Synthesis of Betulinic Acid Dipeptide Derivates
with Potential Biological Activity
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Betulinic acid is a natural product that can be found in abundance in the outer bark of the white birch tree
(Betula pendula Roth, Betulaceae). The experimental study was intended to extract betulinic acid from the
white birch tree leaves and its derivatization to obtain dipeptide compounds with potential biologic activity.
For this purpose, three dipeptides were used: alanyl-glycine, glycyl-leucine and leucyl-glycine. The biological
activity of betulinoil- glycyl-leucine has been tested on several cancer cells lines, HeLa, MCF-7, A431 and

A2780.
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Betulinic acid, (C,H,0,), (fig.1) is a natural product, a
pentacyclic trlterpene that can be found in abundance in
the outer bark of the white birch tree (Betula pendula,
Betula costata, Betula ermanii), [1], or in other several
plants species as in the leaves of Syzigium claviflorum,
Vatica cinerea King or Aerva javanica, (Amaranthaceae
fam.), Ziziphus mauritiana Lam. (Fam. Rhamnaceae), in
the bark of Platanus acerifolius or in the Inonotus obliquus

mushrooms, [2 - 6].
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Fig. 1. Betulinic acid

Betulinic acid has beenreported to exert numerous medical
and biological actions, including anti-cancer, anti-tumor, [7],
anti-inflammatory, [8], anti-microbial, [9], anti-ischemic,
[10] anti-malarial, [11], anti-HIV, [12], anti-angiogenic, [13],
anti-leukemic, anti-lymphoma, [14] and lowering the
cholesterol level, [4]. The capacity of betulinic acid to induce
apoptosis in melanoma and other cell types, [14, 15], as well
asits favorable therapeutically index, of a low toxicity to normal
cells, impart it with a great attractiveness among the potential
antitumor agents.

Betulinic acid is reported to have three positions: C,, C,  and

in which chemical changes can be determined towards
of)tammg derivates with increased antitumor activity. Betulinic
acid derivates benefit at their turn from important active
biologic features, from this point of view, the triterpenes lying
among the most promising antitumor and anti-HIV agents,
[16]. Within the research undertaken up to now in the
field of antitumor agents, several structural changes and
derivatizations of the betulinic acid have been studied,
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[17, 18], proving that through a simple change in the parent
structure, an important number of potential derivatives that
improves significantly the selective toxicity profile, [14], or
induce a general toxic effect on the leukemic cells could
be generated, [14].

Experimental part

Betulinic acid was extracted from dried up leaves of
white birch tree (Betula pendula Roth, Betulaceae) through
maceration, for 6 days, at 22 °C, using as solvent an ethanol-
water solution. The leaves were gathered in the area around
Baisoara and Ciucea, Cluj County, sorted and oven-dried at
65 °C for 3 days. The dried vegetal material was then grinded
and in the end, the heterogeneous granular mixture was
separated into granulometric classes. The extraction
evolution was surveyed through refractometry, the
influence of various parameters upon the extraction of the
betulinic acid from the vegetal mass being analyzed.
Within the study, there were used several concentration
values of the ethanol-water solution, 30, 50, 60, 70, 80 and
95 %, various granulometric fractions, + 1250, - 1250, +
125, + 90 and - 90 wm and different liquid-solid shares, 10
:1;20:1;30:1and 40 : 1, (mL : g).

During the experimental study, both the qualitative and
quantitative analysis of the betulinic acid in the extract
were performed through reversed phase high performance
liquid chromatography, (RP-HPLC), the method providing
increased selectivity and sensitivity to identify and quantify
the compound. The chromatographic separation was
carried out on a column C, (250 X 4.6 mm, 5um) the
used mobile phase being represented by a mixture of
acetonitrile and ultra pure water at a ratio of 90 : 10 (v : v)
and a flow rate of 0.8 mL / min. Detection was reached at
a wave length of 210 nm.

The dipeptide derivatives were obtained by condensing
the betulinic acid with alanyl-glycine, glycyl-leucine and
leucyl-glycine as showed in figure2. The synthesis of the
betulinic derivatives occurred over a series of reactions
developed on four successive stages, among which the
first two, corresponding to the obtaining of the intermediary
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products, (1a) and (2a), are similar in the research
methodology to those corresponding to the obtaining of
the betulinic derivatives, (4), (6) and (8).

The first reaction was the treatment of betulinic acid
with acetic anhydride resulting in monoacetyl betulinic
acid, (1a), to which, during the second stage, thionyl
chloride was added and the monoacetyl betulinic acid
chloride was obtained, (2a). A quantity of 50 mg betulinic
acid was dissolved in dichloromethane and then was stirred
up with 0.15 mL acetic anhydride for 6 - 8 h at room
temperature, with the obtaining of the monoacetyl betulinic
acid, (1a). To this compound, 1 mL of thionyl chloride is
added and after 12 h at room temperature, the redundant
thionyl chloride was removed through low pressure
distillation, at 75 °C, the residue being then recrystallized
from hexane under heating, up to a constant melting point.
After a drying up session of 2 h at 110 °C, the acetyl betulinic
acid chloride was obtained, (2a). By condensing the

compound (2a) with alanyl-glycine in the third phase, the
intermediary product, 3-acetoxy-betulinoil-alanyl-glycine
was obtained (3), then after removing the acetoxy group
by treatment with NaOH in the fourth phase, the synthesis
of the final product, betulinoil-alanyl-glycine, (4), was
achieved. A quantity of 0.89 mmol of alanyl-glycine
dissolved in dichloromethane was used in the synthesis
process, which was then mixed with 0.1 mL of triethyl-
amine. The resulted solution was poured under stirring over
the monoacetyl betulinic acid chloride, (2a), kept over night
at room temperature, then diluted with dichloromethane
and washed with water and concentrated saline solution.
After filtration and drying on anhydrous sodium sulfate
(Na,SO,), the residue is then concentrated under vacuum
in arotary evaporator, and the 3-acetoxy-betulinoil-alanyl-
glycine, (3) was obtained. The compound (3) is then
dissolved within a mixture of tetrahydrofuran (THF) /
methanol 50 %, 2 mL, and treated with a mixture of

@ Facnori-berutinotl-stans-ghycine
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Fig. 2. Scheme of the
synthesis of betulinic derivatives
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COMPOUND IDENTIFICATION DATA
m/z="71, C3HsON; 74, CH4;O.N;
v=cu =3018 cm ™, vnu =3389cm™';
Bet-Ala-Gly 145, C5H9N203; 439, C30H4702;
V=0~ 1622 cm -1; SN-H =1525 cm'l;
(©)] 510, C33 Hs2O3N;
Melting point: 190 - 192 °C; Yield: 9,75 %
m/z =57, C;H;0N; 130, C¢H,OoN;
v=cu =3018 cm™', vy =3325cm™;
Bet-Gly-Leu 187, CgH;503N,; 439, C30H4703;
V=0 = 1621 cm '1; Onn = 1512 cm'I;
©) 496, C3,Hs00:N;
Melting point: 180 - 184 °C; Yield: 18,22 %
m/z="74, CobH4O;N; 113, C¢H;,ON;
v=cu =3018 cm ™, vy =3290cm;
Bet-Leu-Gly 187, CsH;503N;; 439, C30Hy70,;
Ve=0=1620cm™; Sy =1520cm™';
® 552, C3sHsgO3N;
Melting point: 195 - 198 °C; Yield: 41,88 %
Betulinic acid Bet-Gly-Leu (6)
% antiproliferation effect % antiproliferation effect
Cell type 1Cso
10 M 30 M 10 uM 30 upM
uM
+DSM + D DSM +DSM +DSM
143 &
MTT 72 h 52.92 95.30 48.45 92.50
MCF-7
5024 +1.39 £0.97 +£0.73 £0.17
MTS 72h
12.60 ™! 81.52 98.80 58.13 96.09
A431
SRB 96h +0.88 +0.36 +0.54 +0.38
26.0 7% 67.17 98.79 5271 94.99
HeLa
MTT72h +0.92 +0.35 +1.09 +0,34
1.8 44.00 86.97
A2780 - -
MTT72h +0.95 +0.59

Table 1
CHARACTERIZATION OF THE
SYNTHESIS COMPOUNDS
(4), (6) AND (8)

Table 2
ANTIPROLIFERATION EFFECT OF
BETULINIC ACID, [23 - 27], AND ITS
DERIVATIVE BETULINOIL-GLYCYL-
LEUCINE, (6)

0.160 g NaOH, (1 mL, 4 M) and 1 mL water under a ratio of
NaOH : H,O = 1 : 1. After stirring the solution for 5 h at
room temperature, the product was neutralized with 1 mL
HCI 1 N up to precipitation then the obtained precipitate
was washed with water and dried under vacuum, resulting
in a quantity of 51.10 mg of betulinoil-alanyl-glycine, (4),
with a synthesis yield of 9.75%. In a similar manner, 78.85
mg of betulinoil-glycyl-leucine, (6), with a synthesis yield
of 18.22% and 182.12 mg of betulinoil-leucyl-glycine, (8),
with a synthesis yield of 41.88% were obtained. The
compounds (4), (6) and (8) were characterized by two
analytical methods, mass spectrometry, (GC-MS), by
electron impact ionization, (EI) and infrared spectroscopy,
(IR). The results describing the compounds
characterization are presented in table 1.

The antiproliferative effects of betulinic acid and its
condensed analogue with glycyl-leucine, (6), were
measured for the following cell lines: HeLa (cervical
adenocarcinoma); MCF-7 (human breast adeno-
carcinoma); A431 (squamos cell carcinoma) and A2780
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(human ovarian carcinoma). The MTT assay protocol for
cell proliferation was used during research, [19, 20].

Measurement of the antiproliferative effects

Within the undertaken experiment, the antiproliferation
effects were expressed as percentages. The simultaneous
development of several experiments allowed also the
calculation of the mean standard deviation, (MSD). For the
betulinic acid, the IC,; (ug / mL) values mentioned in
previous studies were also pointed out for comparison
purposes. As a general rule, the previously mentioned
values were given for the same protocol type, MTT, protocol
that was also used in the experiments, but were considered
also values from the MTS protocol, closely related to MTT
and based on the reduction reaction of tetrazole in
formazan, and SRB protocol, a colorimetric test with sulfo-
rhodamine B, [22]. For laboratory testing of the biological
effects associated to the derivative (6), solutions with
concentration values of 10 and 30 (uM /1) were used. The
results of experiments are shown in table 2.
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Results and discussions

The study for the extraction of betulinic acid from the
white birch tree by maceration has been undertaken by
following the influence of several parameters upon the
process. The following parameters were investigated:
solvent concentration, liquid-solid ratio and dimension of
the vegetal mass upon the separation process.

Influence of the solvent concentration

In order to investigate the influence of solvent
concentration upon extraction, various concentrations of
ethanol-water solution were tested, 30, 50, 60, 70, 80 and
95 %, for each used concentration the ratioL : S of 20 : 1,
(mL : g) and the granulometric fraction - 1250 um being
kept constant. The variation of the refractive index is
showed in figure 3. The experiment pointed out that the
ethanol-water solution with a concentration of 95 % is the
most appropriate for use in the extraction of betulinic acid
from white birch tree leaves, in the given experimental
conditions, the equilibrium being reached after
approximately 6 days.

Influence of liquid-solid ratio

The following parameters were used in the research: L
:Sratiosof 10:1;20:1;30:1and 40 : 1, (mL : g), an
ethanol-water solvent concentration of 95 % and the
particle size fraction - 1250um. The variations of the
refractive index are presented in figure 4. Extraction was
registered at maximum speed when using the L : S ratio of
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10 : 1, (mL : g), and the equilibrium was reached after
approximately 4 days.

Influence of vegetal mass dimension

The influence of the following granulometric fractions
has been monitored within the study: + 1250, - 1250,
+ 125, + 90 and - 90um. The ethanol-water solvent
concentration was kept at 95 % and the L : S ratio at 20 : 1
(mL: g). The variations of the refractive index are presented
in figure 5. Extraction was carried out at maximum speed
when using the granulometric fraction - 1250 um, in the
given experimental conditions, the equilibrium being
reached after 6 days.

The experimental study led to the identification of
optimal parameters of the extraction process, respectively
the water-ethanol solution with a concentration of 95 %,
ratio L : S of 10 : 1, (mL : g) and granulometric fraction -
1250 wm.

Qualitative analysis of betulinic acid was performed
based on the retention time (Rt) of 13.73 min , and the
quantitative analysis was carried out through the external
standard method, by using the calibration curve. The
standard solutions used for calibration, 50, 100, 250, 500
and 1000 pug / mL were prepared from the stock solution of
1000 ug / mL through successive dilution with methanol.
The sensitivity of the method was expressed as the limit of
detection (LOD) of 1.21ug / mL and the limit of
quantification of 3.66 g / mL. As a result of the extraction,
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5.57 mg of betulinic acid were obtained, in a yield of 0.55
% on the vegetal material processed.

The synthesis of betulinic acid derivatives through “one-
pot” procedure involved conducting a series of reactions
which were carried out in four successive stages. The first
two, respectively obtaining intermediate product (1a) and
(2a), (fig. 2), are similar in methodology as obtaining of the
three betulinic derivatives, (4), (6) and (8). In all syntheses,
the same ratios and amount of substances were used. The
best synthesis performance was obtained for compound
(8), the lowest being obtained for compound (4). No
explanation was found for the differences arising between
the three values of efficiency in the synthesis of betulinic
derivatives.

The measuring of antiproliferative effects was carried out
for compound (6), and the analysis led to the conclusion
that there are no dramatic differences between the activity
of betulinic acid and its substituted derivate, in particular
for cell lines, MCF-7 and HeLa. For A431 there is a slight
tendency to decrease the antiproliferative effect, for lower
concentration, 10 uM.

Conclusions

Experimentally, it has been stated that after a period of
about 5 - 6 days, at 22°C, the extraction is completed and
variations in the refractive index are insignificant. The
highest extraction efficiency was attained in the case of
ethanol-water solvent with 95 % concentration, to a ratio L
:Sof 10: 1, (mL: g) and the granulometric fraction - 1250
um. 5.57 mg betulinic acid was obtained as a result of
optimal parameter extraction, in a yield of 0.55 %, amount
determined through the liquid chromatography analysis,
(HPLC).

Three betulinic derivatives were synthesized and were
obtained 51.10 mg betulinoil-alanyl-glycine, (4), with a yield
of 9.75 %, 78.85 mg betulinoil-glycyl-leucine, (6), with a
yield of 18.22 %, and 181.12 mg betulinoil-leucyl-glycine
(8) with a yield of 41.88 %.

The antiproliferative effects were tested for the
compound (6), results showing that there are no major
differences between the activity of betulinic acid and its
substituted derivatives, in particular cell lines, MCF-7 and
HeLa, only in the case of A431 where a vague trend of
reduction in the antiproliferative character for the lower
concentration, 10uM was observed. The results show that
it is worth investing time and effort in further research to
identify the dipeptide derivatives exhibiting antiproliferation
effect possibly stronger than the basic compounds.
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