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Chemical constituents of Trigonostemon xyphophylloides
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Abstract: Objective To study the chemical constituents from Trigonostemon xyphophylloides. Methods The constituents were
isolated from the stems of 7. xyphophylloides. and purified by column chromatography, and the structures were identified by spectral
analysis and chemical methods. Results A total of 12 compounds were isolated from 7. xyphophylloides, including eight
diterpenoids, two coumarins, one phenyl propene derivatives and one lignan, and the structures were identified as psoralen (1),
isopsoralen (2), 3,4,5-trimethoxy cinnamaldehyde (3), domohinone (4), 12-hydroxy-13-methylpodocarpa-9,11,13-trien-3-one (5),
sonderianol (6), trigonostemone (7), trigoxyphin N (8), trigonochinene E (9), trigoxyphin A (10), trigoxyphin Q (11),
2,6,2',6'-tetramethoxy-4,4"-bis(2,3-epoxy-1-hydroxypropyl)biphenyl (12). Conclusion Compounds 1—S5, are isolated from the
genus Trigonostemon for the first time and compounds 6,7,9,11,12 are isolated from this plant for the first time.

Key words: Trigonostemon xyphophylloides L. K. Dai et T. L. Wu; diterpenoids; coumarins; psoralen; isopsoralen; 3,4,5-trimethoxy
cinnamaldehyde
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(psoralen, 1), F4ME HEZ (isopsoralen, 2). 3,4,5-
— SRR (3,4,5-trimethoxy cinnamaldehyde,
3). domohinone (4). 12-hydroxy-13-methylpodocarpa-
9,11,13-trien-3-one  ( 5 ) . C6).
trigonostemone( 7). trigoxyphin N(8) . trigonochinene
E (9). trigoxyphin A (10). trigoxyphin Q (11).
2,6,2,6"- VU FISIE-4,4"- X (2,3-F5-1-F2 A 5 e
[2,6,2",6"-tetramethoxy-4,4"-bis(2,3-epoxy-1-hydroxy-
propyl)biphenyl, 12], L EALEPIELHE 8 A~ ik
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sonderianol
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H & BB Ar 184 g £RERE (100~200 H)D
FEERE, R FHh-HEE (1:0~0: 1) BAEWM.
TLC tiR& 153 8 ANt 4r Fr. 1~8. Fr. 1(30.3 g)
AT R A (i 4 2515 8 5 AN Fr. 1-1~1-5. Fr.
1-3 (5.5 g) SrERFEAESE52 6 M Fr
1-3-1~1-3-6,Fr. 1-3-1 £ HPLC 2}-#1] ¢ (1% ( Venusil
Cis Plus, 250 mmX 10 mm, 5 pm, 55%FEE) 735
BEMLAY 1 (2.3 mg, £=25.80 min). 2 (1.8 mg,
rR=28.78 min). Fr. 1-3-3 £ HPLC -4 o i
(Venusil Cig Plus, 250 mmX 10 mm, 5 um, 80%H
) 7 BEARAY 3 (1.4 mg, ®rR=10.44 min). 4
(2.0 mg, r=13.55 min) 5(1.5 mg, /r=23.39 min).
6 (1.2 mg, rR=34.23 min). 7 (1.5 mg, rR=36.45
min) . Fr. 1-4 & HPLC -l %% t41#% (Venusil Cig Plus,
250 mm X 10 mm, 5um, 80%FEE) 7 EAFRIMLA
Y78 (0.8 mg, tr=14.09 min). 9 (3.0 mg, rR=24.50
min). 10 (3.5 mg, ®=40.92 min). Fr.1-5 (53 g)
LREFE O E ) B85 5 NHS Fr. 1-5-1~1-5-5,
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(44 mg, ®rR=21.69min). Fr.3 (12.9 g) #ATEER
FEERE S 2193 5 ANMHS Fr. 3-1~3-5, Fr.3-2 (5.3
g) SRERM GG EEE 4 ANHS Fr 3-2-1~
3-2-4, Fr.3-2-3 (1.8 g) & HW40C HtRH: B /) 5
23] 4 NHSY Fr. 3-2-3-1~3-2-3-4, Fr. 3-2-3-2 &
HPLC -] & 1% (H&E SP ODS-TA, 250 mm X 10
mm, 5 um, 45%FED @A RNHAEY 12 (3.5 mg,
R=22.88 min).
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[M+Na]". 254 BC-NMR B 52 5 F 200N CiiHeOs.
'H-NMR (600 MHz, CDCl3) §: 7.81 (1H, d, J = 9.6
Hz, H-4), 7.70 (1H, d, J = 1.8 Hz, H-2'), 7.69 (1H, s,
H-5), 7.48 (1H, s, H-8), 6.84 (1H, d, J = 1.8 Hz, H-3'),
6.39 (1H, d, J = 9.6 Hz, H-3); 3C-NMR (150 MHz,
CDCl3) 6: 161.0 (C-2), 114.6 (C-3), 144.1 (C-4), 119.8
(C-5), 124.9 (C-6), 156.4 (C-7), 99.9 (C-8), 151.9 (C-9),
115.4 (C-10), 146.9 (C-2'), 106.4 (C-3"). LA EH¥uE 5
BRFOE—0Y, MES AT 1 VB IR R
&) 2. LA (HED, ESI-MS m/z: 209
[M-+Na]*. 454 PC-NMR B 52 71 3~ C11He03.
'H-NMR (600 MHz, CDCls) 6: 7.82 (1H, d, J = 9.0
Hz, H-3), 7.70 (1H, d, J = 2.4 Hz, H-4), 7.46~7.38
(2H, m, H-6, 7), 7.15 (1H, d, J = 2.4 Hz, H-5), 6.40
(1H, d, J= 9.0 Hz, H-2); 3.C-NMR (150 MHz, CDCl;)
8 160.9 (C-1), 113.5 (C-2), 123.8 (C-3), 114.1 (C-3a),
144.6 (C-4), 108.8 (C-5), 157.4 (C-5a), 145.9 (C-6),
104.1 (C-7), 116.9 (C-7a), 148.4 (C-7b). LA L#iE 5
SCHRARGE — 320, WS EEY 2 AR AbE IR R .
& 3. FEOK A, ESI-MS m/z: 245 [M+
Na]'. 45t BC-NMR #E#iE 75+ XA CiaHisO040
'H-NMR (600 MHz, CDCL3) &: 9.69 (1H, d, J = 7.8
Hz, H-9), 7.40 (1H, d, J = 15.6 Hz, H-7), 6.80 (2H, s,
H-2, 6), 6.64 (1H, dd, J = 15.6, 7.8 Hz, H-8), 3.91
(94, s, 3, 4, 5-OMe); '3C-NMR (150 MHz, CDCl) &:
127.9 (C-1), 105.6 (C-2, 6), 153.5 (C-3), 140.8 (C-4),
152.8 (C-5), 35.7 (C-7), 129.4 (C-8), 193.5 (C-9), 61.0
(4-OMe), 56.2 (3, 5-OMe). LA L%d 5 SRR —
;N WA 38 3,4,5- = FASENER.
B 4: IR SR CREE), ESI-MS m/z: 323
[M+Na]*. 454& BC-NMR iE#iE s RN
CisH2004. 'H-NMR (600 MHz, CDCls) 6: 7.89 (1H, s,
H-8), 7.09 (1H, s, H-5), 6.85 (1H, d, J = 2.4 Hz, H-4),
4.11 (1H, s, H-2), 3.94 (3H, s, 6-OMe), 3.19 (1H, ddd,
J=13.8, 4.8, 2.4 Hz, H-10a), 2.89 (1H, dd, J = 15.6,
4.8 Hz, H-10), 2.66 (1H, dd, J = 15.6, 13.8 Hz, H-10),
2.28 (3H, s, 7-Me), 1.28 (3H, s, 1a-Me), 0.86 (3H, s,
1b-Me); 3C-NMR (150 MHz, CDCls) 6: 41.4 (C-1),
79.7 (C-2), 199.1 (C-3), 119.1 (C-4), 105.2 (C-5),
162.4 (C-6), 132.2 (C-7), 129.3 (C-8), 195.6 (C-9),
37.7 (C-10), 153.9 (C-4a), 136.2 (C-4b), 125.5 (C-8a),
46.3 (C-10a), 24.3 (1a-Me), 13.9 (1b-Me), 55.7
(6-OMe), 16.4 (7-Me). LA I %¥s 5 sCik i aE — £k,

WM EAL AW 4 N domohinone.

& 5. Ak A, ESIMS m/z 323 [M+
Na]". 454 BC-NMR & 52 73+ N Ci1sH2402. 'H
NMR (600 MHz, CDCl3) d: 6.82 (1H, s, H-14), 6.67
(1H, s, H-11), 2.87 (1H, ddd, J = 16.2, 6.0, 1.8 Hz,
H-7), 2.76 (1H, ddd, J = 16.2, 12.0, 6.0 Hz, H-7), 2.68
(1H, ddd, J = 15.6, 10.2, 7.8 Hz, H-2a), 2.58 (1H, ddd,
J=15.6, 7.8, 4.2 Hz, H-2b), 2.38 (1H, ddd, J = 15.6,
7.8, 4.2 Hz, H-1), 2.19 (3H, s, H-15), 1.94 (1H, ddd,
J=15.6, 10.2, 7.8 Hz, H-1), 1.88 (1H, dd, J = 12.0,
1.8 Hz, H-5), 1.82~1.69 (2H, m, H-6), 1.27 (3H, s,
H-18), 1.16 (3H, s, H-16), 1.12 (3H, s, H-17);
BC.NMR (150 MHz, CDCl3) d: 37.5 (C-1), 34.6
(C-2), 217.4 (C-3), 47.3 (C-4), 50.5 (C-5), 20.3 (C-6),
29.9 (C-7), 126.9 (C-8), 146.3 (C-9), 37.1 (C-10), 111.4
(C-11), 152.1 (C-12), 121.6 (C-13), 131.2 (C-14), 153
(C-15), 24.6 (C-16), 26.9 (C-17), 21.1 (C-18). LA F#i¥
Hx ikl — s>, WMEEhED SN
12-hydroxy-13-methylpodocarpa-9,11,13-trien-3-one.

&M 6. wmEsAE (HEEL, ESI-MS m/z: 321
[M+Nal*. 454 BCNMR EE#ED TRN
C20H26026 "H-NMR (600 MHz, CDC13) 0: 6.68 (IH, S,
H-11), 6.58 (1H, dd, J = 11.4, 18.0 Hz, H-15), 5.55
(1H, dd, J = 2.4, 11.4 Hz, H-16a), 5.18 (1H, dd, J =
2.4, 18.0 Hz, H-16b), 2.83 (1H, dd, J = 4.2, 18.0 Hz,
H-5), 2.69 (1H, ddd, J = 7.8, 10.2, 15.6 Hz, H-2a),
2.58 (1H, ddd, J = 4.2, 7.8, 15.6 Hz, H-2b), 2.41 (1H,
ddd, J = 4.2, 7.8, 15.6 Hz, H-1), 2.19 (3H, s, H-17),
1.93 (1H, ddd, J = 7.8, 10.2, 15.6 Hz, H-1), 1.84 (2H,
ddd, J= 6.6, 13.2, 18 Hz, H-6), 1.71 (2H, ddd, J = 6.6,
13.2, 18 Hz, H-7), 1.30 (3H, s, H-20), 1.15 (3H, s,
H-18), 1.12 (3H, s, H-19); 3C-NMR (150 MHz,
CDCl3) d: 37.9 (C-1), 34.7 (C-2), 219.7 (C-3), 47.2
(C-4), 50.0 (C-5), 20.3 (C-6), 29.3 (C-7), 125.3 (C-8),
139.3 (C-9), 37.3 (C-10), 110.5 (C-11), 151.9 (C-12),
119.8 (C-13), 145.6 (C-14), 1352 (C-15), 119.3
(C-16), 12.8 (C-17), 24.6 (C-18), 26.8 (C-19), 21.1
(C-20). DA AR 50ikkiE — 302, SEEh S
) 6 2N sonderianol.

&Y 7. EEKAK, ESI-MS m/z: 349 [M+
Na]". 454 BC-NMR i 58 73 F 3N Co0H2204. 'H
NMR (600 MHz, CDCL3) o: 8.03 (1H, s, H-8), 7.32
(1H, s, H-4), 7.29 (1H, s, H-5), 6.75 (1H, s, H-10),
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4.03 (3H, s, 9-OMe), 4.02 (3H, s, 6-OMe), 3.94 (3H,
s, 3-OMe), 2.39 (3H, s, 7-Me), 1.56 (6H, s, la,
1b-Me); '3C-NMR (150 MHz, CDCls) d: 49.5 (C-1),
199.3 (C-2), 147.6 (C-3), 111.9 (C-4), 99.2 (C-5),
158.1 (C-6), 127.4 (C-7), 123.6 (C-8), 155.3 (C-9),
100.8 (C-10), 1153 (C-4a), 131.0 (C-5a), 119.4
(C-8a), 142.9 (C-10a), 28.4 (la-Me, 1b-Me), 16.7
(7-Me), 55.6 (3-OMe), 55.5(6-OMe), 55.2 (9-OMe).
DL s 5 Sk aE — 2025, MUS A T N
trigonostemone

&) 8: iRk ik CHEE), ESI-MS m/z: 307
[M + Na]*. 454 BC-NMR i #iE 0 7N
Ci7H1604. 'H- NMR (600 MHz, CDCls) d: 7.93 (1H,
s, H-13), 7.23 (1H, s, H-1), 6.40 (1H, s, H-5), 3.86
(3H, s, 10-OMe), 2.39 (3H, s, H-14), 1.33 (6H, s,
H-15, 16); BC-NMR (150 MHz, CDCL) 6: 131.8
(C-1), 209.4 (C-2), 44.6 (C-3), 162.3 (C-4), 120.8
(C-5), 183.7 (C-6), 124.6 (C-7), 121.2 (C-8), 151.2
(C-9), 145.4 (C-10), 151.8 (C-11), 130.2 (C-12), 126.6
(C-13), 16.2 (C-14), 23.5 (C-15, 16), 60.5 (10-OMe).
DL B 5 SR RoE — 304, WS AT 8 N
trigoxyphin No

& 9: Ak A, ESI-MS m/z 321 [M+
Na]*. 454 BC-NMR #5772 N CisHi504. 'H-
NMR (600 MHz, CDCls) d: 8.08 (1H, s, H-14), 7.79
(1H, s, H-11), 7.65 (1H, s, H-1), 6.89 (1H, s, H-6),
4.07 (3H, s, 7-OMe), 4.06 (3H, s, 4-OMe), 2.56 (3H,
s, H-16), 2.46 (3H, s, H-15); BC-NMR (150 MHz,
CDCls) 6: 100.3 (C-1), 144.7 (C-2), 143.4 (C-3), 116.4
(C-4), 127.5 (C-5), 96.2 (C-6), 152.4 (C-7), 123.5
(C-8), 131.4 (C-9), 119.9 (C-10), 106.0 (C-11), 153.5
(C-12), 125.1 (C-13), 124.5 (C-14), 16.2 (C-15), 11.2
(C-16), 55.2 (2-OMe), 55.9 (7-OMe). LA -%i#E 5
R TE — B0, B A 54 9 M trigonochinene Eo

&Y 10: FHEK K, ESI-MS m/z: 609 [M+
Na]"s &5 BC-NMR 158 € 7 TN C34H3400. 'H
NMR (600 MHz, CDCls) : 8.05 (2H, brd, J = 7.2 Hz,
H-3",7"),7.82 (2H, dd, J= 4.2, 8.4 Hz, H-3', 7"), 7.65
(1H, dd, J = 1.2, 2.4 Hz, H-1), 7.57 (1H, m, H-5"),
7.45 (2H, m, H-4', 6'), 7.44 (2H, m, H-4", 6"), 7.42
(1H, m, H-5"), 5.52 (1H, d, J = 8.4 Hz, H-12), 5.31
(1H, d, J = 4.8 Hz, H-16a), 5.05 (1H, m, H-16b), 4.69
(1H, d, J = 2.4 Hz, H-14), 4.06 (2H, dd, J = 2.4, 6.0

Hz, H-5, 10), 3.73 (1H, m, 5-OH), 3.49 (1H, s, 4-OH),
3.40 (1H, d, J=2.4 Hz, H-8), 3.33 (1H, d, J= 8.4 Hz,
H-7), 3.17 (1H, m, H-11), 1.80 (3H, s, H-17), 1.77
(3H, dd, J = 1.2, 2.4 Hz, H-19), 1.48 (3H, s, H-20),
1.14 (3H, d, J = 6.0 Hz, H-18); 3C-NMR (150 MHz,
CDCl) 6: 160.0 (C-1), 137.1 (C-2), 209.6 (C-3), 72.4
(C-4), 72.6 (C-5), 59.7 (C-6), 67.3 (C-7), 35.3 (C-8),
80.7 (C-9), 48.0 (C-10), 39.1 (C-11), 71.8 (C-12), 87.0
(C-13), 82.0 (C-14), 142.0 (C-15), 113.4 (C-16), 19.5
(C-17), 11.3 (C-18), 10.0 (C-19), 21.5 (C-20), 118.2
(C-1"), 135.2 (C-2'), 128.0 (C-3', 7"), 126.2 (C-4', 6"),
129.6 (C-5"), 165.7 (C-1"), 129.4 (C-2"), 133.3 (C-5"),
129.8 (C-3", 7"), 128.5 (C-4", 6")o LA_L-%¥E 530k
frRIE—3), HUEEWAY) 10 4 trigoxyphin Ao

&Y 11: FERA, ESI-MS m/z: 467 [M+
Na]". 454 PC-NMR #E#ffi 2 4> T XA C27H2406. 'H-
NMR (600 MHz, CDCls) 6: 8.43 (1H, s, H-13), 6.83
(1H, s, 11-OH), 6.63 (1H, s, H-5), 6.62 (2H, s, H-2/,
6", 5.86 (1H, s, 4'-OH), 3.92 (6H, s, 3', 5'-OMe), 2.43
(3H, s, H-9), 2.37 (3H, s, H-14), 1.46 (6H, s, H-15,
16); BC-NMR (150 MHz, CDCly) §: 133.3 (C-1),
206.6 (C-2), 48.4 (C-3), 157.5 (C-4), 121.5 (C-5),
185.2 (C-6), 122.4 (C-7), 124.0 (C-8), 141.0 (C-9),
1212 (C-10), 157.1 (C-11), 127.0 (C-12), 135.0
(C-13), 17.1 (C-14), 23.7 (C-15, 16), 130.4 (C-1'),
105.6 (C-2', 6'), 148.4 (C-3', 5"), 135.6 (C-4'), 140.4
(C-7"), 127.6 (C-8"), 14.6 (C-9"), 56.5 (3', 5-OMe). LA
AR S Sk RoE — 0, Ay 11k
trigoxyphin Q-

WA 12: IREERA, ESI-MS m/z: 441 M+
Na]"s 454 BC-NMR i 72 7> 75N C2oHa60s0 'H-
NMR (600 MHz, CDCls) d: 6.58 (4H, s, H-3, 3', 5, 5"),
4.73 (2H, d, J=4.2 Hz, H-7,7'),3.10 2H, dd, J = 4.2,
6.6 Hz, H-8, 8'), 3.82 (2H, m, H-9a, 9'a), 4.28 (2H, dd,
J = 6.6, 9.0 Hz, H-9b, 9'b), 3.90 (I12H, s, 2, 2/, 6,
6'-OMe), 5.50 (2H, s, 7, 7"-OH); '3C-NMR (150 MHz,
CDCl3) 6: 132.0 (C-1, 1'), 147.1 (C-2,2', 6, 6"), 102.6
(C-3, 3", 5, 5"), 134.2 (C-4, 4", 86.1 (C-7, 7'), 54.3
(C-8, 8", 71.8 (C-9, 9"), 56.3 (2, 2', 6, 6'-OMe). LA I
5Ok E — B2, MEEHEY 12
2,6,2',6'-VU F AR -4, 4" 30 (2,3- IR - 1-FR T B8 K
4 e

AR FNGIH =F AR 3 ES2 T 12 MeE
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Y, BFE 8 N, 2 MEERE, 1 ARENE
T, 1 KRR Hd, e 1~5 AER
MiZzJEtEy o @58, WaEw 6. 7. 9. 11, 12
RNERMZFE 5> EAF 3. IMARZB A LR
WX LAl SRS PR TR E DT L BT HIV 5 LA K
) Fer e 2 P AR G

WEARR (D FRAEIRER (2) &
%) BREE AR ST e 33 2 L L — 5 A s PR D) el
THRERBEMAET FURTE A BAL, H43
BERZ b gl NFESEHUARER 5 oG P B G R, i
IR BB R HOAIESE T trigonostemone (7)
X 4 B0 A BRI AR S BB R M P
trigonochinene E (9) XfHa[ JIEAF 5 SS1. H &k
ACTT 1600 (Candida albicans ACTT 1600). f1
BRE/INOTH Microsporum gypseum - 435 0.5 &) BR
] AR FF 420 8 AR 4 2 0 96 28 BR TR B A — 8 OB v
PER6); 3,4, 5- = HEILAHEERE (3) 25 T FHI R HIV
Wi oD BRCLAME HoAth HIV-1 AR PR, W
HAA BB,

TERE R R 3 DNA HE B 255 P
JEH, domohinone (4) HAVEME, MHXT 0.91 4
“HDREZHAL” BY; 12-hydroxy-13-methylpodocarpa-
9,11,13-trien-3-one (5) FKILHXT 5 Fh A S iyga 4
M40 B B 9E 12:B2); sonderianol (6) fE 50 pug/mL ]
JRE A TN I L-1210, P-388 4R Al
S HEPALcle7 0L 100% ) £ KA /E
F, of/INERUHE HEPAlcle7 Al S 2 E%);
trigoxyphin N (8) FILHXT Al SPC-A-1 4 fE
N B B#E SGC-7901 41 Ffd (¥ 40 A 25 14 041,
trigonochinene E (9) BRA T B & 1 Shik B AT BRI
PN E I K562 4HAEiEPERY;  trigoxyphin A (10)
Xt HL-60 F1 ICs0 {8 0.27 umol/L, Xt A549 41 ICso
{54 7.5 pmol/LP);  trigoxyphin Q (11) X} K562 4l
Mo A W R A B R e, XF SPC-A-1 F1 SGC-7901 4
J 2RI H P S A R B PR3]

MG =F AR AL E 12 A EUr
BRAAEY 12 ORIEZRISD) MR HRE A —E A
WEPE,  ELAR AR LERNE 22 MR A S A A B 2 B
HEE. WA BRI = AP EMEA
5] e 2 AR TS M A S D ek R A
Wy, - PIRAE TR A ARIRIE = E R B =
s A ) s 5 A 00 o) e e 24 i 39 9 A ) 45
W B, St =% AJCHEH P =ik a,

FEAT 40l Frf 88 4 PR K SR T 1 26505 T T
HA AR KN E
RBAR AL FATEERGA R
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