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Fig. 1

2 fuemeEmER

1 , [al¥-92° (¢ 0.15,
MeOH) EIMS m/z 196[M]"
1 178 IR (KBr)
(3435cm™) (1720 cm™)
"H NMR (acetone-ds, 500 MHz) oy 5.67 (1H, s, H-7),
428 (1H, tt, J=3.52.5 Hz, H-3), 2.39 (1H, dt,
J=14.0,2.5 Hz, H-4p), 1.99 (1H, dt, J=14.0,2.5 Hz,
H-2B), 1.73 (3H, s, H-11), 1.71 (1H, dd, J=14.0,3.5 Hz,
H-40), 1.53 (1H, dd, J=14.0,3.5 Hz, H-2a), 1.46 (3H, s,
H-9), 1.25 (3H, s, H-10); 1
1 2 3
3C NMR (acetone-dg, 125 MHz) d¢
183.4 (s, C-6), 171.6 (s, C-8), 113.3 (d, C-7), 87.0 (s,
C-5), 66.7 (d, C-3), 47.8 (t, C-2), 46.4 (t, C-4), 36.6 (s,
C-1), 31.0 (q, C-10), 27.5 (q, C-11), 26.9 (q, C-9);

Loliolide
[7-8]
2 , [aly +79°C (c 0.42,
MeOH), EIMS m/z 196[M]"
1 178 IR (KBr)
(3431 cm™), (1728, 1628

cm™') 'HNMR (acetone-dg, 500 MHz) i 5.71 (1H, s,
H-7), 4.06 (1H, tt, J=12.0,4.0 Hz, H-3), 2.41 (1H, ddd,
J=12.0,4.0,2.0 Hz, H-4p), 1.97 (1H, ddd, J=12.0, 4.0,
2.0 Hz, H-2p), 1.54 (3H, s, H-11), 1.36 (1H, t, J=12.0
Hz, H-4a), 1.28 (3H, s, H-9), 1.25 (1H, t, J=12.0 Hz,
H-20), 1.25 (3H, s, H-10); 1

1 2 3
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1~6

Structures of compounds 1~6

BC NMR (acetone-dg, 125 MHz)
oc 182.1 (s, C-6), 171.4 (s, C-8), 113.3 (d, C-7), 86.9 (s,
C-5), 64.3 (d, C-3), 50.7 (t, C-2), 48.9 (t, C-4), 35.5 (s,
C-1), 30.3 (g, C-10), 25.8 (q, C-11), 25.2 (g, C-9);

2 1 H-5 C-5
, 2 -11
1 , 2 Isololiolide
[9-10] Isololiolide
3 , [al® -40°(c 0.10,
MeOH) EIMS m/z 224 [M]" IR

(KBr) (3 481,3392cm™),

(1699,1670,1653cm') '"HNMR
(acetone-dg, 500 MHz) 6y 7.12 (1H, d, J=15.5 Hz, H-7),
6.12 (1H, d, J=15.5 Hz, H-8), 3.75 (1H, br.s, H-3 ),
2.25 (1H, s, H-10), 2.25 (1H, dd, J=14.0,4.5 Hz, H-4p),
1.65 (1H, dd, J=14.0,9.0 Hz, H-40), 1.55 (1H, ddd,
J=14.0,3.5,2.0 Hz, H-2a), 1.25 (1H, dd, J=14.0,9.0 Hz,
H-2B), 1.19 (3H, s, H-12 ), 1.15 (3H, s, H-13 ), 0.92
(3H, s, H-11); 1
BC NMR (acetone-dg, 125 MHz) dc 197.3 (s, C-9),
143.7 (d, C-7), 133.6 (d, C-8),70.0 (s, C-6), 67.8 (s,
C-5), 63.5 (d, C-3), 47.6 (t, C-2), 41.5 (t, C-4), 35.6 (s,
C-1), 29.6 (q, C-12), 27.4 (q, C-10), 25.3 (g, C-11),

20.1 (q, C-13); 1
2 [11]
3B-hydroxy-5a,60-epoxy-7-megastigmen-
9-one
4 , [aly +160° (¢ 0.15,
MeOH) EIMS m/z 222 [M]" IR

36 /10
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(KBr) (3450cm™)  a.p-

(1 765, 1 667, 1 624 cm™") 'H NMR
(Me,CO-dg, 500 MHz) oy 7.02 (1H, d, J=15.5 Hz, H-7),
6.40 (1H, d, J=15.5 Hz, H-8), 5.85 (1H, s, H-4), 2.59
(1H, d, J=13.0 Hz, H-2a), 2.27 (3H, s, H-10), 2.21 (1H,
d, J=13.0 Hz, H-2b), 1.88 (3H, s, H-13), 1.07 (3H, s,
H-12), 1.02 (3H, s, H-11); 1
BC NMR
(Me,CO-dg, 125 MHz) d¢ 197.8 (s, C-3), 196.9 (s, C-9),
162.0 (s, C-5), 147.0 (d, C-7), 131.6 (d, C-8), 127.9 (d,
C-4), 79.6 (s, C-6), 50.2 (t, C-2), 42.2 (s, C-1), 27.4 (q,
C-10), 24.6 (q, C-12), 23.4 (q, C-11), 18.8 (q, C-13);

[12-13] Dehydrovomifoliol
5 , [a]y -41° (¢ 0.15,
MeOH) EIMS m/z 224 [M]"
209 IR (KBr)
(3 340 cm™), (1 936 cm™)
o,p- (1 682 cm™) '"H NMR (Me,CO-dg,

500 MHz) dy 5.68 (1H, s, H-8), 4.23 (1H, m, H-3),
2.20 (1H, ddd, J=12.5,3.5,1.5 Hz, H-4a), 2.13 (3H, s,
H-10), 1.91 (1H, ddd, J=12.5,4.5,1.5 Hz, H-2a), 1.38
(H, s, H-11), 1.37 3H, s, H-13), 1.37 (1H, dd,
J=12.5,12.5 Hz, H-4b), 1.33 (1H, dd, J=12.5,12.5 Hz,
H-2b), 1.12 (3H, s, H-12);

NMR (Me,CO-dg, 125 MHz) dc 210.2 (s, C-7), 197.7
(s, C-9), 119.7 (s, C-6), 100.7 (d, C-8), 72.1 (s, C-5), 63.7
(d, C-3), 50.3 (t, C-4), 50.2 (t, C-2), 36.5 (s, C-1), 32.2 (q,
C-12), 31.0 (q, C-13), 29.3 (q, C-11), 26.4 (q, C-10);

[14] (3R)-4-
[(2R,45)-2-hydroxy-2,6,6-trimethylcyclohexylidene]-3-
buten-2-oneiol

6 , [a]y -36°(c 0.15,

MeOH) EIMS m/z 266 [M]"
209 IR (KBr)
(3 454 cm™), (1 938 cm™),

(1 738 em™)  ap- (1 672 ecm™) 'H
NMR (Me,CO-dg, 500 MHz) dy; 5.73 (1H, s, H-8), 5.38
(1H, dddd, J=12.5,12.5,4.5,4.5 Hz, H-3), 2.23 (1H, ddd,
J=12.5,4.52.5 Hz, H-4a), 2.15 (3H, s, H-10), 1.98 (3H,
s, H-15), 1.97 (1H, ddd, J=12.5,4.5,2.5 Hz, H-2a), 1.54
(1H, dd, J=12.5,12.5 Hz, H-4b), 1.45 (1H, dd,
J=12.5,12.5 Hz, H-2b), 1.42 (3H, s, H-11), 1.41 (3H, s,
H-13), 1.15 (3H, s, H-12);

BC NMR (Me,CO-dg, 125 MHz) ¢ 210.0 (s,
C-7), 197.4 (s, C-9), 170.2 (s, C-14), 119.0 (s, C-6),

100.8 (d, C-8), 71.8 (s, C-5), 68.0 (d, C-3), 46.0 (t,
C-4), 45.7 (t, C-2), 36.4 (s, C-1), 31.8 (q, C-12), 30.6
(q, C-13), 29.2 (q, C-11), 26.4 (q, C-10), 21.1 (q, C-15);

2 [14]
(3R)-4-[(2R,4S)-4-acetoxy-2-hydroxy-2,6,6-
trimethylcyclohexylidene]-3-buten-2-one

3 ey iE AT

MTT [ 6

HCT-8, Bel-7402, A549, BGC-823  A2780
( IC50 > 10 mg/L)
6
, 25nmol/L
6 , 12.43

[1] Segawa M, Yamano K, Shirahama H. A germac-
rane-type sesquiterpene from the brown alga Dictyop-
teris divaricata [J]. Phytochemistry, 1990, 29 (3):
973-974.

[2] Suzuki M, Kowata N, Kobayashi H, et al. The structure
of a germacrane-type sesquiterpene alcohol, a possible
precursor of guaiane-type sesquiterpenes from the
brown alga Dictyopteris divaricata [J]. Chemistry Let-
ters, 1990, 12: 2187-2190.

[3] Suzuki M, Kowata N, Kurosawa E. Epicubebol and
related sesquiterpenoids from the brown alga Dictyop-
teris divaricata [J]. Bulletin of The Chemical Society
of Japan, 1981, 54 (8): 2366-2368.

[4] Song F H, Fan X, Xu X L, et al. Cadinane sesquiter-
penes from the brown alga Dictyopteris divaricata [J].
Journal of Natural Products, 2004, 67(10): 1644-1649.

[5] Song F H, Xu X L, Fan X, et al. Norsesquiterpenes
from the Brown alga Dictyopteris divaricata [J]. Jour-
nal of Natural Products, 2005, 68(9): 1309-1313.

[6] Song F H, Xu X L, Fan X, et al. Minor Sesquiterpenes
with New Carbon Skeletons from the Brown Alga Dic-
tyopteris divaricata [J]. Journal of Natural Products,
2006, 69(9): 1261-1266.

[7] Okada N, Shirata K, Niwano M, et al. Immunosuppres-

Marine Sciences / Vol. 36, No. 10 /2012 83



HRRE REORTS

sive activity of a monoterpene from FEucommia ul- [12] Takasugi M, Anetai M, Katsui N, et al. The occurrence

moides [J]. Phytochemistry, 1994,37 (1): 281-282. of vomifoliol, Dehydrovomifoiliol and Dihydrophaseic
[8] Hattab M E, Coulioli G, Vall R, et al. Apo-fucoxan- acid in the hoots of ‘Kidney bean’ [J]. Chemistry Let-

thinoids and loliolide from the brown alga Cladoste- ters, 1973: 245-248.

phus spongiosus f. erticillatus (Heterokonta, Sphace- [13] Kim I, Chin Y W, Lim S W, et al. Norisoprenoids and

lariales) [J]. Biochemical Systematics and Ecology, Hepatoprotective Flavone Glycosides from the Aerial

2008, 36: 447-451. Parts of Beta vulgaris var. cicla [J]. Archives of Phar-
[9] Kimura J, Maki N. New Loliolide derivatives from the macal Research, 2004, 27(6): 600-603.

brown alga Undaria pinnatifida [J]. Journal of Natural [14] Hashimoto T, Tori M, Asakawa Y. Piscicidal sterol

Products, 2002, 65 (1): 57-58. acylglucosides from Edgeworthia chrysantha [J]. Phy-
[10] , , , . [J1. tochemistry, 1991, 30 (9): 2927-2931.

,2008, 19(4): 273-275. [15] Carmichael J, Degraff W G, Gazdar A F, et al. Evalua-

[11] Duan H, Takaishi Y, Momota H, et al. Immunosuppr- tion of a tetrozolium based semiautomated colorimetric

essive constituents from Saussurea medusa [J]. assay: Assessment of chemosensitivity testing [J].

Phytochemistry, 2002, 59(1): 85-90. Cancer Res, 1987, 47(4): 936.

Monoterpene constituents of the brown alga Dictyopteris di-
varicata Okam.
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Abstract: Compounds 1-6 were isolated by recrystallization, normal phase silica gel, Sephadex LH-20 chromatog-
raphy, and reverse phase HPLC techniques from the brown alga Dictyopteris divaricata Okam, collected from
Qingdao. Through spectroscopic methods including IR, MS and NMR, their structures were elucidated as loliolide
(1), isololiolide (2), 3B-hydroxy-5a,6a-epoxy-7-megastigmen- 9-one (3), dehydrovomifoliol (4), (3R)-4-[(2R,4S)-2-
hydroxy-2,6,6-trimethylcyclohexylidene]-3-buten-2-oneiol (5), (3R)-4-[(2R,4S)-4-acetoxy-2-hydroxy-2,6,6-trime-
thylcyclohexylidene]-3-buten-2-one (6). All compounds were obtained from the Dictyotaceae algae for the first
time. Compounds 1-6 were tested for antitumor activity by the MTT method and AchE inhibitory activity.
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