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Lipase catalyzed synthesis of benzyl acetate in solvent-free
medium using vinyl acetate as acyl donor
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Abstract—Use of vinyl acetate as acyl donor in transesterification of benzyl alcohol catalyzed by a commercially available lipase
(Lipozyme� RM IM) gave 100% conversion in 10 min. The excess acyl donor and the enzyme could be recovered and reused. Unlike
the chemical catalytic processes, it produced no undesirable side product.
� 2006 Elsevier Ltd. All rights reserved.
The chemical synthesis of benzyl acetate is carried out
by acetoxylation of toluene by using inorganic cata-
lysts.1,2 This chemical synthesis produces unwanted side
product3,4 and it also has an associated problem of cat-
alyst deactivation.5 There has been some work on the
formation of benzyl esters using enzymes.6,7 However,
no work seems to have been carried out on the lipase
catalyzed synthesis of benzyl acetate.

Benzyl acetate finds extensive uses in perfumery, food,
and chemical industries.3 The present work shows that
a commercially available lipase (Lipozyme� RM IM),
under optimized conditions, in solvent-free medium,
can be a very efficient biocatalyst for conversion of
benzyl alcohol to benzyl acetate.

For enzyme catalyzed esterification and transesterifica-
tion reactions in non-aqueous media vinyl acetate is
considered a very good choice for acyl donor.8 Isomeri-
zation of the unstable vinyl alcohol to acetaldehyde as
the product drives the reaction in this forward direction.
Lipases have proven to be versatile catalysts for such
reactions. Lipozyme� RM IM, a commercially available
lipase, is among the more economical industrial level
catalysts which has been extensively employed in several
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esterification and transesterification reactions.9,10

Hence, Lipozyme� RM IM was used in the present
work.11 The solvent-free medium (i.e., using reactants
as such as medium) was employed. Some advantages
of employing solvent-free medium have been discussed
previously.12 It was seen that for efficient and fast
conversion, it was necessary to operate with high
amount of enzyme (10% of the mass of the two
reactants) and excess acyl donor (6· benzyl alcohol on
a molar basis) (Table 1 and Fig. 1). It may be added that
similar high level of enzyme load has been generally
reported to be required in such reactions.9,13,14 100%
Conversion in enzyme catalyzed reactions has been
reported earlier,9,15–17 however, the 100% conversion
obtained in 10 min is among the fastest reported for
enzyme catalyzed transesterification reactions.

Figure 2a shows further optimization to reduce the
required amount of enzyme and the acyl donor. With
vinyl acetate just at 1:1 molar ratio (with respect to
the benzyl alcohol), 10% enzyme (w/w, reactants)18

was necessary to obtain 100% conversion (as monitored
by GC)19; although with the reduced concentration of
acyl donor, it required 180 min (96% conversion though
could be obtained in 60 min) (Fig. 2a). With vinyl ace-
tate at 1:6 molar excess, even 5% enzyme (w/w, reac-
tants) could also produce 100% conversion (Fig. 2b).
Again the reaction time was greater than 60 min and
180 min was adequate. Thus, a combination of high
level of enzyme and excess acyl donor was required to
obtain 100% conversion in a short period of 10 min.
There is obviously a trade off behavior of enzyme
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Figure 3. Reusability of the lipase used. Reusability was checked with

two different enzyme loads viz. 5% and 10% (w/w, reactants). In this

case, the residual activity for 10% enzyme load corresponds to that of

its 100% conversion and for 5%, it actually corresponds to the 78%

conversion. All the other parameters were kept constant.
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Figure 2. Variation of enzyme amounts with substrate concentration.

Three enzyme loads viz. 1%, 5%, and 10% (w/w, reactants) were taken

with two different molar concentrations of vinyl acetate viz. 1:1 (a) and

1:6 (BA–VA) (b). The media were incubated at 45 �C at 200 rpm. The

values correspond to the mean of the experiments done in pair; the

individual values were in ±2% (not shown).
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Figure 1. Effect on conversion values by enzyme amount. The enzyme

load was varied from 1% to 10% (w/w, reactants). The reactants were

taken at a fixed molar ratio (BA–VA = 1:6) and incubation was done

at 45 �C at 200 rpm. Aliquots were taken at various time intervals and

the product was analyzed by GC.

Table 1. Benzyl alcohol and vinyl acetate were taken in varied molar

ratios with 10% (w/w, reactants) lyophilized enzyme

BA–VA (mol:mol) Conversion (%)

(in 10 min)

Initial rate

(·103 lmoles/mg/h)

1:1 75 108.9

1:2 82 114.2

1:4 95 146.4

1:6 99.5 160.0

1:8 100 166.2

1:10 100 169.7

The incubation was done at 45 �C under a constant shaking at

200 rpm. BA stands for benzyl alcohol, VA stands for vinyl acetate.
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concentration and vinyl acetate concentration (Fig. 2a
and b). 5% enzyme gave similar conversion �78%
in 10 min with excess (1:6 molar) vinyl acetate as 10%
enzyme with 1:1 molar ratio of the acyl donor in the
same time period. In fact it was found that with 6 times
molar excess of vinyl acetate, 100% conversion could be
obtained even with 2.5% enzyme but it required 240 min
(data not shown). These results define the possible flex-
ibility in this process design with respect to the enzyme
concentration, acyl donor excess, and the reaction time.
From product isolation20 point of view, 100% conver-
sion is very convenient as both vinyl acetate and acetal-
dehyde could be separated from the product by
distillation. The vinyl acetate could be recovered (79%
of the starting amount) by distillation and could be
reused.21

Lipozyme� RM IM is an immobilized enzyme prepara-
tion and this offers an opportunity of reusability of this
biocatalyst. Any biocatalyst reusability obviously
impacts upon the process economics. Figure 3 shows
that 10% biocatalyst (w/w, reactants) could be reused
up to 18 times without any loss of conversion efficiency.
One way of looking at this point of view of process
conomics, it amounts to using enzyme at 10/18 (=0.55)
% (w/w, reactants). The synthesized product benzyl ace-
tate was characterized by IR and 1H NMR22 by compar-
ing with the spectral database (Figs. 4–6).23



Figure 4. IR spectrum of the product.

Figure 5. 1-D H NMR spectrum before the completion of the reaction.

The reaction mixture was distilled to remove the excess vinyl acetate

and then was analyzed by 1-D 1H NMR spectrum which shows the

formation of the acetyl peak of benzyl acetate.

Figure 6. 1-D 1H NMR spectrum after the completion of the reaction.

It shows the complete disappearance of alcoholic 1H-peak.
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Enzyme catalyzed reactions constitute an important
component of the move toward green chemistry. One
major consideration is the comparison with the existing
industrial route. The present work shows, that in fortu-
itous cases like this, the enzyme based route can be
employed with advantage.
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