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Enzymatic synthesis of the acrylic esters: a comparative study
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Abstract

Ž .Various acrylic esters were synthesized by Candida cylindracea lipase CCL catalysed transesterification with different
alcohols. A comparative study was carried out using 2,3-butanedione mono-oxime acrylate and vinyl acrylate as acylating
agents. The rate of conversion was faster when oxime acrylate was used as acylating agent as compared to vinyl acrylate.

Ž .Effect of solvents on the rate of conversion was studied and diisopropyl ether DIPE was proved to be a better solvent as
compared to CHCl and THF. The effect of various structural aspects of the substrates on the rate of conversion was studied.3

Among the linear alcohols studied, ease of conversion was found to be in the order of n-octanol)n-hexanol)n-butanol.
Up to 80% conversion was achieved in the case of cyclohexyl methanol. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Acylation reactions using enzymes in organic
solvents under nearly anhydrous conditions of-
fer advantages such as better overall yields and
the suppression of the undesired side reactions

w xlike hydrolysis of labile groups by water 1 .
w xVarious activated esters like enol esters 2 and

w xacid anhydrides 3 were used as acyl donors for
irreversible enzymatic acylation. However, these
methods suffer with some drawbacks, like the
generation of the toxic side products thereby
inhibiting the formation of the required product.
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On the contrary, oxime esters have been shown
w xto act as irreversible acylating agents 4 ,

wherein the leaving group, an oxime, owing to
its low nucleophilicity suppresses the reversible
reaction.

Acrylic monomers are extremely versatile
building blocks. In general, they are synthesized
by esterification or transesterification processes

w xusing chemical catalysts 5,6 . However, the
chemical catalysts lead to undesirable side prod-
ucts. Therefore, we thought of using enzyme
catalyst to avoid undesirable side products.

In this paper, we report a comparative study
in the enzymatic synthesis of acrylate esters of
different alcohols using 2,3-butanedione mono-

Ž . Ž .oxime acrylate 1 and vinyl acrylate 3 , as
acylating agents and the immobilized lipase from

Ž .Candida cylindracea lipase CCL from Sigma,
Ž .USA Scheme 1 .
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Scheme 1.

The rate of conversion was faster when oxime
acrylate was used as acylating agent as com-

Žpared to vinyl acrylate. Various alcohols Fig.
.1 were used to study the effect of the structure

of the alcohol on the rate of conversion. Among
the linear alcohols studied, ease of conversion
was found to be in the order of n-octanol)n-
hexanol)n-butanol. In the case of cyclohexyl

Ž .methanol, highest conversion 80% was
achieved.

2. Experimental

Ž .In a typical experiment, alcohol 20 mmol
Ž .and acylating agent 20 mmol were dissolved

Ž .in 20 ml of diisopropyl ether DIPE in a round
bottomed flask followed by the addition of CCL
Ž .300 mg with stirring at 200 rpm at 378C. The
progress of reaction was monitored by with-
drawing the aliquots of the reaction mixture
periodically and analyzing them by gas chro-

Ž .matography GC . Conditions for GC analysis
used are GC Varian Star 3600, Column RSL

Fig. 1. Various alcohols used in transesterification.

200, Temperature Program 1008Cr3r30r260,
Ž .Injector Temperature 3008C, Detector FID ,

Temperature 3008C. The absence of any unde-
sired competing chemical acyl transfer reaction
was verified in all cases by control experiments
in the absence of enzymes. In order to obtain
the retention times, all the acrylate monomers
used in the present work were also synthesized
chemically using triethylamine as a catalyst. In
a typical chemical synthesis of acrylates, alco-

Ž .hol and triethylamine 1:1.1 molar ratio were
taken in 5 ml dry dichloromethane and 1.1 mol
equivalent of acryloyl chloride was gradually
added in 15 min at 08C and the reaction was
continued for 3 h at 308C.

3. Results and discussion

The type of organic solvent used has a pro-
found effect on the reaction kinetics and stabil-
ity of the enzymes. It is reported that the sol-
vents with log P values more than two are good
solvents, whereas solvents with log P values
less than two show detrimental effects on the

w xenzyme 7 . Various solvents were tested, such
as DIPE, CHCl , and THF to study their effect3

on the rate of conversion. DIPE proved to be
the best solvent of all and was chosen for the
other substrates.

The rate of conversion was higher in all the
substrates studied when oxime acrylate was used
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Ž .Fig. 2. Lipase catalysed transesterification of a oxime acrylate
Ž .and b vinyl acrylate with various alcohols.

as an acylating agent as compared to vinyl
acrylate. This must be due to the weak nucle-

Ž .ophilicity of oxime 2 , formed during transes-
terification, preventing it from taking part in the
reversible reaction. Along with this, in the case
of vinyl acrylate, the acetaldehyde formed dur-
ing transesterification must be deactivating the
enzyme, leading to low conversion rate. Among
the linear chain alcohols studied, ease of con-
version was found to be in the order of n-oc-

Ž . Ž . Ž .tanol 6 )n-hexanol 5 )n-butanol 4 . This
can be attributed to the increase in the hy-
drophobicity of the substrate with the increase

Žin the chain length of the alcohols Fig. 2a and
.b .

At this stage, we decided to examine the
effect of the ring structure on the rate of conver-
sion of acrylate esters. We therefore examined

Ž . Ž . Ž . Ž . Ž . Ž .substrates 7 8 9 10 wherein 7 and 8
Ž .have planar aromatic structure, whereas 9 and

Ž .10 have a cyclohexane chair conformation.
Ž .Substrate 7 , having a planar aromatic ring,

probably does not fit into the enzyme cavity and
consequently, low conversion was obtained as

Ž .against 9 having the cyclohexane chair confor-
mation leading to a relatively high conversion
Ž .Fig. 3a and b .

Ž .Fig. 3. Lipase catalysed transesterification of a oxime acrylate
Ž .and b vinyl acrylate with various alcohols.
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The relatively faster rate of the conversion of
Ž . Ž .8 in comparison with 7 can be easily as-
cribed to the presence of two additional –CH 2

Ž .groups in 8 , which keep the aromatic ring
away from the reactive site, i.e., –OH, thus,
making the attack of the enzyme-acylating agent

Ž .complex, more facile. The less reactivity of 10
can be easily traced to its secondary –OH active
site.

4. Conclusions

Oxime acrylate proved to be the better acylat-
ing agent as compared to vinyl acrylate. Screen-
ing of the substrates with various structural
aspects showed considerable change in the per-
centage conversion, which can be utilized to
synthesize acrylate esters of alcohols having
structural similarities. The results from the pre-
sent study contribute towards better understand-

ing of the catalytic activity of CCL in the
transesterification. This reaction may find appli-
cation in the preparation of the acrylate esters of
more complex alcohols under mild conditions or
which require enantiorregioselective esterifica-
tion.
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