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(E] a @ X b EEEBIAES Acanthella cavernosa WU/ ERH =T B %08, &k 18 FREBOH: (3%
BRI R (33 | OR824 B T B X R Y 48 Acanthella cavernosa TR TR 32 UM HE AT 43 85 4l 4k . 4347 B0 AC D 3% 3 R 2%
AXHRIRE AT E, G RA R HHEER 7T MMEE Y, 4 5% E K kalihinene X~Z (1~3),(R)-3,5-diethyl-5-
[(S,E)-2-ethylhex-3-en-1-yl] furan-2 (5H)-one (4). methyl(2Z,6R, 83)-4, 6-diethyl-3, 6-epoxy-8-methyldodeca-2 , 4-dienoate
(5). methyl(2Z,6R.8R,9E)-3,6-epoxy-4,6,8-triethyl-2,4,9-dodecatrienoate (6) ,methyl(2Z,6R,8S)-3,6-epoxy-4 , 6 , 8-trieth-
yldodeca-2,4-dienoate (7)., LG W) 4~T JE IR Acanthella J& P53 B3 BRI LAY .
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Secondary metabolites of South China Sea sponge Acanthella cavernosa : isolation and identification

FAN Wei, CAI Hai-min, SUN Li-guang, WANG Xu-dong” , NIE Sui-feng”
Department of Pharmaceutics, No. 425 Hospital of PLA, Sanya 572000, Hainan, China

[ Abstract] Objective To investigate the secondary metabolites of the South China Sea sponge Acanthella cavernosa.
Methods The acetone extract of A. cavernosa was purified by repeated column chromatography on silica gel, sephadex LLH-20,
and high-performance liquid chromatography (HPLC). Structures of the extract were determined by spectroscopic analysis and
comparison with previously reported data. Results and Conclusion A total of 7 compounds were isolated and their structures
were identified as kalihinene X-Z (1-3), (R)-3,5-diethyl-5-( (S, E)-2-ethylhex-3-en-1-yl) furan-2(5H)-one (4), methyl(2Z,6R,
8S)-4, 6-diethyl-3, 6-epoxy-8-methyldodeca-2, 4-dienocate (5), methyl (2Z, 6R, 8R, 9E)-3, 6-epoxy-4. 6, 8-triethyl-2, 4, 9-
dodecatrienoate (6), and methyl (2Z, 6R, 8S)-3, 6-epoxy-4, 6, 8-triethyldodeca-2, 4-dienoate (7); and compounds 4-7 were
identified from the genus Acanthalla for the first time.
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iae) B4 H (Halichondrida) Axinellidae B} 0¥ .
R AR AR R S E A e
(-NO) S5 SR e (-NCS) Hl H i (NHCHO)
SERRIR S AUE RE MR A 2R A mk . IR a W AE
RART= Wil o 0L BN 2 Acanthella J& ¥ 4
A et R oY W S v =3 (e 7/ B =
A B AP TE M WU TR BT L R M
OO TR PES " UEAE SR FR [ 2 2 bR JRE SO A I
K48 A, cavernosa TR I T 27 4~ kailihinene 2§
iR Y. X AW BN T B BTiE BT
PR b A B A0 R S . SRR A TN Acan-
thella sp. YR BT 2 A8 S it AL 0 5t 350 IR T 1)
B A Y, MOCE S AL cavernosa RT3
AHH A RS R G

AR PRI ZH SR A4 HD A0 B 55 3 R 38 B 0 B 5k
X AR B35 PR A 6 AT T RS TE . s TR AE A
T A 35 LA R OB 838 (HPLC) 45 43 25 4l
AEBA, Xof v [ R T R A T 2 8 O 2B AR ) E o
Eaifl . 528 7 MMEE W IF s R R IR B A
AP F ARG & SO GE X X 7 MG Wit 1
iU E .

1 #HEInF*E

L1 #&%  SCl MBS T 2011 485k A E
PG VD RE Sy 5 i FE R B W 8 RO 5T i 25 i A F
9% M58 N Acanthella cavernosa . IARTETESE " E
RAF LGB 29T O G 5 o AC-1101,

1.2 &ML 54K 7 Bruker Varian Avance-400
Bl 3EARAL s Agilent 1100 & 280U 4385 {X (RID £
M #8) » Zorba 300-Cis #£ (250 mm X 9. 4 mm,5 um);
Sephadex LH-20 %E i Amersham Pharmacia Bio-
tech A2 s TLC 72 AR A €335 RE T 2 o A 65 25 55
RS TT e S 36 T A3k 5 T R €335 i v 00 o 2 A
afi, HPLC B 350 O i 4, ¥y 1) 25 5 ] 14k
FRA A w7

1.3 RAEARMEHOGRRE 5B K HIKEH
(Acanthella cavernosa » 1o i 1. 2 kg) HLAR A 04,
AW 3XS IIERER T B, BEERHIFLA
AEPRB A A IR IBOR . WUE R 4 B R RE .
B BRER TR, & A 4
WAAEBUR R B R R E (5 o . BIRHm RS
TRAET 9020 i FH B AV Wb s A ol i A5 0 3 9

N

W 2 BORAF B A 2R E I 1.2 g, AhEEZ
(1.2 g) >R F&E B AE €8 3% 2 A, DL A ol fik- 2 Tk
(1000, 991, 98:2,95:5,90: 10, 80 : 20,
78+ 22, 75+ 25, 50 : 50, 0 : 100) Fl Z, fik-H E
(90 : 10, 0 = 100) &% BEPEME . 153 15 418 43 ACP1~
ACP15, ACP7 (2 @) Zad B AE 63 CIF & b — &
Hlbe-FEE=10 ¢ 10 = D25 .38 F ODS FE %45
B, 185 24 184y ACP7-1~ 24, ACP7-1 (11.5
mg) .ACP7-3 (18. 8 mg) .ACP7-5 (30. 9 mg) &) k%
@S ENT, A B2 (50 1, 302 1, 20 ¢ 1)
BEREVEBG, 534649 4 (0.7 mg) .5 (2.0 mg) Fl 6
(4.0 mg), ACP7-6 (70.5 mg) %) #E ek 3% (IF &
foo- A BB =10 ¢ 10 = 1) FIRE IR A €8 3% Cf 7
k-2, /=50 ¢ 1, 30 ¢ 1, 20 = 1435, 1584E4 7
(8.6 mg), ACP13 (500 mg) Z&3:F Bk K (3% CiF O %
THAHEE-HEE=10 : 10 : 1) F1 ODS 4 13% (80 % ~
100% W B 4y B, 133 5 A% 4 ACP13-1 ~5,
ACP13-4 (140. 7 mg) £ 3 e e A e i ( 5 Y Jo- Y i
50+ 1, 30 : 1, 15 = 1)HI HPLC F: A% (88 % HIfiE) 43
B EY 1 (5.0 mg).2 (4.6 mg).3 (5.2 mg),

2 & R

P37 AAL &P A LA 1

1y, NHCHO 1. NHCHO

COOCH,
6 7

1 L&MW 1~7HEHK

1. Kalihinene X; 2. Kalihinene Y; 3. Kalihinene Z; 4.

(R)-3, 5-diethyl-5-[ (S, E)-2-ethylhex-3-en-1-yl ] furan-2

(5H)-one; 5: Methyl (2Z,6R,8S)-4, 6-diethyl-3, 6-epoxy-8-

methyldodeca-2,4-dienoate; 6; Methyl (2Z,6R,8R,9E)-3,6-

epoxy-4,6,8-triethyl-2,4,9-dodecatrienocate; 7. Methyl (2Z,
6R,89)-3,6-epoxy-4,6,8-triethyldodeca-2, 4-dienoate
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2.1 b 1esHhire LELhHh (CH.CL),
100 B B e 5% @, [olD +25.7° (¢ 0. 05,
CHCl), 7E' HNMR &, BoR 5 MHEAGE S
1.21 (3H, s).1.35 (3H, s).1.42 (3H, s).1.56
(3H, s).1.61 (3H, s), — Bt ¥ 155 3. 69
(1H, dd, J = 4.2, 12.2 H2), /\Jafﬁm T155
5.65 (1H, brs), —MH K55 8. 22 (1H., d,
J = 12.4 Hz, CHO)/5.76 (1H, d, J = 12.4 Hz,
NH); 7" CNMR il DEPT 3% /1, 5% — A4~ H ik i

HAEE(162.8), 5 NH 3L, 6 N HFEE, 5 P H
R4 ANBWRAES . 55— P A3 A A s
F(55.2), — M EAWRN S (65.2), — A ZHRE

WAs 5 (129. 6, 128. 0) FIH A~ 1 A B0k 5 (75. 2,
76.0). BAfE S HE W . HNMR (400 MHz,
CDCLy) A Sk 1.21 (3H, s, H;-18), 1. 35
(3H, s, H,-17), 1. 42 (3H, s, H,-16), 1. 56
(3H, s, H;-20), 1. 61 (3H, s, H,-19), 3. 69
(1H, dd, J = 4.2, 12.2 Hz, H-14), 5.65 (1H,
brs, H-5), 8.22 (1H, d, J = 12.4 Hz, CHO),
5.76 (1H, d, J = 12.4 Hz, NH), 1.5~2.5 &
Z%; "CNMR (100 MHz, CDCl,) &2 54 fd . 45.9
(C-1), 19.1 (C-2), 30.6 (C-3), 129. 6 (C4),
128.0 (C-5), 35.0 (C-6), 50.8 (C-7), 22.5 (C-
8), 32.7 (C-9), 55.2 (C-10), 76.0 (C-11), 37.0
(C-12), 27.5 (C-13), 65.2 (C-14), 75.2 (C-15),
22.8 (C-16), 30.5 (C-17), 21.0 (C-18), 23.2 (C-
19), 27.2 (C-20), 162. 8 (10-NHCHO), DI ¥
¥ 52 2% SR X BROE AR — 3, etk A 1l
kalihinene X,

2.2 fbwm2estikE JLEs s (CH.CL),
L0 & R - R @ % (0, [o]p +11.3° (¢ 0. 05,
CHCL), 7£' HNMR %, &R 5 AHRAHFS
1.21 (3H, $).1.35 (3H, s).1.42 (3H, s).1. 61
(3H, $).1.65 (3H, &), — M EAE TES 3.71
(1H. dd, J] = 3.0, 12.5 Ho), — M EEARFES
6.34 (1H, brs) , —MH Btz & {55 8. 27 (1H, d,
J =12.5 Hz, CHO)/5.61 (1H, d, J = 12.5 Hz,
NH), &% HJE W F: "HNMR (500 MHz,
CDCL) A Sk 1.21 (3H, s, H,-18), 1. 35
(3H, s, H,-17), 1. 42 (3H, s. H;-16), 1. 61
(3H, s, H,-20), 1. 65 (3H, s, H;-19), 3. 71
(1H, dd, J = 3.0, 12.5 Hz, H-14), 6. 34 (1H,

brs, H-5), 8. 27 (1H, d, J = 12.5 Hz, CHO),
5.61 (1H, d, J = 12.5 Hz, NH), 1.5~2.5 &
. Ul BB S22 S0k R IR AR — 2, o e
&%) 2 N kalihinene Y,

2.3 feHm3wEmER JTLELH(CHCL),

TONFH MR B LM, (o) +11.6° (¢ 0. 05,
CHCly) ., 7E' HNMR &, BR 5 MR EAGS

1.23 (3H, s).1.34 (3H, s).1.42 (3H, s).1.43
(3H, ).1. 61 (3H, &), =N HEAF FIFS 3. 95
(1H, t, J = 4.5 Ho), — P HEEA R {55 5. 67
(1H, brs), —MHEEEEFS 8.23 (1H, d, J =
12.5 Hz, CHO)/5.68 (1H, m, NH); 7E" CNMR
M DEPT 3 b, 87—~ ik e 3 A 15 2 (162. 8)
5L, 6 NI, 5 ANKF LR 4 A FRIE S,
AL 4G — > 7 F R 3 T ) B A5 5 (56. T L — N iE R
efs 5 (64, 6D, — A~ = BUCAR 4 e 5 5 (130. 3,
128. O M A A F (5 5 (73. 8, 76. 00, AM
2 HJE W ' HNMR (400 MHz, CDCL,) % 3 54
f/: 1.23 (3H, s, H,-18), 1.34 (3H, s, H,-17),
1.42 (3H, s, H,-16), 1.43 (3H, s, H,-20), 1.61
(3H. s, H;-19), 3.95 (1H, t, J = 4.5, H-14),
5.67 (1H, brs, H-5), 8.23 (1H, d, J = 12.5
Hz, CHO), 5. 68 (1H, m), 1.5~2.5 & 24,
CNMR (100 MHz, CDCly) Jz 5 F#yfd . 45.8 (C-
1), 19.5 (C-2), 30.6 (C-3), 130.3 (C-4), 128.0
(C-5), 35.1 (C-6), 48.6 (C-7), 22.9 (C-8), 33.5
(C-9), 56.7 (C-10), 76.0 (C-11), 29.2 (C-12),
25.7 (C-13), 64.6 (C-14), 73.8 (C-15), 23.8 (C-
16), 29.3 (C-17), 23.2 (C-18), 23.2 (C-19), 27.2
(C-20), 162. 8 (10-NHCHO), DL ¥ 5% % X
TR0 B A — 3K, o e k&4 3 A kalihinene Z,
2.4 e mangEHmiEx Tk (CH,CL),
10% 7 BB R B % (0, [« +23.8° (¢ 0. 05,
CHCL) ."HNMR i H, 7R 4 A~ 3% 78 i ik b Ay i
HAES1.14 3H, t, J = 7.0 Hz).0. 95 (3H, t,
J = 7.2 Hz).0.81 (3H, t, ] = 7.5 Hz).0. 80
(3H. t, J] = 7.5 Hzo), 3 MHEAR T 1545 6. 82
(1H, t, ] = 1.5 Hz).5.25 (1H, dt, J = 6.5,
15.0 Hz).5.02 (1H, dd, J = 8.5, 10.5 Hz2), &
=EHE W F . HNMR (500 MHz, CDCL,) 6. 82
(1H, t, J = 1.5 Hz, H-3), 5.25 (1H, dt, | =
6.5, 15.0 Hz, H-8), 5.02 (1H, dd, J = 8.5,
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10.5 Hz, H-7), 1.14 (3H, t, J = 7.0, H,-10),
0.95 (3H, t, J = 7.2Hz, H,-12), 0. 81 (3H, t,
J = 7.5 Hz, H,-14), 0.80 (3H, t, J = 7.5Hz,
H;-16) . Dk -8 522 SCHRY S 5t BRI A — 30, ik
WA 4 K (R)-3,5-diethyl-5-[ (S, E)-2-ethyl-
hex-3-en-1-yl [furan-2(5H)-one,

2.5 by Ssesmib e KOk (CH.CL),
10207 R B R % 0, [o]b +175.6° (c 0. 05,
CHCL) . fE'HNMR i rp, SR 3 N i&E7E ik b
HI S {52 0.87 (3H, t, J = 7.5 Hz) .1.17 (3H,
t, ] = 7.5 H2).0.79 (3H, t, ] = 6.0 Hz), —4*
AU A H S E S 0,88 (3H, d, J = 4.0
Hz), 1 NELES I F P A E S 3.69 (3H, s),
W EEFEFES 4.83 (1H, s).6.22 (1H, brs),
SEEHEWF ' HNMR (500 MHz, CDCI,) 4. 83
(1H. s, H2), 6.22 (1H, brs, H5), 1.68 (1H,
m, H-7), 1.28 (1H, m, H-8), 1.22 (1H, m, H-
10), 1.22 (1H, m, H-11), 0.87 (3H, t. J = 7.5
Hz, H,-12), 2.19 (1H, dd, J = 1.5, 7.5 Hz, H-
13), 1.17 (3H, t, J = 7.5 Hz, H,-14), 1. 86
(1H, m, H-15), 0.79 (3H, t, J = 6.0 Hz, H,-
16), 0.88 (3H, d, J = 4.0 Hz, H,-17), 3. 69
(3H, s, H;-18), i B8R 5225 S0k xf f gk A
— 3, BEEESY 5 methyl (2Z,6R,85)-4, 6-
diethyl-3,6-epoxy-8-methyldodeca-2,4-dienoate,
2.6 b6 wm%E LAk (CH.CL),
1020 F B IR % 6, [o]b +178.6° (¢ 0. 05,
CHCL). 72" HNMR g, w4 A3 A2 ik 11
FESES 0.95 (3H, t, J = 7.0).,0.78 (3H, t,
J =7.5Hz).0.77 (3H, t, ] = 7.2 Hz).1. 15
(3H, t, ] = 7.5 Ha), 1 LI EIH LA
23,69 (3H, &) fl 4 MEEFE {55 4.80 (1H, d,
J = 0.6 Hz).6.18 (1H, brs).5.03 (1H, dd, J =
15.5, 8.0 Hz).5.23 (dt, J = 15.5, 6.5, 6.0
Hz). & 15 % B J8 W F: '"HNMR (500 MHz,
CDCly) 4. 80 (1H, d, J = 0.6 Hz, H-2), 6. 18
(1H, brs, H5), 1.76(1H, m, H-7a), 1.91 (1H,
m, H-7b), 1. 77 (1H, m, H-8), 5.03 (1H, dd,
J =15.5, 8.0 Hz, H9), 5.23 (dt, J = 15.5,
6.5, 6.0 Hz, H-10), 1.98 (1H, m, H-11), 0. 95
(3H, t, ] = 7.0, H;-12), 2.13 (1H, m, H-13),
0.77 (3H, t, ] = 7.2 Hz, H,-16), 1.74 (1H, m,

H-15a), 1. 83 (1H, m, H-15b), 0. 78 (3H, t,
J = 7.5 Hz, H;-18), 1. 14 (1H, m, H-17a),
1.36 (1H, m, H-17b), 1.15 (3H, t, J = 7.5 Hz,
H,-14), 3.69 (3H, s, H,-19), L F¥IR 5% %3
BRET 6 R SR AR — B, W E LA W) 6 A methyl
(2Z2,6R, 8R, 9E)-3, 6-epoxy-4, 6, 8-triethyl-2, 4, 9-
dodecatrienoate,

2.7 Wby TesEMmER  LEMIRCHCL),
100 B iR B % 6, (o) +170.4° (¢ 0. 05,
CHCL) ., 7E'HNMR &, WoRs 4 @R E Y
LA (5 %2 0.87 (3H, t, J = 7.0 Hz).1. 14 (3H,
t, ] = 7.5 Hz).0.79 (3H, t, ] = 7.5 Hz).0. 80
(3H, t, ] = 7.5 Hz) , —PMIEAEBRKE EHREEE
5 3.68 (BH, &) MM MG A F15%5 4. 81 (1H,
$).6.21 (1H, &), 7E/L G CNMR F1 DEPT
PEH R 5 N RS 14, 1.12.1.8.1.10. 6.,
50.5, PiXF 3 BRI Bk {E 5 83. 7.171. 7,140. 1,
139, 8 Fl— A~ He ik {5 5 166. 9. A5 5 08 W
F:'"HNMR (500 MHz, CDCl,) 4.81 (1H, s, H-
2), 6.21 (1H, s, H5), 1.60 (1H, dd, J = 14.5
Hz, 5.0 Hz, H7a), 1.80 (1H, m, H-7b), 1. 23
(1H., m, H8), 1.12 (1H, m, H-9), 1.17 (1H,
m, H-10), 1.28 (1H, m, H-11), 0.87 (3H, t,
J = 7.0 Hz, H,-12), 2. 18 (1H, ddd, J = 1.5,
7.5, 15.5 Hz, H-13), 1.14 (3H, t, ] = 7.5 Hz,
H,-14), 1.73 (1H, m, H-15a), 1.86 (1H, m, H-
15b), 0.79 (3H, t, ] = 7.5 Hz, H;-16), 1. 18
(1H, m, H-17), 0.80 (3H, t, J] = 7.5 Hz, H,-
18), 3.68 (3H, s, H;-19); "CNMR (125 MHz,
CDCly) 166.9 (C-1), 83.7 (C-2), 171.7 (C-3),
140.1 (C-4), 139.8 (C-5), 98.1 (C-6), 41.7 (C-
7), 27.1 (C-8), 34.4 (C-9), 29.0 (C-10), 23.0
(C-11), 14.1 (C-12), 18.6 (C-13), 12.1 (C-14),
31.7 (C-15), 8.1 (C-16), 34.3 (C-17), 10.6 (C-
18), 50.5 (C-19), DL F%diE 52 2% SClikt ™ X B 3%
A~ —3, WifiE S 7 4 methyl (2Z,6R,89)-3,
6-epoxy-4,6,8-triethyldodeca-2 ,4-dienoate,

3 W it

ASBIF T R H ] T R A T i 2R A
3 ALY 4~T FE IR Acanthella J& W4  5r
BRI RIS
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Acanthella J& 45 1) F 2 AL 7 03 2 5 A I8
B S TR T T Tt M 5 A AT ) £ F i R i 2R Ak
EWALE Y 1~3 X EEAE 4 B Balanus amphitrite
B RBUGHEEEC 435124 0.49.0. 45 F1 1.1 pg/
mL® ;s % HCT-116, A549, HeLa, QGY-7701 #i
MDA-MB-231 4 i bk . 75 o 55 40 i 55 05 L 1G5, 9
2 6~18 pmol/L7 , BZ5 LG 36 1 & & 7 1
kalihinol 28465 ¥y 19 SCHK . 2 B 14-CL 5 1Y AH XS
Fo B AT C-12 f L2 (0 B M, 2 C-12 f k2%
fiF8 0y 28~33 IWF 14-Cl Ak T2 |, 24 C-12 iy fk
PRGN 3T ~40 Wf 14-CLAL FREHE | XA G v 4B
13758 UL (y-gauche effect) o RIJ7E LI 35 H 2547 52
RIEPTLE TR G IE 22 xb v (2 C 7= A 8. il
WAL =R TR 4~5, I FI b &9 11 CLR 7
AbTFRERE AL A9 3 19 CLE 740 F S8, AWk
FREWRKRILEHRWEMAEY, £ 5 7% b5
WA ™ Wy 1 Z A1 fEfb e o 26 B B AT BOR
(8 S M2 L3 T AR U 400 A 2 By A AL o+ 1) A
SEMEA ik — 205

4 FEHR
[T VR P AR SO 8 BAT AR £ o 5%
[Z % X Wk
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