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ABSTRACT

The development of environmentally nontoxic or non-polluting antifouling additives that can be formulated in prac-
tical coating requires assay involving target organisms. Described here are the simple laboratory assays that have been
developed using the barnacle, Balanus amphitrite, a common fouling organism found throughout temperate and tropical
seas. One of the assays depends on synchronous year-round mass culture, the procedure for which is described, of nau-
plii larvae and cyprids larvae. The laboratory assays provided quantitative estimates of toxicity and settlement inhibition
of the test compounds. Laurinterol (1), isolaurinterol (2), alpysinal (3), and aplysin (4) have been isolated from the
Korean red alga Laurencia okamurae. Their structures were identified by spectral data in comparison with the literature
data. Compounds 1-4 inhibited larval settlement of the bamacle B. amphitrite with ECs, values of 0.18-36 ug/ml. Com-
pounds 2-4 showed larval toxicity against nauplii of the barnacle B. amphitrite with 5-10 pug/ml, while laurinterol (1)
exhibited no toxicity at even 100 pg/mi. Therefore, laurinterol was expected as a promising natural antifoulant.
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wel Ayl 2 AE 2 BFE TLCOA AA)skd
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Laurinterol (1): colorless oil; [alp? +14.5° (¢ 2.4,
CHCly); UV Ay (log €) 225 nm (3.8), 283 (4.3); IR (film)
Voe €' 3450 (OH), 1580 (aromatic), and 1150 (C-O);
EIMS m/z 294 [MJ", 296 {M+2]*; HREIMS m/z 294.0614
M, caled for C,sHoBrO, 295.0619; 'H-NMR (CDCls,
400 MHz) 67.67 (1H, s, H-12), 6.62 (1H, s, H-9), 2.32
(3H, s, 15-Me), 2.14 (1H, dd, 13.2, 8.0 Hz, Ha-2),
2.031.94 (1H, m, Ha-1), 1.70 (1H, dd, 12.4, 8.0 Hz, Hb-
1), 1.45 (3H, s, 13-Me), 1.36 (3H, s, 14-Me), 1.33 (1H,
m, Hb-2), 1.19 (1H, m, H-3), 0.63~0.57 (2H, H-5); *C-
NMR (CDCl;, 100 MHz) see Table 1.

Isolaurinterol (2): colorless oil; UV A, (log €) 285
nm (3.3); IR (film) V., cm™ 2950 (Csp’-H), 1640
(aromatic); EIMS m/z 294 [MT*, 296 [M+2]"; '"H-NMR
(CDCl;, 400 MHz) 67.37 (1H, s, H-11), 6.65 (1H, s, H-
8), 5.03 (1H, d, 2.0 Hz, Ha-14), 4.86 (1H, d, 2.0 Hz, Hb-
14), 2.76 (1H, m, H-3), 2.23 (3H, s, 15-Me), 2.14 (1H,
m, Ha-1), 1.97 (1H, m, Ha-2), 1.51 (1H, m, Hb-1), 1.38
(3H, s, 13-Me), 1.38~1.28 (1H, m, Hb-2), 1.13 (3H, d,
7.0 Hz, 12-Me); *C-NMR (CDCl,, 100 MHz) see Table 1.

Aplysinal (3): colorless solid; UV A, (log €) 296 nm
(3.5), 234 3.7); IR (film) Vya cm™' 2950 (aliphatic C-H),
1730 (carbonyl) and 1610 (aromatic); EIMS m/z 308
M]5, 310 [M+2]*, 281 [M-CHOJ*, 239; 'H-NMR
(CDCl,, 400 MHz) 8 9.68 (1H, s, aldehyde), 7.09 (1H, s,
H-11), 6.72 (1H, s, H-8), 2.28 (3H, s, 15-Me), 1.85~1.65
(4H, m, H-1 and H-2), 1.42~1.18 (1H, m, H-3), 1.22 (3H,
s, 13-Me), 094 (3H, d, 6.7 Hz, 12-Me); C-NMR
(CDCl;, 100 MHz) see Table 1.

Aplysin (4): colorless solid; UV Ay, (log €) 296 nm
(3.5), 234 (3.7); IR (film) Vs, cm™ 2950 (aliphatic C-H),
1580 (aromatic); EIMS m/z 294 [M]*, 296 [M+2]*; 'H-
NMR (CDCl,, 400 MHz) 6 7.06 (1H, s, H-11), 6.55 (1H,
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Table 1. "C-NMR data of compounds 1-5 in CDCl; (100 MHz)

Position laurinterol (1) isolaurinterol (2) aplysinal (3) aplysin (4) acetyllaurinterol (5)
1 254 31.7 31.8 315 25.7
2 36.1 395 430 429 36.2
3 24.6 38.1 424 46.4 24.2
4 29.7 165.4 103.9 100.1 29.9
5 16.4 50.2 58.8 54.6 16.6
6 48.2 133.1 1343 136.5 48.3
7 134.3 1534 158.5 158.5 136.5
8 153.4 120.8 111.5 111.2 148.6
9 119.0 137.5 138.0 137.3 126.3
10 136.1 1159 115.5 114.3 140.0
Il 115.1 131.7 126.4 126.8 121.6
12 132.5 21.5 13.0 134 132.8
13 23.6 28.1 24.0 23.5 227
14 18.8 107.3 202.8 23.7 19.0
15 16.4 22.6 23.0 20.3 219

COCH; 169.7

COCH; 24.1

s, H-8), 2.23 (3H, s, 15-Me), 1.801.48 (4H, m, H-1 and
H-2), 1.23 (3H, s, 13-Me), 1.20 (3H, s, 14-Me), 1.11~1.06
(1H, m, H-3), 1.03 3H, d, 6.8 Hz, 12-Me); *C-NMR
(CDCl;, 100 MHz) see Table 1.

Acetylation of Laurinterol (1): laurinterol(16 mg)Z}
Ac,0(1.0 m), pyridine(1.0 m)2] EFFE-S ¥ AbLol|
Al @RS vhe SS9 St A8t i
EEEL Sio, ¥ A=viET A F2RXE
©2 A5} acetyl laurinterol (5, 14 mg)yS AU

Acetyl luarinterol (5): colorless oil; EIMS m/z 336
[M]*, 338 [M+2],*321, 323; 'H-NMR (CDCl;, 400 MHz)
86782 (IH, s, H-12), 6.88 (1H, s, H-9), 2.34 (3H, s,
OCH,), 230 (3H, s, 15-Me), 2.14 (3H, s, COCH,),
1.96~1.63 (4H, m, H-1 and H-2), 143 (3H, s, 13-Me),
1.33 (3H, s, 14-Me), 1.14 (1H, m, H-3), 0.88~0.49 (2H,
m, H-5); ®*C-NMR (CDCl,;, 100 MHz) see Table 1.

6. e 7o S M#H(Toxicity Assay)

AQuldES B8 =2 e 7=l {e
o8 BB &) v v FEE UepIdE
ol Axle] AL AgeiA FHE] WE A o] 4
dMe =ZTlx FAS AHEshe Aol o HI A
. AxAer B @AY ¢l A3k 5ol vt
JE7IE A whgog Aalg Sl gl wE
22 FAL 54 7% AEE AABP] 2~4r7 Aol
AFstETh HI2ET d#EHe] SAHES 100kDaE o3
H B2 WEe 2 F ofd AEE WA &

(]

rl

HISE-S FEE (conro)E 4SITE 7 FHEL H
E FH ¢l sm# 33lE o83t widsisith 2
BEE FEE 28°C, wiYrle] BESIem 2447t
¥, 3 AR NEES FHeESITH=ZE L, f40 =
otk Fde) EEe] 4 o) B Qo g HojA
). 3712 20~809}2] =ZE27) RE B 100w
A7VShal 28°ColM 24AI7F ik &, FEE 2 Fo
2 Bojg7] =Eg2 fAe] £9L HE IMEE A

L= A
E 2E FE ti8) #9ske 78 AL, E Fo71A
WES 8 A diolEe 50% 28, & 50%2
HAo] FH3A FE(non-swimming) FE
Atk TR FE FAL FE AR THEERie
o HloJE]lE LCs(50% lethal concentration)® ¥&
&t

7. U] 32| R&fo{X| 41# (Settlement Inbibitory
Assay)

Alge] FaodA g4 AL 25 ugmie] =X
gatgict. 25~300t 9 Tz FAE e
controld}, 5ml §4e ¥ R AFE FHA
(Falcon #1006)°] Yol @il o] HAIE 28°C, 15K
Sh(L:D) 7194 22417F Bt vidsisdnhdd A8
g light cycle 5 S+ o7 Aol Hgh. wiet
3, 71Z8A {FAY 25 AA Hed @A 2o
W &F& Aoz 73y e 34 g3eE
Al Rz $EsA god & o X3, TeF
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g vitEE AU wEkd 7 EAEe dish o7l
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&5 MS(nz 2940614 [M+], A-0.5mmu)$t BC-
NMR dlolE|22E CHBrOZ ZAsUTH HeA
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Fig. 1. 'H-NMR spectrum of Laurinterol (CDCl).
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Fig. 2. "C-NMR spectrum of Laurinterol (CDCly).
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Fig. 3. DEPT spectrum of Laurinterol (CDCL).
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8767, 662), ¥ AAA wld £40232, 145,
1.36), 223 3328 F28063-057)2 SAL Bt
(Fig. 1). “C 2 DEPT(Distortionless Enhancement by
Polarization Transfer) NMR ZHEZS 471] 4x]8t
2dE ga, i 2y weE g, vl 44
spt-Eha, @ il Wi, e sp e, 23 3
o] Wge YeElZth(Tble 1 ¥ Fig. 2, 3). sI¥E
12 25 22HAG0)H 2 (pyridine)ell A obAl€s}
sl prolgste AAE 52 d2o2H Rt 1
o= 3=2A]7] 8 A7t 2AEE ER1siT) EIMS
2HEHY 7+ 3719 Ml M+2) o2 FHA(nx
204 0 20677t e Aoz HE FHIAE 1= ¢ N
BE zlo] A7t oS 248 Aok Bgd 2ake
NMR 28& Z3 sighe 19 F2¢] =&yt H-H

3 -
!‘ I.'
] /;‘
»]
? -
o]
4 3 »
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o]

. H IS H . 3 [ H
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Fig. 4. H-H COSY spectrum of Laurinterol (CDCls).
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T
(pom)

FT T TR T L L ] 7 (Y] I “ " 2
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Fig. 5. HMQC spectrum of Laurinterol (CDCL).

COsY A#ogRE $4FHA CHCHCHCH® &
A7} AR O (Fig. 4), 2 Fa Uue ASHSL
9= EkA TS HMQC(Heteronuclear correlation
through Multiple Quantum Coherence) A3 & =3
FHstat@Ee 5). T3 SFE 19 HMBCY
(Heteronuclear Multiple Bond Connectivity) 2@ l4 =
13-€ F49 HMBC 433t € CH,CH,CHCH,
At 423 HAAE N2 92T + UAFig. 6).
T3 H-13%} H-14, H-133 Ha-2, Hb-29} H-5, H-14
9} H-37+9] NOESY“?(Nuclear Overhauser and
Exchange Spectroscopy) Aol 138t 14-A[E7H|
cis-4) & (configurationye &3] 3tATHFig. 7). A=
S}3E 12 laurinterol2 FH U

ol5} FFE 24% SRHE oM} e WReE 1
k3 2D NMR Elo|EE siXale F25 S8

L
v

re
1pon]

4

4
B REEE? :
N . .

* v

16 158 138 130 120 100 160 3 &Y 7T W WM AV A 2
Fi (ppm)

Fig. 6. HMBC spectrum of Laurinterol (CDCl;).
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Fig. 7. NOESY spectrum of Laurinterol (CDCL).
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compounds 1-4.
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