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Abstract: Betulinic acid and its derivatives display diverse bioactivities, such as anti-inflammatory,
antitumor, anti-inflammatory, antibacterial, antimalarial, anticancer, and anti-HIV activities. Betulinic acid
possesses three sites that are the most flexible toderivatization, including the C-3 hydroxyl, C-20 alkene, and C-
28 carboxylic acid positions. This study aims to design and synthesis of a C-3 betulinic acid derivatives.

Betulinic derivatives were synthesized by using classical esterification or ester - ester exchange reaction.
The target product was isolated by using column chromatography. Its structure was determined by combining

spectral analysis and comparison with related data.

A new hybrid compound (compound Ic) was successfully synthesized from betulinic acid (BA) and

lamivudine (3TC).
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1. Introduction

Triterpenoids represent a varied class of
natural products. Among these triterpenoids, the
lupane-type triterpenoids are characterized by a
diverse accumulation of bioactive compounds. One
of the typical lupane triterpenes is 3f-hydroxy-lup-
20(29)-en-28-oic acid (betulinic acid, BA), which is
widely distributed throughout various plants. BA
possesses a number of interesting pharmacological
effects, including antitumor, anti-inflammatory,
antibacterial, antimalarial, and antiviral activities [1,
2]. Recently, a lot of new articles have been
published on transforming functional groups,
incuding 3-OH, 28-COOH and C-19 isoprenyl (or
C-20 alkene) in betulinic acid skeleton. It has the
high synthetic potential and is dynamically used in
transformations with the aim to design new drugs.
For example, a series of new imidazole carboxylic
esters (carbamates) and N-acylimidazole derivatives
of betulinic acid shown cytotoxic activity against
human cancer cell lines as HepG2, Jurkat and HeLa
[3]. A number of C-3 and C-20 derivatives have
shown cytotoxic activity on MOLT-4, JurkatE6.1,
CEM.CM3, BRISTOLS, U937, DUI145, PA-I,

A549, and L132 cell lines [4]. A lot of BA-AZT
hybrids with interesting anticancer potential on KB
and Hep-G2 cell lines [5, 6]. In this paper, we
performed synthesis of a new hybrid compound
between BA and 3TC (an anti-HIV drug),
particularly that derivatized on C-3 hydroxy group.

2. Experimental

Betulinic acid, lamivudine (3TC) and 3-
methylglutaric anhydride were purchased from
Sigma—Aldrich corporation. All reactions were
carried out in the suitable oven-dried glassware and
under atmospheric pressure. Column
chromatography was performed using Silica gel 60
F-254 (0.25 mm, Merck). ESI-MS spectrum was
obtained on an Agilent 1100 LC-MSD Trap
spectrometer. 'H-NMR (500MHz) and "C-NMR
(125MHz) spectral data were measured on a Bruker
Avance 500 NMR spectrometer at 25°C.

2.1. Preparation of compound 1c

The mixture of BA (I equiv.), 3-
methylglutaric anhydride (Z2equiv.) and DMAP (/
equiv.) in anhydrous pyridine (5 mL) was refluxed
overnight (10-15 hours). The product was
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concentrated under reduced pressure, and mixture
products were fractioned by CC eluting with n-
hexane:CH,Cl, (1:1) to afford colorless solid. The
crude product (la) was used into the next
reaction.The solution of 1a (I equiv.), ethyl
chloroformate (/ equiv.) and triethyl amine (/
equiv.) in CH,Cl, (10 mL) mixture was stirred at 0°C
for 1 hour. The reaction was completed as verified
by TLC control. The resulting solution (1b) was
dispensed into triethyl amine (/ equiv.), DMAP (I
equiv.) and 3TC (I equiv.). After maintaining at 0°C
for 1 hour, the reaction condition was warmed to
room temperature for 15 hours till the completion of
reaction to give the crude product as white powder.
The crude product was purified on a silica gel
column using n-hexane:CH,Cl, (9:1 to 1:1) to
provide 1c.

2.2. Spectral data of compound 1c

CysHgsN3OgS, yield: 57%, mp. 187-188 °C,
ESI-MS (m/2): [M+H]'=796.1, [M+Na] =818.4, 'H-
NMR (CDCl;, 500 MHz) o6y ppm 7.50 (1H, d,
J=1.5 Hz, H-6¢'), 6.31 (1H, t, J=5.0 Hz, H-1""), 5.89
(1H, d, J=7.5 Hz, H-5"), 5.34 (1H, q, H4"), 4.72
(1H, s, H-29a), 4.59 (1H, s, H-29b), 4.58-4.55 (1H,
m, H-5"a), 4.48 (1H, m, H-5b"), 4.38 (1H, dd,
J=3.5, 12.0 Hz, H-3a), 3.54 (1H, dd, J=5.0, 12.0
Hz, H-2"a), 3.11 (1H, dd, J=5.0, 12.0 Hz, H-2"b),
2.99 (1H, q, H-19), 2.41-2.36 (1H, m, H-3""), 2.31-
2.22 (4H, overlap, H-2"", H-4""), 1.68 (3H, s, H-30),
1.04 (3H, s, H-26), 0.96 (3H, s, H-27), 0.92 (3H, s,
H-23), 0.82 (6H, s, H-25, H-24), 0.81 (3H, d, J=7.0

Hz, H-6"). APT (CDCls, 125 MHz), 5c ppm: 181.1
(C-28), 172.1 (C-5""), 171.7 (C-1""), 154.5 (C-2'),
150.0 (C-20), 141.2 (C-6"), 109.6 (C-29), 94.8 (C-
57, 87.6 (C-1"), 83.4 (C-3), 83.3 (C-4"), 81.21 (C-
5), 50.4 (C-3"", 42.4 (C-19), 40.7 (C-4""), 28.0 (C-
2'), 38.4 (C-2"), 27.5 (C-23), 19.9 (C-30), 19.8 (C-
25), 19.3 (C-26), 16.6 (C-24), 16.2 (C-27), 14.7 (C-
6").

3. Results and discussion

Synthesis of betulinic acid-3TC hybrid (1c)
with modification at the C-3 position is described in
Scheme 1. Initially, BA (1) was treated with 3-
methylglutaric anhydride on refluxing in pyridine
for 10-15 hours and the presence of DMAP as
catalyst resulted in C-3 ester derivatives 1la.
Esterification of 1a using ethyl chloroformate in the
presence of catalyst triethyl amine in CH,Cl, give
ester derivatives 1b. Our continuous attempts to
carry out the formation of hybrid compound of 1b
with 3TC at new side chain. The transesterification
had been induced by treatment with triethyl amine
and DMAP while being cooled down to 0°C for 1
hour. Then, the reaction mixture was warmed to
room temperature for 15 hours, effecting conversion
to the target molecule 1c¢ in 57% overall yield, after
column chromatography. Structure of the new
hybrid compound (1c¢) was elucidated by using
NMR and MS spectra, and assignment was
performed based on our analysis.
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Scheme 1. Synthesis of derivatives 1¢
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Compounds 1c¢: its molecular
CuHgsN3OgS, was  suggested from
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analysis of the positive ESI-MS at m/z 796 [M+H]"
and NMR spectra. The 3TC moiety was easily



identified from its characteristic signals in the 'H-
NMR and APT spectra. Specifically, two aromatic
C-H of the 3TC resonated as doublets with typical
coupling constant (7.5 Hz) in the less shielding
region at oy 7.50 (H-6), 7.30 5.89 (H-5") and &¢
141.2 (C-6"), 94.8 (C-5'). The signal of four
oxathiolane hydrogens showed at &y 6.31 (H-1"),
5.34 (H-4"), 3.54 (H-2"a) and 3.11 (H-2"b). The
oxymethylene (H-5") appeared as two multiplets at
Oy 4.58-4.55 and 4.48. Besides, two multiplets of
aliphatic hydrogens on 3-methylglutaroyl side chain
with typical deshielding chemical shift resonated at
0y 2.41-2.36 (1H, H-3""), 2.31-2.22 (4H, overlap, H-
2" H-4""). The methyl group of 3-methylglutaroyl
unit resonated at 0.81 (3H, d, 7.0 Hz, H-6""). The
BA moiety was easily identified from its
characteristic signals and considering published data
[3]. Moreover, the signal at 6y4.38 (1H, dd, 3.5 and

12.0 Hz) of H-3a was shifted less shielding against
other H-3 of BA (&g ~ 3.20-3.50 ppm), which also
proved that C-3 attached to an oxygen of ester

group.

4. Conclusion

In summary, a new C-3 betulinic acid-3TC
hybrid was designed and synthesized by employing
analogue methods of Steglich esterification and
characterized by basic spectroscopic techniques. The
new compound lc¢ contained two biologically active
moieties, so it is able to be an interesting molecule
of potential in therapeutic use after biological tests.
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~ TONG HQP MOT C-3 ESTER MO,
HQP CHAT LAI GIUA BETULINIC ACID VOI LAMIVUDINE
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Tém tit: Betulinic acid va cdc dan xudt ciia né ¢6 chira hoat tinh sinh hoc rat da dang, bao gom khéng
viém, khdng khoi u, khdng khuan chong sot rét, chong ung thw va khang HIV. Nguoi ta dwa vao 3 vi tri nhom
chite ciia betulinic acid dé tién hanh bdn tong hop cdc dan xudt, d6 la C-3 hydroxyl, C-20 alkene va C-28
carboxylic acid.

Cdc dan xudt ciia betulinic acid da dwoc tdng hop dua trén phan iing ester hda kinh dién hodc phan imng
trao déi ester. Phan tir dich da dwoc phdn ldp bang phwong phap sac ky cot thuong. Cdu triic cia chat nay di
dwge xdc dinh dwa trén sw két hop phan tich phé (MS, NMR) va so sanh doi chiéu véi tai liéu tham khdo.

M¢t déan xudt méi la hop chat lai giita betulinic acid va lamivudine (chat Ic) da dwoc tong hop thanh
cong.

Tir khoa: Betulinic acid, Ester, hop chat lai, lamivudine.
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