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Resource chemical constituents from sarcocarp of Ziziphus jujuba var. spinosa
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Abstract: Objective To study the chemical constituents in the sarcocarp of Ziziphus jujuba var. spinosa and provide the reference for
resource development. Methods The constituents were isolated by column chromatography and their structures were elucidated by
physicochemical properties and spectroscopic analysis. Results Fourteen compounds were isolated from the sarcocarp of the plant
and identified as zizyphus saponin I (1), zizyphus saponin II (2), malic acid (3), 4-ethyl-2-hydroxysuccinate (4), salicylic acid (5),
stigmasterol-3-O-B-D-glucopyranoside (6), daucosterol (7), D-glucose (8), rutin (9), docosanoic acid (10), stearic acid (11), palmitic
acid (12), oleic acid (13), and palmitoleic acid (14). Conclusion All the compounds are obtained from the sarcocarp of Z. jujuba var.
spinosa for the first time and compounds 1—6 are isolated from this plant for the first time. The results are helpful for the
comprehensive utilization of Z. jujuba var. spinosa resource.
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AEAF 1(zizyphus saponin I, 1) K2 A 1 (zizyphus
saponin II, 2). 3ERM (malic acid, 3). FERKR L
fi§ (4-ethyl-2-hydroxysuccinate, 4). /K% (salicylic
acid, 5). 5 §iWE-3-O-B-D-Hi %M (stigmasterol-
3-0-B-D-glucopyranoside, 6). #1%¥ M1 (daucosterol,
7). D-Hi%iHE (D-glucose, 8). £ ] (rutin, 9).
“+ 4R (docosanoic acid, 10). ffFIR (stearic
acid, 11). £EHMR (palmitic acid, 12). W Coleic
acid, 13). MR (palmitoleic acid, 14). FTfT
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A Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H.
F. Chow MMM RS, EUERRA (NJUTCM-
20080901 LRAF T FIuUHH B2 2 KA bR AT
2 RBSSE

B2 RAX TR A AL 20 kg, N 80% LI
IR 2 K, BRK 2 h, SO DS G ik 22
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5y (Fr. 1~10), Fr. 1 &R RE 58, 4
- R LW AR TR (50 0 1510 1 1), 1934k
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(120 mg); Fr. 5 SAk AT (015 73 B, 1 whik-l e &
BERRREVEIL (4 0 11 2 D, g5 Al i 2vkaifn g
Ftb &Y 6 (10 mg); Fr. 7 Al Fr. 9 20 B2 ik Ik (4,
T AL, A RIS R SERBE EVENR (3 1 150 &
D, k& s (12mg) 17 (20mg). 1ET

REREIPIZE D-101 KL BB AT 2 25, 43 7 FH K
30%-+ 50%- 95% BN, 13 30% LEEUE Al
(180 g)\ 60% LEFEMEAL ) (37 g) H1 95% LIk
25y (58 g)o 30% LEEDENT AL 7 P i I AT € 0
R B, BEIR CWE-H - KBR B (10 21 ¢
0.1->1:10: 0.1, 1G2EW 3 (25 mg). 4 (120
mg) 19 (520 mg); 60% £ FE Pk 2H 7 B8 Wk ek £4,
B> B, 20%~40% SRR EEVENL, f3465 4 100125
mg); 95% L IEEYE G ZH 7 Ze ek IREhT: (03 S A 00 85, I
% CWE- R ERFE VRN (10 © 0—1 : 10), 431bs
Y1 (10mg). 2 (22mg) A8 (230 mg).
3 HmETE

& 1: AEHAR (PR, mp269~271 C.
ESI-MS m/z: 911 [M—H] . 'H-NMR (300 MHz,
DMSO-ds) d: 5.32 (1H, brs, 6-deoxy-Tal-H-1), 5.09
(1H, brd, J = 8.0 Hz, H-24), 4.92 (1H, d, J = 4.9 Hz,
Ara-H-1), 431 (1H, d, J = 6.1 Hz, Glc-H-1), 1.66 (3H,
brs, H-26), 1.60 (3H, brs, H-27), 1.06 (3H, d, J = 6.0
Hz, 6-deoxy-Tal-CH3), 1.03, 1.02, 0.92, 0.78, 0.75 (%
3H, s, 5X-CH3); "C-NMR (75 MHz, CsDsN) &: 40.2
(C-1), 28.1 (C-2), 89.2 (C-3), 41.0 (C-4), 57.6 (C-5),
19.6 (C-6), 37.3 (C-7), 38.6 (C-8), 54.3 (C-9), 38.6
(C-10), 23.1 (C-11), 29.8 (C-12), 38.8 (C-13), 55.1
(C-14), 38.2 (C-15), 111.9 (C-16), 55.3 (C-17), 19.6
(C-18), 17.7 (C-19), 69.9 (C-20), 31.4 (C-21), 46.8
(C-22), 69.9 (C-23), 128.5 (C-24), 135.4 (C-25), 26.9
(C-26), 20.2 (C-27), 29.2 (C-28), 17.9 (C-29), 67.1
(C-30), 106.5 (Ara-C-1), 762 (Ara-C-2), 84.9
(Ara-C-3), 69.7 (Ara-C-4), 67.1 (Ara-C-5), 106.5
(Gle-C-1), 76.2 (Gle-C-2), 79.9 (Gle-C-3), 72.8 (Gle-
C-4), 79.9 (Glc-C-5), 64.0 (Gle-C-6), 103.3 (6-deoxy-
Tal-C-1), 73.3 (6-deoxy-Tal-C-2), 69.2 (6-deoxy-Tal-
C-3), 754 (6-deoxy-Tal-C-4), 68.5 (6-deoxy-Tal-C-5),
18.7 (6-deoxy-Tal-C-6). Ltz rieitidids, 45
SCERIRE A, SR LAY 1 N RE T I

tEw 2: AR (FED, mp 266~268 C.
ESI-MS m/z: 911 [M—H] . 'H-NMR (300 MHz,
DMSO-dg) d: 5.10 (1H, brs, Rha-H-1), 5.09 (1H, brd,
J = 8.0 Hz, H-24), 491 (1H, d, J = 4.8 Hz, Ara-H-1),
430 (1H, d, J = 6.1 Hz, Glc-H-1), 1.66 (3H, brs,
H-26), 1.60 (3H, brs, H-27), 1.06 (3H, d, J = 6.0 Hz,
Rha-CHj), 1.03, 1.02, 0.92, 0.78, 0.75 (% 3H, s,
5X-CHj); "C-NMR (75 MHz, CsDsN) 8: 40.2 (C-1),
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28.1 (C-2), 89.4 (C-3), 41.1 (C-4), 57.6 (C-5), 19.6
(C-6), 37.3 (C-7), 38.6 (C-8), 54.3 (C-9), 38.6 (C-10),
23.1 (C-11), 29.8 (C-12), 38.8 (C-13), 55.1 (C-14),
38.5 (C-15), 111.9 (C-16), 55.3 (C-17), 19.6 (C-18),
17.7 (C-19), 69.9 (C-20), 31.4 (C-21), 46.8 (C-22),
69.9 (C-23), 128.5 (C-24), 135.4 (C-25), 26.9 (C-26),
20.2 (C-27), 29.3 (C-28), 18.1 (C-29), 67.1 (C-30),
106.5 (Ara-C-1), 76.3 (Ara-C-2), 83.7 (Ara-C-3), 69.7
(Ara-C-4), 662 (Ara-C-5), 106.5 (Glc-C-1), 76.3
(Gle-C-2), 79.6 (Glc-C-3), 72.8 (Glc-C-4), 79.9
(Gle-C-5), 64.0 (Gle-C-6), 103.3 (Rha-C-1), 73.9 (Rha-
C-2), 73.9 (Rha-C-3), 75.3 (Rha-C-4), 71.4 (Rha-C-5),
19.9 (Rha-C-6). ZRE iz E&Wuildids, 245300k
I s, St A 2 o KACRAT 1T,

& 3. At dh CHEE, mp 100~102 C.
ESI-MS m/z: 133 [M—H] . 'H-NMR (300 MHz,
DMSO-dg) 6: 12.37 (2H, brs, 2X-COOH), 5.40 (1H,
s, 2-OH), 4.26 (1H, dd, J = 4.9, 7.7 Hz, H-2), 2.61
(1H, dd, J = 4.9, 15.7 Hz, H-3a), 2.44 (1H, dd, J= 7.7,
15.7 Hz, H-3b) 530 %S o6 ], 76 TLC )
R M B AT —8, HIRAEHEAA TR, W%
ENEY 3 IR

WG 4. WFHEMPRY) (HEEL . ESI-MS m/z:
161 [M—H] . 'H-NMR (500 MHz, DMSO-ds) 6:
12.14 (1H, brs, -COOH), 5.61 (1H, s, 2-OH), 4.32
(1H, m, H-2), 4.09 (2H, q, J = 7.0 Hz, H-2'), 2.62 (1H,
dd, J=5.0, 15.5 Hz, H-3a), 2.48 (1H, dd, J= 7.5, 15.5
Hz, H-3b), 1.20 (3H, t, J = 7.0 Hz, H-1"); “C-NMR
(125 MHz, DMSO-de) d: 172.8 (C-1), 171.5 (C-4),
67.1 (C-2), 60.2 (C-2'), 39.1 (C-3), 13.9 (C-1). LI L
Mol 5 SCmR B S A S, M et 4 R
IR LT

WA S: ok il (BER BB, mp 157~159
‘C. ESI-MS m/z: 137 [M—H] o ¥ Hfyas s v A=
Sk R N S PE . "H-NMR (300 MHz, DMSO-
de) 6: 7.83 (1H, dd, J = 7.7, 1.8 Hz, H-6), 7.52 (1H,
ddd, J=17.7, 7.0, 1.8 Hz, H-4), 6.93 (2H, m, H-3, 5).
DA E 3 ek SR — 80, 45K i
AR, AE TLC i REAE A& W4T 48, HIR
BT, WS eaw s hkmig.

Ew 6: Atk AR (HED, mp268~270 C.
ESI-MS m/z: 573 [M—H] . 'H-NMR (300 MHz,
DMSO-ds) 6: 5.33 (1H, brs, H-6), 5.15 (1H, dd, J =

8.4, 15.0 Hz, H-22), 5.01 (1H, dd, J = 8.4, 15.0 Hz,
H-23), 422 (1H, d, J = 7.7 Hz, Glc-H-1), 3.42 (1H, m,
H-3), 0.96 (3H, s, H-19), 0.74~0.91 (12H, m, H-21,
26, 27, 29), 0.67 (3H, s, H-18); ">C-NMR (75 MHz,
DMSO-dy) d: 36.8 (C-1), 31.2 (C-2), 76.9 (C-3), 41.7
(C-4), 140.4 (C-5), 121.2 (C-6), 31.4 (C-7), 31.4
(C-8), 50.6 (C-9), 36.2 (C-10), 21.1 (C-11), 39.1
(C-12), 41.8 (C-13), 56.2 (C-14), 23.8 (C-15), 28.7
(C-16), 55.3 (C-17), 12.1 (C-18), 19.1 (C-19), 40.1
(C-20), 20.9 (C-21), 138.0 (C-22), 128.8 (C-23), 49.6
(C-24), 31.3 (C-25), 18.8 (C-26), 19.7 (C-27), 25.5
(C-28), 11.8 (C-29), 100.8 (Glc-C-1), 73.4 (Glc-C-2),
76.7 (Gle-C-3), 70.1 (Gle-C-4), 76.7 (Gle-C-5), 61.1
(Gle-C-6) LA F-¥edhs 55 Sk i 3 A — 5, i
TEAEW) 6 1y S BE-3-0-B-D- 2 i1 o

WEW 7. AR (FED, mp 288~290 C.
ESI-MS m/z 575 [M—H] . 'H-NMR (300 MHz,
DMSO-dg) 6: 5.34 (1H, brs, H-6), 4.24 (1H, d, J = 7.7
Hz, Glc-H-1), 3.43 (1H, m, H-3), 0.97 (3H, s, H-19),
0.74~0.91 (12 H, m, H-21, 26, 27, 29), 0.65 (3H, s,
H-18); "*C-NMR (75 MHz, DMSO-dq) 6: 36.8 (C-1),
29.2 (C-2), 76.9 (C-3), 40.0 (C-4), 140.4 (C-5), 121.2
(C-6), 31.3 (C-7), 31.4 (C-8), 49.6 (C-9), 36.2 (C-10),
20.6 (C-11), 38.3 (C-12), 41.8 (C-13), 56.2 (C-14),
23.8 (C-15), 27.8 (C-16), 55.4 (C-17), 11.6 (C-18),
19.1 (C-19), 35.5 (C-20), 18.6 (C-21), 33.3 (C-22),
25.5 (C-23), 45.1 (C-24), 28.7 (C-25), 18.9 (C-26),
19.7 (C-27), 22.6 (C-28), 12.1 (C-29), 100.8 (Glc-C-
1), 73.4 (Gle-C-2), 76.7 (Gle-C-3), 70.1 (Gle-C-4),
76.7 (Gle-C-5), 61.1 (Gle-C-6). ZEEr %A S Wit
Wl , 25 cmiE e, St 7 A
B MY,

a8 Lty (HEE), mp 147~148 °C.
Molish & N BH 1 . ESI-MS m/z: 179 [M—H] .
'H-NMR (300 MHz, D,0) §: 5.17 (1H, d, J = 3.6 Hz,
a-D-Gle-H-1), 4.58 (1H, d, J = 7.9 Hz, p-D-Glc-H-1),
3.15~3.86 (12H, m). LA L%l 5 SOk IE A —
Y, B DA SO R, 78 TLC P RE
ST A8, HIRAEBSAATRE, e
&) 8 4 D-HI B -

WA 9: st i (HED, mp 181~183 Co
AR SN PE M, AR TR - BE R S B BH P .

UV AN (hm): 256, 356 nm. ESI-MS m/z: 609 [M—
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H] . 'H-NMR (300 MHz, DMSO-d;) J: 7.58 (1H, dd,
J=8.6,1.9 Hz, H-6'), 7.54 (1H, d, J = 1.9 Hz, H-2"),
6.86 (1H, d, J = 8.6 Hz, H-5"), 6.40 (1H, d, J= 1.8 Hz,
H-8), 6.19 (1H, d, J = 1.8 Hz, H-6), 5.34 (1H, d, J =
7.6 Hz, Gle-H-1), 4.51 (1H, brs, Rha-H-1), 0.99 (3H,
d, J = 6.6 Hz, Rha-H-6). L\ - 5di 5 SCiikfi i JEA
— U0, H TR I S IR, 7E TLC Y REAH
KB EOAT A3, HIREEESA TR, et
W9 AT

AP 10: (R CAhBE-T R 1),
mp 69~71 C . ¥ S Y 2 3 {5 . ESI-MS m/z: 339
[M—H] . 'H-NMR (300 MHz, CDCl;) 6: 2.35 (2H, t,
J =17.4 Hz, H-2), 1.62 (2H, m, H-3), 1.25~1.30 (36
H, m, H-4~21), 0.88 (3H, t, J = 6.3 Hz, H-22). Pl I
Mot 5 Sk oE SEA S, st A Y 10 K
S iy {1

AW 11 RS CAhBE-BE R 21D,
mp 65~67 C. IRy W K MY 52 3 (4 . ESI-MS m/z: 283
[M—H] . 'H-NMR (300 MHz, CDCl3) 6: 11.2 (1H,
brs, -COOH), 2.35 (2H, t, J = 7.6 Hz, H-2), 1.64 (2H,
m, H-3), 1.25~1.30 (28 H, m, H-4~17), 0.88 (3H, t, J =
6.8 Hz, H-18). LA ¥ 5 Scmrdiis SaA s, g
YA 11 AR TR .

AW 12: FIEE S CHMEE-BER 408D, mp
57~59 °C . ESI-MS m/z: 255 [M—H] . "H-NMR (300
MHz, CDCLy) §: 2.34 (2H, t, J = 7.5 Hz, H-2), 1.61
(2H, m, H-3), 1.25~1.30 (24H, m, H-4~15), 0.88
(3H, t,J=7.0 Hz, H-16). LA %0 5 SCikRisE FE A
— 5, EL A 12 MR .

AW 13: To e RBAR CHlBE-BS IR L8 «
ESI-MS m/z: 281 [M—H] . 'H-NMR (300 MHz,
CDCl;) 6: 5.35 (2H, m, H-9, 10), 2.34 (2H, t, J = 7.4
Hz, H-2), 2.01 (4H, m, H-8, 11), 1.62 (2H, m, H-3),
1.22~1.40 (20 H, m, H-4~7, 12~17), 0.88 (3H, t,
J=6.7Hz, H-18), LA b4 5 ik A — 3>,
H 5 MR X A6, TLC i R B 84T
H—E, B EAEY 13 .

WY 14: ToteRBR CHImBE-BSIR L158) «
ESI-MS m/z: 253 [M—H] . 'H-NMR (300 MHz,
CDCls) 6: 5.34 (2H, m, H-9, 10), 2.34 (2H, t, J = 7.5
Hz, H-2), 2.01 (4H, m, H-8, 11), 1.62 (2H, m, H-3),
1.22~1.40 (16H, m, H-4~7, 12~15), 0.89 (3H, t,
J=6.9 Hz, H-16). S0 SO0, 8 TLC

HH ) RE B B AT R — 3 286 UL R, %eth
G0 14 TR R o
4 e

ARG, B 25 R b O A B s R IR
gy, 2 BABEMEIR. PUAs. SRS 2 Ry
BRI, A BRI AR AR A P R RS A
RSy, PR R A A A B T A
AL TR s LIS B A i 1) S5 PR AR = i () T
W90 4 AR AR W TR I 255 T R SR RS2t T
Wt -

gt bA4h NMR #4B & + B 254 K047
MR T SRR E SR,

SE Ik
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