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Synthesis of oleanolic acid and ursolic acid C; and C,g derivatives

SUN Zhong-hao, WU Hai-bo, WANG Dan, TIAN Yu, XU Xu-dong
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China

Abstract: Objective To design and synthesize the derivatives of oleanolic acid and ursolic acids C;and Cp. Methods First, glucose and
galactose trichloroacetimidates donors were prepared with glucose and galactose by Schmidit method. Then oleanolic acid and ursolic acid
were used as starting material to synthesize 10 target compounds F; — Fjy by the benzyl protection, glycosylation, benzyl deprotection,
amidation, and benzoyl deprotection. Iduronate compounds Fy; and Fj, were obtained from compounds F; and F3 correspondingly via the
TEMPO and NaClO/NaClO, oxidation system. Results Five 3-glucoside-28-amid triterpenoid saponins derivatives, five 3-galactoside-
28-amid triterpenoid saponins derivatives, and two 28-amid-3-O-glucuronic acid ursolic derivatives were obtained. All compounds
were confirmed by the application of 'H-NMR, *C-NMR, and MS. Conclusion Twelve compounds are synthesized for the first time,
which lays the foundation for the structure-function relationship and bioactivity studies of triterpenoid saponins.
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Fig. 1 Chemical structure of 3-O-B-D-glucuronopyranosyl

oleanolic acid
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WEY Fi: BORAR, BIER 52.7%. 51
A C39HesNO;Na. ESI-MS m/z: 682.56 [M+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.85 (3H, t, J=
0.88 (3H, s, CH3) 0.96~0.99 (9H, m, CH3;X3),
1.04 (3H, s, CH3), 1.21 (3H, s, CH3), 1.35 (3H,
s, CH3), 4.90 (1H, d, J=7.2Hz), 5.42 (1H, m).
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Fig.2 Synthetic routes of target compounds

BC-NMR (150 MHz, CsDsN) d: 38.8 (C-1), 24.8
(C-2), 88.9 (C-3), 39.4 (C-4), 55.7 (C-5), 18.4
(C-6), 333 (C-7), 39.9 (C-8), 47.8 (C-9), 36.8
(C-10), 23.6 (C-11), 125.6 (C-12), 139.7 (C-13),
42.5(C-14), 28.2(C-15), 26.5(C-16), 47.7(C-17),
53.4(C-18), 39.8 (C-19), 39.2(C-20), 31.1 (C-21),
38.1(C-22), 28.2(C-23), 17.0(C-24), 15.6 (C-25),
17.4(C-26),23.7(C-27), 177.3(C-28), 17.5(C-29),
21.3(C-30), 106.9 (C-1"), 78.2 (C-2"), 78.7 (C-3"),
71.8 (C-4"), 75.7 (C-5"), 63.0 (C-6"), 41.6 (C-1"),
23.1 (C-2"), 11.7 (C-3").

WE F: HERR, SN 48.7%. 70+

.k C3HesNO,Nao. ESI-MS m/z: 730.12 [M+Na] .
'H-NMR (600 MHz, CsDsN) &: 0.93~1.01 (9H,
m, CH;X3), 1.05 (3H, d, J=6.6 Hz, CH;), 1.12
(3H, s, CH3), 1.32 (3H, s, CH3), 1.43 (3H, s,
CH3), 5.05 (1H, d, J=7.8Hz), 547 (s, 1H),
7.36 (1H, t, J=7.2 Hz), 7.45 (2H, t, J=7.8 Hz),
7.56 (2H, d, J=7.2 Hz). “C-NMR (150 MHz,
CsDsN) 6: 38.8 (C-1), 24.8 (C-2), 88.8 (C-3),
39.5 (C-4), 55.8 (C-5), 18.4 (C-6), 33.3 (C-7),
39.9 (C-8), 47.8 (C-9), 36.8 (C-10), 23.5 (C-11),
125.8 (C-12), 140.5 (C-13), 43.5 (C-14), 28.3
(C-15), 26.6 (C-16), 47.8 (C-17), 53.5 (C-18),
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39.8(C-19), 39.2(C-20), 31.1 (C-21), 38.1 (C-22),
28.2(C-23), 17.1(C-24), 15.6 (C-25), 17.4(C-26),
23.8(C-27), 177.3(C-28), 17.4(C-29), 21.3(C-30),
106.9 (C-1"), 78.3 (C-2"), 78.7 (C-3"), 71.8 (C-4"),
75.8 (C-5"), 63.0 (C-6"), 42.5(C-1"), 139.5(C-2"),
128.7 (C-3", C-7"), 128.1 (C-4", C-6"), 127.1
(C-5"),

WEY Fs: AEMAK, BBCEEN 31.5%. 7T
A CpHeNOsNa. ESI-MS m/z: 722.53 [M+Na] ',
'H-NMR (600 MHz, CsDsN) §: 0.93~0.99 (6H,
m, CH;X2), 1.03 (3H, s, CHy), 1.04 (3H, d,
J=6.6Hz, CH;), 1.11 (3H, s, CH;), 1.28 (3H,
s, CH;), 145 (3H, s, CHy), 494 (I1H, d, J=
7.8Hz), 5.5 (s, 1H). C-NMR (150 MHz, CsDsN)
5: 38.9 (C-1), 24.7 (C-2), 88.9 (C-3), 39.5 (C-4),
55.3 (C-5), 18.4 (C-6), 33.3 (C-7), 40.0 (C-8),
47.8(C-9), 37.0(C-10), 23.7(C-11), 125.6 (C-12),
138.7(C-13),42.2(C-14), 28.3(C-15), 26.4(C-16),
48.3(C-17), 51.4(C-18), 39.8 (C-19), 39.2 (C-20),
31.2(C-21), 38.2(C-22), 28.3(C-23), 17.0(C-24),
15.6(C-25),17.1(C-26), 23.8(C-27), 176.2(C-28),
17.5(C-29), 21.4(C-30), 106.9 (C-1"), 78.3 (C-2"),
78.8 (C-3"), 71.9 (C-4"), 75.8 (C-5"), 63.1 (C-6),
47.7 (C-1"), 254 (C-2", C-6"), 33.5, 33.4 (C-3",
C-5"), 25.9 (C-4").,

WED Fe: BERR, SFEN 374%. 57+
K Cy4HeyNO-Na. ESI-MS m/z: 744.60 [M~+Na]' .
'H-NMR (600 MHz, CsDsN) 6: 0.93 (3H, s, CH3),
0.95 (3H, s, CH;), 1.01 (3H, s, CH3), 1.03 (3H,
d, J=6.6 Hz, CH3), 1.10 (3H, s, CH3), 1.28 (3H,
s, CHy), 143 (3H, s, CHy), 5.05 (1H, d, J=
7.8 Hz), 546 (1H, s), 7.19 (2H, m), 7.24 (2H,
d, J=7.8Hz), 7.33 (1H, t, J=7.8 Hz). "C-NMR
(150 MHz, CsDsN) d: 39.1 (C-1), 24.5 (C-2),
88.7 (C-3), 39.4 (C-4), 55.8 (C-5), 18.4 (C-6),
33.3 (C-7), 39.8 (C-8), 47.8 (C-9), 36.8 (C-10),
23.5 (C-11), 123.1 (C-12), 1402 (C-13), 42.4
(C-14), 28.3 (C-15), 26.7 (C-16), 48.2 (C-17),
53.4(C-18), 39.5(C-19), 39.2(C-20), 30.8 (C-21),
38.1(C-22), 28.2(C-23), 17.0(C-24), 15.6 (C-25),
17.1(C-26),23.8(C-27), 177.5(C-28), 17.4(C-29),
21.2(C-30), 107.6 (C-1"), 75.5 (C-2"), 76.8 (C-3"),
70.3 (C-4"), 73.1 (C-5"), 62.5 (C-6"), 42.5 (C-1"),

36.2 (C-2'), 139.4 (C-3"), 129.2 (C-4", C-8"),
128.8 (C-5", C-7"), 126.6 (C-6").

WEY Fs: KR, BIEN 474%. 75+
A C3oHgNO;Na. ESI-MS m/z: 707.42 [M+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.91 (3H, s, CH3),
1.2~1.1 (12H, m, CH3X4), 131 (3H, s, CH3),
1.42 (3H, s, CHy), 3.3 (1H, s), 43 (2H, m),
5.02 (1H, d, J=7.8Hz), 5.53 (1H, s). “C-NMR
(150 MHz, CsDsN) 6: 38.8 (C-1), 24.7 (C-2),
88.8 (C-3), 39.4 (C-4), 55.7 (C-5), 18.3 (C-6),
33.2 (C-7), 39.9 (C-8), 47.7 (C-9), 36.7 (C-10),
23.5 (C-11), 125.9 (C-12), 139.2 (C-13), 42.4
(C-14), 28.3 (C-15), 282 (C-16), 47.8 (C-17),
53.2(C-18), 39.7(C-19), 39.1 (C-20), 31.0(C-21),
37.7(C-22),26.5(C-23), 17.1(C-24), 15.5(C-25),
17.4(C-26),23.7(C-27), 177.1(C-28), 17.3(C-29),
21.3(C-30), 106.8 (C-1"), 78.2 (C-2"), 78.6 (C-3"),
71.7 (C-4"), 75.7 (C-5"), 63.0 (C-6"), 29.1 (C-1"),
81.9 (C-2"), 71.9 (C-3"),

WEY) Fe: BOKAR, BUWEN 46.6%. 771
1k C30HesNO-Na. ESI-MS m/z: 682.66 [M~+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.81 (3H, s, CH3),
0.88 (3H, s, CH3), 0.92~0.94 (6H, m, CH;X2),
0.97 (3H, s, CH3), 0.98 (3H, s, CH;), 1.08 (3H,
s, CHy), 1.20 (3H, s, CH;y), 4.36 (1H, d, J=
6.6 Hz), 5.38 (1H, m). *C-NMR (150 MHz, CsDsN)
5: 38.8 (C-1), 26.7 (C-2), 88.7 (C-3), 39.8 (C-4),
55.8 (C-5), 18.5 (C-6), 33.9 (C-7), 39.6 (C-8),
48.0(C-9), 37.0(C-10), 23.9(C-11), 122.8 (C-12),
145.1(C-13),42.0(C-14), 27.9(C-15), 23.8(C-16),
46.9(C-17), 41.7(C-18), 46.5(C-19), 31.0 (C-20),
34.5(C-21), 33.3(C-22), 28.3(C-23), 15.6 (C-24),
17.0(C-25),17.6(C-26),26.2(C-27), 177.4(C-28),
33.1(C-29), 23.8(C-30), 107.6 (C-1"), 73.2(C-2"),
75.5 (C-3"), 70.3 (C-4"), 76.9 (C-5"), 62.5 (C-6"),
422 (C-1"), 23.4 (C-2"), 11.8 (C-3"),

WEY Fre KK, BWEN 43.6%. 70+
3 h C43HesNO-Nao ESI-MS m/z: 730.12 [M~+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.84 (3H, s, CH3),
0.93~0.98 (6H, m, CH;X2), 1.03~1.08 (6H,
m, CH;X2), 1.19 (3H, s, CH;), 1.49 (3H, s,
CH3), 4.56 (1H, d, J=6.6 Hz), 5.4 (1H, s),
724 (1H, t, J=72 Hz), 7.29~7.34 (4H, m).
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BC-NMR (150 MHz, CsDsN) §: 38.7 (C-1), 26.6
(C-2), 88.6 (C-3), 39.7 (C-4), 55.7 (C-5), 18.4
(C-6), 33.8 (C-7), 39.5 (C-8), 47.9 (C-9), 36.9
(C-10), 23.8 (C-11), 122.8 (C-12), 144.8 (C-13),
42.1(C-14), 27.9(C-15), 23.7(C-16), 46.9 (C-17),
41.9(C-18), 46.4(C-19), 30.8 (C-20), 34.3(C-21),
33.0(C-22), 28.2(C-23), 15.5(C-24), 17.0(C-25),
17.4(C-26),26.1(C-27),177.5(C-28), 33.2(C-29),
23.7(C-30), 107.5(C-11, 73.2(C-2"), 75.4 (C-3"),
70.2 (C-4"), 76.8 (C-5"), 62.4 (C-6"), 43.5 (C-1"),
140.7 (C-2"), 128.7 (C-3", C-7"), 128.0 (C-4",
C-6"), 127.1 (C-5"),

WA Fe: ATRAR, BIBCERA 27.5%. 7T
3 h CHeNOsNa. ESI-MS m/z: 722.66 [M+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.82 (3H, s, CH3),
0.88 (3H, s, CH;), 0.93 (3H, s, CH3), 0.96 (3H,
s, CHy), 0.98 (3H, s, CH3), 1.07 (3H, s, CH3),
1.20 (3H, s, CHy), 4.36 (1H, d, J=7.2Hz), 5.4
(1H, 8). "C-NMR (150 MHz, CsDsN)§: 38.7(C-1),
26.6 (C-2), 88.7 (C-3), 39.8 (C-4), 55.8 (C-5),
18.4 (C-6), 33.8 (C-7), 39.5 (C-8), 47.9 (C-9),
36.9 (C-10), 23.8 (C-11), 122.6 (C-12), 144.9
(C-13), 422 (C-14), 27.8 (C-15), 23.7 (C-16),
46.8(C-17), 41.9(C-18), 46.2(C-19), 30.8 (C-20),
34.3(C-21), 32.9(C-22), 28.2(C-23), 15.6 (C-24),
17.0(C-25), 17.8(C-26), 26.0(C-27), 176.3(C-28),
33.2(C-29), 23.7(C-30), 107.5(C-1"), 73.1(C-2"),
75.4 (C-3"), 70.2 (C-4"), 76.8 (C-5"), 62.4 (C-6"),
48.5 (C-1"), 25.5, 25.4 (C-2", C-6"), 33.5 (C-3",
C-5"), 25.9 (C-4").,

WG Fo: KR, SN 28.0%. 77+
. H CyHg7NO;Na. ESI-MS m/z: 722.66 [M+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.79 (3H, s, CH3),
0.81 (3H, s, CH;), 0.94 (m, 6H, CH;X2), 0.95
(s, 3H, CHy), 1.02 (s, 3H, CH;), 1.18 (s, 3H,
CHs), 433 (d, J=72 Hz), 527 (1H, s), 7.23
(1H, d, J=6.0 Hz), 7.28 (m, 2H), 7.36 (t, J=
7.2 Hz). “C-NMR (150 MHz, CsDsN) J: 38.7(C-1),
26.6 (C-2), 88.6 (C-3), 39.7 (C-4), 55.7 (C-5),
18.4 (C-6), 33.6 (C-7), 39.5 (C-8), 47.9 (C-9),
36.9 (C-10), 23.8 (C-11), 122.8 (C-12), 1447
(C-13), 42.1 (C-14), 27.8 (C-15), 23.7 (C-16),
46.8(C-17), 41.8(C-18), 46.4(C-19), 30.8 (C-20),

34.4(C-21), 32.9(C-22), 28.2(C-23), 15.5(C-24),
17.0(C-25), 17.3(C-26), 26.1(C-27), 177.5(C-28),
33.1(C-29), 23.6 (C-30), 107.5(C-1"), 73.1(C-2"),
754 (C-3"), 70.2 (C-4"), 76.8 (C-5"), 62.4 (C-6"),
425 (C-1"), 362 (C-2"), 140.2 (C-3"), 129.2
(C-4", C-8"), 128.8 (C-5", C-7"), 126.6 (C-6").

WEY) Fro: HERAR, BWEN 43.2%. 751
1A C3oHeNONa. ESI-MS m/z: 707.69 [M+Na] .
'H-NMR (600 MHz, CsDsN) 6: 0.83 (3H, s, CH3),
0.87 (3H, s, CH3), 0.94 (3H, s, CH3), 0.97 (3H,
s, CH3), 0.99 (3H, s, CH3), 1.08 (3H, s, CH3),
1.20 (3H, s, CH3), 3.19 (1H, m), 4.33 (1H, d,
J=72Hz), 525 (1H, s). “C-NMR (150 MHz,
CsDsN) 6: 38.7 (C-1), 26.6 (C-2), 88.6 (C-3),
39.8 (C-4), 55.7 (C-5), 18.4 (C-6), 33.1 (C-7),
39.6 (C-8), 47.9 (C-9), 36.9 (C-10), 23.8 (C-11),
122.9 (C-12), 144.7 (C-13), 41.9 (C-14), 28.0
(C-15), 23.6 (C-16), 46.7 (C-17), 41.7 (C-18),
46.0(C-19), 30.8 (C-20), 33.9(C-21), 33.0 (C-22),
28.2(C-23), 15.5(C-24), 17.0(C-25), 17.1(C-26),
26.1(C-27),177.9(C-28), 33.0(C-29), 23.3(C-30),
107.5 (C-17), 73.1 (C-2"), 75.4 (C-3"), 70.3 (C-4"),
76.8 (C-5"), 62.4 (C-6"), 29.2 (C-1"), 71.8 (C-3"),
82.1 (C-2").
225 WEY Fu Fo HIHl&  BAEY) FiF3(120
mg, 0.175 mmol), ¥ T 3 mL PUSBRAE, K
A 0.67 mol/L MR £h 2% i (pH {E 4 6.7)- TEMPO
(1.9 mg, 12.2 pmoD), M#H] 35 C, ¥ 2 mol/L
W ETRANA 175 pL Az 2 mol/L IR AR ENIAW 93 L
Ay RS S, BERE 30 min KK 1 3. 35°CF,
BV 8 ho IIAN/D B AR FRANE I, IR ZET, 4
ATt o 2, —SUHbE - FIlE - 7K (50 110 0 1D
e A3 2] H b5 Fus Frzo

WA Fu: AERAR, BIBCER 3.8%. 70T
A C3oHesNOgNa. ESI-MS m/z: 696.49 [M+Na] .
'H-NMR (600 MHz, CsDsN) d: 0.83 (3H, t, J=
6.0, 12.0 Hz, CH3), 0.86~0.9 (6H, m, CH;X2),
1.06~1.12 (6H, m, CH;X2), 131 (3H, s, CH3),
1.39 (3H, s, CH3), 1.66 (3H, s, CH3), 4.90 (1H,
d, J=7.2Hz), 5.42 (1H, m). “C-NMR (150 MHz,
CsDsN) §: 38.5 (C-1), 24.8 (C-2), 88.9 (C-3),
39.4 (C-4), 55.5 (C-5), 18.4 (C-6), 33.4 (C-7),
39.4 (C-8), 47.9 (C-9), 36.8 (C-10), 23.6 (C-11),
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1252 (C-12), 140.1 (C-13), 42.5 (C-14), 283
(C-15), 26.5 (C-16), 47.7 (C-17), 52.8 (C-18),
39.6 (C-19), 39.1(C-20), 31.1(C-21), 38.1 (C-22),
28.1(C-23), 17.1(C-24), 15.6 (C-25), 17.3(C-26),
23.7(C-27), 177.3(C-28), 17.6(C-29), 21.3(C-30),
106.8 (C-1"), 75.2 (C-3"), 73.0 (C-2"), 71.3 (C-4"),
76.5 (C-5"), 41.6 (C-1"), 23.1 (C-2"), 11.8 (C-3").

WEY) Fro: BEBMAR, BBCEN 1.4%. 53T
A CpHeNOgNa. ESI-MS m/z: 726.53 [M+Na]'.
'H-NMR (600 MHz, CsDsN) 6: 0.82 (3H, s, CH3),
0.92 (3H, s, CH3), 0.94 (3H, s, CH;y), 1.04~
1.10 (6H, m, CH;X2), 1.29~1.39 (6H, m,
CH;X2), 481 (1H, d, J=72Hz), 53 (1H, s).
BC.NMR (150 MHz, CsDsN) §: 38.7 (C-1), 24.9
(C-2), 88.8 (C-3), 39.6 (C-4), 55.7 (C-5), 183
(C-6), 333 (C-7), 39.8 (C-8), 47.7 (C-9), 37.0
(C-10), 23.7 (C-11), 123.5 (C-12), 139.4 (C-13),
42.4(C-14), 28.3(C-15), 26.4(C-16), 48.3 (C-17),
53.1(C-18), 39.3(C-19), 39.0(C-20), 31.2(C-21),
38.2(C-22), 28.3(C-23), 17.0(C-24), 15.5(C-25),
17.1(C-26),23.7(C-27), 177.4(C-28), 17.4(C-29),
21.5(C-30), 107.0 (C-1"), 72.4(C-2"), 74.9 (C-3"),
71.6 (C-4"), 75.7 (C-5"), 51.2 (C-1"), 25.4 (C-2",
C-6"), 33.5, 33.5 (C-3", C-5"), 25.9 (C-4").
3 g
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