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Chemical constituents in fruits of Lycium barbarum
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Abstract: Objective To study the chemical constituents from the fruits of Lycium barbarum. Methods The compounds were
isolated and purified by column chromatography and RP-HPLC. Their structures were elucidated by means of physicochemical
properties and spectroscopic analyses (UV, MS, 'H-NMR, and '*C-NMR). Results Twelve compounds were separated and identified,
including six phenolic acids: protocatechuic acid (1), dihydroisoferulic acid (2), caffeic acid (3), Z-p-hydroxy-cinnamic acid (4),
E-p-hydroxy-cinnamic acid (5), and #rans-cinnamic acid (6); Three coumarins: scopoletin (7), isoscopoletin (8), esculetin (9); Two
pyrrole derivatives: 4-[formyl-5-(hydroxymethyl)-1H-pyrrol-1-yl] butanoic acid (10) and 4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-
yl] butanoic acid (11); and 4'-hydroxyacetophenone (12). Conclusion Except compounds 3, 5, and 7, others are isolated from this
plant for the first time. Compounds 2, 4, 8, 9, and 12 are firstly isolated from the plants in genus of Lycium L.
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8). LM NEE (esculetin, 9); 2 MLMEATAY: 4-
[formyl-5-(hydroxymethyl)-1H-pyrrol-1-yl] butanoic
acid (10). 4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-
yl] butanoic acid (11); DL XFEHIR . (4'-hydroxy-
acetophenone, 12). BRULGH 3. 5. 7 4b, H& 9
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Bruker Ultrashield Plus 500 MHz #% i 64/ it 1%
1% (Bruker 2%, Hit:); Agilent 1100 %% =R
FHAL (Agilent A7), JE[H); Agilent Zorbax SB-Cig
iR (250 mm X212 mm, 7 pm, Agilent 2],
FED; HEAE (B-688, Hit: Buchi A#]); R—200
WEREZERAX (Buchi A+, Hit): Mili—Q #4likAL
(Milipore AH], FEED. KRG R A O R
TR T s S BRI A a4t

MIRC T BB IE 2R, ZRWVL R 2% iy
WAw IR M 2 ) i 4 e A AR MU AC IR A4
T RMIAC Lycium barbarum L. TG A 52,
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DCHATHTE . BER SR S EAEE, 19304 A AR
AL, BER ZBEHRA (43 g) ZRERCR (G4 5,
& BE-HE (100 0 0—0 © 100) EBREEVENE, 73
F 16 ML T4 G Lok (i 4 LA L % HPLC
SEEEEAY) 6 (4.38 mg). 7 (58.57 mg)- 8(90.8
mg). 12 (5.46 mg); W7 K SrER i DLl
#% HPLC 7 513214k 54 4 (26.45 mg). 5 (16.22
mg). 9 (10.09 mg); W7 N LrER LA
#% HPLC 73 519 21k &4 2(6.68 mg)<3(21.63 mg)-
10 (8.79 mg). 11 (13.16 mg); Wi O LAkt
FELL K4 HPLC 20 B3 2159 1 (9.68 mg).
3 GHEE

& 1 Al CPED; UV AR (nm):
221,259, 295; ESI-MS m/z: 153 [M—H] ", 307 [2M—
H]", 109 [M—COOH] ; %> 73\ A C;HeO4. 'H-NMR
(500 MHz, DMSO-dg) d: 7.32 (1H, s, H-2), 7.27 (1H,
d, J = 8.0 Hz, H-6), 6.76 (1H, d, J = 8.1 Hz, H-5);
PC-NMR (125 MHz, DMSO-dq) 6: 122.3 (C-1), 117.1
(C-2), 1453 (C-3), 150.4 (C-4), 115.6 (C-5), 122.5
(C-6), 168.1 (C-7). LA F-3d b5 sciikdion — 5, #%

BB A1 R LR .

i 2 AERA CRED: UVALS (nm):
282; ESI-MS m/z: 179 [M—OH], 151 [M—COOH],
137 [M—CH,COOH] ; 4 F Xk C1oH12040 'H-NMR
(500 MHz, CD;0OD) §: 6.57 (1H, d, J = 1.4 Hz, H-2),
6.60 (1H, d, J = 8.0 Hz, H-5), 6.43 (1H, dd, J = 8.0,
1.8 Hz, H-6), 2.62 (2H, t, J = 7.5 Hz, H-7), 2.40 (2H,
t,J = 7.5 Hz, H-8), 3.16 (3H, s, -OCH3); *C-NMR (125
MHz, CD;0D) 6: 131.8 (C-1), 115.7 (C-2), 143.4 (C-3),
145.0 (C-4), 115.5 (C-5), 118.7 (C-6), 29.9 (C-7), 35.9
(C-8), 174.1 (C-9), 48.6 (-OCH3). UL F%d 5 3Cikik
S, MEERAY 2 AR .

a3 Ty CFED; UVXE;SH(nm):
219, 240, 323; ESI-MS m/z: 179 [M—H], 359 [2M—
HJ, 135 [M—COOH]; 73 73} CoHgO4. 'H-NMR
(500 MHz, CD;0OD) ¢: 7.04 (1H, s, H-2), 6.77 (1H, d,
J =172 Hz, H-5), 6.93 (1H, d, J = 6.7 Hz, H-6), 7.53
(1H, d, J = 15.4 Hz, H-7), 6.23 (1H, d, J = 15.2 Hz,
H-8); "C-NMR (125 MHz, CD;0D) ¢: 128.0 (C-1),
115.2 (C-2), 146.8 (C-3), 149.5 (C-4), 116.6 (C-5), 122.9
(C-6), 147.1 (C-7), 115.8 (C-8), 171.4 (C-9). L\ ¥
ks 80, M A Y 3 g .

sy 4 AEERE CFED; UV A (nm):
228,308; ESI-MS m/z: 163 [M—H], 327 [2M—H],
119 [M—COOH] ; 43T N CoHzO5. 'H-NMR (500
MHz, CD;OD) J: 7.59 (2H, d, J = 8.4 Hz, H-2, 6),
6.74 (2H, d, J = 8.4 Hz, H-3, 5), 6.80 (1H, d, J = 12.7
Hz, H-7), 5.78 (1H, d, J = 12.6 Hz, H-8); "“C-NMR
(125 MHz, CD;0D) &: 127.9 (C-1), 133.5 (C-2, 6),
115.9 (C-3, 5), 159.8 (C-4), 144.0 (C-7), 117.9 (C-8),
170.6 (C-9). LA_E% 5 Scikapis —80%, st
B 4 R I AR

&y 5. Ak CPED; UV A (nm):
228,308; ESI-MS m/z: 163 [M—H], 327 [2M—H],
119 [M—COOH] ; 43T N CoHgO3. 'H-NMR (500
MHz, CD;OD) d: 7.43 (2H, d, J = 8.5 Hz, H-2, 6),
6.80 (2H, d, J = 15.4 Hz, H-3, 5), 6.30 (1H, d, J =
15.8 Hz, H-7), 7.59 (1H, d, J = 12.6 Hz, H-8); “C-
NMR (125 MHz, CD;0D) §: 146.6 (C-1), 131.2 (C-2,
6), 116.9 (C-3, 5), 161.1 (C-4), 127.5 (C-7), 115.9
(C-8), 171.4 (C-9). PA_E%edhs 5 ek is—5,
Y B 5 A U R N AERR .

&Y 6: AEE CFED; UV A (nm):



¢ %% Chinese Traditional and Herbal Drugs 35 44 % 25 3 8] 201342 A

*267

212,276; ESI-MS m/z: 147 [M—H]", 295 [2M—HT,
103 [M—COOH] ; 4> 3N CoHgO,o 'H-NMR (500
MHz, CD;OD) : 7.64 (2H, m, H-2, 6), 7.38 (3H, m,
H-3~5), 7.50 (1H, d, J = 15.0 Hz, H-7), 6.53 (1H, d,
J =15.0 Hz, H-8); "*C-NMR (125 MHz, CD;0D) ¢:
134.7 (C-1), 128.8 (C-2, 6), 127.9 (C-3, 5), 129.7
(C-4), 142.2 (C-7), 121.4 (C-8), 168.3 (C-9). LA F¥ds
5 ckapaE 8, S e 6 R AEERR .
a7 HRIEOPBAR MK CFEED;
UV AN (nm): 228, 297, 346; ESI-MS m/z: 407
[2M+Na]"; 2> 734 C1oHsO4. 'H-NMR (500 MHz,
DMSO-dy) d: 6.18 (1H, d, J = 9.5 Hz, H-3), 7.86 (1H,
d, J = 9.5 Hz, H-4), 7.15 (1H, s, H-5), 6.75 (1H, s,
H-8), 3.79 (3H, s, H-11); "“C-NMR (125 MHz,
DMSO-dg) d: 160.7 (C-2), 111.6 (C-3), 144.4 (C-4),
109.5 (C-5), 145.3 (C-6), 151.3 (C-7), 102.8 (C-8),
149.5 (C-9), 110.5 (C-10), 56.0 (C-11). LA E¥#5 53¢
pkiRE S, Wt A T N .

EY 8: R AP IR B CHFE;
UV MM (m): 228, 297, 346; ESI-MS m/z: 407 [2M+
Na]", 215 [M+Na]", 191 [M—H] ; 2> 730} C1oHsO40
'H-NMR (500 MHz, CD;0OD) 8: 6.20 (1H, d,J = 9.5 Hz,
H-3), 7.85 (1H, d, J = 9.5 Hz, H-4), 7.11 (1H, s, H-5),
6.76 (1H, s, H-8), 3.91 (3H, s, H-11); "*C-NMR (125
MHz, CD;0D) &: 164.2 (C-2), 110.1 (C-3), 146.2 (C-4),
104.1 (C-5), 153.1 (C-6), 147.2 (C-7), 112.7 (C-8), 151.6
(C-9), 112.8 (C-10), 57.0 (C-11). LA i 5 ik
— g0 W ME A 8 h R,

Ay 9: Ftagik CRED: UV A (nm):
230, 297, 350; ESI-MS m/z: 177 [M—H], 355 [2M—
H], 133 [M—COOH], 179 [M+H]"; 4 FiH
CoHgO4. 'H-NMR (500 MHz, DMSO-dj) d: 6.14 (1H,
d, J = 9.4 Hz, H-3), 7.84 (1H, d, J = 9.4 Hz, H-4),
6.96 (1H, s, H-5), 6.73 (1H, s, H-8); '*C-NMR (125
MHz, DMSO-dg) 6: 160.8 (C-2), 111.4 (C-3), 144.4
(C-4), 112.3 (C-5), 142.9 (C-6), 150.6 (C-7), 102.6
(C-8), 148.5 (C-9), 110.6 (C-10). LA_L-%¥s 5 Ciikik
B, WA 9 b .

A 10: FEERY CRED; UV A (nm):
295; ESI-MS m/z: 210 [M—H], 421 [2M—H] ; 4}
TH CoH13NO4. 'H-NMR (500 MHz, CD;0D) 6:
6.99 (1H, d, J = 4.0 Hz, H-3), 6.27 (1H, d, J = 4.0 Hz,
H-4), 4.65 (2H, s, H-6), 4.39 (2H, t, J = 7.3 Hz, H-1"),

2.02 (2H, q,J = 7.3 Hz, H-2), 2.33 (2H, t, J = 6.6 Hz,
H-3'), 9.42 (1H, s, -CHO); "“C-NMR (125 MHz,
CD;OD) d: 133.6 (C-2), 126.5 (C-3), 111.6 (C-4),
144.8 (C-5), 56.5 (C- 6), 46.0 (C-1), 27.9 (C-2), 32.2
(C-3"), 181.1 (-CHO), 177.4 (-COOH). LA F¥ 5
Bk IE S, e LS 10 O 4-[formyl-5-
(hydroxymethyl)-1H-pyrrol-1-yl] butanoic acid.

AP 11 FEOBERY CPED; UV Ao (nm):
295; ESI-MS m/z: 224 [M—H], 449 [2M—H], 248
[M+Na]": 2> 7K CyH;sNOs. 'H-NMR (500
MHz, CD;0D) 6: 6.99 (1H, d, J = 4.0 Hz, H-3), 6.29
(1H, d, J = 4.0 Hz, H-4), 4.50 (2H, s, H-6), 4.37 (2H,
m, H-1'), 2.00 (2H, m, H-2), 2.31 (2H, t, J = 7.2 Hz,
H-3"), 3.36 (3H, s, -OCH3), 9.45 (1H, s, -CHO);
BC-NMR (125 MHz, CDCLy) d: 133.5 (C-2), 124.4
(C-3), 111.8 (C-4, 138.9 (C-5), 65.5 (C- 6), 44.8
(C-1'), 26.3 (C-2"), 31.2 (C-3'), 179.6 (-CHO), 178.4
(-COOH). L F¥# 5 ek i — 8, etk
¥ 11 4 4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-
yl] butanoic acid.

A 12: LR ARCRED; UV AN (nm): 220,
275; ESI-MS m/z: 135 [M—H], 93 [M—COCH;] ; 4
T W CsHgO2. 'H-NMR (500 MHz, CD;0D) 6: 7.89
(2H, m, H-2, 6), 6.83 (2H, m, H-3, 5), 2.52 (3H, s, H-8);
BC.NMR (125 MHz, CD;0D) &: 130.4 (C-1), 132.2
(C-2), 116.5 (C-3), 164.4 (C-4), 116.5 (C-5), 132.2 (C-6),
199.6 (C-7), 263 (C-8). LA l-¥dfs & ek i —d",
M e 12 R 2

%

% 3Rk

11 HEZ [S]. —F6. 2010.

21 Jdh, Aese. MRS B 0o S 2 A T S 4R
O[] LT BE 2R AR, 2009, 11(6): 93-95.

B] B K. BUSKNE R YIS LT R A 5
AR [D]. JERT: JERTER AR 24 B, 2012.

[4]  EF, £5R), BmICF, & AT RSR N R
53 HSR UMR 106 4i s As/E It sg g [J]. kFH 2y
BER 22441, 2008, 25(1): 24-29.

[5]1 Wng4: % 8, WEE, 52 LRk R i
5 [J]. "H¥EZY, 2012, 43(9): 1708-1711.

[6] M, A s aisE (7). E
&, 2006, 41(9): 662-663.

[7] MR, o, AR, & OE A R TR
[0]. A2y daE, 2011, 46(6): 414-417.

[8] PMERH. Wi WATILFESAL 2 e 5T [D]. Abst: o



*268

¢ %% Chinese Traditional and Herbal Drugs 35 44 % 25 3 8] 201342 A

(9]

[ B AN RE K2, 2007.

Wu Q, Zou L, Yang X W, et al. Novel sesquiterpene and
coumarin constituents from the whole herbs of
Crossostephium chinense [J]. J Asian Nat Prod Res, 2009,
11(1): 85-90.

[10] E&E®, EXA, 1 #H, %. EWH Ipomoea pes-

caprae (L.) Sweet L2 (1) [7]. T EEERZ
#J, 2006, 25(3): 15-17.

[11] BRI, I 3, SRIER, 5% SMmBEmib s i (K

30) [, = FAMINESY, 2007, 29(2): 263-264.

[12] Chin Y W, Lim S W, Kim S H, er al. Hepatoprotective

pyrrole derivatives of Lycium chinense fruits [J]. Bioorg
Med Chem Lett, 2003, 13(1): 79-81.

[13] Junior P. Iridoid glucosides and an acetophenone

glucoside from Penstemon whippleanus [J]. Planta Med,
1984, 50(5): 444-445.

ATHES 16 BTFRHFLESEHE
FELWFE R A RAR TR B #i8 40

TEAFAEGERFTFAMNFLFRERARLTAE R b b EHFLEEEEEREMRTREREX
., BEIRL 1R, SEEMRERGSETFAMNF IEHF I RATEN, BATHHMA. KL 10 75
R, AARHTREFFHMTE AL QRERKAFFAFLE, 2013 F5 16 B L AEFFLIAFCE
Fr4b.
HABRX K ZE GAE N M F ZAL RO ERERL, 2013 5L maEkAh: (1) w4 amacLE, £53
LNEHMPIF IR G FFHMNTF (SRAM ARG ) FF, KEFHBATRFLE (AHL) 22000
AART . EFiE S, (2) BERRR GERFTRAE, T8 1 RARIRA, 2% A 50000 TARK T,
2N AR MK ERTBRAEES, (3) wERFHRE =4, WEFHUFERLEMEHT N S5 4,

¥ IFAE fo P AR Z R A AAN X F T TAFT E 2 F LR35 (www.epa.org.en) 14,

BEA AL FRLEL (010)58699280-819

JEHAS (010)58699280-820

W, 3k db T TR AN KA 4 FE SOHO /54 18 &

BR %h: 100022 AEE: (010)58694812

E-mail: sunwenhong2002@163.com; yxhfms@163.com
P IRABAER ] 2013 44 A 30 B, wAWREA K


mailto:yxhfms@163.com

