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B E.-BN WRASREREER Chaetomorpha basiretorsa WLF R NP I REWERN LAY HEE LR
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Acyclic diterpenoids and aliphatic compounds from green alga
Chaetomorpha basiretorsa and their activities
SHI Da-yong!, HAN Li-jun', SUN Jie!, YANG Yong-chun?, SHI ‘J'ian—goﬁgz, FAN Xiao!
(1. Center of Bioengineering and Technology, Ir;sﬁtute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. Department of Chemistry in Natural Products, Institute of Materia Medica, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing 100050, China)
Abstract: Objective To study the chemical constituents of the green alga Chaetomorpha basiretorsa

Compounds were isolated by various chro-

matographic techniques including column chromatography over normal phase silica gel, Sephadex LH-20
gel, reverse phase HPLC, as well as recrystallization. Their structures were determined by spectroscopic

methods including IR, MS, 1D, and 2D NMR techniques. MTT Method was used for testing the cytotoxi-
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city against human cancer cell lines KB, Bel-7402, PC-3M, KeTr3, and MCF-7, and the inhibitory activi-
ty against dog vascular smooth muscle cell proliferation. Results Four acyclic diterpenes and two aliphatic
carboxylic acids were isolated from the ethanolic extract of the green alga C. basiretorsa. Their structures
were identified as 7, 11, 15-trimethyl-3-methylene-hexadecan-1, 2-diol (1), 3, 7, 11, 15—tet1"amethy1—
hexadecan-1, 3-diol (1), phytol (1), phytenal (N ), glycerol-1-hexadecanoate (V ), and hexdec-3-
enoic acid (V). Conclusion All these compounds are obtained from the plants of Chaetomorpha Kiitz. for
the first time. Compound I is firstly reported as a natural product. Compound I shows the moderate cy-
totoxic activity against human cancer cell lines KB, KeTr3, and MCF-7 with IC;, values of 3.42, 2.38,
and 1. 78 pg/mL, respectively, and other compounds are in active (ICs,>>10 pg/mL). Compounds I, ¥,
and VI show moderate inhibition against proliferation of vascular smooth muscle cells.

Key words: green alga; Chaetomorpha basiretorsa Setchell; acyclic diterpenoid; aliphatic compounds;

cytotoxic activity; proliferation of vascular smooth muscle cell -
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KEHEEYREBEEERNARNME. BRER
FEAEY PR — KRB, MRAERNFEERLS RBTR
FEEPEOEARE RESERBTYELRF
BEFOEYEED, AR S FHMBEHENED
A& RBAR, HEHEXHERD HTIRE
BRHHREHNLSYHIERRE, EEE R E
N TREEEESENRERRBEEE Chaetomor
pha basiretorsa Setchelll 47 T o R S BT,
HERETHOHRALRD . ATRFEMLIRE
A EEER 4 DTG 2 MREMBI K
ik & .7, 11, 15-trimethyl-3-methylene-hexade-
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impact — 400 %I f§ B M 48 ¥ 41 5 St & 1% Inova
500M 4% #k L #E{Y ; Autospec Ultima—Tof FRi%1{Y;
Agilent 1100 SL B T-Bjk R &Y ; Waters 600 F3
#8183 {X (Alltech 2 7] Ecnosphere C % & &, 22
mm X 250 mm, 10 pm, Waters 2478 T & i 88 );
Sephadex LH-20 # &5 Pharmacia A 8 = & H A
P REK (160~200 B)FI#)ZE @ FE B GFos. (60 B
WhHESERLI =M.
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BTSSP ER¥REEFRTEREH

BEYEE . RARFETHENERSENTTEREL
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HAESE, UAMB-BRZESERE H26
HRE, A HRSHCNRE BEREER 74
B A~A . A, (AMIRE-BERRZER 5 ¢ 1 BEBFRD)
£ 5% Sephadex LH-20 H: i, FI A Mh8k- S 05 B¢
5:5: 1 BRECR. BLIRERBEAKE
WBE-TIE 8 : DR HPLC(75% H B 4L 88k A
B 1(35mg). I(35mg). I (528 mg).N (12 mg);
A, (AEMB-BERMZEE30: 1 W&
Sephadex LH-20 #:£5,3% (G ThHBk-F A5 -HBE 5 : 5 ¢
DEEAaRE, K EHERE G ME-HE
20 DA BEEALBBLEY V (26 mg)FI V(18
mg),
3 ZHKE

AW 1 TAMRY CooHoO, [P +1. 0°Cc
3.9,CHCl,), EI-MS m/z:312[M]* (5),281(22),
263(14),199(8),191(4),179(4),137(18),123
(24),109(36),96(42),83(55),71(100), IR &%
(em™'): 3 363, 2 922, 2 917, 1 646, 1 462, 1 377,
1 072,1 030,903, 'H-NMR (CD,;COCD;, 500 MHz)
8:0.84(3H,d,J=6.35 Hz,H,-19),0. 85 (3H,d,
J=6.35 Hz,H;-18),0. 87(6H,d,J=6. 59 Hz,H,-
16,20),1. 08(3H,m,H-8a,10a,12a),1. 13(1H,m,
H-6a),1.14(2H, m,H-14a,14b),1. 22(1H,m,H-
15),1. 25(3H,m,H-8b,10b,12b),1. 27 (4H,m,H-
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9a,9b,13a,13b),1.32(1H,m,H-6b),1. 39(2H,m,
H-7,11),1. 46 (2H,m,H-5a,5b), 2. 04~1. 97(2H,
m,H-4a,4b),3. 39(1H,dd,J=7. 32,11. 23 Hz,H-
1a),3.56(1H,dd,J=11. 23, 3. 42 Hz,H-1b), 3. 81
(1H, br s, OH-2), 4.09 (1H, dd, J= 3. 42, 11. 23
Hz,H-2),4.84(1H,s,H-17a),5. 06(1H,s,H-17b),
3C-NMR (CD,;COCD;,125 MHz)§:19. 4(q,C-18),
19.5(q,C-19),22. 3(q,C-16),22. 4(q,C-20),24. 5
(t,C-9),24.9(t,C-13),25.7(t,C-5),28.0(d,C-
15),32.8(d,C-7),32.8(d,C-11),32.9(t,C-4),
37.0(t,C-6),37. 4(t,C-12),37.5(t,C-10),37. 9(t,
C-8),39.5(t,C-14),66.1(t,C-1),75.3(d,C-2),
109. 3(t,C-17),150. 3(s,C-3). B L ¥/ S MR
BB~ 7, 11, 15-trimethyl-3-methylene-hexadecan-
1,2-diol #&—F, FEd=%'H-"H COSY . HMQC
#1 HMBC S2B %t H45W4T T ik, A om0 R
T3 NMR $dE. '

L&Y 1. X6 MHRY, CH,0., ESI-MS
m/z:651[2M +Nal*,337[M+Nal*, 627[2M —
H],313[M—H]". IR ¥ (cm™):3 352,2 924,
2 866, 1 464, 1 377, 1 146, 1 063, 968, 893, 854,
737. 'H-NMR(CD;COCD;,500 MHz)4': 0. 87 (3H,
d,J=6.35 Hz,H,-19),0. 88(3H,d,J=6. 35 Hz,
H,-18),0. 89(6H,d,J=6.59 Hz,H;-16,20),1. 10
(3H,m,H-8a,10a,12a),1.11(1H,m,H-6a),1. 14
(2H, m, H-14a, 14b), 1.17 (1H, s, Hs-17), 1. 32
(3H,m,H-8b,10b,12b),1. 36(2H,H-5a,5b), 1. 38
(4H,m,H-9a,9b,13a,13b),1.42(1H, m,H-6b),
1. 46 (2H, m,Ha-4,Hb-4),1.53(2H, m,H-7,11),
1.53(1H,dd,J=13.5,6.0 Hz,H-15),1. 66 (1H,
dd, J= 13.5, 6.0 Hz, H-2a), 1. 72 (1H, dd, J=
13.5,6.0 Hz,H-2b), 3. 63 (1H, br s,0H-3),3. 76
(2H,m,H,-1) ., *C-NMR (CD,COCD;,125 MHz)4:
19.5(q,C-18,19),21.5(d,C-13), 22. 3(q5C-16),
22. 4(q,C-20),24. 5(t,C-9),24. 9(t,C-5),26. 7(q>»
C-17),28.0(d,C-15),32.9(d,C-7), 32.9(d, C-
11), 37.4(t,C-6), 37.5(t, C-8), 37. 6 (¢, C-10),
37.9(t,C-12),39. 5(t,C-14) ,42. 8(t,C-2) ,43. 2(t,
C-4),59. 0(t,C-1),72.1(¢s,C-3), B ¥ B
Wiz & YHR 3,7,11, 15-tetramethyl-hexadecan-
1,3-diol, HAENEA R E & R I &Y 84 &
B EETARREGRE DB EENHRE,
EHE R — P HRREY . HTFXRPRZTENE
3352 ¥R, B i, 58 i — 48 'H-"H COSY.HMQC

#1 HMBC 23 76 i Ko 45 9 a9 [ B, 3¢ 2 NMR %
BHITTHERBRE.

L&Y 0%k iRY, CH, O, EI-MS
m/z:296[M1*(3),269(18),179(13),139(22),123
(44), 111 (68), 97 (67), IR »i& (em™): 3 319,
2 924, 1 668, 1 462, 1 377, 1 003, 737, 'H-NMR
(CD;COCD;,500 MHz)&:0. 94(3H,d ,J =6. 35 Hz,
H,-19), 0.95 (3H, d, J= 6. 35 Hz, H;-18), 0. 97
(6H,d,J=6.59 Hz,H;-16,20),1. 08(3H,m,H-8a,
10a,12a),1.13(1H,m,H-6a),1. 14(2H,m,H-14a,
14b), 1. 25(3H, m, H-8b,10b,12b), 1. 27 (4H, m,
H-9a,9b,13a,13b),1. 32(1H,m,H-6b), 1. 39(2H,
m,H-7,11),1. 46 (2H,m,H-5a,5b),1.52(1H, m,
H-15),1. 70(3H,s ,H;-17),2. 04~1. 97(2H,m,Ha-
4,Hb-4), 3.44 (1H,d, J= 5.5 Hz, OH-1), 4. 14
(2H,dd,J=5.5,6.0 Hz,H,-1), 5. 43(1H, t, J =
6.0 Hz,H-2), “C-NMR (CD,COCD;,125 MHz)4:
15.5 (g,C-17),19.5(q,C-18),19. 5(q,C-19),22.3
(q,C-16),22. 4(q,C-20),24.5(t,C-9),24. 9(t,C-
13),25.3(t,C-5),28.0(d,C-15),32.8(d,C-7),
32.9(d,C-11),36.7(t,C-6),37.4(t,C-12),37.5
(t,C-10),37.5(,C-8),39.5(t,C-14),40. 0(t,C-
4),58.5(t,C-1),125.4(d,C-2),136.8(s,C-3). ¥
EHEESXHRIRE3, 7, 11, 15-tetramethyl-
hexadec-2-en-1-ol Bl phytol A X¥IE— .

&Y N: L& MRY, CQHyO, EI-MS,
'H-NMR Fi*C-NMR 3¢ 3 %t #£ 5 phytenal B X #R
HE BB

'f‘b‘%% V. E@:Ff‘ﬁ%ﬁlscmstOumP 75~
76 C  EI-MS,'H-NMR ¥ 3% ¥ % 5 SCAR R ™
H - 1- KRR R B — 3L

ke ABRFRE &, CiHO,ymp 53~
54 'C, EI-MS.'H-NMR#*C-NMR#( & 5 ik )t
O AR-3-mRABE 2.

4 FEMNR

AMTT 0% LR 7 MEAYEAMB AR
KB.Bel-7402.PC-3M.KeTr3 1 MCF-7 #4777
PR FEENR SRR LAY I X KB.KeTr3
#MCF-7 ARk BR—EREFEHES,
ICs 5+ 8120 3. 42.2. 38,1. 78 pg/mL; HAtifb & 49349
FFIHE A ACs>10 pg/mL) . H 5k, A MTT
U3 B3R 7 MU WAER I F R UL RRY
AT R B SR, DB S B Oy PR R, 9
SERETAR B4R KA 0. 125 mg/mL



1782

L4 * %  Chinese Traditional and Herbal Drugs

$IBEFE 12 2007F 12 A

TR , 1R B B4 O O O A B B
I .IFMUKHBEEEEEIKITEEFEEREP<
0.05) , 2 B A b b & 1 BB — & HO B0 0 R I 425
UL B O

References :

(1]
f2]
(3]

(4]

[5]

Le]

(7]

(8]

(9]

Blackman A J, Amico V. Actetylenic sesquiterpenocid from
Gaulerpa prolifera [J]. Tetrahedron, 1978, 34(20): 3063.
Tseng C K. Common Seaweeds of China (P E ¥ &E ¥ %)
[M3]. Beijing: Science Press, 1983.

Shi DY, Han L J, Sun J, et al. Chemical constituents from
marine alga Chaetomorpha basiretorsa [J]. China J. Chin
Mater Med (PEPEIE), 2005, 30(5): 347-350.

Shi DY, Han L J, Sun J, et al. Sesquiterpenes and deriva-
tives from the marine green alga Chaetomorpha basiretorsa
Setchell [J]. Chin Tradit Herb Drugs (B2 25), 2007, 38
(4): 496-498. '

Julio G U, J De Pascual T, Isidro S M, et al. Acetophenones
and terpenoids from Senecio gallicus [J]. Phytochemistry,
1987, 26(4); 1113-1115.

Geoffrey D B, Liang G Y, Lai-King S. Terpenoids from the
seeds of Artemisia annua [J]. Phytochemistry, 2003, 64.
303-333.

Abimael D R, Ana L. A. New cembranoid diterpenes and a
geranylgeraniol derivative from the common Caribbean sea
whip Eunicea succinea {]J]. J Nat Prod, 1997, 60: 1134-
1138.

Eisai Co. Ltd Japan. (3S, 7R, 11R)-and (3R, 7R, 11R)-3,
7, 11, 15-tetramethyl-3-methoxymethyleneoxyhexadecan-1-
al [P]. JP 59029628 A2, 1984.

James J S, John A, Pettus J R. Isolation of free cis and

{10]

[11]

[12]

[13]

(14]

[15]

(161

{17]

(18]

trans- phytol from the red alga Gracilaria andersoniana [J].
Phytochemistry, 1976, 15: 1076-1077.

Goodman R A, Oldfield E, Allerhand A. Assignments in the
natural-abundance carbon-13 nuclear magnetic resonance
spectrum of chlorophyll a and a study of segmental motion in
neat phytol [J]. J ACS, 1973, 95(23): 7553-7559.

Aoki T, Takagi K, Hirata T, et al. Two naturally occurring
acyclic diterpene and norditerpene aldehydes from Tetragonia
Tetragon [J]. Phytochemistry, 1982, 21(6): 1361-1363.
Rontani J F, Cuny J F, Grossi V. Photodegradation of
chlorophyll phytyl chain in senescent leaves of high plants
[13. Phytochemistry, 1996, 42(2): 347-351.

Graenoe ] C, Heikki K. Tricacelglucerols of human milk;
rapid analysis by ammonia negative ion tendem [J]. Mass
Spectrom Lipids, 1993, 28(3): 217.

Xiao Y Q, Li L, You X L. Studies on chemical constituents
of effective part of Gastrodia elata (J]. China J Chin Mater
Med CREBHRF), 2002, 27(1): 35-36.

Yuan J, Hu W Y. Studies on 13C, 1H NMR spectra of glyc-
erin-ester of 3'-long-straight-chain saturated carboxylic acid
[J]. Chin J Magn Resonance (JEi%¥ 2% %&), 1993, 10(2);
185-187. .

Tomas R, Valery M D. Multibranched polyunsaturated and
very-long-chain fatty acids of freshwater israeli sponges [J].
J Nat Prod, 2002, 65(5): 709-713.

Carmichael J, Degraff W G, Gazdar A F, et al. Evaluation
of a tetrozolium based semiautomated colorimetric assay: As-
sessment of chemosensitivity testing [J]. Cancer Res, 1987,
47(4); 936-942.

LiuJ W, Ji G, Wei D Z, et al. Methology of Pharmacologi-
cal Experiment-New Technologies and New Methods (HEE
Ry EF-FHEARSHFHE) [M]. Beijing: Chemical Indus-
try Press, 2003.

FEHUERSBRCD)

TR, R L K, TS H, TR, 2 T
P EEE PHRESPHAYELLRE. HIL R 43006D

B E:A8 XMFERCERSETIBNEE. FE

MNEZHEY P BB,
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L FE ¥ 70 ¥ #E 4T I, BE B . Sephadex LH-20 & Toy-
opearl HW-40 R &84 3 ik, FIA MS fI NMR R B E4W. SR NFEHHWLLIHLEET 154
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