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Chemical constituents of Solanum torvum
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Abstract: Objective To study the chemical constituents of Solanum torvum. Methods Column chromatography was used to isolate
and purify the constituents, whose structures were identified on the basis of spectral data analyses. Results Eleven compounds were
isolated and identified as N-trans-feruloyl tyramine (1), N-trans-P-coumaroyl tyramine (2), 3-(4-hydroxyphenyl)-N-[2-(4-
hydroxyphenyl)-2-methoxyethyl]-acrylamide (3), N-trans-P-coumaroyl octopamine (4), kaempferol (5), quercetin (6), trans-caffeic
acid (7), solagenin 6-O-(B-D-quinovopyranoside) (8), (25S)-6a-hydroxy-5a-spirostan-3-one-6-O-[a-L-rhamnopyranosyl-(1—3)- B-D-
quinovopyranoside] (9), torvosides M (10), and 6a-O-[B-D-xylopyranosyl-(1—3)-p-D-quinovopyranosyl]-(25S)-5a-spirostan- 33-ol
(11). Conclusion Compound 3 is firstly reported as a new natural product. Compounds 1—?7 are isolated from S. torvum for the first time.
Key words: Solanum torvum Swartz; amide; flavone; 3-(4-hydroxyphenyl)-N-[2-(4-hydroxyphenyl)-2-methoxyethyl]-acrylamide; steroidal
saponin
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a1 Atk iy CU-HED, HR-ESI-MS
m/z: 312.123 7 [M—H] . UV A" (nm): 221, 293,
319. 'H-NMR (400 MHz, CD3OD) 6: 7.85 (1H, brs,
NH), 7.41 (1H, d, J = 16.0 Hz, H-3), 7.08 (1H, d, J =
1.9 Hz, H-5), 7.03 (1H, d, J = 8.5 Hz, H-4’, 8, 7.00
(1H, dd, J = 8.3, 1.9 Hz, H-9), 6.77 (1H, d, J = 8.1 Hz,
H-8), 6.70 (1H, d, J = 8.5 Hz, H-5, 7'), 6.38 (1H, d,
J =16.0 Hz, H-2), 3.86 (3H, s, 6-OCHj3), 3.45 (2H, t,
J =72 Hz, H-1), 274 (2H, t, J = 7.2 Hz, H-2)).
BC-NMR (100 MHz, CD;0D) &: 169.2 (C-1), 156.9
(C-6), 149.8 (C-7), 149.2 (C-6), 142.0 (C-3), 1313
(C-3), 130.7 (C-4', 8), 128.3 (C-4), 123.2 (C-9), 118.8
(C-2), 116.4 (C-8), 116.2 (C-5', 7'), 111.6 (C-5), 56.4
(6-OCHy), 42.5 (C-1'), 35.7 (C-2). LA F-%5di 15 SC k4R
i 20, W A A 1 N-Jz 2 B R IR T A

&Y 2. AtEE (G-I, ESI-MS
m/z: 312 [M—H] . UV A" (nm): 225, 292, 308.
'H-NMR (400 MHz, CD30OD) ¢: 7.42 (1H, d, J = 15.6
Hz, H-3), 7.38 (2H, dd, J = 8.6, 2.7 Hz, H-5, 9), 7.03
(2H, dd, J = 8.4, 1.9 Hz, H-4', 8), 6.77 (2H, dd, J =
8.6, 2.7 Hz, H-6, 8), 6.70 (2H, dd, J = 8.4, 1.9 Hz,
H-5', 7), 6.36 (1H, d, J = 15.6 Hz, H-2), 3.45 (2H, t,

J = 7.2 Hz, H-1"), 2.74 (2H, t, J = 7.2 Hz, H-2').
BC-NMR (100 MHz, CD;0D) §: 169.2 (C-1), 160.2
(C-6"), 156.9 (C-7), 141.7 (C-3), 131.3 (C-3'), 130.7
(C-4', 8, 130.5 (C-5, 9), 127.8 (C-4), 1185 (C-2),
116.7 (C-6, 8), 116.3 (C-5, 7'), 425 (C-1'), 35.7
(C-2). DA E¥udi 5 sk — 3, et am
2 9 N-J -] -5 5 I il

a3 HEES CHmEE-NEdD, ESI-MS
m/z: 282 [M—H] » UV At (nm): 226, 294, 309.,
'H-NMR (400 MHz, CD;0D) §: 7.42 (1H, d, J = 15.6
Hz, H-3), 7.38 (2H, dd, J = 8.6, 2.7 Hz, H-5, 9), 7.13
(2H, dd, J = 8.4, 1.9 Hz, H-4', 8), 6.77 (4H, dd, J =
8.6, 2.7 Hz, H-6, 8, 5', 7), 6.42 (1H, d, J = 15.6 Hz,
H-2), 4.22 (1H, dd, J = 8.3, 4.6 Hz, H-2'), 3.48 (1H,
dd, J = 13.7, 4.6 Hz, H-1'a), 3.37 (1H, dd, J = 13.7,
8.3 Hz, H-1'b), 3.19 (3H, s, 2'-OCH3). *C-NMR (100
MHz, CD;OD) &: 169.3 (C-1), 160.5 (C-6'), 158.5
(C-7), 141.9 (C-3), 131.5 (C-3'), 130.6 (C-5, 9, &', 8/),
127.8 (C-4), 118.4 (C-2), 116.7 (C-6, 8), 116.3 (C-5/,
7), 83.5 (C-2'), 56.8 (2'-OCHs), 47.1 (C-1'). %L &4
H A A WAL & 7 ARG, B KRR 1),
SRR A A AT T 4R, Bk, s IL%E N
3-(4-FRHERIE)-N-[2-(4-FR HE R S )-2- AU 4 3K - I
J ki [3-(4-hydroxyphenyl)-N-[2-(4-hydroxyphenyl)-
2-meth-oxyethyl]-acrylamide]. {H SCHER AL H! Hok i
Hdm, ARSI R IO B 1 4 A LR R R AL
B 1. 20 4 MEEERDT, XA AL RS
AT T HE.

WEY 4: AEE CAHBE-NETD, ESI-MS
m/z: 298 [M—H] o UV Aot (nm): 226, 293, 310.
'H-NMR (400 MHz, CD;0D) §: 7.44 (1H, d, J = 15.6
Hz, H-3), 7.39 (2H, dd, J = 8.6, 2.7 Hz, H-5, 9), 7.21
(2H, dd, J = 8.4, 1.9 Hz, H-4', 8, 6.77 (4H, dd, J =
8.6, 2.7 Hz, H-6, 8, 5/, 7), 6.42 (1H, d, J = 15.6 Hz,
H-2), 4.71 (1H, dd, J = 8.3, 4.6 Hz, H-2"), 3.52 (1H, dd,
J =137, 4.6 Hz, H-1'a), 3.42 (1H, dd, J = 13.7, 8.3 Hz,
H-1'b). *C-NMR (100 MHz, CD;0D) §: 169.6 (C-1),
160.5 (C-6), 158.1 (C-7), 141.9 (C-3), 134.8 (C-3)),
130.6 (C-5, 9), 128.4 (C-4', 8, 127.8 (C-4), 118.4
(C-2), 116.7 (C-6, 8), 116.1 (C-5', 7"), 73.5 (C-2'), 47.1
(C-17. VA EHud 5 Soikias— 20, ws e e
4 g N-Je -0 -5 L i

A5 5: FERAR, ESI-MS miz: 285 [M—H]
570.7 [2M—H] . UV A" (nm): 210, 267, 364.
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'H-NMR (400 MHz, CD;0D) ¢: 8.06 (2H, d, J = 8.4
Hz, H-2', 6'), 6.88 (2H, d, J = 8.4 Hz, H-3', 5), 6.38
(1H, s, H-8), 6.16 (1H, s, H-6). “*C-NMR (100 MHz,
CD;0D) §: 177.5 (C-4), 165.7 (C-7), 162.7 (C-9),
160.7 (C-4), 158.4 (C-5), 148.2 (C-2), 137.3 (C-3),
130.8 (C-2/, 6'), 123.9 (C-1), 116.4 (C-3, 5'), 104.7
(C-10), 99.4 (C-6), 94.6 (C-8). LA I H¥i 15 ik i
— 50, WM e A 5 L2

LAY 6: FEONA, ESI-MS m/z: 301 [M—H]
UV A2 (nm): 208, 256, 373, *H-NMR (400 MHz,
CD;0D) 6: 7.73 (1H, d, J = 2.0 Hz, H-2'), 7.63 (1H, d,
J =8.4 Hz, H-6'), 6.88 (1H, d, J = 8.4 Hz, H-5), 6.38
(1H, s, H-8), 6.16 (1H, s, H-6). *C-NMR (100 MHz,
CD;0D) §: 177.4 (C-4), 165.7 (C-7), 162.7 (C-5),
158.2 (C-9), 148.8 (C-2), 148.0 (C-4), 146.2 (C-3'),
133.6 (C-3), 124.2 (C-1'), 121.7 (C-6'), 116.2 (C-2'),
116.0 (C-5'), 104.5 (C-10), 99.2 (C-6), 94.4 (C-8). A I
Bl 5 ek — 20, s A 6 i 2.

a7 EEES (GGU-FED, ESI-MS m/z:
179 [M—H], 359 2M—H] . UV A" (nm): 220,
297, 323. 'H-NMR (400 MHz, CD;0D) &: 7.49 (1H,
d, J = 16.0 Hz, H-7), 7.08 (1H, d, J = 2.1 Hz, H-2),
7.00 (1H, dd, J = 8.5, 2.1 Hz, H-6), 6.74 (1H, d, J =
8.5 Hz, H-5), 6.18 (1H, d, J = 16.0 Hz, H-8). *C-NMR
(100 MHz, CD30D) &: 171.0 (C-9), 149.4 (C-3), 147.0
(C-8), 146.8 (C-4), 127.8 (C-1), 122.8 (C-6), 1165
(C-7), 115.6 (C-5), 115.1 (C-2). LA L% 5 Sk 4R
() J o K — B,

&Y 8: (BN R, ESI-MS m/z: 1 151 [2M—
H]~, 1175 [2M+Na] . UV A" (nm): 207, )2 (0
W5 GO R - B R VA 2 IR . B
NMR ##ls (L% 1. 2) 5ok — 20, wieseh
(25S)-60- 1% H:-5a- 15 55 J5t -3~ i -6 -O- (B-D- ML e X3 24
PEF), FERTEL NMR Bt 47 75 E .

AP 9: IR, ESI-MS miz: 721 [M—H]
745 [M+Na] . UV A" (nm): 208. w2 (41 5 2%

x1 LAY 8~11 8 'H-NMR ##E [CsDsN, 400 MHz, dy (J in Hz)]
Table1 'H-NMR spectral data of compounds 8—11 [CsDsN, 400 MHz, 8, (J in Hz)]

A 8 9 10 11 A 8 9 10 1

la 1.15,m 1.15m 1.07,m 1.02,m 21 1.13,m 1.12m 1.14,d,6.7 1.12m

b 1.76m 1.77,m 1.72,;m 1.65m 23a  142m 1.42,m 1.43m 1.43m

2a  224m 2.26,m 1.75m 2.11m 23b  1.85m 1.88,m 1.88,m 1.86,m

2b 2.40,m 2.38,m 2.26,d,11.9 1.92,m 24a  1.33,m 1.37,m 1.35,m 1.34,m

3 2.92,m 24b  2.18m 2.13m 2.12,m 2.13m

4a  2.37,m 2.38,m 245112 2.06,m 25 152m 1.56,m 1.57,m 1.53m

4 3.47brd,145  3.49brd,148  2.67,dd,2.0,11.2  320brd,125 26a 3.36,brd,10.8 3.33,brd,10.8  3.35,d,10.6 3.34,m

5 1.54,m 1.57,m 26b  4.05,dd,11.0,2.1 4.01,dd,11.0,2.1 4.04,dd,2.4,10.6  4.03,m

6 3.60,m 3.64,m 5.32,d(3.9) 3.58,m 27 1.03,d,6.9 1.05,d,6.9 1.06,d,7.0 1.03,m

Ta 1.11,m 1.13,m 1.49m 1.17,m 1 4.66,d,7.8 4.66,d,7.8 4.96,d,7.8 4.84,d,7.1

7 252m 2.49,m 1.80,m 2.52,m 2' 397,194 397,194 3.99,m 4.05,m

8 1.63,m 1.63,m 1.48m 1.63,m 3 4.15t9.4 415194 4.22,m 4.18m

9 0.59,ddd,10.8, 0.57,ddd,10.8, 0.85,m 0.61,m 4 3.56,m 3.58,m 4.18,m 3.74m
10.6,3.8 10.8,3.6

1la  123m 1.26m 1.36,m, 1.23m 5 3.72,m 3.71,m 4.08,m 3.73m

11b 1.43m 1.41,m 1.40,m 1.42,m 6a 1.61,d,6.2 1.61,d,6.0 4.37,m 1.63,d,6.5

12a  1.07,m 1.03,m 1.03,m 1.02,m 6'b 4.83,d,11.4

12b  1.67,m 1.64,m 1.64,d,11.8 1.65m 1" 6.22,brs 5.13,d,7.9 5.23,0,7.6

14 1.07,m 1.05,m 0.98,m 0.96,m 2" 4.81,brs 4.04,m 4.13,m

158 143 m 1.44,m 1.82,m, 1.81,m 3" 458,dd,9.4,3.2 4.22,m 4.18m

15b  2.05m 2.02,m 1.98,m 1.91,m 4" 4.33,t,9.3 4.21,m 4.16,m

16 4.43,ddd,7.2, 4.45,ddd,7.2, 4.50,m 4.47dd, 5"a 4.98,m 3.93,m 3.65,m
72,12 72,12 72,12

17 1.73m 1.73m 1.76,m 1.77,m 5"b 4.06,m

18 0.98,5 0.95,5 0.79, 0.82,5 6"a 1.67,d,6.3 4.36,d,11.5

19 0.86,5 0.82, 0.89,5 0.87,s 6"b 4.51,m

20 1.86,m 1.86,m 1.88,m 1.87,m
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Table 2 *C-NMR spectral data of compounds 8—11 (CsDsN, 100 MHz)

/DA 8 9 10 1 Thir 8 9 10 1
1 38.7 38.7 375 37.8 21 14.6 147 14.8 14.8
2 38.1 38.1 30.5 32.1 22 109.5 109.6 109.5 109.3
3 210.7 210.6 78.4 70.6 23 26.4 26.4 26.4 26.4
4 39.9 40.0 394 33.2 24 26.2 26.2 26.2 26.2
5 52.4 52.4 141.0 51.3 25 27.5 27.6 27.5 27.6
6 79.9 79.6 121.6 79.3 26 65.1 65.5 65.1 65.3
7 41.0 41.2 32.1 41.2 27 16.3 16.3 16.3 16.4
8 34.0 34.0 316 34.6 1 105.8 105.6 102.9 105.3
9 53.2 53.2 52.0 53.8 2' 75.8 75.8 75.1 74.9

10 36.8 36.8 37.0 36.7 3’ 78.5 83.7 78.4 87.6
11 21.3 215 21.1 21.3 4’ 76.5 75.2 715 74.8
12 40.0 40.1 40.0 40.0 5’ 72.8 72.7 77.2 72.3
13 40.7 40.8 40.4 40.7 6’ 18.5 18.8 70.3 18.6
14 56.1 56.3 56.6 56.3 1 103.3 105.3 106.5
15 32.1 32.4 32.2 32.1 2" 72.5 75.2 75.3
16 81.0 81.3 81.1 81.1 3" 72.8 78.6 78.2
17 62.6 62.6 62.7 62.8 4" 74.1 71.7 70.3
18 16.3 16.3 16.3 16.5 5" 69.8 78.4 67.4
19 125 125 194 13.6 6" 18.6 62.8

20 42.6 42.6 42.5 42.5

WO IR- B FEIE N 55, INAVG Bt L NMR
Hlm (2 1. 2) Scuksids 3™, s e ay
9 4 (25S)-60-F7Hk-5a- 15 {§ 4t-3- i -6-O-[o-L-MHL R
ASEIE-(1—3)-B-D-ME R 2 1] o

59 10: AR K, ESI-MS m/z: 737 [M—
H] » 761 [M+Na]". UV A" (nm): 209, #/E (R
5 2 AR R - A VA 55, NS B, I
NMR #dh (W% 1. 2) Scmksos —5, w
SE K (25S)-UE 1 J5¢-5- 4 -3B- i -3-O-[ B-D- MLk Wi 7] 2
Bl i -(1—6)-O-p-D- ML #5i 45 5 5] B torvosides M,
FHXHH NMR Sl 3047 7 VA8

&9 11: AERA, ESI-MS m/z: 709 [M—
H]~, 733 [M+Na]". UV A2 (nm): 209, 722 (i
Jo G MR R - VA VR B I A AR (A . L
NMR %l (L% 1. 2) Sl —5, ket
“W) 11 A (255)-50- 15 i K -3B- 1 -60-O-[ B-D-ML
A FE-(1—3)-B-D-ALL s 43 4l ] -
Bk
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