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Chemical constituents from berries of Physalis pubescens

JIA Yuan-min, CHEN Zhong, XU Qiong-ming, LI Xiao-ran, YANG Shi-lin

College of Pharmaceutical Science, Soochow University, Suzhou 215123, China

Abstract: Objective To investigate the chemical constituents from the berries of Physalis pubescens. Methods The chemical
constituents were isolated by repeated silica gel column chromatography, Sephadex LH-20 gel columns chromatography, medium
pressure column chromatography, and semi-preparative liquid chromatography, and their structures were elucidated by chemical
properties and spectral analyses. Results Sixteen compounds were isolated and identified to be 3, 7, 3'-trimethylquercetin (1),
kaempferol (2), chrysoeriol (3), quercetin-3-O-p-D-glucopyranoside (4), arjunolic acid (5), pulsatilla saponin A (6), pulsatilla saponin
D (7), caffeic acid (8), 1-O-caffeoyl-p-D-glucopyranoside (9), N-trans-ferulogltyramine (10), neo-olivil (11), medioresinol (12),
pinoresinol (13), sucrose (14), uridine (15), and B-sitosterol (16). Conclusion Compounds 5—7 and 9—15 are obtained from the
plants of genus Physalis L. for the first time. Compounds 3 and 8 are obtained from this plant for the first time.
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400 M SRAY CBEEAE A\ D, 2l AL
WAL (LC—20AT, SPD—20A, H At
D ; Crg il A (250 mm X 10 mm, 5 pm,
F[H Kromsil 24 7] ); Sephadex LH-20 #tfe (SE[H
GE A¥]); TOF-MS (3&[E Micromass A ) ); XTS5
A R A CIE S RMCRDBA S D5 H R
MR -HE R 2 A Rl A7 PRA WD Autopol IV
BB GREEERA A R (e,
[ 24 45 A 27l AT PR A W) D5 2 (0 1% e A
(HSGF254, M & 17 2 558 55 hE e T Aol
s SRR A T RE IR A T R EAG TT HH.

EIRIEKR T 2010479 H R A B IITH 7550
IR, HIR N RS 227 B R SR BR A 8 ) BIR K
Physalis pubescens L. IR,
2 RBSSE

WHEEI BRI KR 50 kg, 2L FH SN URHTE 1k
BIIR, 10 155 95% LIEViR 2 Ik, BEHK 240, 5IF
2 AR, 200 Hifug, PR ugim e kkds,

WA I & BERR LG 1E T BRI AR,
TR REBR IR IRAT, 1540 R AL ) 159 g,
ST 53 g, BER ZHEAEIUY) 39 g, 1T EAK
¥ 622 g @A) FIBS IR L WE A< BV 43 0] I B2 e Ak ke
B, 43 A A i -5 1R £ IR v 77 R G AN 1 -
VA 71 R BA FELE I, HF 454 Sephadex LH-20 £1:
(3 K 46 RO (A3, 2y B AL 1~16.
3 HMETE

&1 sEEENS (F4), mpl173~175 C.
UV AN (nmy: 355, 255, 206; FAB-MS m/z: 345 [M+
H]". 'H-NMR (400 MHz, CDCl;) §: 6.34 (1H, d, J =
1.9 Hz, H-6), 6.44 (1H, d, J = 1.9 Hz, H-8), 7.73 (1H,
d, J = 1.8 Hz, H-2"), 6.98 (1H, d, J = 8.6 Hz, H-5'),
7.69 (1H, dd, J = 1.8, 8.6 Hz, H-6'), 12.62 (1H, brs,
5-OH), 3.96 (3H, s, 3-OCH;), 3.87 (6H, s, 7,
3-OCH;); “C-NMR (100 MHz, CDCly) &: 155.6
(C-2), 139.2 (C-3), 178.9 (C-4), 156.8 (C-5), 97.9
(C-6), 165.5 (C-7), 92.2 (C-8), 162.1 (C-9), 106.1
(C-10), 123.7 (C-1"), 110.4 (C-2"), 145.6 (C-3"), 148.8
(C-4"), 114.4 (C-5"), 121.6 (C-6"), 60.2 (3-OCHs), 56.1
(7-OCH3), 55.8 (3'-OCH3). LA L idi5 Sk —

#P, WA N 3,7, 3= I &

& 2: wEEH (FED, mp 276~278 C.
EI-MS m/z: 286 [M], 258, 257, 229, 153, 121. ##)Z
R, RAME T RGBT, 8 = AR B e e
', 3R AT B8 2 B . 'TH-NMR (400 MHz, DMSO-dq)
5: 12.48 (1H, s, 5-OH), 10.77 (1H, s, 7-OH), 10.14
(1H, s, 3-OH), 9.38 (1H, s, 4'-OH), 8.05 (2H, d, J =
8.8 Hz, H-2', 6), 6.92 (2H, d, J = 8.8 Hz, H-3', 5'),
6.43 (1H, d, J= 2.0 Hz, H-8), 6.19 (1H, d, J= 2.0 Hz,
H-6); *C-NMR (100 MHz, DMSO-d;) J: 146.8 (C-2),
135.6 (C-3), 175.9 (C-4), 156.1 (C-5), 98.2 (C-6), 163.9
(C-7), 93.5 (C-8), 160.7 (C-9), 103.0 (C-10), 121.6
(C-17), 129.5 (C-2'), 115.4 (C-3"), 159.2 (C-4"), 115.4
(C-5'), 129.5 (C-6")o VA% 5 Sciikapis — 8,
REAY 2 J 25

AW 3: Ok CEA-HED. EI-MS m/z:
300 [M]', 285, 272, 257, 229, 15, 136, 133, 105,
'H-NMR (400 MHz, DMSO-d) 6: 6.89 (1H, s, H-3),
12.96 (1H, s, 5-OH), 10.80 (1H, s, 7-OH), 6.20 (1H, d,
J =2.1 Hz, H-6), 6.51 (1H, d, J = 2.1 Hz, H-8), 7.55
(1H, d, J = 2.1 Hz, H-2'), 6.94 (1H, d, J = 8.9 Hz,
H-5'), 7.56 (1H, dd, J = 8.9, 2.1 Hz, H-6'), 3.90 (3H, s,
-OCH3); "C-NMR (100 MHz, DMSO-ds) d: 163.6
(C-2), 103.7 (C-3), 181.7 (C-4), 1573 (C-5), 98.8
(C-6), 164.1 (C-7), 94.0 (C-8), 161.4 (C-9), 103.2
(C-10), 121.5 (C-1"), 110.2 (C-2)), 150.7 (C-3"), 148.0
(C-4"), 115.7 (C-5"), 120.3 (C-6"), 55.9 (-OCH3). LA F-¥k
a5 ScmrARE 80, SR a Y 3 N A

& 4: FEEEE (P, mp 228~230 C,
R IO S 210, Molish i 3 5L B 1 . "H-NMR
(400 MHz, DMSO-d;) 6: 12.62 (1H, s,-OH), 6.20 (1H,
d, J=2.0 Hz, H-6), 6.41 (1H, d, J = 2.0 Hz, H-8), 5.45
(1H, d, J = 7.6 Hz, H-1"), 7.58 (1H, d, J = 2.4 Hz,
H-2'), 6.84 (1H, d, J = 8.8 Hz, H-5'), 7.56 (1H, dd, J =
2.4, 8.4 Hz, H-6"); *C-NMR (100 MHz, DMSO-dj) &
156.7 (C-2), 133.7 (C-3), 178.3 (C-4), 161.1 (C-5),
98.0 (C-6), 164.9 (C-7), 92.4 (C-8), 156.7 (C-9), 105.3
(C-10), 121.5 (C-1"), 115.6 (C-2'), 143.8 (C-3"), 146.7
(C-4), 117.5 (C-5"), 122.0 (C-6'), Glc: 101.3 (C-1),
73.6 (C-2), 77.0 (C-3), 71.1 (C-4), 76.7 (C-5), 60.5
(C-6)0 LA EXdls b5 Scikf g —50, e th &
4 it 25-3-0-B-D-NL W H 2

a5 Amsgsd (HED. ESI-MS m/z: 487
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[M—H] . "H-NMR (400 MHz, CD;0D) 6: 0.71 (3H,
s, H-25), 0.87 (3H, s, H-26), 0.92 (3H, s, H-29), 0.94
(3H, s, H-30), 1.03 (3H, s, H-23), 1.10 (3H, s, H-27),
3.68 (1H, m, H-2), 3.36 (1H, d, J = 9.5 Hz, H-3), 2.77
(1H, m, H-18), 3.51, 3.28 (2H, d, J = 11.0 Hz, H-23),
5.17 (1H, m, H-12); “C-NMR (100 MHz, CD;0D) §:
46.7 (C-1), 69.7 (C-2), 78.3 (C-3), 43.0 (C-4), 49.0
(C-5), 19.2 (C-6), 32.8 (C-7), 40.8 (C-8), 47.0 (C-9),
38.5 (C-10), 23.4 (C-11), 121.3 (C-12), 144.5 (C-13),
41.7 (C-14), 27.2 (C-15), 23.3 (C-16), 46.8 (C-17),
432 (C-18), 47.0 (C-19), 30.4 (C-20), 34.0 (C-21),
32.8 (C-22), 64.0 (C-23), 13.7 (C-24), 16.7 (C-25),
17.4 (C-26), 25.7 (C-27), 180.9 (C-28), 22.9 (C-29),
33.3 (C-30). LL 3 5 ScikdioE —s807, et
EW 5 N 2a, 3B, 23- = FRIE-12-45-28-FF IR
EY) 6: Ftagih CHEE, mp 232~234 C,
FAB-MS m/z: 773 [M+Na] . 'H-NMR (400 MHz,
CsDsN) 6: 0.92 (6H, s, H-25, 26), 0.98 (3H, s, H-29),
1.00 (3H, s, H-30), 1.05 (3H, s, H-24), 1.21 (3H, s,
H-27), 1.63 (3H, d, J = 6.4 Hz, Rha-H-6), 5.45 (1H,
brs, H-12), 5.11 (1H, d, J = 7.6 Hz, Ara-H-1), 6.27
(1H, brs, Rha-H-1); "C-NMR (100 MHz, CsDsN)
38.2 (C-1), 25.3 (C-2), 79.3 (C-3), 42.2 (C-4), 46.2
(C-5), 17.1 (C-6), 31.9 (C-7), 40.8 (C-8), 47.1 (C-9),
35.9 (C-10), 22.8 (C-11), 121.5 (C-12), 143.8 (C-13),
41.3 (C-14), 27.2 (C-15), 22.6 (C-16), 45.6 (C-17),
42.2 (C-18), 45.4 (C-19), 30.4 (C-20), 33.3 (C-21),
32.8 (C-22), 63.4 (C-23), 12.6 (C-24), 15.5 (C-25),
16.9 (C-26), 25.5 (C-27), 178.6 (C-28), 32.1 (C-29),
234 (C-30); Ara: 102.9 (C-1), 74.2 (C-2), 72.9 (C-3),
68.1 (C-4), 64.4 (C-5); Rha: 99.9 (C-1), 70.4 (C-2), 70.3
(C-3), 72.0 (C-4), 67.8 (C-5), 17.8 (C-6). VL L-Huh 5
BRI — 20, S EAAY 6 N LS AT A,
& 7. AR A, mp 253~255 C . FAB-MS
m/z: 935 [M+Na]". 'H-NMR (400 MHz, CsDsN) ¢:
1.08 (3H, s, H-24), 0.92 (6H, s, H-25, 26), 1.22 (3H, s,
H-27), 0.98 (3H, s, H-29), 1.00 (3H, s, H-30), 1.64
(3H, d, J = 6.0 Hz, Rha-H-6), 5.45 (1H, brs, H-12),
5.02 (1H, d, J = 6.8 Hz, Ara-H-1), 5.14 (1H, d, J=17.6
Hz, Glc-H-1), 6.27 (1H, brs, Rha-H-1); *C-NMR (100
MHz, CsDsN) 6: 38.2 (C-1), 25.5 (C-2), 79.9 (C-3),
42.4 (C-4), 47.1 (C-5), 17.1 (C-6), 32.8 (C-7), 38.9
(C-8), 47.2 (C-9), 36.0 (C-10), 23.4 (C-11), 121.7

(C-12), 143.8 (C-13), 41.3 (C-14), 27.7 (C-15), 22.8
(C-16), 45.4 (C-17), 41.3 (C-18), 45.4 (C-19), 30.4
(C-20), 34.4 (C-21), 32.8 (C-22), 62.4 (C-23), 12.9
(C-24), 15.6 (C-25), 16.9 (C-26), 25.5 (C-27), 180.3
(C-28), 32.8 (C-29), 23.4 (C-30); Ara: 104.5 (C-1),
76.4 (C-2), 75.3 (C-3), 80.6 (C-4), 65.6 (C-5); Rha:
101.7 (C-1), 71.9 (C-2), 72.5 (C-3), 73.1 (C-4), 70.0
(C-5), 18.8 (C-6); Glc: 106.9 (C-1), 75.6 (C-2), 78.9
(C-3), 71.4 (C-4), 78.7 (C-5), 62.6 (C-6). VL - %k 5
SCHRARGE — B, MRS T kS BT D

tEY 8: AfsiA (B, mp 225~227 C,
FeCly ik Al A7 4, $RamiRitfidi. '"H-NMR
(400 MHz, DMSO-d¢) 6: 6.97 (1H, d, J = 1.3 Hz,
H-2), 6.78 (1H, d, J = 8.2 Hz, H-5), 6.95 (1H, dd, J =
8.2, 1.3 Hz, H-6), 7.42 (1H, d, J = 15.8 Hz, H-7), 6.18
(1H, d, J = 15.8 Hz, H-8); "C-NMR (100 MHz,
DMSO-ds) d: 125.7 (C-1), 115.2 (C-2), 145.5 (C-3),
148.1 (C-4), 115.7 (C-5), 121.2 (C-6), 144.5 (C-7),
114.5 (C-8), 168.1 (C-9). LA_F-$dhs 15 sciikdias —2,
W A A 8 S WIHER o

Ew9: wtasdy (HEED . FAB-MS m/z: 341
[M—H] . 'H-NMR (400 MHz, DMSO-ds) 6: 7.05
(1H, d, J=2.0 Hz, H-2), 6.78 (1H, d, J = 8.2 Hz, H-5),
7.02 (1H, dd, J = 8.2, 2.0 Hz, H-6), 7.65 (1H, d, J =
15.8 Hz, H-7), 6.29 (1H, d, J = 15.8 Hz, H-8), 5.56
(1H, d, J = 7.9 Hz, H-1'), 3.38 (1H, t, J = 8.5 Hz,
H-2'), 3.44 (1H, m, H-3'), 3.42 (1H, m, H-4'), 3.41
(1H, m, H-5"), 3.85 (1H, dd, J = 12.1, 2.0 Hz, H-6),
3.69 (2H, dd, J = 12.1, 4.5 Hz, 3, 4-OH); "“C-NMR
(100 MHz, DMSO-dy) 6: 125.3 (C-1), 113.3 (C-2),
145.6 (C-3), 148.8 (C-4), 114.9 (C-5), 121.7 (C-6),
146.4 (C-7), 114.4 (C-8), 165.3 (C-9); Glc: 94.2
(C-1"), 72.5 (C-2"), 77.8 (C-3"), 70.3 (C-4"), 76.7
(C-5"), 60.5 (C-6")» VA_EXichii 5 Seikapas— s, %
YA 9 2 1-O-WNMHEREIE-B-D-NEL IR 76 2 B o

WA 10: s CFRED, mp 90~93C.,
ESI-MS m/z: 336 [M+Na]". 'H-NMR (400 MHz,
DMSO-dg) &: 6.44 (1H, d, J = 15.6 Hz, H-2), 7.32
(1H, d, J = 15.6 Hz, H-3), 7.12 (1H, d, J = 1.5 Hz,
H-5), 6.80 (1H, d, J = 8.6 Hz, H-8), 6.99 (1H, dd, J =
8.6, 1.5 Hz, H-9), 8.00 (1H, t, J = 5.8 Hz, -NH), 3.34
(2H, m, H-1"), 2.65 (2H, t, J = 7.4 Hz, H-2'), 7.02 (2H,
d, J= 8.1 Hz, H-4', 8'), 6.69 (2H, d, J = 8.1 Hz, H-5',
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7", 7.04 (2H, d, J = 8.7 Hz, H-4', 8'), 9.19 (1H, brs,
-OH), 9.44 (1H, brs, -OH), 3.87 (3H, s, 6-OCHs);
BC-NMR (100 MHz, DMSO-dq) d: 165.3 (C-1), 119.1
(C-2), 138.8 (C-3), 126.4 (C-4), 110.9 (C-5), 147.9
(C-6), 148.2 (C-7), 115.7 (C-8), 121.5 (C-9), 40.7
(C-1'), 34.4 (C-2), 129.5 (C-3', 4', 8), 155.7 (C-6"),
115.1 (C-5',7"), 55.5 (-OCH3). DL $ds 55 SCik i i
— 2 WSS 10 Ky N-J - P B I e

& 11 gy (RS, Molish KV
FIPE. ESI-MS m/z: 375 [M—H] . 'H-NMR (400
MHz, DMSO-dy) 6: 6.90 (1H, s, H-2), 6.75 (1H, d, J =
8.1 Hz, H-5), 6.74 (1H, d, J = 8.7 Hz, H-6), 4.62 (1H,
d, J = 3.6 Hz, H-7), 1.17 (1H, m, H-8), 3.73 (1H, dd,
J=2.4,89Hz, H-9); “C-NMR (100 MHz, DMSO-d;)
81 132.7 (C-1), 110.8 (C-2), 147.6 (C-3), 146.1 (C-4),
115.2 (C-5), 118.6 (C-6), 85.2 (C-7), 53.6 (C-8), 70.9
(C-9), 56.0 (-OCH3). LA -3 5 ek i — !,
WU EAL S 11 R I 5

& 12: Rtadsin (I, mp 148~152
‘C . ESI-MS m/z: 411 [M+Na]". '"H-NMR (400 MHz,
DMSO-d) 5: 6.59 (2H, s, H-2, 6), 4.72 (1H, d, J = 4.5
Hz, H-7), 3.07 (2H, m, H-8), 3.87 (2H, m, H-9), 6.89
(2H, m, H-2'), 6.91 (2H, m, H-5), 6.82 (1H, dd, J =
8.1, 1.8 Hz, H-6'), 4.75 (1H, d, J = 4.5 Hz, H-7"), 3.13
(2H, m, H-8"), 3.88 (2H, m, H-9"), 3.90 (6H, s, H-10,
10), 3.89 (3H, s, H-11), 5.59 (1H, s, 4-OH), 5.48 (1H,
s, 4-OH); "“C-NMR (100 MHz, DMSO-dj) d: 131.5
(C-1), 103.8 (C-2, 6), 134.5 (C-4), 147.6 (C-3, 5), 85.4
(C-7), 53.7 (C-8), 71.1 (C-9), 56.1 (C-10), 55.7
(C-11), 133.0 (C-1"), 108.7 (C-2'), 146.7 (C-3), 145.3
(C-4"), 1152 (C-5"), 118.6 (C-6"), 85.2 (C-7'), 53.5
(C-8"), 71.0 (C-9"), 56.1 (C-10"). LA L%¥s 5 ki

g, MO AT 12 ok BRI

&M 13: Lk, ESI-MS m/z: 381 [M+
H]". '"H-NMR (400 MHz, CDCLy) J: 6.89 (2H, m, H-2,
2"), 6.88 (2H, d, J= 8.2 Hz, H-5, 5'), 6.82 (2H, dd, J =
8.2, 1.7 Hz, H-6, 6'), 4.74 (2H, d, J = 4.3 Hz, H-7, 7'),
3.10 (2H, m, H-8, 8'), 4.24 (2H, m, H-9, 9"), 3.90 (6H,
s, 3,3-OCH3); "*C-NMR (100 MHz, CDCl5) 6: 132.3
(C-1, 1'), 110.6 (C-2, 2'), 147.5 (C-3, 3'), 145.9 (C-4,
4", 115.2 (C-5, 5"), 118.6 (C-6, 6'), 85.2 (C-7, 7'), 53.6
(C-8, 8"), 70.9 (C-9, 9') 55.7 (3, 3'-OCH3). UL L%0ds
HacmkaiE—5", MO A W 13 AR REEE .

WEY 14: LERCIRE (R, mp 174~
176 °C. ESI-MS m/z: 365 [M+Na] . Molish 2 &
BHE, 5 B -IRRR IR B4R 20 (7 . "H-NMR (400 MHz,
DMSO-d) 6: 5.42 (1H, d, J = 6.0 Hz, H-1), 4.82 (1H,
d, J=6.0 Hz, H-1"); *C-NMR (100 MHz, DMSO-dy)
5: 63.0 (C-1), 103.9 (C-2), 76.8 (C-3), 72.7 (C-4), 82.4
(C-5), 60.3 (C-6), 91.6 (C-1'), 71.5 (C-2'), 74.1 (C-3"),
69.7 (C-4"), 72.7 (C-5"), 61.9 (C-6"). LA H i 5 ik
g5, MRS 14 R

EW) 15: AL i (FED . FAB-MS m/z: 244
[M]", 226, 141, 133, 113, 73. 'H-NMR (400 MHz,
DMSO-ds) : 11.3 (1H, s, -NH), 5.64 (1H, d, J = 7.8
Hz, H-5), 7.88 (1H, d, J = 8.4 Hz, H-6), 5.78 (1H, d,
J = 5.4 Hz, H-1"), 3.53~4.03 (6H, m, sugar-H);
BC-NMR (100 MHz, DMSO-dq) &: 150.8 (C-2), 163.2
(C-4), 101.8 (C-5), 140.8 (C-6), 87.6 (C-1"), 69.8
(C-2"), 73.5 (C-3"), 84.8 (C-4"), 60.9 (C-5"). LA L%
5cirapig—s", e A 15 R

&M 16: A CREED, mp 138~140 C.

10% H,SO4- LR B84 4, Liebermann-Burchard

N2 BHYE, Molish Je W2 1. 5 B-48 B BEXT I
SEHEZ, HRE BT 8, ke
AW 16 ) B-15 (5 iz

S 30k
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