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Abstract: Objective To investigate the chemical constituents from whole herb of Physalis angulata and test their cytotoxic activity.
Methods Compounds were isolated by chromatography methods and LC-MS guided analysis, structures were determined by
spectroscopic techniques of 1D- and 2D-NMR (HSQC, HMBC, 'H-'H COSY, and NOESY), cytotoxic activity experiments were
conducted by MTT method. Results Twelve compounds were identified as physalins A (1), B (2), C (3), D (4), F (5), H(6),1(7), O
(9), S5a-ethoxy-6B-hydroxy-5,6-dihydrophysalin B (8), p-sitosterol (10), 2-carboxyoxanilic acid methyl ester (11), and
acetaminobenzoic acid (12). Conclusion Among these compounds, compound 11 is a new natural product. Compounds 1—3 and 9
are firstly obtained from P. angulata. All compounds are tested for their inhibitory activities against human lung adenocarcinoma strain
A-549, with ICs, values of 1.9—20.2 umol/L, which indicates good cytotoxic activity of these physalins.
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Fig.1 Structures of compounds 1—9, 11, 12 and HMBC correlations of compound 11
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&Y 1: AMF A, ESI-MS m/z: 527.11 [M+
H]", 'H-NMR (600 MHz, DMSO-d;) J: 1.08 (3H, s,
CHs-19), 1.10 (1H, m, H-11p), 1.52 (3H, s, CH3-28),
1.72 (3H, s, CH3-21), 1.79 (1H, m, H-8), 1.86 (1H, m,
H-12p), 2.08 (1H, m, H-23p), 2.10 (1H, m, H-230),
2.18 (1H, m, H-11a), 2.21 (1H, m, H-12a), 2.80 (1H,
m, H-9), 2.81 (1H, m, H-40), 2.83 (1H, s, H-16), 3.21
(1H, brd, J = 21.8 Hz, H-4p), 4.48 (1H, m, H-22), 4.52
(1H, d, J = 1.2 Hz, H-7), 5.07 (1H, d, J = 2.1 Hz,
7-OH), 5.55 (1H, s, 13-OH), 5.58 (1H, s, H-27p), 5.59
(1H, d, J = 5.1 Hz, H-6), 5.66 (1H, dd, J = 2.1, 10.8
Hz, H-2), 6.36 (1H, s, 14-OH), 6.38 (1H, s, H-27a),
6.58 (1H, m, H-3); "C-NMR ¥ W% 1. LA )i
Kol 5 SCuRIGE I IEA SR, w1y
TRIEE 2 Ao

th&W 2: AERA, ESI-MS m/z: 511.11 [M+
H]", 'H-NMR (600 MHz, DMSO-d) d: 1.09 (3H, s,
CH;-19), 1.16 (3H, s, CH3-28), 1.78 (3H, s, CH3-21),

2.16 (1H, m, H-12a), 2.87 (1H, s, H-16), 2.88 (1H, d,
J =44 Hz, H-25), 3.17 (2H, d, J = 6.0 Hz, H-4), 3.60
(1H, dd, J = 13.2, 1.1 Hz, H-27B), 4.25 (1H, dd, J =
13.2, 4.4 Hz, H-270), 4.57 (1H, m, H-22), 5.58 (1H,
brd, J = 6.2 Hz, H-6), 5.80 (1H, dd, J = 10.0, 2.0 Hz,
H-2), 6.30 (1H, s, 13-OH), 6.89 (1H, ddd, J = 17.1,
2.0, 2.0 Hz, H-3); "C-NMR ¥ W% 1. UL Ly
Hodhe 5 SCERIROE I A — Y, Wb S 2 R
HKi 3R B

&Y 3: AERA, ESI-MS m/z: 511.06 [M+
H]", 'H-NMR (600 MHz, CDCl;) é: 1.21 (3H, s,
CH;-19), 1.26 (1H, m, H-11p), 1.60 (3H, s, CHs-28),
1.98 (3H, s, CH;-21), 2.13 (1H, m, H-12a), 2.65 (1H,
m, H-4a), 2.89 (1H, brd, J = 15.0 Hz, H-4$), 2.90 (1H,
s, H-16), 3.26 (1H, m, H-9), 3.29 (1H, m, H-8), 4.58
(1H, m, H-22), 5.61 (1H, d, J = 6.1 Hz, H-6), 5.75
(1H, s, 13-OH), 5.76 (1H, s, H-27a), 5.85 (1H, brd, J =
9.7 Hz, H-2), 6.69 (IH, s, H-27b), 6.69 (1H, s,
14-OH), 6.77 (1H, m, H-3); "“C-NMR %#i W% 1.
DL 3 i B 5 Scikai s e A — 80, wete s
W3 WK% C.

&4 4: IO K, ESI-MS m/z: 545.20 [M+
H]", '"H-NMR (600 MHz, DMSO-dg) 6: 0.93 (1H, m,
H-11), 1.10 (3H, s, CHs-19), 1.16 (3H, s, CH;-28),
1.44 (1H, dd, J = 16.0, 10.1 Hz, H-12p), 1.77 (1H, m,
H-70), 1.80 (3H, s, CH3-21), 1.81 (1H, m, H-7B), 1.92
(1H, brd, J = 14.8 Hz, H-23pB), 1.97 (1H, dd, J = 19.0,
4.9 Hz, H-4a), 2.09 (1H, m, H-12a), 2.10 (1H, dd, J =
14.6, 3.7 Hz, H-23a), 2.19 (1H, td, J = 11.3, 4.3 Hz,
H-8), 2.79 (1H, s, H-16), 2.88 (1H, d, J = 4.1 Hz,
H-25), 3.10 (1H, brd, J = 19.0 Hz, H-4B), 3.11 (1H, m,
H-9), 3.48 (1H, m, H-6), 3.57 (1H, d, J = 13.3 Hz,
H-27B), 4.24 (1H, dd, J = 13.1, 4.3 Hz, H-270), 4.23
(1H, s, 5-OH), 4.57 (1H, m, H-22), 4.90 (1H, d, J =
3.5 Hz, 6-OH), 5.69 (1H, dd, J = 10.0, 2.1 Hz, H-2),
5.77 (1H, s, 13-OH), 6.62 (1H, ddd, J = 10.0, 4.9, 2.1
Hz, H-3); "C-NMR ¥ W% 1. LI E3assds 5
PRI S A— B, et B 4 W& D

a5 KR, ESI-MS m/z: 527.53 [M+
H]", '"H-NMR (600 MHz, CDCls) 6: 1.20 (1H, m,
H-11B), 1.26 (3H, s, CHs-19), 1.31 (3H, s, CH;-28),
1.84 (1H, dd, J = 10.8, 15.6 Hz, H-12B), 1.95 (3H, s,
CH;-21), 1.98 (1H, m, H-4a), 2.16 (1H, brd, J = 13.8
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Table 1 '*C-NMR and DEPT data of compounds 1—9

/304 1 2 3 4 5° 3 7 8 9
1 203.4,C 202.4,C 204.9,C 204.3,C  206.1,C  200.3,C 203.4,C 2046,C 202.1,C
2 1272,CH 1269,CH 127.4,CH 1273,CH 128.0,CH 1272,CH 127.8,CH 127.6,CH 127.0,CH
3 1429,CH 146.2,CH 146.1,CH 1429,CH 146.6,CH 1429,CH 141.2,CH 141.8,CH 146.7,CH
4 309,CH, 323,CH, 33.0,CH, 352,CH, 33.6,CH, 369,CH, 356,CH, 27.8,CH, 322,CH,
5 139.2,C 135.6,C 139.7,C 76.4,C 62.0,C 82.4,C 81.8,C 81.4,C 139.5,C
6 127.5,CH 1234,CH 1250,CH 726,CH 652,CH 72.7,CH 662,CH 66.7,CH 127.0,CH
7 613,CH  244,CH, 272,CH, 26.7,CH, 250,CH, 268,CH, 268,CH, 27.0,CH, 61.5,CH
8 46.5,CH  402,CH 426,CH 383,CH 37.6,CH 384,CH 379,CH 38.1,CH 46.3,CH
9 292,CH  33.1,CH 343,CH 305, CH 344,CH 309,CH 300,CH 29.7,CH 29.2,CH
10 54.0, C 52.0,C 54.7,C 54.0,C 51.0,C 54.4,C 53.9,C 54.2,C 54.1,C
11 24.0,CH, 242,CH, 244,CH, 248,CH, 238,CH, 244,CH, 249,CH, 24.7,CH, 23.5,CH,
12 29.3,CH, 25.7,CH, 29.5,CH, 258,CH, 259,CH, 258,CH, 259,CH, 258,CH, 29.8, CH,
13 82.1,C 78.2,C 82.1,C 78.7,C 79.7,C 78.4,C 78.5,C 78.9,C 82.3,C
14 101.6,C 106.3, C 102.5,C 1069,C  107.2,C  106.4,C 106.7,C  1069,C  101.0,C
15 213.8,C 209.4,C 211.8,C 209.9,C  207.7,C 209.8,C 209.9,C 2099,C 216.1,C
16 528,CH  54.1,CH 53.7,CH 54.0,CH 56.5,CH 538,CH 54.1,CH 542,CH 53.3,CH
17 79.0,C 80.7,C 80.1, C 80.5,C 80.2,C 80.9,C 80.5,C 80.5,C 79.5,C
18 172.2,C 171.8,C 172.5,C 171.8,C  172.3,C 171.6,C 171.9,C  171.9,C 171.9,C
19 13.3,CH; 16.8,CH; 17.4,CH, 13.3,CH; 159,CH; 14.1,CH; 13.7,CH; 13.5,CH; 14.0,CH,
20 82.3,C 80.3,C 82.9,C 80.7,C 81.2,C 80.5,C 80.7,C 80.5, C 82.2,C
21 21.0,CH; 21.7,CH; 213,CH; 21.7,CH; 21.6,CH; 21.7,CH; 21.7,CH; 21.1,CH; 21.4,CH,
22 76.2,CH  763,CH 772,CH 764,CH 77.1,CH 763,CH 764,CH 763,CH 764,CH
23 30.8,CH, 31.4,CH, 31.8,CH, 313,CH, 332,CH, 313,CH, 313,CH, 31.3,CH, 26.0,CH,
24 35.0,C 30.5,C 36.8,C 30.5,C 31.3,C 30.5,C 30.5,C 30.5,C 34.5,C
25 138.5,C 494,CH 134.9,C 494,CH 503,CH 493,CH 495, CH 494,CH 40.8,CH
26 161.9,C 167.3,C 164.1,C 167.3,C 166.8,C  167.3,C 167.4,C 1674,C 172.0,C
27 131.6,CH, 60.6,CH, 133.3,CH, 60.5,CH, 60.9,CH, 60.6,CH, 60.5,CH, 60.6,CH, 171.9,CH;
28 26.8,CH; 24.5,CH; 26.1,CH; 245,CH; 26.7,CH; 24.4,CH; 245,CH; 245,CH; 25.1,CH;
OCH; 49.4
CH;-OCH, 15.6
OCH,-CH; 56.3

a-DMSO-d, J %71 (150 MHz); b-CDCl; %571 (150 MHz)
a-presents DMSO-d; (150 MHz); b-presents CDCl; (150 MHz)

Hz, H-230), 2.44 (1H, d, J = 4.2 Hz, H-23p), 2.59
(1H, m, H-8), 2.64 (1H, d, J = 3.6 Hz, H-25), 2.90
(1H, s, H-16), 3.00 (1H, brd, J = 21.0 Hz, H-4B), 3.27
(1H, d, J = 3.0 Hz, H-6), 3.75 (1H, d, J = 13.2 Hz,
H-27B), 4.52 (1H, dd, J = 13.8, 6.0 Hz, H-270), 4.55
(1H, m, H-22), 5.76 (1H, s, 13-OH), 6.04 (1H, dd, J =
10.2, 2.4 Hz, H-2), 6.85 (1H, ddd, J = 10.0, 5.0, 2.0

Hz, H-3); PC-NMR $ffa % 1. DA Epas s 5
BRI (A8, BE ) 5 NIRRT F.

& 6: KR, ESI-MS m/z: 563.16 [M+
H]", 'H-NMR (600 MHz, DMSO-d;) 6: 1.16 (3H, s,
CH;-28), 1.23 (3H, s, CHs-19), 1.80 (3H, s, CHs-21),
1.93 (1H, dd, J = 15.0, 1.8 Hz, H-23a), 1.96 (1H, m,
H-7a), 2.10 (1H, dd, J = 14.7, 3.5 Hz, H-23pB), 2.26
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(1H, m, H-8), 2.46 (1H, dd, J = 20.5, 5.1 Hz, H-4a),
2.82 (1H, s, H-16), 2.89 (1H, brd, J = 3.6 Hz, H-25),
3.47 (1H, td, J = 20.6, 2.4 Hz, H-4p), 3.58 (1H, d, J =
12.6 Hz, H-27p), 3.88 (1H, dt, J = 4.0, 2.5 Hz, H-6),
426 (1H, dd, J = 13.4, 4.4 Hz, H-270), 4.56 (1H, dd,
J=2.,3.1 Hz, H-22), 5.66 (1H, d, J = 4.5 Hz, 6-OH),
5.82 (1H, dd, J = 10.6, 2.6 Hz, H-2), 6.06 (1H, s,
13-OH), 6.78 (1H, ddd, J = 16.0, 2.6, 2.4 Hz, H-3);
BC-NMR 8l W& 1. LUt s 5 SCikai s i
AR50 HE LAY 6 MR TR H.

& 7. AEHR, ESI-MS m/z: 559.12 [M+
H]", 'H-NMR (600 MHz, DMSO-de) d: 0.95 (1H, m,
H-11), 1.15 (3H, s, CH;-19), 1.16 (3H, s, CH3-28),
1.43 (1H, dd, J = 16.3, 10.0 Hz, H-12), 1.60 (1H, m,
H-7a), 1.80 (3H, s, CH3-21), 1.83 (1H, m, H-7B), 1.92
(1H, dd, J = 14.3, 1.7 Hz, H-230), 2.09 (1H, dd, J =
14.5, 3.8 Hz, H-23B), 2.20 (1H, m, H-8), 2.36 (1H, dd,
J=20.2, 5.1 Hz, H-40), 2.78 (1H, s, H-16), 2.88 (1H,
d, J = 4.0 Hz, H-25), 2.91 (1H, brd, J = 11.0 Hz,
H-4B), 2.91 (3H, s, OCH3), 3.58 (1H, d, J = 13.0 Hz,
H-27B), 3.81 (1H, s, H-6), 4.24 (1H, dd, J = 13.4, 4.4
Hz, H-270), 4.56 (1H, m, H-22), 5.55 (1H, s, 13-OH),
5.69 (1H, dd, J = 10.0, 3.0 Hz, H-2), 5.81 (1H, s,
6-OH), 6.64 (1H, m, H-3); “C-NMR %4z L% 1. LI
AR S SRR A S, e S
7T HIRHFTE Lo

& 8: KR, ESI-MS m/z: 573.23 [M+
H]", 'H-NMR (600 MHz, DMSO-d) : 0.89 (3H, t,
J = 6.8 Hz, CH;CH,0), 0.95 (1H, m, H-11B), 1.14
(3H, s, CHs-19), 1.16 (3H, s, CH3-28), 1.47 (1H, m,
H-12p), 1.65 (1H, m, H-7a), 1.79 (1H, m, H-110),
1.80 (3H, s, CH5-21), 1.83 (1H, m, H-7p), 1.92 (1H,
dd, J = 14.5, 1.7 Hz, H-230), 2.10 (1H, m, H-120),
2.10 (1H, dd, J = 14.5, 3.6 Hz, H-23p), 2.18 (1H, m,
H-8), 2.33 (1H, dd, J = 20.2, 4.9 Hz, H-4a), 2.78 (1H,
s, H-16), 2.87 (1H, brd, J = 4.0 Hz, H-25), 2.93 (1H,
brd, J = 20.2 Hz, H-4p), 3.03 (1H, m, OCH,Me-a),
3.23 (1H, m, OCH,Me-b), 3.58 (1H, d, J = 13.0 Hz,
H-27B), 3.82 (1H, brs, H-6a), 4.25 (1H, dd, J = 13.3,
4.4 Hz, H-270), 4.56 (1H, dd, J = 3.2, 2.3 Hz, H-22),
5.55 (1H, s, 13-OH), 5.72 (1H, dd, J = 10.0, 2.8 Hz,
H-2), 6.64 (1H, ddd, J = 10.0, 4.9, 2.8 Hz, H-3);
PC-NMR $dfi WA 1o LU s 5 SCikaian (v

A, RS 8 N Su- 2 A HL-6B-FE K-
5,6- —AMRIK % Bo

&Y 9: KA, ESI-MS m/z: 529.32 [M+
H]*, 'H-NMR (600 MHz, DMSO-d;) 6: 1.03 (3H, s,
CH;-19), 1.14 (1H, m, H-11p), 1.15 3H, d, J = 7.6
Hz, CH3-27), 1.30 (3H, s, CH;-28), 1.68 (3H, s,
CH;-21), 1.78 (1H, brd, J = 14.7 Hz, H-23p), 1.88
(1H, d, J = 11.9 Hz, H-8), 1.94 (1H, m, H-12p), 2.02
(1H, dd, J = 14.7, 4.0 Hz, H-23a), 2.08 (1H, m, H-8),
2.21 (1H, m, H-12a), 2.59 (1H, q, J = 7.5 Hz, H-25),
2.92 (1H, dd, J = 21.0, 4.7 Hz, H-4a), 2.96 (1H, s,
H-16), 3.01 (1H, dd, J = 11.5, 9.2 Hz, H-9), 3.26 (1H,
brd, J = 21.0 Hz, H-4p), 4.50 (1H, dd, J= 5.7, 4.2 Hz,
H-7), 4.53 (1H, m, H-22), 5.02 (1H, d, J = 3.9 Hz,
7-OH), 5.58 (1H, s, 13-OH), 5.72 (1H, d, J = 6.1 Hz,
H-6), 5.84 (1H, dd, J = 9.7, 1.8 Hz, H-2), 6.84 (1H, s,
14-OH), 6.94 (1H, m, H-3); "“C-NMR %#i W% 1.
Db 98 3 $0 s 5 SCRRIROE A 30, weth
Y9 NIRHKEZ O.

EY 10: BEEHRE g (&P, AR
A 10% R SIEAR R 2 Bt . 5 B4 i
FE 0] FE SR, 3 BRI R T R e i REAELAH [R],
TRA a8 RN, SO e G4 10 28 B-45 S I o

& 1 AERR, ESIMS 454 [M+H]
Ik m/z 224.06, 1 “C-NMR (150 MHz, DMSO-ds)
ol 5, ZAAEE 1 ANIERTEE (6 46.73), 1
ANIKIR (6c 119.7,120.7, 123.4, 132.3, 134.6, 142.7),
3AFRIL (6c 166.3, 171.0, 172.2). 1 "H-NMR (600
MHz, DMSO-ds) ERHERTIZI GV T 1 MR
Oy 12.64 (1H, s, 7-COOH), &4 L i HEWr H 4
TN CioHoNOs. FJH HSQC HEX 1L &AL
AT A E (R 2); £ HMBC % (D o,
Oy 8.46 (H-3) 755 C-1 (5 142.7), C-5 (6 134.6) Al
C-7 (6 172.2) MK, MIMIAFEN C-7 fr AR AL 5 K30
AHI%E; 61 3.96 ((OCH3) 5 5341 2 A4 ikt C-8 (6 166.3)
HIC-9 (6 171.0) #HK, 458 2 NMERIER A
EAREAE,  HEWT i H A A IR S 9 AL BRIEFN 8 Ao Ik M
A%, H C-1 404 8 frBehucktidss. 25 LTk,
A HA SRS, Ry 2-FR IR IR T
Bieo 2B SCHR, ZALG YN B BSOS I )
W, AR MRIR I RS, B KRR

&M 12: AEFAR, ESI-MS m/z: 180.07 [M+
H]", 'H-NMR (600 MHz, DMSO-d;) &: 2.09 (3H, s,
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£2 hEW 1 BISE. BIZEEE (DMSO-dy)

x3 LEM1~12 WAMSFEEER

Table 2 'H-NMR and "C-NMR data of compound 11 Table 3 ICsy of compounds isolated from whole herb of P
(DMSO-dg) angulata
AT, Ou ¢ e ICso/(umol- L) |t &4 ICs¢/(umol L")
1 142.7 1 67.7 8 7.6
2 119.7 2 2.0 9 532
3 8.46 (1H, d, J= 6.1 Hz) 132.3 3 202 10 08 1
4 7.15(1H,t,J=6.1 H 123.4
(1H, , 2) 4 74.8 11 402.6
5 7.53 (1H, t,J=6.2 Hz) 134.6
5 20.7 12 244.1
6 9.22 (1H, d, J= 6.0 Hz) 120.7
7 1722 6 1.9 ADM 0.38
8 166.3 7 52.9
9 171.0 5 it
OCH,  3.96(H,9 47.0 WO R0 P. angulata s 47 5 (6264 2
NH 10.87 (1H, 5) W), SREMIETREN R AT 405 K
-OH 12.64 (1H, s)

CHi-2), 7.04 (1H, t, J = 6.0 Hz, H-5), 7.42 (1H, t, J =
6.0 Hz, H-4), 7.98 (1H, d, J = 6.0 Hz, H-6), 8.45 (1H,
d, J = 6.0 Hz, H-3), 12.47 (1H, s, -OH); "“C-NMR
(150 MHz, DMSO-ds) 6: 25.08 (C-9), 116.1 (C-3),
119.1 (C-1), 121.9 (C-5), 131.1 (C-6), 132.1 (C-4),
140.8 (C-2), 168.1 (-COCHs3), 169.5 (-COOH). Ll I
P TR 5 SCRRIROE A — B0Y, Wtk A 12
h 2-( LRS- .
4 ApREEMEIE

WA N filE AS49 41fkk Ol 1 E s 2
Fl2EB b A T R4l B D 7E 37 C. 5%
COy SRR BEFREE N EE IR T 10% 6 25 3 (1 56
ERFRRL, FRANM R HON K AR, A
WK A 1X10*AN/mL, 78 96 FLIEFRM PAEFLINA
200 pL 40 . Frafuitse K 24 h 5, A
12 ANMRFIIAE i B B PR T 2B 5 25 (ADMD . [T
TR S A, FIREIMA ST & 1% DMSO 1
ARFRERAK, SAMRILFEREE 72 h 5, IANZHKEE 0.5
g/mL MTT %, 4k8:559% 4 he W B3, ffLn
A 150 uL DMSO, EFEIR EHRY 10 min, FrdLssr
VG T RERS A BRI 570 nm P K AL FLIIE
fE (O E, WHESAEY A0 BANHIE K 1Cs fH -

AN = (A4 ww—A i)/ (A A z11)

WEY 1~12 (1) ICso (H IR 3, &R EoR, {F
12 NMRAREE DT, G 1~9 BRI X AS49
I MR A S S S A EIE A, (A 100 11, 12
WG B g k. kG 20 3. 64 8 XY
AS549 4 JAR I A0 B EPE U W2

UM R TR B B R e, e b, EW
XF A oy S 2 BRE PR B U 2D, ARSI
SRR A AT B, e 12 MLE,
FLHG 10 SR SR 1 ASH RSP0 o 40 0 7853
PRSI, BRI Z R AR I AS49 il
PRI F I 3 RSN TE N EIVE L, I TF R AT
I HT 25t T AL ShAh, @A S
Wk, I AR SCHR A IR 2R 1 3R C LLSOHT R AR
W) 2-FRFE IR IR TR 1 VRSN NMR 355040 1) o4k
1, B, ARSERAE TR R C TN i 224
P DL S 2-F2 FE A B FH R ) 1D-F1 2D-NMR A% i
HAAE A 7, DS

Sk
[1] Maldonado E, Hurtado N E, Pérez-Castorena A L, et al.
Cytotoxic ~ 20,24-epoxywithanolides  from  Physalis

angulata [J]. Steroids, 2015, 104: 72-78.

[2] Huang C, Xu Q M, Chen C, et al. The rapid discovery
and identification of physalins in the calyx of Physalis
alkekengi L. var. franchetii (Mast.) Makino using
ultra-high performance liquid chromatography-quadrupole
time of flight tandem mass spectrometry together with a
novel three-step data mining strategy [J]. J Chromatogr
A,2014, 1361: 139-152.

[3] M7, WRMEE, W1 &, & WIREIG A T AT
1. " HE 252228, 2013, 48(20): 1715-1718.

[4] BPF. T Withanolide LA K4k 2% L BF 5T
[D]. K¥b: #IF B2y Rz, 2011,

[5] Chen L X, He H, Qiu F. Natural withanolides: an
overview [J]. Nat Prod Rep, 2011, 28(4): 705-740.

[6] Choudhary M. I, Yousaf S, Ahmed S, et al

Antileishmanial physalins from Physalis minima [J].



* 1086 °

¢ % # Chinese Traditional and Herbal Drugs

FA8E F ol 2017FE3 A

(8]

(10]

[14]

[15]

Chem Biodivers, 2005, 2(9): 1164-1171.

Abe F, Nagafuji S, Okawa M, ef al. Trypanocidal
constituents in plants 6, Minor withanolides from the
aerial parts of Physalis angulata [J]. Chem Pharm Bull,
2006, 54(8): 1226-1228.

He QP,MaL, LuoJY, et al. Cytotoxic withanolides from
Physalis angulata L. [J]. Chem Biodivers, 2007, 4(3):
443-449.

Lee S W, Pan M H, Chen C M, et al. Withangulatin I, a
new cytotoxic withanolide from Physalis angulata [J].
Chem Pharm Bull, 2008, 56(2): 234-236.

Jin Z, Mashuta M S, Stolowich N J, et al
Physangulidines A, B, and C: Three new antiproliferative
withanolides from Physalis angulata L. [J]. Org Lett,
2012, 14(5): 1230-1233.

Reyes-Reyes E M, lJin Z, Vaisberg A J,
Physangulidine A, a withanolide from Physalis angulata,

et al.

Perturbs the cell cycle and induces cell death by apoptosis
in prostate cancer cells [J]. J Nat Prod, 2013, 76(1): 2-7.
MU, R AT TE R R RAL S R AT
50 (7] IARLP SRR, 2011, 26(6): 470-471.

SEOAR, WA BB RN (0], 2 s
IGRIFSY, 2013, 21(4): 344-345.

VEOML EOUK M, SR BRI KT ST
[I1. H7rZYy, 2009, 40(2): 175-178.

Kawai M, Matwura T. The structure of physalis C a bitter
principle of Physalis alkekengi L. var. franchetii [J].
Tetrahedron, 1970, 26(7): 1743-1745.

Row L R, Reddy K S, Sarma N S, et al. New Physalims

[17]

(18]

[19]

(21]

[22]

[24]

from Physalis angulata and Physalis lancifolia. Structure
and reaction of physalins D, I, G and K [J].
Phytochemistry, 1980, 19(6): 1175-1178.

Fang L Q, Chai H B, Castillo J J, et al. Cytotoxic
constituents of Brachistus stramoniifolius [J]. Phytother
Res, 2003, 17(5): 520-523.

Janua’rio A H, Filho E R, Pietro R C L R, et al.
Antimycobacterial physalins from Physalis angulata L.
(Solanaceae) [J]. Phytother Res, 2002, 16(5): 445-448.
Makino B, Kawai M, Ogura T, et al. Structure revision of
physalin H isolated from Physalis angulata [J]. J Nat
Prod, 1995, 58(11): 1668-1674.

Arai M A, Uchida K, Sadhu S K, et al. Physalin H from
Solanum nigrum as an Hh signaling inhibitor blocks
GLI1-DNA-complex formation [J]. Beilstein J Org Chem,
2014, 10: 134-140.

Kawai M, Makino B, Yamamura H, ef a/. Upon “Physalin
L.” isolated from Physalis minima [J]. Phytochemistry,
1996, 43(3): 661-663.

Kawai M, Ogura T, Makino B, et al. Physalin N and O
from Physalis alkekengi [J]. 1992,
31(12): 4299-4302.

Stalhandske  C.
N-acylanthranilic acids with vilsmeier reagents. chemical and
structural studies [J]. Tetrahedron, 1996, 52(3): 753-770.
Osborne A G, Goolamali Z. 'H and '*C NMR spectral

studies of some 4H-3,1-benzoxazin-4-ones and their

Phytochemistry,

Bergnmn  J, Cyclization  of

2-acylaminobenzoic acid precursors [J]. Spectrochimica
Acta Part A, 2000, 56(6): 1079-1100.





