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Abstract: Objective To investigate the terpene-type chemical constituents and bioactivities of soft coral Sinularia sp. collected
from South China Sea. Methods The isolation and purification of these compounds were performed by thin-layer chromatography,
silica gel column chromatography, Sephadex LH-20 column chromatography and semi-preparative HPLC. Their structures were
characterized by analysis of NMR and MS data and comparison with the data reported in literature. Results Fifteen known
compounds with diverse skeletons were isolated from the soft coral Sinularia sp., including five sesquiterpenes:
1B-hydroxy-4(15),5E,10(14)-germacratriene (1), (7R")-opposit-4(15)-ene-1p,7-diol (2), 15-hydroxy-a-cadinol (3), nephalbidol (4),
isodauc-6-ene-10p,14-diol (5); one monoterpene: pubinernoid A (6); eight norditerpenoids: norcembrene 5 (7), norcembrenolide 2
(8), sinularcasbane O (9), scabrolide D (10), 5-epi-sinuleptolide (11), sinuleptolide (12), ineleganolide (13), yonarolide (14); one
diterpenoid: dihydrosinularin (15). Conclusion Compounds 3 and 6 are isolated from the family Alcyoniidae for the first time,
while compounds 1, 2 and 5 are isolated from the genus Sinularia for the first time. Among them, sesquiterpenes 1—35 possessed five

different skeletons including germacrane, oppositane, cadinane, guaiane and isodaucane; Monoterpene 6 was a rare anti-Bredt
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bridgehead bicycloalkene; Norditerpenoids 7—14 belonged to three different carbon frameworks including norcembrane, inelegane

and yonarane; diterpene 15 is a cembranoid. In the bioassays, compounds 1—6 did not exhibit potent cytotoxicity against A549,

HT-29, SNU-398 and Capan-1 cell lines, and compounds 7—15 showed no significant inhibitory activity against acetyl-CoA

carboxylase and ATP citrate lyase.

Key words: Sinularia sp.; sesquiterpenes; norditerpenoids; cytotoxicity; acetyl CoA carboxylasel; ATP citrate lyase
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Fig. 1 Chemical structures of compounds 1—15



* 1372 ¢

FED 20236E38 B54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

6 NE XM EIM BRI B2, 1. 2 M1 S
RNERNFLR BB oy B4 2], [FR, PR T
AP NI AS49 4. AN 453 HT-29 4
M N SNU-398 4 it A A iR Capan-1 2 i
1) 240 e 25 3 1 A 0 T A 25 DA DG 1) Bk Al A
R 1 Cacetyl-CoA carboxylase, ACC1) 5 ATP-
IR ZLAARES (ATP citrate lyase, ACL) B
WP
1 UFE5MH

Bruker DRX-400 MAZMEALHRIC (45 Bruker
A F]); Finnigan-MAT-95 & i 3#4% (3£[E Finnigan
/N F] D) Perkin-Elmer 241MC B jig 6 (&
Perkin-Elmer A &) ); Shimadzu LC-6AD Y| 2% ¥k #H
B CHA B EHIVENT): Shimadzu SPD-20A %Y
SAMGM G CH A HHIVERTD: Sephadex LH-20
HEBE CHis 4 Amersham Biosciences A &) ); i
J& (200~300. 300~400 H, FH & THRA
A]D; GFase WZ BIERERR CRETLARERIFKE
FRAFD; Bk FEE. L5 N DIKMA IR A A =
ais AN A A al, T B E 254 B
RAARAA

SEESAPEHT 2017 45 5 2R B 0w i PU TR i
W, REESLRIAURER . B BB B
BIF 50 B ) 58 R BF 9 03 45 0 R AR I Sinularia
sp.. FESWFRAS (17-XD-55) A7 T E R B
LW 5T IR SR 2 5T R SR
2 RESENE

PRI BON (FRiE 315 o I, ZE| T
FH VR BEE PP A 3 1k, $EEUR R 4 B T 500
mL KA, o i SRR SRR IE T RE % AR 3
U, AR A HUAE ZE OGR4 70l el s 2808 5 79 1) B A8
B CERAIRE (10.0 @) AR ERIE T BEARR B
(53¢

LT AR B e i R A R, A - £ Tk
(98 : 2—90 : 10—80 : 20—70 : 30—60 : 40—50 :
500 BRREEDEML, 43N T AN A~G. W C &t
AR, FihEE- 2.8k (90 © 10) ZEFEVER, HEL
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D, EERREEE (200~300 H, Ailif#- 26 80 :
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Sephadex LH-20 #EfAE RS Cfyig-— & be-H
B2 010 Dy RN (200~300 H, & H k-
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SRERAR R, & - LlE (50 1500 ZEFEVEM
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mg, ®r=21.7 min). W% F5 KIRERERAE
(200~300 H, & HLE-FHE 90 0 100 A%
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AR (200~300 H ), 5 F k- HEE (90 ©
10) SFEPEBAFRLE 4 NMEHS) Gl~G4. WAy
G1 Z2F#& HPLC (HEE-/K 85 © 15) Pl 314t
&7 (5.1 mg, ®k=4.2min). WA G2 Fe/a&ht
fepk it (200~300 H, & HGE-HEE 70 0 300
A % HPLC(ZJE-/K 38 @ 62) 15 FIL &%) 8(5.4
mg, &®R=18.2 min) 9 (5.1 mg, ®x=19.4 min).
WA G3 RIRGERERAERE (200~300 H, —4&
F - HIEE 60 & 40) A4 HPLC (ZJi-7K 50 :
50) WeMERLAY 10 (92 mg, ®=11.2min) Fl
15 (24 mg, ®R=13.4min). W4 G4 SLLHERFE
3% (200~300 H, —SHke-20k 851 15) 1533
tEY 13 (4.3 mg) FfFAitbd 7, Bl %
HPLC (HfE-7K 50 © 50) 22LEY 14 (1.2 mg,
r=10.4 min).
3 HHkE

EW 1. BEHRY: [a]d -30.0 (¢ 0.06,
CHCl;); EI-MS m/z 220 [M]*; 'H NMR (400 MHz,
CDCl3) &: 5.99 (1H, d, J = 15.7 Hz, H-5), 5.43 (1H,
dd, J = 10.3, 15.7 Hz, H-6), 5.27 (1H, s, H-14a), 5.00
(1H, s, H-14b), 4.92 (1H, s, H-15a) 4.84 (1H, s,
H-15b), 3.77 (1H, dd, J = 3.9, 11.9 Hz, H-1), 0.89
(3H, d, J = 6.7 Hz, H-12), 0.81 (3H, d, J = 6.8 Hz,
H-13); 13C-NMR (125 MHz, CDCls) d: 76.0 (C-1),
36.2 (C-2), 29.8 (C-3), 146.8 (C-4), 129.7 (C-5), 138.0
(C-6), 52.5 (C-7), 36.1 (C-8), 34.5 (C-9), 153.5
(C-10), 31.8 (C-11), 20.8 (C-12), 20.5 (C-13), 110.6
(C-14), 112.8 (C-15). LA %4 5 SOk 2 A —
;O MM EY 1~ 1B-hydroxy-4(15),5E,
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10(14)-germacratriene

waEY 2. LEMRY; (o] +70.4 (¢ 0.06,
CHCL3); EI-MS m/z 238 [M]*; 'H-NMR (400 MHz,
CDCls) d: 4.95 (1H, s, H-15a), 4.81 (1H, s, H-15b),
3.59 (1H, dd, J=4.7, 11.2 Hz, H-1), 3.23 (1H, brd, J =
9.8 Hz, H-7), 1.00 (3H, d, J = 6.9 Hz, H-13), 0.91 (3H,
d, J = 6.8 Hz, H-12), 0.67 (3H, s, H-14); *C-NMR
(125 MHz, CDCl3) 6: 79.0 (C-1), 31.9 (C-2), 34.9
(C-3), 148.9 (C-4), 56.4 (C-5), 39.4 (C-6), 82.7 (C-7),
26.0 (C-8), 37.3 (C-9), 49.5 (C-10), 31.3 (C-11), 20.5
(C-12), 14.7 (C-13), 12.3 (C-14), 107.6 (C-15). AL
Bl 5O iE AR — 02, WEENEY 2 A
(7R")-opposit-4(15)-ene-1p, 7-diol

& 3. LEHCIRY: [o]) -16.8 (¢ 0.16,
MeOH); EI-MS m/z 238 [M]*; 'H-NMR (400 MHz,
CDCls) 6: 5.79 (1H, brs, H-5), 3.99 (1H, d, J = 13.2
Hz, H-15a), 3.96 (1H, d, J = 13.2 Hz, H-15b), 1.12
(3H, s, H-14), 0.92 (3H, d, J = 6.9 Hz, H-12), 0.78
(3H, d, J = 6.9 Hz, H-13); '*C-NMR (125 MHz,
CDCls) &: 50.4 (C-1), 22.1 (C-2), 26.6 (C-3), 138.4
(C-4), 123.8 (C-5), 39.8 (C-6), 46.6 (C-7), 22.1 (C-8),
42.3 (C-9), 72.5 (C-10), 25.9 (C-11), 15.3 (C-12), 21.6
(C-13), 20.8 (C-14), 67.5 (C-15). L% 5 Cikdi
A -, MEENED 3 A 15-
hydroxy-a-cadinol.

wEW 4. LEMRY: [o]) -11.0 (¢ 0.10,
CHCL3); EI-MS m/z 238 [M]"; 'H-NMR (400 MHz,
CDCls) 6: 5.50 (1H, brd, J = 5.0 Hz, H-5), 1.27 (3H, s,
H-14), 1.21 (3H, s, H-15), 0.99 (3H, d, J = 6.7 Hz,
H-12),0.97 (3H, d, J = 6.7 Hz, H-13); '3C-NMR (125
MHz, CDCl3) §: 21.5 (C-1), 40.5 (C-2), 80.2 (C-3),
50.3 (C-4), 121.3 (C-5), 149.6 (C-6), 25.3 (C-7), 42.6
(C-8), 75.3 (C-9), 50.7 (C-10), 37.3 (C-11), 21.1
(C-12), 21.3 (C-13), 21.4 (C-14), 22.5 (C-15). P ik
WA S SRR IE AR B, EEEY 4R
nephalbidol.

&Y 5. BEMCIRY; o]y +11.9 (¢ 0.05,
MeOH); EI-MS m/z 238 [M]*; 'H-NMR (400 MHz,
CDCls) d: 5.76 (1H, d, J = 6.7 Hz, H-6), 4.06 (2H, s,
H-14), 3.40 (1H, dd, J = 1.8, 11.0 Hz, H-10), 0.91
(3H, d, J = 6.0 Hz, H-12), 0.89 (3H, d, J = 6.0 Hz,
H-13), 0.66 (3H, s, H-15); '3C-NMR (125 MHz,
CDCls) d: 48.5 (C-1), 39.0 (C-2), 27.1 (C-3), 47.5

(C-4), 44.5 (C-5), 127.0 (C-6), 139.1 (C-7), 25.5
(C-8), 29.3 (C-9), 83.7 (C-10), 29.3 (C-11), 23.7
(C-12), 20.2 (C-13), 68.2 (C-14), 14.0 (C-15). LA Lk
WEHE S SR E S A Y, BB S oA
isodauc-6-ene-10p,14-diol.

WEY 6: LEMRY; [aly +12.9 (¢ 0.05,
MeOH); EI-MS m/z 196 [M]*; 'H-NMR (400 MHz,
CDCl3) d: 5.69 (1H, s, H-6), 4.35 (1H, m, H-2), 1.78
(3H, s, H-11), 1.47 (3H, s, H-9), 1.28 (3H, s, H-10);
BC.NMR (125 MHz, CDCL) §: 47.5 (C-1), 66.8
(C-2), 45.7 (C-3), 86.5 (C-4), 183.2 (C-5), 113.0
(C-6), 171.6 (C-7), 35.9 (C-8), 26.5 (C-9), 30.5
(C-10), 27.0 (C-11)o A by &ds 5 SC ki i Fe A
—Fglel, YA Y) 6 4 pubinernoid A .

B 7: AEREE; [aly-57.7 (c 0.50, CHCl);
EI-MS m/z 362 [M]*; '"H-NMR (400 MHz, CDCl;) ¢:
6.75 (1H, t, J = 7.7 Hz, H-13), 4.95 (1H, s, H-16a),
471 (1H, s, H-16b), 4.41 (1H, dd, J = 3.5, 9.4 Hz,
H-5), 3.72 (3H, s, H-20), 1.79 (3H, s, H-17), 1.37 (3H,
s, H-18); BC-NMR (125 MHz, CDCls) : 39.6 (C-1),
45.8 (C-2), 206.9 (C-3), 45.6 (C-4), 75.9 (C-5), 215.1
(C-6), 45.8 (C-7), 80.5 (C-8), 49.6 (C-9), 206.4
(C-10), 44.9 (C-11), 128.2 (C-12), 140.3 (C-13), 29.1
(C-14), 144.9 (C-15), 112.2 (C-16), 22.0 (C-17), 28.9
(C-18), 167.7 (C-19), 52.1 (C-20). DL L% 5
AR FEAR— 3517, Y55 A 7 N norcembrene 5.

AW 8: A EREA; [aly-31.0 (¢ 0.05, CHCLy);
EI-MS m/z 332 [M]"; 'H-NMR (400 MHz, CDCl;) ¢:
7.22 (1H, s, H-11), 5.13 (1H, s, H-10), 4.81 (1H, s,
H-16a), 4.68 (1H, s, H-16b), 4.15 (1H, dd, J= 3.5, 8.4
Hz, H-5), 1.66 (3H, s, H-17), 1.32 (3H, s, H-18);
BC.NMR (125 MHz, CDCL) §: 43.2 (C-1), 40.9
(C-2), 207.9 (C-3), 46.8 (C-4), 74.8 (C-5), 212.9
(C-6), 48.3 (C-7), 78.8 (C-8), 45.7 (C-9), 78.4 (C-10),
150.8 (C-11), 131.3 (C-12), 20.9 (C-13), 27.7 (C-14),
145.9 (C-15), 113.2 (C-16), 18.2 (C-17), 25.4
(C-18), 174.2 (C-19). LA by vl $ 5 5 SCiik #f 8 5
AK—g17, %K5e21hE%) 8 4 norcembrenolide 2.

&Y 9: A [a]l) +29.5 (¢ 0.50,
CHCl;); EI-MS m/z 332 [M]*; 'H-NMR (400 MHz,
CDCls) d: 7.22 (1H, s, H-11), 5.17 (1H, s, H-10), 4.87
(1H, s, H-16a), 4.74 (1H, s, H-16b), 4.46 (1H, dd, J =
2.0, 11.0 Hz, H-5), 1.66 (3H, s, H-17), 1.34 (3H, s,
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H-18); BC-NMR (125 MHz, CDCl;) §: 38.9 (C-1),
41.8 (C-2), 208.6 (C-3), 50.3 (C-4), 77.8 (C-5), 212.7
(C-6), 51.3 (C-7), 79.5 (C-8), 44.2 (C-9), 79.1 (C-10),
151.8 (C-11), 131.3 (C-12), 20.2 (C-13), 29.3 (C-14),
145.5 (C-15), 113.2 (C-16), 18.5 (C-17), 28.0 (C-18),
174.5 (C-19). DA 93 5 ko HA —20),
KB AW 9 N sinularcasbane O

&Y 10 BEREE: [a]) -58.3 (¢ 0.24,
CHCl;); EI-MS m/z 348 [M]*; 'H-NMR (400 MHz,
CDCLs) 0: 4.93 (1H, s, H-16a), 4.86 (1H, s, H-16b),
4.74 (1H, t, J = 6.0 Hz, H-10), 4.19 (1H, dd, J = 4.0,
5.6 Hz, H-5), 3.95 (1H, s, H-11), 1.68 (3H, s, H-17),
1.46 (3H, s, H-18); BC-NMR (125 MHz, CDCl;) ¢:
40.8 (C-1), 48.2 (C-2), 207.6 (C-3), 44.8 (C-4), 75.0
(C-5), 213.8 (C-6), 49.4 (C-7), 79.1 (C-8), 42.4(C-9),
75.9 (C-10), 62.7 (C-11), 60.7 (C-12), 21.3 (C-13),
26.4 (C-14), 145.8 (C-15), 112.7 (C-16), 18.7 (C-17),
25.6 (C-18), 174.0 (C-19). LAy it ¥ 5 ki 18
A —F09, %2044 10 A scabrolide D.

&Y 1 TR ARCHED; [a]y +12.5 (¢ 0.30,
CHCl;); EI-MS: m/z 348 [M]"; 'H-NMR (400 MHz,
CDCls): 01 6.46 (1H, dd, J= 4.8, 10.8 Hz, H-13), 4.87
(1H, s, H-16a), 4.80 (1H, s, H-16b), 4.63 (1H, d, J =
7.6 Hz, H-10), 4.60 (1H, s, H-11), 427 (1H, dd, J =
2.5, 8.8 Hz, H-5), 1.82 (3H, s, H-17), 1.46 (3H, s,
H-18); BC-NMR (125 MHz, CDCl;) §: 39.8 (C-1),
42.5 (C-2), 205.6 (C-3), 46.2 (C-4), 75.1 (C-5), 214.6
(C-6), 51.5 (C-7), 79.4 (C-8), 43.4 (C-9), 83.4 (C-10),
75.2 (C-11), 132.6 (C-12), 145.3 (C-13), 28.6 (C-14),
147.4 (C-15), 110.6 (C-16), 21.8 (C-17), 26.6 (C-18),
168.6 (C-19). LA it 55 SOk J A — 720,
BN EY 11 K 5-epi-sinuleptolide

&) 12: TTESEAE CRED; [o])-67.9 (¢ 0.30,
CHCl;); EI-MS m/z 348 [M]*; 'H-NMR (400 MHz,
CDCl3) ¢: 6.52 (1H, dd, J = 6.0, 10.8 Hz, H-13), 4.85
(1H, s, H-16a), 4.79 (1H, s, H-16b), 4.66 (1H, d, J =
6.8 Hz, H-10), 4.60 (1H, s, H-11), 4.39 (1H, dd, J =
3.1, 9.9 Hz, H-5), 1.82 (3H, s, H-17), 1.48 (3H, s,
H-18); '3C-NMR (125 MHz, CDCL) d: 41.8 (C-1),
48.1 (C-2), 208.3 (C-3), 44.7 (C-4), 76.9 (C-5), 213.1
(C-6), 52.0 (C-7), 79.5 (C-8), 42.4 (C-9), 83.9 (C-10),
75.6 (C-11), 131.8 (C-12), 145.4 (C-13), 31.6
(C-14), 148.0 (C-15), 110.5 (C-16), 21.2 (C-17),

29.6 (C-18), 169.1 (C-19). LA Ly it H ¥ 5 Crik i
T8 e A — (720210, g A1) 12 24 sinuleptolide.

EP13: TR E; [a]y +39.0 (c 0.40,
CHCl;); EI-MS m/z 330 [M]*; 'H-NMR (400 MHz,
CDCls) d: 5.12 (1H, t, J = 7.4 Hz, H-10), 5.07 (1H, s,
H-5), 4.94 (1H, s, H-16a), 4.62 (1H, s, H-16b), 1.71
(3H, s, H-17), 1.28 (3H, s, H-18); 3C-NMR (125
MHz, CDCL3) d: 40.4 (C-1), 44.4 (C-2), 206.4 (C-3),
49.8 (C-4), 77.5 (C-5), 212.2 (C-6), 62.5 (C-7), 91.1
(C-8), 45.5 (C-9), 83.1 (C-10), 43.8 (C-11), 47.1
(C-12), 33.2 (C-13), 32.7 (C-14), 146.0 (C-15), 113.8
(C-16), 22.6 (C-17), 20.2 (C-18), 176.1 (C-19). PAL
BERE 5 SRR IE FE A —F2), Bk E) 13
A ineleganolide.

EY 14 BEEE: [a]) 409 (¢ 0.10,
CHCl;); EI-MS m/z 312 [M]*; 'H-NMR (400 MHz,
CDCls) d: 5.01 (1H, t, J = 4.6 Hz, H-10), 4.86 (1H, s,
H-16a), 4.83 (1H, s, H-16b), 3.95 (1H, m, H-11), 3.59
(2H, s, H-4), 3.44 (1H, d, J = 8.2 Hz, H-12), 1.82 (3H,
s, H-17), 2.09 (3H, s, H-18); 3C-NMR (125 MHz,
CDCls) &: 41.4 (C-1), 47.1 (C-2), 207.9 (C-3), 39.6
(C-4), 1342 (C-5), 183.4 (C-6), 126.5 (C-7), 150.7
(C-8), 45.8 (C-9), 80.9 (C-10), 50.1 (C-11), 47.6
(C-12), 149.2 (C-13), 38.5 (C-14), 146.9 (C-15), 111.1
(C-16), 21.5 (C-17), 15.7 (C-18), 172.5 (C-19). LA
B 5 SRR GE A0, KRG 14
A yonarolide .

& 15 BaE; [a]) -783 (¢ 0.20,
CHCl;); EI-MS m/z 336 [M]*; 'H-NMR (400 MHz,
CDCls) 6: 5.07 (1H, t, J = 7.6 Hz, H-7), 4.02 (1H, d,
J=9.2 Hz, H-3), 2.90 (1H, t, J = 5.7 Hz, H-11), 1.80
(3H, s, H-19), 1.61 (3H, s, H-20), 1.48 (3H, s, H-18),
1.38 (3H, d, J = 7.0 Hz, H-17); 3C-NMR (125 MHz,
CDCls) 0: 37.3 (C-1), 23.4 (C-2), 31.6 (C-3), 59.4
(C-4), 63.4 (C-5), 25.8 (C-6), 36.2 (C-7), 134.1 (C-8),
126.4 (C-9), 38.6 (C-10), 35.2 (C-11), 94.1 (C-12),
74.8 (C-13), 28.1 (C-14), 42.8 (C-15), 175.2 (C-16),
17.7 (C-17), 25.6 (C-18), 15.9 (C-19), 16.9 (C-20). LA
R S SRR IE AR — B, B A 15
° dihydrosinularin.

4 EYTEMENR

SCHR B RS T A A Y T~15 IR gn i AR

. BT UAEY 1~6 HATHUMIRE
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fRie, G5REH, X 6 MEAYIIRS A549. HT-29.
SNU-398 # Capan-1 4 fifd % B A B A48
BEE.

NIRRE i A S 2 s,
DR R R T N P s L . AR B PR ) R it
85, FHE T ACCIPSIH ACLPO iG55, (HAS
S5 R A S IR I B S RO 1
5 e

FLIR UM E MK R EE R R —, A
SN T T TNt At b g = Il D P
HA—E G2 mm A EYENE, X5 AL
A MR R A R B DA SR B o ARG
] v VG B B W K R AR & Sinularia 1) — AR
BT i 42 1) S ) PR A 2 B O T R T R G 1t B
I, HAEEET 15 MEEW. E 1~5 s
KRGV, HAg BRI 5 N KAR & e 2
(germacrane ). oppositane 8, FLFA%E (cadinane ).
oA oK e M ( guaiane ) A1 R BH B O g
(isodaucane). LG4 6 77 UL I Bredt HLI XX
MR BL RS . (B T~14 FFE i, Hrp 7~
12 ME SRR R C-4 FRPEMASEAY, 13 J2 inelegane
7, 14 72 yonarane M. (LAWY 15 AP K
(cembrane) i, iX 15 MELAWIEZRFM LA
10 A, F8731E I T J4 a8 B 301 P s 248 18 2 254 1)
ZREVERSR M, AWT R — Pk 78 Bl
A Z R R A Horh, (&3 6 N E
DN BRI o 7 B A5 2, 1. 2 /05 9 ik
METHE B P b o S A5 3 . A s A &
8~12 HBRIE S, KIAEY 8. 10 A1 11 1 C-5
A C-18 A= /N A& 9 A 12 [), ZE{HAE 6
2~3, Gl EA R B E R BT C-5 WA
G| . X — R AR SCRRRGE 1 B A
YL BT & 1270,
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