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Chemical constituents of Melaleuca linariifolia
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Abstract: Objective To investigate the chemical constituents from the twigs and leaves of Melaleuca linariifolia. Methods The
compounds were isolated and purified by silica gel, Sephadex LH-20, ODS column chromatography, and preparative HPLC. Their
structures were elucidated on basis of spectral data and physicochemical properties. Furthermore, the inhibitory effects of compounds
1—6 on proliferation of six human cancer cell lines (NCI-H441, NCI-H460, A549, SKOV3, Hela, and caki-1) in vitro were tested
by CCK8 method. Results Fifteen compounds were isolated from the ethyl acetate extract of M. linariifolia and identified as
3-O-acetyl ursolic acid (1), 3B-acetoxy-11-ursen-13a,30-olide (2), betulinal (3), diospyrolide (4), 3p-O-(E)-cumaroyl-
alphitolinsaeure (5), pyracrenic acid (6), uvaol (7), betulin (8), stigmast-4-ene-3-one (9), 5,7,4'-trihydroxyl-flavone
3-O-a-L-rhamnopyranoside (10), kaempferol 3-O-(6"-galloyl)-B-D-glucoside (11), o-tocopherol (12), methoxytocopherol (13),
a-tocopherolquinone (14), and phytol (15), respectively. CCK8 test results showed that compounds 1, 3, 5, and 6 exhibited moderate
antiproliferative activities on six human cancer cells. Conclusion All the compounds were isolated from M. linariifolia for the first
time, in which compounds 2, 4—5, 9—11, and 13—14 are isolated from the plants in genus Melaleuca for the first time. Compounds
1, 3, 5, and 6 showed certain cytotoxic activity against human tumor cells with 1Cso values ranging from 3.85 to 25.63 umol/L.

Key words: Myrtaceae; Melaleuca linariifolia CT Musson; pentacyclic triterpenoid; flavonoid glycoside; tocopherol; pyracrenic acid;
cytotoxic activity

W R T2 Melaleuca linariifolia CT Musson L., iZBYAIRAA 290 Fh, 3224040 1E A
FETHEIA (Myrtaceae) M T)/Z2)8 Melaleuca  WAIKE . AT EBHEM 2 HERAZY,

kS HEA: 2020-12-25

EEWH: e RFu A E ERRAQHHHE (1053320184128, 2019zzts767)

EE®N: Tk 96 (1995—), 2o, WiLmFsA, FENFRBRAGYMNFEN R . E-mail: ad8879789@163.com
*BIEEE: 0%, B, B G, WEmAadsm, FEMNFRARGYNSTIF. E-mail: zouzhenxing@csu.edu.cn



¢EH 20246 H #52% H 1P Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

» 3181

FEATRE . FUR LR XSS a7, 18
S8 U SRR AR R R A S ZE A A S Y
X R FRFNT B 770341 R HOUL B4 AN 24 F AN a2 51
ANKETZR, 708 =t BNt
HT R EEYIER T & SR, RA=m. W
M. ARfEZRIE. MR, HarxhzEmi
SR I B 2 R HLH T R T, i RR I
H T E 2 I 7 A A5 81 78 FORS il oy S FL T
TEPE R B0, o AR R A A 2 43 T T R AR
FARIE . FUIETETRR A R, R BT 2
T2 LA AL T N 28 2 h it e 40 i B A L 1)
ARG TEANEIER, EEAIHIKE (ICs) £ 14~
37 pg/mb. A7 BB ERHE R T R R AR
EIE N TS . ARREHEROZEAL AT RSt
oot ge, IRy B3] 15 MEEY),
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caki-1 4H s B H [ 2= 2R} 52 B S il = 2= 5 55
M BT YR AL

TERRI T2 T 20184 4 AR T M EE
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2 RESNE
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DVEBAS 3 M0 (Fr. 4-4-3-1~4-4-3-3) . Fr. 4-4-3-1
(0.36 g) @it Prep-HPLC (90%~95%Z. M, 0~5
min, 95%Z. /%, 5~30 min, 3 mL/min) 54L& 1
(4.8mg, tr=18min). 3 (3.8 mg, tr=24 min) Fl
4 (2.6 mg, trg=26 min). Fr. 4-4-3-2 (0.13 g0 &
Prep-HPLC (90%~95%Z./i&, 0~5min, 95%Z.J&,
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0:0:100) BEEEHEMAS 6 Mo (Fr. 4-5-3-1~
4-5-3-6), Fr. 4-5-3-1 (0.21 g) £ Prep-HPLC (75%~
95%Z i, 0~20 min, 95%Z. /%, 20~40 min, 3
mL/min) 54L& 9 (6.5mg, tk=13min). 8 (4.9
mg, tr=18 min). 2 (5.7 mg, k=29 min) #1115
(3.3mg, tr=31min). Fr. 6 (16.9 g0 &rEiHE
B, A - S - HRE (20:1:0~0:0:
100) BERAE 9 N4 (Fr. 6-1~6-9). Fr. 6-6 (4.1 ¢)
2 ODS FEfh i, FEE-/K (60 @ 40~100 : 0) BHfE

Ve /53 6 N4 (Fr. 6-6-1~6-6-6) . Fr. 6-6-4(0.98
g) % Sephadex LH-20 Bt/ i o, — &0 - H I
(101 ¥efii, 193] 2 M5 (Fr. 6-6-4-1~6-6-4-2).
Fr. 6-6-4-1 2 Prep-HPLC (75%~85%Z./i5, 0~40
min, 3 mL/min) 7331k &4 5(18.5 mg, t=26 min)
F16(11.3 mg, tr=28 min) . Fr. 6-6-4-2 £ Prep-HPLC
(60%~80%Z.fiE, 0~30 min, 3 mL/min) fH1L&4
12 (12.9 mg, tr=13 min). 13 (5.6 mg, tr=15 min).
14(7.3 mg, tr=24 min).Fr. 6-6-5(1.2 g)% Sephadex
LH-20 &ERHE (i, FEESEMAS 3 N (Fr
6-6-5-1~6-6-5-3). Fr. 6-6-5-2 (0.4 g) £ Prep-HPLC
(30%~40%Z.fiE, 0~40 min, 3 mL/min) 5F1b &
) 10(6.4 mg, tk=23 min). 11(5.8 mg, tg=16 min).
3 &
31 HMEE

k&Y 1. At A, ESI-MS m/z: 499.376 8
[M+H]*> H-NMR (500 MHz, CDCls) §: 5.24 (1H, t,
J = 3.5 Hz, H-12), 4.51 (1H, dd, J = 9.0, 5.5 Hz, H-3),
2.20 (1H, d, J = 11.5 Hz, H-18), 2.06 (3H, s, -COCH3),
1.08 (3H, s, H-27), 0.97 (3H, s, H-23), 0.97 (3H, s,
H-26), 0.96 (3H, d, J = 8.0 Hz, H-30), 0.88 (3H, s,
H-25), 0.87 (3H, d, J = 9.0 Hz, H-29), 0.78 (3H, s,
H-24); BC-NMR (125 MHz, CDCls) §: 36.9 (C-1),
23.3 (C-2), 81.0 (C-3), 38.3 (C-4), 55.3 (C-5), 18.2
(C-6), 32.8 (C-7), 39.5 (C-8), 48.0 (C-9), 36.7 (C-10),
23.6 (C-11), 125.6 (C-12), 137.9 (C-13), 41.9 (C-14),
28.0 (C-15), 24.0 (C-16), 47.5 (C-17), 52.5 (C-18),
39.0 (C-19), 38.8 (C-20), 30.6 (C-21), 37.7 (C-22),
28.1 (C-23), 15.5 (C-24), 16.7 (C-25), 17.0 (C-26),
23.6 (C-27), 184.1 (C-28), 17.1 (C-29), 21.2 (C-30),
171.1 (CO), 21.3 (CHa). LA %t 5 SCik ks A —
H, A 18 3-0- L RER TR

&Y 2: Ak, ESI-MS m/z: 497.351 8 [M+
H]*. 'H-NMR (500 MHz, CDCls) 6: 5.95 (1H, d, J =
10.0 Hz, H-11), 5.54 (1H, dd, J = 10.0, 3.0 Hz, H-12),
450 (1H, dd, J = 11.0, 5.5 Hz, H-3), 2.06 (3H, s,
-COCHyg), 1.16 (3H, s, H-27), 1.05 (3H, s, H-25), 1.00
(3H, d, J = 6.0 Hz, H-29), 0.93 (3H, s, H-23), 0.93
(3H, s, H-26), 0.86 (3H, s, H-28), 0.86 (3H, s, H-24);
3C-NMR (125 MHz, CDCls) 4: 38.0 (C-1), 23.3
(C-2), 80.7 (C-3), 37.9 (C-4), 54.8 (C-5), 17.6 (C-6),
31.3 (C-7), 41.7 (C-8), 53.0 (C-9), 36.3 (C-10), 133.3
(C-11), 128.9 (C-12), 89.7 (C-13), 41.9 (C-14), 24.7
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(C-15), 30.8 (C-16), 45.1 (C-17), 40.3 (C-18), 38.1
(C-19), 60.6 (C-20), 22.8 (C-21), 31.2 (C-22), 27.7
(C-23), 16.1 (C-24), 19.2 (C-25), 18.9 (C-26), 16.1
(C-27), 18.0 (C-28), 17.9 (C-29), 180.0 (C-30), 171.1
(CO), 21.3 (CHa). LA %t 5 ik A — 352,

ks e AW 2 4 3B-acetoxy-11-ursen-13a,30-olide.

A 3: AR CHEE . mp 163~166 C.
ESI-MS m/z: 441.367 2 [M+H]*. H-NMR (500
MHz, CDCl3) 6: 9.70 (1H, d, J = 1.5 Hz, CHO), 4.77
(1H, d, J = 2.5 Hz, H-29a), 4.65 (1H, m, H-29b), 3.21
(1H, dd, J = 11.0, 4.5 Hz, H-3), 1.72 (3H, s, H-30),
1.00 (3H, s, H-27), 0.98 (3H, s, H-23), 0.94 (3H, s,
H-25), 0.84 (3H, s, H-26), 0.77 (3H, s, H-24); 3C-NMR
(125 MHz, CDCls) 6: 38.9 (C-1), 27.4 (C-2), 79.0 (C-3),
38.8 (C-4), 55.3 (C-5), 18.3 (C-6), 34.3 (C-7), 40.9 (C-8),
50.5 (C-9), 37.2 (C-10), 20.8 (C-11), 25.6 (C-12), 38.7
(C-13), 426 (C-14), 28.8 (C-15), 29.9 (C-16), 59.3
(C-17), 48.1 (C-18), 47.6 (C-19), 149.7 (C-20), 29.3
(C-21), 33.2 (C-22), 28.0 (C-23), 154 (C-24), 15.9
(C-25), 16.2 (C-26), 14.3 (C-27), 206.7 (C-28), 110.2
(C-29), 19.0 (C-30). LA -l 5 ik B A — 3,
s A 3 M betulinal .

B 4: AEES (FEE. mp 2656~267 C.
ESI-MS m/z: 415.321 7 [M+H]*. H-NMR (600
MHz, CDCl3) §: 4.63 (1H, s, H-19), 3.19 (1H, dd, J =
11.4, 4.2 Hz, H-3), 0.97 (3H, s, H-23), 0.94 (3H, s,
H-26), 0.86 (3H, s, H-27), 0.84 (3H, s, H-25), 0.76
(3H, s, H-24); 3C-NMR (150 MHz, CDCls) §: 38.9
(C-1), 27.4 (C-2), 79.0 (C-3), 38.9 (C-4), 55.4 (C-5),
18.2 (C-6), 34.2 (C-7), 40.6 (C-8), 50.9 (C-9), 37.3
(C-10), 20.7 (C-11), 22.2 (C-12), 34.3 (C-13), 40.6
(C-14), 28.9 (C-15), 28.2 (C-16), 51.2 (C-17), 55.0
(C-18), 79, 3 (C-19), 29.7 (C-21), 29.6 (C-22), 28.0
(C-23), 15.4 (C-24), 16.4 (C-25), 15.7 (C-26), 13.2
(C-27), 179.5 (C-28). LA L% #a 5 SClk k& S A —
HO4, A 4 O diospyrolide.

&9 5. AfEAk, ESI-MS m/z: 619.399 8
[M+H]*. H-NMR (500 MHz, DMSO-dg) J: 12.08
(1H, s, COOH), 9.98 (1H, s, 4'-OH), 7.55 (2H, d, J =
8.5 Hz, H-2', 6"), 7.52 (1H, d, J = 16.0 Hz, H-7"), 6.80
(2H, d, J = 8.5 Hz, H-3', 5'), 6.40 (1H, d, J = 16.0 Hz,
H-8"), 4.71 (1H, d, J = 2.5 Hz, H-29a), 4.58 (1H, s,
H-29b), 4.53 (1H, d, J = 5.5 Hz, H-3), 3.68 (1H, m,

H-2), 2.97 (1H, m, H-19), 1.67 (3H, s, H-30), 0.97
(3H, s, H-27), 0.88 (3H, s, H-26), 0.88 (3H, s, H-25),
0.84 (3H, s, H-24), 0.78 (3H, s, H-23); 13C-NMR (125
MHz, DMSO-de) d: 48.2 (C-1), 65.4 (C-2), 84.0 (C-3),
39.3 (C-4), 55.0 (C-5), 18.3 (C-6), 34.2 (C-7), 40.8
(C-8), 50.2 (C-9), 38.0 (C-10), 21.1 (C-11), 25.5
(C-12), 38.2 (C-13), 42.5 (C-14), 29.7 (C-15), 32.2
(C-16), 55.9 (C-17), 49.0 (C-18), 47.1 (C-19), 150.8
(C-20), 30.6 (C-21), 37.0 (C-22), 28.8 (C-23), 18.1
(C-24), 17.6 (C-25), 16.2 (C-26), 14.8 (C-27), 177.7
(C-28), 110.1 (C-29), 19.4 (C-30), 125.7 (C-1"), 130.6
(C-2', 6, 116.2 (C-3', 5'), 160.1 (C-4"), 144.5 (C-7"),
115.6 (C-8'), 167.2 (C-9"). A L% 5 ki A
— 08, WA 5 A 3B-0-(E)-cumaroyl-
alphitolinsaeure

&9 6: AEEAk, ESI-MS m/z: 619.400 1
[M+H]*. H-NMR (500 MHz, DMSO-ds) o: 7.44
(1H, d, J = 16.0 Hz, H-7'), 7.04 (1H, d, J = 2.0 Hz,
H-2"), 6.99 (1H, dd, J = 8.0, 2.0 Hz, H-6"), 6.75 (1H, d,
J=8.0 Hz, H-5'), 6.23 (1H, d, J = 16.0 Hz, H-8"), 4.70
(1H, brs, H-29a), 4.57 (1H, brs, H-29b), 4.49 (1H, dd,
J =11.0, 45 Hz, H-3), 2.97 (1H, m, H-19), 1.65 (3H,
s, H-30), 0.96 (3H, s, H-23), 0.89 (3H, s, H-26), 0.87
(3H, s, H-24), 0.83 (3H, s, H-23), 0.80 (3H, s, H-27);
B3C-NMR (125 MHz, DMSO-ds) d: 38.3 (C-1), 24.0
(C-2), 80.2 (C-3), 38.0 (C-4), 55.2 (C-5), 18.2 (C-6),
34.2 (C-7), 40.7 (C-8), 50.2 (C-9), 36.9 (C-10), 21.0
(C-11), 25.5 (C-12), 38.1 (C-13), 42.5 (C-14), 29.7
(C-15), 32.2 (C-16), 55.9 (C-17), 49.0 (C-18), 47.1
(C-19), 150.8 (C-20), 30.6 (C-21), 37.2 (C-22), 28.2
(C-23), 16.4 (C-24), 17.0 (C-25), 16.2 (C-26), 14.8
(C-27), 177.9 (C-28), 110.1 (C-29), 19.4 (C-30), 125.9
(C-1Y, 114.9 (C-2"), 146.1 (C-3"), 148.9 (C-4'), 115.3
(C-5'), 121.8 (C-6"), 145.3 (C-7"), 116.2 (C-8'), 166.8
(C-9"). LA EHdE 5 30 lkARolE S A — 208, B etk
H1) 6 R 34- R R I HERE R TS -

&M 7: A, ESI-MS miz: 443.388 7 [M+
H]*. H-NMR (400 MHz, CDs0OD) ¢: 5.12 (1H, t,J =
4.0 Hz, H-12), 3.55 (1H, d, J = 11.2 Hz, H-28a), 3.15
(1H, dd, J = 11.2, 4.8 Hz, H-3), 3.03 (1H, d, J = 11.2
Hz, H-28b), 1.13 (3H, s, H-27), 1.04 (3H, s, H-25),
0.98 (3H, s, H-23), 0.98 (3H, s, H-26), 0.94 (3H, d, J =
6.0 Hz, H-29), 0.83 (3H, d, J = 6.4 Hz, H-30), 0.79
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(3H, s, H-24); 3C-NMR (100 MHz, CDs;0D) ¢: 38.7
(C-1), 26.5 (C-2), 78.3 (C-3), 37.8 (C-4), 55.3 (C-5),
18.1 (C-6), 32.6 (C-7), 39.9 (C-8), 47.3 (C-9), 36.6
(C-10), 22.7 (C-11), 124.9 (C-12), 138.8 (C-13), 41.8
(C-14), 25.7 (C-15), 22.5 (C-16), 38.5 (C-17), 54.2
(C-18), 39.3 (C-19), 39.5 (C-20), 35.2 (C-21), 30.4
(C-22), 27.3 (C-23), 14.8 (C-24), 15.1 (C-25), 15.9
(C-26), 23.1 (C-27), 68.8 (C-28), 16.5 (C-29), 20.4
(C-30). DL RHil Sl iE Fe AR — 5, e
AW T RRe R,

&Y 8: At K. ESI-MS miz: 443.387 7 [M+
H]*. H-NMR (500 MHz, CDCls) &: 4.68 (1H, s,
H-29a), 4.58 (1H, s, H-29b), 3.80 (1H, d, J = 11.0 Hz,
H-28a), 3.33 (1H, d, J = 11.0 Hz, H-28b), 3.19 (1H,
dd, J = 11.5, 5.0 Hz, H-3), 1.68 (3H, s, H-30), 1.02
(3H, s, H-27), 0.98 (3H, s, H-23), 0.97 (3H, s, H-25),
0.82 (3H, s, H-26), 0.76 (3H, s, H-24); 13C-NMR (125
MHz, CDCl3) 6: 38.7 (C-1), 27.4 (C-2), 79.0 (C-3),
38.9 (C-4), 55.3 (C-5), 18.3 (C-6), 34.2 (C-7), 40.9
(C-8), 50.4 (C-9), 37.2 (C-10), 20.8 (C-11), 25.2
(C-12), 37.3 (C-13), 42.7 (C-14), 27.0 (C-15), 29.2
(C-16), 47.8 (C-17), 48.8 (C-18), 47.8 (C-19), 150.5
(C-20), 29.8 (C-21), 34.0 (C-22), 28.0 (C-23), 15.4
(C-24), 16.1 (C-25), 16.0 (C-26), 14.8 (C-27), 60.5
(C-28), 109.7 (C-29), 19.1 (C-30). LA ¥ 5 ik
RIEFEAR 8, WA EA A 8 N IR RE

&9 9: RE AR . ESI-MS m/z: 413.377 4
[M-+H]*. 'H-NMR (400 MHz, CDCl3) 8: 5.75 (1H, s,
H-4), 1.20 (3H, s, H-19), 0.94 (3H, d, J = 6.4 Hz,
H-29), 0.85 (3H, q, J = 7.2 Hz, H-21), 0.85 (3H, q, J =
7.2 Hz, H-26), 0.85 (3H, g, J = 7.2 Hz, H-27), 0.73
(3H, s, H-18); 3C-NMR (100 MHz, CDCls) J: 35.6
(C-1), 34.0 (C-2), 199.8 (C-3), 123.7 (C-4), 171.8
(C-5), 33.0 (C-6), 32.0 (C-7), 35.7 (C-8), 53.8 (C-9),
38.6 (C-10), 21.0 (C-11), 39.6 (C-12), 42.4 (C-13),
55.9 (C-14), 24.2 (C-15), 28.2 (C-16), 56.0 (C-17),
11.9 (C-18), 17.4 (C-19), 36.1 (C-20), 18.7 (C-21),
33.8 (C-22), 26.0 (C-23), 45.8 (C-24), 29.7 (C-25),
19.8 (C-26), 19.0 (C-27), 23.0 (C-28), 12.0 (C-29). LA
5 SRR H A B, WS R EY 9N
5 -4-45-3- i

&Y 10: HEHA (CEFRE-FE). mp
211~213 C. ESI-MS m/z: 433.100 9 [M+H]".

!H-NMR (500 MHz, CDs;0D) ¢: 7.77 (2H, d, J = 9.0
Hz, H-2', 6, 6.95 (2H, d, J = 9.0 Hz, H-3", 5), 6.39
(1H, d, J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6),
5.37 (1H, d, J = 1.5 Hz, H-1"), 0.92 (3H, d, J = 5.5
Hz, H-6"); 3C-NMR (125 MHz, CD30D) ¢: 159.3
(C-2), 136.2 (C-3), 179.6 (C-4), 158.6 (C-5), 95.0
(C-6), 166.6 (C-7), 100.1 (C-8), 163.2 (C-9), 105.8
(C-10), 122.6 (C-1"), 131.9 (C-2', 6'), 116.6 (C-3', 5'),
161.7 (C-4"), 103.5 (C-1"), 72.1 (C-2"), 72.2 (C-3"),
72.0 (C-4"), 73.2 (C-5"), 17.7 (C-6"). LA B 5
kAR e AR — B0, WS TE LA 10 R 5,7,4- =%
SEFERR 3-O-o-L-HHIR B 2= HE L

& 11 1R lE 44 . ESI-MS m/z: 601.116 9
[M+H]*. H-NMR (500 MHz, CDs0D) 6: 7.93 (2H,
d, J = 8.5 Hz, H-2', 6'), 6.94 (2H, s, H-2", 6"), 6.73
(2H, d, J = 8.5 Hz, H-3', 5"), 6.35 (1H, d, J = 2.0 Hz,
H-8), 6.18 (1H, d, J = 2.0 Hz, H-6), 5.20 (1H, m,
H-1"), 4.28 (2H, m, H-6"), 3.46 (4H, m, H-2"~5");
3C-NMR (125 MHz, CD30D) §: 1585 (C-2), 135.3
(C-3), 179.4 (C-4), 162.9 (C-5), 100.0 (C-6), 166.1
(C-7), 95.0 (C-8), 159.6 (C-9), 105.6 (C-10), 122.7
(C-19, 132.2 (C-2', 6"), 116.0 (C-3', 5"), 161.5 (C-4"),
104.4 (C-1"), 75.8 (C-2", 5"), 715 (C-4"), 64.3
(C-6"), 121.3 (C-1™), 110.2 (C-2", 6™), 146.4 (C-3",
5", 139.8 (C-4"), 168.1 (C-7"). LA I ¥¥E 5 kK
TS — R, W ek A 11 AL 23 -3-0-(6"'-
B I JE)-B-D- 6 & b

& 12: HEEARY) . ESI-MS miz: 431.384 4
[M+H]*. H-NMR (600 MHz, CDs0D) 6: 2.54 (2H,
t, J = 7.2 Hz, H-4), 2.11 (3H, s, H-7a), 2.06 (3H, s,
H-5a), 2.04 (3H, s, H-8a), 1.73 (2H, m, H-3), 1.18
(3H, s, H-2a), 0.87 (3H, d, J = 6.0 Hz, H-12'a), 0.86
(3H, d, J = 6.0 Hz, H-13"), 0.85 (3H, d, J = 6.6 Hz,
H-4'a), 0.84 (3H, d, J = 6.6 Hz, H-8'a); 3C-NMR (150
MHz, CD30D) ¢: 73.9 (C-2), 31.7 (C-3), 20.5 (C-4),
120.4 (C-5), 144.7 (C-6), 121.6 (C-7), 122.9 (C-8),
145.3 (C-9), 116.7 (C-10), 22.9 (C-2a), 10.6 (C-5a),
11.6 (C-7a), 11.0 (C-8a), 39.4 (C-1"), 20.7 (C-2"), 37.3
(C-3), 326 (C-4'), 37.3 (C-5'), 24.2 (C-6), 37.2
(C-7), 32,5 (C-8), 37.1 (C-9), 24.6 (C-10"), 39.2
(C-11'), 27.8 (C-12"), 21.9 (C-13"), 19.0 (C-4'a), 19.0
(C-8'a), 22.0 (C-12'a). VA L-%dis 5 skt A —
#;PA, WG 12 9 a-HEE W
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&9 13: R . ESI-MS m/z: 461.394 2
[M~+H]*. *H-NMR (600 MHz, CDCls) 5: 4.66 (2H, s,
H-8a), 3.44 (3H, s, -OCHj3), 2.60 (2H, t, J = 6.6 Hz,
H-4), 2.15 (3H, s, H-7a), 2.11 (3H, s, H-6a), 1.77 (2H,
m, H-3), 1.26 (3H, s, H-2a), 0.87 (6H, d, J = 6.6 Hz,
H-13', 12'a), 0.84 (6H, d, J = 6.6 Hz, H-4'a, 8'a);
BC-NMR (150 MHz, CDCls) o: 74.4 (C-2), 31.4
(C-3), 20.0 (C-4), 144.7 (C-5), 123.1 (C-6), 115.9
(C-7), 125.8 (C-8), 147.3 (C-9), 115.4 (C-10), 23.7
(C-2a), 11.9 (C-6a), 11.7 (C-7a), 69.8 (C-8a), 58.1
(-OCHs), 39.8 (C-1%), 21.0 (C-2'), 37.5 (C-3', 32.8
(C-4", 375 (C-5"), 245 (C-6), 37.4 (C-7), 32.7
(C-8", 37.3 (C-9), 24.8 (C-10), 39.4 (C-11), 28.0
(C-12"), 22.6 (C-13"), 19.8 (C-4'a), 19.7 (C-8'a), 22.7
(C-12'a). DA R## 5 ik ikiE FeAR — 522, Mk e
tb&4) 13 4 methoxytocopherol..

& 14: HEEIARY) . ESI-MS m/z: 447.373 8
[M+H]*. H-NMR (500 MHz, CDCl3) §: 2.56 (2H,
m, H-1, 2.05 (3H, s, H-6a), 2.02 (6H, s, H-3a, 4a),
1.25 (3H, s, H-3'a), 0.88 (9H, d, J = 7.0 Hz, H-7"a, 16",
15'a), 0.86 (3H, d, J = 7.0 Hz, H-11'a); 3C-NMR (125
MHz, CDCls) §: 1445 (C-1), 187.7 (C-2), 140.2
(C-3), 140.5 (C-4), 187.3 (C-5), 140.4 (C-6), 12.3
(C-3a), 12.4 (C-4a), 12.0 (C-6a), 21.4 (C-1, 39.4
(C-2Y, 72.7 (C-3), 42.3 (C-4), 21.3 (C-5), 29.9
(C-6"), 32.8 (C-7"), 37.6 (C-8), 245 (C-9), 374
(C-10", 32.8 (C-11"), 37.3 (C-12"), 24.8 (C-13"), 40.3
(C-14"), 28.0 (C-15"), 22.7 (C-16'), 26.6 (C-3'a), 19.8
(C-7'a), 19.7 (C-11'a), 22.6 (C-15'a). LA E%¥ 5 ik
REHEA—-HR, HEEHLEY 14 N o

tocopherolquinone,

&9 15: Tk . ESI-MS m/z: 314.341 3
[M~+NHg]*. *H-NMR (500 MHz, CDCls) 6: 5.43 (1H,
t,J =5.5 Hz, H-2), 4.18 (2H, d, J = 7.0 Hz, H-1), 2.01
(2H, m, H-4), 1.69 (3H, s, H-17), 1.54 (1H, m, H-15),
0.88 (6H, d, J = 7.0 Hz, H-16, 20), 0.87 (6H, d, J = 6.5
Hz, H-18, 19); 3C-NMR (125 MHz, CDCls) 4: 59.4
(C-1), 123.1 (C-2), 140.3 (C-3), 39.9 (C-4), 25.1
(C-5), 36.7 (C-6), 32.7 (C-7), 37.4 (C-8), 24.5 (C-9),
37.4 (C-10), 32.8 (C-11), 37.3 (C-12), 24.8 (C-13),
39.4 (C-14), 28.0 (C-15), 22.6 (C-16), 16.2 (C-17),
19.7 (C-18), 19.8 (C-19), 22.7 (C-20). VL ¥k 5
BRARIE A — 24, MU A 15 NIERE .

3.2 {mRAEIEMITMN

PLEEAIE R (staurosporine, STS) AFHPEXT
8, KM CCK8 Eflifb &4 1~6 Xf 6 M A iR
i (NCI-H441. NCI-H460. A549. SKOV3. Hela.
caki-1) HI4HARERETE. B 2ef ik 6 Fimaifubl 3X
103FLIHR EBIFAE 96 FLBRHII 1006245 i 1)
RPMI 1640 B575HEH1, JF7E 5% CO2. 37 CEM4F T
H 24 h, S5, R IIASTRIAR B Rl iR i (0.39~
50 pumol/L, 2 fEBfERRe), RN AL &)
STHRZERTIN STS HIPHMEXT A, $59% 72 h )5, K&
A CCK8 A (10%) HuHriessRit (100 pb) A
FALH, FEREEFE 20 &S, AE 450 nm R IUE AR
FIROERE (A H, FEARAE A Kotz

FOHIZE=1— (A s — A s ) (A 2w — A 1)

FH Graph Pad Prism LA AR ICso
B FrESGRE AT 3 Wk, HCFI3ME. CCK8
£ U

R1 EY 1~6 Xt 6 MAMEMMENMEEEMY
Table 1 Cytotoxic activity of compounds 1—6 on six tumor cells

ICso/(umol-L™1)

wEm

NCI-H441 NCI-H460 A549 SKOV3 Hela caki-1

1 15.15+2.05 N/A N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A
3 18.50+3.21 12.11+2.17 3.8510.98 11.59+1.64 15.36+2.35 13.47+2.26

4 N/A N/A N/A N/A N/A N/A
5 8.60+2.35 16.43+1.73 11.63+1.08 10.34+0.72 18.39+1.44 25.63+0.67
6 11.50+1.34 20.9611.03 12.34+2.28 9.10+1.66 23.6210.89 18.23+2.53
STS 0.40+0.05 0.20+0.03 0.3040.06 0.45+0.05 0.3040.04 0.50+0.06

NIA: A& STS: BIMEXHIRE R
N/A: no active; STS: staurosporine used as a positive control
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