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WE ZE5EHZMIREIE S BHAN KSR =S ABEY KT =FAK Trigonostemon howii ¥ (1425 5 7y EAT
T RGEI, WHBHH 90% LRESRE 7y B4R 21 T 8 AN IR 2 7 i TR 2k & 4. R 2 A ok 46 78 B AR 1
E IR AWM. P aY 1 o — S R R R B R &, (&Y 2~8 NE RN =FAREHED
FOBEABIMEY. ED 1~8 BFIRINTTIN R VS VP 45 SRR B, e 1% 5 Fh iR 40 Mo bRk (HL-60. A549.
SMMC-7721. MCF-7 I SW480)¥) Tt T A B T A A1 AR AN 1, e v v7% 2 5 e P9 B P %o TR 245 ) 8 2R 1
UM IS AR .
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A New Prenylated Isoflavone from the Stems and Leaves of
Trigonostemon howii
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Abstract A new prenylated isoflavone, trigohowine (1), together with seven known isoflavones, was isolated from the stems
and leaves of Trigonostemon howii. Their structures were established on the basis of extensive spectral analyses. All known
compounds were isolated from the genus 7rigonostemon for the first time. The antitumor activities of compounds 1~8 were
evaluated against five cancer cell lines (HL-60, A549, SMMC-7721, MCF-7 and SW480). The research results showed that
compounds 1~8 exhibited obvious inhibitory effects with ICs, values comparable to those of doxorubicin.
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2R E WA EE )2 R0, BUE B ETCZE 2 il
Vi oy B 8E T RERA BEEMEENEY), Wk
Yimgie . S LA AERATAE Y S L R A R R AL &
Y K5 = 5 AR (Trigonostemon  howii) 5 P 546 1
Y, KT HAE R R 25 BE T W FERE B> AR
FRAH — BB T s 25 RIRE ) v R BRI 1) 0 e v
PEVIGE, JCH 2 B 1 B R R ity 24 HI AL b B
SERET B UM S Y . CERT AT TR ORI, MR
R T =AM 90% £ B BT N it 24
e AS49 FIN 2 Ve 4t bk SW4B0 F 3 H 5yt 3 1 A=
KAMHNEE, X ANk A549 FINGE e 40 i pk
SW480 A KAMHITE LR ICso 175 M(2.62+0.11)F1
(5.68£0.16) pg/mL. N | — BRI F =AML
e 24 e o B A, A SO KR = AR ) 90% £
SR BT T RGNS, AR T 8 A4
i A B S SR KA S, 43 0l 48 5E A trigohowine (1)+
derrubone dimethyl ether (2). 3'4'-di-O-methylene-5-
hydroxy-7-methoxy-6-isopentenyl isoflavone (3). derrubon
5-methyl ether (4).4'-hydroxy-5,7-dimethoxy-6-(3-methyl-
2-butenyl)-isoflavone (5). 5,7-di-O-methylluteone (6)-
isopiscerythrone (7)F1 derrisisoflavone K (8). A {L&4)
1A— N R R R &), a2~8
HIXMN=FARBHEY) o SR a. ik, 4]
XEY) 1~8 BIESMUMRNE TEREAT T 1FMr, SRR
BLL A4 1~8 %f HL-60. A549. SMMC-7721. MCF-7
A SW480 45 5 bt N Ji ZH MU bk I BLLE T BN W L
AEARAMHNEYE. A E AR TE XA S PRSI 25
A6 258 LA B

1 &HR510R

WA 1 IR TEE TEH K, HR-ESI-MS 45 Hifk
EYIIESD T B T8N m/z 411.1439 [M+H]" (calcd
for Cyp3H,30; 411.1438), AlH#iEfb & 1 B9 7N
Cy3Hy0,, AR A 13, 48 UV Stilie, fokmfiog
Amax [10g &/(Lemol 'scm ™ ")]43 BIZE 216 (4.08), 272 (3.68)
A 332 (2.96) nm, BELEALEYD 1 ATRE N SR G
PN A 1 IR i BOR T (3389
em ). HRFE(1638 cm HFIZEIN(1602, 1516 F1 1458
em DFRFETR Y. FEALA) 1 TH NMR i, K37
XAELE | MEZEAIFE A 6y 7.82 (s, IH) BRI ESE 5, %
S5 NSRS YH H2 EHES S, 3R E Y
1 RN TR G, R XAEAE R A 1 AMEEAL
T8 6n 6.69 (s, I HIES(F S, IRtk E1 8 C-6
5 C-8 BRI R B 28L& 4, H °C NMR i 477E 1)
BRI C-8 BRAF 5 60 95.5, HE—B3FH N C-6 BRI
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B 1 LA 1~8 MLt
Figure 1 Chemical structures of compounds 1~8

FEEARAE D, R XA =AM BB A 5
2455, 6.86 (d, J=8.0 Hz, 1H,, 6.93 (dd, J=8.0, 1.8 Hz,
1H)A17.08 (d, J=1.8 Hz, 1H), $&/nbE901 2517
= 1,3 4-Z BRI G K 5 0T, IR XIE A7 AE =4
ERAER— Mk EEREE S, ou 497 (s, 1TH)F 4.83
(s, 1H), #ER=AEY 1 BGH FAELE — A AR i SR 45 1)
g, BeAh, A1 TH NMR B R A77E 1 NE
Aosp? MUK REE S 14D sp’ LT HFREAE S

1 MEERR FMFESES UL 2 MHAREARES.
4911 1) °C NMR Al DEPT (Distortionless enhance-
ment by polarization transfer) il 54 F& "6 &9 1 1454
S 23 MRIET, A 174 sp? 246 E T, 14 sp
Bl LR IR T, 2 A sp” 24k R T 1 AN
BRI PR 2 AN FESBRE T 17 A sp” BRIET R LB
BT 2 DEIRLERI AT, 2 DRSS BT 1 AN
PRILGE BRI, EIREER RV A 1 ks S 2
IR 5 I 25 57 3R B3 AL A9 derrubone dimethyl ether
Q)RS AR fFaitb Bt & 1 5 aw)
derrubone dimethyl ether (2)f) '"H NMR. *C NMR #l
DEPT & £5#, mT DU I EAT T B2 450 32 B X AE T,
FEAL G derrubone dimethyl ether (2)ff) C-6 L f{HUALIE
& 3-HEET 2 B, MfE &1 (1) C-6 EREUR
BN 2-FR B3I T 3 B, DL B HEIRT R T
H-1"a f1 H-1"8 5 C-5 (5 158.7)~C-6 (dc 119.4)F1 C-7 (d¢
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162.2)[") HMBC (heteronuclear multiple-bond correlation)
A H-2"5 C-6. C-3" (¢ 147.6). C-4" (6¢ 110.2)
1 C-5" (¢ 18.0)) HMBC AHKAFH S8, V41 2D
NMR #H K7 #r 445 HSQC (heteronuclear single quan-
tum correlation). HMBC. 'H-'H COSY (correlation spec-
troscopy) #1 ROESY (rotating frame overhauser effect
Spectroscopy) B |HfiiE 74L& 1 HF IS5, Wil 2 fr
i~ FREME YA — AT (C2Y), IFHER
LY [a]p —36.8 (c 0.11, CH;OH), it 5 H A7 214
FHEEE I OE T AR AY) acutifolin ([alp
+ 40) . glycopentaphyllone ( [a]h + 17.31) I
merguensinone ([a]d -+ 18.3 1) Eb e 6 B i3k 47 b 14,
&% 1 B Y5 acutifolin. glycopentaphyllone F1
merguensinone FH 5 [ € 65 1, % & F acutifolin |
glycopentaphyllone fl merguensinone 1¥.2% 4% #) #1 F- 4
ORI S, AW 1 1) C-2"HIZEX0 A4 B ]
WIRIEN R 2, BE THED 1 S R A LX)
R I 1 R, RS 1 dr 440N trigohowine.

I
! \\\\7 8‘\83 r\ N
-~ 6) \ 5
NG 4a\\4 \1\ \\
AL L
P N
G Ay

— 'H-'HCOSY -\ HMBC /» 'y ROESY

B2 th&Y) trigohowine (1)KL MR 2D NMR Hl5&
Figure 2 Selected 2D NMR correlations for trigohowine (1)

LR WEE 3 W I 5 SCHER T AR AL A P ) I B ot
XTI, B4 &4 2~8 73714 5E 4 derrubone dimethyl
ether (2)°), 3'4'-di-O-methylene-5-hydroxy-7-methoxy-6-
isopentenyl isoflavone (3)'”. derrubon 5-methyl ether
@M, 4-hydroxy-5,7-dimethoxy-6-(3-methyl-2-butenyl)-
isoflavone (5)!"'1, 5,7-di-O-methylluteone (6)!"*). isopisce-
rythrone (7)!'"Al derrisisoflavone K (8)!'". s {b& 43
NE RN =FEARBHEY 7 B3

K FHWEWE S (MTT)vZ%, LA HL-60. A549. SMMC-
7721, MCF-7 Fll SW480 %5 5 i WL it 88 48 B ik i
PEVRU 4k, DLRT &2 3K VPR 258, b &)
1~8 FIRSN UM RIE TEREAT T 1RO, BT RAEH, f
EY1~8 XX 5 MR AN IR B T BN W] R
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AR AAIRIE 1, A0 3 A e 4 Aok ) A A A 3 42
55 BT R 24 B0 B 2R S AR 2, T HL, 0T At
TR B A R 0 1) % 1 5 B X R 2 B B R e, B
A5 TR IR 2 BTk,

£ 1 AW trigohowine (D '"H NMR A1 °C NMR %4

(CDCly)
Table 1 'HNMR and '*C NMR spectral data of trigohowine (1)
(CDCly)

Position on’ o’

2 7.82 (s, 1H) 150.6 d

3 125.7 s

4 174.7 s

4a 1129

5 158.7 s

6 1194 s

7 162.2's

8 6.69 (s, 1H) 95.5d

8a 158.1s

' 126.0 s

2 7.08 (d, /=1.8 Hz, 1H) 110.0d

3 147.6 s

4 147.5s

5 6.86 (d, /=8.0 Hz, 1H) 108.3 d

6' 6.93 (dd, /=8.0, 1.8 Hz, 1H) 122.5d

"o 3.05 (dd, J=13.6, 3.8 Hz, 1H) 29.8t

1"g 2.92 (dd, J=13.6, 8.9 Hz, 1H)

2" 4.27 (dd, J=38.9, 3.8 Hz, 1H) 75.6d

3" 147.6 s

4"q 4.97 (s, 1H) 110.2't

4"p 4.83 (s, IH)

5" 1.85 (s, 3H) 18.0q
5-OCH; 3.91 (s, 3H) 62.2q
7-OCH; 3.93 (s, 3H) 56.1q
3'4-OCH,O 5.98 (s, 2H) 101.1t

© 2021 Chinese Chemical Society & SIOC, CAS

“Measured at 400 MHz; ®Measured at 100 MHz.

2 HHS
21 E5EH

DU X-5 R s 4%, JASCO DIP-370 2
7 e 640 Beckman DUG640 4 4h 1l W43 6 6 A
Applied Photophysics Chirascan 4= [ 3l [ — Y6 i 4% ;
Bio-Rad FTS-135 BZLAMEHEAX; Bruker AV-400 % HE
FLIRPEAL(TMS NHR); Agilent G3250AA LC/MSD
TOF Jii #54%; Waters Micromass Q-TOF Micro System Jifi
WAL, Waters 600 il £ 2 w5 0 AH €415 (X, Waters
Spherisorb®ODS2 43 #T L 1 H:(5 pum, 4.6 mm X 250
mm), Waters Spherisorb®0DS2 #il| £ A il F:(5 pum, 20
mm X 250 mm); i EHEEE Sephadex LH-20[ 2153574
WHAR(EEERAF], RAAEER RP-18 (Merck A #));
FE JZ AT IR RN 3 J2 SR AT SR AR (FF S A ).
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K2 LAY 1~8 xR AL A A A ¢

Table 2 Growth inhibitory activities on human tumor cell lines of compounds 1~8

ICs,”/(umolsL ")

Compd.
HL-60 SMMC-7721 A-549 MCF-7 SW480
1 0.88+0.03 1.2340.08 2.68+0.15 0.76+0.05 1.3740.06
2 1.824+0.07 2.06%0.10 5.24+0.16 8.31%0.18 2.5340.09
3 3.03%+0.15 1.0940.10 2.31%0.12 2.08+0.07 5.75+0.12
4 5.21%0.17 1.08+0.06 3.29+0.13 12.0240.08 6.03+0.13
5 3.28+0.09 15.02+0.12 2.62+0.13 0.87+ 0.05 8.39+0.16
6 0.92+0.05 3.48+0.14 6.49+0.12 4.861+0.13 3.18+0.09
7 3.58+0.07 4.35+0.11 18.37+0.16 9.28+0.19 6.26+0.10
8 1.86+0.05 11.24+0.22 6.45+0.11 2.56+0.08 7.42+0.13
Doxorubicin® 0.3610.06 0.85+0.09 2.12+0.11 1.3240.10 5.58+0.16

“ All results are expressed as mean—+SD; n=3 for all groups. * ICso: 50% inhibitory concentration. ¢ Positive control.

2.2 HEYIFRAE

K =EAMMF 2016 4F 3 ARETHEE =T
T, iR MY K222 ar R 2 Bt b B AR 4 8 K
BRI =FEARBEY KT =R howin) B, FEIER
A (No. TH20160302) PR A7 1 e i3 oK 7 e 24 B b
b B AR 7T M B TR 7T A O RE AR AR 2.
23 RERS57E

TR F =ZF AR M 19.2 kg, Mi#EH 90%24
BRI IR, BRA R — A, TRECHIR R IR 4515 2
BE. BRENKEE, R A MBS LR BT
ZHL, BIOE IS A5 A TR EUERAL(497.6 @) M LR 4
BEZEHNERA7(309.1 g). AiMEEZEHLERAL(496.0 g) A HENR
(100~200 E)FEt% 5B, Ak LR OBV - V=
100 : 0~0 : 100)J9¥e AT B LB A 2] 8 M4
(Fr.1~Fr.8). Fr.4 (28.9 @)K (200~300 H)H:ERE5H
B, BB D V=100 1 0~0 : 100) 9 ¥E i 753
TR 2] 6 AR 5> (FrdA~FrdF). Fr4B 4
Sephadex LH-20 &t ta i 4lifh f5, 2l 24 m emiAf
e AT H] %, (il 4E A Waters Spherisorb®0DS2 ] 4%
RUEIERE(S pm, 20 mmX 250 mm), LAZHE/K(V @ V=
70 @ 30)RLENAH, AEMEAY) 1(58.3 mg). 3 (32.7 mg).
4 (169 mg)fl 8 (35.3 mg), TREAKEl(&R)7 AN 19.8,
25.6, 30.8 F1 35.7 min. Fr.4C £ Sephadex LH-20 #¢/EiAE
kAt f5, 2o e 8 m AR s BT R A%, AT
N Waters Spherisorb®0DS2 il £ 4 11 4 (5 um, 20
mm X 250 mm), PLHEE/ KV 2 V=60 : 40) Nz,
BREEY) 2 (42.8 mg). 5 (21.6 mg). 6 (48.7 mg)Fl 7
(15.2 mg), {REEEE ()5 5314 23.2, 28.9, 32.9 Fil 40.8
min.

2.4 CRIEHE

Trigohowine (1): ¥& ¥ 40 X # AK; m.p. 558~
559 C; [alh —36.8 (¢ 0.11, CH;OH); UV (CH3;0H) Apax
[log &/(Lemol 'scm™)]: 216 (4.08), 272 (3.68), 332 (2.96)

e
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nm; CD (0.0002 mol*L ™', CH;0H) Ay. [Ag/(Lemol 'e
cm )] 208 (8.12), 226 (—9.22), 257 (4.08), 321 (2.78)
nm; '"H NMR (400 MHz, CDCLy)#1 *C NMR (100 MHz,
CDCL)$#E W& 1; IR (KBr) vi: 3389, 1638, 1602,
1516, 1458, 1436, 1251, 1069 cm”'; HRESIMS calcd for
Ca3Hy307 [M+H]" 411.1438, found 411.1439.
2.5 AEIEMIFMN

MTT PG E PP R v U 20 HS 10%
Jifa 2 M7 F 5 72 (DMEM B RMPI1640)fc 5 5441
WL, LAEEFL 5000~ 10000 41 AR 2 96 FLIR,
LA 100 pL, 07 DAL & 4 3 W (B 5E MR 40
umolsL ™" W07, 7 194 B XoF it I8 240 i A KAk R 7E 50%
DL BRI &P 5 AR HE B S0, L&A
200 pL, REFRALBERIY B 3 N AL 37 CTHiFE 48 h e, W)
FRALAEE IR B, BFLINMTT #5720 pL DL 55 377K
100 pL. k&0 E 1~4 h, (RN IIT. EFE 490
nm A, BB KX (Bio-Rad 680)i5 X %% FL YK
WME, TesRah R, DA REALAR, 4 M7 35 2 Ak
Prez il gu i A Kl 2, NP R RAL S ICs 18,

HBA R (Supporting Information) #7{bk &%) trigoho-
wine (1)) "THNMR. “C NMR. HSQC. HMBC. 'H-'H
COSY F1 ROESY i HRESIMS i, UV Jt i, IR Jeil
PLK CD . trigohowine (1). merguensinone. glyco-
pentaphyllone 1 acutifolin FIfk 524544 J LT G . X 4L
A RIAT DL 9 MAS F1) 9 3 (http://sioc-journal.cn/)_E T %k,
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