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Study on triterpenoids and their glycosides chemical constituents of Camellia sinensis

ZHOU Ying, LIU Yan-li, LI Xiao-ran, XU Qiong-ming, YANG Shi-lin
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Abstract: Objective To investigate the chemical constituents from the leaf of Camellia sinensis. Methods The chemical
constituents were isolated and purified by repeated silica gel column chromatography, Sephadex LH-20 gel column chromatography,
ODS column chromatography, high pressure flash chromatography and semi-preparative HPLC, and their structures were elucidated on
the basis of physico-chemical constants and spectral analysis. Results Nine compounds were separated from C. sinensis, among them,
four compounds were identified as triterpenoids and named as 21B-hydroxyl pomolic acid (1), pomonic acid (2), pomolic acid (3), and
ursolic acid (4); The other five compounds were idetified as triterpenoid saponins and named as 3-O-a-L-arabinopyranosyl pomolic
acid (5), 3B-[(o-L-arabinopyranosyl)oxy]-urs-12,19 (20)-dien-28-oic acid (6), oleanolic acid-3-O-a-L-arabinopyranoside (7),
3B-[(a-L-arabinopyranosyl) oxy]-urs-12,18-dien-28-oic acid (8), and 20-epi-urs-12,18-dien-28-oic acid 33-0-a-L-arabinopyranoside
(9). Conclusion Compound 1 is a new compound, compounds 2, 3, 5—9 are obtained from this genus for the first time.
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LAER R E 1. it — 2 B AL 5 R
YL, AR H B B HEAT A 2 B W
T, N B AR T 9 =ik R ERLEY,
I3 VA E N 21 B-F AR (21B-hydroxyl pomolic
acid, 1). YWHEHE (pomonic acid, 2). IFHIR
(pomolic acid, 3). %75 C(ursolic acid, 4). Hiuki
B 11 (3-O-a-L-arabinopyranosyl pomolic acid, 5)-
3B-[(a-L-arabinopyranosyl) oxy]-urs-12,19(20)-dien-
28-oic acid (6) R ER-3-O-o-L-MH e ] $3 411 B
( oleanolic acid-3-O-a-L-arabinopyranoside , 7 ) +
3B-[(a-L-arabinopyranosyl) oxy]-urs-12,18-dien-28-
oic acid (8). 20-epi-urs-12,18-dien-28-oic acid 3p-O-
a-L-arabinopyranoside (9). HA1, A& 1 2&#fb
Vs AT 24 3. 5~9 NERMLFEEEYH
-t E R
1 XFES5HH

Bruker AVANCE 111 600 A% 34 ([ A 6
S AE]D; QTrap 4500+ i HE4Y (£ K AB SCIEX
AT H i PRI ] £ A IR AR B R A4
BORF RN -l 26 v OB (354X (LC-20AT,
SPD-20A, HAREAF): Cs ¥l & ilit: (250
mmX 10 mm, 5 pm, [ kromsil A 5] ); Sephadex
LH-20 %t/ (3RE GE AF]); EL204 B R [
R -ER 2 (R FIRAF] FeiE 2R
CRBEAGES N BT T s 72ialim (b,
IR ERFIABR A R]D s AT (4 E Merck
AT HREIEERIR (HSGFass, MHEVLRIER
FERABRA T & Fd 5k LRI 5 B i et
TA MR E H i

RMEF 2015 4 5 AR BETLIE 75N HiiEE L,
HI VL 75 48 75 MK 5 245 22 e 25 SR AR IR % 8 N %
Camellia sinensis (L.) O. Ktze WJZEM . ZiM A
(141015) TRAFT IR 25 Bidn A =
2 RBSSE

TR 50 kg Br#E, 0 8 fifrf Tk HERR
#3, BR48 h, BEEIRG 3 hHEHE 1K, BERL,
KA, 75T, ES 2R HEEHRIURIRIRE . H
R CRHR B G 2 R AR,
e, BEIR CBRAIE T BE 2 IRZEAL, &80 2 BOR
ZoUE ISR T, A3 AT BERE YY) 82 g b
A 98 g BEIR LBRAEUY) 235 g 1B T BEAEERY)
711 g

K IE T BRI ZE D101 BORFU EAT (%,

IR Z.1%-7K (0 2 100+ 30 : 70, 60 : 40, 100 : 0)
Velli, 195 4 DAL Fr. 1~4. Fr. 3 /LR IEKE
@i, FHEE-/K (0100, 40 : 60, 70 : 30, 100 :
0) BEEEVEME, 193] 4 ANHAL Fr. 3.1~3.4. Fr. 3.3
A d [k ODS HEfi, Sephadex LH-20 #ER AT
3 S il % AR B o 5, REMEY 4 (13
mg). 7 (50 mg); Fr.4 &R AR, —&F
- FREERR Ve (100 04 9515, 90 : 10, 85 :
15) 3% Fr. 4.1~4.4, Fr. 41 ZHELRBEIMLEY)
5 (2g); Fr. 4.2 4% W0 > S A S 2 &4
1 (15mg). 2 (7mg). 3 (16 mg); Fr. 4.4 4}
WA B AR RNAEY) 6 (8 mg). 8 (4mg).
9 (9mg).
3 HHWETE

EW1: ABTTERHAR GIEKE), mp272~
273 °C, HR-ESI-MS %5 ik & 0HE 5y T B 1 m/z:
487.342 3 [M—H] H5{H 487.346 6), 4iGibe
Py "H-. PC-NMR LK 2D-NMR #iiE 5 3A
C30H405, AHIFIFEAN 7. TLC LAIR ZRE R G
BE AL, B - IR R BB FH %, Molish e B[, $&
INZEYITT BN ZRE R A . [a]) +35.0°
(c 0.11, MeOH); UV AXM (log €): 207 (3.95) nm;

IRvE> (em): 3 414, 1 712, 1 640; 'H-NMR Al
BC-NMR ¥4 1% 1. PC-NMR (150 MHz, CsDsN)
WAL gE H 30 MiR(E S, 8 HSQC 1B 4 nT
MZEYEH 7T AR, 8 MR EER, 7 AR
F LR DL K 8 ZER. "H-NMR (600 MHz, CsDsN)
e, SR 7 AR =R E Y A
i 155 6 093 (Me-25), 1.02 (Me-23), 1.06
(Me-26), 1.12 (Me-30), 1.24 (Me-24), 1.45 (Me-29),
1.71 (Me-27); 2 MEFK T I T5 5 oy 3.44 (1H,
dd, J=15.6, 8.4 Hz, H-3a) 16y 3.62 (1H, m, H-21),
WA 1 ANMEDRT on 5.60 (1H, brs, H-12).
RIEAEY) 1 BRISEAE, AT RIS X XU
554 oc 127.8 F1 oc 139.7, FULHEMLiL &¥1 R
B IR R LR = o A TR S SR A AR L
B AR SCER AR R 1 B B AR . LR
THETREEIE, KO A, By C. D FRRRIGEIE I
A=, R ERMEIRAERER, HPBRER
] 6 38.8 (C-20). 26.7 (C-21) AMKIHHAIFEE §42.1.
81.2, HEMMIRER C-21 LAF7E 1 NRIEHARFTEL
SHHEEY 1 'H-"H COSY #, K 6y 1.51
(1H, m, H-20) 5 6y 3.62 (1H, m, H-21) 4%, H
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F£1 &% 18 BC-NMR (150 MHz, CsDsN) #1 '"H-NMR (600 MHz, CsDsN) #i%
Table 1 *C-NMR (150 MHz, CsDsN) and "H-NMR (600 MHz, CsDsN) data of compound 1
Tdr du dc /DA Ou ¢

1 1.57 (m), 1.00 (m) 38.8 16 2.23 (m), 1.55 (m) 26.7
2 2.14 (m), 1.20 (m) 28.6 17 — 483
3 3.44 (dd, J= 15.6, 8.4 Hz) 78.0 18 3.05 (s) 54.4
4 — 39.2 19 — 72.5
5 0.89 (m) 55.8 20 1.51 (m) 42.1
6 1.59 (m), 1.41 (m) 18.8 21 3.62 (m) 81.2
7 1.39 (m), 1.04 (m) 33.2 22 2.44 (m), 2.07 (m) 35.5
8 — 40.2 23 1.02 (s) 16.2
9 1.87 (m) 475 24 1.24 (s) 28.6
10 — 37.4 25 0.93 (s) 15.3
11 2.04 (m), 1.85 (m) 24.0 26 1.06 (s) 17.2
12 5.60 (brs) 127.8 27 1.71 (s) 24.5
13 — 139.7 28 — 180.5
14 — 41.9 29 1.45 (s) 27.0
15 2.33 (m), 1.23 (m) 29.1 30 1.12 (d, J= 6.0 Hz) 24.7

A, H-21 LA B E 0y 2.07. 1.34 (2H,
m, H-21) MRS ZE oy 3.62 (1H, m, H-21); 1E
HMBC #1 (| 1), 6y 1.12 (3H, d, J = 6.0 Hz, H-30)
5 8¢ 27.0 (C-29). 35.5 (C-22). 42.1 (C-20). 72.5
(C-19). 81.2(C-21) MIMHIAES, LK oy 3.62 (1H,
m, H-21) 5 ¢ 24.7 (C-30) # HMBC #H%155, i
ST C-21 A BEEREERIAEAE . LA, HMBC #EE A,
01 3.05 (1H, s, H-18) 5 6¢ 42.1 (C-20). 72.5 (C-19).
127.8 (C-12). 139.7 (C-13) 3%, #HE—HiE%L T %
WEMBEAREWN S ORGSR L, 75 H
NOESY i (& 1), dy 1.51 (1H, m, H-20) 5 5y 1.45
(3H, s, H-29) A&, mIH1 H-20 AL B 24, I
C-30hr N a B 0y 3.62 (1H, m, H-21) 56y 1.12
(3H, d,J= 6.0 Hz, H-30) #H3%, #&/r H-21 ASA
o8, T C-21 AL ERIFRIEE N B AT .

g LR, (b a1 ISR E N 218-F2 5%
PAER, 45K WK 2.

& 2. FEOTCE TER AR (IEIE ) ; ESI-MS m/z:
471 [M+H], 2 TRA CiHu04. 'H-NMR (600
MHz, CsDsN) 0: 0.92 (3H, s, Me-25), 1.01 (3H, s,
Me-24), 1.09 (3H, s, Me-26), 1.11 (3H, d, J = 6.0 Hz,
Me-30), 1.14 (3H, s, Me-23), 1.45 (3H, s, Me-29),
1.70 (3H, s, Me-27), 3.05 (1H, s, H-18), 5.59 (1H, s,
H-12); “C-NMR (150 MHz, CsDsN) : 39.0 (C-1),

1 &1 £E/ HMBC (—) & NOESY (<) X%
Fig. 1 Key HMBC (=) and NOESY («<>) correlation of

compound 1

2 KEWMI1 SN

Fig.2 Structure of compound 1

34.2 (C-2), 216.0 (C-3), 48.1 (C-4), 55.3 (C-5), 19.7
(C-6), 33.8 (C-7), 40.3 (C-8), 46.7 (C-9), 36.7 (C-10),
24.1 (C-11), 127.5 (C-12), 139.8 (C-13), 42.0 (C-14),
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29.1 (C-15), 26.2 (C-16), 48.1 (C-17), 54.5 (C-18),
72.5 (C-19), 42.2 (C-20), 26.7 (C-21), 38.2 (C-22),
26.8 (C-23), 21.6 (C-24), 14.7 (C-25), 16.8 (C-26),
24.3 (C-27), 180.5 (C-28), 26.9 (C-29), 16.5 (C-30).
DL $lE 5 scirioE — 87, M e s 2 bk
HEE T

WA 3: B0 E TR AR GIEIE ) ; ESI-MS m/z:
471 [M—H], T3 A C3Hi0s. 'H-NMR (600
MHz, CsDsN) 6: 0.91 (3H, s, Me-25), 1.02 (3H, s,
Me-23), 1.12 (3H, d, J = 6.0 Hz, Me-30), 1.10 (3H, s,
Me-26), 1.23 (3H, s, Me-24), 1.45 (3H, s, Me-29),
1.72 (3H, s, Me-27), 3.05 (1H, s, H-18), 3.43 (1H, dd,
J=6.6,13.2 Hz, H-30), 5.60 (1H, s, H-12); "*C-NMR
(150 MHz, CsDsN) 6: 39.2 (C-1), 27.9 (C-2), 78.0
(C-3), 39.2 (C-4), 55.7 (C-5), 18.7 (C-6), 33.4 (C-7),
40.2 (C-8), 47.6 (C-9), 37.1 (C-10), 23.8 (C-11), 127.8
(C-12), 139.7 (C-13), 41.9 (C-14), 29.1 (C-15), 26.2
(C-16), 48.1 (C-17), 54.4 (C-18), 72.5 (C-19), 38.8
(C-20), 26.7 (C-21), 38.3 (C-22), 28.6 (C-23), 15.4
(C-24), 16.3 (C-25), 17.0 (C-26), 24.5 (C-27), 180.5
(C-28), 26.9 (C-29), 16.6 (C-30). LL_E#¥E 5 kIR
B, M A 3 N .

A& 4 g (IERED; BI-MS m/z: 455
[M—H], 43N CyHus05. "H-NMR (600 MHz,
CsDsN) 6: 0.91 (3H, s, Me-25), 0.96 (3H, s, Me-24),
1.03 (3H, d, J = 6.0 Hz, Me-30), 1.04 (3H, s, Me-26),
1.07 (3H, s, Me-23), 1.24 (3H, s, Me-29), 1.26 (3H, s,
Me-27), 3.49 (1H, dd, J = 6.6, 13.2 Hz, H-3a), 5.50
(1H, s, H-12); "“C-NMR (150 MHz, CsDsN) &: 39.5
(C-1), 28.6 (C-2), 78.6 (C-3), 40.0 (C-4), 56.3 (C-5),
19.3 (C-6), 34.0 (C-7), 40.4 (C-8), 48.5 (C-9, 17), 37.9
(C-10), 24.1 (C-11, 27), 126.1 (C-12), 139.7 (C-13),
43.0 (C-14), 29.3 (C-15), 25.4 (C-16), 54.0 (C-18),
39.9 (C-19, 20), 31.6 (C-21), 37.8 (C-22), 29.1 (C-23),
17.1 (C-24), 16.1 (C-25), 17.9 (C-26), 180.4 (C-28),
18.0 (C-29), 21.9 (C-30). LA L%l 5 ChkfiE LA
— B, MU EEY) 4 NS TR

W& 5: FETEE TR AR (IEE ) ; ESI-MS m/z:
603 [M—H] ", 2> T3\ C35Hs605. 'H-NMR (600 MHz,
CsDsN) 6: 0.67 (3H, s, H-24), 0.84 (3H, s, H-26), 0.89
(3H, s, H-23), 0.94 (3H, s, H-25), 1.04 (3H, s, H-29),
1.25 (3H, s, H-27), 0.91 3H, d, J = 6.6 Hz, H-30),
2.99 (1H, s, H-18), 3.50 (1H, dd, J = 6.0, 10.2 Hz,

H-30), 5.12 (1H, m, H-12), 4.88 (1H, d, J = 7.2 Hz,
Ara-H-1"); C-NMR (150 MHz, CsDsN) d: 38.1
(C-1), 26.0 (C-2), 87.8 (C-3), 38.8 (C-4), 55.0 (C-5),
17.9 (C-6), 32.6 (C-7), 40.4 (C-8), 46.7 (C-9), 36.5
(C-10), 23.9 (C-11), 126.8 (C-12), 138.6 (C-13), 41.4
(C-14), 28.1 (C-15), 25.2 (C-16), 47.3 (C-17), 53.2
(C-18), 71.4 (C-19), 41.2 (C-20), 25.7 (C-21), 36.5
(C-22), 28.1 (C-23), 16.6 (C-24), 15.2 (C-25), 16.5
(C-26), 23.2 (C-27), 178.9 (C-28), 25.7 (C-29), 16.3
(C-30), 105.9 (C-1"), 71.0 (C-2"), 72.7 (C-3'), 67.7
(C-4"), 65.1 (C-5"). VAot 5 ek st A —5,
MU e A 5 R B L.

WEY 6: AETEEA AR (HEIE); EI-MS m/z:
585 [M—H], TN C35Hs407o 'H-NMR (600
MHz, CsDsN) d: 0.86 (3H, s, H-25), 0.94 (3H, s,
H-24), 1.07 (3H, s, H-26), 1.17 (3H, s, H-27), 1.26
(3H, s, H-23), 1.63 (3H, s, H-30), 1.73 (3H, s, H-29),
3.34 (1H, dd, J = 12.0, 4.2 Hz, H-3a), 4.76 (1H, d, J =
7.2 Hz, ara-H-1"), 5.68 (1H, brs, H-12), 3.62 (1H, s,
H-18); "C-NMR (150 MHz, CsDsN) d: 38.9 (C-1),
26.5 (C-2), 88.5 (C-3), 39.4 (C-4), 55.8 (C-6), 18.2
(C-6), 34.0 (C-7), 39.4 (C-8), 48.1 (C-9), 36.7 (C-10),
23.4 (C-11), 127.0 (C-12), 138.3 (C-13), 43.6 (C-14),
28.5 (C-15), 23.8 (C-16), 47.5 (C-17), 50.5 (C-18),
128.9 (C-19), 123.8 (C-20), 28.5 (C-21), 33.3 (C-22),
28.1 (C-23), 16.8 (C-24), 15.8 (C-25), 17.8 (C-26),
21.9 (C-27), 179.7 (C-28), 17.2 (C-29), 20.3 (C-30),
107.3 (C-1"), 72.7 (C-2"), 74.4 (C-3"), 69.3 (C-4"), 66.6
(C-5". VA EHt 5 Sk — s, s e s
6 N 3B-[(0-L-arabinopyranosyl)oxy]-urs-12,19(20)-
dien-28-oic acid.

B 7. BETEE A AR (IEIE D s ESI-MS m/z:
603 [M—H] ", 2> T3 C35Hs605. 'H-NMR (600 MHz,
CsDsN) 6: 0.88 (3H, s, H-26), 0.94 (3H, s, H-24), 1.02
(3H, s, H-23), 1.06 (3H, s, H-25), 1.11 (3H, s, H-29),
1.25 (3H, s, H-27), 1.25 (3H, s, H-30), 3.31 (1H, dd,
J=6.0,10.2 Hz, H-3a), 5.58 (1H, m, H-12), 4.75 (1H,
d, J=7.2 Hz, ara-H-1"); "C-NMR (150 MHz, CsDsN)
J: 38.8 (C-1), 26.7 (C-2), 88.5 (C-3), 39.3 (C-4), 55.8
(C-5), 18.4 (C-6), 33.3 (C-7), 39.8 (C-8), 48.1 (C-9),
37.1 (C-10), 23.9 (C-11), 123.2 (C-12), 144.6 (C-13),
42.1 (C-14), 28.6 (C-15), 23.2 (C-16), 47.5 (C-17),
41.9 (C-18), 45.9 (C-19), 30.8 (C-20), 24.2 (C-21),
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33.4 (C-22), 28.1 (C-23), 17.0 (C-24), 15.3 (C-25),
17.3 (C-26), 26.2 (C-27), 180.1 (C-28), 33.1 (C-29),
23.8 (C-30), 107.2 (C-1'), 72.6 (C-2'), 74.3 (C-3"),
69.2 (C-4"), 66.4 (C-5"). VL L% ¥s 5 SOk s 2 A —
HM, M A T NFERIR 3-0-a-L-ML BT
EUR[SE; e

WEY) 8: HETLEEMAK (ILHE); EI-MS m/z:
609 [M+Na]", 4T3 A C35sHs407. "H-NMR (600
MHz, CsDsN) d: 0.86 (3H, s, H-25), 0.95 (3H, s,
H-24), 1.01 (3H, s, H-26), 1.11 (3H, d, J = 7.2 Hz,
H-30), 1.16 (3H, s, H-27), 1.28 (3H, s, H-23), 1.86
(3H, s, H-29), 3.35 (1H, dd, J = 12.0, 4.2 Hz, H-3),
477 (1H, d, J = 7.2 Hz, ara-H-1'), 5.70 (1H, brs,
H-12); “C-NMR (150 MHz, CsDsN) §: 39.4 (C-1),
26.8 (C-2), 88.4 (C-3), 40.1 (C-4), 55.8 (C-5), 18.2
(C-6), 35.4 (C-7), 39.1 (C-8), 48.0 (C-9), 36.6 (C-10),
23.2 (C-11), 125.6 (C-12), 139.2 (C-13), 44.8 (C-14),
29.0 (C-15), 26.5 (C-16), 49.6 (C-17), 123.5 (C-18),
134.4 (C-19), 34.6 (C-20), 31.7 (C-21), 34.8 (C-22),
28.1 (C-23), 16.8 (C-24), 16.0 (C-25), 18.1 (C-26),
21.9 (C-27), 178.6 (C-28), 19.4 (C-29), 18.7 (C-30),
107.3 (C-1'), 72.9 (C-2'), 74.6 (C-3"), 69.5 (C-4"), 66.7
(C-5"). VA_E%tR 5 ki — 8, e ih s
8  3B-[(a-L-arabinopyranosyl)oxy]-urs-12,18-dien-
28-oic acid.

& 9: FETEE TER AR GIEIE ) ; ESI-MS mi/z:
609 [M+Na]', 4+ FH A C35Hs407. 'H-NMR (600
MHz, CsDsN) d: 0.86 (3H, s, H-25), 0.95 (3H, s,
H-24), 1.01 (3H, s, H-26), 1.16 (3H, s, H-27), 1.28
(3H, s, H-23), 1.86 (3H, s, H-29), 1.21 (3H, d, J = 7.8
Hz, H-30), 3.35 (1H, dd, J = 12.0, 4.2 Hz, H-30), 4.77
(1H, d, J = 7.2 Hz, ara-H-1'), 5.70 (1H, brs, H-12);
BC-NMR (150 MHz, CsDsN) &: 39.4 (C-1), 26.8
(C-2), 88.4 (C-3), 39.8 (C-4), 55.8 (C-5), 18.7 (C-6),
35.4 (C-7), 39.1 (C-8), 48.0 (C-9), 36.8 (C-10), 23.8
(C-11), 125.6 (C-12), 139.2 (C-13), 44.8 (C-14), 29.1
(C-15), 34.8 (C-16), 49.6 (C-17), 139.4 (C-18), 135.8
(C-19), 36.8 (C-20), 29.0 (C-21), 35.4 (C-22), 28.1
(C-23), 16.8 (C-24), 16.8 (C-25), 18.7 (C-26), 21.9
(C-27), 178.6 (C-28), 20.2 (C-29), 21.1 (C-30), 107.3
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