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S1. The NMR data of compounds 229

Lup-20 (29)-en-3-on-28-oic acid (2, purity percentage is 98.3%): White powder;
'H NMR (CDCl;, 500 MHz) spectroscopic data: 6 0.92, 0.99, 0.99, 1.02, 1.07, 1.70
(3H each, all s, H3-26, 25, 27, 24, 23 and 29), 4.61, 4.75 (1H each, both br. s, H,-30);
3C NMR (CDCls, 125 MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS
m/z 453.33734 [M—H]" (calcd for C3y0H4705, 453.33632).

Betulinic acid (3, purity percentage is 99.5%): White powder; 'H NMR (CsD;sN,
600 MHz) spectroscopic data: ¢ 0.84, 1.02, 1.07, 1.08, 1.23, 1.80 (3H each, all s, Hs-
24, 25, 26, 27, 23 and 29), 3.46 (1H, t like, ca. J = 8 Hz, H-3), 4.78, 4.95 (1H each,
both br. s, H,-30); *C NMR (CsDsN, 150 MHz) spectroscopic data: see Tab. S1; ESI-
Q-Orbitrap MS m/z 455.35287 [M-H]~ (caled for C;yH470;, 455.35197); and
according to our identification, the chemical shift values of C-15 and C-21 in the
literature were exchanged.

2o-Hydroxybetulinic acid (4, purity percentage is 99.3%): White powder; 'H
NMR (CsDsN, 500 MHz) spectroscopic data: 6 0.91, 1.05, 1.05, 1.06, 1.25, 1.79 (3H
each, all s, H5-25, 24, 26, 27, 23 and 29), 3.38 (1H, d, /= 9.5 Hz, H-3), 4.08 (1H, dt, J
= 4.5, 9.5 Hz, H-2), 4.77, 4.93 (1H each, both br. s, H,-30); 3C NMR (CsDsN, 125
MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS m/z 471.34763 [M-H]~
(caled for C50H4704, 471.34689); and according to our identification, the chemical
shift values of C-23 and C-27, C-25 and C-26 in the literature were exchanged.

3B,30-Dihydroxylup-20(29)-en-28-oic acid (5, purity percentage is 93.0%):
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White powder; '"H NMR (DMSO-dg, 500 MHz) spectroscopic data: 60.65, 0.76, 0.87,
0.93, 1.24 (3H each, all s, H3-24, 25, 26, 27 and 23), 2.97 (1H, t like, ca. J = 8 Hz, H-
3), 3.89 (2H, s, H»-29), 4.77, 4.86 (1H each, both br. s, H,-30); *C NMR (DMSO-d,
125 MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS m/z 471.34747 [M—
H]™ (calcd for C59H4704, 471.34689).

2-O-trans-p-Coumaroylalphitolic acid (6, purity percentage is 97.9%): White
powder; '"H NMR (CsDsN, 500 MHz) spectroscopic data: 6 1.01, 1.04, 1.09, 1.11,
1.30, 1.88 (3H each, all s, H3-25, 26, 27, 24, 23 and 29), 3.66 (1H, d, J = 10.0 Hz, H-
3), 4.81, 4.96 (1H each, both br. s, H,-29), 5.65 (1H, dt, J = 4.5, 10.0 Hz, H-2), 6.63,
8.03 (1H each, both d, J = 16.5 Hz, H-8',7"), 7.17 (2H, d, J = 8.5 Hz, H-3',5"), 7.51
(2H, d, J = 8.5 Hz, H-2',6"); 1*C NMR (CsDsN, 125 MHz) spectroscopic data: see Tab.
S1; ESI-Q-Orbitrap MS m/z 617.38452 [M-H]~ (calcd for C39Hs304, 617.38367).

3-O-cis-p-Coumaroylalphitolic acid (7, purity percentage is 97.3%): White
powder; '"H NMR (CsDsN, 600 MHz) spectroscopic data: 6[1.32 (1H, t,J= 10.8 Hz),
2.37 (1H, dd, J=4.2, 10.8 Hz), H,-1], 4.26 (1H, dt, /= 4.2, 10.8 Hz, H-2), 5.20 (1H,
d, J = 10.8 Hz, H-3), 1.03 (IH, m, overlapped, H-5), [1.35, 1.45 (1H, both m,
overlapped), H,-6], [1.32 (1H, m), 1.35 (1H, m, overlapped), H,-7], 1.45 (1H, m,
overlapped, H-9), 1.21, 1.50 (1H each, both m, H,-11), 1.20, 1.92 (1H each, both m,
H,-12), 2.72 (1H, dt, J = 3.0, 11.4 Hz, H-13), 1.22, 1.85 (1H each, both m, H,-15),
[1.55 (1H, m), 2.63 (1H, dt, J= 3.0, 12.6 Hz), H,-16], 1.74 (1H, t like, ca. J = 11 Hz,
H-18), 3.53 (1H, dt, J = 4.2, 10.8 Hz, H-19), 1.53, 2.23 (2H, m, H,-21), 1.60, 2.25

(1H each, both m, H,-22), 1.03, 0.96, 0.89, 1.03, 1.04, 1.78 (3H each, all s, H3-23, 24,
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25, 26, 27 and 29), 4.71, 4.94 (1H each, both br. s, H,-30), 8.15 (2H, d, J = 8.5 Hz, H-
2'.6"), 7.14 (2H, d, J = 8.5 Hz, H-3,5"), 6.93, 6.09 (1H each, both d, J = 12.6 Hz, H-
7', 8"); 13C NMR (CsDsN, 150 MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap
MS m/z 617.38422 [M—H]" (calcd for C39Hs30¢, 617.38367).

(30,4p,50,80,96,100,130,14p,156)-13-Carboxy-4,9-dimethyl-15-(1-
methylethenyl)-3-(1-methylethyl)- 18-norandrostane-4-propanoic  acid (8, purity
percentage is 96.5%): White powder; 'H NMR (CsDsN, 600 MHz) spectroscopic data:
0 1.97 (2H, m, overlapped, H,-1), 2.51 (2H, t, J = 7.8 Hz, H,-2), 1.94 (1H, m, H-4),
1.18 (1H, m, overlapped, H-5), 1.33 (2H, m, H,-6), 1.36, 1.42 (1H each, both m, H,-
7), 1.72 (1H, br. d, ca. J = 12 Hz, H-9), 1.18, 1.54 (1H each, both m, overlapped, H,-
11), 1.24, 1.94 (1H each, both m, H,-13), 2.79 (1H, t like, ca. J = 11 Hz, H-14), 1.27,
1.84 (1H each, both m, H,-15), 1.55, 2.63 (1H each, both m, H,-16), 1.79 (1H, m,
overlapped, H-18), 3.55 (1H, t like, ca. J = 11 Hz, H-19), 1.53, 2.25 (2H, m, H,-21),
1.57, 2.28 (1H each, both m, H,-22), 0.94, 0.76, 0.79, 1.07, 1.12, 1.79 (3H each, all s,
Hs-23, 24, 25, 26, 27 and 29), 4.78, 4.96 (1H each, both s, H,-30); 3C NMR (CsDsN,
150 MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS m/z 471.34756 [M—
H]™ (calcd for C59H4704, 471.34689).

Ceanothic acid (9, purity percentage is 99.0%): White powder; 'H NMR (CsDsN,
500 MHz) spectroscopic data: 6 1.08, 1.16, 1.27, 1.40, 1.43, 1.67 (3H each, all s, Hs-
27,26,24,25,23 and 29), 4.67, 4.86 (1H each, both s, H,-30); 3C NMR (C;sDsN, 125
MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS m/z 485.32706 [M-H]~

(caled for C30Hy505, 485.32615). And according to our identification, the chemical



198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

shift values of C-4 and C-8 in the literature were exchanged.

Ceanothic acid 2-methyl ester (10, purity percentage is 98.2%): White powder;
'H NMR (CsDsN, 600 MHz) spectroscopic data: o 1.11, 1.14, 1.22, 1.31, 1.33, 1.78
(3H each, all s, H3-26, 27, 24, 25, 23 and 29), 3.01 (1H, br. s, H-1), 4.60 (1H, br. s, H-
3), 4.74, 4.95 (1H each, both s, H,-30); 13C NMR (CsDsN, 150 MHz) spectroscopic
data: see Tab. S1; ESI-Q-Orbitrap MS m/z 499.34256 [M—H]~ (calcd for C;;H4;0s,
499.3418).

3-Oxo-oleana-12-en-28-oic acid (11, purity percentage is 96.3%): White powder;
'H NMR (CsD;sN, 500 MHz) spectroscopic data: 6 0.90, 0.97, 1.01, 1.02, 1.02, 1.16,
1.26 (3H each, all s, H3-25, 29, 26, 24, 30, 23 and 27), 5.50 (1H, br. s, H-12); 13C
NMR (CsDsN, 125 MHz) spectroscopic data: see Tab. S1; ESI-Q-Orbitrap MS m/z
453.33710 [M-H]~ (caled for C;0H4s0;, 453.33632). And according to our
identification, the chemical shift values of C-9 and C-17 in the literature were
exchanged.

Oleanolic acid (12, purity percentage is 94.9%): White powder; 'H NMR
(CsDsN, 600 MHz) spectroscopic data: ¢ 0.91, 0.97, 1.03, 1.04, 1.04, 1.26, 1.30 (3H
each, all s, H3-25, 29, 30, 24, 26, 23 and 27), 3.46 (1H, dd, J = 4.8, 10.2 Hz, H-3),
5.52 (1H, t, J = 3.6 Hz, H-12); 13C NMR (CsDsN, 150 MHz) spectroscopic data: see
Tab. S2; ESI-Q-Orbitrap MS m/z 455.35303 [M-H]" (calcd for C30H4;703, 455.35197).

Maslinic acid (13, purity percentage is 97.3%): White powder; '"H NMR (CsDsN,
500 MHz) spectroscopic data: 60.95,0.99, 1.01, 1.01, 1.07, 1.27, 1.27 (3H each, all s,

H,-29, 25, 26, 30, 24, 23 and 27), 3.38 (1H, d, J= 9.5 Hz, H-3), 4.07 (1H, ddd, J = 4.5,
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10.0, 14.0 Hz, H-2), 5.46 (1H, t, J = 4.0 Hz, H-12); 3C NMR (CsDsN, 125 MHz)
spectroscopic data: see Tab. S2; ESI-Q-Orbitrap MS m/z 471.34799 [M—-H]~ (calcd
for C30H4704, 471.34689). And according to our identification, the chemical shift
values of C-1 and C-17 in the literature were exchanged.

11-Oxo-maslinic acid (20, 3B-dihydroxy-11-oxo-18f-olean-12-en-28-oic acid (14,
purity percentage is 98.0%). White powder; 'H NMR (CD;OD, 600 MHz)
spectroscopic data: 60.81, 0.94, 0.96, 0.98, 1.02, 1.17, 1.41 (3H each, all s, H;-24, 29,
30, 26, 23, 25 and 27), 2.92 (1H, d, J = 9.6 Hz, H-3), 3.67 (1H, ddd, /=4.2, 9.6, 14.4
Hz, H-2), 5.56 (1H, s, H-12); 3C NMR (CD;0OD, 150 MHz) spectroscopic data: see
Tab. S2; ESI-Q-Orbitrap MS m/z 485.32717 [M—H]" (calcd for C30H,505, 485.32615).
And according to our identification, the chemical shift values of C-7 and C-22 in the
literature were exchanged.

2a-trans-p-Coumaroyloxy-2a,3p,23a-trihydroxy-olean-12-en-28-oic  acid (15,
purity percentage is 91.5%): White powder; 'H NMR (DMSO-ds, 600 MHz)
spectroscopic data: 60.72, 0.77, 0.87, 0.87, 0.96, 0.99, 1.10 (3H each, all s, H3-26, 24,
29, 30, 23, 25 and 27), 3.13 (1H, d, J = 10.8 Hz, H-3), 4.90 (1H, dt, ca. J = 4.8, 10.8
Hz, H-2), 5.17 (1H, br. s, H-12), 6.32, 7.54 (1H each, both d, J = 15.6 Hz, H-8',7"),
6.80 (2H, d, J = 8.4 Hz, H-3',5"), 7.52 (2H, d, J = 8.4 Hz, H-2',6"); 3C NMR (DMSO-
ds, 150 MHz) spectroscopic data: see Tab. S2; ESI-Q-Orbitrap MS m/z 617.38428
[M-H] (caled for C59Hs306, 617.38367).

2a-cis-p-Coumaroyloxy-2a,3p,23a-trihydroxy-olean-12-en-28-oic ~ acid (16,
purity percentage is 98.0%): White powder; 'H NMR (DMSO-ds;, 600 MHz)

10
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spectroscopic data: 60.72, 0.77, 0.87, 0.87, 0.98, 0.99, 1.10 (3H each, all s, H3-26, 24,
29, 30, 23, 25 and 27), 3.13 (1H, d, J = 10.8 Hz, H-3), 4.90 (1H, dt, ca. J = 4.8, 10.8
Hz, H-2), 5.14 (1H, br. s, H-12), 5.75, 6.81 (1H each, both d, J = 13.2 Hz, H-8',7"),
6.75 (2H, d, J = 8.4 Hz, H-3',5"), 7.69 (2H, d, J = 8.4 Hz, H-2',6"); 3C NMR (DMSO-
ds, 150 MHz) spectroscopic data: see Tab. S2; ESI-Q-Orbitrap MS m/z 617.38440
[M-H] (caled for C39Hs306, 617.38367).

3-O-trans-p-Coumaroyl maslinic acid (17, purity percentage is 98.0%): White
powder; 'H NMR (CsDsN, 600 MHz) spectroscopic data: 6 0.97, 1.01, 1.01, 1.02,
1.04, 1.06, 1.28 (3H each, all s, H3-29, 25, 26, 30, 24, 23 and 27), 4.29 (1H, ddd, J =
4.8, 10.2, 10.8 Hz, H-2), 5.24 (1H, d, J = 10.2 Hz, H-3), 5.47 (1H, br. s, H-12), 6.68,
8.00 (1H each, both d, J = 15.6 Hz, H-8.,7"), 7.16 (2H, d, J = 8.4 Hz, H-3',5"), 7.56
(2H, d, J = 8.4 Hz, H-2',6"); 1*C NMR (CsDsN, 150 MHz) spectroscopic data: see Tab.
S2; ESI-Q-Orbitrap MS m/z 617.38403 [M—-H]~ (calcd for C39Hs304, 617.38367).

3,4-Seco-olean-12-ene-3,28-dioic acid (18, purity percentage is 98.3%): White
powder; 'H NMR (CsDsN, 600 MHz) spectroscopic data: 6 0.77, 0.85, 0.95, 0.99,
1.02, 1.03, 1.26 (3H each, all s, H3-24, 25, 23, 29, 30, 26 and 27), 5.49 (1H, br. s, H-
12); BC NMR (CsDsN, 150 MHz) spectroscopic data: see Tab. S2; ESI-Q-Orbitrap
MS m/z 471.34741 [M-H] (calcd for C30H4704, 471.34689).

3-Oxo-urs-12-en-28-oic acid (19, purity percentage is 96.5%): White powder;
'H NMR (CsDsN, 600 MHz) spectroscopic data: 6 0.89, 1.00, 1.02, 1.14, 1.20 (3H
each, all s, H3-25, 24, 26, 23 and 27), 0.97 (3H, d, J = 6.0 Hz, H3-30), 1.00 (1H, d, J =
6.0 Hz, H3-29), 5.47 (1H, br. s, H-12); 3C NMR (CsDsN, 150 MHz) spectroscopic

11
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data: see Tab. S2; ESI-Q-Orbitrap MS m/z 453.33716 [M—H]~ (calcd for C;yHy503,
453.33632).

Ursolic acid (20, purity percentage is 95.3%): White powder; 'H NMR (CsDsN,
600 MHz) spectroscopic data: 60.91, 1.04, 1.07, 1.24, 1.26 (3H each, all s, H3-25, 24,
26,27 and 23), 0.97 (3H, d, J = 6.6 Hz, H3-30), 1.02 (1H, d, J = 6.6 Hz, H5-29), 3.47
(1H, dd, J= 5.4, 10.2 Hz, H-3), 5.51 (1H, t, J= 3.0 Hz, H-12); 3C NMR (CsD;sN, 150
MHz) spectroscopic data: see Tab. S3; ESI-Q-Orbitrap MS m/z 455.35297 [M-H]~
(calcd for C3yH4703, 455.35197).

2o-Hydroxyursolic acid (21, purity percentage is 95.3%): White powder; 'H
NMR (CsDsN, 500 MHz) spectroscopic data: ¢0.97, 1.03, 1.06, 1.21, 1.26 (3H each,
all s, H3-25, 26, 24, 27 and 23), 0.96 (3H, d, J = 6.5 Hz, H;-30), 0.99 (1H, d, J = 6.5
Hz, H;-29), 3.38 (1H, d, J = 9.5 Hz, H-3), 4.07 (1H, ddd, J = 4.5, 9.5, 14.0 Hz, H-2),
5.47 (1H, t, J = 3.5 Hz, H-12); 13C NMR (CsDsN, 125 MHz) spectroscopic data: see
Tab. S3; ESI-Q-Orbitrap MS m/z 471.34784 [M—H]" (calcd for C3yH4704, 471.34689).

Jacoumaric acid (22, purity percentage is 93.0%): White powder; 'H NMR
(CsDsN, 500 MHz) spectroscopic data: 60.97 (3H, d, J= 6.0 Hz, H3-30), 1.00 (3H, d,
J=15.0 Hz, H;-29), 1.01, 1.05, 1.05, 1.09, 1.24 (3H each, all s, H3-25, 24, 26, 23 and
27),4.29 (1H, dt, J= 5.0, 9.5 Hz, H-2), 5.27 (1H, d, J = 9.5 Hz, H-3), 548 (1H, t, J =
4.0 Hz, H-12), 6.68, 8.00 (1H each, both d, /= 16.0 Hz, H-8',7"), 7.17 (2H, d, J = 8.5
Hz, H-3'5"), 7.51 (2H, d, J = 8.5 Hz, H-2',6'); 3C NMR (CsDsN, 125 MHz)
spectroscopic data: see Tab. S3; ESI-Q-Orbitrap MS m/z 617.38409 [M—H]~ (calcd
for C39Hs5304, 617.38367). And according to our identification, the chemical shift

12
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values of C-26 and C-29, C-3',5" and C-8' in the literature were exchanged.

(1S,2S,4aR,4bS,6aS,9R, 10S,10aS, 12aR)-6a-Carboxy-
1,2,3,4,4a,4b,5,6,6a,7,8,9,10,10a,12,12a-hexadecahydro-1,4a,4b,9, 1 0-pentamethyl-2-
(1-methylethyl)-1-chrysenepropanoic acid (23, purity percentage is 92.8%): White
powder; 'TH NMR (CsDsN, 600 MHz) spectroscopic data: 8 1.99 (2H, m, overlapped,
H,-1), 2.53 (2H, t, J = 7.2 Hz, H,-2), 1.92 (1H, m, H-4), 1.22 (1H, m, overlapped, H-
5), 1.35 (1H, m, H,-6), 1.38, 1.46 (1H each, both m, H,-7), 2.01 (1H, m, overlapped,
H-9), 1.95, 2.09 (1H each, both m, H,-11), 5.48 (1H, t like, ca. J =4 Hz, H-12), [1.23
(1H, m, overlapped), 2.31 (1H, br. t, ca. J= 11 Hz), H,-15], 2.07, 2.12 (1H each, both
m, H,-16), 2.64 (1H, d, J = 10.2 Hz, H-18), 1.45 (1H, m, H-19), 1.02 (1H, m, H-20),
2.00 (2H, m, overlapped, H,-21), 1.37, 1.47 (1H each, both m, H,-22), 0.93, 0.77,
0.85, 1.07, 1.24 (3H each, all s, H3-23, 24, 25, 26 and 27), 0.94, 0.95 (3H each, both d,
J = 6.0 Hz, H3-29 and 30); '3C NMR (CsDsN, 150 MHz) spectroscopic data:see Tab.
S3; ESI-Q-Orbitrap MS m/z 471.34763 [M—-H]~ (calcd for C50H4704, 471.34689).

Pomonic acid (24, purity percentage is 93.3%): White powder; "H NMR (CsDsN,
600 MHz) spectroscopic data: 60.93, 1.02, 1.10, 1.15, 1.71 (3H each, all s, H3-25, 24,
26, 23 and 27), 1.14 (3H, d, J = 6.6 Hz, H;3-30), 5.61 (1H, br. s, H-12); *C NMR
(CsDsN, 150 MHz) spectroscopic data: see Tab. S3; ESI-Q-Orbitrap MS m/z
469.33218 [M-H]~ (caled for C;0H4s0,4, 469.33124). And according to our
identification, the chemical shift values of C-23 and C-29 in the literature were
exchanged.

Pomolic acid (25, purity percentage is 93.7%): White powder; 'H NMR (CsD;sN,

13
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600 MHz) spectroscopic data: 60.94, 1.05, 1.13, 1.26, 1.75 (3H each, all s, H3-25, 24,
26, 23 and 27), 1.14 (3H, d, J = 6.0 Hz, H3-30), 3.46 (1H, br. d, ca. J =9 Hz, H-3),
5.63 (1H, br. s, H-12); 13C NMR (CsDsN, 150 MHz) spectroscopic data: see Tab. S3;
ESI-Q-Orbitrap MS m/z 471.34744 [M—H] (calcd for C39H4704, 471.34689).

2-Oxopomolic acid (26, purity percentage is 93.3%): White powder; 'H NMR
(CsDsN, 600 MHz) spectroscopic data: ¢ 0.88, 0.89, 1.06, 1.33, 1.76 (3H each, all s,
H;-24, 26, 25, 23 and 27), 1.14 (3H, d, J = 6.6 Hz, H5-30), 1.44 (3H, s, H3-29), 4.20
(1H, s, H-3), 5.58 (1H, t, J = 3.6 Hz, H-12); 3C NMR (CsDsN, 150 MHz)
spectroscopic data: see Tab. S3; ESI-Q-Orbitrap MS m/z 485.32736 [M—H]~ (calcd
for C30H4505, 485.32615). And the chemical shift value of C-11 in the literature was
revised here.

Euscaphic acid (27, purity percentage is 98.3%): White powder; 'H NMR
(CsDsN, 500 MHz) spectroscopic data: 6 0.92, 0.99, 1.12, 1.29, 1.66 (3H each, all s,
H;-24, 25, 26, 23 and 27), 1.13 (3H, d, J = 6.5 Hz, H3-30), 3.79 (1H, d, J = 2.5 Hz, H-
3),4.33 (1H, dt, J= 2.5, 11.0 Hz, H-2), 5.60 (1H, br. s, H-12); 13C NMR (CsD;sN, 125
MHz) spectroscopic data: see Tab. S3; ESI-Q-Orbitrap MS m/z 487.34286 [M-H]~
(calcd for C3y0H4705, 487.34180).

2B, 19a-Hydroxyursolic acid (28, purity percentage is 97.0%): White powder; 'H
NMR (CsDsN, 500 MHz) spectroscopic data: 6 1.15 (3H, d, J = 6.5 Hz, H5-30), 1.19,
1.29, 1.41, 1.56, 1.79 (3H each, all s, H3-26, 23, 24, 25 and 27), 1.49 (3H, s, H;-29),
3.45 (1H, d, J = 3.0 Hz, H-3), 4.44 (1H, q, J = 3.0 Hz, H-2), 5.63 (1H, br. d, ca. /=4
Hz, H-12); BC NMR (CsDsN, 125 MHz) spectroscopic data: see Tab. S3; ESI-Q-

14



330 Orbitrap MS m/z 487.34277 [M-H] (caled for C;yH47;0s, 487.34180). And the
331 chemical shift value of C-2 in the literature was revised here.

332 Cecropiacic acid (29, purity percentage is 99.0%): White powder; 'H NMR
333 (CsDsN, 600 MHz) spectroscopic data: ¢ 1.09 (3H, d, J = 6.6 Hz, H3-30), 1.19, 1.20,
334 1.36, 1.56, 1.59, 1.88 (3H each, all s, H3-26, 25, 29, 23, 24 and 27), 5.66 (1H, t like,
335 ca. J =4 Hz, H-12); 3C NMR (CsDsN, 150 MHz) spectroscopic data: see Tab. S3;
336 ESI-Q-Orbitrap MS m/z 517.31659 [M-H]  (caled for C;30Hs507, 517.31598).
337 According to our identification, the chemical shift values of H3-23 and Hs-24 in the

338 literature were exchanged.
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21



372

C><)
BCR%R

Current Data Parameters
NAME ZJES-6-

P2 - Acquisition Parameters
D: 20!

——— Ll — EXPNO
*’\\ﬁ PROCNO
0603
6.28
pect
2107910_0026_(
2330
65836
Pyx
s 16
s 0
SHE 12019.230 Hz
FIDRES 0.366798 Kz
AQ 2.7262976 sec
RG 3
oW 41.600 usec
oE 10.00 usec
TE 2850
DL 1.00000000 sec
00 1
sFo1 600.2037062 Mz
wme1
P1 9.23 usee
LWL 25.44799995 W
B2 - Processing parameters
s1 65536
sF 600.1995873 Mz
WOW =™
558 ]
e 0.30 Hz
=Y 0
] 1.00
|

373 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 ppm

374 Fig. S11. 'H NMR (600MHz, CsDsN) spectrum of compound 3
375

>
)

n o n
o ™ O HOANOWYWIONDNOATMNNODM OO0 DML
. . . AU DA NANNMOVUINOOENNWOWNANSS AR
@ — OV + + + s & & s ¢ 4 % 4+ 4 e w4 w w4 w & W W w W 4  Current Data Parameters
~ n O WVVUMONENHOAOWDD PN HOWO®WHOGWOWW B BIES-68
— ) — [l TR T IR Vo - L N e I o I o B T o B o N o B I o B o B o B B B B B PROCNG 1
S S D S S
%-;‘gi“—:a:;n&:;‘%;_‘ = F2 - Acquisition Parameters
Date 201906
Time 1310 0
INSTRI spect
PROBHD  2107910_0026 (
FULPROG 29pg30
65536
SOLVENT Pyr
ns 8096
Ds o
SHH 36231.863 Hz
FIDRES 1,105708 Hz
AQ 0.9043968 sec
RG .22
DW 13.800 usec
DE 18.00 usec
E 4
D1 2.00000000 sec
D11 0.03000000 sec
™0 1
sFo1 150.9355021 Mz
NUC1 13¢
P1 10.00 usec
BLHL 24.19400024 W
sFG2 600.2024008 Mz
NuC2 1H
CPDPRG 2 waltzl
ECFD2 .00 usec
PLW2 25.44799995 W
PLW12 0.33838001 W
PLW13 0.22231001 W
F2 - Processing parameters
s1 65536
SF 150.5203754 MHz
WDW M
ssB 0
LB 1.00 Hz
H GB )
BC 1.40
L L ] .| "
T T T T T T T T T T T
376 180 160 140 120 100 80 60 40 20 0 ppm

377 Fig. S12. 3C NMR (150MHz, CsD;sN) spectrum of compound 3
378

22



455.35287

Relative Abundance R
QHH?HH?\\H?\\H?HH%H\\?HH%‘\H\%HH%HH%

fo2}

4
134.89333
3
2 501.35846 911.71338
] 197.80701 934.69843
| | 225.92596 341.23291 ) ‘l616.19379 792.74103 M 1012.65582 1107.40369 1406.01855
T T T T T T T T T T T T T T T T T T T T T T T T T T T [T T T T [ T T T T T T T T T [T T T T [ T T T T T T T T I TTTT]
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
379 m/z
380 Fig. S13. The ESI-Q-Orbitrap MS spectrum of compound 3

23



o
0330.578 B

1 =
FIDRES 0.157632 Hz
A0 3.1719425 sec
6 3z
o 48,400 usec
DE 8.00 usec
= 3016 X
D1 1.00000000 sec
- = CHANNEL f1 = -
froey 1
Pl 12.28 usec
PLWL 15.19999981 W
sFoL 500.1330885 MHz
F2 - Processing parameters
s1 5536
s 500.1299949 Wiz
WD EM
ssB 0

| 1B 0.30 Bz
CB °
B 1.00

T T

9 0

N
-

382

383
384

ppm

B o o L)
o o A<M MO0 O0ONYVWOODOONDHSOAWHNN
= . rPovwoAAOHOENOVWROANNHOMHPOWHHDO
o — OV * + + + 4 + 4 e s+ w4 4 w4 4 % 44 4w & 4 4 4+ + @  Current Data Parameters
(33 [} CMBDYOYVWORAOENHNDO-FINAOAO NSO - THE ETEBCTA
— ~ HOVVONFFIFFIFOEOMOONMEOINANNNAA A A~ O EH 2
\ F2 - Acquisition Parameters
Date_ 2015010
me ;
INSTRUM spect
PROBHD 5 mm PABBO BB-
LBROG zapg30
D 65536
SOLVENT YT
NE 500
s o
s 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 203
D 16.800 usec
DE 8.00 usec
b 6K
1 2.00000000 sec
D11 0.03000000 sec
CHANNEL f1 -

13¢

13.00
94.00000000
125.7703637

1H
.00
15.20499992
0.35826001
0.22928999
500.1320005

SF 125.7577611
WDH EM
SSB )
L8 1.00
) ]
PC 1.20

| i

T
140

T
100 80 60 40 -20 ppm

Fig. S15. 3C NMR (125MHz, CsDsN) spectrum of compound 4

T T
180 160 120

385
386

387

24

F2 - Processing paramete:
sI

usec

MHz




1004
90
80
70
60
50

40

Relative Abundance

30

20

134.89325

o

471.34763

571.27264

n

943.70239

1454.00330

200

388
389
390

|| o i 257.81870 41329053 | 632.18860  g04.48901
R R R R RN R IR RN LN R R

i
AN RRRRRRERN R

400 600 800
m/z

. 1068.56750
R AN REAS
1000 1200

Fig. S16. The ESI-Q-Orbitrap MS spectrum of compound 4

25

1400



395

396
397
398

o VLHNNDODONNOATNDMNMNOOODOMUNOd OO NODOS N A N
n v DO~V NAETMAONNOATF OOV IMAOOUIMAINOM>ENOYOLOWO DY
@ r~ oo~ NNAd oo~ ~NOVOVOYONI MO MMANOGADONSOW
+ maNNN NN NN NN NN NN A A A A A A A A A A A A AAAAA AT OO OC OO OO gu: TD;E?F:EHM;E;:;O
\ f e ’! ;‘_'j_—;_ﬁ,#fé—.;—f)) ST B " ‘
{ *5\-1 — N
F2 - Acquisition Paramsters
Date_ 20200525
Time 15.31 h
INSTRUM spect
PROBHD  2107910_0036 (
PULPROG zg30
65536
SOLVENT MSO
us
DS
shu 12019.230
PIDRES 0366798
M 2.726297€ sec
2 1.0
oM 41.600 usec
BB 10.00 usec
TE 298.0 X
51 1.00000000 sec
00
sro1 600.2037062 Mtz
Nuc1 H
3 5.33 usec
PLW1 25.44799995 W
P2 - Processing paramsters
st [
SF €00.2000023 MHz
WOW £
ssB °
L8 .30 Bz
cB °
¥e 1.00
1
I
o
1 L |i |
L ot e A ‘ ‘
noy ] it LL |
[
T T T T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
i 1
Fig. S17. 'H NMR (500MHz, CsDsN) spectrum of compound 5
WO NNMNOOMUOVUHODFTVLOANMWNOENVOWVWOVWOOANANHNLOWAHOVLANMODWOUHOMWO-HO
CUNCEMC 00N OOMAAd NN OO FS A O0OFTNDOWYW AW AOCODDMODOFOWNNONDIOM
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Current Data Parameters
WANDMIONONAATOOCONRODOO-LVVYWNAHONDD®O>WVWOWOWMNMOM™LWYWLLWLILWH T
ChVNFFFFIFIFFONIEAOIOEOIEOMEOEAAINAAANNNNNNNNNAAAAAAAA FRoaD i
(I S R UMk S i NI R L 75_‘5\1\_\_\ 4
Date_ 20200525
Time 18.34 h
IN: spect
PROBHD 2107910_0026 |
PUI g3l
D 65536
SOLVENT DMSO
NS 3672
Ds
EWE 36231.883 Hz
FIDRES 1.108709 Hz
AQ 0.9043968 sec
RG 55.56
oW 13.800 usec
DE 18.00 usec
TE
D1 2.00000000 sec
11 0103000000 sec
TDO 1
SFO1 150.9355021 MHz
NUC1 13C
21 10.00 usec
LWL 24.19400024 W
SFO2 600.2024008 MHz
Nucz 1H
CEDPRG [2 waltzlé
scPD2 80.00 usec
PLW2 25.44799995 W
PLW12 0.33838001 W
PLW13 0.22231001 W
F2 - Processing parameters
SL
SF 150.9204965 MHz
WOW EM
SSB 0
8 1.00 Hz
GB o
BC 1.40
. o | L LI £ | l|.|LL|J s
I T | I I T T I T T
180 160 140 120 100 80 60 40 20 ppm

Fig. S18. 3C NMR (125MHz, CsDsN) spectrum of compound 5
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28



617.38452

Relative Abundance R
C’\H\?\H\?HH?HH?HH%HH?HH%‘HH%HH%HH%

D

4
3
2
10} 134.8933 565.37921 | 653.36090 927.08228 1236.77893
| L 197.80707  343.24841  487.34311 h | 780.22260 | 1105.73230 | 1272.75488
T T T T T T T T T T [ T T T T T T T T T T T T T [ T T T T [ T T T T [ T T T T [ T T T T [T T T 1 T T T T T 1T 7T71]
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
409 e
410 Fig. S22. The ESI-Q-Orbitrap MS spectrum of compound 6

29



EXPNO
PROCHO. 1

Acquisition P
201

™
SOLVENT

NE

DS [

B 12019.230 Hz
FIDRES 0,366798 Hz
A 2.7262976 sac
RG 8

oW 41.600 usee
DE 10.00

18 288.0 K
DL 1.00000000 sec
™0 1

sFO1 600.2037062 Miz
NUCL 1H

53 9.23 usec
LWL 25.44799995 W

F2 - Processing parameters
ST 65536

SF 600.1999816 Miz
WO D
ssB o

e 0.30 Hz
oe [

e 1.00

Lo

T T oo T T
412 90 85 80 75 70 €5 60 55 50 45 40 35 30 25 20 15 ppm

413 Fig. S23. 'H NMR (600MHz, CsDsN) spectrum of compound 7
414

Ln N ® o ©® ®O N oo LN
@ N ¥ N 1 -~ [~ OO AHNMNMONNODNMMEMOANLOMAN O D™
- Gl . . R @UNVWOVUENAVODHALNINAHNDO MO LWNMO
o o~ o A ™ ™m v ~no w « & s+ s+ & s+ 4 4 s & 4 s+ + 4 & s = 4 & = = s & o  Curzent Data Parameters
@ w Y N M o oA FTOWVWNOANRIENANDOHFAODN OO O Lt Ll
— 4 4 A4 A4 A A Ad4d VNI FFFONOMO MO NNNAATAA A A PROCHO H
I A e e N e
- Acquisition Parameters
| o Date_ 20191225
Time 0.44 h
INSTRUM spect
PROBHD 2107910_0026 {
PULPROG 2g9pg30
TD 65536
SOLVENT Pyr
NS 500
Ds 0
SWH 36231.883 Hz
FIDRES 1.105709 Hz
AQ 0.9043968 sec
RG 188.54
DW 13.800 usec
DE 18.00 usec
TE 298.0 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
SFOL 150.9355021 MHz
NuC1 13
Pl 10.00 usec
PLHL 24.19400024 W
sF02 500.2024008 Mz
Nuc2 1H
CPDPRG (2 waltzl6
£80.00 usec
PLW2 25.44799995 W
PLW12 0.33838001 W
PLW13 0.22231001 W
F2 - Processing parameters
81 36
SF 150.9203710 MHz
WDW EM
$5B 0
LB 1.00 Hz
GE o
BPC 1.40
L] I N
—
T T T T T T I T I T T
415 180 160 140 120 100 80 60 40 20 0 ppm

416 Fig. S24. 3C NMR (150MHz, CsD;N) spectrum of compound 7
417

30



418
419

Relative Abundance

-
o

©

focd

~

D

o

IS

w

N

617.38416

1500

05

o

-

o

(Ff 1235.77612

(é 927.08234

(% 680.37958

0

0

é 134.89331 539.37036 71730008

LTI e ey | |[|T0 [0t ooy |repersrs

100 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
miz

Fig. S25. The ESI-Q-Orbitrap MS spectrum of compound 7

31



421

BRU R
@ O @ ANMmMMcnOoOMANddAYN 0O MM NONOLNEMNMENNM
n o~ ¥ HOAFSNOLNUMOM AL SN MASINMAON D H MO0
o~ N VOO NMNOANNNNAA A OO0 &~
+ m NN AAAA A AAAAAAAAAAAAAAAOO0 00O A e
i Txpio 1
| | TESSSISssaeaaWesessmsmss— = ;
n P2 - Acquisition Parameters
D 20190924
spact
PROBRD  2107910_0036. {
PULPR zg30
™ €5536
SOLVENT Pyr
§s %
DS 0
s 12015.230 e
#IoRES 0,365798 He
Q 2.7262976 sec
e 167
o0 41.500 usec
D2 16,00 usee
TE 298.0 K
o1 1.00000000 sec
TDO
sro1 600.2037062 Miz
NUC1 H
5 9.23 usee
PLML 25.44799995 W
22 - Processing paramscers
& e
SF £00.1999847 MHz
o =
ss8 o
ts 0.30 Hz
& 0
ve 1.00
|
) |
T T T T T T T T T T T
422 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
i 1
423 Fig. S26. 'H NMR (600MHz, Cs;DsN) spectrum of compound 8
© o =)
™M M wn o NFOUMUOANFFMOVOFATDFEMOIMUOLOUUONAODDNNO
i v + CEEFNNONOOANDONNE A OOARNOOMD
o~ — o o e b i thy g gt o S R R LT TN A e w Ta & Gal ‘CopventiData’PArdesters
oo [} — WO MAOCO0OODNTMANHONWVW H OO ©W e BReETE
o = — MPFPFTFIFILTIOOE@AOEOEOMOANNE N A A A A A ey :
[ S S S SR
““’iﬁa‘b-—-__m F2 - Acquisition Parameters
Date 20290
Time™ 10.33 h
INSTRUM spect
PROBHD Z107910_0026
PULPROG 2
™ 65536
SOLVENT yr
ns 1923
Dg o
SWH 36231.883 Hz
FIDRES 1.105709 Hz
AQ 0.9043968 sec
RS 18.22
oW 13.800 usec
DE 18.00 usec
TE 8.
D1 2.00000000 sec
D11 0.03000000 sec
00 1
sFo1 150.9355021 MHz
e 130
P 10.00 usec
PLW1 24.19400024 W
SFO2 600.2024008 MHz
NUe2 1M
CPDPRG [2 waltzlé
PCPD2 .00 usec
PLW2 5.44799985 W
PLW12 0.33838001 W
PLW13 0.22231001 W
F2 - Processing parameters
£1 6
SF 150.9203721 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
‘ PC 1.40
A A | Ju L L l \ I a b
T T ! T T T ’ T ’ T ! I ’ T T T T I T I !
180 160 140 120 100 80 60 40 20 0 -20 ppm

425

426 Fig. S27. 3C NMR (150MHz, CsDsN) spectrum of compound 8

32



428
429

Relative Abundance
N w B ()] (2] ~ o] © 8

471.34756

0

0

0|

04

0

g 943.70288

0]

04

3 965.68427

0

o 517.35291

o 44133588

GE 134.89326 339.19931 571.27258 764.86499 1197.25977 1305.36377 1439.02930
L s e e e e e s B e B B B |

100 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z
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Fig. S97. The ESI-Q-Orbitrap MS spectrum of compound 29
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659 Fig. S98. The MTT assay compounds 1-29 at 1, 5, 10, 25 and 50 uM

660 N: normal group without tested samples. Values represent the mean = SD of six determinations.
661 **P<(0.01, ***P <0.001 (Differences between compound-treated group and normal group). n = 6.
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Fig. S99. The raw data of Fig. 3
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666

667

Tab. S1. 3C-NMR data for 2—-11

No. 22 3b 4b 5¢ 6P 70 8> 9b 10° 11°
1 39.6 395 482 382 450 489 342 67.0 663 39.1
2 342 283 688 27.1 738 665 298 178.1 1759 344
3 218.1 781 83.7 7677 799 849 1773 847 846 216.0
4 474 394 399 384 405 397 257 435 434 474
5 55.0 559 560 548 558 556 474 57.0 572 554
6 197 188 188 179 188 186 186 191 190 19.8
7 33.7 348 348 339 329 346 334 347 345 326
8 40.7 41.1 412 422 41.1 411 408 439 438 39.6
9 499 510 51.0 499 509 50.8 412 451 450 472
10 371 375 387 384 388 38.6 402 49.7 497 369
11 214 212 213 205 213 213 220 242 240 238
12 256 261 260 261 261 260 261 263 261 1223
13 385 386 38.6 374 386 385 387 391 390 1449
14 425 428 429 402 429 429 433 4211 421 422
15 298 303 302 292 302 302 303 305 305 283
16 323 329 329 317 329 328 329 330 329 237
17 564 566 56.6 554 566 566 568 56.6 567 46.7
18 493 498 498 488 498 49.7 497 497 497 421
19 469 478 478 419 478 478 478 47.6 477 464
20 150.6 151.3 1513 1555 1514 1513 1515 1512 1512 31.0
21 307 312 312 28,6 312 312 313 313 313 342
22 370 376 376 362 377 376 376 376 376 332
23 267 287 292 280 291 289 249 315 315 266
24 21.0 164 174 157 163 180 191 204 202 21.6
25 159 164 177 159 174 176 200 188 186 149
26 16.0 164 165 159 174 164 164 170 170 172
27 146 149 149 143 149 149 148 151 150 26.0
28 1803 179.0 179.1 1772 179.0 179.0 1794 1789 179.0 180.2
29 194 195 195 628 194 194 195 196 195 333
30 109.6 110.0 1099 1053 110.0 110.0 110.0 109.8 109.9 23.7

2-OCH; 51.1
I' 126.2 126.7
2' 130.6 133.8
3 1169 1159
4 161.4 160.5
5! 1169 1159
6' 130.6 133.8
7 144.7 143.6
g 116.0 117.1
9 167.5 167.2

2 CDCls; b CsDsN; ¢ DMSO-d; 4 CD;0D
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671

Tab. S2. 3C-NMR data for 12-20

No. 12b 13b 144 15¢ 16¢ 17° 18P 19b 20b
1 39.0 477 485 434 434 483 341 393 391
2 281 686 692 718 718 664 298 343 281
3 78.1 838 842 782 782 85.0 1773 216.1 78.1
4 394 398 40.6 407 409 398 253 471 394
5 558 559 562 542 542 555 479 553 558
6 188 188 187 18.0 18.0 187 185 19.8 1838
7 332 332 340 321 321 33.0 322 329 336
8 398 398 451 392 388 398 396 398 400
9 482 481 63.0 467 467 480 384 473 48.1
10 374 385 394 377 377 384 402 36.8 375
11 239 239 2027 232 232 239 241 237 237
12 122.6 1224 1283 121.2 1212 1223 1227 1254 125.7
13 1449 1448 173.1 1439 1439 145.0 144.8 1393 140.1
14 422 422 465 413 413 422 427 425 425
15 284 283 2809 271 271 283 284 286 287
16 237 237 240 228 228 237 238 249 249
17 4677 466 473 456 456 467 468 48.1 481
18 421 42.0 435 413 409 420 42,1 536 536
19 465 465 457 453 453 465 465 395 395
20 31.0 309 31.7 303 300 31.0 310 394 394
21 343 342 348 332 332 343 343 311 31.1
22 332 332 330 320 321 332 332 374 373
23 288 293 293 285 284 290 249 267 288
24 166 176 175 169 167 183 19.1 21.6 16.6
25 156 168 18.0 160 16.0 168 195 151 157
26 175 175 199 167 169 174 176 173 175
27 262 262 240 255 255 262 260 237 239
28 180.3 180.2 1814 178.7 179.7 180.5 180.5 179.8 180.0
29 333 333 333 327 327 333 333 175 17.6
30 238 238 238 233 233 238 238 214 214
I' 125.1 125.8 126.2
2 130.0 132.5 130.6
3 1157 114.7 116.8
4 159.6 1592 1614
5' 1157 1147 116.8
6' 130.0 132.5 130.6
7 144.0 1423 1448
8 1149 1162 116.0
9 166.3 1663 1679

2 CDCl;; ® CsDsN; ¢ DMSO-dg; ¢ CD;0D
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673
674 Tab. S3. 3C-NMR data for 21-29

No. 21b 22b 23b 24b 25b 26° 27b 28b 290
1 479 48,6 343 392 390 537 429 450 424
2 686 664 299 344 282 2112 661 715 1745
3 83.8 851 1773 2165 782 835 794 785 1824
4 39.8 39.8 254 475 394 458 388 38.8 469
5 559 556 479 555 559 549 488 56.1 489
6 188 187 186 199 190 192 186 188 22.1
7 335 334 312 330 337 332 335 337 330
8 40.0 40.0 39.8 402 404 423 406 405 405
9 48.1 48.0 382 469 478 474 476 482 395
10 384 383 40.1 369 374 407 387 373 484
11 239 237 241 240 241 239 241 242 245
12 1255 1254 1258 127.8 128.0 1274 1279 1282 128.5
13 1393 139.6 1393 140.0 140.1 140.2 140.0 140.0 139.7
14 425 42,6 43.1 422 422 437 422 423 427
15 28,6 287 287 293 294 295 293 293 294
16 249 249 250 264 265 264 264 264 266
17 48.0 48.1 481 483 484 483 483 483 484
18 535 53.6 537 547 547 546 54.6 547 54.7
19 395 395 396 727 7277 720 7277 7270 727
20 394 394 394 424 424 424 424 424 423
21 311 311 325 269 270 270 27.0 27.0 269
22 374 375 375 385 386 385 386 38.6 385
23 294 290 249 266 288 293 295 303 27.6
24 1777 183 19.7 216 166 16.8 223 182 250
25 170 168 197 150 156 164 167 167 19.6
26 175 174 177 170 173 173 173 173 173
27 237 240 238 245 247 246 246 248 243
28 1799 1803 180.2 180.8 180.9 180.7 181.1 180.8 180.9
29 175 175 177 271 272 271 271 271 272
30 214 214 214 168 168 168 168 168 16.7
I' 126.3
2 130.6
3 116.8
4 161.4
5' 116.8
6' 130.6
7 144.8
8 116.1
9 167.9

675 2 CDCl3; ® CsDsN; ¢ DMSO-dg; ¢ CD;0D
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677

678 Tab. S4. Comparison 'H and 13C NMR chemical shifts of maslinic acid, augustic acid,

679

bredemolic acid and 3-epi-maslinic acid

Maslinic acid 3-e¢pi-Maslinic acid Bredemolic acid  Augustic acid

(2a3p) (2030) (2p3a) (2p3p)
Sita 4.11 421 436 441
O3 3.41 3.77 4.00 3.44
Adipars 0.7 0.56 0.36 0.97
Jis 9.4 2.6 7.5 4.0
Sz 69.0 66.5 71.1 71.8
dcs 84.3 79.7 78.7 78.7
Adcs.ca 15.3 13.2 7.6 6.9

680
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