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Organic Solvent Media: Study of Reaction Parameters
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Abstract: The lipase from Candida antarctica immobilized on an acrylic resin (Novozym 435) was employed
for the catalytic reaction of betulinic acid and phthalic anhydride. The mfluence of different reaction parameters,
such as effect of single and mixed solvents, substrate molar ratio, reaction time, temperature, amount of enzyme,
effect of inorganic bases and effect of substrate support were investigated and optimized. Optimum conditions
to produce 3-O-phthalyl- betulinic acid were observed at reaction time; 24 h, temperature; 55°C, amount of
enzyme, 176 mg, substrate molar ratio (betulinic acid: phthalic anhydride, 1:1), inorganic base of K,CO,, amount
of celite; 170 mg in 1:1 mixture of chloroform and n-hexane as solvent. At optimum conditions, it gave 61.8%

of 3-O-phthalyl- betulinic acid.
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INTRODUCTION

Betulinic acid is a naturally occurring pentacyclic
lupane-type  triterpencid  that  possess  multiple
pharmacological activities including inhibition of Human
Immunodeficiency Virus (HTV), anti-bacterial, anti-malarial,
anti-inflammatory, antioxidant and anticancer properties
(Yoggeswari and Sriram, 2005). Betulinic acid was
identified as a highly selective growth mhibitor against
human melanoma (Pisha et al., 1995; Zuco et al., 2002),
neuroectodermal (Fulda and Debatin, 2000) and malignant
(Fulda et al., 1999) tumor cells and was reported to mduce
apoptosis n these cells (Yoggeswari and Sriram, 2005).
Nevertheless, the medical use of betulimic acid mn
pharmaceutical industry is limited due to insoluble of this
compound in water which may causes difficulty in
absorption by the human body.

Modification of betulinic acid to its derivatives may
improve its solubility and enhance its property for drug
development. Betulinic acid has three sites, C-3 hydroxyl,
C-20 alkene and C-28 carboxylic acid positions, which are
highly amenable to denivatization. The mtroduction of
polar groups at the C-3 and C-28 positions of betulinic
acid (such as phthalates, amino acids or sugar moieties)
was reported i certain cases, ncrease the hydro-
solubility and anticancer activity of betulime acid
derivatives (Gauthier et al., 2008; Thibeault et al., 2007).

Chemical methods, e.g., esterification of betulimic acid
in the presence of acid or alkaline, usually results n a
complex mixture and normally occurred at high
temperature in relatively toxic solvents which leave traces
in the products. Therefore, a difficult and expensive
purification method was required. In contrast, the use of
enzymes in organic media has enabled new methods for
producing many valuable products. The specificity of
lipase as a biocatalyst to form an ester- bond allows the
control of specific reactions which increase the yield
(Yasin et ai., 200%).

Lipase catalyzes hydrolytic
However, when employed in organic solvents, they can
perform a reverse reaction, the esterification
(Krishna et al., 2000). The used of biocatalysts have
advantages over chemical catalysts; their specificity,
regioselectivity and enantioselectivity allow them to
catalyze reactions under mild conditions (ie., at low
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temperature and pressure) with lower by products and
waste treatments costs (Villeneuve et al., 2000).

This study focuses on the reaction parameters that
affect lipase (from Candida antarctica, Novozym 435)
catalyzed esterification of betulimc acid using phthalic
anhydride as acyl donor in organic solvent (Fig. 1). The
aim of this study was to mmprove this reaction by
optimizing parameters such as reaction time, reaction
temperature, solvents, substrate molar ratio, enzyme
amount, bases and substrate supported.
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Fig. 1: Enzymatic reaction of betulinic acid and phthalic anhydride

MATERIALS AND METHODS

Enzyme: Immobilized lipase (triacylglycerol hydrolase,
EC3.1.1.3; Novozym®435, 10000 PLU g™ from Candida
antarctica, supported on a macroporous acrylic resin with
a water content of 3% (w/w) was purchased from Novo
Nordisk A/S (Bagsvaerd, Denmark).

Chemicals: All solvents were obtained from Fisher
chemicals. Betulinic acid was isolated from Malaysian
Callistemon sp. as our previous method (Ahmad et al.,
1999). Phthalic anhydride was purchased from Acros
organics, Belgium. Ethyl acetate, Celite®545, Na,30,,
K,CO,, NaHCO,, Na,C0; and HC1 were purchased from
Merck, Germany. All chemicals were of analytical reagent
grade.

Enzymatic reaction: Ester synthesis was performed in a
50mL glass stoppered Erlenmeyer flask. Unless otherwise
stated, to a solution of betulinic acid (25 mg, 0.0547 mmol),
phthalic enhydride (32 mg, 0.218 mmol), chloroform
(10 mL) was added Novozym 435(0.088 g). The reaction
mixture was magnetically stirred (150 pm) in a
thermostated water bath at 37°C for 24 h. Each reaction
was repeated m triplicate and an average value of the
product was then calculated. Control experiments were
performed in the absence of enzyme. As a result, no
chemical acyl transfer reaction was detected.

Analytical methods: Preliminary analysis of the reactions
was carried out using Thin Layer Chromatography (TLC)
with n-hexane/ethyl acetate (9:1, v/v) as the eluent. The
plates were visualized under UV lamp and/or 1odine vapor
and the product had R; value of 0.9. Quantitative analysis
of samples was performed by column chromatography
(Kvasmica ef al., 2005). At predetermined time intervals,
enzyme was removed by filtration and washed twice with
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chloroform. The filtrate was evaporated to dryness and
ethyl acetate was then added and washed twice with
aqueous solution of HCI and twice with water. The
organic layer was dried (over Na,SO,). After solvent
evaporation, the residue was clromatographed with
gradient on silica gel 60 (n-hexane/ethyl acetate, 9:1-5:1,
v/v). Then, the percentage of isolated yield was
calculated.

The 'H and “C-NMR spectra data of 3-O-phthalyl-
betulinic acid were recorded using Varian Unity Tnova 500
NMR spectrometer operating at 26°C and matched
literature data (Kvasnica et af., 2005). '"HNMR. (CDCL, 500
MHz): & 0.76, 0.83, 0.94, 0.97, 0.98, 1.69 (each 3H, s,
6xCH,),3.00(1 H, m), 4.40 (1H, dd, T=4.5, 12.0Hz), 4.61
and 4.74 (each 1H, brs), 7.55-7.61 (2H, m), 7.72 (1 H, d,
J=7.0Hz),7.92(1H, d, ] = 85 Hz). "C NMR (CDCL,
125 MHz): 8 39.50(C-1), 2815 (C-2), B0.83 (C-3), 38.36
(C-4), 55.65(C-5),18.39(C-6),34.47 (C-7), 40.99 (C-8), 50.66
(C-9),37.34(C-10),23.83(C-11),25.68(C-12),38.19(C-13),
42.65 (C-14),30.75(C-15),32.31 (C-16), 57.97(C-17),47.12
(C-18), 48.42 (C-19), 150.59 (C-20), 29.85 (C-21), 38.10
(C-22), 2831 (C-23), 16.16(C-24),16.72 (C-25),16.38 (C-26),
14.83 (C-27), 181.11 (C-28, COOH), 109.95(C-29),19.52
(C-30),168.32(C = O ester), 131.06 (C-1", 130.57 (C-2),
169.24 (2'-COOH), 129.18 (C-3"), 133.10 (C-4' and C-5"),
128.76 (C-6").

The betulinic acid ester formation was also confirmed
by gas chromatography (G-3000, Hitachn Japan), which
was equipped with medium polar DB-17HT capillary
column. Helium was used as a carrier gas with flow rate of
1.0 cm® min’. The injector and detector were set at 300°C.
The 1mtial temperature of the column was 100°C for 4 min,
then increased with flow rates of 11°C min™" up te 300°C.

Optimization study
Effect of single solvent system: To mnvestigate the effect
of single solvent system on the enzymatic reaction, the
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reaction mixtures were carried out with different solvents
(n-hexane, acetone, CHCl,, CH,Cl,, and CH,CN).

Effect of mixed solvent system: To study the influence of
mixed solvents system on the enzymatic reaction, the
reaction mixtures were performed in n-hexane/chloroform
with different composition (90/10, 70/30, 50/50, 30/70 and
10/90, v/v).

Effect of substrate molar ratio: To investigate the effect
of substrate molar ratio on the enzymatic reaction, the
reaction mixtures which consist of betulinic acid, phthalic
anhydride, chloroform (10 mL), n-hexane (10 mL) and
Novozym 435 were carried out at different molar ratio of
betulinic acid to phthalic anhydride (1:1, 1:2, 1:3 and 1:4).

Effect of reaction time: To investigate the effect of
reaction time on the enzymatic reaction, the reaction
mixtures which consist of betulinic acid (25 mg,
0.0547 mmol), phthalic anhydnide (8 mg, 0.0547 mmol),
chloroform (10 mL), n-hexane (10 ml) and Novozym
435 were carried out at various reaction times (1, 3, 5,8, 12,
24,36 and 48 h).

Effect of amount of enzyme: To study the influence of
amount of enzyme on the enzymatic reaction, the
reactions mixtures which consist of betulinic acid
(25 mg, 0.0547 mmol), phthalic anhydride (8 mg, 0.0547
mmol), chloroform (10 mL), n-hexane (10 mL) and
Novozym 435 were carried out at different amount of
enzyme (44, 88, 176, 264 and 308 mg).

Effect of bases: To study the effect of base on the
enzymatic reaction, the reaction mixtures which consist of
betulinic acid, phthalic anhydride (8 mg, 0.0547 mmol),
chloroform (10 mL), n-hexane (10 mL) and Novozym
435 (176 mg) were performed with various bases (NaHCO,,
Na,CO, and K,CO;).

Effect of celite: To study the influence of celite on the
enzymatic reaction, the reaction mixtures which consist of
betulinic acid, phthalic anhydride (8 mg, 0.0547 mmol),
chloroform (10 mLL), n-hexane (10 mL), K,CO, (6 mg) and
Novozym 435 (176 mg) were carried out with celite 545
(170 mg).

Effect of reaction temperature: To investigate the effect
of temperature on the enzymatic reaction, the reaction
mixtures which consist of betulinic acid, phthalic
anhydride (8 mg, 0.0547 mmol), chloroform, n-hexane
(10 mL), K,CO,(6 mg), celite 545 (170 mg) and Novozym
435 (176 mg) were carried out at different temperatures
(30, 37, 45, 50, 55 and 60°C).

RESULTS AND DISCUSSION

Optimization study

Effect of single and mixed solvent system: The enzyme
activity in organic solvents was often correlated with
solvent hydrophobicity, with the highest activities at high
log P values. If the solubility of substrate is considered,
hydrophobic solvents are not always good for polar
substrates. The effect of single solvent system on the
enzymatic synthesis of 3-O-phthalyl- betulinic acid was
investigated m various types of solvents (n-hexane,
acetone, chloroform, acetonitrile and dichloromethane)
with the presence of lipase as biocatalyst. As shown in
Fig. 2, chloroform gave the highest yield as compared
with other solvents. The substrates are well dissolved in
chloroform and produced highest percentage of 3-O-
phthalyl-betulinic acid.

It was observed that when chloroform was
introduced to the reaction system contaimng n-hexane;
the yield of betulinic acid ester was enhanced since
chloroform dissolves the substrate. This phenomenon
was also shown by Zhuang et al. (1998) and Xu et al.
(1998). With n-hexane as the bulk solvent, the presence of
chloroform as cosolvent was further optimized the yield.
The results showed that the system composed of
n-hexane (50%, v/v) and chloroform (50%, v/v) gave the
best yield (Fig. 3).
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Fig. 2: The effect of single solvent on the enzymatic
synthesis of 3-O-phthalyl- betulinic acid
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Fig. 3: The effect of mixed solvent on the enzymatic
synthesis of 3-O-phthalyl- betulinic acid
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Fig. 4 The effect of molar ratio (betulinic acid: phthalic
anhydride) on the enzymatic synthesis of 3-O-
phthalyl- betulime acid

Effect of substrate molar ratio: The effect of mole ratio of
substrates was dependent on the types of the enzyme
used to catalyze the reaction. High acylation yields can be
achieved with high substrate concentration mn the reaction
media. However, when one substrate is present at very
high concentration, viscosity of the liquid phase
surrounding the enzyme molecule 1s mereased leading to
meffective mixing of reactants. Thus, the effect of varying
the mole ratio of substrate was studied at a constant mole
of betulinic acid and varying the mole of phthalic
anhydride in a fixed total volume of mixture. The amount
of enzyme was held constant in all cases.

As illustrated in Fig. 4, the 1:1 molar ratio of betulinic
acid to phthalic anhydride produced the highest
percentage (up to about 20% yield) of conversion
compared to other molar ratios. Increasing the molar ratio
of phthalic anhydride gave decreased the percentage of
conversion. The decreased in percentage of yield of 3-O-
phthalyl- betulimc acid at higher concentration of phthalic
anhydride may be due to the deactivation of enzyme.
Phthalic anhydride may perform as a competitive inhibitor
and or cause enzyme deactivation by dissolution m the
micro-aqueous phase forming phthalic acid, which causes
the drop of pH (Krishna ef af, 2001). The sunilar
phenomenon was also demonstrated by Xu et al. (1997).

Effect of reaction time: Time course study i1s a good
indicator of enzyme performance. A good performance of
enzymes should have a short time to obtain the highest
vields of product. Figure 5 shows the reaction time profile
for the enzymatic synthesis of 3-O-phthalyl- betulinic acid
n organic solvent composed of 1:1 ratio of hexane and
chloroform by used of Novozym 435 as biocatalyst. Tt was
observed that, the rate of reaction and overall conversion
mcreased with mcreasing reaction time. The results
suggested that the reaction reached equilibrium state at
about 24 h with highest yield at about 19.8% was
recorded. Thereafter, at further longer reaction time the
percentage of yield were relatively constant. Apart from
the reaction had achieved the equilibrium, as the reaction
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Fig. 5: The effect of time on the enzymatic synthesis of
3-O-phthalyl- betulinic acid
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Fig. 6: The effect of amount of enzyme on the enzymatic
synthesis of 3-O-phthalyl- betulinic acid

proceeds, the substrate concentration decreased which
led to a fall n the degree of saturation of the enzymes with
substrate (Radzi et al., 2005a).

Effect of amount of enzyme: From an applied point of
reaction, the amount of immobilized enzyme used should
be as low as possible to obtain the highest percentages of
product. Thus, the effect of amount of enzyme was
studied by varying the amount of the enzyme added to
the reaction mixture. Figure 6 shows that the percentage
yield increased rapidly and reached maximum conversion
by the use of 176 mg of enzyme for 0.055 mmole of
betulinic acid used. However, in addition of enzyme, the
conversions slightly decreased thereafter. This may be
due to the limiting effect of the substrate. The findings of
Basri et al. (2001) have also indicated that, little increased
i yield were observed for enzyme loading lugher than
100 mg. The excess of enzyme did not contribute to the
increase in percentage conversion.

Effect of bases: It was reported that the additions of
dissolved organic or suspended inorgamc bases
significantly improve the yield of enzymatic acylation
catalyzed by lipase in organic solvents using anhydrides
(Berger et al., 1990). Therefore, we were prompted to
investigate the effect of a weak base such as sodium
bicarbonate (NaHCO,) on the activity of lipase in organic
solvent. As shown in Fig. 7, addition of a weak base
enhanced the production of 3-O-phthalyl- betulinic acid.
The effect of base has been attributed to the formation of
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Fig. 7. The effect of addition of bases on the enzymatic
synthesis of 3-O-phthalyl- betulinic acid
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Fig. 8: The effect of temperature on the enzymatic
synthesis of 3-O-phthalyl- betulinic acid

an ion pair between the base and any acidic group. The
presence of a new acidic group mn product may cause
mactivation of the enzyme leading to slower reaction rates
and thereby the addition of a base might act as a
scavenger for the acidic group. Figure 7 also showed that
among various inorgamc bases used, K,CO, gave the
highest yield of 3-O-phthalyl- betulinic acid.

Influence of celite: Castillo et al (1997) reported that
addition an inorganic supported such as silica gel in
lipase-catalyzed esterification using high polar substrates
improved significantly the conversion yields. They
reported that the silica gel behaves as a polar substrate
reservolr and plays a protective role for the immobilized
enzyme avoiding its blockage. To overcome the problems
concerning the unfavorable effect on enzymatic process
due to blockage of access to the active site of the enzyme,
celite as an morganic supported was directly introduced
1n the reaction system, which may serve as an alternative
surface where substrate could adsorb, thereby prevent
excessive adsorption of the substrate on the support of
the mmmobilized lipase. The addition of celite m the
present of K,CO, appeared to greatly enhance the
formation 3-O-phthalyl- betulinic acid up to 53.4%.

Effect of reaction temperature: The effects of reaction
temperature can be apportioned to its effect on substrate
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solubility as well as its direct influences on the reaction
and the enzyme (Facioli and Barrera, 2001 ). On mcreasing
reaction temperature, substrate solubility is improved by
reducing mass transfer limitations and making the
substrate more available to the enzyme. Higher reaction
temperature also promotes collisions between enzyme and
substrate molecules to result in accelerated rates of
reaction. In the present study, the mfluence of
temperature was investigated at the temperature range
from 30 to 60°C. Figure 8 shows the effect of temperature
on the enzymatic synthesis of 3-O-phthalyl- betulinic acid
in orgamic solvent. The percentage of conversion
increased with increasing temperature and reached the
maximum percentage conversion at 55°C as energy from
the heat was used to increase the frequency of interaction
of lipase to substrate. The conversion then was reduced
when the reaction temperature was increased to 60°C.
This is probably because beyond a critical temperature
the lipase may have been deactivated (Radzi et al.,
2005b). For our reaction using Novozym 435 as catalyst,
61.8% isolated yield was obtained at 55°C. Similar results
was reported by most reviewed studies who reported
that Novozym 435 was optimally used at 40°C to 60°C
(Garros et al., 1998; Lozano et al., 2003).

CONCLUSION

This study was devoted to explore the effect of
different operating variables on the synthesis of 3-O-
phthalyl- betulinic acid by commercial lipase, Novozym
435 in organic solvent. Tt was observed that its catalytic
activity mereased with increasing temperature up to 55°C.
Tt seems that to preserve the high selectivity of the
enzyme and avoiding acidification, the addition of a
inorganic base was essential when acid anhydride is used
as the acylation agent. The maximum percentage of 3-O-
phthalyl-betulinic acid produced was 61.8% with
substrate molar ratio of 1:1 (for 0.055 mmol of betulinic
acid used) and an enzyme amount of 176 mg in 1:1 ratio of
hexane: chloroform as the solvent for 24 h at 55°C.

ACKNOWLEDGMENT

This project was supported by Universiti Putra
Malaysia (UPM), under research university grant (RUGS
9135500).

REFERENCES

Ahmad, FB., HI] Omar and A M. Ali, 1999. Chemical
examination of local plant: Triterpene from leaf of
Malaysian Callistemon speciosus D.E. Ultra Sci.,
11: 357-359,



J. Applied Sci., 10 (4): 337-342, 2010

Basri, M., A. Ngah, M.B. Abdul-Rahman, RN.Z. Abdul-
Rahman, C.AN. Razak and A.B. Salleh, 2001.
Synthesis of medium chain glycerides from caprylic
acid and glycerol using lipase from Candida rugosa.
Asia Pacific T. Mol. Biol. Microb., 9: 67-70.

Berger, B., C.G. Rabiller, K. Konigsherger, K. Faber and
H. Griengl, 1990. Enzymatic acylation using acid
anhydrides: Crucial removal of acid. Tetrahedron:
Asymmetry, 1: 541-546.

Castillo, E., V. Dossatl, A. Marty, J.S. Condoret and
D. Combes, 1997. The role of silica gel in lipase-
catalyzed esterification reactions of high-polar
substrates. . Am. Oil Chem. Soc., 74: 77-85.

Facioli, N.I.. and A.D. Barrera, 2001. Optimization of
enzymatic esterification of soybean oil deoderiser
distillate. J. Sc1. Food Agric., 12: 1193-1198.

Fulda, S., I. Jeremias, HH. Steiner, T. Pietsch and
K. M. Debatin, 1999. Betulinic acid: A new cytotoxic
agent against malignant brain-tumor cells. Int.
I. Cancer, 82: 435-441.

Fulda, 8. and K. M. Debatin, 2000. Betulinic acid induces
apoptosis through a direct effect on mitochondria in
neurcectodermmal  tumors. Med. Pediatr. Oncol.,
35: 616-618.

Garros, B.S., N. Razafindramboa and A.A. Pavia, 1998.
Optimization of lipase-catalyzed synthesis of (z)-3-
hexen-1-yl acetate by direct esterification i hexane
and solvent-free medium. Enzyme Microb. Technol.,
22:240-245.

Gauthier, C., J TLegault, S. Lavoie, S. Rondeau,
S. Tremblay and A. Pichette, 2008. Synthesis of two
natural betulimic acid saponins contaimng a-1-
Rhamnopyranosyl, a-1-Arabinopyranose and their
analogues. Tetrahedron, 64: 7386-7399.

Krishna, S H., B. Manohar, S. Divakar, S.G. Prapulla and
N.G. Karanth, 2000. Optimization of isoamyl acetate
production by using immobilized lipase from mucor
miehei by Response Surface Methodology. Enzyme
Microb. Technol., 26: 131-136.

Krishna, S.H., 8. Divakar, 5.G. Prapulla and N.G. Karanth,
2001. Enzymatic synthesis of isoamyl acetate using
immobilized lipase from Rhizomucor miehei.
T. Biotechnol., 87: 193-201.

Kvasnica, M., J. Sarek, E. Klinotova, P. Dzubak and
M. Hajduch, 2005. Synthesis of phthalates of
betulinic acid and betulin with cytotoxic activity.
Bioorg. Med. Chem., 13: 3447-3454.

Lozano, P.,D.T. Diego, D. Carrie, M. Vaultier and I. Iborra,
2003. Enzymatic ester synthesis in ionic liquids.
I. Mol. Catal. B-Enzym., 21: 9-13.

342

Pisha, E., H. Chai, [.S. Lee, T.E. Chagwedera and
N.R. Famsworth ef al., 1995. Discovery of betulinic
acid as a selective inhiubitor of human melanoma that
functions by induction of apoptosis. Nature Med.,
1: 1046-1050.

Radzi, S.M., M. Basr, A B. Salleh, A. Aniff, R. Mohamad,
M.B. Abdul Rahman and RN.Z. Abdul Rahman,
2005a. Large scale production of liquid wax ester by
immobilized lipase. J. Oleo Sci., 54 203-209.

Radz, SM., M. Basri, AB. Salleh, AM. Ariff and
R. Rosfarizan et «l., 2005b. High performance
enzymatic synthesis of oleyl oleate using immobilized
lipase from Candida antartica. Electron. J. Biotechn.,
8: 291-298.

Thibeault, D., C. Gauthier, J. Legault, I. Bouchard,
P. Dufour and A. Pichette, 2007. Synthesis and
structure—activity relationship study of cytotoxic
germanicane and lupane-type 38-O-monodesmosidic
sapomins starting from betulin. Bioorg. Med. Chem.,
15: 6144-6157.

Villeneuve, P., I.M. Muderhwa, J. Graille and M.T. Haas,

2000. Customizing lipases for biocatalysis: A survey

of chemical, physical and molecular biological

approaches. J. Mol Catalysis B-Enzymatic,

9:113-148.

I..J1. Zhu, T. Kawamato, T. Atso and Y. Hu, 1997.

Comparison of acid anhydrides with carboxylic acids

in enantioselectivity enzymatic esterification of

racemic menthel. Chinese J. Biotecnol., 13: 263-269.

JH., IM. L, X5 Xu and Q.S. Yuan, 1998,

Enantioselective esterification of racemic acid

catalyzed by lipase in a mixed solvent system. Ann.

N. Y. Acad. Sci., 864: 405-408.

Yasin, Y., M. Basr, F.BH. Ahmad and A.B. Salleh, 2008.
Response surface methodology as a tool to study
the lipase-catalyzed synthesis of betulinic acid ester.
T. Chem. Technol. Biotech., 83: 694-698.

Yoggeswart, P. and D. Sriram, 2005. Betulinic acid and its
derivatives: A review on their biological activities.
Curr. Med. Chem., 12: 657-660.

Zhuang, Y.P., T H. Xu and S.L. Zhang, 1998. Effects of
organic solvent and acylating agent on lipase-
catalyzed esterification of a chiral chlorohydrin
in nonaquecus media. Ann. N. Y. Acad Sci.,
864: 656-659.

Zuco, V., R. Supino, S.C. Righetti, I.. Cleris, E. Marchesi,
C. Gambacorti-Passerini and F. Formelli, 2002.
Selective cytotoxicity of betulinic acid on tumor cell
lines, but not on normal cells. Cancer Lett., 175: 17-25.



	JAS.pdf
	Page 1


