- 536 - 2% %4 Acta Pharmaceutica Sinica 2026, 61(2): 536-541
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(1. WAL b oK 22 2B, K =M a ) 25 B A G55 oG, #7EE BTl 310014; 2. HH & H 25606 L 4R 44 s2 ik 5/
R RIR I () WS TR, IR G 264117)

WEE: g5Gis 2 Ol R IEA AR BT )\ e B ek e S A AT B AT VBT (Sephadex LH-20) A1 24T & AU
TS (HPLC) 45 2 Fh 73 B3R KR B o [ 7 i = V. 76 ¥ 15 PR e 320 1) 9 48 B3 Simularia sp. AL 5 53 BEAT
o385, IR A% G (NMR) BT (MS) 2041 (IR) LK B 740 2 1 5548 75 0 52 AL & WP T G5 R AN S AR A 7R . K
ZSE R O B AR R T 6 MLEY, 43 B4 BN (BR,6S5)-3-((R)-sec-butyl)-6-isopropylmorpholine-2,5-dione (1)~
oculatolide (2). octahydro-4-hydroxy-3R-methyl-7-methylene-R- (1-methylethyl) -1H-indene-1-methanol (3). ent-4(15) -
eudesmene-18,6a-diol (4). 5-epi-eudesm-4(15)-ene-14,64-diol (5). ergosterol peroxide (6). FL ', tLA ¥ 1 1 i ik
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0.03 mmol-L") H.xF A A /) 290 1 Jifi ik 240 D (A549) N S5 B Ji i 40 . (HT-29) A 8258 508 53 1%, 1C,, 70 7l
17.27 £2.32#114.14 £ 0.72 mmol-L"
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Abstract: The chemical constituents of the soft coral Sinularia sp. collected off Ximao Island in the South China
Sea were isolated by comprehensively utilizing various separation techniques such as thin-layer chromatography,
silica gel column chromatography, octadecylsilane reverse phase column chromatography, Sephadex LH-20 column
chromatography, and high-performance liquid chromatography (HPLC). The planar structure and stereochemistry
of the isolated compounds were determined by nuclear magnetic resonance (NMR), mass spectrometry (MS),
infrared spectroscopy (IR), and quantum chemical calculations. Six compounds were isolated from the titled soft
coral and identified as (3R,6S5)-3-((R)-sec-butyl)-6-isopropylmorpholine-2,5-dione (1), oculatolide (2), octahydro-
4-hydroxy-3R-methyl-7-methylene-R- (1-methylethyl)-1H-indene-1-methanol (3), ent-4(15)-eudesmene-14,6a-diol
(4), 5-epi-eudesm-4(15)-ene-14,6f-diol (5), and ergosterol peroxide (6), respectively. Among them, compound 1
was characterized as a new morpholine derivative, and compounds 3 -5 were isolated for the first time from
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this genus of soft corals. In terms of biological activity, compounds 1-6 underwent screening for antibacterial,

anti-inflammatory, and anti-cancer activities, compounds 2 and 6 exhibited significant and broad-spectrum

antimicrobial activity, while compound 2 also showed potent anti-inflammatory (IC,, = 5 + 0.03 mmol-L") and

strong anti-proliferative activity against human non-small cell lung cancer cells (A549) and human colorectal
adenocarcinoma cells (HT-29) with IC,, values of 17.27 +2.32 and 14.14 + 0.72 mmol-L", respectively.
Key words: Sinularia; chemical constituent; morpholine; antibacteria activity; anti-inflammatory activity;

anti-cancer activity
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Figure 1 Chemical structures of compounds 1-6
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Table 1 'H (600 MHz) and C (150 MHz) NMR data for

compound 1 in CDCl,

No. o, mult. (J in Hz) O

2 - 167.7C

3 4.52.dd (10.1,9.1) 58.3 CH

4 2.05s -

5 - 168.7C

6 5.17.d (6.8) 80.5 CH

7 1.81 ov (12.6, 4.8) 373 CH

8 1.62-1.59, m 25.5CH,

1.26 t(7.1)

9 0.96 t(7.4) 10.7 CH,
10 1.05d (6.8) 15.5 CH,
11 2.16, m 30.9CH
12 1.02 dd (6.8, 1.8) 18.6 CH,
13 1.02 dd (6.8, 1.8) 18.1 CH,
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Figure 2 Key 'H-'H COSY, HMBC and NOESY correlations
(A) and proposed possible biosynthesis pathway (B) of compound 1
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Figure 3 The experimental ECD spectrum and calculated ECD

curve of compound 1
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MIC {8 93.13 mmol-L"'.
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BH P 24 50 2 B 4 A549 FHT-29 41 il & (1 1C,, 40 5 N
0.35+0.077 £10.008 6 + 0.016 mmol-L™",
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Table 2 Results of activity tests of compounds 2, 3, 6 against 24 pathogenic bacteria (data shown for 17 active strains; 7 were inactive).

MIC: Minimum inhibitory concentration; Tet: Tetracycline; Oxy: Oxytetracycline; Lev: Levofloxacin; Amp: Ampicillin

. MIC/mmol-L"
Strain
2 3 6 Tet Oxy Lev Amp
Methicillin-resistant staphylococcus aureus MRSA 6.25 >100 >100 25 6.25 25 25
Vancomycin-resistant 25 >100 >100 0.18 0.39 >100 >100
Enterococcus faecium G1
Vancomycin-resistant 50 >100 >100 0.39 0.18 >100 >100
Enterococcus faecium G4
Vancomycin-resistant 25 >100 >100 0.18 0.39 >100 >100
Enterococcus faecium G7
Vancomycin-resistant 25 >100 >100 0.18 0.09 100 >100
Enterococcus faecium G8
Vancomycin-resistant 50 >100 >100 25 12.5 >100 >100
Enterococcus faecium G13
Oxytetracycline-resistant streptococcus parauberis SPOF3K 100 >100 >100 >50 25 3.12 1.56
Pseudomonas fulva ZXM181 >100 >100 50 1.56 0.39 0.04 100
Staphylococcus aureus SS119 12.5 >100 50 0.78 0.78 0.09 1.56
Enterobacter hormaechei 2R043 100 >100 >100 3.13 1.56 0.04 50
Enterobacter cloacae ZR042 100 >100 >100 6.25 1.56 0.04 50
Photobacterium damselae FP2244 6.25 >100 50 0.04 0.04 0.04 0.04
Photobacterium halotolerans LMG 22194T >100 >100 50 0.39 0.78 0.04 0.09
Streptococcus agalactiae GBS 6.25 >100 >100 1.56 1.56 6.25 3.12
Streptococcus parauberis KSP28 25 100 100 6.25 3.12 3.12 12.5
Lactococcus garvieae MP5245 100 >100 100 0.78 0.39 0.18 1.56
Aeromonas salmonicida AS42 >100 >100 3.13 12.5 0.78 0.09 >50
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Agilent G6520 Q-TOF =73 ## i HEAY, Agilent 1260 /5%
TRAH 635 43, Agilent Eclipse XDB-C18 2 ] £ 4 1% #:
(35 [ Agilent 24 @), HEZ (200~300 H, 300~400 H,
o [E L T PR A A, Sephadex LH-20 #E Jit
(%f #t Amersham Pharmacia Biotech A &), # JZ Z HTHR
G60 F-254 (F SIL KIERITF KA R AT, K5
ST € B I 700 3 5ol DR A dr s (B R R A
PR D) gl (b stid RS R . DMEM (= i)
55 7R (6125388). I 4 ILiE (FBS, B210765RP) Al i
& B (3030741) ¥ H 3 [® Gibeo 2wl ; fiE £ b
(0000189842) Al #% B M (Griess, SLCK8189) ¥y
% [ Sigma 2 7] ; PUIR K (Tet, SP524AG), 21 75 4k 2%
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1025C021) & R PUAk (Amp, 1227N031) 14 E b 50 % 36
R A RA A R B (12126745, R T A4k
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FA (P1943388) Al AL JE (P14422087) ¥ [ - i Fi]
IR F AT PR A ]

AT A BEAR T 2023 R E A T [H /e
=W PEFE B, KR 15 m Ak, SREE G LB JRN-20 °C

UKFE R RAT . G T R 2535 IR EUR 4 5€ 4 Sinularia
sp., FRA G 5 N 23-YT-81, £ i (/47 T M0 & 37 25 01 i)
2R AR S B = B 6 29SS R .
1 RIS

VP VR R AT B (28 920 g) BUHY, Ah 1% 5 il
T, PIBA R A 2 E 3 R, H & TLC SR o B 355,
JEWR 415 B R o K 8 AR B & IF T 400 mL 78
Tk, SRR AR R AT 2R, IR B R T,
13 B AR, IR R 4613 3 CBERIRE (50 g)o

LTk AR B IR 43 35 0 T & 1 iR (300~400 H)
SE A IR R R VRAE B 5 A B AT, T A R - TR £ B
& 2 (100 1—80: 1—40: 120 1—10: 1—1:1—1:5)
M S - ER R (411020 14 IS FE47 865
Belbt, 15 2 B ACE] S 1) 104N 58 (A~T).

H 9 G 43T Sephadex LH-20 #t B¢ 4 2 ¥7, 1 ¥
fik— G - R (2010 1) VRN TSI AR 25 B i, 19
F| GA~GE 1L/ 1 4, GC 4 2 il % HPLC %5 J% ¥
JiE, e i 2% 18 65% 2 E-7K, B EIML A1 (2.7 mg,
t, =31 min),

Moy Had + )\ derk e S A A 2 AT, R - 25
TR IK AR 2 AT BR B TR B (10%—100%), 15 5]+ = &
HA~HM W18 45 . HA £ 2F i % HPLC 30% & JiF-7K
SEREVRIE, SR A4 (5.7 mg, ¢, = 22 min) FI{L &
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WA 2 A 3. HG 4 i % HPLC H 75% £ iF-7K
SRR, R A2 (4.5 mg, t, = 15 min), HL £
- i) £ HPLC P it 214 80% £ —/K BT v i, 15 2
&4 6 (0.8 mg, ¢, = 32 min).

2 HEHEE

&1 AHE R K, [a]y -41 (c 0.30, CHCL),
IR (KBr): 2 964, 2 929, 1 748, 1 659, 1 650, 1 540,
1 221 em”, 'H NMR (600 MHz, CDCl,) #1"°C NMR
(150 MHz, CDCL,) %4 . % 1, HR-ESI-MS m/z 212.127 9
[M-H] (i+518 C,H (NO, 212.128 7).

&Y 2: B EMPIR, 77508 C, H,,0,, [aly +2 (¢
0.20, CHCL,), ESI-MS: m/z 318 [M'], '"H NMR (CDCl,,
600 MHz) J,, 5.98 (1H, s), 5.87 (1H, m), 5.43~5.38 (1H,
m), 5.09 (1H, q, J = 1.3 Hz), 2.53 (1H, dtd, J = 16.6, 7.5,
1.5 Hz), 2.44~2.36 (1H, m), 2.33~2.28 (2H, m), 2.01~
1.92 (3H, m), 1.88~1.83 (1H, m), 1.62 (6H, d, J= 1.5 Hz),
1.03 (3H,5),0.94 (3H,d,J=6.9 Hz). *CNMR (150 MHz,
CDCL,) 6, 139.4 (C-1), 122.9 (C-2), 24.1 (C-3), 27.6 (C-
4), 37.7 (C-5), 39.6 (C-6), 34.6 (C-7), 35.8 (C-8), 138.9
(C-9), 121.4 (C-10), 25.3 (C-11), 27.8 (C-12), 169.1 (C-
13), 117.9 (C-14), 170.0 (C-15), 98.9 (C-16), 19.7 (C-
17), 16.1 (C-18), 26.5 (C-19), 16.4 (C-20). LA E¥E S5
SCHRUOHRAE PR HHE — 2, % 1A S A oculatolide.

WEM3: B R, 71208 C H,O0, [a]y +33 (¢
0.90, CHCL,), ESI-MS: m/z 238 [M"], '"H NMR (CDCI,,
600 MHz) 6,, 4.95 (1H, d, J = 1.8 Hz), 4.81 (1H, d, J =
2.0 Hz), 3.59 (1H, dd, J = 11.3, 4.9 Hz), 3.23 (1H, dd,
J=9.8, 2.5 Hz), 1.00 3H, d, J = 6.9 Hz), 0.91 (3H, d,
J = 6.8 Hz), 0.67 (3H, s). "C NMR (150 MHz, CDCl,)
d. 79.1 (C-1), 32.0 (C-2), 35.1 (C-3), 149.1 (C-4), 56.6
(C-5), 39.5 (C-6), 82.9 (C-7), 26.2 (C-8), 37.4 (C-9),
49.7 (C-10), 32.1 (C-11), 20.7 (C-12), 14.9 (C-13), 12.4
(C-14), 107.8 (C-15). LA F %4 5 SCik! Mk aaE (1 2
— 8, $ 2 1Z A YN octahydro-4-hydroxy-3R-methyl-
7-methylene-R-(1-methylethyl)-1H-indene-1-methanol.

a4 Bk R, 71208 C H,0,, [a]y +39 (¢
0.60, CHCL,), ESI-MS: m/z 238 [M"], '"H NMR (CDCI,,
600 MHz) 6,, 5.02 (1H, d, J = 1.8 Hz), 4.74 (1H, d, J =
1.7 Hz), 3.73 (1H, t, J = 9.9 Hz), 3.44 (1H, dd, J = 11.6,
4.7 Hz), 0.95 (3H, d, J= 7.0 Hz), 0.87 (3H, d, J= 7.0 Hz),
0.71 (3H, s)» *C NMR (150 MHz, CDCl,) d,. 79.2 (C-1),
35.2 (C-2), 32.0 (C-3), 146.2 (C-4), 55.9 (C-5), 67.3 (C-
6), 49.4 (C-7), 18.3 (C-8), 36.4 (C-9), 41.8 (C-10), 26.1
(C-11), 16.3 (C-12), 21.2 (C-13), 108.0 (C-14), 11.7 (C-
15). LA Ed 5 okt o i Bos — 8 S iz &

WM ent-4(15)-eudesmene-15,6a-diol .

Ews: kR, 7017308 C H,0,, [aly =26 (¢
0.05, CHCL,), ESI-MS: m/z 238 [M'], '"H NMR (CDCL,,
600 MHz) 6, 4.98 (1H, s), 4.83 (1H, s), 3.94 (1H, dd,
J=11.7, 48 Hz), 0.94 3H, d, J = 7.1 Hz), 0.87 3H, s),
0.84 (3H, d, J = 6.9 Hz). C NMR (150 MHz, CDCI,)
0. 68.3 (C-1), 31.2 (C-2), 29.9 (C-3), 145.6 (C-4), 61.7
(C-5), 67.3 (C-6), 49.2 (C-7), 18.2 (C-8), 34.5 (C-9), 40.2
(C-10), 26.6 (C-11), 21.1 (C-12), 16.3 (C-13), 21.5 (C-
14), 114.5 (C-15). LA #5ds 5 SCmkl 4o 1 200s — 21,
%58 U BN 5-epi-eudesm-4(15)-ene-15,64-diol »

a6 Atk R, 7013 C,H,,0,, [al -25 (¢
0.40, CHCL), ESI-MS: m/z 428 [M'], '"H NMR (CDCL,
600 MHz) ¢,, 6.60 (1H, d, J = 8.5 Hz), 6.29 (1H, d, J =
8.5 Hz), 5.43 (1H, dd, J= 6.1, 2.0 Hz), 1.09 (3H, s), 1.00
(H, d, J = 6.5 Hz), 0.91 (3H, d, J = 6.8 Hz), 0.84 (3H,
d, J = 6.8 Hz), 0.82 (3H, d, J = 6.8 Hz), 0.74 (3H, s)-
C NMR (150 MHz, CDCL) é,. 33.2 (C-1), 30.7 (C-2),
66.5 (C-3), 36.2 (C-4), 82.8 (C-5), 135.3 (C-6), 130.9 (C-
7), 78.5 (C-8), 48.3 (C-9), 38.1 (C-10), 25.7 (C-11), 40.0
(C-12), 43.7 (C-13), 51.8 (C-14), 20.8 (C-15), 28.8 (C-
16), 56.0 (C-17), 13.1 (C-18), 17.7 (C-19), 38.1 (C-20),
21.0 (C-21), 135.3 (C-22), 132.6 (C-23), 41.3 (C-24),
33.2 (C-25), 20.1 (C-26), 19.8 (C-27), 17.7 (C-28). LI
O 5 SCERURGE R BE 2L ez AN
ergosterol peroxide.

3 EEMNR

3.0 EIEM ARSI R SR ER M TR Pseu-
domonas aeruginosa ATCC10145 8 £% A% 5. }0 B Pseudo-
monas aeruginosa ZJ028 . ¥ ¥ 15 %. jl B Pseudomonas
SfulvaZXM181 . 4> 3% {6 %] %] BR 1§ Staphylococcus aureus
SS119.. ifiyf H 48 75 Ah 4= #5 €7, 75 %5 BR % methicillin-resistant
Staphylococcus aureus MRSA K ¥ & Escherichia coli
ATCC25922. 175 [ ¥F B Enterobacter cloacae ZR042
& KW AT B Enterobacter hormaechei 2R043 . 1fif 24 & 1
K B Enterococcus faecium MDRS- 3 N\ 1 K& 6 AT
Photobacterium damselae FP2244 | i} 5 & Y6 ¥ B Photo-
bacterium halotolerans LMG 22194T . gl FL J5 B¢ Bk
Streptococcus parauberis KSP28 . it Zj Bl 7. 55 4 Bk
oxytetracycline-resistant Streptococcus parauberis
SPOF3K . 7 fi: /<, 51 }fd 18] Aeromonas salmonicida AS42
¥ IR L ER B Lactococcus garvieae MP5245 . Bl ¥ 1L P
I\ B Vibrio parahaemolyticus VP ¥ 3% Y 5K B Vibrio
alginolyticus VA HH # [8 [ Z VB 5T 5 K% R Bk 7 4
fit . 3 B R W 2§ 3% ip Bk B vancomycin-resistant



T AAEE: KGRI Sinularia sp. Bk RSy VA W0 E TEAIF 5T © 541 -

Enterococcus Faecium G1.G4.G7.G8 fl G13 1 _FiF=
BRI RS gt . T EEEK B Strep-
tococcus agalactiae GBS 1 %% { 1£ K W Edwardsiella
piscicida TH1 HH 1 B #7 fOll BL 7 B 24t o

K F & N 3 A R R DU 8 MIC 1, ¥ % 7 T
—80 °C [ H Vi ¥ A7 8 1) B8 VR AE XI5 436 LB [k %
FRFETEA (37 °C, 12 h). PhHU TR 78 2 WM 1 77
37 CH% Hi 77 12 h, WA LBIAR R R LM B &
W 5%10° CFU-mL ™ /E AN TAEH B . ik &%
T DMSO i H 3 & 54 20 mmol- L', 325 LL#FF 9 NIk
FEE A5 AR N AR MU o 17 96 FLAR A i N 95 mL /1) T
VEBE AN 5 mL B RF IV ¥, I PEXT R ZE A 95 mL
A5 mL DMSO, B MREMEEZ 3R, BHEET
37 °CH53% 12 h )G il 5 MIC A< SZ3 K ] Tet. Oxy-
Lev.Amp A [HPEXT 2 .
32 WUZEEM RAW 264.7 40 i 6 B i 3 % 384k
MR AR AF . 41T 10% B4 s & 1% 5 %
F -5 Z WL DMEM (= bl 55 75 5 v 55 77 22 80% i1
B ORI AN i, DAREFL 3.0x10° AN 41 A1 25
FE DT 96 FLIR (43 4L 100 mL 55 95 45), 1£ 37 °C.5%
CO, % FIEBERS 9% 24 ho S2IG4) NS XTI 41 LPS
A ZH(0.05 mg-mL™) 45 25 20 (F5 M AL & IR FE R
50.25.12.5.6.25.3.125 mmol-L™") Az [HPE X BB 41 (Hh 2
KA, 1 mmol-L7. Bras (X HRZLA4h, H RS A ImA
LPS (K% 0.05 mg-mL™") 53 24 h, FF 5 B 7
B 1 ho AN 3 70 mL, 52K Griess i 7 8¢
J6 M 15 min, T 546 nm AL 5 WO B, RS 9 T Al R
bR UE 2R T NO Bl . A =UA: (ODE LPS
WA ZH-OD {H L AP 41) / (OD & LPS 41-0OD 1
HH) x 100%.
33 HBhIESEM  MV-411.A549 Al HT-29 48 i1 13
W H D AR A R A IR A A . K 4 i DR AL
3x10° /™ ) %5 B $2 Bk T 96 FLAR, B LI % 10% FBS
') DMEM /= B % 77 2 100 mL, & F 37 °C.5% CO, }%
FRAH ML BERE 7R 24 he W B LR AP S NI EER
¥ (3.125.6.25.12.5.25.50 mmol-L™") J% % 7 % 1 20
(0.1% DMSO). Zj#¥4b# 72 h )5, & L A 20 mL
MTT % (5 mg-mL", L PBS it ), k420 EH 4 ho &
L (1 000 xg, 5 min) 5 7 % biF, BFLIMA 150 mL
DMSO, #%3% 10 min LA 78 70 ¥ ff T 25 d . T 490 nm
WK RIS FLODME, fH W 3ANE AL, 45 R LT
R 40 A7 s 3 4% A 3 (S50 4 OD /x4 8 20
OD ) x 100% it %, % i GraphPad Prism 10 %/ 1
A HE IR

{EZTIMR: A AR — 1, T I 8
SE I TR 07 0 R SC B 49 5 SR 5 A A B AT T 2 B I
i 08 5 BRI 0 S 06 T I8 B (14 ) AT 18 IR SSTAR G
M B o T L BRRR A IR R B0 5T S ik R B
AR

TR P & 275 WA AEAE R 2 v 2R
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