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Chemical constituents of Gymnotheca chinensis
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Abstract: Objective To further study the chemical constituents of Gymnotheca chinensis. Methods The compounds were isolated
and purified by silica gel column chromatography and preparative HPLC, and their structures were elucidated by spectral analysis.
Results  Sixteen compounds were isolated and identified as 2-(1-hydroxy-4-oxo-cyclohexa-2,5-dienyl)-acetonitrile (1), N-benzoyl-
2-hydroxyltyramine (2), N-benzoyltyramine (3), N-benzoyl-2-phenylethylamine (4), 7,4'-dimethoxykaemferol (5), nobiletin (6),
tangeretin (7), curculonone A (8), 6-hydroxy-4,7-megastigmadien-3,9-dione (9), 5,6-epoxy-3-hydroxy-7-megastigmen-9-one (10),
9-hydroxy-4-megastigmen-3-one (11), 9-hydroxy-4,7-megastigmadien-3-one (12), loliolide (13), 6p-hydroxy-stigmasta-4-en-3-one
(14), 6B-hydroxy- stigmasta-4,22-dien-3-one (15), and 3p-hydroxy-stigmasta-5-ene-7-one (16). Conclusion Compounds 1 and 2 are new
natural products, and the others are isolated from this genus for the first time.

Key words: Gymnotheca chinensis Decne.; nitrogen compound; polymethoxy flavonoid; sesquiterpene; stigmasterone
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cyclohexa-2,5-dienyl)-acetonitril, 1], N-Z I E-2-F25E
&% (N-benzoyl-2-hydroxyltyramine, 2). N-%H [t
% (N-benzoyltyramine, 3). N-ZFEFE-2-2KFE 2,
JliZ (N-benzoyl-2-phenylethylamine, 4); 3 % F4 L
WAL 74- WAL AN (74-
dimethoxykaemferol, 5). Zf%# % (nobiletin, 6),

5 52 (tangeretin, 7); 6 M PiliEW): 220
i A Ccurculonone A, 8). 6-F2IL KA IE-4,7-—
M -3,9- - Wi C 6-hydroxy-4,7-megastigmadien-3,9-
dione, 9). 5,6-FR%-3-FR ik KT I JE-7- 46 -9- i
(5,6-epoxy-3-hydroxy-7-megastigmen-9-one, 10). 9-5%
FERMEA W Je-4-45-3-W  (9-hydroxy-4-megastigmen-
3-one, 11D, 9-F8HE KAE & ¥ b -4,7- — 4 -3- [

fig Cloliolide, 13); 3 N ESHIRMEY: 6p-FEJk-
28§ -4-45i-3-ld (6B-hydroxy-stigmasta-4-en-3-one,
14) . 6p-F2 k-5 5 -4,22- 45 -3-F ( 6p-hydroxy-
stigmasta-4,22-dien-3-one, 15). 3B-FAH- 17 {§§-5-Ji-7-
fili (3B-hydroxy-stigmasta-5-ene-7-one, 16). 154 1
H2 JPB IR, HRE W08 N e A
Y oy A3
1 UERMR

Finnigan LCQ " M J5til{% (3&[H Thermo 24
7]); Bruker MicrO TOF-QIT %Y 543 3 it A% (ffi [
Bruker /A ]); Bruker AV-400 A% i L HR1%, TMS
A NAR (B Bruker 24 1] ); LC3000 A4 R0BAH (4
W CrpE A 5B EnE fE 2 7] D s Daisogel Cig HPLC
Hill#AE (250 mm X 30 mm, 10 um); Kromasil Cg
HPLC #1845 (250 mmX 10 mm, 5 pm); ¥
kLR GF 254 FIFE IR (200~300 H,
[ 7 B 0D MCI##IE (HZR Mitsubishi 2
F]); Sephadex LH-20 #EiX (fE[E Merck A F]).

BRI B E R R &M, B s oA
(20130125) HIFE IR 7 25 W RSP 2 S8 2t 5
B E A = AR BB YR H Gymnotheca
chinesis Decne. [T 44,
2 RS E

IR 4 1.45 kg, B J FH I i 4
I, P IR AR SR OB I ) 152 g, FHIRE
P T ROK, R e BEPR SR E
TR A3 B AR A I (8 g) MINETR 41
A (19 g &3F, 1 MCIAE (90% FE-7K 3t
B, WM RESERAGY 15 g ZREWE

AR AR I B, e (50 0 1. 20 0 1.
100 1.5 2 1.1 2 D BBREVENL, 133 12 M5 Fr. 1~
12. Fr. 6 4 ODS k (60%~100% FEE-7K) 434 7
ANEBAY: Fr. 6.1~6.7. Fr. 6.2 £>F:1|4 HPLC 43 55
(45%LNE-7K, AR & 4.5 mL/min) 1§ 2654 2
(8 mg). Fr. 6.7 & IRkENH: ) B 4> B3 21k &)
5 (15mg) M116 (22 mg). Fr. 7 &l HPLC (H
BE-K) 43K 3 N4 Fr. 7.1~7.3. Fr. 7.1 &2F514%
HPLC 73 (66% M iE-/K, AR S 3 mL/min) 3
FIMbE 8 (30 mg, =159 min). Fr. 7.3 £
# HPLC (95%ZJi5-7K, AR 4.5 mL/min) X
B398 59 14 (8 mg) F115 (14 mg). Fr. 8
2 Sephadex LH-20 (Z47-FEE 11 1) 4028 2 AN
4y: Fr. 8A~8B. Fr. 8A £7|# HPLC 738 (70%
HEE-K) b 4 NIEA%r: Fr. SAA~SAD; Fr. 8AB
BE— 2% HPLC 703 (40% FlE-/K, AR
3 mL/min) fHEMLAH 3 (6 mg, r=35.9 min) Fl
4 (11 mg, trR=38.7 min). Fr. 9 & Sephadex LH-20
CEA-HEE 1 2 1) 458 2 48 : Fr. 9A~9B. Fr. 9A
2% HPLC 702 (HREE-/KBEEED Oy 4 M43
Fr. 9AA~9AD; Fr. 9AA #4244 HPLC 4>
EEMEAE 1 (5mg). 5 (8 mg)y 7 (4mg). 9
(5mg). 10 (13 mg). 11 (15mg). 12 (3 mg). 13
(7mg). Fr. 11 4 HPLC (HEE-/K) 20 Ky 4 ¥
J¥: Fr. 11A~11D. Fr. 11A £2F4]4% HPLC % 2515
FMEAY 6 (Tmg).
3 HMERE

a1 kR, ESI-MS m/z: 148 [M—H],
172 [M+Na]"; '"H-NMR (400 MHz, CDCl;) 6: 6.91
(2H, d, J=10.0 Hz, H-3, 5), 6.26 (2H, d, J = 10.0 Hz,
H-2, 6), 3.73 (1H, s, OH), 2.77 (2H, s, H-7); *C-NMR
(100 MHz, CDCl3) d: 184.9 (C-1), 149.6 (C-3, 5),
129.4 (C-2, 6), 116.8 (C-8), 67.5 (C-7). itHik Fl
ekt i —EU, e A 1 %N 44
CNEHE-IR C-2,4-45-1-100,  HOABTIIRIRF= 4.

Wwa 2: HEKAK, CisHisNOs, ESI-MS m/z:
256 [M—H], 280 [M+Na]'; HR-ESI-MS m/z:
280.094 6 [M+Na]"; "H-NMR (400 MHz, DMSO-dy)
5: 928 (1H, s, 6-OH), 8.44 (1H, t, J = 5.4 Hz
CONH), 7.83 (2H, d, J= 7.2 Hz, H-3', 7), 7.51 (1H, t,
J =172 Hz, H-5"), 7.44 2H, t, J = 7.2 Hz, H-4, 6'),
7.16 (2H, d, J = 8.4 Hz, H-4, 8), 6.72 (2H, d, J = 8.4
Hz, H-5, 7), 5.33 (1H, d, J = 2.9 Hz, 2-OH), 4.67 (1H,
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brs, H-2), 3.43 (1H, m, H-1), 3.29 (1H, m, H-1);
BC.NMR (100 MHz, DMSO-dg) 6: 166.3 (C-1),
156.4 (C-6), 134.6 (C-2), 134.1 (C-3), 131.0 (C-5),
128.2 (C-4', 6'), 127.2 (C-4, 8), 127.1 (C-3', 7"), 114.8
(C-5,7),70.9 (C-2), 47.7 (C-1). @il HMBC ¥ K& %
RS EAY 2 S N-ZE - 2- R dE g 2,
LR BRI =) o

b &Y 3: AN R, ESI-MS m/z: 240 [M—H],
242 [M+H]J", 264 [M+Na]"; 'H-NMR (400 MHz,
CD;COCDs) 6: 8.13 (1H, s, 6-OH), 7.86 (2H, d, J =
7.4 Hz, H-3', 7), 7.74 (1H, brs, CONH), 7.50 (1H, t,
J =174 Hz, H-5"), 7.43 2H, t, J = 7.4 Hz, H-4, 6),
7.08 (2H, d, J = 8.4 Hz, H-4, 8), 6.76 (2H, d, J = 8.4
Hz, H-5, 7), 3.57 (2H, dd, J = 14.5, 6.2 Hz, H-1), 2.83
(2H, m, H-2); "C-NMR (100 MHz, CD;COCD3) ¢:
167.2 (C-1'), 156.7 (C-6), 136.2 (C-3), 131.7 (C-5"),
131.2 (C-2'), 130.5 (C-4, 8), 129.1 (C-4', 6'), 127.9
(C-3",7", 116.1 (C-5, 7), 42.4 (C-1), 35.6 (C-2). tL&
W Y T S R Scion Y, Mot A 3
A N-2 F i e o

b &Y 4: KR, ESI-MS m/z: 224 [M—H]
226 [M+H]", 248 [M+Na]"; 'H-NMR (400 MHz,
CD;COCDs) 6: 7.86 (2H, d, J = 7.4 Hz, H-3', 7'), 7.50
(2H, t, J = 7.4 Hz, H-4', 6'), 7.43 (1H, t, J = 7.4 Hz,
H-5'), 7.35~7.13 (5H, m, H-4~8), 3.63 (2H, dd, J =
14.2, 6.5 Hz, H-1), 2.93 (2H, t, J = 7.4 Hz, H-2);
BC.NMR (100 MHz, CD;COCD;) d: 167.2 (C-1'),
140.6 (C-2), 136.1 (C-3), 131.8 (C-5'), 129.6 (C-5,
7), 129.2 (C-4, 8), 129.1 (C-4', 6"), 127.9 (C-3', 7"),
126.9 (C-6), 42.1 (C-1), 36.45 (C-2). I iHm Al
Rk — 2, e S 4 O N2 -2-
HKIL W

WG 5. FOERRAAE CHMEE-ED, mp
178~180 °C. EI-MS m/z: 314 [M]"; 'H-NMR (400
MHz, CDCl;) d: 8.19 (2H, d, J = 8.9 Hz, H-2', 6),
7.05 (2H, d, J = 8.9 Hz, H-3', 5'), 6.50 (1H, d, J=1.8
Hz, H-8), 6.39 (1H, d, J = 1.8 Hz, H-6), 3.91, 3.92
(2X3H, s, 2X OCHs); “C-NMR (100 MHz, CDCl;) §:
1752 (C-4), 165.7 (C-7), 161.1 (C-4"), 160.8 (C-5),
156.8 (C-9), 145.7 (C-2), 135.7 (C-3), 129.4 (C-2/, 6)),
123.2 (C-1"), 114.1 (C-3', 5), 103.9 (C-10), 97.9 (C-6),
92.2 (C-8), 55.8, 55.4 (2 X OCHs)o A A1 STk
W0, MO 5 N T4 AR IR

WA 6: REEEHREAE ChilE- D,
mp 150~152 ‘C. ESI-MS m/z: 403 [M+H]", 425
[M+Na]"; 'H-NMR (400 MHz, CD;COCD3) 8: 7.67
(1H, dd, J = 8.5, 2.1 Hz, H-6"), 7.59 (1H, d, J = 2.1
Hz, H-2"), 7.14 (1H, d, J = 8.5 Hz, H-5'), 6.62 (1H, s,
H-3), 4.08, 4.04, 3.96, 3.92, 3.89, 3.85 (6X3H, s,
6XOCHs3); "“C-NMR (100 MHz, CD;COCD3) 6:
176.6 (C-4), 161.5 (C-2), 153.2 (C-4'), 152.3 (C-7),
150.6 (C-3'), 149.1 (C-5), 148.5 (C-9), 145.0 (C-6),
139.1 (C-8), 124.7 (C-1), 120.2 (C-6"), 115.8 (C-10),
112.5 (C-5), 109.8 (C-2"), 107.2 (C-3), 62.3, 62.2,
61.9, 61.9, 56.2, 56.2 (6 X OCHs) o 1 B4 A1 SC R
HEHEA 51, MU R 6 B B

WAE 7. AR A CRmEE-AED, mp
135~137 “C. ESI-MS m/z: 373 [M+H]"; 'H-NMR
(400 MHz, CD;COCD3) d: 8.04 (2H, d, J= 8.8 Hz, H-2/,
6'), 7.16 (2H, d, J = 8.8 Hz, H-3', 5'), 6.58 (1H, s, H-3),
4.09, 4.05, 3.93, 3.91, 3.88 (5X3H, s, 5XOCH;);
BC-NMR (100 MHz, CD;COCDs) 8: 176.7 (C-4), 163.3
(C-4"), 161.7 (C-2), 152.3 (C-7), 149.1 (C-5), 148.5
(C-9), 144.4 (C-6), 137.5 (C-8), 128.6 (C-2', 6'), 124.6
(C-1"), 115.4 (C-3', 5"), 106.9 (C-10), 106.9 (C-3), 62.3,
62.3,61.9, 61.9, 55.9 (5 X OCHs) o Y B BHh A1 SCHk ]
SR, WA T A

& 8: tarikyY, ESI-MS: m/z 259 [M+
Na]*; 'H-NMR (400 MHz, CD;COCD3) ¢: 5.75 (1H,
s, H-3), 5.64 (1H, d, J = 15.5 Hz, H-10), 5.57 (1H, dt,
J=15.5, 6.4 Hz, H-9), 3.46 (1H, s, 11-OH), 1.92 (3H,
s, 15-CH3), 1.23 (6H, s, 12, 13-CH3), 0.75 (3H, d, J =
6.8 Hz, 14-CH3);: "“C-NMR (100 MHz, CD;COCD;)
5:200.2 (C-2), 161.8 (C-4), 141.6 (C-10), 127.3 (C-3),
125.2 (C-9), 70.0 (C-11), 49.4 (C-1), 37.8 (C-8), 31.5
(C-7), 31.3 (C-5), 30.4 (C-12), 30.4 (C-13), 23.9
(C-15), 22.9 (C-6), 15.8 (C-14). it HOdh AN STk X}
2, e A 8 T A

e 9: IR, 'H-NMR (400 MHz,
CD;COCD;) 6: 7.04 (1H, d, J=15.9 Hz, H-7), 6.42 (1H,
d, J=15.9 Hz, H-8), 5.86 (1H, s, H-4), 2.60 (1H, d, J =
16.9 Hz, H-2), 2.28 (3H, s, 10-CH;), 2.22 (1H, d, J =
16.9 Hz, H-2), 1.88 (3H, d, J = 1.2 Hz, 13-CH;), 1.08
(3H, s, 12-CH3), 1.03 (3H, s, 11-CH3): “C-NMR (100
MHz, CD;COCDs) 8: 197.1 (C-3), 196.2 (C-9), 160.8
(C-5), 146.2 (C-7), 130.7 (C-8), 127.0 (C-4), 78.8 (C-6),
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493 (C-2), 41.2 (C-1), 26.6 (C-10), 23.8 (C-12), 22.6
(C-11), 18.0 (C-13). J it Ko A Schont e — 5,
WS EAY 9 N 6-FRIE KA P Ie-4,7- ) -
3,9- M.

WA 10: % EEHIRYI, "TH-NMR (400 MHz,
CD;COCD3) &: 7.13 (1H, d, J = 15.8 Hz, H-7), 6.13
(1H, d, J = 15.8 Hz, H-8), 3.76 (1H, m, H-3), 2.32
(1H, m, H-4), 2.26 (3H, s, 10-CH3), 1.66 (1H, dd, J =
12.8, 8.7 Hz, H-2), 1.56 (1H, ddd, J = 12.9, 3.3, 1.6
Hz, H-4), 1.26 (1H, dd, J = 12.8, 10.5 Hz, H-2), 1.19
(3H, s, CH3), 1.15 (3H, s, CH3), 0.93 (3H, s, CH3);
BC-NMR (100 MHz, CD;COCD;) 6: 62.6 (C-3),
196.4 (C-9), 66.9 (C-5), 142.9 (C-7), 132.7 (C-8), 46.7
(C-4), 69.1 (C-6), 40.6 (C-2), 34.7 (C-1), 26.5 (C-10),
24.4 (C-12), 28.7 (C-11), 19.2 (C-13). VK EHAE AL
R IR — 3, s b A 10 O 5,6-3R 53-8
FE R W e -7-H5-9-1 o

& 11 LRy, "H-NMR (400 MHz,
CDCly) &: 5.82 (1H, s, H-4), 3.75 (1H, m, H-9), 1.99
(3H, s, CH3), 1.20 (3H, d, J = 6.2 Hz, CH3), 1.06 (3H,
s, CHz), 1.01 (3H, s, CHz); “C-NMR (100 MHz,
CDCls) d: 199.5 (C-3), 68.1 (C-9), 165.5 (C-5), 26.2
(C-7), 38.7 (C-8), 125.1 (C-4), 51.0 (C-6), 47.1 (C-2),
36.3 (C-1), 24.7 (C-10), 28.8 (C-12), 27.2 (C-11), 23.8
(C-13)0 Wi Hos A Scmghons I — 20, s et &
V) 11 Ry 9-FR KL RAE B i e -4-J-3 - -

WA 12: LMk, 'H-NMR (400 MHz,
CDCly) d: 5.89 (1H, s, H-3), 5.67 (1H, dd, J = 15.3,
5.9 Hz, H-7), 5.55 (1H, dd, J = 15.4, 9.0 Hz, H-8),
434 (1H, p, J = 6.2 Hz, H-9), 2.52 (1H, d, J= 9.0 Hz,
H-6), 2.33 (1H, d, J = 16.7 Hz, H-2), 2.08 (1H, d, J =
16.7 Hz, H-2), 1.89 (3H, s, 13-CH3), 1.28 3H, d, J =
6.4 Hz, 10-CH3), 1.03 (3H, s, 11-CHs), 0.97 (3H, s,
12-CH3): “C-NMR (100 MHz, CDCL) 6: 199.2 (C-3),
68.3 (C-9), 161.8 (C-5), 126.6 (C-7), 138.4 (C-8),
125.9 (C-4), 55.4 (C-6), 47.4 (C-2), 36.1 (C-1), 23.5
(C-10), 27.9 (C-12), 27.1 (C-11), 23.5 (C-13). Pit%x
PR SCRo 3P0, M e e S 12 O 9-FR gk
KT N-4,7- I3 .

EY 13: Ak AR, 'H.NMR (400 MHz,
CD;COCD;) §: 5.68 (1H, s, H-7), 4.29 (1H, m, H-3),
2.39 (1H, dt, J = 13.4, 2.5 Hz, H-4), 1.98 (1H, dt, J =
13.4, 2.6 Hz, H-2), 1.71 (1H, dd, J = 14.3, 3.6 Hz,

H-4), 1.74 (3H, s, 11-CH;), 1.54 (1H, dd, J = 14.3, 3.6
Hz, H-2), 1.47 (3H, s, 9-CH3), 1.26 (3H, s, 10-CH3);

BC-NMR (100 MHz, CD;COCD3) d: 36.6 (C-1), 47.8
(C-2), 66.8 (C-3), 46.4 (C-4), 87.0 (C-5), 183.4 (C-6),
113.3 (C-7), 171.6 (C-8), 31.0 (C-9), 26.8 (C-10), 27.5
(C-11) P K A Scihond I — 5502, ety

B 14: HERA, mp 206~208 C. ESI-MS
m/z: 451 [M~+Na]"; '"H-NMR (400 MHz, CDCl;) J: 5.81
(1H, s, H-4), 435 (1H, m, H-6); C-NMR (100 MHz,
CDCly) 6: 37.1 (C-1), 34.3 (C-2), 200.4 (C-3), 1263
(C-4), 168.5 (C-5), 73.3 (C-6), 38.5 (C-7), 29.7 (C-8),
53.6 (C-9), 38.0 (C-10), 21.1 (C-11), 39.6 (C-12), 42.5
(C-13), 55.9 (C-14), 242 (C-15), 282 (C-16), 56.1
(C-17), 12.0 (C-18), 19.5 (C-19), 36.1 (C-20), 18.8
(C-21), 33.6 (C-22), 25.4 (C-23), 45.1 (C-24), 29.2
(C-25), 202 (C-26), 19.0 (C-27), 22.7 (C-28), 12.0
(C-29) PHESHRAN TR I — 222, Wbty
W) 14 4y 6B-F25E- 5 155 -4-0d-3- 1 o

&4 15: A0k K, mp 209~211 °C .ESI-MS
mlz: 449 [M—+Na]"; "H-NMR (400 MHz, CDCl3) ¢:
5.81 (1H, s, H-4), 5.15 (1H, dd, J = 15.1, 8.6 Hz,
H-22), 5.03 (1H, dd, J = 15.1, 8.5 Hz, H-23), 4.35
(1H, m, H-6); "“C-NMR (100 MHz, CDCl;) ¢: 37.1
(C-1), 34.3 (C-2), 200.4 (C-3), 126.3 (C-4), 168.4
(C-5), 73.3 (C-6), 38.5 (C-7), 29.7 (C-8), 53.6 (C-9),
38.0 (C-10), 21.1 (C-11), 39.5 (C-12), 40.5 (C-13),
55.9 (C-14), 24.1 (C-15), 28.8 (C-16), 56.0 (C-17),
12.2 (C-18), 19.0 (C-19), 39.5 (C-20), 21.2 (C-21),
138.1 (C-22), 129.5 (C-23), 51.2 (C-24), 31.9 (C-25),
19.5 (C-26), 19.0 (C-27), 25.4 (C-28), 12.2 (C-29).
PR AN STk I — P25, W e S 15
6B-F2H- {55 -4,22- —45-3- .

A1) 16: HER A, mp 203~205 C.ESI-MS
m/z: 451 [M+Na]"; '"H-NMR (400 MHz, CDCls) §:
6.19 (1H, brs, H-6), 4.35 (1H, ddd, J = 12.0, 5.4, 1.5
Hz, H-3); “C-NMR (100 MHz, CDCl;) &: 36.3 (C-1),
33.8 (C-2), 68.7 (C-3), 42.5 (C-4), 171.5 (C-5), 119.6
(C-6), 199.5 (C-7), 34.1 (C-8), 53.7 (C-9), 39.0
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