (c 0.220, Et,0) (lit,’®[a]¥ — 7.79° (¢ 3.10, Et,0), 96% ee (R))
(5)-4% 79.5 (Chiraldex G-TA, 100 °C)

[a}Z+7.11° (¢ 0.980, CHCls) (lit,’[ )% +7.8° (¢ 2.90, CHCl,), 81% ee (S))
(5)-5 >99.9 (Chiraldex G-TA, 110 °C)

[al3 +31.7° (¢ 2.09, CHCL) (lit,"?[a]® — 26° (¢ 1.00, CHCl3), 96% ee (R)).

calculations on 1M¢, 0-C1-1M¢, and 0-Me-1V¢ by the aid of the
MNDO®93 2.3/U-2.3 program predict that the hydroxyl and
phenyl moieties in 1M occupy the same plane, but those in
ortho-substituted substrates are twisted by about 60 °. Thus,
it is noteworthy that not only the trapping mode but also
the conformation of the molecule is affected by the ortho-
substituent. The fact that (R)-5 is most reactive among all
the substrates so far studied suggests that as small an or-
tho-substituent as a methylene group does not interfere with
the reaction, but a methyl group is already large enough to
perturb the reactivity.

On the other hand, when one of the hydrogens at the a-
position is replaced by a methyl group, twisting the aromatic

ring in the large pocket results in a large steric perturbation in
the medium-sized (for the (R)-enantiomer) or small (for the
(S)-enantiomer) pocket. Since the methyl groups of (R)- and
(8)-enantiomers are trapped in different pockets, the ampli-
tudes of perturbation are different for different enantiomers.

There is no unambiguous explanation for the retardation
of reaction rates by ortho-chloro substituents. One possibil-
ity is that a polar substituent such as a chlorine atom may
disturb forces, e.g., hydrogen bonding, that exist in the large
and hydrophobic pocket. The disturbance may induce a
conformational change of the enzyme so that the electronic
effect of the substituent can affect the overall reaction rate.
Such a disturbance is induced by the (S)-enantiomers only,
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because the conformation of the enzyme is already distorted
by incorporating a methyl group into the small pocket when
the (S)-enantiomer is the substrate. It is not surprising for
an enzymatic reaction that conformational disorder results in
the change of the rate-determining step. Thus, a chemical
reaction process may constitute a part of the rate-determining
step by conformational distortion.

Experimental

Instrumental. Gas chromatograms were recorded on a
Shimadzu GC-14B with OV 1701 Bonded capillary column, 30
mx0.25 mm, a Shimadzu GC-14B with CP-Cyclodextrin-B-236-
M-19 capillary column, 25 mx0.25 mm, a Shimadzu GC-14B
with OV 101 Bonded capillary column, 17 mx0.25 mm, and
a Shimadzu GC-9A with Chiraldex G-TA capillary column, 30
mx0.25 mm gas chromatographs. Optical rotation was measured
with a Perkin—Elmer 241 polarimeter. 'HNMR were recorded on
a Varian VXR-200 and a JEOL EX-400 spectrometers. IR spectra
were obtained from a JASCO FT/IR-5300 and a Shimadzu FT/IR-
8100 spectrometers. Elemental analyses were done with a Yanako
MT-3 Elemental Analyzer.

Materials.  Lipases were supplied by Novo Nordik Co., Ltd
(SP 435) and Amano Pharmaceutical Co., Ltd (Amano PS). Vinyl
acetate, (R)- and (S)- as well as racemic 1-phenylethanols aMe,
racemic 1-phenyl-2-propanol A5, (R)-, (S)-, and racemic 2-oc-
tanols (4V°), racemic 3-nonanol (4™), racemic 1-indanol (5), ke-
tones as the precursors of the other alcohols and cyclohexane as
the solvent were obtained from certain commercial sources and
used without further purification. However, since p-methylaceto-
phenone, from which racemic 1-(p-tolyl)ethanol was prepared, was
contaminated by small amounts of its o- and m-isomers, it was
purified according to the procedure in the literature.”” Racemic
alcohols that were not obtained from commercial sources were ob-
tained by NaBH. reduction of the corresponding ketones and used
as the authentic samples for gas chromatography.

All the alcohols and esters gave satisfactory results in '"HNMR
and IR spectroscopies and elemental analyses.

Preparation of Optically Active Alcohols.  As a typical run,
1 g of lipase from Novo Nordik was added to 100 ml of a hex-
ane solution containing 32 mmol of racemic 1-(p-tolyl)ethanol (p-
Me-1™°) and 41 mmol of vinyl acetate. The mixture was stirred
at 35 °C for 11 h. The reaction was quenched by filtration and
the filtrate was concentrated under reduced pressure. The residue
was chromatographed on a silica gel column using hexane—ethyl
acetate (3:1) as an eluent. The combined fractions containing the
alcohol were distilled to give (S)-p-Me-1" in 25% yield. The
combined fractions containing the ester were concentrated under
reduced pressure to give the acetic ester of (R)-p-Me-1¢,

A solution of sodium hydroxide (10%; 13 ml) was added to 30
ml of a methanol solution containing about 17 mmol of the crude
ester obtained above. The mixture was stirred at room temperature
for 12 h, then 1 M hydrochloric acid was added to the mixture. The
mixture was concentrated under reduced pressure and the residue
was extracted with ethyl acetate. The organic layer was separated
and the solvent was evaporated under reduced pressure.

Thus the obtained alcohol was again used for the lipase-catalyzed
esterification: 1 g of the lipase was added to 100 ml of a hexane
solution containing about 13 mmol of (R)-p-Me-1™ and 15 mmol
of vinyl acetate. The mixture was stirred at 35 °C for 2 h. Thus
obtained optically pure p-Me-1"° was converted into the corre-
sponding acetic ester and its enantiomeric excess was measured gas

Lipase-Catalyzed Transesterification

chromatographically.

Enantiomeric excesses (ee) and optical rotations of the alcohols
are summarized in Table 4. The column used for measuring ee (%)
and analysis temperature (°C) are indicated in parentheses. Abso-
lute configurations of the alcohols were identified by comparison
of the optical rotations with those of the corresponding authentic
samples reported.

Transesterification.  Lipase PS from Amano Pharmaceutical
(10 mg) was placed in a vial and 2 ml of a cyclohexane solution
containing 400 umol racemic alcohol and 1 mmol vinyl acetate.
Then, the resulting suspension was stirred magnetically at 395 rpm
at 35 °C. After 1 h, an aliquot was withdrawn and analyzed on gas
chromatography to determine the ee’s of unreacted alcohol and the
produced ester.

E-values were calculated according to the literature method.?®
When ee of the unreacted alcohol could not be determined with
gas chromatography, the alcohol was separated from the ester with
a short silica-gel column using hexane—ethyl acetate (3 : 1 in most
cases) as an eluent, and was converted into the corresponding ace-
tic ester with acetyl chloride. Conversely, when the ee of the
product ester could not be identified with gas chromatography, the
ester was separated from the alcohol with the similar procedure
mentioned above, and hydrolyzed to the corresponding alcohol.
Absolute configurations of the unreacted alcohols were identified
by comparison of retention times with those of the corresponding
authentic samples.

Kinetics for Transesterification. A lipase was placed in a vial,
and 2 ml of a cyclohexane solution containing 1 mmol vinyl acetate,
an alcohol, and a higher hydrocarbon (dodecane, tridecane, tetra-
decane, pentadecane) as an internal standard for gas chromatogra-
phy were added to the vial. Then, the resulting suspension was
stirred magnetically at 395 rpm at 35 °C. Periodically, samples
were withdrawn from the vial and analyzed gas chromatographi-
cally. Initial rate was measured by following the increase in the
concentration of the product. Kinetics were followed up to about
15% conversion of the substrate and 5 to 7 data points were usually
collected in a run. Initial concentration of alcohol was changed
from 25 to 700 mM. The Hanes—Hoolf ([Slo/vo vs. [Slo) plot*”
was used for calculating Kin and Vinax.
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