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Chemical constituents from berries of Physalis pubescens
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Abstract: Objective To investigate the chemical constituents from the berries of Physalis pubescens. Methods The constituents
from the80%ethanol extract of berries of P. pubescens were separated and purified by all several chromatographic technologies. The
isolated compounds’ structures were elucidated by physicochemical properties and spectral data analysis. Results Nine compounds
were isolated and purified. They were identified as 5-hydroxymethylfurfural (1), ethyl caffeate (2), B-sitosterol (3), trans-p-hydroxyl
ethyl cinnamate (4), quercetin 3,5,7-trimethyl ether 3'-O-B-D-glucopyranoside (5), quercetin-3-O-(6'-O-trans-p-coumaroyl)-p-D-
glucopyranoside (6), kaempferol-3-O-B-D-rutinoside (7), oleuropein (8), and 4,4'-diol-2"-methoxychalcone (9). Conclusion
Compounds 4—9 are obtained from the plants of genus Physalis L. for the first time, and compound 1 is isolated from P. pubescens for
the first time.
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BRI 9 MEEH, o sE ok 5-FE IR (5-
hydroxy-methylfurfural, 1). WIHEER ZE Cethyl
caffeate, 2). B-7+ & EE (PB-sitosterol, 3). S Xf
BRRNHERR 48 (trans-p-hydroxyl ethyl cinnamate,
4. Mt 3R-3,5,7- = A JE-3"-O- B-D- L W i 28 4 1
(quercetin-3,5,7-trimethyl ether 3’-O-B-D-glucopy-
ranoside , 5). Mt 7 % -3-0-(6"-0- [« XX 7 1k
Ho)-B-D-NL IR 6] 25 B [quercetin-3-O-(6"-O-trans-p-
coumaroyl)-B-D-glucopyranoside, 6]+ LLIZ5#}-3-O-B- D-
ZAEBEH (kaempferol-3-O-B-D-rutinoside, 7). Hil
Wit Coleuropein, 8). 4,4- —FFKL-2"-F4{FLAY
B (4,4'-diol-2"-methoxychalcone, 9). HH{b4A
V) 4~9 A E IRNIRKK S Y o s 19 2], EY 1
HE RN A o B A5
1 X5

XEVO TQ-S S IRVYRAT 54 (3£ [E Waters
AF]), Acquity UPLC i i 80 AH (i (36 [
Waters A 1), ACQUITY UPLC BEH C;g ffi ¥ (50
mmX2.1 mm, 1.7 um, E[E Waters A a]). FHl#%
TR RSB €615 {3 (Waters 1525 —- 76 HPLC % , Waters
2998 AR FESIRLIN S ): YMC-Pack ODS-A F-ifi
HOIEA (250 mmX 20 mm, 5 pm, YMS FH [R5t
fEovd], HAD; Bruker DRX 500 #Z G 1AL
([H Bruker 2w Jight 26 &AL C EHEFEERRIBUL
MEAAH R AF]D; MR AR ik GF
B ) D5 RSP (FATI04N, B ROAS
BRI AR A D A Cig bl CInER
Sileycle 2~ w]); FfE (%4, Fisher Aw]); HiAth
2RI R 3 pr i

BRI Z ST 2014 4F 9 HRAHMKA
ORI, H P AROR 27 24 2 Bt 41 N B0 5 5 A B
IR JE Y BRI Physalis pubescens L. Wi fE 55
2 RES5NE

WHEEIR BRI e R, RIEEE, FRIUR
R 20 kg, BRE, LU 10 AR 80% L &l
M3 K, 1R 48 h, LR 2 KK EL 24 h,
HF 3 RGEHUGR, 200 HIRIEL, PrSaE s bl
WA A, B 7K 1000 mL 23, ARV 1E
Oty S HLT. BER OlE. 1B T EEARHN 4 1K,
R 500 mL, #%#B7r AR RIOR ], T, 19
IECREAE 71 g, AW 55 ¢, BHEIR 4
BRI 62 g, 1E T REACHUY) 211 g.

BEWS Z WA (62 g) ARERFE(RE, LUIE
CE-BE R 218 (100 © 0—0 : 100) BV, 755
15 NHSY Fr. 1~15. Fr. 2~3 B4 R SREIF A%
R &) 1(8 mg). 2(22 mg) F1 3(7 mg).
Fr. 5. Fr. 7 £ ODS 737 FH I E-7K (30%~50%) #f
FEVEML, 9465 4 (11 mg). Fr.8~10. Fr. 12 &
e 5 B R OB O3 (20%~ 80% S Ay i s 41D
rEsaifh, 35 5 (2mg). 6 (3 mg). 7 (4 mg).
8 3mg). 9 (2mg).

3 HMETE

AW 1 ORI H N ST .
BSIR B %S . ESI-MS m/z: 127.0 [M-+H] .
HED FLARNS 2375t 4 126.0. "H-NMR (500 MHz,
CDCls) 6: 9.43 (1H, s, CHO), 7.16 (1H, d, J = 3.5 Hz,
H-3), 6.43 (1H, d, J = 3.5 Hz, H-4), 431 (1H, brs,
OH), 4.60 (2H, s, CH,); “C-NMR (125 MHz, CDCl5)
5: 177.7 (CHO), 151.9 (C-2), 123.5 (C-3), 109.8
(C-4), 161.1 (C-5), 57.0 (CHy) . LA F%cde 5 SR HiiE
A, et 1 Oh 55 T LR

W& 2: JotEEtRib e (B, ESI-MS m/z:
209.2 [M+H] . HEW AN 7 i h 208.2,
'H-NMR (500 MHz, CD;0D) d: 7.54 (1H, d, J = 16.0
Hz, H-7), 7.06 (1H, d, J = 2.0 Hz, H-2), 6.96 (1H, dd,
J = 8.0, 2.0 Hz, H-6), 6.79 (1H, d, J = 8.0 Hz, H-5),
6.25 (1H, d, J = 16.0 Hz, H-8), 422 (2H, q, J = 7.0
Hz, H-10), 1.33 (3H, t, J = 7.0 Hz, H-11); "*C-NMR
(125 MHz, CD;OD) &: 167.9 (C-9), 148.2 (C-4),
145.4 (C-7), 145.4 (C-3), 126.3 (C-6), 121.5 (C-1),
115.1 (C-5), 113.8 (C-8), 113.7 (C-2), 60.0 (C-10),
13.2 (C-11)o LL X0 5 Scmhapas S A — 50, %
EAY 2 R HERR 2T .

WA 3: EEdE (FED . 10% HaSOu- L1
BRI 4I 4, Liebermann-Burchard ¢ V. 5 BH 1,
Molish S S BHE. ESI-MS m/z: 415.6 [M+H] .
HED FLARNS 7> 1 i 414.6. "H-NMR (500 MHz,
CD;0D) 8: 5.44 (1H, m, H-1), 3.87 (1H, m, H-3), 1.07
(3H, s, 18-CH;), 1.00 (3H, d, J = 1.0 Hz, 19-CH3),
0.90 (3H, m, 21-CHs), 0.88 (3H, m, 26-CH3), 0.86
(3H, m, 27-CH3), 0.69 (3H, s, 29-CH3); "“C-NMR
(125 MHz, CD;0D) §: 142.1 (C-5), 121.4 (C-6), 71.4
(C-3), 57.1 (C-14), 56.4 (C-17), 50.6 (C-9), 46.2
(C-24), 43.8 (C-4), 42.6 (C-13), 40.2 (C-12), 38.0
(C-1), 37.0 (C-10), 36.5 (C-20), 34.4 (C-7), 32.8
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(C-22), 32.4 (C-8), 32.3 (C-25), 29.6 (C-16), 28.7
(C-23), 26.6 (C-2), 24.7 (C-15), 23.5 (C-28), 21.5
(C-11), 20.1 (C-27), 19.7 (C-18), 19.3 (C-29), 19.1
(C-21), 12.3 (C-26), 12.1 (C-19). LA _EXd 55 SCikR
EIREA U, WA 3N B S

a4 AEERT (R T . ESI-MS m/z:
193.3 [M+H]". #EMILAIE 2 7 5y 1923, 'H-
NMR (500 MHz, CD;0D) §: 7.63 (1H, d, J = 16.0 Hz,
H-7), 7.48 (2H, d, J = 8.5 Hz, H-2, 6), 6.83 2H, d, J =
8.5 Hz, H-3, 5), 6.35 (1H, d, J = 16.0 Hz, H-8), 4.25
(2H, q, J = 7.5 Hz, H-1), 1.34 (3H, t, J = 7.0 Hz,
H-2'); "“C-NMR (125 MHz, CD;0D) ¢: 169.7 (C-9),
161.3 (C-4), 146.6 (C-7), 131.5 (C-2, 6), 127.5 (C-1),
117.0 (C-3, 5), 115.6 (C-8), 61.5 (C-1"), 14.8 (C-2).
DL E i ek R A — 8, et A 4
h R ARRHE R FERR L1

&Y 5: Bk (=& F ). ESI-MS m/z:
507.2 [M+H]". HEMIARXT 27 il 5062, 'H-
NMR (500 MHz, CD;0D) ¢: 7.83 (1H, dd, J = 8.5,
2.5 Hz, H-4"), 7.76 (1H, d, J = 2.5 Hz, H-2'), 7.19 (1H,
d, J=9.0 Hz, H-5"), 6.73 (1H, d, J = 2.0 Hz, H-8),
6.46 (1H, d, J = 2.0 Hz, H-6), 3.93 (3H, s, 3-OCH;),
4.01 (3H, s, 5-OCHj3), 4.07 (3H, s, 7-OCH3), 5.00 (1H,
d,J=7.5Hz, H-1"); "C-NMR (125 MHz, CD;0D) ¢:
178.8 (C-4), 161.5 (C-7), 166.0 (C-5), 157.0 (C-9), 156.5
(C-2), 145.0 (C-4"), 150.4 (C-3"), 138.7 (C-3), 120.9
(C-1"), 126.0 (C-6'), 114.9 (C-5"), 120.0 (C-2"), 111.0
(C-10), 97.6 (C-6), 92.2 (C-8), 55.1 (5-OCHs), 55.0
(7-OCH3), 59.2 (3'-OCH3), 103.9 (3'-O-gle-1'), 73.0
(3"-0-gle-2"), 71.3 (3'-O-glc-3"), 71.9 (3'-O-glc-4), 78.1
(3'-0-glc-5"), 62.0 (3'-0-gle-6")o LA EH¥s 15 S0k
A, MRS 5 MM E-3,5,7 =
FH 4 3-3"-O-B-D- L e 7 2 B

&) 6: KR CHEE) . ESI-MS m/z: 611.1
[M+H] o LA 7T 610.1. "H-NMR
(500 MHz, DMSO-ds) fiit}z #&B45> 5: 12.63 (1H, s,
5-OH), 7.65 (1H, d, J = 8.0 Hz, H-6'), 7.52 (1H, d, J =
1.5 Hz, H-2"), 6.83 (1H, d, J = 8.5 Hz, H-5"), 6.37 (1H,
d, J= 1.0 Hz, H-8), 6.14 (1H, m, H-6); # %5k &7 o:
5.42 (1H, d, J = 8.0 Hz, H-1'), 4.11 (2H, m, H-6'a~
6'b), 3.40~3.70 (4H, m, H-2'~5"); 0} 7 T ik
#4y 0: 7.36 (3H, m, H-2", 6", 7"), 6.78 (2H, d, J= 8.5
Hz, H-3", 5"), 6.13 (1H, d, J = 16.0 Hz, H-7");

BC.NMR (125 MHz, DMSO-dg) il ¢ Z#B4r o:
177.6 (C-4), 164.2 (C-7), 161.3 (C-5), 156.4 (C-2),
156.3 (C-9), 148.6 (C-4"), 144.8 (C-3), 133.6 (C-3),
122.1 (C-6"), 121.2 (C-1), 116.1 (C-5"), 115.3 (C-2"),
104.0 (C-10), 98.8 (C-6), 93.6 (C-8); %HZiHEEEY o
101.7 (C-1'), 73.2 (C-5"), 73.1 (C-2"), 71.2 (C-3"), 68.5
(C-4"), 633 (C-6"); AN FHEWEILILS 6: 166.3
(C-9"), 160.0 (C-4"), 145.0 (C-7"), 130.3 (C-6"), 125.1
(C-1"), 113.8 (C-8"), 115.9 (C-5"), 115.9 (C-3"), 130.3
(C-2")o LA %5l 5 Scmirdiis s A — 55, ket
G506 Atk %-3-0-(6"-0- 5 A 5 B S -B-D-
EL MR 7 25 B T

&Y 7. SEEOREA CREE, EhIR-BE0 N
WAL, B IR S i B 4k 1, . ESI-MS m/z: 595.4
[IM+H]"o AR 2> 7 Bl 594.4. "H-NMR
(500 MHz, CD;0D) ¢: 8.01 (2H, d, J = 8.8 Hz, H-2,
6'), 6.84 (2H, d, J = 8.8 Hz, H-3, 5'), 6.36 (1H, d, J =
2.0 Hz, H-8), 6.17 (1H, d, J = 2.0 Hz, H-6), 5.08 (1H,
d, J=17.6 Hz, H-1'), 447 (1H, d, J = 0.8 Hz, H-1"),
3.76~3.22 (5H, m, sugar-H), 1.07 (3H, d, J = 6.0 Hz,
H-6"); ""C-NMR (125 MHz, CD;0D) 6: 177.8 (C-4),
164.4 (C-7), 161.4 (C-5), 159.9 (C-4'), 157.8 (C-2),
156.9 (C-9), 133.9 (C-3), 130.7 (C-2"), 130.7 (C-6"),
121.1 (C-1"), 114.5 (C-3"), 114.5 (C-5'), 104.0
(C-10), 103.0 (C-1"), 100.8 (C-1"), 98.3 (C-6), 93.3
(C-8), 76.5 (C-3'), 75.6 (C-5'), 74.1 (C-2), 72.3
(C-4"), 70.7 (C-3"), 70.5 (C-2"), 69.8 (C-4"), 68.1
(C-5"), 67.0 (C-6"), 16.3 (C-6"). L% 5 kiR
A ), W A T 1 2R 8-3-0-B-D-
P e

AW 8: ¥ B Uk R (512 £.158) , ESI-MS m/z:
541.5 [M+H] . HEMILHIX 27 By 540.5. 'H-
NMR (500 MHz, CD;0D) §: 7.40 (1H, s, H-3), 6.84
(1H, d, J = 8.0 Hz, H-7"), 6.76 (1H, m, H-4"), 6.66
(1H, m, H-8"), 4.14 (2H, m, H-1"), 3.93 (1H, m, H-5),
3.90 (2H, m, H-6), 3.92 (3H, s, OCH;), 3.72~3.42
(4H, m, H-2'~5"), 2.74 (2H, m, H-2"), 2.40 (2H, m,
H-6), 1.28 (3H, d, J = 6.0 Hz, H-10); '*C-NMR (125
MHz, CD;0OD) &: 174.2 (C-7), 168.0 (C-11), 151.1
(C-3), 149.5 (C-5"), 148.4 (C-6"), 131.5 (C-9), 129.4
(C-3"), 124.5 (C-8), 120.7 (C-8"), 116.7 (C-4"), 115.0
(C-7"), 107.4 (C-4), 100.5 (C-1"), 96.0 (C-1), 79.0
(C-5"), 78.2 (C-3"), 742 (C-2)), 71.4 (C-4)), 67.0
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(C-1"), 62.6 (C-6'), 50.1 (-OCH3), 40.4 (C-6), 30.4
(C-2"),30.0 (C-5), 14.6 (C-10). LA_E ¥ 55 SChikRIE I
A5, WA 8 RN

G 9: BRI R (HEE), ESI-MS m/z: 271.1
[M+H]"o HEREARR > 75 h 270.1. "H-NMR
(500 MHz, CD;0D) ¢: 7.50 (1H, d, J = 16.0 Hz, H-0)),
7.61 (1H, d, J = 16.0 Hz, H-), 6.76 (1H, m, H-3"),
6.73 (1H, m, H-5"), 7.63 (1H, m, H-6'), 7.62 (2H, m,
H-2, 6), 6.83 (2H, m, H-3, 5), 3.92 (3H, s, 2'-OCH3);
C-NMR (125 MHz, CD;0D) d: 104.0 (C-a), 141.4
(C-B), 189.7 (C-7), 119.6 (C-1"), 160.0 (C-2'), 101.7
(C-3"), 164.9 (C-4"), 108.1 (C-5'), 132.7 (C-6"), 128.0
(C-1), 130.4 (C-2), 117.6 (C-3), 156.7 (C-4), 117.6
(C-5), 130.4 (C-6), 53.3 (2'-OCH3). VL %k 5 ik
OB FEA T, M e A 9 4,4- kD"
A 7 L
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