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Abstract--Three new monocyclofarnesol-derived sesqulterpenolds with toxic and feedlnq deterrence 
propertles have been Isolated from the tropical green alga Caulerpa blklnensls from Palau struc- 
ture asslqnments for these new compounds are based upon spectral studies in comparison with related 
monocyclic sesqulterpenolds 

Green algae of the family Caulerpaceae, represented by the slnqle genus Caulerpa, are found 

world-wide, generally In shallow-water troplcal and subtropical marine habitats. As these uncal- 

clfled algae are usually found In abundance and highly exposed In areas of slqnlflcant herbivore 

populations, It seems likely that Caulerpa species possess chemical deterrents to reduce predation 

Chemical studies of various Caulerpa species have Illustrated that some of these algae produce trl- 
la 

terpenolds , the nltroqen-contalnlnq compounds caulerpln 
lb 

and caulerplcln 
IC 

and the dlterpenold 

alcohol, caulerpol 
Id 

More recently, linear terpenolds possessIng (or derived from) terminal g,g- 

1,4_dlacetoxybutadlene functional groups have been Isolated from several Caulerpa specles2 Unlike 

the former compounds, these latter substances, analogs of which are also isolated from related 
3 

algae of the family Udoteaceae , appear to possess xhthyotoxlc, cytotoxlc, and feedlnq deterrent 

properties In this report, we wish to describe the structures of three new derlvatlves of thx 

functlonal group class, Isolated from the Paczfx alga C. blklnensls W.R Taylor, collected In 

Palau, Western Caroline Islands The monocyclic terpenolds L-2 are the first cyclic derlvatlves 

of this class isolated from green algae 
4 

Related substances such as onchldal ($), B-snyderol, and 

pallescenslns l-3, which possessslmllar carbon skeletons, have been isolated from the marine opls- 
5a 

thobranch Onchldella binneyl , the red alga Laurencla snyderae 
5b 

and the Mediterranean sponge 
5C 

Dlsldea pallescens . 

Standard slllca gel column and hlqh-performance chromatography of the CHC13/MeOH extract of E 

blklnensls6 yielded L-2 as 15, 5 and 1% of the extract, respectively. The malor terpenold, A, was 

Isolated as a viscous 011 which showed [crlD -3" cc=0 9, CHC13) A molecular formula of C 
1gH2S04 was 

established for 1 by a comblnatlon of hlqh resolution mass spectrometry and 13C NMR (Table 1). = 
-1 

Absorption In the infrared spectrum of & at 1730-1760 and 1650 cm , and In the ultravlolet spectrum 

at 245 nm (~=26,000), In con]unctlon with the proton and 
13 

C NMR features whxh arlse from C-l, 
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C-2, C-3 and C-12, clearly lndlcated this metabollte to possess the well-known terminal E,E-1,4- == 

dlacetoxybutadlene functional group 2,3 The E conflguratlon of the A 
3,12 

olefln was further con- 

firmed by the lntenslve nOe observed between the protons at C-2 and C-12, which 1s a feature 

already illustrated for the analogous conflguratlon In caulerpenyne 
2b 

In addltlon to this latter 

functional group, the terpenold & was recognized by Its NMR features to possess one carbocycllc 

ring and an excycl1c double bond (Table 1) Comparison of the 
33 

C NMR data for 1 with sultable = 

models such as onchldal (4) and lGdebromosnydero1 
5a 

= , allowed the assignment of 1 to the well- = 

known monocyclofarnesol class Particularly dlagnostlc were the 
13 

C NMR shifts for the gem- 

dlmethyl groups, the quaternary carbon at C-11, and the methane carbon at C-6 which reflect the 

gamma-shleldlng effects inherent lnthls substituted cyclohexane ring system Further decoupling 

studies at 360 MHz allowed the ma]orlty of the protons In 1 to be confidently assigned = 

The dlaldehyde 2, an 011, showed [cl], +8.Y cc=0 8, CHC13), and analyzed for C15H2202 by 13C 

NMR and HRMS CM+ m/z obsd 234 1609, talc 234 1614). 
-1 

Strong Infrared absorption at 1680 cm , 

coupled with two 
13 

C NMR doublet bands at 191.6 and 195.3 ppm, and UV absorption at 227 nm 

(&=3010), showed that 2 was an a,@-unsaturated dlaldehyde The placement of the aldehyde func- 

tlonalltles at C-l and C-12 followed mainly from analysis of proton NMR data The C-l aldehyde 

proton was observed at 6 10 0 as a doublet (J = 7 5 Hz), coupled to the olefln proton at 6 5 46 

(C-2). Since no further coupling was observed In the C-2 proton slgnal, and since both aldehyde 
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Table 1 
1 
H and 13C NMR Data for Metabolltes 1-4 l 

C# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14ax 

15eq 

OAC 

CJAC 

67 38,d,J=12 3 =135 7d 10 O,d,J=7 5 =?95 3d 6 06,bs 96 6d 8 26,d,J=14 141 2d 

5 92,d,J=12 3 113 3d 5 46,d,Js? 5 140 6d 6 60,bs 142 6d 6 lO,dd,J=14,1 105 8d 

-_ 122 1s _- 151 1s -_ 138 7s _- 135 2s 

2 25m I b 32 9t 2 60" b 
32 4t 2 oom a 

2 05m 2 43m 
2 30m I 

32 It 6 41,t,J=7 156 6d 

1 50m = 24 9t 1 55n c 26 2t 1 70m b 29 6t 2 05,m a 33 5t 

1 70m 54 Id 1 74,dd,J=12,4 54 3d 2 30m 53 6d 2 57.m 53 5d 

149 OS __ 148 5s __ 148 4s _- 148 1s 

2 05m 
b 
36 at 2 05m 

b 
36 2t 2 OOm 3. 35 9t a 37 4t 

1 som = 24 2t 1 55m = 23 7t 1 5Om b 23 9t I 1 3-2 05m b 24 8t 

1 30m 
c 23 8t 

1 2m 
b 

1 45m 1 4m 
= 23 3t 1 50-l 70 23 6t b 23 6t 

__ 35 OS __ 35 15 __ 

I 

34 8s 35 2s 

7 15s ?34 2d 9 65 ?91 6d __ 171 6s 9 40,d,J=l 193 36 

4 84,d,J=2 3 4 84,s 

4 76,s 

4 81,s 
4 64,d,J=l 0 1 109 1t 4 62,s 

110 01: 
4 54,s 

I 

109 7t 
4 50,s 

109 5t 

0 91,s 25 7q 0 80,s 26 8q 0 80,s 26 3q 0 89,s 26 7q 

0 92,s 28 5q 0 97,s 28 4q 0 99,s 28 6q 

I 167 5s __ __ _- 
2 15s 

167 5s 

20 5q _- __ -- 20 6q 

__ __ -_ -_ 
2 165 

167 lq 

20 5q __ _- _- -_ 

_- 

2 = 

1H - 

4 

lHd 

l 1 
,H spectra recorded at 360 MHz and 

13 
C spectra recorded at 50 MHz, all m CDc13 solution Asslqnments cf the 

-H NMR sb~fts for metbylene protons ,C4,C5,C8,C9,ClOI are based upon decoupling results and predsted chemxal 

shifts 

a-c Indicates assignments may be reversed 

d Recorded at 220 MHZ I" CCC13 

functlonalltles were a,@unsaturated, the second aldehyde was posltloned at C-12 The E stereo- = 

chemistry of the A 2,3 oleflnwas readily determlned by difference nOe techniques Irradlatlon 

of the C-12 aldehyde proton enhanced the C-2 olefln slgnal but did not affect the C-l aldehyde, 

thus placing the aldehydes In a trans conflguratlon. The cyclic structure of the remainder of 

the molecule was strongly lndlcated to be ldentlcal to & by Its highly comparable 13C NMR features. 

As In A, proton decoupling experiments allowed the malorlty of the protons In 2 to be assigned. 

The minor and most polar metabollte, 3, was Isolated as a viscous 011 which showed [aID -5.6' 

cc=0 8, CHC13), and analyzed for Cl5 H 0 by HRMS (M+ m/z obsd 22 3 250 1558, talc 250.15631 This 

metabollte was recognized as an a,&unsaturated-y-hydroxylactone by Its overall spectral features 

which were almost ldentlcal to those of pallescensln-3. 
5c 

Infrared absorptlons for hydroxyl 

(3400 cm-', br), and y-la&one carbonyl (1760 cm 
-1 

) were observed, along with only end absorption 

In the UV spectrum Features In the 
13 

C NMR spectrum asslgned to this functIona group Included 

the la&one carbonyl (171 6 ppm, s), a trlsubstltuted olefln (142 6 ppm, d, 138.7 ppm, s) and a 

lactol carbon (96 6 ppm, d) Acetylatlon (AC20/py/RT) ylelded the corresponding acetate, and 

resulted In a 
1 
H NMR shift of the C-l lactol proton from 6 6 06 In 2 to 6 6.78 In the acetate. 

Another low-field band In the spectrum of 3 observed at 6 6.80 was asslgned to the remalnlng olefln = 

proton This was assigned to the B-posltlon based upon Its characterlstlc low-field posltlon, and 

upon the small but unmeasurable coupling observed between the C-l and C-2 protons. Here agaln, 

the remalnlng components of the structure of 2 were assigned In complete analogy with & and 1 by 
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comparison of their 
1 
H and 

13 
C NMR features. 

Of the three sesqulterpenolds Isolated from C blklnensls, It was mainly only the major metabo- - 

lutes & and 2 which showed blologlcal actlvlty The dlacetate & and the dlaldehyde 2 were found to = 

be toxic to the Paclflc damselflsh Pomacentrus phllllplnus at the 10 and 5 pg/ml levels Feedlng 

deterrence effects were reliably produced from & and 2 when tested at 1000 ppm levels against 

slmllar herbivorous fishes The cytotoxlcltles of these compounds against the fertlllzed egg of 

the Paclflc sea urchin Lytechlnus plnctus were also measured. AgaIn 1 and 2 showed ED values of = = 50 
2 and 1 pg/ml. The actlvltles noted for these metabolltes reinforces their likely roles In nature 

as agents of chemical defense. 
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