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Structural elucidation of compound 1-6

The ESI-MS of compound 1 recorded in negative-ion modes exhibited a deprotonated ion [M + Na]*
at m/z 449.6, indicating molecular formulas of CsHs0O. The "H-NMR spectrum (CDCls, 600 MHz)
exhibited seven signals as singlet to d 0.97 (3H, s, Me-23), 0.76 (3H, s, Me-24), 0.83 (3H, s, Me-25),
1.03 (3H, s, Me-26), 0.95 (3H, s, Me-27), 0.79 (3H, s, Me-28) and at lower fields other to 0 1.68 (3H, s,
Me-30) assignable to a methyl group on double bond; a multiplet at © 1.94 (2H, m, H-21); a double
doublet to 0 2.36 (1H, dd, ] = 12.9 and 6.0 Hz, H-19) to be assigned to a methynic proton; a double
doublet to 6 3.16 (1H, dd, /] = 11.2 and 4.8 Hz, H-3) assignable to a terminal proton of a secondary
alcohol, two doublets for proton to an exocyclic methylene to o 4.55 (2H, d, | = 2.0 Hz, H-29) and
4.67 (2H, d, ] = 2.0 Hz, H-29). 3C-NMR (CDCls, 150 MHz) showed 30 carbon signals; vinyl carbon
signal occurs at 109.3 ppm, the signal corresponding to methylene-methylidene at 150.9 ppm and
the carbon bound to the hydroxyl group appears at 79.0 ppm. Comparison of the 'H- and *C-NMR
spectroscopic data with the literature [1] established compound 1 as lupeol.

The mass spectrum suggested formula CsoHxO2 ([M + Nal*, m/z 465.6) of compound 2. Its 'H-NMR
spectrum (CDCls, 600 MHz) exhibited six signals as singlet to 6 1.02 (3H, s, Me-26), 0.75 (3H, s, Me-24),
0.82 (3H, s, Me-25), 0.96 (3H, s, Me-23), 0.97 (3H, s, Me-27), 1.68 (3H, s, Me-30); a multiplet at d 2.37
(2H, m, H-19); a double doublet to d 3.18 (1H, dd, | = 11.4 and 4.8 Hz, H-3) assignable to a terminal
proton of a secondary alcohol, two doublets for proton to an exocyclic methylene to 6 4.55 (2H, d,
J =2.0 Hz, H-29) and 4.67 (2H, d, | = 2.0 Hz, H-29). 30 carbon signals were observed in *C-NMR
(CDCls, 150 MHz) spectrum; there was vinyl carbon signal at 109.6 ppm, the signal corresponding
to methylene-methylidene at 150.4 ppm and the carbon bound to the hydroxyl group appears at
78.9 ppm. Comparison of the 'H- and *C-NMR spectroscopic data with the literature [1] established
compound 2 as betulin.

The ESI-MS spectrum suggested formula CsoH4Os (M + Nal*, m/z 477.3) of compound 3. Its
TH-NMR spectrum (CDCls, 400 MHz), exhibited seven signals as singlet to 1.17 (3H, s, H-23), 0.75
(3H, s, H-24), 1.15 (3H, s, H-25), 0.96 (3H, s, H-26), 1.19 (3H, s, H-27), 0.87 (3H, d, ] = 6.0 Hz, H-29),
0.82 (3H, d, ] = 6.0 Hz, H-30); two signals of olefinic proton at 6 5.62, 5.98 (H, dd, H-12, H-11); and a
carbinolic proton at o 3.41 (dd, H-3), referring to the axial and a orientation. The *C-NMR spectrum
showed the presence of 30 carbons comprising 7 methyls (5 15.8, 16.1, 17.8, 18.1, 19.1, 19.2, 28.3), 9
methylenes (0 19.2, 23.1, 25.8, 27.8, 30.9, 31.4, 31.9, 36.5, 38.1), 4 methines (560.4, 577.9, 5129.3, d 133.6),
and 8 quaternary carbons (0 38.5, 39.4, 40.2, 41.9, 42.1, 45.1, 89.3, 6 179.3). On the basis of the above
observations, the NMR spectral data of compound 3 were similar to those previously reported for
3-hydroxy-11-oleane-28,13-olide [2].

The mass spectrum suggested formula CsoHasOs ([M — H]-, m/z 455.3) of compound 4. The 'H-NMR
spectrum revealed the presence of 6 singlet methyls at 6 1.19 (3H, s, Me-23), 0.98 (3H, s, Me-24), 0.80
(3H, s, Me-25), 1.03 (3H, s, Me-26), 1.05 (3H, s, Me-27), and 1.77 (3H, s, Me-30); a pair of olefinic protons
at 0 4.91 and 0 4.74 (each one H, s), characteristic of an exocyclic methylene group; and a carbinolic
proton at d 3.40 (t, ] = 8.0 Hz, H-3), referring to the axial and «a orientation. Further, 5 3.53 (m, H-19),
0 2.58 (d, ] =12.0 Hz, H-16), 0 2.68 (m, H-13), and 0 2.21 (m, H-21) were characteristic of a lupine
triterpenoid [3]. The ®C-NMR spectrum showed the presence of 30 carbons comprising 6 methyls
(d 14.6, 16.0, 16.1, 19.1, 19.1, 28.3), 11 methylenes (d 18.4, 20.9, 25.8, 27.9, 29.9, 30.9, 32.5, 34.5, 37.2,
39.2, 109.6), 6 methines (0 38.3, 47.4, 49.4, 49.4, 55.6, 77.8), and 7 quaternary carbons (0 37.2, 39.2, 40.8,
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42.5, 56.3, 151.0, 178.5). On the basis of the above analyses, the NMR spectral data of compound 4
were similar to those previously reported for betulinic acid [3].

On the basis of positive ESI-MS of the molecular ion peak at m/z 479.40 ([M + Na]*), matched
with the number of carbons and hydrogens recorded by using NMR spectroscopy, we identified
Compound 5 with the molecular formula Cs0HasOs (calculated, 456.36). The '"H-NMR spectrum revealed
the presence of 7 singlet methyls at d 1.22 (3H, s, Me-23), 1.0 (3H, s, Me-24), 0.93 (3H, s, Me-25), 1.03
(BH, s, Me-26), 1.26 (3H, s, Me-27), 0.99 (3H, s, Me-29), and 1.03 (3H, s, Me-30); a signal of olefinic
proton at 0 5.47 (H, s, H-12); and a carbinolic proton at 6 3.42 (dd, ] = 5.6, 9.6 Hz, H-3), referring to
the characteristic axial and a orientation of oleanolic triterpenoid. The ¥*C-NMR spectra showed the
presence of 30 carbons comprising 7 methyls (0 15.6, 16.5, 17.5, 23.7, 26.1, 28.7, 33.2), 10 methylenes
(18.7,23.6,23.7, 28.0, 28.2, 33.2, 33.2, 34.2, 38.8, 46.4), 5 methines (d 41.9, 48.0, 55.7, 78.0, 122.4), and
8 quaternary carbons (0 30.9, 37.3, 39.3, 39.6, 42.1, 46.6, 144.8, 180.4). On the basis of the above
observations, the NMR spectral data of compound 5 were similar to those previously reported for
oleanolic acid [4].

The 'H- and *C-NMR data were consistent with those previously reported [4]. On the basis of
positive ESI-MS of the molecular ion peak at m/z 479.40 ([M + Na]*), matched with the number of
carbons and hydrogens recorded by using NMR spectroscopy, we obtained Compound 6 with the
molecular formula Cs0H4sOs (calculated, 456.3). On the basis of *C-NMR and DEPT, we determined
the presence of 5 rings, plus 1 acidic carbonyl group and 1 olefinic group, in the molecule. The 'TH-NMR
spectrum revealed the presence of 7 singlet methyls at ou 1.22 (3H, s, Me-23), 1.00 (3H, s, Me-24),
0.93 (3H, s, Me-25), 1.02 (3H, s, Me-26), 1.21 (3H, s, Me-27), 1.02 (3H, s, Me-29), and 0.97 (3H, s, Me-30);
a signal of olefinic proton at d 5.46 (H, s, H-12); and a carbinolic proton at 6 3.43 (dd, ] = 6.8, 8.8 Hz,
H-3), referring to the axial and a orientation. The ¥*C-NMR spectrum showed the presence of 30
carbons comprising 7 methyls (0 15.6, 16.5, 17.4, 17.4, 21.3, 23.8, 28.7), 9 methylenes (0 18.7, 23.5, 24.8,
28.0, 28.6, 31.0, 33.5, 37.2, 39.0), 7 methines (0 39.2, 39.3, 48.0, 53.5, 55.7, 78.0, 125.5), and 7 quaternary
carbons (0 37.4, 39.4, 39.9, 42.4, 48.0, 139.2, 179.9). On the basis of the above observations, the NMR
spectral data of compound 6 were similar to those previously reported for ursolic acid [4].

Lupeol (1): White crystal; ESI-MS m/z 449.6 [M + Na]* (Calcd for CsoHs0O: 426.3); 'H-NMR spectrum
(400 MHz, CDCls):  4.68 (1H, brs, H(3-29), 4.56 (1H, brs, Ha-29), 3.16 (1H, dd, = 11.2, 4.8 Hz, H-3),
2.36 (1H, dt, ] =12.9, 6.0 Hz, H-19), 1.68 (3H, s, Me-30), 1.03, 0.97, 0.95, 0.83, 0.79, 0.76 (Me-26, Me-23,
Me-27, Me-25, Me-28, Me-24), 0.67 (1H, d, ] = 9.2 Hz, H-5). 3C-NMR spectrum (100 MHz, CDCls): 6
C: 38.7 (C-1), 27.4 (C-2), 79.0 (C-3), 38.8 (C-4), 55.3 (C-5), 18.3 (C-6), 34.2 (C-7), 40.8 (C-8), 50.4 (C-9),
37.1 (C-10), 20.9 (C-11), 25.1 (C-12), 38.0 (C-13), 42.8 (C-14), 27.4 (C-15), 35.6 (C-16), 43.0 (C-17), 48.0
(C-18), 48.3 (C-19), 150.9 (C-20), 29.8 (C-21), 40.0 (C-22), 28.0 (C-23), 15.3 (C-24), 159 (C-25), 16.1
(C-26), 14.5 (C-27), 18.0 (C-28), 109.5 (C-29), 19.3 (C-30).

Betulin (2): white amorphous powder; ESI-MS m/z 465.6 [M + Na]* (Calcd for CaoHsOz2: 442.3);
H-NMR spectrum (600 MHz, CDCls):  4.68 (1H, brs, HB-29), 4.58 (1H, brs, Ha-29), 3.18 (1H, dd,
J =114, 4.8 Hz, H-3), 2.37 (1H, m, H-19), 1.68 (3H, s, Me-30), 1.02, 0.97, 0.96, 0.82, 0.76 (Me-26, Me-27,
Me-23, Me-25, Me-24), 0.67 (1H, d, ] = 9.0 Hz, H-5). ®*C-NMR spectrum (100 MHz, CDCls): 6 C: 38.6
(C-1), 27.3 (C-2), 78.9 (C-3), 38.8 (C-4), 55.2 (C-5), 18.2 (C-6), 34.1 (C-7), 40.8 (C-8), 50.3 (C-9), 37.1
(C-10), 20.7 (C-11), 25.1 (C-12), 37.2 (C-13), 42.6 (C-14), 26.9 (C-15), 29.1 (C-16), 47.7 (C-17), 48.7 (C-18),
47.6 (C-19), 150.4 (C-20), 29.6 (C-21), 34.1 (C-22), 27.9 (C-23), 15.3 (C-24), 16.0 (C-25), 15.9 (C-26), 14.7
(C-27), 60.5 (C-28), 109.6 (C-29), 19.0 (C-30).

3-Hydroxy-11-ursen-28,13-olide (3) white amorphous powder; ESI-MS m/z 477.3 [M + Na]* (Calcd for
C30H160s: 454.3); 'TH-NMR spectrum (400 MHz, pyridine-ds): 0 5.98 (1H, d, | = 9.6 Hz, H-11), 5.62 (1H,
d, ] =9.6 Hz, H-12), 3.41 (1H, dd, H-3), 1.19 (3H, s, Me-27), 1.17 (3H, s, Me-23), 1.15 (3H, s, Me-25),
0.96 (3H, s, Me-26), 0.87 (3H, s, Me-29), 0.82 (3H, s, Me-30), 0.75 (3H, s, Me-24). BC-NMR spectrum
(100 MHz, pyridine-ds): d C: 36.5 (C-1), 25.8 (C-2), 77.9 (C-3), 39.4 (C-4), 55.0 (C-5), 19.2 (C-6), 31.9 (C-7),
41.9 (C-8), 53.3 (C-9), 38.5 (C-10), 133.6 (C-11), 129.3 (C-12), 89.5 (C-13), 42.1 (C-14), 27.8 (C-15), 23.1
(C-16), 45.1 (C-17), 60.4 (C-18), 38.1 (C-19), 40.2 (C-20), 30.9 (C-21), 31.4 (C-22), 28.3 (C-23), 16.1 (C-24),
19.2 (C-25), 19.1 (C-26), 15.8 (C-27), 179.3 (C-28), 17.8 (C-29), 18.1 (C-30).
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Betulinic acid (4): white amorphous powder; ESI-MS m/z 455.3 [M — H]- (Calcd for CsoHs0Os: 456.3);
H-NMR spectrum (400 MHz, pyridine-ds): & 4.91 (1H, brs, HB-29), 4.74 (1H, brs, Ha-29), 3.53 (1H,
m, H-19), 3.40 (1H, t, ] = 8.0 Hz, H-3), 2.68 (1H, m, H-13), 2.58 (1H, d, | = 12.0, H-16), 2.21 (1H, m, H-21),
1.77 (3H, s, Me-30), 1.19, 1.05, 1.03, 0.98, 0.80 (Me-23, Me-27, Me-26, Me-24, Me-25). 3C-NMR (100 MHz,
pyridine-ds): & C: 39.2 (C-1); 27.9 (C-2); 77.8 (C-3); 39.2 (C-4); 55.6 (C-5); 18.4 (C-6); 34.5 (C-7); 40.8 (C-8);
49.4 (C-9); 37.2 (C-10); 20.9 (C-11); 25.8 (C-12); 38.3 (C-13); 42.5 (C-14); 29.9 (C-15); 32.5 (C-16); 56.3
(C-17); 47.4 (C-18); 49.4 (C-19); 151.0 (C-20); 30.9 (C-21); 37.2 (C-22); 28.3 (C-23); 16.1 (C-24); 16.0
(C-25); 19.1 (C-26); 14.6 (C-27); 178.5 (C-28); 109.6 (C-29); 19.1 (C-30).

Oleanolic acid (5): white amorphous powder; ESI-MS m/z 479.3 [M + Na]* (Calcd for CsoHusOs: 456.3);
TH-NMR spectrum (400 MHz, pyridine-ds): d 5.47 (1H, s, H-12), 3.42 (1H, dd, ] = 5.6, 9.6 Hz, H-3), 3.31
(1H, dd, | = 104, H-18), 1.26 (3H, s, Me-27), 1.22, 1.03, 1.03, 1.00, 0.99, 0.93 (Me-23, Me-26, Me-30,
Me-24, Me-29, Me-25). BC-NMR (100 MHz, pyridine-ds): o C: 38.8 (C-1); 28.0 (C-2); 78.0 (C-3); 39.3
(C-4); 55.7 (C-5); 18.7 (C-6); 33.2 (C-7); 39.6 (C-8); 48.0 (C-9); 37.3 (C-10); 23.6 (C-11); 122.4 (C-12);
144.8 (C-13); 42.1 (C-14); 28.2 (C-15); 23.7 (C-16); 46.6 (C-17); 41.9 (C-18); 46.4 (C-19); 30.9 (C-20); 34.2
(C-21); 33.2 (C-22); 28.7 (C-23); 16.5 (C-24); 15.6 (C-25); 17.5 (C-26); 26.1 (C-27); 180.4 (C-28); 33.2 (C-29);
23.7 (C-30).

Ursolic acid (6): white amorphous powder; ESI-MS m/z 479.3 [M + Na]* (Calcd for CsoH4sOs: 456.3);
'H-NMR spectrum (400 MHz, pyridine-ds): d 5.46 (1H, s, H-12), 3.43 (1H, dd, ] = 6.8, 8.8 Hz, H-3),
2.62 (1H, d, = 11.2, H-18), 1.22 (3H, s, Me-23), 1.21, 1.02, 1.02, 1.00, 0.97, 0.93 (Me-27, Me-26, Me-29,
Me-24, Me-30, Me-25). BC-NMR (100 MHz, pyridine-ds): o C: 39.0 (C-1); 28.0 (C-2); 78.0 (C-3); 39.4
(C-4); 55.7 (C-5); 18.7 (C-6); 33.5 (C-7); 39.9 (C-8); 48.0 (C-9); 37.4 (C-10); 23.5 (C-11); 125.5 (C-12);
139.2 (C-13); 42.4 (C-14); 28.6 (C-15); 24.8 (C-16); 48.0 (C-17); 53.5 (C-18); 39.3 (C-19); 39.2 (C-20); 31.0
(C-21); 37.2 (C-22); 28.7 (C-23); 16.5 (C-24); 15.6 (C-25); 17.4 (C-26); 23.8 (C-27); 179.9 (C-28); 17.4 (C-29);
21.3 (C-30).
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