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Abstract: Objective To study the chemical constituents from Benzoinum and their antitumor activities in vitro. Methods The
compounds were isolated and purified by MCI gel CHP-20P, silica gel, ODS, Sephadex LH-20 column chromatography and semi-
preparative HPLC. Their structures were elucidated by spectroscopic analysis including IR, NMR and MS. CCK-8 assay was used to
evaluate the inhibitory activity of the isolated compounds on tumor proliferation in vitro. Results A total of three compounds, 1,3-
dibenzoate-2-(hydroxy(4-hydroxy-3-methoxyphenyl) = methyl)propane (1), 5-acetyl-7-methoxy-2-(3,4-methylenedioxyphenyl)
benzofuran (2), and 5-formyl-7-methoxy-2-(3,4-methylenedioxyphenyl)benzofuran (3), were isolated from the ethyl acetate extraction

site of Benzoinum. Compounds 2 and 3 exhibited the inhibitory effects on HepG-2 cells with half maximal inhibitory concentration
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(ICs0) values of 41.2, 52.6 pmol-L™!, respectively. Conclusion Compounds 1 and 2 are new compounds named styratonate (1) and

styratonone (2), and compound 3 is a new natural product, among which compounds 2 and 3 exhibit certain cytotoxic activities on the

proliferation of HepG2 cells.

Key word: Styrax Linn.; Benzoinum; Styrax tonkinensis (Pier.) Craib; styratonate; styratonone; 5-formyl-7-methoxy-2-(3,4-methylene-

dioxyphenyl) benzofuran; cytotoxity

ZEFENLEAHR (Styracaceae) % B H)E
Styrax Linn. ¥ HAEW G R % B &) Styrax
tonkinensis (Pier.) Craib ¥ F i H 1IM i, BB
BEAR L S IMAT A BRI DR, R ChE 2
)y PEEICE. BURAEIRF AR, ©EFR
W e HA 22 1y BAR 2 BTN KR R AL 1241, R
LRGP, P, PrREIEIER . 3T,
M2 B AR IR £ T A AR AL T S A B — BE 2R
REMAMREML GO, T —DFE 2% E
EAAGERRTY, FERIE TR B AR BTy, AHIT
TS %A 95% CHE /KRB B B R £ 6 A< AT
LA B AT TRETR, - SR 3 T 3 MEE
(K 1D, B3 1T R EY) 1,3- K RE-
2-(FE Ik (4-F2 2 -3- WA R IR W ) I b [1,3-
dibenzoate-2-(hydroxy(4-hydroxy-3-methoxyphenyl)
methyl)propane, 1], 2 PMRPFRFERFEREER: 5-
LT BE-7-F A R -2-(3, 4-F PR AU B DR ) 2R )

[5-acetyl-7-methoxy-2-(3,4-methylenedioxyphenyl)
benzofuran, 2]F1 5-FBEIE-7- 14 FE-2-(3,4- L F1 —
AL IR ) K YRR IR [S-formyl-7-methoxy-2-(3,4-
methylenedioxyphenyl)benzofuran, 3], HA L& 1
2 JF IS, fiv 4 9 AL R BE RS (styratonate,
1) FIEAAEMEENA (styratonone, 2); tL&W) 3 AT
[RIRIRF=W) . [RIEE, FIFH CCK-8 v2%f Fik 3 Mbh
WBEAT A B4 1) ek 6 4 B B A B B S PEIT T, 45
REMGZ 72 h J5, &YW 1 X NEHE Hela
gL, N HepG2 4l AFLIEJE MCF-7 44
JiL UL e NIt AS49 2 B3 i 35 O I . 4 A 25 7
P, 2 B0 H1¥R B2 Chalf maximal inhibitory
concentration, ICso) {H#JKTF 100 umol/L, L&
Y12 A3 6F N HepG2 4H0A — i 4 257
Y, ICsofE 435124 41.21 52.6 pmol/L, {HXF HAth 3
Tl b e 20 P bR G B G B R AT MR, ICso H IR
T 100 pmol/L.
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Fig. 1 Planar structures of compounds 1—3
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SephadexTM LH-20 (3 [F GE EEJ7/A A ); Fisher £

T (GEEZEER KA FIAFS; ek (EZ
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W SR, SRR IS AR HR B L, K
WA (60~90 °C). BERR BRI FN & 2 Y
5, RGN BERR L0882 DNREPGHRAL . BUES
R B RE BB (4 2 kg) kiR (il (200~300
H, 8kg) 78, MUK EE-BEIR .06 (100 & 1~
0@ DFREEBEML, &HH VMR R 7 N5 Fr.B1~
B7. Fr. B2 (4] 598 g) ZhEf A it (200~300 H,
3kg) HE, 587 AHE (Fr. B2.1~B2.7),
Fr.B2.2 (21.2g) £ MClI gel F i (50~75 pm,

200 g) 73, MKIRFHIEE-7K (10 : 90—100 : 0, HIfE
ERIGIN 10% AR 080 BV, 193] 6 Mo
(Fr B22.1~B22.6). Fr.B22.1 (#]25g) &tk

M, HEEK (30 1 70—100 : 0) BEER,
B/ 5 M (Fr. B22.1.1~B22.1.5). Hi Fr.
B2.2.1.5 £ e A £ HPLC 7385, HIEE-/K (60 : 40)
eli, HEMLEY 1 (5.59 mg). Fr. B2.2.3 (£ 238
mg) %4 Sephadex LH-20 A4k, & F - FHEE (1 :
DFefigith, FRL4 ARSI % HPLC 45, FEE-/K(72
28) Ve, MEMLEY2 (3.34mg) A3 (551 mg).
3 HHETE

[M—H] G511 435.144 9), BiE 7> TN CasHosOr,
AMBFIEEA 14 IR e EnF 5 (3402em™D. B
B (714em™) FIZFIEF (1514,1609cm™) HIFELE.
B 'H-A1 BC-NMR ##44f (8 1) Bl HSQC
SEIS AN, S 1 25 MRS S, H36 74 SP2
Febr b 2 ANBERERRIE, 2 N NEAE TR, 15
AR (A 13 4> sp? IRH 3, 2 4> sp? IR ) .
2/ sp? RS LA 1 ANHEAE . TH-NMR 45 H
2 PRI T1E5, 254 ou 8.00 (2H, d,
J=7.0Hz, H-2',6"),7.56 (1H, t,J= 7.5 Hz, H-4'), 7.42
(2H, dd, J = 8.0, 7.5 Hz, H-3', 5") #l 6u 7.97 (2H, d,
J =174 Hz, H-2", 6"), 7.56 (1H, t, J = 7.5 Hz, H-4"),
7.41 (2H, dd, J=8.0, 7.5 Hz, H-3", 5"); 454 '*C NMR
AL TR 2 DIRIEE T (dc 166.2 HT 165.9)
DL HMBC # (B 2) o H-2'8k 6'5 C-1', H-2"8k
6”5 C-1"#HK, HEMZI T HAFAE 2 DR B 45
IR Bt 534k, 'THNMR 3845 H 140 1,3,4-=HUfR
IZEIME S on 6.93 (1H, overlapped, H-2), 6.88 (1H,
overlapped, H-5) #1 6.89 (1H, overlapped, H-6).
HMBC i ([ 2) 1, H-7 (0u4.86)5 KRB

WEY1: BEEMIRY). HR-ESIMS m/z:435.1452 5 C-1 (d¢ 133.2)s C-2 (6c 108.0). C-6 (5c 118.9).
#1 L& 15 "H-NMR (500 MHz, CDCls) #1 3C-NMR (125 MHz, CDCl3) #iE
Table 1 'H-NMR (500 MHz, CDCl;) and 3C-NMR (125 MHz, CDCls) data of compound 1

TehL S & AL M &
1 133.2 (C) 1 132.6 (C)
2 6.93(1H, overlapped) 108.0 (CH) 2', 8.00 (2H, d, J=7.0 Hz) 129.2 (CH)
3 146.3 (C) 3,5 7.42 (2H, dd, J = 8.0, 7.5 Hz) 127.9 (CH)
4 145.1 (C) 4 7.56 (1H,t,J =75 Hz) 133.2 (CH)
5 6.88 (1H, overlapped) 113.9 (CH) T 166.2 (C)
6 6.89 (1H, overlapped) 118.9 (CH) 1" 132.6 (C)
7 4.86d (1H,J=7.5Hz) 719 (CH) | 2", 7.97 (1H, d, J =75 Hz) 129.1 (CH)
8 2.65 (1H, m) 449 (CH) | 3", 7.41 (2H, dd, J=8.0, 7.5 Hz) 127.9 (CH)
9 4.46 (1H, dd, J = 11.5, 5.5 Hz) 62.5 (CH2) | 4" 7.56 (1H, 1, J=7.5 Hz) 133.2 (CH)

4.26 (1H, dd, J=11.5, 6.0 Hz) 7™ 165.9 (C)
10 4.74 (1H, dd, J = 11.5, 6.0 Hz) 61.9 (CHz) | -OCHs  3.83(3H,5) 55.4 (CHs)

4.67 (1H, dd, J =115, 4.5 Hz)
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Fig.2 Key HMBC correlations of compounds 1 and 2

C-8 (0c 44.9). C-9 (6c 62.5)~ C-10 (6c 61.9) FF7EAH
K3 H-8(0n2.65)5 C-7(6c71.9) A, HILHE
&P 1 PAFERE R T e BB 28 RN, Ha-10
(0n4.67,4.74), Ha-9 (0n4.46,4.26) 43575 2 ANZH
MEaE2E C-7'. C-7"HK, 454 C-9. C-10 fL2E0if8,

UG Af 8 2 AR R R A i i s SR 7 T
FEfy C-9 F1 C-10 AHZE. 54, HMBC #H-OCH;3
(0 3.83) 5 C-3 (o 146.3) tHK, REFHEILLT
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C-3 {7 R T RUA KA FEAE, #iE C-4. C-
7T o RlERREE. R ETR, AT 1 g
KN 1,3- K RS -2-(FR 3L (4-F2 2E-3-H A 2K )
HIG A RE (B 1). £ SciFinde 0%, (L& 1 -
R DL SCHERIRE T A&, A 4 B AR I R
(styratonate). fL&47) 1 1) CD Bl W NIERIT 1 %
HZE, A 1 vTRER 1 X AR (TR A1 78D,
HTHERD, WHE TR, B, &1 1
Yo R R 52

Ew 2. HERKRY . HR-ESI-MS m/z:
311.091 3 [M+H]* GFEAE 311.091 4), Z5HHS
TN CisHiuOs, THEHAMBEAE N 12, IR i
BRI (3 600~3 400 cm™ T¢I B AR UL
W), HHFE (1716 cm™). B (1647 cm™) Fl
IR (1510,1614 cm™) HIFELE.

H-F1 BC-NMR &%l (£ 2) PLA HSQC &
3, WL LAY 2 6 18 MRS5S, w45 9 4
sp? Zhe (Hi 1 AMEREE. 5 MERER) . 6 1 sp?
WHEE 1A spP BRI R, 1 ANFERR 1 ANFE
JE. '"H NMR 4 H T 1 Al RHIR AMX B4 £
R TE5: 0743 (1H, dd, J = 8.0, 1.5 Hz, H-6), 7.34
(1H, d,J= 1.5 Hz, H-2), 6.89 (1H, d, J = 8.5 Hz, H-5),
W 450 1,3,4- = BURHKREEAFLE; 1 4830
AX BE& RS FE 755 07.81 (1H,d,J=1.5Hz H-

2, 7.47 (1H, d, J= 1.5 Hz, H-6"), HEWTELE 1,3,4,5-
BARIRIR; 1 HE(KIS T H R T15 5 on 6.03 2H,
s), A KRR (0c 101.5), HEW A H — %3,
1 HIFEEMES ou 6.92 (1H, s). /£ HMBC Fit (&
2) 1, -O-CH,-0-5 C-3 (6c 148.5). C-4 (Jc 148.3)
FHOG, VLB B A R BOELE 1,3,4- = HURRIR
b C-3. 447. H-8 (du 6.95) 5 C-7 (6c 157.9), C-2’
(6¢c 119.2), C-3' (6c 131.2), C-4’ (dc 146.7) HHRK,
H-2' (6u 7.81) 5 C-8 (6c 100.8) AH<, i I X C-
8 fLA 1,3,4,5-BUARIRIA C-3HHI%E; AR C-7 5 C-4
AR E I BB TR O JE-FAHE T S 8RR
k), daWEY 2 FIABAIRE, HEW 1,3,4,5-8X
R C-4"0 5 C-7 fridid O Ji 7, 1
1 ARG B SR H-8 5 C-1 (5¢ 124.0)
HHFE, H-2(0n6.34) 5 C-7HMK, THIEBIK
A L1 C-7 5 1,3,4-=HURARE By C-1 Al
AN, W F|-CH; (6u 2.67) 5 C-7' (6c 197.7)-
C-1' (5c 133.9) #H3%, H-2'5 C-7'Fi%, -OCH;3 (dn
4.08) 5 C-5'(6c 105.7) HHI, KU LI FEFIH 5
5 1,3,4,5- BRI C-1' C-5'FHIE. 25 b Ar
iR, WHE THEY 2 LN 5-CmEEE-7-H 4 k-
2-3A4-W H AR E R (/] 1), &
SciFinder f %, AR SCRIERH L &), 4
HNEALEM EERE  (styratonone) o

#2 {542 89 'TH-.NMR (500 MHz, CDCls5) #1 3C-NMR (125 MHz, CDCl3) i
Table 2 'H-NMR (500 MHz, CDCls) and *C-NMR (125 MHz, CDCl3) data of compound 2

AL oc OH AL oc OH
1 124.1 (C) 2 115.5 (CH) 7.81 (1H,d,J=15Hz)
2 105.7 (CH) 7.34 (1H,d, J= 1.5 Hz) 3 130.7 (C)
3 148.5 (C) 4 146.7 (C)
4 148.3 (C) 5' 145.3 (C)
5 108.8 (CH) 6.89 (1H, d, J = 8.5 Hz) 6' 105.7 (CH) 7.47 (1H,d,J=15Hz)
6 119.6 (CH) 7.43 (1H, dd, J=8.0, 1.5 Hz) 7 197.7 (C)
7 157.5 (C) 8' 26.7 (CHs) 2.67 (1H, s)
8 100.8 (CH) 6.92 (1H, 9) 7-OCHs 56.4 4.08 (1H, s)
1 133.9 (C) -OCH.0- 101.5 (CH2) 6.03 (2H, s)
th & 3: ¥ ORI, HR-ESI-MS  56.8(5-OCH3), 56.7 ((-OCH20-); *C-NMR (125 MHz,

m/z:297.075 7 [M+H]" GH5EAE 297.0758), ZHH
7 F AN CiiHRO0s, tHEHAMAE N 12, 'TH-NMR
(500 MHz, CDCl3) 6: 7.34 (1H, d, J = 1.8 Hz, H-2),
6.90 (1H, d, J=8.1 Hz, H-5), 7.43 (1H, dd, J=7.1, 1.8
Hz, H-6), 6.95 (1H, s, H-8), 7.69 (1H, d, J= 1.4 Hz, H-
2",7.35(1H, d,J=1.4 Hz, H-6"), 10.00 (1H, s, -CHO),

CDCl3) d: 124.0 (C-1), 105.8 (C-2), 148.7 (C-3), 148.4
(C-4), 108.9 (C-5), 119.8 (C-6), 157.9 (C-7), 100.9 (C-
8), 133.6 (C-1"), 119.2 (C-2"), 131.2 (C-3"), 147.6 (C-
4'), 146.1 (C-5", 104.7 (C-6"), 191.9 (C-7"), 56.4 (5'-
OCHj3), 101.6 (-OCH,0-). iRyt ¥ 5 & b &
) Egonol [ [E]=4)) 5-F I 5E-7- AR Hk-2-(3,4- T
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TR ORI R PR R (1) R T R AR — B0,
TEWEY) 3 K 5-HIEE-7-HEAHE-2-34- T 4 %
IRIL) KRR . 28 SciFinder 1R, LAY 3 2 HIK
MESRF B E], N 1ASEIRIR= A
4 SEMETM

225 CRRIRE 77k 034, AR 8 2 O BH PR
MR, KA CCK-8 ¥EHRMNAY 1~3 1E 1.25. 5.
20 80. 320 pumol/L ¥ FEWS X HeLa 4Hfd. HepG2
Y1 . MCE-7 40 A K A549 4A/ER] 72 h Ja4k4h
Y M EEEPER R . SRR, PRV IR 2R X
HeLa 4. HepG2 4Hffl. MCF-7 411}z A549 4
MR EE TS P 1Cso fH 719 (6.28+0.08). (4.14+
0.10). (25.774+1.08). (5.01£0.79) umol/L; tt&
Y1 Xt 4 Ff i 4R 1K) 1Cso fE7E 141.25~238.33
pumol/L, FHILHIBAMMEFIETE: &Y 2 13 Xf
HeLa #fi}fd. MCF-7 Ziiff1 % A549 4HRIRE T 1Cso 1
7 122.45~188.48 umol/L, 2% W JC B B 40 3% 1k,
{HXT HepG2 4 MR I H L FE A A 2% 14, H 1Cso
B8 (41.241.56) Fl (52.6+2.23) pmol/L.
5 g

AN % B 95% LEEKIRE B IR £
PRZEHGAL 7 A5 3 3 MEEY), Af 1AM RRT
ik (1, 2 EARIERE QM3 hEW1~3
NERNZ S EEEY 7 ERE, Hhay 1
2 ARG, ol o8 B AR BE R
(styratonate) F1HIEHEEE (styratonone), &)
3 NIRRT RSB 3 ML EPdEAT 14
SR EETEPE VAN, 25 SR o1k &4 2 F1 3 5% HepG2
YHIGTEA — e AN, (ERIBE M A R
BRRNEE IR, FN, A CHkiRiE!s), a7
PRI RPEARNE R 2-ZREERPFRIR ) HAPUM
ANBRERAE L H A TR S DA Bk ke i 1 40 2
RFSEAER, XM BAEEPERInK BIRTT «dilk
Brik” Jfel, ik, A2 f1 3 AlRere L A
W7 AR —EEH, XFREE— BT A5
MUEE T ZEBFNEMAEN K, Whdje s
At — IR AL 1 .
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