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Betulin esters with coumarin-3-carboxylic
and 3,4,5-trimethoxybenzoic acids
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Direct esterification of betulin with coumarin-3-carboxylic
or 3,4,5-trimethoxybenzoic acid led to betulin-28-esters and
betulin-3,28-diesters. The betulin-3-esters were synthesized
through 28-O-protection, esterification and deprotection steps
using betulin asa starting material.
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Recent studies have found that betulin derivatives exhibit a broad
variety of bioactivities, including anti-HIV,2 antitumor,3* and
anti-inflammatory.> More importantly, in antitumor and anti-
AIDS, betulin derivatives have a different mechanism of actionas
compared to other drugs, a good targeting efficiency, and little or
no adverse reaction.®”

A 3D-QSAR study of several betulinic acid derivatives has
been reported.® The result showed that the electron-withdrawing,
hydrophilic and hydrogen bond donor substituents in C-3 and
C-28 positions were essential for excellent anti-HIV-1 potency.
On the basis of the above findings, we designed 3-OH and 28-
OH structural modification of betulin with small molecular
groups exhibiting anti-HIV,%10 antitumor,!* and anti-inflam-
matory activities, '3 such as coumarin-3-carboxylic acid and
3,4,5-trimethoxybenzoic acid.

Betulin ester 5b was synthesized through the esterification of
betulin and acid chloride.* To simplify the procedure, in the
present study we prepared betulin esters using direct reaction
between betulin and acid (Scheme 1)." Because of the different
activity of two hydroxyl groups, only esters 5 and diesters 6
were obtained. The reaction conditions were screened to find
the optimal 2.5-3 equiv. acid in CH,Cl, at room temperature.

The 28-O-tritylbetulin 2 was prepared according to the
reported procedure.’®> Reaction of compound 2 with the cor-

T General procedure for the esterification of betulin derivatives. DMAP
(3.04.8 mmal), the corresponding acid (2.5-3.0 mmol) and EDC-HCI
(3.04.8 mmol) were added to a solution of 28-tritylbetulin (or betulin)
(2 mmol) in dry CH,CIl, (20 ml). The mixture was stirred at room
temperature. Reaction completion was monitored by TLC. The mixture
was quenched by addition of water (20 ml). The organic layer was washed
with saturated sodium bicarbonate (20 ml) and brine (20 ml), dried over
anhydrous Na,SO, and concentrated in vacuo. The residue was purified
by silicagel column chromatography with ethyl acetate-light petroleum
as an eluent to give compounds 3, 5, 6.

3-O-(Coumarin-3-ylcarbonyl)-28-O-tritylbetulin 3a. White solid, yield
90%, mp 159-160°C. IR (KBr, »/cm™): 3059, 2940, 1759, 1707, 1449,
1242. 'H NMR (CDCl5) 6: 8.45 (s, 1H, coumarinyl H-4), 7.20-7.70 (m,
19H), 4.71 (dd, 1H, H-3, J 10.2, 5.7 Hz), 4.58, 4.52 (25, 2x1H, H-29),
3.13,2.91 (2d, 2x1H, H-28, J 8.4 Hz), 2.16-2.22 (m, 3H, H-2 and H-19),
1.64 (s, 3H, Me), 0.98 (s, 3H, Me), 0.94 (s, 3H, Me), 0.91 (s, 3H, Me),
0.83 (s, 3H, Me), 0.52 (s, 3H, Me). MS (MALDI-TOF), m/z. 878.80
[M+Na]*, 894.76 [M +K]*.

© 2017 Mendeleev Communications. Published by ELSEVIER B.V.
on behalf of the N. D. Zelinsky Institute of Organic Chemistry of the
Russian Academy of Sciences.

responding acid in the presence of 4-dimethylaminopyridine
(DMAP) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide-
HCI (EDC-HCI) produced betulin esters 3a and 3b, in moderate

DMAP,
EDC, DCM

a R = coumarin-3-yl
b R= 3,4,5—(M eO)305H2

Scheme 1 Reagents and conditions: i, PhsCCl, Py, DMAPR, 90°C, 18 h;
ii, RC(O)OH, DMAPR, EDC, CH,CI,, room temperature, 24 h; iii, PPTS,
CH,CI—EtOH, reflux, 24 h; iv, RC(O)OH, DMAPR, EDC, CH,Cl,, room
temperature, 24 h.
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to good yields. Products 4a and 4b were obtained through
deprotection of trityl group in 3 using pyridinium p-toluene-
sulfonate (PPTS) in CH,Cl,—EtOH, in moderate to good yields.¥

The carbonyl absorption peaksin IR spectra of betulin esters
were detected in the range of 1759-1693 cm. The carbon signal
of carbonyl groups appeared at 166.7-163.1 ppm in the 13C NMR
spectra. After the esterification, C-3 and C-28 protons showed a
downfield shift of 1.6 and 0.8 ppm, respectively, in the 'TH NMR
spectra. The MALDI-TOF mass spectra of betulin esters exhibit
two peaks of sodium or potassium adduct ions.

3-0O-(3,4,5-Trimethoxybenzoyl)-28-O-tritylbetulin 3b. White solid, yield
51%, mp 120-121°C. IR (KBr, »/cm™): 3063, 2936, 1713, 1458, 1227.
IH NMR (CDCl5) d: 7.48 (d, 6H, trityl H-2, H-6, J 7.2 Hz), 7.19-7.35
(m, 11H, Hp,), 4.67 (dd, 1H, H-3, J 9.0, 6.0 Hz), 4.58, 4.52 (2s, 2x1H,
H-29), 3.90 (s, 9H, 30Me), 3.12, 2.91 (2d, 2x1H, H-28, J 8.4 Hz),
2.16-2.21 (m, 3H, H-2 and H-19), 1.64 (s, 3H, Me), 0.97 (s, 3H, Me),
0.91 (s, 3H, Me), 0.90 (s, 3H, Me), 0.83 (s, 3H, Me), 0.53 (s, 3H, Me).
MS (MALDI-TOF), m/z: 900.89 [M +Na]*.
28-O-(Coumarin-3-ylcarbonyl)betulin 5a. White solid, yield 78%,
mp 228-229°C. IR (KBr, v/cm™): 3524, 3069, 2940, 1759, 1713, 1454,
1240. *H NMR (CDCl5) 6: 8.50 (s, 1H, coumarinyl H-4), 7.60-7.68 (m,
2H, coumarinyl H-5, H-7), 7.30-7.38 (m, 2H, coumarinyl H-6, H-8),
4.72, 4.61 (2s, 2x1H, H-29), 4.57, 4.14 (2d, 2x1H, H-28, J 11.4 Hz),
3.19(dd, 1H, H-3,J10.2, 4.8 Hz), 2.46-2.54 (m, 1H, H-19), 1.71 (s, 3H,
Me), 1.06 (s, 3H, Me), 1.00 (s, 3H, Me), 0.97 (s, 3H, Me), 0.84 (s, 3H,
Me), 0.76 (s, 3H, Me). 13C NMR (CDCl;) d: 163.7, 156.8, 155.4, 150.3,
148.6, 134.6, 129.7, 125.0, 118.6, 118.1, 117.0, 110.2, 79.2, 64.6, 55.5,
50.6, 49.1, 48.0, 46.9, 43.0, 41.1, 39.1, 38.9, 37.9, 37.4, 34.9, 34.4, 30.0,
29.8, 28.2, 27.6, 27.3, 25.4, 21.0, 19.4, 185, 16.3, 16.3, 15.6, 15.0.
MS (MALDI-TOF), m/z 637.09 [M +Na]*, 653.07 [M +K]*.
28-0-(3,4,5-Trimethoxybenzoyl)betulin 5b. White solid, yield 64%,
mp 235-236°C. IR (KBr, v/cm™): 3545, 3071, 2943, 1713, 1458, 1227.
H NMR (CDClg) 8: 7.31 (S, 2H, Hp,), 4.73, 4.61 (25, 2x1H, H-29), 4.53,
4.09 (2d, 2x1H, H-28, J 11.1 Hz), 3.91 (s, 9H, 30Me), 3.16-3.22 (m,
1H, H-3), 2.50-2.55 (m, 1H, H-19), 1.71 (s, 3H, Me), 1.07 (s, 3H, Me),
1.01 (s, 3H, Me), 0.97 (s, 3H, Me), 0.84 (s, 3H, Me), 0.76 (s, 3H, Me).
3CNMR (CDCl5) 6: 166.1, 153.1, 150.7, 142.2, 126.2, 109.9, 106.9, 81.9,
61.1, 60.7, 56.4, 55.6, 50.5, 48.9, 48.0, 42.9, 41.1, 38.6, 38.4, 37.5, 37.3,
34.3,34.2,29.9,29.4,28.4,27.2,25.4,24.0,21.1, 19.3,18.4,17.0, 16 .4,
16.2, 15.0. MS (MALDI-TOF), m'z: 659.28 [M +Na]*, 675.86 [M +K]*.
3,28-Bis-O-(coumarin-3-ylcarbonyl)betulin 6a. White solid, yield 21%,
mp 267-268°C. IR (KBr, v/cm™): 3069, 2928, 1757, 1707, 1454, 1242.
IH NMR (CDCl5) 6: 851, 8.46 (25, 2x1H, coumarinyl H-4, H-4'), 7.61-7.69
(m, 4H, coumarinyl H-5, H-5', H-7, H-7"), 7.27-7.37 (m, 4H, coumariny!
H-6, H-6', H-8, H-8'), 4.68-4.80 (m, 2H, H-29, H-3), 4.54-4.66 (m, 2H,
H-29, H-28), 4.10 (d, 1H, H-28, J 11.1 Hz), 2.45-2.49 (m, 1H, H-19),
1.72 (s, 3H, Me), 1.08 (s, 3H, Me), 1.02 (s, 3H, Me), 1.00 (s, 3H, Me),
0.96 (s, 3H, Me), 0.91 (s, 3H, Me). 13C NMR (CDCl5) 6: 163.7, 163.1,
156.8, 156.8, 155.4, 155.4, 150.3, 148.6, 148.2, 134.6, 134.4,129.7,129.7,
125.0, 124.9, 119.1, 118.6, 118.1, 118.1, 117.0, 117.0, 110.2, 83.3, 64.6,
55.6, 50.5, 49.1, 48.0, 46.9, 43.0, 41.2, 38.6, 38.4, 37.9, 37.3, 34.9, 34.3,
30.0, 29.8, 28.3, 27.3, 25.4, 23.9, 21.0, 19.4, 18.4, 16.9, 16.4, 16.3, 15.0.
MS (MALDI-TOF), m/z. 809.08 [M +Na]*, 825.04 [M +K]*.
3,28-Bis-O-(3,4,5-trimethoxybenzoyl)betulin 6b. White solid, yield
30%, mp 150-151°C. IR (KBr, »/cm™): 3071, 2940, 1713, 1460, 1225.
IH NMR (CDCl5) 6: 7.31 (s, 4H, Hp,), 4.67-4.77 (m, 2H, H-3, H-29),
4.62 (s, 1H, H-29), 4.54, 4.08 (2d, 2x1H, H-28, J 10.8 Hz), 3.91 (s, 18H,
60Me), 2.52-2.56 (m, 1H, H-19), 1.72 (s, 3H, Me), 1.09 (s, 3H, Me),
1.03 (s, 3H, Me), 0.99 (s, 3H, Me), 0.92 (s, 6H, 2Me). 13C NMR
(CDCl3) 0: 166.7, 166.1, 153.2, 153.1, 150.3, 142.4, 142.2, 126.2, 125.7,
110.2, 107.0, 106.9, 81.9, 63.8, 61.3, 61.1, 56.4, 56.4, 55.6, 50.5, 49.0, 48.1,
47.0,43.0,41.2, 38.6, 38.4, 37.9, 37.3, 35.0, 34.3, 30.4, 29.6, 28.4, 27.4,
254, 24.0,21.1, 19.3, 184, 17.0, 16.4, 16.3, 15.0. MS (MALDI-TOF),
m/z: 853.23 [M +Na]*.
+ Betulin esters 4a,b (general procedure). PPTS (3.0 mmol) was added
to a solution of 3 (0.6 mmol) in 1:1 CH,CI,—EtOH (20 ml) and the
mixture was refluxed for 24 h. The mixture was cooled to ~20°C and the
organic solvent was removed by rotary evaporation under reduced pressure.
The residue was dissolved in CH,Cl, (20 ml), and the solution was
washed with brine (20 ml), dried over anhydrous Na,SO, and concentrated
in vacuo. The residue was purified by silicagel column chromatography
with ethyl acetate-light petroleum as an eluent to give compounds 4.

In summary, synthesis of novel betulin esters of coumarin-
3-caboxylic and 3,4,5-trimethoxybenzoic acids has been accom-
plished from a natural betulin in the presence of appropriate
reagents. The prominent feature of these syntheses is the mutual
connection of two active units with different skeleton using easy
synthetic procedures.
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Technology Development Plan of Jilin Province, China (grant
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3-O-(Coumarin-3-ylcarbonyl)betulin 4a. White solid, yield 51%,
mp 223-224°C. IR (KBr, v/cm): 3555, 3065, 2940, 1759, 1449, 1242,
1H NMR (CDCl3) 8: 8.46 (s, 1H, coumarinyl H-4), 7.58-7.67 (m, 2H,
coumarinyl H-5, H-7), 7.27—7.37 (m, 2H, coumarinyl H-6, H-8), 4.72-4.78
(m, 1H, H-3), 4.69, 4.59 (25, 2x1H, H-29), 3.81, 3.34 (2d, 2x1H, H-28,
J 9.6 Hz), 2.34-2.41 (s, 1H, H-19), 1.69 (s, 3H, Me), 1.04 (s, 3H, Me),
1.00 (s, 6H, 2Me), 0.96 (s, 3H, Me), 0.90 (s, 3H, Me). 13C NMR
(CDCl5) 0: 163.1, 156.8, 155.4, 150.2, 148.2, 134.4, 129.7, 125.0, 119.1,
118.1, 117.0, 110.2, 83.2, 64.6, 55.6, 50.5, 49.1, 48.0, 46.9, 43.0, 41.1,
38.6, 38.4, 37.9, 37.3, 34.9, 34.3, 30.0, 29.9, 29.8, 28.3, 27.3, 254,
23.9,19.4, 18.4, 16.9, 16.4, 16.3, 15.0. MS (MALDI-TOF), m/z: 637.42
[M+Na]*, 653.44 [M +K]*.

3-0-(3,4,5-Trimethoxybenzoyl)betulin 4b. White solid, yield 58%,
mp 125-126°C. IR (KBr, v/cm): 3545, 3071, 2943, 1713, 1458, 1227.
IH NMR (CDCly) 6: 7.31 (s, 2H, Hp,), 4.68-4.75 (m, 2H, H-3, H-29),
4.59 (s, 1H, H-29), 3.91 (s, 6H, 20Me), 3.90 (s, 3H, OMe), 3.81, 3.34
(2d, 2x1H, H-28, J 10.8 Hz), 2.34-2.45 (m, 1H, H-19), 1.69 (s, 3H, Me),
1.06 (s, 3H, Me), 1.04 (s, 3H, Me), 1.00 (s, 3H, Me), 0.98 (s, 3H, Me),
0.92 (s, 3H, Me), 0.90 (s, 3H, Me). 13C NMR (CDCl5) ¢: 166.7, 153.2,
150.3, 142.4, 125.7, 110.2, 107.0, 79.2, 63.8, 61.2, 56.5, 55.5, 50.6, 49.0,
48.0, 47.0, 43.0, 41.1, 39.1, 38.9, 37.9, 37.4, 35.0, 34.4, 30.4, 29.9, 28.2,
27.6, 274, 254, 21.0, 19.4, 185, 16.3, 15.6, 15.0. MS (MALDI-TOF),
m/z 659.20 [M +Na]*, 675.09 [M +K]*.
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