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AR, BFIE, 2F5L, Bt E, FkE, 4, B
PLRFHFR, T FR 7 510006

W OE. RWEERAE. BEAE Sephadex LH20KE . p-HPLC %5 £ Fh (8,3 b %) [B - 241 ( Triadica rotundifolia) B4R
B CIR CBETR AL AT Ay s alid, SR gkAs 23 MG . I8 IR RE A 021 456 SCIRECE X LL 73 i X o3
BRI PR S W EAT A R, A E O FE AR (1) . B IMAEE(2) . KES3) . 6,7-—H
ARFTEM) . 6,7,8-=HERFLRG) . 85H-5,6,7-=HALFTE6). 5.6,7.8-MHIEFLR(T). lup-20
(29)-ene-3,23-diol(8) . B4 FE(9). 38-O-trans-caffeoylbetulinic acid(10) ., oleana-1,18-dien-3-one(11) . morolic
acid acetate(12) . B-ZFf§§ % (13) . # % NH(14). 6-hydroxystigmast-4-en-3-one(15) . oleodaphnone(16). 5'-H %
FE)IBREZ (17) | trigonochinene E(18) . & TR LB (19) . Hifr#3 B(20) . (+)-3-hydroxy-1, 5-diphenyl-1-
pentanone (21) . 5-hydroxy-3,4-dimethyl-5-pentylfuran-2(5H)-one (22) FIN5|Me-3-FH 5 (23) , EAMLE Y 1~238
T U S A o oy AR 2 X B AR S B A SRR S W AT WA I R R R . AR WORfE B 8 FI18
S /N AT e 20 M H 1975 ELAT P A5 B A A EE 6 M, I, (543 34 (13.97 + 0.40) F1(26.61 + 1.81) wmol/L.
KR A B4 Triadica rotundifolia) ; W25y AT
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The chemical constituents of Triadica rotundifolia
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Abstract: In this study, a total of 23 compounds were obtained from the ethyl acetate part of Triadica
rotundifolia by various chromatographic methods such as silica gel, Sephadex LH20, and p-HPLC
column chromatography. Their structures were identified by NMR spectroscopy combined with
comparative analysis with literature data as known compounds: toddanone (1) , toddalolactone (2) ,
scopoletin (3) , 6, 7-dimethoxycoumarin (4) , 6, 7, 8-trimethoxycoumarin (5) , 8-hydroxy-5, 6, 7-
trimethoxycoumarin (6) , 5, 6, 7, 8-tetramethoxycoumarin (7) , lup-20 (29) -ene-3a, 23-diol (8) ,
glochidone (9) , 38 -O-trans-caffeoylbetulinic acid (10) , oleana-1, 18-dien-3-one (11) , morolic acid
acetate(12) ,B-sitosterol(13) ,daucosterol(14) , 6-hydroxystigmast-4-en-3-one(15) ,oleodaphnone(16) ,
5'-methoxynobiletin (17) , trigonochinene E (18) , ethyl gallate (19) , daphnelantoxin B (20) , (+)-3-
hydroxy-1, 5-diphenyl-I-pentanone (21) , 5-hydroxy-3, 4-dimethyl-5-pentylfuran-2 (5H) -one (22) , and
indole-3-carbaldehyde (23). Compounds 1-23 were isolated from 7. rotundifolia for the first time. In

addition, activity screening revealed that compounds 8 and 18 showed moderate cytotoxicity to H1975
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cells, with IC,, values of (13.97 + 0.40) wmol/L and (26.61 + 1.81) wmol/L,respectively.

Key words: Triadica rotundifolia; chemical constituents; cytotoxicity

K # & (Euphorbiaceae) 2 #1 )& ( Triadica) #4 4
TRBCOh R, kI 12080, Hi oRfES
EA o, HEZSMTENDEEAEEXGRE,
2015) ., HA [T sebifera(L.)Small [7TEFR F A
LTI, AR W iR AR R
e s RIEZ Y il T 28, e
ARE) (AR B H ) A (HE ) 44 55 1K 5 ) A (32 /88
25 ,2008; 4 A T45,2014) o AR ZGH D) REAR
7, EUEARFYRMCRRENE )P A0, i
ATHTFRITIRE . % KM Mk . E oK R
Wehis D3 M SRR R AT TRYT 2R L H L KRR
S PRI I ZE T B, IR LA S — b
PR 25 . F R A 25 0 (O 2 AR
2004 ; I BRFE45,2010; Fu et al.,2013) .

R C X A0 8 Z R T T RGN
SbtaY, B TR . HERIE . EEIZE UL R I
TR 24 2 L 401 & A ) 1 T AL 153 25 Y (He et al.,
2021;Liu et al., 1988; B IESE,2004) . Higeit, M
G @A P B T 259 S RAR = (4
123 5S4 IRIN R M 21 B SE ), H
il SRR N 2R 20 A5 M 28R B 2 i k2 i3 (He
etal.,2021; Vu et al.,2017) . fEAYETE T,
AR A B B A (IR N 22 BT L il
HRE)TEZMim e Al R R 40y £ Ti6e,
it . Bt (PR E AR SF, 2007; Fu et al., 2015;
McFeeters et al.,2012; Vu et al.,2017) . Hi 5 1k (Fu
et al., 2013;Fu et al., 2020) . #{ % (Ighodaro et al.,
2017) . HUBEPRIG TG PE (Ighodaro et al.,2017) | fifEdk
HJF (Panthong et al., 1998) . B R AEH (FR 4245,
2007) . 4k (Sakata, 1971) . Hi%% 7% (Ohigashi
etal.,1983)55 . Jj4b, —SE@PsT W] 1SS IEY)
2 O BRI A 24 55086 . o, i X
TR AR Y BT ETE PR SY, R IR )
ARSI, x5 AR A PRI A G
XAE Ry RO 2T REAE G YT Hi R AT T | ) T 114
HEA B, W@t 73RN B A 2P
(Chaudhary et al.,2011) . Ph EWFSE R A0 MY
BEUE AT A 2 ik e AL 0 ) ST A

AR, PR — O KR 25 AR R
RS ERL ST, BT — S B BB IS Y
5 543F (Hu et al., 2022 ; Huang et al., 2022 ; Huang

et al.,2023). H AiXT KGR 46 & 48 1) 5] i 2 46
[ T. rotundifolia (Hemsl.) Esser | A& 48 Db Sk M H
2550 LRI A BESE 4870 (Zhao et al., 2020; Zhao et
al.,2021) . [FBLASIRE L A0 & A 4 13 i 2 4 R iF
GG, RGITRE T H BRI 2. £ BE A
WAL R AR AT FT TR A3 B A A W A T
RISV, LU & BLEA R 16 1 e 3 4
T, E AT SR A ) B [ L A 3 A
filt, A B AR R RS

1 SEEGHRIY

1.1 XFE5iLH

C, AHFER (H A YMC A H]) . (A3 0k N
GF254 2 OERER L 300-400 H AT Z MR (75
BEEER T ) . Sephadex LH-20( 38 [ 38 FH HL <2
Al); BHELC-20AT WAL (HAS R H) ; 24
#£ >4 Phenomenex Lux cellulose-2 (250 mm % 10 mm,
S-5um,12nm), YMC-pack ODS-A(250 mm x 10 mm,
S-5 um, 12 nm) ( H A& YMC /A Al ) il NanoChrom
ChromCoreTM 5-120 C,, column(250 mm x 10 mm ,
S-5 pm, 12 nm) (GRIH IS AT HRABRA D), (i
R A 2 (GRACE) ; sl e, Wi, 4
11— 2 557 | Pl L0l S RE 9N o A 95| D IO
RN CD,ODBHI T ). CDCL(FIH7T ). DMSO-d,
(BIFIT ) | pyridine-d; (5 B i BHE AR A ] 5
Avancelll-400 Fil Ascend TM-500 MHz #% fif; F£ 4% X
(%5t Bruker 24 F] ) 5 €AY Autopol T (3 [E 618 K
/AF]); LCMS-IT-TOF i X ( H 78 Shimadz A ] ) 5
FLUOstar Omega Z WIREMEH#X (F2E BMG A H]) .
1.2 1EYKIRE

FEYIAARLT 2021456 H R A PEHE AR X
R, v Il R AF 224 B fi o AR Rl i 4 e H Ry
B SR, FEIERRAS (Zi 5 YPBS-202106) {4
FETF IR 2E 225 B RIRGYM 2 F L =
1.3 #RIESE

TR B 2 HIAR (10.0 k) 25 ¥, FHS50 L
1) o = 95% LT E IR, FR 7 d, $2HL3
o B3R OFERRBUR GRS, SR RRE
(545.58 g), )5 FHACKRE soriRAE, FRHA
THBE(S Lx3) R LBR MR (S5 Lx3) BT AR, 205453
67.80 g A1 IMEEREBGHA 1 73.94 g ZEE ARG . 4
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Fig. 1 The structure of compounds 1-23

1% CBRHB A B SC S E A RE AT A TR A3, R Ak - B K (Ve V,2:810:0) EATREBE BRI, 15 51/)
LIRZTER(V:V, 500:1—0: DEREEVERL, M4 TLC 443 (FrC.1~Fr.C.5) . H: " Fr.C.3(406.5 mg) ¢ i
R 53 B 10425, 4358 Fr.A~Fr.d, SRJGF5X%F  Sephadex LH-20 #E i A €4 3% ( P8 B8 57 A & P et
B G A TSR AT Bealifh. )5, %] Fr.C.3.A~Fr.C.3.C, X} Fr.C.3.C

2073 Fr.C(7.80 g) FRET C JAREAE, JHH (230.5 mg) ¥ 17 p-HPLC % % [ Phenomenex Lux



4 iRz (HARHERR H3E30)

964 4

cellulose-2, 250 mm x 10 mm,S-5 um,3 mL/min, £

K (v y)=8:2]4lifb il 2154k 64 20(14. 93 mg,
ty =9.27 min) F121(12.39 mg, , = 11.48 min) , /N4H
51 Fr.C.4(873.5 mg) FAF T IEAHRERC A, A
fik: 2R B (V:V,500: 1—0: 1) FE47 86 B Ve
% F| Fr.C. 4. A~Fr.C.4.E, B J5 ] p-HPLC & i
[ Nanochrom 250 mm x 10 mm, S-5 um, 3 mL/min,
g K (V:V)="7:3] A Fr.C.4.C(165.2 mg) 4l il
AR A 23(8.62 mg, 1, =17.51 min).,

24y Fr.D(3.60 g) FI| J Sephadex LH-20 #E i A+
o3k (FH ) 3R 45 5 /Nl 43 (Fr.D.1~Fr.D.5) . Hrh
Fr.D.2(209.6 mg) F-if o 1F AR A A [ 4 H e - H
BE(V:V,100: 130 1) I8 VERL /> B 1346 &4 10
(59.71 mg) . &% 8(16.76 mg, t, = 18.32 min)
F19(26.53 mg, t, =22.52 min) M|&% /1] p-HPLC {4,
%[ Nanochrom 250 mm x 10 mm, S-5 um,3 mL/min,
WG K (ViV)=7.5:2.5] A Fr.D.3(309.6 mg) #li{k
il 7 3 3] . FAEHL, F p-HPLC {4 [ YMC-pack
ODS-A, 250 mmx10 mm, S-5 um, 3 mL/min, Z Jif5 :
K(V:V)=8:2] )\ Fr.D.5(63.5 mg) H1 5 ik 151k
4¥116(8.92 mg, £, = 16.03 min) .

243 Fr.E(6.20 g )il i C, S AH Ak A €233 [ R
FHHBE K (V2 V,3:7—10:0) Kh B 36 i 07 2 145 21
Fr.E.1~Fr.E.6, H: "' Fr.E.2(427.8 mg) £ Sephadex
LH-20 BEMeH: (HEE) 730 25 f5, 793 Fr.E.2. A~Fr.E.2.D
LA 7(102.71 mg) . #RJ5 Rk M p-HPLC {435
[ Phenomenex Lux cellulose-2, 250 mm x 10 mm,
S-5 um, ZWE /K (V:¥)=4.5:5.5,3 mL/min] %/ Fr.E.2.B
(149.33 mg) #4741k, FREBILGP 1(21. 11 mg,
te=14.31 min)f112(13. 41 mg,t, =21.23 min)., [FFE
M, LB 922(2.42 mg, 1, = 15.21 min)J& i Fr.E.2.C
(71.24 mg) £& p-HPLC & 3% [ Nanochrom 250 mm x
10 mm, S-5 pm, 3 mL/min, ZJiF: K (V: V)= 6:4]43
B aifb Tt

243 Fr.F(10.70 g) 28 C,, S A ik A [ Y - /K
(V:V,2:7—10:0) BB EEVENAS 3 Fr.F. 1~Fr.F.7, Hrh
Fr.F.4(1.8 g)if iz Sephadex LH-20 % it {73 ( F1 )
43 B 19 Fr.F.4. A~FrF.4.E fl{b & ¥ 14(53. 61 mg) .
Fr.F.4.B (249.33 mg) F # — 2 M p-HPLC {4 ii%
[ Phenomenex Lux cellulose-2, 250 mm x 10 mm,
S-5 um, 3 mL/min, O 5 : K (V: V)= 7:3]4ifk, 4k
51k 4 ¥ 13 (25. 34 mg, t, = 16.31 min) . Fr.E.5
(352 mg) i 4 Sephadex LH-20 % fig A ( H %) K&
p-HPLC i Phenomenex Lux cellulose-2,250 mm x

10 mm, S-5 um, 3 mL/min, Z g : K (V: V)= 8:2]J5
A 11(8.75 mg, 1, = 19.21 min) .

2053 Fr.G(5.70 g) IAET C\ SUMRERCH:, SRAH
Pt K (V2 1,2:8—10:0) A TEREE VR, A4S 71~/
53 (Fr. G. 1~Fr. G. 7) o H: ™} Fr. G. 2 (310.9 mg) &
Sephadex LH-20 &t fi #1 €5 3% ( B %) 15 2 Fr. G. 2.
A~Fr.G.2.D, TiJa, IS5 2% Fr.G.2.C
AT aife, KM EEG % 3(67.72 mg) . i Fr.G.3
(709.6 mg) WK FH IEAH LG AE [ A ik - 2018 2 TR
(V:¥,500: 10 1) IR BEVEML, 4580 5 A~/Ndl 5
(Fr.G.3.A~Fr.G.3.E) . H:"1Fr.G.3.C(305.4 mg) &
p-HPLC {1, 3#% [ YMC-pack ODS-A, 250 mmx10 mm,
S-5 um,3 mL/min, Z K (V: V)= 4.5:5.5 438540
A5 6(27.83 mg, £, =18.10 min),

243 Fr.H(4.1 g) il i Sephadex LH-20 % i #1
o3k (H ) 2645 6 /N 43 (Fr.H.I~Fr.H.6) o 1fif
J& 4 Fr.H.2(727.8 mg) LA T IEAHRE BCAE, AL
[ : Z R B (V:V, 500:1—0:1) 186 E Uk
JIi, 195 Fr.H.2.A~Fr.H.2.C Fl4k &4 2(53.8 mg) .
Fr.H.2.C(230.5 mg) F i — 5 38 & p-HPLC 4 %
[ Phenomenex Lux cellulose-2, 250 mm x 10 mm,
S-5 um, 3 mL/min, Z i : K (V: V)= 4.5:5.5 ] 4k
#1351 A 4(40.11 mg, £, =13.36 min),

243 Fr.1(3.9 g) il it C,q SO AR B i f: [ HF s < 7K
(V:V, 2:8—10:0) ] BE UMY 7 23R 51>/ NH
53 (Frl 1~Fr. L. 5) o H 1 Frl. 2 (753.6 mg) 5t &
Sephadex LH-20 %/t (HH ) 4329 ), TR FHEE 25 b
ik — gtk k15 6 & 17(165.7 mg) . Frl.3
(862.7 mg) DAETFIEAHRERCAE, A & H b H
B (V:V, 200:1—30: 1) ] UE47 B0 B VR, 75
Frl.3.A~Fr.1.3.D. #| ] p-HPLC {3 [ Nanochrom
250 mm x 10 mm, S-5 um,3 mL/min, A : K (V: V)
=4.5:55]F—4 M Fr.1.3.D(143.5 mg) Hafifb3ki531k
A918(15.97 mg, t, = 18.11 min) A1 19(16.58 mg,
t,=19.23 min),

1.4 ZHAEE NS

FEAE/INAR B Sl 40 D H 1975 8080 | ] i CCK-8
o0 325 0 5 A A P A i R . AR A T 3 dn
T BB K WA H1975 40 0, & WAk T
3 000 4~/FL1Y % BEHERD T 96 fLAR Y, B T7E CO, 3%
FeR GEE R 37 °C, geo, = 5%) ot R 355 BiJG
YN, A5 L 40 pmol/L N EIAWEE , LIS E R
BOL I E e MR ERLEE, AR 3 A EE AL,
TN DMSO BB A2 X BRAL, 75 AE )2 (Gefitinib)
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K BHPEXT BRZH . 29AbBR 72 h, LA 10 pL/ALRgA
T 96 FLA H A CCK-8 i ; 4R 5 1E CO, 15 57
R AR E) AR S 1.5 hs Sa A HZIhE
FRAXAE 450 nm i OB CRATINL 3 k), IF
H GraphPad Prism 9 #4315 1C, fH .

2 R

2.1 HHEE

&1 AR AR, MS(m/z 210.1 [M+H]"),
7 F XK CH 0,0 H A £ 4l 40 F - '"H NMR
(400 MHz,CD,OD)J,, 8.06(1H,d,J=9.6 Hz,H-4) ,
6.81(1H,s,H-8),6.29(1H,d,J= 9.6 Hz,H-3),3.90
(2H,s,H-1'),3.88(3H,s, 7-OCH,) , 3.81(3H, s,
5-OCH,),2.89 (1H, m, H-3'), 1.19(3H, s, H-4") ,
1.18(3H,s,H-5") ; ®*C NMR (100 MHz, CD,0OD) d..
214.5(C,C-2"),163.2(C,C-2),163.1(C,C-7),157.6
(C,C-5),156.8(C,C-9),140.9(CH, C-4), 116.2
(C,C-6),113.0(CH, C-3), 108.4 (C, C-10) , 96.4
(CH, C-8), 63.9 (CH,, 5-OCH,) , 56.8 (CH,,
7-OCHj;) , 41.8 (CH, C-3') , 36.7 (CH,, C-1") , 18.8
(CH; x 2,C-5'/C-4") . il 5 Song et al. (2024) Tk
T BT BCEXT LA pr . ik NMR s 5 2 Ak
A¥ e 2 1l N BE T (toddanone ) A B s FeAs — 3%,
P I AL A0 1 R ROR 2 1 N TR T

k&2 AEH K, [a + 36.0°(c 0.1,
MeCN) , MS (m/z 279.1 [M+H] ") , 7> + X K
C,HO,. HEmHIEW T . "HNMR (400 MHz,
CD,OD)d, 8.05(1H,d,J=9.6 Hz,H-3),6.79(1H,s,
H-8),625(1H,d,J=9.6 Hz,H-4) ,3.93(3H,s,
7-OCH,),3.91(3H,s,5-OCH,),3.67(1H, m, H-2") ,
2.89(2H,d,J = 6.4 Hz,H-1'),1.28(3H,s,H-4") ,1.27
(3H,s,H-5") ; *C NMR (100 MHz, CD,0D) 4. 163.8
(C,C-2),163.4(C,C-7),157.8(C,C-9),156.2(C,
C-5),141.3(CH, C-4),120.3(C,C-6),112.6(CH,
C-3),108.4(C,C-10),96.3(CH,C-8),78.2(CH,
C-2'),74.1(C,C-3"),63.8(CH,,5-OCH,),56.7(CH,,
7-OCH,) , 27.1 (CH,, C-1") , 25.5(CH,, C-5") , 25.4
(CH,,C-4"), it 5ile 84 (2013 ) T i S
BAEXT A HT, iR NMR R 5 2 k&8 e
1Y B (toddalolactone ) UG FEAS—F, i itk
G2 R RIEE M N B

L&Y 3. IREEKAK MS(m/z193.0 [M+H]),
5 F A K CHO, H B AT . 'H NMR
(500 MHz, DMSO-d,) ¢,, 7.84 (1H,d,J = 9.4 Hz,

H-4),7.15(1H,s,H-5),6.71(1H,s,H-8),6.14(1H,
d,J=9.4Hz,H-3),3.74(3H,s, 6-OCH,) ; *C NMR
(125 MHz, DMSO-d,) . 160.8(C, C-2),151.2(C,
C-7),149.6(C,C-9),145.3(C,C-6),144.6(CH,C-4),
111.7(CH, C-3) , 110.6 (C, C-5) , 109.6 (C, C-10) ,
102.8(C,C-8),56.1(CH,,6-OCH,) . i1t 5 f5 i
45 (2016) Fr il OGS B X AT, IR NMR
Bl 5 AL AW B 55 55 (scopoletin) fA) B 3 3E A<
—3, MEEY 3RS S

& 4. HEMA,MS(m/z207.1 [M+H]"),
0 F XN CHO,0 HAZBEEE T : 'HNMR
(400 MHz, CDCl,) 6, 7.61 (1H,d,J = 9.5 Hz,H-4) ,
6.84(1H,s,H-8),6.82(1H,s,H-5),6.27(1H,d,J =
9.5 Hz,H-3),3.93(3H,s, 7-OCH,) , 3.91 (3H, s,
6-OCH,) ; °C NMR (100 MHz, CDCl,) 6. 161.5(C,
C-2),153.0(C,C-7),150.2(C,C-9),146.5(C,C-6),
143.4(CH,C-4),113.7(C,C-3),111.6(CH, C-10) ,
108.2 (CH, C-5) , 100.1 (CH, C-8) , 56.5 (CH,,
6-OCH,) , 56.4 (CH,, 7-OCH,) . if 72} 5 (Bao et al.
(2019) FIT 438 () ETEECHE X 2B, 38 NMR £L
WESEemikawe, 1- _HARKETE(,7-
dimethoxycoumarin) A £ 4 JE AR — 2, H Ll ik
GYahe, - HEREFEGER,

A5 I EAH AR ,MS(m/z 237.1 [M+H]") ,
5K CLH,050 HAZ#EE T . 'H NMR
(400 MHz, CDCl,) 6, 7.60(1H,d,J = 9.5 Hz,H-4) ,
6.66(1H,s,H-5),6.31(1H,d,J=9.5 Hz,H-3),4.00
(3H,s,8-OCH,),3.95(3H,s,7-OCH,) ,3.86(3H, s,
6-OCHj,) ; °C NMR (100 MHz, CDCl,) 5. 160.6 (C,
C-2),150.2(C,C-6),146.0(C,C-9),143.6(CH,C-4),
143.1(C, C-7),141.2(C, C-8), 1152 (CH, C-3) ,
1144 (C, C-10) , 103.8 (CH, C-5) , 61.9 (CH,,
8-OCH,) ,61.6(CH,, 7-OCH,) , 56.4(CH,, 6-OCH,) .
3 2 5 5K K I A (2019) BT 438 1 56 3% £tk X b o
Mr, EANMREESEHAY6,7,8-—H &K
HFH % (6,7, 8-trimethoxycoumarin ) fi*) £ #f Je A —
H, HILIERGYSHG,7,8-—HEREFTE.

&Y 6: A4, MS (m/z 253.1 [M+H]") ,
5 F 3K CLH,0p HAZ#EE T . 'H NMR
(400 MHz, CDCl,) 6, 7.99(1H,d,J = 9.7 Hz,H-4) ,
6.26(1H,d,J=9.7 Hz,H-3) ,4.04(3H,s, 7-OCH,) ,
3.94(3H,s,5-OCH,),3.92(3H,s,6-OCH,) ; °C NMR
(100 MHz,CDCl,)d. 160.7(C,C-2),149.6(C,C-7),
144.7(C,C-6),141.6(C,C-5),138.6(CH,C-4),135.4
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(C,C-9),134.0(C,C-8),113.2(CH,C-3),104.2(C,
C-10), 62.2 (CH,, 5-OCH,) , 61.8 (CH,, 6-OCH,) ,
61.6(CH,,7-OCH,). i it 55K K i 45 (2019 ) P i
G B X LB, A NMR B 5 2 ik &
Yy 8-¥23k-5,6,7- = H A I A 17 &K (8-hydroxy-5,6, 7-
trimethoxycoumarin) F £ JE A —2, A 2 1
a6 K 8- K56, T-=HEARFT R,

a7 HEZAR,MS(m/z 267.1 [M+H]") ,
73+ H C,H, O HAZ#EEYE W . 'H NMR
(500 MHz,CD,0OD)4, 8.09(1H,d,J=9.7 Hz,H-4) ,
6.34(1H,d,J = 9.7 Hz,H-3) ,4.04(3H,s,5-OCH,) ,
3.99 (3H, s, 7-OCH,) , 3.95 (3H, s, 6-OCH,) , 3.91
(3H, s, 8-OCH,) ; "C NMR (125 MHz, CD,0D)
d. 162.4(C, C-2),152.3(C,C-7), 146.7(C, C-6) ,
145.4(C, C-5),144.0(C, C-9) , 140.6 (CH, C-4) ,
138.2(C,C-8),114.7(CH, C-3),110.9(C, C-10) ,
62.6(CH,, 5-OCH,) ,62.3(CH,, 7-OCH,) ,62.2(CH,,
6-OCH,) , 61.9 (CH,, 8-OCH,) . i i 5 5K 7k i 4
(2019) Fr #3814 G 18 B X L4087, B3R NMR %k
RS EMkEYs5,6,7,8-MUH HFE T K(5,6,7,8-
tetramethoxycoumarin) [ 5§ FE A — 2, fh LA
A TH45,6,7,8-T0H HFTZE,

& 8: 1B AR ,MS(m/z 443.4 [M+H]"),
[@]®+11.0°(c 0.1, MeCN), 433k C,H,,0,0 H
MRERE T . 'H NMR (400 MHz, CDCL,) 6, 4.68
(1H,d,J=2.6 Hz,H-29a) ,4.55(1H,s,H-298) ,3.64
(1H, s, H-3),3.51(1H,d, J = 10.7, H-23a) , 3.36
(1H,d,J=10.7 Hz,H-238),2.37(1H,ddd,J= 11.0,
11.0,5.7 Hz,H-19) ,1.67(3H,s,H-30) , 1.03(3H,s,
H-26),0.97(3H,s, H-27),0.85(3H, s, H-25) , 0.78
(3H, s, H-28) , 0.66 (3H, s, H-24) ; *C NMR (100
MHz, CDCl,) . 151.1(C,C-20),109.4(CH,,C-29),
76.7(CH, C-3),71.4(CH,, C-23),50.3(CH, C-9),
48.4(CH,C-18),48.1(CH, C-19) ,43.1(C,C-14),
43.0(C,C-17) ,42.9(CH,C-5),41.1(C,C-8),40.5
(C,C-4),40.1 (CH,, C-22),38.1(CH, C-13),37.2
(C,C-10),35.7(CH,, C-16) , 33.9(CH,, C-7) , 33.1
(CH,,C-1),30.0(CH,,C-21),27.5(CH,,C-15),26.5
(CH,,C-2),25.2(CH,,C-12),21.0(CH,,C-11),19.4
(CH,,C-30),18.1(CH,,C-6),18.1(CH,,C-28),17.8
(CH,, C-24) , 16.3 (CH,, C-25) , 16.0 (CH,, C-26) ,
14.8(CH,,C-27). i1 5 Puapairoj et al.(2005) frffit
T BT BT H A b, ik NMR s 5 B AT
4 lup-20(29) -ene-3a, 23-diol f g KA — 2,

H B A2 AL B4 8 7 Tup-20(29)-ene-3a, 23-diol.,

A 9. H @R, MS (m/z 4254 [M+H]") ,
[a P +40.0°(c 0.1, MeCN), 4> 7N C,H,O. H
HrEE R R . "H NMR (400 MHz, CDCL,) 4, 7.10
(1H,d,J=10.2 Hz,H-1),5.78(1H,d,J = 10.2 Hz,
H-2),4.70(1H,d,J = 2.6 Hz, H-298) ,4.58 (1H, dd,
J=2.6,1.4Hz,H-29a),1.68(3H,s,H-30),1.12(3H,
s,H-24),1.10(3H,s,H-26),1.08(3H,s,H-23),1.06
(3H,s,H-25),0.95(3H,s,H-27),0.80(3H,s,H-28) ;
“C NMR (100 MHz, CDCl,) d. 205.7(C,C-3),160.1
(CH, C-1),150.9(C,C-20),125.3(CH, C-2),109.7
(CH,,C-29),53.6(CH,C-5),48.3(CH, C-18),48.0
(CH,C-19),44.8(C,C-4),44.6(CH,C-9),43.2(C,
C-17),43.1(C,C-14) ,41.9(C,C-8),40.1 (CH,,
C-22),39.7(C,C-10),38.4(CH, C-13),35.6 (CH,,
C-16),33.9(CH,,C-7),29.9(CH,,C-21),28.0(CH,,
C-23),27.5(CH,,C-15),25.2(CH,,C-12),21.6(CH,,
C-24),21.4(CH,,C-11),19.5(CH,,C-25),19.3(CH,,
C-30),19.2(CH,,C-6) , 18.2(CH,, C-28) 16.6 (CH,,
C-26) , 14.6 (CH;, C-27) . il i 5 Puapairoj et al.
(2005) I $ 38 14 638 Bt X E 4B, i NMR 4L
P55 2 1k -& W55 47 i (glochidone ) ) 0 g Fe A
—3, WL E A 9 BT

A9 10: A8 AR ,MS(m/z 619.4 [M+H]"),
[a]? +11.0°(c 0.1, MeCN) , 43 7R~ C,,H,,0,. H:
KGR . "H NMR (400 MHz, CD,0D)d,, 7.50
(1H,d,J=15.8 Hz,H-7"),7.02(1H,d,J = 2.0 Hz,
H-2'),6.92(1H,dd,J=8.2,2.0 Hz,H-6'),6.76(1H,
d,J=82Hz,H-5),622(1H,d,J =158 Hz,H-8'),
4.69(1H, s, H-29a) ,4.58 (1H, s, H-298) , 4.53 (1H,
m,H-3),3.02(1H,m,H-19),1.68(3H,s,H-30),1.00
(3H,s,H-23),0.96(3H,s,H-26),0.92(3H,s,H-24),
0.89 (3H, s, H-25) , 0.87 (3H, s, H-27) ; "C NMR
(100MHz, CD,0D) ¢, 180.7 (C, C-28),169.2(C,
C-9'),152.0(C,C-20),149.6(C,C-3"),146.8(CH,
C-7'),146.7(CH, C-2'), 127.7(CH, C-6") , 122.9
(CH,C-5'),116.5(CH,C-8'),115.6(C,C-1"),115.1
(C,C-4'),110.2(CH,, C-29),82.3(CH, C-3),57.5
(c, C-17) ,56.9 (CH, C-5) , 51.9 (CH, C-9) , 50.4
(CH, C-18),48.8(CH, C-19),43.6(C,C-14),41.9
(C,C-8),39.6(CH,,C-1),39.1(CH, C-13),39.1(C,
C-4),38.3(CH,,C-22),382(C,C-10),35.5(CH,,
C-7),33.4(CH,,C-16),31.7(CH,,C-21),30.8(CH,,
C-15) , 28.6 (CH,, C-23) , 26.8 (CH,, C-12) , 24.8
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(CH,,C-2),22.1(CH,,C-11),19.6(CH,,C-30),19.3
(CH,,C-6),17.1(CH,,C-25),16.8(CH,,C-26),16.6
(CH,, C-24),15.1(CH,, C-27) ., i it 5 Cho et al.
(2013) Fr e 38 1) G 1SR % L 0B, iR NMR 2L
¥ 5 2 Mk & W) 38-O-trans-caffeoylbetulinic acid f¥)
B EEAR —3, WA 2 S W 10 2y 38-O-trans-
caffeoylbetulinic acid.

L&Y 11 KA ,MS(m/z 423.4 [M+H]"),
[a]® —33.0°(c 0.1, MeCN), 4 T34 C,H,O.
HA% W %4 I F . 'H NMR (400 MHz, CDCl,)
o, 7.17(1H,d,J =102 Hz,H-1) ,5.81(1H,d,J =
10.2 Hz,H-2) ,4.87(1H,s,H-19) ,4.12(1H, m,
H-13),1.15(3H,s,H-23),1.13(3H, s, H-26) , 1.12
(3H,s,H-25),1.09(3H,s,H-24),1.03(3H,s,H-27),
0.94 (6H, s, H-29, H-30) , 0.75 (3H, s, H-28) ;
3C NMR (100 MHz, CDCl,) §. 205.9(C, C-3) , 160.4
(CH,C-1),143.3(C,C-18),130.1(CH,C-19),125.3
(CH,C-2),53.8(CH,C-5),45.3(CH,C-9),44.9(C,
C-4),43.3(C,C-14),41.8(C,C-10),39.7(C,C-8),
38.8 (CH, C-13) ,37.7 (CH,, C-16) , 37.5 (CH,,
C-22),34.5(C,C-17),34.2(CH,, C-7) ,33.4(CH,,
Cc-21),32.5(C,C-20),31.5(CH,, C-29),29.8(CH,,
C-30) , 28.0 (CH,, C-23) , 27.6 (CH,, C-15) , 26.3
(CH,,C-12),25.4(CH,,C-28),21.6(CH,,C-24),21.5
(CH,,C-11),20.0(CH,,C-6),19.1(CH,,C-25),16.9
(CH,,C-26),14.6(CH,,C-27) . 15 Gonzalez et
al.(1981) Fr i 18 f G5 B4l X L 434, 3R NMR
g5 B A4k &Y oleana-1, 18-dien-3-one [ %X &
FEAR—, WL E LS Y 11 8 oleana-1, 18-dien-
3-one,

AW 12 A AR A ,MS(m/z499.4 [M+H]"),
[aP—113.0°(c 0.1, MeCN), 4>+ = N C,H,0,.
HA BEEHE R : "H NMR (400 MHz, CDCl,)
5, 5.18(1H,s,H-19) ,4.48(1H,dd,J = 10.4,6.0 Hz,
H-3),2.05(3H,s,H-2"),1.00(3H,s,H-24),0.98(3H,
s,H-26),0.98(3H,s,H-27),0.88(3H,s,H-25),0.84
(3H,s,H-23),0.83(3H,s,H-29),0.77(3H,s,H-30) ;
3C NMR (100 MHz,CDCL,)J,. 180.6(C,C-28),171.2
(C,C-1"),136.9(C,C-18),133.5(CH, C-19) , 81.1
(CH,C-3),55.7(CH,C-5),51.2(CH,C-9) ,48.1(C,
C-17),42.7(C,C-14) ,41.5(CH, C-13) ,40.8(C,
C-8),38.8(CH,,C-1),38.0(C,C-4),37.3(C,C-10),
34.6(CH,,C-7),33.7(CH,,C-16),33.6(CH,,C-21),
33.5(CH,,C-22),32.2(C,C-20),30.5(CH,,C-29),

29.5 (CH,, C-15) , 29.2 (CH,, C-30) , 28.1 (CH,,
C-23),26.1(CH,,C-12),23.8(CH,,C-2),21.5(CH,,
C-11),21.1(CH,,C-2"),18.3(CH,,C-6),16.9(CH,,
C-26) , 16.7 (CH,, C-24) , 16.1 (CH,, C-25) , 15.0
(CH,,C-27) . it 5255 (2012) P& 0 615
BOPE X oA, EIR NMR 84l 5 2 ik &9
morolic acid acetate [ 5 #E FE A — 2, HILifiE b
4% 12}y morolic acid acetate,

AP 13. A ,MS(m/z 415.4 [M+H]"),
[a]5—30.0°(c 0.1, MeCN), 43+ Fh CH,,0, He
BwEEE IR . "H NMR (400 MHz, CDCl, ) 6, 5.35
(1H,d,J = 5.5 Hz, H-6) , 3.52(1H, ddd, J = 16.2,
11.0,4.6 Hz,H-3), 1.00(3H, s, H-19) ,0.92(3H, d,
J=6.6 Hz,H-21),0.84 (3H,t,J = 7.4 Hz, H-29) ,
0.81(3H,d,J = 6.8 Hz,H-26) ,0.67(3H, s, H-18) ;
3C NMR (100 MHz, CDCL,) 6. 140.9(C,C-5),121.9
(CH, C-6),72.0(CH, C-3),56.9(CH, C-14) , 56.2
(CH,C-17),50.3(CH, C-9),46.0(CH, C-24) ,42.5
(C,C-13),42.4(CH,,C-4),39.9(CH,, C-12) ,37.4
(CH,, C-1),36.6(C, C-10),36.3(CH, C-20) , 34.1
(CH,,C-22),32.1(CH,,C-7),32.0(CH,C-8),31.8
(CH,,C-2),29.3(CH,C-25),28.4(CH,,C-16),26.2
(CH,, C-23) ,24.4(CH,, C-15) ,23.2(CH,, C-28) ,
21.2 (CH,, C-11) , 20.0 (CH,, C-27) , 19.5 (CH,,
C-19) , 19.2 (CH,, C-26) , 18.9 (CH,, C-21) , 12.1
(CH,, C-18),12.0(CH,, C-29) . il it 5 2= L Hh &
(2016) P 38 1) SEREECHE X He 0B, 3R NMR %%
P55 B L& W p-45 155 15 ( B-sitosterol) A Ui FE A
—3, HILEEE Y13 0 B4

L&Y 14 AR AR ,MS(m/z 577.4 [M+H]Y),
[a]®—34.0°(c 0.1, MeCN) , % TR~ C,H, O,
HAERBARI T . 'H NMR (500 MHz, pyridine-d,)
5,5.37(1H,d,J=5.0 Hz,H-6),5.07(1H,d,J=7.8 Hz,
H-1),0.96(3H,s,H-19),092(3H,d,J = 3.2Hz,
H-27),0.90(3H,d,J=3.2 Hz,H-26),0.69(3H,s,H-18);
3C NMR (125 MHz, pyridine-d;) d. 141.3(C, C-5),
122.3(CH, C-6),103.0(CH,C-1'),79.0(CH, C-5"),
78.9(CH, C-3),78.5(CH,C-3"),75.7(CH, C-2") ,
72.1(CH, C-4'),63.2(CH,,C-6'),57.2(CH, C-14),
56.7(CH, C-17),50.8(CH,C-9) ,46.5(CH, C-24) ,
429(C,C-13),40.4(CH,,C-4),39.7(CH,, C-12) ,
37.9(CH,, C-1),37.3(C,C-10),36.8(CH, C-20) ,
34.6(CH,, C-22),32.6(CH,,C-7),32.5(CH, C-8),
30.7(CH,,C-2),30.4(CH,C-25),29.9(CH,,C-16),
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29.0 (CH,, C-23) , 26.8 (CH,, C-15) , 23.8 (CH,,
C-28) , 21.7 (CH,, C-11) , 20.4 (CH,, C-26) , 19.8
(CH,, C-19) , 19.6 (CH,, C-21) , 19.4 (CH,, C-27) ,
12.6(CH,,C-29),12.4(CH,,C-18), il 5ZHME
Z5(2017) P4 38 1 OGS R X 438, IR NMR
o5 2 /b &9 % b (daucosterol ) 1) % Hi 5
A—F, WIS EY) 14 WS M

A 15: HEK AR ,MS(m/z 429.4 [M+H]"),
[a]?—26.0°(c 0.1, MeCN) , 4 = K C,H,0,.
HA WY i F . 'H NMR (500 MHz, CDCL,) d,,
5.81(1H,s,H-4),4.34(1H,t,J =2.9 Hz,H-6),1.37
(3H,s,H-19),0.92(3H,d,J = 6.5 Hz, H-21) , 0.84
(3H,s,H-29),0.83(3H,d,J = 6.5 Hz, H-27) , 0.81
(3H,d,J = 7.0 Hz, H-26) , 0.74 (3H, s, H-18) ;
3C NMR (125 MHz, CDCl,) 6. 200.7(C,C-3), 168.7
(C,C-5),126.5(CH,C-4),73.4(C,C-6),56.2(CH,
C-14),56.0(CH,C-17),53.7(CH,C-9) ,45.9(CH,
C-24),42.6(C,C-13),39.7(CH,,C-12),38.7(CH,,
C-7),38.1(C,C-10),37.2(CH,,C-1),36.3(CH,C-20),
34.4(CH,,C-2),34.0(CH,,C-22),29.9(CH, C-8),
29.3(CH, C-25),28.3(CH,, C-16),26.2(CH,, C-23),
24.3(CH,,C-15),23.2(CH,,C-28),21.1(CH,,C-11),
20.0(CH,,C-26),19.6(CH,,C-19),19.2(CH,,C-27),
18.9(CH,,C-21),12.2(CH,,C-18),12.1(CH,,C-29),
i 1k 5 Georges et al. (2006) fF % 18 #4613 28 95
XM, EARNMREESE ML EY
6-hydroxystigmast-4-en-3-one f 50 4 3 A — 5, H
A E LS9 15 8 6-hydroxystigmast-4-en-3-one.

16490 16 B ALK, MS (m/z 231.1 [M+H]"),
[a]5+16.0° (¢ 0.1, MeCN), 4rF X N C.H,0,.
HAZ B ECHE i R . "H NMR (500 MHz, CDCl,)
5, 4.81(1H,s,H-128) ,4.77(1H,s,H-12a) ,3.11 (1H,
s,H-28),3.08(1H,s,H-2a),2.97(1H,d,J = 14.9 Hz,
H-6),2.87(2H,m,H-8),2.74(1H,m,H-6),2.71(1H,
m,H-7),1.96(3H,s,H-14),1.86(3H,s,H-15),1.78
(3H,s,H-13) ; ®C NMR (125 MHz, CDCl,) 6. 202.0
(C,C-3),200.8(C,C-9),162.9(C,C-5),147.1(C,
C-11),144.9(C,C-4),144.3(C,C-1),131.7(C,C-10),
111.3(CH,,C-12),49.9(CH,,C-8),41.2(CH,,C-2),
39.1(CH, C-7),35.5(CH,,C-6),20.3(CH,, C-13),
17.6(CH,,C-14),9.1(CH,, C-15) . i 45 Kizaibek
et al. (2019) Jir i i 1) % 1% 04l XF L or B, Bk
NMR #4455 2. H14k 5 9 oleodaphnone 1) 4 8 3 A
—2, ML E LA 16 K oleodaphnone .

fEE W17 IR EE (O TR , MS(m/z 433.1 [M+H]"),
57 F XN CLH, 000 HAZBEEHE 41 . '"H NMR
(400 MHz, CDCL,) 6, 7.17(2H, s, H-2'/H-6") , 6.64
(1H,s,H-3),4.11(3H, s, Ar-OCH,) , 4.02 (3H, s,
Ar-OCH,),3.95(12H,s, Ar-OCH, x 4),3.93(3H,s,
Ar-OCH,) ; *C NMR (100 MHz, CDCl,)§. 177.5(C,
C-4),161.0(C,C-2),153.7(C x 2,C-3'/C-5"),151.7
(C,C-7),148.6(C,C-5),147.9(C,C-9),144.3(C,
C-6),141.2(C,C-4"),138.1(C,C-8),126.8(C,C-1"),
115.0(C,C-10),107.8(CH, C-3),103.5(CH x 2,
C-2'/C-6"),62.4(CH,,5-OCH,),62.1(CH,,6-OCH,) ,
62.0(CH,,7-OCH,), 61.8(CH,,8-OCH,) ,61.2(CH,,
4'-OCH,) , 56.4(CH, x 2,3'-OCH,/5'-OCH,) , i i
5 Ngo et al. (1979) Fll Rumbero et al. (2000) i it i&
1 GG B X A B, iR NMR U 5 2 MG
W) 5'- W AR 3 )1 B B2 25 (5'-methoxynobiletin) 4 £ i
BEA—3, mUH e G 17 R 5T AR BR Bz
%, NFK5,6,7,8,3,4', 5L H A KT (5,6,7,
8,3",4', 5’—heptameth0xyﬂavone) 5

L&Y 18 HER AR ,MS(m/z 299.1 [M+H]"),
7 F XN CH O, HAXBEEE 4R . '"H NMR
(400 MHz,CDCI,)d, 8.08(1H,s,H-15),7.78(1H,s,
H-14),7.65(1H,s,H-1),6.89(1H,s,H-6),4.07(3H,
s, 7-OCH,) , 4.06 (3H, s, 2-OCH,) , 2.56 (3H, s,
H-18) , 2.46 (3H, s, H-17) ; "C NMR (100 MHz,
CDCl,)é. 153.6(C,C-12),152.6(C,C-7),144.0(C,
C-2),143.6(C,C-3),131.5(C,C-9),127.7(C,C-5),
124.7(CH,C-14),123.7(C,C-13),120.1(C,C-8),119.2
(C,C-10),116.6(C,C-4),106.2(CH, C-11),100.5
(CH,C-1),96.4(CH,C-6),56.1(CH,,2-OCH,) ,55.4
(CH,,7-OCH,),16.3(CH,,C-17),11.3(CH,,C-18)
it 5 Yin et al. (2008 ) i # 18 19 ' 135 B0 XT L 43
Br, i NMRE4E S 2 54k &9 trigonochinene E
MR A — 3, ke sd w18k
trigonochinene E.

A 19: LR, MS(m/z 199.1 [M+H]"),
57 F Xk CH,O50 H BB E T . 'H NMR
(400 MHz, CD,0OD) 6, 7.04 (2H, s, H-2/H-6) , 4.26
(2H,q,J=7.1Hz,H-8),1.33(3H,t,J = 7.1 Hz,
H-9);"*C NMR (100 MHz,CD,0OD)é,. 168.6(C,C-7),
146.4(C x 2,C-3/C-5),139.7(C,C-4),121.7(C,C-1),
110.0(CH x 2,C-2/C-6),61.7(CH,,C-8) , 14.6(CH,,
C-9). it 5% BEASE(2001) Fr i 18 16 15 5 i
XFEAr AT, AR NMREWE 50 A& ke 1R
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LT (ethyl gallate) (B B A —2, W HfEL G
P19 W EFIR .

65 W0 20 IR E IR , MS(m/z 237.1 [M+H]),
9 ¥ Ak CHO. HEBAIIMT . 'H NMR
(500 MHz, CDCL,) §,, 7.88(2H,d,J = 7.5 Hz, H-2"/
H-6'),7.55(1H,t,J = 7.5 Hz,H-4') ,7.46(2H,t,J =
7.5 Hz,H-3"/ H-5') ,7.31 (2H, m, H-3"/ H-5") , 7.22
(3H,m,J = 6.3 Hz, H-2"/H-4"/H-6") , 7.08 (1H, dt,
J=153,6.8 Hz,H-3),6.87(1H,d,J = 153 Hz,
H-2),2.86(2H,t,J = 7.5 Hz,H-5) ,2.65(2H, q,J =
7.5 Hz,H-4) ;*C NMR (125 MHz, CDCL,)d. 191.1(C,
C-1),148.6(CH,C-3),140.9(C,C-1"),138.0(C,C-1"),
132.8(CH, C-4'),128.7(CH x 2, C-2'/C-6') , 128.6
(CH x 2,C-3"/C-5"),128.5(CH x 4,C-3'/C-5'/C-2"/
C-6") , 126.7 (CH, C-2) , 126.3 (CH, C-4") , 34.7
(CH,, C-4) , 34.6 (CH,, C-5) ., i i 5 1 K F 4
(2002) fT 4 38 1) G 1SR % L 0B, iR NMR 4L
P55 C N1k & W% 7 B % B(daphnelantoxin B) %4
PR, UL E LS 20 A EE R B,

AW 21 IR E IR , MS(m/z 255.1 [M+H]"),
[ 430.0°(c 0.1, MeCN), 43+ C H,0,, H
¥irERyE R . 'H NMR (500 MHz, CDCl,) 6, 7.93
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