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Betulinic acid amide was synthesized from the enzymatic reaction of betulinic acid and butylamine catalysed by Novozym 435.
The effects of different reaction parameters, such as effect of reaction time, reaction temperature, amount of enzyme, and substrate
molar ratio (betulinic acid : butylamine), were studied and conventionally optimised. Based on this study, the enzymatic synthesis
of betulinic acid amide was found to be 64.6% at the optimum conditions of 24 h, 40∘C, 100mg enzyme, and 1 : 1 substrate molar
ratio in 9 : 1 mixture of chloroform and hexane as solvent. The identification of final product was carried out using TLC, melting
point, and FTIR and NMR showed the presence of betulinic acid amide.

1. Introduction

Betulinic acid (BA), 3𝛽-hydroxy-lup-20(29)-en-28-oic acid
(Figure 1), is a natural product that exhibits potent antitumor
activities by triggering the mitochondrial path to apoptosis.
Mitochondrion-targeted agents such as betulinic acid may
open new perspectives to overcome some forms of drug resis-
tance. Betulinic acid has attracted the science community’s
attention for its medicinal applications.

Betulinic acid is a naturally occurring pentacyclic triter-
penoid which has broad range of biological properties such as
anticancer, anti-inflammatory, anti-HIV, antimicrobial, and
antimalarial activities [1]. In addition to that, it was shown
that betulinic acid possesses a high toxicity towards cancer
cells and a weak toxicity to healthy cells thus allowing a
selective destruction of melanoma cells by apoptosis [2].

In the pharmaceutical industry, the medical uses of
betulinic acid are strongly limited due to its poor solubility
in water (0.02mg/mL) which may contribute to the difficulty
in absorption by the human body. It has been reported that
the betulinic acid has three active sites, C-3 hydroxyl group,
C-20 alkene, and C-28 carboxyl group which are suitable
for derivatization. The modification or introduction of polar

groups such as phthalates, amino acids, or sugar moieties
at the C-3 and C-28 positions of betulinic acid in certain
cases may increase its hydrosolubility and its anticancer
activities [3]. Unfortunately, derivatization at C-20 position
is not an advantageous site to derivatize due to the loss of its
cytotoxicity activity [4].

The organic reaction method for the synthesis of 3-O-
acyl betulinic acid ester has been described by Mukherjee et
al. [5], that give the formation of many by-products (difficult
purification step was required and high energy consumption)
[6]. GhaffariMoghaddamet al. [3] reported that conventional
esterification method of betulinic acid normally occurred
at high temperature and results in complex mixture in the
presence of acid and alkaline which leave traces in the
product. However, the application of enzymes in organic
synthesis provides a lot of advantages compared to conven-
tional method since the reaction required in mild reaction
condition, high selectivity, high catalytic efficiency, and high
product purity and quality. The use of organic solvent lipase
in organic media has exhibited many advantages such as
increased activity and stability, regiospecificity and stere-
oselectivity, higher solubility of substrate, ease of products
recovery, and the ability to shift the reaction [7].
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Figure 1: Structure of betulinic acid.

The aim of this study was to improve the percentage yield
of enzymatic amidation reaction by optimising parameters
such as reaction time, reaction temperature, enzyme amount,
and substrate molar ratio. Figure 2 depicts the enzymatic
reaction of betulinic acid and butylamine in the presence of
Novozym 435.

2. Materials

2.1. Enzyme. Immobilised lipase (triacylglycerol hydrolase,
EC 3.1.1.3; Novozym 435, 1000 PLU g-1) fromCandida antarc-
tica, supported on a macroporous acrylic resin with water
content of 3% (w/w), was purchased from Novo Nordisk A/S
(Bagsvaerd, Denmark).

2.2. Chemicals. Betulinic acid was isolated from Malaysian
Callistemon sp. as reported in Ahmad et al. [8]. Butylamine,
ethyl acetate, chloroform, hexane, and methanol were pur-
chased from Merck, Germany. All other reagents were of
analytical grade.

3. Methods

3.1. Enzymatic Synthesis. Betulinic acid (22.8mg, 0.05mmol)
and butylamine (3.66mg, 0.05mmol) were placed in capped
reaction vials. Chloroform and hexane (9 : 1) were added
into the reaction mixture and stirred until all the reactants
dissolved. Novozym 435 (100mg) was then added into the
reaction vials. Reaction mixtures were incubated at 40∘C and
150 rpm for 24 h in a horizontal water bath shaker (Memmert
WB14, Germany). Each reaction was repeated in triplicate
and average values (mg) of products were reported. Control
experiments were performed in the absence of enzyme.

3.2. Analytical Method

3.2.1. TLC Analysis. Preliminary detection and identification
of reaction products were carried out using Thin Layer
Chromatography (TLC) with n-hexane/ethyl acetate (7 : 3,
v/v) as the eluent. The plates were visualized under UV
lamp and potassium permanganate (KMnO

4
) stain. The

solvent was evaporated and chromatographed with gradient
on silica gel 60 (n-hexane/ethyl acetate, 9 : 1–5 : 1 v/v). Then,
the percentage of isolated yield was calculated.

3.3. Identification of Reaction Product (BAA). IR spectrum
was recorded using Perkin-Elmer FTIRmodel where samples
were prepared by using KBR pellet. 1H spectra were recorded
on BRUKER NMR spectrometer instrument operating at the
frequency of 600MHz. Samples weighed approximately 10–
20mg and were dissolved in deuterated solvent, CDCl

3
. The

melting point of the reaction product was determined by
using Electrothermal-MEL TEMP. For a pure compound, the
difference between the temperature ranges was only about 1-
2∘C.

3.4. Optimisation Study of Lipase-Catalysed Reaction of
Betulinic Acid Amide

3.4.1. Effect of Reaction Time. The reaction mixtures consist
of betulinic acid (22.8mg, 0.05mmol), and butylamines
(3.66mg, 0.05mmol) were placed in the capped reaction
vials. Chloroform : hexane (10mL) was added to the reaction
mixture and stirred until all the reactants were dissolved.
Novozym 435 (100mg) was added and the incubation was
carried out at 40∘C and 150 rpm at different reaction times (4,
8, 12, 24, 48, and 72 h). The percentage yield (%) of betulinic
acid amide (BAA) is defined as the number of moles of BAA
produced over the initial number of moles of betulinic acid
used.

3.4.2. Effect of Reaction Temperature. The effect of different
reaction temperatures (37, 40, 50, and 60∘C) on BAA synthe-
sis was studied.

3.4.3. Effect of Amount of EnzymeUsed. Theeffect of different
amounts of enzyme (50, 100, 150, 200, and 250mg) on
the BAA synthesis was investigated by varying the enzyme
amount.

3.4.4. Effect of Molar Ratio of Amines. The reaction was
repeated using betulinic acid with different molar ratios of
butylamines (1 : 1, 1 : 2, 1 : 3, and 1 : 4) and placed in the capped
reaction vials.

4. Results and Discussion
4.1. Identification of BAA. The BAA product obtained after
purification appeared to be yellowish crystal with melting
point in the range of 308–310∘C. TLC analysis was carried
out and the BAA product had R

𝑓
value of 0.88 (Figure 3).

The formation of BAA monitored by FTIR showed N-H
stretching at 3365 cm−1 and 1710 cm−1 indicated the presence
of the carbonyl group (C=O) of amides. 1H NMR spectra
data of betulinic acid amidewere recorded usingVarianUnity
Inova 600MHz NMR spectrometer (Figure 4). (CDCl

3
,

600MHz): 𝛿 0.754 (H-23), 0.822 (H-24), 0.937 (H-25), 0.965
(H-26), 0.974 (H-27), 1.690 (H-30) each 3H, s, 6 × CH

3
, 3.183

(1H, m), 3.598 (J = 7.8, NH,s), 2.628, 2.693, 2.762 (H1, 2H, t),
0.917, 0.930, 0.941 (H2, 3H, t).

4.2. Optimisation Study

4.2.1. Effect of Reaction Time. Figure 5 shows the reaction
time for enzymatic amidation reaction of betulinic acid with
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Figure 2: Enzymatic synthesis of betulinic acid amide (BAA).
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butylamine (1 : 1) ratio and Novozym 435 as biocatalyst. It
was observed that the rate of reaction and overall conversion
increase with increasing reaction time until it reached 24 h.
As the reaction time was prolonged up to 24 h, the percentage
yield was decreased probably due to the reduction of satura-
tion of enzyme with substrate whichmeans it has achieved its
equilibrium state [3].

4.2.2. Effect of Reaction Temperature. By increasing the
reaction temperature, substrate solubility was found to be
improving by reducing mass transfer limitations and making
the substratemore available to the enzyme [3]. Figure 6 shows
the percentage yield increased with increasing temperature
and reached the maximum percentage yield (64.6%) at
40∘C. The conversion was then reduced when temperature
increased from 50∘C to 60∘C and this is probably due to
deactivation of lipase beyond its critical temperature [9]. The
temperature of BAA synthesis was selected below 60∘C to

prevent the disruption of enzyme tertiary structure and also
reduction of catalytic activity of the enzyme [10].

4.2.3. Effect of Amount of Enzyme. The effect of amount of
enzyme was studied by varying the amount of enzyme added
to the reaction mixture. Figure 7 depicts the percentage yield
increased dramatically and reached maximum yield 64.6%
by addition of 100mg of enzyme for 0.05mmol of betulinic
acid used. However, the percentage yield slightly decreased
by addition of enzyme from 150 to 250mg.The result showed
that the excess amount of enzyme did not contribute to
achieving high yield of product; it may be due to the substrate
limitation and enzyme itself could also cause mass transfer
limitation [3]. A similar trend has been reported by Jumbri et
al. [11] and it mentioned that steric hindrance will occur with
excessive amount of enzyme.

4.2.4. Effect of Amount of Substrate (Molar Ratio). Figure 8
shows the effect of amount of substrate at which betulinic
acid was studied at constantmole (0.05mmol) while themole
of butylamine is varied. From Figure 8, 1 : 1 molar ratio of
betulinic acid to butylamine produced the highest percentage
yield (64.6%) compared to other molar ratios. The result
shows that the increasing concentration of substrate did not
increase the percentage yield due to excess of butylamine. It
will hinder the interaction between substrate and enzyme and
also led to deactivation of enzyme. According toKrishna et al.
in 2001, excess substrate may lead to deactivation of enzyme
by dissolution in microaqueous phase or act as competitive
inhibitor [12].

5. Conclusion

The enzymatic synthesis of betulinic acid amide has been
studied and focused on the effect of different operating vari-
ables (reaction time, reaction temperature, enzyme amount,
and substrate molar ratio). It was shown that the catalytic
activity increased by increasing the reaction time up to 24 h
and also increasing the reaction temperature up to 40∘C
does not cause loss in the enzyme activity. The maximum
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Figure 4: 1H proton NMR of BAA.
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Figure 5: Effect of reaction time (reaction conditions:Novozym435,
100mg; temperature, 40∘C; agitation speed, 150 rpm).
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Figure 6: Effect of reaction temperature (reaction conditions:
Novozym 435, 100mg; time, 24 h; agitation speed, 150 rpm).

percentage of betulinic acid amide produced was 64.6% with
substrate molar ratio 1 : 1 and enzyme amount 100mg for 24 h
at 40∘C. The identification structure of BAA was revealed by
using TLC, MP, FTIR, and NMR spectroscopy.
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Figure 7: Effect of amount of enzyme (reaction conditions: temper-
ature, 40∘C; time, 24 h; agitation speed, 150 rpm).
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Figure 8: Effect of amount of substrate (reaction conditions:
temperature, 40∘C; time, 24 h; Novozym 435, 100mg; agitation
speed, 150 rpm).
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Glossary of Terms

Competitive inhibitor: It is an inhibitor that occupies
the active site of an enzyme or
the binding site of a receptor and
prevents the normal substrate or
ligand from binding.

Catalytic activity: It is the increase in the rate of a
specified chemical reaction
caused by an enzyme or other
catalysts under specified assay
conditions.

Deactivation of enzyme: It is the enzyme changes in the
structure of a neurotransmitter
so that it is no longer recognized
(inactive) by the receptor.

Equilibrium state: It is the point at which the
concentrations of reactants and
products do not change with
time; forward and reverse
reactions are equal so reactants
and products are being created
at the same rate.

Steric hindrance: It is the higher energy price (and
slower reaction rate) due to the
approach of larger atoms or
groups in a chemical reaction,
compared to a similar reaction
involving smaller atoms or
groups.
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