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transesterification: study of reaction parameters
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Abstract—The methacrylate ester of geraniol was synthesized using various lipases, such as porcine pancreatic lipase (PPL),
Candida rugosa lipase (CRL) and Pseudomonas cepacia lipase (Amano-PS) as catalysts. The effects of reaction parameters such
as type and amount of lipase, solvent, temperature and acylating agent on the conversion of geraniol to geranyl methacrylate was
studied. The monomer obtained could be used in the synthesis of controlled release perfume. © 2002 Elsevier Science Ltd. All

rights reserved.

Terpene esters are found in many essential oils and are
commonly used as flavor and fragrance compounds in a
variety of foods and beverages for creating fruity aro-
mas. Conventionally, the terpene esters are synthesized
using chemical reagents. However, owing to a number
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of drawbacks in the chemical synthesis, the recent trend
is more towards the use of biocatalysts, especially
lipases, which can be used in organic solvents, to syn-
thesize terpene esters. It has been reported that during
the synthesis of terpene esters by direct esterification
with acetic acid, the catalytic activity of the enzyme was
badly affected by acetic acid.!?> Therefore, the preferred
route is transesterification in which various acyl donors
such as propyl acetates,* isopropenyl acetates* and fatty
acid anhydrides® are used.

From a commercial point of view, perfume compounds,
when used as additives in consumable products, should
be released gradually over a long period of time. Hence,
many sustained release carriers such as fixatives, micro-
capsules and cyclodextrins have been developed from
which the perfume compounds were released in a con-
trolled manner.® It is well known that surfactants and
enzymes have been used in the controlled release of the
perfume compounds.”® Currently, synthesis of polymer
supported catalysts is gaining importance, wherein the
molecule with catalytic activity is anchored on the
polymer backbone. This prompted us to explore the
potential of the polymer supported perfumery com-
pounds as sustained release perfumes. Terpene esters
are prone to hydrolysis in the presence of moisture,
thereby releasing the corresponding terpene alcohol.
Therefore, attaching these terpene esters to the polymer
backbone could lead to their possible application as
sustained release perfumes.

Geraniol, an important member of the terpene class, is
widely used in perfumes. Lipase-catalyzed syntheses of
geranyl esters as well as of methacrylate monomers has
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been studied.!®!" Although chemical synthesis of ger-
anyl methacrylate!”> has been reported, there is no
report available on its synthesis catalyzed by lipases.
Therefore, in the present work we planned to study the
influence of various reaction parameters such as type
and amount of lipase, solvent, temperature and acyl
donor on the synthesis of geranyl methacrylate from
geraniol (Scheme 1).

In the enzymatic syntheses of geranyl esters, it has been
reported that the inhibitory effect of geraniol depends
on the structure of the lipase as well as on the concen-
tration of geraniol.>* In the present study, geraniol was
transesterified'®> (Scheme 1) with 2,3-butanedione
mono-oxime methacrylate.!* It was found that an
increase in the amount of geraniol had a detrimental
effect on the activity of Amano-PS and CRL, whereas,
the activity of PPL was almost unaffected and hence it
was selected as a catalyst for optimization of other
reaction parameters. It was also found that there was a
gradual increase in the conversion of geraniol to ger-
anyl methacrylate with the increase in the amount of
lipase from 50 to 300 units (91.4%). However, with
further increase in the amount of enzyme to 400 units,
only a marginal increase in the conversion (98.4%) was
observed.

In biocatalytic reactions, proper selection of organic
solvent is essential.!> The polarity of the organic sol-
vents can be quantitatively measured by the value of
log P, the logarithm of the partition coefficient of a
given solvent between water and 1-octanol. Organic
solvents with a log P value >2.0 are generally preferred
for biocatalysis. The highest conversion (98.3%) was
obtained with diisopropyl ether (DIPE) as solvent, even
though its log P value is only 2. Diethyl ether with
log P value (0.85), gave moderate conversion (87.6%).
n-Hexane also proved to be a good solvent with 94.9%
conversion. Cyclohexane and toluene when used as
reaction medium did not give encouraging results. The
use of chloroform as a solvent led to poor conversion.
From the above results it can be concluded that the
log P value cannot be considered as the only parameter
responsible for the extent of conversion.

The reaction temperature being a crucial parameter in
biocatalysis,'® we selected six different temperatures in
the range of 15-55°C for the synthesis of geranyl
methacrylate from geraniol. It is clear from Table 1
that initially the conversion increased with the rise in
the reaction temperature and reached a maximum at
35°C. However, a decrease in the conversion was
observed with a further rise in the temperature from 35
to 55°C. This could be attributed to the deactivation of
the lipase at these temperatures. The results of the
detailed kinetic study at 25, 30 and 35°C (Table 2)
indicated that the reaction followed first order kinetics.
The rate constants, k for the conversion of geraniol into
geranyl methacrylate, showed that there was a marginal
rise in the rate of the reaction from 25 to 30°C, whereas
at 35°C the rate was doubled as compared to that at
30°C. There was a negligible change observed in the
rate at 37°C, which is considered to be an ideal temper-

Table 1. Effect of temperature on lipase-catalyzed synthe-
sis of geranyl methacrylate®

Temperature (°C) % Conversion

15 51.3
25 74.8
30 93.4
35 98.3
37 98.0
40 97.1
45 85.4
55 74.2

@ Using a 1:1 mol ratio of geraniol (0.001 mol) and 2,3-butanedione
mono-oxime methacrylate (0.001 mol) in DIPE as a solvent and
PPL (400 units) as a catalyst for 16 h.

Table 2. Rate constants for the transesterification of
geraniol to geranyl methacrylate at various temperatures®

Temperature (°C) Rate constant (k) x 103/min—!

25 1.38
30° 1.82
35 3.67
37 3.69
40 3.33
45 1.85

@ Reactions were performed in DIPE at a 1:1 mole ratio of geraniol
(0.001 mol) to 2,3-butanedione mono-oxime methacrylate (0.001
mol) using 400 units of PPL for 16 h.

®AE=74.16 kJ mol™!'; AG=89.84 kJ mol!; AH=71.59 kJ mol;
AS=-59.25 kJ mol™".

ature for enzymatic transformation. However, a
decrease in the rate was observed above 37°C. There-
fore, 35°C seemed to be the optimum temperature for
our reaction system.

In lipase-catalyzed reactions, the type of acyl donor
plays an important role in the reaction kinetics. We
have studied three acyl donors viz. methyl methacry-
late, vinyl methacrylate and 2,3-butanedione mono-
oxime methacrylate using DIPE as solvent and PPL
(400 units), as a catalyst at 35°C. It was observed that
the rate of conversion was the fastest in the case of
oxime methacrylate and the slowest for methyl
methacrylate. The difference in the rate of conversion
could be attributed to the following factors. Methanol,
being a poor-leaving group as compared to the vinyl
and the oxime group, and hence the rate of conversion
was the slowest with methyl methacrylate. Further, it
has been proved that when vinyl esters were used as
acyl donors, the acetaldehyde formed during the trans-
esterification has a detrimental effect on the lipase
activity. On the contrary, in the case of oxime esters,
the leaving group, oxime, being a weak nucleophile
does not take part in the reverse reaction, thereby
improving the conversion rate.!”

Having optimized the reaction parameters with respect
to the amount and type of lipase, temperature, solvent
and acyl donor, it was decided to study the effect of
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The reactions were carried out in screw-capped vials,
wherein 0.154 g (0.001 mol) of geraniol, 0.169 g (0.001
mol) 2,3-butanedione mono-oxime methacrylate and
lipase catalyst were added to 5 mL of solvent and the
reaction mixture was stirred at 200 r.p.m. Progress of the
reaction was monitored by removing aliquots of the
reaction mixture and subsequent analysis with a Hewlett—
Packard 5890 gas chromatograph using a DB-23 capillary
column (conditions: Injector=300°C; Detector(FID)=
350°C, Programme =90°C-3-10°C/min-105°C-7min, 5°C/
min-110°C-0min-30°C/min-250°C-5min, Ry(min):
oxime=06.553, nerol=8.586, geraniol =9.860, 2,3-butane-
dione  mono-oxime  methacrylate=10.455,  neryl
methacrylate=13.032, geranyl methacrylate=13.419).
The absence of any undesired competing chemical acyl
transfer reaction was verified by a controlled experiment
in the absence of enzyme. Geranyl methacrylate: IR
(neat) 2960, 2920, 2850, 1720, 1670, 1638, 1450, 1370,
1305, 1291,1160, 1008, 955, 932, 809 cm™'; 'H NMR
(CDCl;, 80 MHz) ¢ 6.09 (1H, s, =CH,), 5.53 (1H, m,
=CH,), 5.29-5.38 (1H, br.t, =CH-CH,0), 5.08 (1H, br.s,
(CH;),=CH-), 4.61-4.70 (2H, d, -CH,0), 2.05 (4H, s,
CH,-CH,), 1.93 (3H, s, CH,=C-CH, -CO), 1.67-1.70 (6H,
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17.

18.

19.

d, CH;=CH-CH,O, (CH,),C=CH), 1.59 (3H, s,
(CH,),C=CH). GCMS m/e 222, 207, 193, 136, 121, 107,
93, 80, 69 (100), 53. Neryl methacrylate: IR (neat) 2960,
2920, 2850, 1720, 1670, 1640, 1450, 1375, 1320, 1290,
1160, 1005, 960, 935, 810. "H NMR (CDCls, 80 MHz) &
6.09 (1H, s, =CH,), 5.53 (1H, m, =CH,), 5.31-5.40 (1H,
br.t, =CH-CH,0), 5.1 (1H, br.s, (CH,),=CH-, 4.58-4.67
(2H, d, -CH,0), 2.12 (4H, s, CH,-CH,), 1.93 (3H, s,
CH,=C-CH,,-CO), 1.76 (3H, s, CH;=CH-CH,0), 1.67
(3H, s, (CH;),C=CH), 1.59 (3H, s, (CH;),C=CH). GCMS
m/e values for neryl methacrylate are the same as for
geranyl methacrylate.
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