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5.1 	Introduction 

This chapter describes the isolation of the known secondary metabolite flexilin (1) 

and the isolation and structural elucidation of the novel metabolites (4) and (8) from the 

Tasmanian green alga Caulerpa flexilis. In addition methods for isolating a further six 

secondary metabolites from C. flexilis and a summary of their spectral data are described. 

( 1 ) 

CHO 
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Caulerpa flexilis (Lamouroux) is found along the coastline of Australia from 

Geraldton, Western Australia to Collaroy, N.S.W., around Tasmania and New Zealand 

and is the most common fern-like species of Caulerpa found in Southern Australia.' This 

green alga is common in deep water along the more exposed sections of coast with the 

erect axes often heavily grazed. C. flexilis is also common in rock pools and the upper 

sublittoral on rough water and moderately sheltered coasts. 2  

C. flexilis possesses a robust stolon 3-4 mm in diameter which is densely covered 

with small, 2-4 times furcate, ramuli each 150-500 pm long and 80-120 gm thick near 

their base, tapering to spinous apices. The primary fronds are erect and dark green in 

colour with either simple or occasionally branched axes usually 5-40 cm high and 2-6 cm 

across.2  Figure 5.1 shows C. flexilis at Spring Beach, Tasmania. 

Figure 5.1 C. flexilis, Spring Beach, Tasmania 
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Another species of C. flexilis has also been described; C. flexilis var. muelleri 

which has a similar fern-like shape to C. flexilis however this variation is brighter green 

and has a regular fishbone pattern of branching. The ramuli occur densely along the 

secondary branches without spaces between'. It is possible that C. flexilis var. muelleri is 

a distinct species since the shapes of the two plants do not overlap and the stolons have 

distinctive spination and colour. The two varieties are easily distinguished in the field 

even when colocated. 1  C. flexilis var. muelleri is found from Geraldton, W.A. to Waratah 

Bay, Victoria and along the northern coast of Tasmania. This variety of C. flexilis was not 

investigated for this thesis. 
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5.2 	Previous investigations of C. flexilis 

C. flexilis 

Previous studies of C. flexilis by the Blackman research group in 1978 resulted in 

the isolation of flexilin (1). These studies into C. flexilis and C. trifaria were the first time 

that the 1,4-acetoxybutadiene moiety had been identified in a natural product. 3  Hexane 

soluble material from C. flexilis was purified by dry column and p.t.l.c. on silica gel to 

give (1) as a colourless oil (1.3% dry Algal weight). 

( 1 ) 

C. flexilis var. muelleri 

In 1981, Capon, Ghisalberti and Jefferies reported the isolation of two new 

monocyclic sesquiterpenoids from C. flexilis var. muelleri from Cosy Corner in the lower 

south west coast of Western Australia. 4  Extraction of a fresh sample of the alga (530 g 

dry weight) followed by chromatography afforded the two colourless, unstable oils (2) 

and (3) as 0.05 % and 0.005 % dry weight respectively. 

OAc OAc 

(2) 
	

(3) 
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5.3 	Collection, extraction and isolation  

C. flexilis was collected on the East Coast of Tasmania near Little Christmas 

Island (August 1997), from Spikey Beach (November 1998) and Spring Beach (April 

1999, November 2000) (Figures 1.3, 1.6, Chapter 1). Upon return. to the laboratory each 

collection was sorted, freeze-dried and extracted without delay. The petroleum ether 

extracts were then screened using 1 H n.m.r. spectroscopy, t.l.c. and g.c.-m.s. analysis. The 

g.c. profile of the petroleum ether extract is shown in Figure 5.2. 

•  i 
4.00  6.00  8.00  10.00  12.00  14.00 16.00  18.00  20.00 

Figure 5.2 G.c. profile of C. flexilis. 

The 1 H n.m.r. spectrum of the extract (Figure 5.3) showed signals in the 7.4 to 5.8 

ppm region of the spectrum, typical of secondary metabolites containing an 

acetoxybutadiene moiety. Smaller signals above 9.0 ppm suggested the presence of 

metabolites containing aldehydic groups whilst a doublet at 4.12 ppm typical of a 

metabolite containing a -C=CH-CLI 2-0H moiety was also present. 
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Figure 5.3 Partial 1 H n.m.r. spectrum of C. flexilis, (CDCI3, 200 MHz) 

The t.l.c. of the petroleum ether extract of C. flexilis revealed a number of 

ultraviolet active spots in the region above pheophytin a (Figure 5.4). 

solvent front 

pheophytin a 

Figure 5.4 T.I.c. of C. flexilis extract 5% Et0Ac in pet. ether (run twice) 

The petroleum ether of extract of C. flexilis was then subjected to the purification 

steps shown in Scheme 5.1. 
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C 18 h.p.l.c. 100 % AN 

400 g f.d.w. 

pet. eth er extraction 

55 g extract 

quick c olumn 5-15 % Et0Ac in pet. ether 

8.4 g 

p.t.l.c. in 5 % Et0Ac in pet. ether (plates run twice) 

(1) 	450 mg 0.2 g 	0.72 g 128 mg 90 mg 
0.8 g 	I 	I 	I 

i. solvent partition in AN 
C 18 h.p.l.c. 

10 %H 20 in AN 
100 % AN i. SPE C 18 100 % AN 

I 100 % AN 
(4) 

I 	 I 	I 
(11) 	(12) (8) 	(14) (17) (18) (19) 

Scheme 5.1 Purification sequence for C. flexilis 
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5.4 	Isolation of metabolite (1) 

The 1 1-1 n.m.r. spectrum of the major metabolite obtained after p.t.l.c. (Scheme 

5.1) contained signals typical of a 1,4—acetoxybutadiene moiety: a doublet  at  7.44 ppm 

coupled to a doublet at 5.93 ppm, a singlet at 7.18 ppm and two sharp singlets at 2.13 

ppm and 2.14 ppm. The remainder of the spectrum consisted of two triplets between 5.0 

and 5.2 ppm, two methyl group signals at 1.68 ppm and 1.60 ppm (the latter integrating 

to six protons), and methylene signals in the region 1.9 —2.3 ppm (Figure 5.5). 

EICIA‘ 

COCO 

8 	 6 
	

4 	 PD. 

Figure 5.5 1 H n.m.r. spectrum of major C. flexilis metabolite (400 MHz, CDCI3 ) 
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An inspection of the 13C n.m.r. spectrum (Figure 5.6) and DEPT n.m.r. spectrum 

(Appendix 3, Figure 3.1) for the major metabolite confirmed the presence of five methyl, 

four methylene, five methine and five quatemary carbon atoms. The signals at 167.7, 

167.3, 20.6, 20.6, 113.2, 121.2, 135.6 and 134.3 ppm were typical of carbon resonances 

due to an acetoxybutadiene moiety as described in Chapters 3 and 4 of this thesis. 

CDCI3 

4,4411114440111444 146.40wrow4604404.014444041404.44444404■4644400644,404040$ 
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Figure 5.6 13C n.m.r. spectrum of C. flexilis major metabolite (100 MHz, CDC13) 

Thus the n.m.r. data for the major metabolite (Table 5.2) was consistent with a molecular 

formula of CI9H2804 and a molecular weight of 320 a.m.u. 

The e.i. mass spectrum of the major metabolite (Figure 5.7) included a peak at 

260 a.m.u., corresponding to loss of AcOH and peaks at 191 and 149 a.m.u. typical of the 

acyclic terpenoid metabolites discussed in Chapters 3 and 4. 
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Figure 5.7 E.i. mass spectrum of C. flexiliS major metabolite 

A comparison of the literature n.m.r. and m.s.data for flexilin (1)3  confirmed that the 

major metabolite from this collection of C. flexilis was also (1). 

( 1 ) 
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5.5 	Structure elucidation of metabolite (4) 

The next most polar band obtained by p.t.l.c. (Scheme 5.1) was dissolved in 

acetonitrile, filtered and purified by reverse phase h.p.l.c. (10% H20 in acetonitrile) to 

yield a colourless oil (4) which gave a molecular ion of 234 in the e.i. mass spectrum 

corresponding to a molecular formula of CI5H2202. 

The 1 H n.m.r. spectrum of (4) in CDC13 (Figure 5.8) contained signals typical of 

aldehyde protons at 10.21 and 9.67 ppm; the former a doublet coupled to a doublet 

integrating for one proton at 6.51 ppm. A comparison of similar H n.m.r data for 

metabolite (5) from C. trifaria (Chapter 3) and metabolite (6) from C. brownii 

(unbranched) (Chapter 4) (Table 5.1) suggested that (4) possessed a similar cc,I3- 

unsaturated dialdehyde moiety. 

20 
	

19 
	

18 
	

17  CHO 

(5) 

12 

(6) 
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Figure 5.8 Partial I ll n.m.r. spectrum of (4) 	DC13) 
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(5) 
	

(6) 
	

(4) 

Carbon 	11 13C n.m.r. 1 14 n.m.r. I I3C n.m.r. III n.m.r. 1 13C n.m.r. 1 11 n.m.r. I 
C 1 191.8 10.20 191.5 10.21 191.8 10.21 
C2 141.7 6.51 141.4 6.50 141.7 6.50 
C 3 154.6 ---- 154.4 ---- 154.7 ---- 
C 4 24.4 2.70 24.4 2.72 24.4 2.73 
C 5 27.9 2.20 27.5 2.21 27.8 2.20 
C 13/16/17 195.5 9.60 195.2 9.67 195.6 9.67 

Table 5.1 1 1-1 and I3C n.m.r. data for C 1-C 5 moieties of (4)-(6) (ppm, 400 MHz, 
CDCI3) 

The remaining signals in the I I-1 n.m.r. spectrum of (4) resembled those of flexilin 

(1) with two signals at 5.37 and 5.09 ppm corresponding to protons attached to carbon-

carbon double bonds; methylene signals in the saturated aliphatic region between 1.9 and 

2.8 ppm and methyl signals at 1.68 ppm, 1.60 ppm and 1.51 ppm. The signals 

corresponding to acetoxy methyl groups in (1) however were missing and an additional 

signal at 2.73 ppm, similar in shift to the C 4 protons in the metabolites previously 

identified as containing a,13-unsaturated dialdehyde moieties, was now present. 

The 13C spectrum of (4) (Figure 5.9) contained fifteen resonances; two signals at 

191.8 and 195.6 ppm characteristic of aldehyde moieties, signals at 154.7 ppm and 141.7 

ppm typical of carbon-carbon double bonds attached to an aldehyde group; a further four 

signals in the vinyl region between 120 and 140 ppm and seven signals in the saturated 

aliphatic region between 40 and 10 ppm (Table 5.2). The multiplicity of the protonated 

carbons of (4) was determined by a DEPT experiment (Appendix 3, Figure 3.2); 

indicating that (4) possessed five methine, four methylene and three methyl groups. The 

three remaining 13 C resonances at 154.7, 139.1 ppm, and 132.1 ppm were therefore 

attributed to quaternary carbon atoms (Table 5.2). 
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Figure 5.9 13 C n.m.r. spectrum of (4) (100 MHz, CDC13) 
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(1 ) 
	 (4) 

Carbon 1 13C n.m.r. 1 1-1 n.m.r. I I3C n.m.r. I I-1 n.m.r. 	i 
C 1 135.7 d 7.44 d 191.8 d 10.21 d J7.6 Hz 
C2 113.4d 5.93d 141.7d 6.50 d J7.6 Hz 
C3 121.3s 154.7s 
C 4 25.4 t 2.25 m 24.4 t 2.73 m 
C5 26.7t* 1.9-2.0m 27.8t 2.20m 
C6 123.4d** 5.08 br t 124.4d 5.08 br s 
C7 136.1 s 139.1 s 
C 8 39.8 t 1.9-2.0 m 40.1 t 2.0 m 

C 9 26.8 t* 1.9-2.0 m 26.9 t 2.0 m 
C 10 124.4d** 5.0 br t 121.8d 5.37 br s 
C 11 131.5 s 132.1 s 
C 12 25.8 q 1.68 s 26.2 t 1.68 s 
C 13 134.5 d 7.18 s 195.6 d 9.67 s 
C 14 17.8 q 1.60 s 	. 18.2 q 1.60 s 
C15 16.1 q 1.60s 16.7q 1.51s 
OCOCH3 168.0, 167.6 s 
OCOCH3 20.8 x 2 q 2.13, 2.14 s 

Table 5.2 	and I3C n.m.r. data for (1) and (4) (CDC13) (ppm), 
*, ** = values interchangeable within column 

A GHMQC n.m.r. experiment (Figure 5.10) provided the 13C- 1 H connections in 

(4) whilst a COSY n.m.r. experiment, (Figure 5.11) provided information on the 1 H- 1 H 

couplings within the molecule. 

The COSY n.m.r. experiment showed coupling between the H 1 aldehyde proton 

at 10.21 ppm and the H 2 proton at 6.51 ppm. Since both aldehyde functionalities were 

a,3-unsaturated, the second aldehyde was positioned at C 13. Table 5.1 shows the close 

agreement of both 13C and 1 11 n.m.r. data with the other a,13-unsaturated dialdehydes 

described in this thesis. 



1 C HO  
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The COSY n.m.r. experiment also showed coupling between the H 4 methylene 

protons at 2.70 ppm and the H 5 methylene protons at 2.20 ppm thus confirming the C 1 

to C 5 moiety below: 

13 

The H 5 protons of (4) at 2.20 ppm also showed coupling to the H 6 methine proton at 

5.09 ppm. Furthermore the H 6 methine proton showed long range (J 4) coupling to the 

H 14 methyl protons at 1.52 ppm. 

14
CH3  

13 CHO 
The remaining COSY correlations were similar to those for the corresponding moiety in 

flexilin: 

The stereochemistry of the C 6-C 7 and C 10-C 11 double bonds was determined 

as E based on the shielded values for the attached methyl groups (18.2 ppm and 16.7 ppm 
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respectively). The stereochemistry of the C 2-C 3 double bond was determined to be E by 

comparison with the data for the 41,13-unsaturated dialdehydes identified in C. trifaria and 

C. brownii (unbranched) and the antifimgal compound (7) found in the mandibular gland 

of the ant Lasius fuliginosus Latreille. 5  

        

        

        

        

       

5 

CHO 
13 

(7) 

Thus the structure for (4) was determined to be as shown below: 

  

15 
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Figure 5.10 GHMQC n.m.r. spectrum of (4) 
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Figure 5.11 COSY n.m.r. spectrum of (4) (400MHz, CDC13) 
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5.6 	Structure elucidation of metabolite (8) 

The fourth most polar band obtained by p.t.l.c. (Scheme 5.1) was dissolved in 

acetonitrile, filtered and purified by reverse phase h.p.l.c. (C 18, 100% acetonitrile) to 

yield a colourless oil (8) which gave a molecular ion of 336 in the e.i. mass spectrum 

corresponding to a molecular formula of CoH2805. The u.v. spectrum ( A, max  213 nm, 

c=11300) and the i.r. spectrum (1739 cm -  indicated ndicated the presence of acetoxy and/or 

saturated aldehyde moieties. 

The 1 1-1 n.m.r. spectrum of this fraction (Figure 5.12) included a signal at 9.31 

ppm typical of an aldehyde group and a doublet at 7.43 ppm coupled to  a  doublet at 

5.49 ppm. Other signals of note were two sharp singlets at 2.14 ppm  and  2.16 ppm 

typical of acetoxy methyl groups and three methyl group signals at 1.57 ppm, 1.59 

ppm and 1.67 ppm. The remaining signals in the 1 1-1 n.m.r. spectrum comprised a 

broad singlet at 5.06 ppm integrating to two protons and methylene signals in the 

region 1.9 ppm to 2.1 ppm. 

COCI3 

Figure 5.12 1 H n.m.r. spectrum of (8) (400MHz, CDC1 3 ) 
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The I I-1 n.m.r. spectrum of (8) above 5.0 ppm was similar to that of metabolites (15) 

and (16) isolated from C. brownii (unbranched) (Chapter 4) whilst the region below 

2.2 ppm resembled that of the corresponding region in (4). 

The 13C n.m.r. spectrum of (8) (Figure 5.13) consisted of nineteen resonances; of 

which eight were almost identical to those of metabolites (15) and (16) isolated from 

C. brownii (unbranched) (Chapter 4) (195.1, 170.3, 167.8, 138.8, 110.3, 20.7, 21.0 

and 84.8 ppm) (Table 5.3). The remaining eleven resonances consisted of four signals 

in the vinyl region between 120 and 140 ppm and seven signals in the saturated 

aliphatic region between 40 and 16 ppm (Table 5.3). 

“ ppm 

Figure 5.13 "C n.m.r. spectrum of (8) (100MHz, CDC13) 

The multiplicity of the protonated carbons of (8) was determined by a DEPT 

n.m.r. experiment (Appendix 3, Figure 3.3); indicating that (8) possessed five methine, 

four methylene and five methyl groups. The five remaining 13C resonances at 170.3, 

167.8, 136.7, 131.7 and 84.8 ppm, were therefore attributed to quaternary carbon atoms 

(Table 5.3). 
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(15)* 
	

(8) 

Carbon 	II I3C (pPm) 1 1-1 (PPnl) 	I 13C (ppm) 1 11 (ppm) 
1 138.8 d 7.44 d J12.8 Hz 138.8 d 7.43 d J12.8 Hz 
2 110.3d 5.49 d J12.8 Hz 110.3 d 5.49 d J12.8 Hz 
3 84.8 s 84.8 s 
4 34.0 t 1.9m 33.9t 1.9/2.1 m 
5 26.9 t 1.94-2.06 m 26.7 t 2.05 m 
6 124.5 d 5.08 br s 124.2 d 5.07 br s 
7 136.8 s ---- 136.7 s ---- 
8 39.9 t 1.94-2.06 m 39.8 t 1.98 m 
9 26.7 t 1.94-2.06 m 21.5 t 2.02 m 
10 124.1 d 5.08 br s 122.7 d 5.05 br s 
11 135.3s 131.7s 
12 39.8 t 1.94-2.06 m 25.8 q 1.67 s 
13 21.5 t 1.94-2.06m 195.1 d 9.31 s 
14 122.6 d 5.08 hr s 17.9 q 1.59 s 
15 131.5s 16.1 q 1.57s 
16 25.9q 1.6s 
17 195.1 d 9.31 s 
18 16.2q 1.65s 
19 17.8q 1.66s 
20 16.1 q 1.67s 

OCOCH3 167.8s 167.8s 
OCOCH3 170.3 s 170.3 s 
OCOCH3 21.5 q 2.16 s, 2.14 s 21.0, 20.7 q 2.16 s, 2.14 s 

A 
spectra obtained in CDCI3 at 400 MHz; spectra obtained in CDCI3 at 100 MHz; multiplicities 

assigned from DEPT spectra; * is (15) from Chapter 4. 

Table 5.3 i ll n.m.r.A  and "C n.m.r. data B 'c  for (15)* and (8) 
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A GHMQC n.m.r. experiment (Figure 5.14) provided information on the 13C- 1 H 

connections for (8) whilst a COSY n.m.r. experiment (Figure 5.15) provided information 

on the 1 H- 1 H couplings within the molecule. In conjunction with a HMBC n.m.r. 

experiment (Figure 5.16) the COSY n.m.r. experiment was used to determine the 

structure of (8): 

The COSY experiment showed a connection between the acetoxy methyl protons 

at 2.16 ppm and the H 1 methine proton at 7.43 ppm. This H 1 proton also showed a 

COSY connection to the H 2 methine proton at 5.49 ppm. 

The HMBC experiment showed a correlation from the the H 1 proton signal at 

7.43 ppm to the carbonyl carbon signal at 167.8 ppm and also from the H 2 proton signal 

at 5.49 ppm to the C 1 signal at 138.8 ppm 
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The H 1 proton signal at 7.43 .ppm, the H 2 proton signal at 5749 ppm, the 

aldehyde proton signal at 9.31 ppm and the H 4 proton signals at 1.86 ppm and 2.06 ppm 

all showed correlations to the quaternary carbon signal at 84.8 ppm. 

As described in Chapter 4, compounds with an acetoxy group attached to C 3 have been 

synthesised by Fischer, Krapf and Paust 6  in 1988 as valuable intermediates in the 

synthesis of terpenes such as retinal, beta-carotene and apocarotinoids. A mixture of 

compound (9) (E)-2-methyl-2,4-diacetoxy-but-3-enal and its Z isomer (10) were isolated 

and identified by 1 1-1 n.m.r. spectroscopy. 6 

HAc0 	 Ac0 

4 	 4 

H3C 2 	H 	 H3 
 C 2 /3'.-\  H 

OAc 	 OAc 
I  CHO 	 I  CHO 
(9) 	 (10) 

The 'H n.m.r data for compounds (8), (9), (10) and the metabolites (15) and (16) obtained 

from C. brownii (unbranched) (Chapter 4) are shown in Table 5.4: 
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Carbon 	11 (9) 	I (10) 	I (8) 	I (15), (16)* 	I 
1 9.28 9.37 9.31 9.30 
3 5.48 5.15 5.49 5.49 
4 7.41 7.10 7.43 7.43 

Table 5.4 Partial 1 1-1 n.m.r data for compounds (8)-(10) and (15)*, (16)* (ppm, 
CDCI3) 
* = compounds from Chapter 4. 

It can be seen from Table 5.4 that the spectral data for the E isomer (9) are almost 

identical to that of the corresponding moiety in (8) hence the stereochemistry of the C 2- 

C 3 double bond was assigned as E; as was the stereochemistry for the corresponding 

moieties in metabolites (15) and (16) from C. brownii (unbranched) (Chapter 4). 

The remaining COSY and HMBC correlations for (8) are discussed below: 

The non equivalent H 4 protons at 1.86 ppm and 2.06 ppm and the H 5, H 8 and H 9 

methylene protons at 1.98 to 2.05 ppm showed considerable overlap in the COSY 

spectrum, however the HMBC experiment showed correlations from the H 5 methylene 

protons at 2.05 ppm to the C 4 signal at 33.9 ppm and from these H 5 protons at 2.05 ppm 

to the C 6 signal at 124.2 ppm. 

OAc 
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The remaining HMBC correlations for metabolite (8) (Table 5.3) are shown 

below: 

15 
	 14 

The COSY correlations for the substructure C 7 to C 15 of (8) are shown below: 

Finally the H 6 proton at 5.05 ppm showed a long range ( 4J) COSY correlation to 

the H 14 methyl group protons at 1.59 ppm which also showed long range ( 5J) COSY 

correlations to the H 5 and H 9 methylene protons at 2.05/2.02 ppm. 

12 

OAc 



OAc 
1 3 CHO 15 14 

11 

12 
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Thus the evidence presented here indicates that the structure of (8) is: 

(8) 

Although this metabolite was obtained in greater amounts than its counterpart 

isolated from C. brownii (unbranched) no attempt was made to determine the absolute 

stereochemistry at C 3. 
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Figure 5.14 GIIMQC n.m.r. spectrum of (8) (CDC13) 
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Figure 5.15 COSY n.m.r. spectrum of (8) (CDC13) 
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Figure 5.16 HMBC n.m.r. spectrum of (8) (CDC13) 
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5.7 	Isolation of metabolites (11) and (12) 

Three other p.t.l.c. fractions of C. flexilis contained metabolites of interest. The 

first of these fractions was located between the p.t.l.c. fractions containing metabolites (4) 

and (8) (Figure 5.4). As with other p.t.l.c. fractions of C. flexilis this fraction was 

observed to precipitate material at low temperatures (-4 °C) when dissolved in acetonitrile. 

The I FI n.m.r. spectrum of the precipitated material was found to contain signals typical 

of saturated/unsaturated hydrocarbon chains, which were diminished in the 1 1-1 n.m.r. 

spectrum of the soluble material. Dissolving the fraction in acetonitrile and filtering 

before h.p.l.c. removed most of these materials. A variety of methods including SPE 

cartridges and Sephadex LH-20 were progressively used during the course of this 

investigation to remove these high molecular weight compounds which were unable to be 

detected by u.v. spectroscopy (due to a lack of a chromophore).This p.t.l.c. fraction was 

then subjected to reverse phase h.p.l.c. 18, 100% acetonitrile) to give two metabolites 

(11) and (12). 

Time limitations as explained in the Acknowledgements section to this thesis, 

prevented the complete purification of these C. flexilis metabolites, however this research 

has been documented here to assist future researchers of C. flexilis; since application of 

these methods to a larger collection should lead to the successful identification of these 

metabolites. 

The 1 1-1 n.m.r. spectrum (Figure 5.17), COSY and 13C n.m.r. spectral data 

(Appendix 3, Figures 3.4, 3.5) suggest that the metabolite (11) contained the a,13- 

unsaturated aldehyde moieties shown below, and a hydrocarbon skeleton identical from C 

6 to C 15 to that of (1), (4) and (8). 



OAc 

278 

12 

CHO 
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Figure 5.16 	n.m.r. spectrum of (11) (400 MHz, CDC1 3) 

The second metabolite (12) obtained after h.p.l.c. (C 18, 100% acetonitrile) gave 

the 1 H n.m.r. spectrum shown in Figure 5.17. 



10.27 s 
CHO 	H 8 ' 09 d J 8.7 Hz 

84.5 
OAc 

OAc 
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A comparison of the 1 11 n.m.r. spectrum in Figure 5.18 with the 1 14 n.m.r. spectra 

of the other metabolites identified from C. flexilis suggests that a flexilin substructure (C 

6 to C 15) is also present in (12). This is supported by correlations in the COSY n.m.r. 

spectrum and the presence of corresponding signals for C 6 to C 15 in the 13C n.m.r. 

spectrum of (12) (Appendix 3, Figure 3.6, Figure 3.7). 

The signals at 10.31 ppm, 8.07 ppm, and 6.34 ppm in the 1 H n.m.r. spectrum and 

190.5 ppm, 156.0 ppm and 84.5 ppm in the 13C n.m.r. spectrum of (12) are consistent 

with the presence of a moiety similar to that contained in taxifolial C (13), isolated from 

C. taxifolia in the Mediterranean Sea. 7  

OAc 
6.47d J8.7Hz 

(13) - 

However as there is only one acetoxy group present in (12) and an additional 

aldehyde group it is possible that the following moiety is present in (12): 

10.3 s 	8.07 d J 8.6 Hz 
CHO H 

73
OAc 2.14 s 2 

CHO 
9.5s 

6.34 d J 8.6 Hz 
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A similar moiety (below) was found to be present in metabolite (8) with a 

chemical shift of 84.5 ppm for the C 3 carbon atom and chemical shifts of 9.31 ppm ( 1 H) 

and 195.1 ppm ( 13C) for the aldehyde group attached to C 3. 

/
0Ac 

OAc 
OHC 

The remaining signal at 6.4 ppm in the 1 H n.m.r. spectrum of (12) is typical of a 

proton attached to a a,3-unsaturated aldehyde moiety or in conjugation with a a,p-

unsaturated aldehyde moiety. 

oramarlompi/ ;L.1' 	

•11 

■ 
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Figure 5.17 1 H n.m.r. spectrum of (12) (400 MHz, CDCI 3 ) 
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5.8 	Isolation of metabolites (14), (17), (18), (19) 

The . second most polar fraction• obtained after p.t.l.c. contained a plethora of 

signals in the 1 F1 n.m.r. spectrum between 5.8 ppm and 7.6 ppm and also between 9.3 

ppm and 10.1 ppm. The 1 H n.m.r. spectrum of this p.t.l.c. fraction also included large 

signals below 1.7 ppm and at 5.0 ppm and 5.3 ppm. This fraction was also observed to 

precipitate material at low temperatures (-4 °C) when dissolved in acetonitrile. The 1 1-1 

n.m.r. spectrum of the precipitated material was again found to contain signals typical of 

saturated and unsaturated hydrocarbon chains, which were diminished in the 1 1-1 n.m.r. 

spectrum of the soluble material. 

The 13 C n.m.r. spectrum of this p.t.l.c. fraction included signals in the region 190- 

195.5 ppm typical of aldehyde moieties, signals in the region 90-95 ppm, typical of the 

acetylenic moiety seen in caulerpenyne and related compounds and signals in the region 

42- 72 ppm. 

Subsequent filtration through a SPE C 18 cartridge using acetonitrile as the 

solvent followed by reverse phase h.p.l.c. (C 18, 20% H20 in acetonitrile) yielded two 

metabolites (14) and (17) containing acetoxybutadiene moieties, however the metabolites 

containing aldehyde moieties were not recovered. The remaining material from this 

p.t.l.c. fraction was then subjected to column chromatography (Sephadex LH 20) 

followed by reverse phase h.p.l.c. (C 18, 100% acetonitrile) to yield the two 

acetoxybutadiene metabolites (14) and (17), plus two metabolites containing aldehyde 

moieties (18) and (19). 
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The m.s. profile of metabolites (14) and (17) (Figure 5.18) suggested that these 

two compounds possessed a molecular weight of 336 a.m.u. with peaks at m/z 276 and 

216 a.m.u. (loss of 60) consistent with the presence of two acetoxy groups. 

40 	60 	80 	100 	120 	140 	160 	180 	200 	220 	240 	260 	280 rniz 300  

Figure 5.18 E. i. mass spectra of (14) (lower) and (17(upper) 

The I I-I n.m.r. spectrum of (14) (Figure 5.19) included signals at 7.41 ppm, 7.17 ppm and 

5.94 ppm typical of an acetoxybutadiene moiety, signals at 5.18 ppm and 5.35 ppm 

typical of protons attached to carbon—carbon double bonds and two sharp signals at 2.17 

ppm and 2.15 ppm typical of acetoxy methyl groups. Signals typical of methyl groups 

were also present along with signals due to methylene groups in the region 2.0 to 2.9 

ppm. In addition there were smaller signals below 1.0 ppm. A comparison of this 

spectrum with that of the precipitated material indicated that some trigylceride 

compounds were still present in the sample. 

0 
11 

33 
7:A 
33 
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An inspection of the "C (Appendix 3) DEPT and COSY n.m.r. spectral data suggested 

the possible structure below for (14): 

OAc 

(14) 

The n.m.r data for metabolite (17) (Figure 5.21) and (Appendix 3, Figure 3.9) possessed 

some similarities with those of (14) and thus a similar structure with either a bonded 

oxygen or hydroxyl moiety would be reasonable. A repeat isolation of these metabolites 

with more complete removal of the trigylceride type compounds before h.p.l.c. analysis 

should yield the identity of these two metabolites. A compound with an epoxide 

functionality has been isolated from C. taxifolia and possesses similar n.m.r. data to (14) 

and (17). 



284 

, .+M 

10 	 8 	 6 	 4 	 2 	 -o 

Figure 5.20 1 H n.m.r. spectrum of (17) 
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Figure 5.19.'H n.m.r. spectrum of (14) 
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The partial I I-I n.m.r. spectra of metabolites (18) and (19) are shown in Figures 

5.22 and 5.23, below that of the partial 1 I-1 n.m.r. spectrum of the p.t.l.c. fraction before 

h.p.l.c. (Figure 5.21). A close inspection of Figure 5.21 shows that all the signals between 

6 and 7 ppm and the signals at 9.6 and 9.9-10.0 ppm are divided between the two spectra 

in Figures 5.22 and 5.23. Thus this h.p.l.c. method was quite successful in separating 

these two very similar compounds. It can be seen that metabolites (18) and (19) differ in 

the number of acetoxy moieties; (18) possesses two signals in this region of the spectrum 

(2.05-2.15 ppm) whilst (19) possesses three signals typical of acetoxy groups in this 

region. These metabolites also both possess signals typical of a,13-unsaturated aldehyde 

moieties which are different to any caulerpenyne-related metabolites in the literature 

(Chapter 6). A subsequent investigation on a larger scale should lead to the isolation of 

metabolites (18) and (19) in sufficient quantities to elucidate their structures. 
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Figure 5.21 1 H n.m.r. spectrum of p.t.l.c. fraction 

Figure 5.23 H n.m.r. spectrum of (18) 

Figure 5.22 	n.m.r. spectrum of (19) 
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5.9 	Isolation of cholesterol (20) 

The most polar fraction collected by p.t.l.c. included signals in the 13C n.m.r. 

spectrum at 72, 56.9 and 50.3 ppm suggestive of a metabolite containing a hydroxyl 

functionality. A comparison of the n.m.r. spectral data of this p.t.l.c. fraction and a similar 

fraction obtained from C. scalpelliformis indicated that cholesterol (20) was the major 

metabolite present in this fraction. 
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5.10 Isolation of caulerpol (21) from Spikey Beach collection 

The DCM extract of the collection from Spikey Beach was also subjected to the 

purification steps shown in Scheme 5.1. The second most polar fraction obtained after 

p.t.l.c. showed signals in the 4-5.6 ppm region of the spectrum identical to caulerpol (21) 

whilst the g.c. profile showed an identical retention time and shape to that of caulerpol 

isolated from C. brownii (branched) (Chapter 4). The mass spectral data of the two 

metabolites matched exactly thus confirming that caulerpol (21) was present in the C. 

flexilis collection from Spikey Beach. 

OH 

(21) 
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5.11 Conclusions from C. flexilis research 

The investigation into C. flexilis yielded two novel metabolites (4) and (8), and 

three known metabolites (1), (20) and (21). However methods for isolating six other 

secondary metabolites (11) (12), (14) and (17)-(19) from two p.t.l.c. fractions were 

developed. Thus evidence of eleven secondary metabolites in C. flexilis has been 

presented in this chapter and a further investigation should yield the identities of the latter 

six metabolites. 
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6.1 	Introduction 

Two remaining Tasmanian Caulerpa species; C. scalpelliformis  (R. brown ex 

Turner) C. Agardh. Harvey 1858 and C. longifolia C. Agardh. Lucas 1936, were 

investigated for this thesis. The preliminary results of these investigations are reported 

here as these seaweeds have not been previously investigated for their secondary 

metabolite content and some interesting findings were made. 

C. scalpelliformis (Figure 6.1) is found from Whitfords Beach, Perth, Western 

Australia, around southern Australia including Tasmania, to Jervis Bay N.S.W. This alga 

is common in rock pools and down to 36 m on rough water coasts. Var. denticulata 

(Decaisne) Weber van Bosse is found in the Red Sea and other tropical regions.' 

Figure 6.1 C. scalpelliformis at Spikey Beach, Tasmania 

C. scalpelliformis has a strongly serrated appearance due to the regular arrangement of 

the ramuli that arise from the sides of the erect fronds. The erect fronds are medium to 

dark green with simple to occasional branching. The ramuli are 1-1.5 cm long and 3-5 

mm broad in robust plants, strongly compressed, scalpelliform, basally broadest and 
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usually slightly upwardly curved, with an acute angle between adjacent ramuli. C. 

scalpellzformis is the most flattened of the temperate Australian species and has a thallus 

that grows to a maximum height of 200 mm. 

C. scalpelliformis is similar in appearance to C. ellistoniae and C. remotifolia, 

however an inspecton of the ramuli of the three species usually enables the correct 

identification; the other species do not have upward curving of the ramuli (Figure 6.2). 

Figure 6.2 Ramuli of C. ellistoniae (F1), C. remottfolia (B1) and C. scalpelliformis 
(D1)2  

C. remotifolia occurs on sheltered reefs and stone and is common only in port 

Phillip Bay and the South Australian gulfs. It is found occasionally in Tasmanian 

waters as far south as Orford whilst C. ellistoniae is a rare deepwater species 

known from only a few locations.' 

C. longifolia 
C. longifolia is found from Eucla, W.A. to Wilson's Promontory, Victoria and 

around Tasmania. It is easily recognised by the long (5-15 mm) thread-like ramuli that 

occur usually in five rows along the sides of the erect axes. C. longifolia is most common 

in areas of good water flow on the sides of vertical reef faces.' The erect fronds are 

medium to dark green growing up to 65 cm high and 1-3 cm across 2  (Figure 6.3). 



Figure 6.3 C. longifolia2  

Another form of C. longifolia; forma crispata has also been documentee2  which 

is lighter green in colour and has much finer ramuli with basal branching. The two 

species are usually easily distinguished and are not commonly found growing in the same 

area. 
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• 	6.2 	Previous investigations of C. scalpelliformis 

Whilst no investigations have been published .into the secondary metabolite 

content of C. scalpelliforinis, there have been some investigations into the amino acid 

composition 3 , toxicity4  and rapid spread 5  of this green alga. 

The free and combined amino acids of C. scalpelliformis collected from the Okha 

port on the Saurashtra coast along the north-west coast of India, have been determined. 

Between 22 to 25 amino acids were detected in the free form, of which 21 were 

quantitatively estimated in combined form. 3  Orthinine, cysteic and gamma-aminobutyric 

acids, which are rare in Indian marine algae, were amongst those detected. 

Comparative studies of various C. scalpelliformis extracts, from algae collected 

from the Maitre Island channel in New Caledonian waters at a depth of 20 metres in May 

and June 1981, indicated that the aqueous extracts were toxic. The dried algal powder 

(100 g) was extracted successively at low temperature, with DCM, Me0H and water to 

give, after decantation, filtration and concentration, extracts of 2.5%, 30% and 19.5% 

yields respectively. The DCM and Me0H extracts were not found to be toxic by either 

the oral or intraperitoneal routes at a dose of lg/kg in mice. However the aqueous extract 

at a dose of 1 g/kg resulted in 100% mortality in mice receiving the 'extract by the 

intraperitoneal route, 4  with motor activity reduced in 50% of the animals after 30 minutes 

and other tests for muscular and nervous lesions giving positive results in 60% of the 

animals. Death occurred 24 to 48 hours after administration. Oral administration was not 

toxic, however intravenous injection of the aqueous extract in the ethyl-urethane 

anesthetised guinea pig caused death by respiratory .arrest within an hour of 

administration of a 80 mg/kg dose.4 
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More recently, in 1997, Davis, Roberts and Cummins, published a report in the 

Australian Journal of Ecology 5  which documented the rapid spread of C. scalpelliformis, 

following its establishment in Botany Bay. In February 1996 the alga occupied 0.35 

hectares of the substratum within the Bay, however after 12 months it had reached an 

average cover of 56 hectares (+/- 11%) with the estimated fresh biomass of C. 

scalpelliformis being 5.2 +1-1.1 kg/m 2 . 

In the same period the average cover of sessile invertebrates (sponges, ascidians 

and bryozoans) declined from 45 to 23%. No such decline was seen in reference sites at 

the northern entrance to the Bay. Within 12 months the alga had spread to an additional 

location 300 metres to the east of the originally monitored location; indicating its ability 

to rapidly expand across continuous reef. The further appearance of small isolated plants 

at the northern entrance to the Bay indicated that C. scalpelliformis was also capable of 

establishing on non-continuous reef. 5  

In view of the results of the latter two studies, which suggest the presence of toxic 

secondary metabolites, an investigation into Tasmanian collections of C. scalpelliformis 

was launched. 
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6.3 	Collection, extraction and isolation of C. scalpelliformis 

C. scalpelliformis has been documented as growing in at least fifty-five sites in 

Tasmanian waters6  however amounts for a large scale investigation were difficult to 

obtain. A preliminary investigation of a DCM extract of C. scalpelliformis involving the 

use of p.t.l.c. (5% Et0Ac in pet. ether), indicated that a number of secondary metabolites 

were present. 

Due to the paucity of C. scalpelliformis often available at our collection sites, a 

seasonal watch was begun and in March 2001, a collection from Spikey Beach resulted in 

430 g of freeze dried material. This material was successively extracted with 30% Et0Ac 

in petroleum ether and Me0H, within four days of collection to minimise decomposition 

of secondary metabolites. The 1 H n.m.r spectrum of the Et0Acipet. ether extract showed 

an unusual group of peaks in the region 9.2 ppm to 9.7 ppm (Figure 6.4). 

.. 
PPm 6  

Figure 6.4 Partial 	n.m.r. spectrum of C. scalpelliformis extract (400MHz, CDC13) 

A portion of this extract (5.6 g) was subjected to a quick column (Si gel) using 20% 

Et0Ac in pet. ether (collecting the fraction above pheophytin a) followed by 100% 
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Et0Ac as eluent. The partial I ll n.m.r. spectra of these two fractions are shown in Figures 

6.5A and 6.5B. 

CCY: 13 

10 8 6 PPm 

Figure 6.5A Partial 1 1-1 n.m.r spectrum of Et0Acipet. ether extract, 

(400MHz, CDC13) 

10 ppm 

Figure 6.5B Partial 1 11 n.m.r spectrum of Et0Ac extract (400 MHz, CDC13) 

A t.l.c. plate (10% Et0Ac in pet. ether) of the two extracts (Figure 6.6) showed 

eleven ultraviolet active spots above pheophytin a for the less polar extract whilst a t.l.c. 

plate in 20% Et0Ac in pet. ether showed the more polar extract contained eight 

ultraviolet active spots. 
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(1) Et0Acipet. ether extract 	Et0Ac extract 	(2) 

Figure 6.6 T.I.c. of C. scalpelliformis extracts: (1) in 10% Et0Ac in  pet.  ether as 

eluent, (2) T.I.c. of Et0Ac extract in 20% Et0Ac in pet. ether as eluent. 

Subsequent p.t.l.c. of the less polar extract (Et0Ac/pet. ether) led to  the  collection 

of ten fractions (Scheme 6.1). 

C. scalpelliformis 

5.6 g extract 

quick column 20 % Et0Ac in pet. ether quick column 100% Et0Ac 

3.4 g 
p.t.l.c 7.5% Et0Ac in pet. ether 

quick column 
20-100% Et0Ac in pet. ether 

(3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
40 mg 100 mg 70 mg 100 mg 130 mg 106 mg 200 mg 167 mg 673 mg 200 mg 

(13) (14) 	(15) (16) 

Scheme 6.1 Purification process for C. scalpelliformis 

1 6 g 
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6.4 	Isolation of metabolite (1) 

The 1 1-1 n.m.r. spectrum of the major fraction (11) of the pet. ether/Et0Ac extract 

(Figure 6.7), contained signals in the region 1.80 ppm to 7.60 ppm, similar to those of 

caulerpenyne (1); a toxic acetylenic sesquiterpenoid obtained initially from the 

Mediterranean green alga C. pro1ifera. 7  

2 

Figure 6.7 1 11 n.m.r. spectrum of fraction (11) (Scheme 6.1) (400MHz, CDC1 3) 

OAc 
(1) 

The "C spectrum of (11) (Appendix 4, Figure 4.1) contained twenty-one 

resonances; which in conjunction with a DEPT n.m.r. spectral analysis gave rise to the 

data in Table 6.1. It can be seen that the 13 C and 1 1-1 n.m.r. spectral data for (11) are either 

identical or within 0.1 ppin of the corresponding literature data for caulerpenyne (1).7 
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Carbon I "C n.m.r. 1 1-1 n.m.r. "C n.m.r. 1 11 n.m.r. 
I 

C I 136.9d 7.61 ddJ 12.8, 0.4 Hz 136.9d 7.64 dd J 12.8, 0.8 Hz 
C2 109.1 d 5.80 dd J12.8, 0.4 Hz 109.2d 5.83 dd J 12.8, Q.7 Hz 
C3 118.5s 118.6s 
C 4 68.8 d 5.84 tJ7.5 Hz 68.8 d 5.87 tJ7.5 Hz 
C 5 31.9 t 2.61 ddd J 15, 7.5, 7.5 Hz 

2.44 ddd J15, 7.5, 7.5 Hz 
32.0 t 2.64 dddJ 15, 7.5, 7.5 Hz 

2.47 ddd J15, 7.5, 7.5 Hz 
C 6 129.7 d 5.66 ddq J7.5, 7.5,1.4 Hz 129.8 d 5.69 ddqJ 7.5, 7.5,1.4 Hz 

C7 121.5s 121.5s 
C8 94.0 s 94.0 s 
C9 85.2s 85.1 s 
C 10 105.3 d 5.32 d J1.2 Hz 105.2 d 5.35 qq J 1.1, 1.1 Hz 
C 11 147.9s 148.1 s 
C 12 24.7q 1.78 d J0.8 Hz 24.8 q 1.81 d J1.1 Hz 
C 13 134.2 d 7.23 d J0.8 Hz 134.2 d 7.26 dd J 0.8, 0.7 Hz 
C 14 17.7 q 1.80 d J 1.2 Hz 17.7 q 1.83 d J1.4 Hz 
C 15 20.9 q 1.86 d J0.4 Hz 20.9 q 1.89 d J1.1 Hz 
OCOCH3 20.5 q 2.16 s 20.7 q 2.18 s 
OCOCH3 166.9 s 167.0 s 
OCOCH3 21.0 q 2.12s 21.0 q 2.15s 
OCOCH3 169.8s 169.9s 
OCOCH3 20.5 q  

167.7s 
2.04 s 20.7 q 

167.8s 
2.07 s 

OCOCH3 
Table 6.1 H and "C n.m.r. spectral data for caulerpenyne (1) and (11) in CDCl3 

The mass spectrum of (11) (Figure 6.8) confirmed that the major metabolite 

present was caulerpenyne (1) with diagnostic peaks occurring at m/z 230 (M +-Ac0H-

2CH2C0) and 212 (M+-2Ac0H-CH2C0). 

4 

115 	 212 157 

1 1691" 	230  254 j 
„.„ 	

r, 272o 	332 3559  

50 	100 	150 	260 	' 250 	360 . 	350 '  

Figure 6.8 E.i. mass spectrum of fraction (11) from C. scalpelliformis (mlz) 
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6.5 	Caulerpenyne (1) and related compounds 

A significant amount of research has been done on species of Caulerpa that 

contain caulerpenyne (1) since it was first isolated in C. prolifera in 1978. 7  Subsequently 

caulerpenyne (1) has been isolated from a number of other species of the Caulerpa genus 

common in the tropical Pacific ocean and the Caribbean Sea. These species are C. 

racemosa, C. mexicana, C. sertularioides, C. taxifolia, C. paspaloides, C. lanuginosa, C. 

cupressoides and C. verticillata. 8  

A re-examination of C. prolifera in 1981,9  resulted in the isolation and 

identification of furocaulerpenyne (2), a metabolite containing a substituted furan ring. 

(2) 

In 1982, a further investigation 19  into C. prolifera yielded the caulerpenyne-like 

esters (17) described in Chapter 4, didehyroderivatives of caulerpenyne, where an 

acetoxy group had been substituted by fatty acid residues. 

O-R 

OAc 

(17) R = fatty acid residues 
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In 1989, it was discovered" that the opisthobranch mollusc Oxynoe olivacea, 

which lives camouflaged on C. prolifera and feeds upon the alga, contained in its 

mucous, two novel ichthyotoxic metabolites oxytoxin 1 (18) and oxytoxin 2 (19). These 

two toxic metabolites were produced in vivo from the ingested C. prolifera. 

CHO 

(18) 
	

(19) 

Further research into the predator-prey relationship between C. prolifera and the three 

shelled sacoglossans Oxynoe olivacea, Cylindrobulla fragilis and Lobiger serradifalci 

revealed the latter two sacoglossans also biotransform caulerpenyne into (18) and (19). 12  

Furthermore, during this investigation a coenocytic filament of C. prolifera was cut and 

the exuded white mass was immediately dissolved in C6D6 and monitored by n.m.r. 

spectroscopy (Figure 6.9). It is interesting to note that this spectrum in the region 9-9.5 

ppm has a similar appearance to that of the Et0Ac extract of C. scalpelliformis (Figure 

6.5B) 

i l l  ! 	
r--. 	1 	i 

..-.--- 2 4•-----,.._..-- J.-----... *-, 
-r-r--- 	 . 	, , r 	-r-r-r• --,-r-7--r, • - -- . 1--r-r-r-,-r-T-r ,^^7 

ppm 	 8 	 6 

Figure 6.9 Partial 1 H n.m.r of exuded white mass from cut fialment of C. prolifera 

C6D 6 = caulerpenyne peaks") 
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Another caulerpenyne related metabolite volvatellin (20) was isolated in 1998, 

from the secretions of the Indian opisthobranch mollusc Volvatella sp., which feeds on 

Caulerpa sp. off Mandapam, India." 

RO' s 	CHO 
(20) R=H 

Caulerpa taxifolia, a tropical seaweed which has recently invaded the 

Mediterranean contains caulerpenyne in large amounts, (greater than in the tropics) 

accompanied by other sesqui and monoterpenes. 14  This alga is resistant to winter 

temperatures and has an efficient system of reproduction leading to more vigorous 

development than in the tropics. There are concerns that C. taxifolia could colonise the 

whole Mediterranean. 15  In 1992, Guerriero and co-workers investigated collections of C. 

tax ifolia from the Cap Martin and Monaco regions of the Mediterranean. This 

investigation isolated oxytoxin-1 (17) and the novel aldehyde compounds taxifolial A-D 

taxifolial A 	 taxifolial B 
(21)-(24). 14  

(21) 
	 (22) 
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taxifolial C 	 taxifolial D 
(23) 
	

(24) 

The extract of C. taxifolia was found to inhibit the growth in vitro of marine bacteria and 

was cytotoxic towards marine ciliate protists. The most active terpene was found to be 

10,11-epoxycaulerpenyne (25). 17  

(25) 

Further investigation by Guerriero and co-workers into the Cap Martin collections 

yielded (26) a strongly bioactive and biogenetically significant hydroxylated terpene and 

a truncated sesquiterpene taxifolione (27). 17  Taxifolione (26) had the highest antibacterial 

activity of all terpenes isolated from C. taxifolia. 

OAc 
(26) 
	

(27) 
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The i ll and 13C n.m.r data for the caulerpenyne-related metabolites (17)-(27) are shown 

in the following tables. Additional predicted 1 1-1 n.m.r. data for metabolites (21)-(23), and 

(25) was obtained from the ACDLabs database, since the literature data for these 

secondary metabolites was recorded in C6D6; thus making direct comparison with our 

n.m.r spectral data difficult. Reference will be made to these tables in the discussion of 

the remaining fractions of C. scalpelliformis. 

number 	I (18)* 
(20)*

Carbon  (19)** Acetyl (21)** (22)** (23)** (24)* (25)** (26)** (27)* I 

C 1 198.9 195.6 69.8 - 189.9 137.5 84.5 193.0 137.4 137.3 32.7 
C 2 42.5 38.9 31.0 128.9 109.5 135 133.6 109.6 109.9 184.7 
C3 122.7 137.1 138.6 153.9 118.8 142.6 153.4 118.8 

118.9 
119.9 91.6 

C4 69.0 152.8 148.0 72.9 68.5 69.8 99.2 68.7 67.1 89.7 
C 5 31.8 28.4 26.9 32.7 32.6 32.7 88.7 32.3 40.7 103.5 
C6 129.1 130.3 45.4 129.6 134 129.8 104 132.8 70.9 158.2 
C7 114.7 115.1 131.6 122.4 121 122.6 143 120.8 135.4 21.8 
C 8 	• 93.9 94.4 88.3 94.5 109 not det 25 87.7 90.7 25.5 
C 9 85.3 86.4 89.1 86.4 83.8 not det 83.9 89.9 
C 10 105.2 106.1 104.9 106 127.9 106.1 52.0 105.9 
C 11 148.2 147.9 149.5 147.9 147.8 147. 60.1 149.0 
C 12 24.8 24.5 21.2 24.5 192.7 23.1 24.6 
C 13 135.3 192.5 192.6 59.1 135.1 135.1 134.4 
C 14 17.7 17.6 122.0 17.9 17.2 17.4 119.1 
C 15 20.9 20.9 24.9 21.0 20.3 21.0 
OCOCH3 167.0 179.8 167.3 166.6 
OCOCH3 169.7 169.2 169.9 
OCOCH3 166.4 167.2 

Table 6.2 13C n.m.r. spectral data for metabolites (4)-(11) *= CDCI3, * *=C6D6 
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Carbon 	I 
number (18) 

CDC13 
(19) 

CDCI3 
(2) 

CDC13 
(21)* (22)* (23)* (24) 

CDC13 
(25)* (27)  I 

CDCI3 
C 1 9.54 9.62 3.92 9.99(0.18) 6.87(0.5) 7.40(0.70) 10.06 6.87(0.50) 2.37 
C 2 2.98 

3.13 
3.42 2.87 

2.10 
6.91(0.20) 6.91(0.5) 6.95(0.30) 6.12 6.91(0.60) 

C3 • 
C4 6.72 6.79 4.54 7.26 5.51(0.10) 7.23(0.70) 
C 5 2.34 

2.54 
3.14 2.30 

2.44 
2.30 
2.44 

2.47 
2.73 

2.30 
2.43 
2.58 

5.41 

C 6 5.64 5.74 2.45 6.12(0.18) 6.47(0.16) 6.47(0.19) 5.4 6.30(0.18) 
C7 1.90 
C8 	. 1.89 1.99 
C9 1.95 
C 10 5.33 5.38 5.34(0.08) 6.58(0.90) 5.34(0.08) 3.18(0.36) 
C 11 
C 12 1.80 1.83 1.88 9.23 1.88 1.25(0.20) 
C 13 7.17 9.44 9.47 4.71(0.43) 6.78(0.67) 9.38(0.20) 6.80(0.70) 

C 14 1.82 5.52 
5.42 

1.81 1.81 1.81 1.80 

C 15 1.87 1.81 1.67 1.93 1.67 1.37 
OCOCH3 2.04 

2.13 
2.11 
2.12 
1.74(0.17) 

2.15 
1.97(0.10) 

2.11 
2.12 
1.74 

Table 6.3 I II n.m.r. spectral data for metabolites (18)-(27) ,*= ACDLabs data in 
non-aromatic solvent, (errors >0.05 in brackets) 

More recently in 2000, Gavagnin and co-workers conducted more extensive 

chemical studies on eight Carribbean sacoglossans; examining their dietary relationships 

with green algae and the resulting ecological implications. I8  In addition two new 

compounds ascobullin A (28) and ascobullin B (29) were found in the sacoglossan 

Ascobulla ulla.18 
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0 

(28) 
	 (29) 

Numerous studies have been done on the biological activities of caulerpenyne (1) 

and related compounds. These studies have revealed that (1) has a number of biological 

effects ranging from neurotoxic effects on the central nervous system of the leech Hirudo 

medicinalis I9 , to mitosis blocking effects, 2°  intracellur pH regulation, 22  and cleavage22  of 

sea urchin eggs, to action as an inhibitor of pancreatic lipase 2324  and also growth 

inhibitory effects against eight cancer cell lines of human origin.' A number of feeding 

studies have also been carried out which indicate the presence of algae containing 

caulerpenyne and related metabolites make low preference food items in the diet of a 

variety of marine herbivores. 26-29  

Other studies have focused on the synthesis of caulerpenyne and related 

metabolites30-32 , variations in caulerpenyne production33  and methods of determining the 

amount of caulerpenyne present in algae and animals. 34 '35  

One of the most recent studies involves the rapid wound-activated transformation 

of caulerpenyne (1) from C. taxifolia into labile 1,4—dialdehydes of the oxytoxin family. 36  

This study showed that the three acetate groups of caulerpenyne are enzymically cleaved 

within minutes after mechanical damage. The 1,4-bis-enol acetated moiety was 

transformed into the 1,4-dialdehydes, whose structures were elucidated after trapping of 

the aldehydes with 2,4-dinitrophenylhydrazine. The transformation into the more toxic 
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1,4-dialdehydes was seen as activated chemical defence by the alga in response to the 

mechanical damage.36  

The following two sections document the research done on C.scalpelliformis 

during this thesis in order to assist any future reseachers in this area. 
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6.6 	Pet. ether/Et0Ac extract of C. scalpelliformis 

The remaining nine p.t.l.c. fractions (3)-(10) and (12) of the pet. ether/Et0Ac 

extract of C. scalpelliformis will be discussed briefly in this section. 

The least polar p.t.l.c. fraction (3) contained signals of interest at 6.4, 4.6 and 3.0 

ppm in the 1 1-1 n.m.r. spectrum (Appendix 4, Figure 4.2) suggesting that moieties 

containing acetoxy, and other oxygen bearing carbon atoms were present. This data did 

not match the data of any of the other caulerpenyne or related metabolites (Table 6.3). 

The 1 1-1 n.m.r. spectrum (Appendix 4, Figure 4.3) of next most polar p.t.l.c. 

fraction (4) contained signals typical of an acetoxybutadiene moiety in the region 5.8 — 

7.5 ppm and other signals at 10.0 and 6.1 ppm (d J 8.4 Hz) similar to those in taxifolial D 

(24) (Table 6.3) thus containing two metabolites of interest. 

The 1 11 n.m.r. spectrum (Appendix 4, Figure 4.4) of the next most polar p.t.l.c. 

fraction (5) contained signals of interest in the region 5.8-7.5 ppm, suggestive of two 

overlapping acetoxybutadiene moieties with smaller signals in the region 9.8-10.1 ppm. 

There were six peaks in the region 7.38-7.46 ppm. Smaller signals at 6.9 and 6.4 ppm 

were also noted. 

The I FI n.m.r. spectrum (Appendix 4, Figure 4.5) of the next most polar p.t.l.c. 

fraction (6) contained signals of interest in the region 5.8-7.5 ppm, suggestive of two 

overlapping acetoxybutadiene moieties with smaller signals in the region 9.38-10.0. 

These signals were similar to those of the preceding fraction however with only four 

signals in the region 7.38-7.46 ppm. 

The 1 1-1 n.m.r. spectrum (Appendix 4, Figure 4.6) of the next most polar p.t.l.c. 

fraction (7) contained signals of interest in the region 5.8-7.5 ppm, suggestive of two 
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overlapping acetoxybutadiene moieties with a number of signals in the region between 6 

and 6.7 ppm. A signal at 9.3 ppm with smaller signals at 9.55 ppm were also noted. 

The i ll n.m.r. spectrum (Appendix 4, Figure 4.7) of the next most polar p.t.l.c. 

fraction (8) contained signals of interest in the region 5.95-7.5 ppm, and between 9.6 and 

10.3 ppm, suggestive of a,13-unsaturated  aldehyde moieties. Whilst signals typical of an 

acetoxybutadiene were absent in this spectrum, the signals at 7.19 and 7.16 ppm were 

similar to those of moieties in metabolites (23) and (25) (Table 6.3). These were also 

signals typical of caulerpenyne-related metabolites between 3 and 4 ppm. 

The '1-1 n.m.r. spectrum (Appendix 4; Figure 4.8) of the next most polar p.t.l.c. 

fraction (9) contained signals of interest at 10.16, 9.58 and 6.44 ppm typical of an c3-

unsaturated aldehyde moiety; with a smaller set of signals at 10.26, 9.61 and 6.48 ppm 

indicating the presence of an isomeric a,13-unsaturated aldehyde. Larger signals at 7.0 

and 5.74 ppm also indicated the presence of another metabolite of interest. The "C n.m.r. 

spectrum of this fraction (Appendix 4, Figure 4.9) included signals at 85.3 and 94.0 ppm 

typical of the acetylenic moiety found in caulerpenyne-like metabolites. 

The 1 1-1 n.m.r. spectrum (Appendix 4, Figure 4.10) of the next most polar p.t.l.c. 

fraction (10) contained larger signals at 9.4, 7.0 and 5.7 ppm due to the metabolite in the 

previous fraction with smaller signals from caulerpenyne (11) also being present at 7.6, 

7.2 and 5.6-5.8 ppm. 

The final p.t.l.c. fraction (12) isolated from the pet. ether/Et0Ac extract of C. 

scalpelliformis was identified as containing cholesterol as its major metabolite from 

comparison of its I FI and 13 C n.m.r. spectral data (Appendix 4, Figure 4.11) with that of 

the literature.37 
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(12) 

In summary, these nine p.t.l.c. fractions (3)-(10) and (12) of the pet. ether/Et0Ac 

extract of C. scalpelliformis contain a number of secondary metabolites. Some of these 

metabolites may be identical to other caulerpenyne-related metabolites previously 

isolated from other green algae however it is likely that a number of these fractions 

contain novel metabolites and hence are worthy of further investigation. 
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6.7 	Et0Ac extract of C. scalpelliformis 

The Et0Ac extract of C. scalpelliformis was partitioned into four fractions as 

detailed in Scheme 6.1. The 1 1-1 n.m.r. spectrum of the first fraction (13) (Figure 6.10) 

was identical to that of pheophytin a, previously found in other Caulerpa species studied 

for this thesis (Figure 6.11). 

Figure 6.10 1 1-1 n.m.r spectrum of (13) from C. scalpelliformis (ppm) 

R = 

Figure 6.11 Structure of pheophytin a 
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The i ll n.m.r spectrum of the next most polar fraction (14) of the Et0Ac extract 

of C. scalpellifonnis (Figure 6.12) was similar to that of pheophytin a, however an 

additional signal had appeared at 11.06 ppm, whilst only three methyl group signals were 

apparent in the region 3.30 ppm to 4.00 ppm. This was consistent with the replacement of 

a methyl group with an aldehyde group as occurs in pheophytin b (Figure 6.11). 

  

4\-ijk) •aolikAl  

   

ci 
Figure 6.12 1 11 n.m.r spectrum of (14) from C. scalpelliformis (400 MHz, CDC13) 

The 1 1-1 n.m.r spectral data for pheophytin a and b38  and the corresponding data for the 

first and second fractions of the Et0Ac extract of C. scalpelliformis are shown in Table 

6.4: 
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Atom number 	l pheophytin a Et0Ac 
fraction 1 

pheophytin b Et0Ac 	. 	I 
fraction 2 

R=CHO . 	 10.58 11.06 
5 9.13 9.42 9.75 10.2 
10 9.83 9.56 8.91 9.5 
20 8.50 8.64 8.46 8.5 
3' 7.83 7.97 7.77 7.9 
3,, 6.05 6.18 6.12 6.1 
3,, 6.13 6.20 6.18 6.2 
13" 6.23 6.26 6.21 6.3 
2 3.33 3.40 3.30 3.37 
R=CH3 3.06 3.20 
12 3.63 3.67 3.48 3.65 
17' 2.47 2.20 2.45 
COCH3 3.88 3.87 	° 3.95 3.91 
phytyla  5.13 5.16 5.17 5.3 
phytylb  4.45 4.24 4.48 4.5 

a =olefinic H, D=oxygen  bonded methylene 

Table 6.4 I II n.m.r. spectral data for pheophytins .  a and b and Et0Ac fractions 

Previous investigations into pheophytin a and b have included an investigation into the 

effect of dilution, in CDC13, on the chemical shifts of particular protons. Figure 6.13 

below shows an example of these dilution effects. The reasons for these effects are 

beyond the scope of this thesis, however an examination of Figure 6.13 in conjunction 

with the I I-1 n.m.r spectral data in Table 6.4, supports the conclusion that the major 

compound present in this fraction was pheophytin b. Since the major components of these 

first , two fractions of the Et0Ac extract of C. scalpelliformis were known, no further 

efforts were made to further purify these compounds. 
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Figure 6.13 Dilution shifts of pheophytin a and b in CDCI3 

The two remaining fractions of the Et0Ac extract (15) and (16) exhibited none of 

the u.v spectral characteristics of pigments instead showing a spectrum consistent with 

the presence of acetoxy and aldehyde moieties. Both fractions showed high activity in the 

lettuce seedling assay (Chapter 2). The I I-1 n.m.r spectra of these two fractions (15) and 

(16) are shown in Figure 6.14: 

AL-1  
if 

Figure 6.14A 1 H n.m.r spectrum of (15) (400 MHz, CDCI 3) 



    

318 

     

 

=Is 

j 

   

10 

Figure 6.14B 'H n.m.r spectrum of (16) (400 MHz, CDC1 3) 

It can be seen from Figure 6.14 that these two fractions contain the major group of peaks 

in the region 9.2-9.7 ppm observed in the original extract of C. scalpelliformis. 

As discussed in section 6.4, the acetate groups of caulerpenyne (1) (isolated from 

C. taxifolia) are enzymically cleaved within minutes of mechanical damage, transforming 

into labile 1,4-dialdehydes of the oxytoxin family. 36  The similarity of the appearance of 

the I I-I n.m.r. spectrum of the Et0Ac extract of C. scalpelliformis (Figure 6.5B) and that 

of the extract of C. prolifera after mechanical damage (Figure 6.9) has also been noted 

during this chapter. A comparison of the n.m.r. spectral data for oxytoxin 1 (18) and 

oxytoxin 2 (19) (Table 6.3) with Figures 6.14A and B show that the signals 9.64, 3.44, 

3.14 and 9.44 ppm in Figure 6.I4A are very close to those of (19) however  the  signals at 

5.74 and 6.72 ppm for (19) are missing. Smaller signals in Figure 6.14B  are  similar to 

those of (18) however again the signals due to the major metabolites in this fraction are 

different. It is reasonable to conclude that a family of dialdehydes are present  in  these two 

fractions. As these metabolites are present in large quantities in the extract of C. 

scalpelliformis they should be the first target of any further work on this alga. 
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6.8 	C. longifolia 

A preliminary investigation of C. longifolia was carried out to explore the 

possible presence of secondary metabolites. A small sample of freeze-dried seaweed (28 

g), was extracted with DCM to yield 5.3 g of extract. This extract was passed through a 

dry silica column using 5-20 % Et0Ac in petroleum ether as the eluent to give 0.17 g of 

material. The extract was thus treated in a similar manner to the other Caulerpa species; 

collecting the metabolites in the region above pheophytin a by t.l.c. (Figure 6.15) 

solvent front 

pheophytin a 

Figure 6.15 T.I.c. of C. longifolia extract (5% Et0Ac in pet. ether) 

The use of p.t.l.c. using 5 % Et0Ac in petroleum ether as eluent resulted in the collection 

of five fractions as shown in Scheme 6.2. The two least polar fractions contained two 

metabolites each. 



extraction 

column 5-20 % Et0Ac in pet. ether 

28 g f.d.w. 

DCM 

5.3 g extract 

quick 

0.17g 
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C. longifolia 

p.t.l.c. in 5 % Et0Ac in pet. ether 

(31) (32) (33) (34) (35) 

6 mg 11 mg 2mg 24 mg 52 mg 

Scheme 6.2 Purification outline for C. longifolia 

The g.c.-m.s. profiles and 1 1-1 n.m.r. spectra of these fractions indicated that 

secondary metabolites were present in small quantities in the first four fractions with the 

major fraction (35) comprising 52 mg. 

An inspection of the g.c.-m.s. profile and 1 1-1 n.m.r. spectrum of this fraction 

indicated that the major metabolite present was caulerpenyne. A match of the m.s. 

spectral data for (35) with (1); the major metabolite obtained from C. scalpelliformis 

confirmed that this was the case. 
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6.9 	Conclusions from C. longtfolia and C. scalpelhformis research 

The unexpected curtailment of experimental work as explained in the 

Acknowledgements section of this thesis, prevented the completion of investigations into 

these two seaweeds. However, both these seaweeds were found to contain the 

ecologically important secondary metabolite caulerpenyne (1), with C. scalpelliformis 

containing related metabolites in large quantities. It is probable that the recent expansion 

of C. scalpelliformis in Botany Bay is due to the effect of these metabolites on other 

marine life in the area; a similar effect to that which C. taxifolia has had on the 

Mediterranean ecosystem. The completion of these investigations into Tasmanian 

collections of C. scalpelliformis and C. longifolia should yield the. identities of the 

secondary metabolites in these algae, a number of which appear to be novel. 
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7.1 	Conclusions from Caulerpa research done in this thesis 

A number of conclusions can be drawn from the research into the secondary 

metabolite content of the five Tasmanian Caulerpa species investigated for this thesis. 

Firstly, a total of thirteen novel metabolites were isolated and identified from C. 

trifaria, C brownii and C. flexilis. Evidence of a further six metabolites (possibly novel) 

has been found in C. flexilis. A further ten known compounds were isolated from these 

three algae with a number of these being common. Preliminary investigations into C. 

scalpelliformis and C. longifolia resulted in the isolation of caulerpenyne and evidence 

was presented to support the presence of a number of other potent secondary metabolites 

in these algae; some in large quantities. The methods developed during the investigations 

for this thesis thus indicated that between six and ten secondary metabolites were present 

in the pet. ether/Et0Ac extracts of each alga investigated. 

Secondly, it became apparent during our investigations that the secondary 

metabolite concentration in the algae was highest when the extraction and isolation 

process was completed as quickly as possible after collection. In general even if the 

freeze-dried material was stored at —20 °C in the dark, decomposition of metabolites was 

such that after a number of weeks the metabolites containing aldehyde moieties had 

begun to decompose. After two to ,three months some secondary metabolites containing 

acetoxybutadiene and acetoxy moieties suffered a similar fate whilst caulerpol, a 

metabolite with a hydroxyl moiety was the most stable secondary metabolite in three 

species. 

Thirdly, some commonality was observed in the type of the secondary metabolites 

isolated from the three Caulerpa species; C. flexilis, C. brownii (unbranched) and C. 
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flexilis. Essentially metabolites were found to contain either an acyclic or monocyclic 

hydrocarbon moiety of varying structure and a moiety containing aldehyde or acetoxy 

functionalities in varying combinations. The moieties identified in these secondary 

metabolites are shown below: 
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The approximate location of the metabolites containing these moieties by t.l.c. is 

shown in Figure 7.1 

OAc 

solvent front 

compound location 

a 

f ,g 
d,e 

j and other hydroxyl metabolites 
pheophytin a 

Figure 7.1 Location of metabolites by t.l.c. in 5% Et0Ac in pet. ether 
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Table 7.1 summarises the common moieties/metabolites isolated from each 

Caulerpa species: 

Moiety C. trifaria C. brownie' C. brownit C. flexilis C. scalp. C. longifolia 	I 
a yes yes no yes Not yet Not yet 
b yes yes no yes investigated investigated 
C yes* yes no yes 
d yes yes* no yes* 
e no yes no yes* 
f yes yes* no no 

g no yes no no 
h yes yes* yes yes 
i yes yes yes 
j yes yes 
k yes* yes* 

(h=caulerpenyne or related compounds; i=caulerpol; j=cholesterol; k=more polar c4-
unsaturated dialdehydes; yes*=metabolites identified by m.s. or n.m.r. in p.t.l.c. or h.p.l.c. 
fractions; bold=novel metabolites, u=unbranched specimens, =branched) 

Table 7.1 Metabolites/moieties isolated from five Caulerpa species 

The commonality of these moieties in the Caulerpa species investigated for this 

thesis indicates that metabolites possessing such moieties play an important part in the 

biosynthetic pathways that occur within caulerpean algae and also in the chemical 

defense of the algae. Although some of these metabolites were present in low 

concentrations in some species, the availability of large amounts of algae for collection 

and also the use of h.p.l.c. techniques, (sometimes involving many dilute injections using 

an analytical column) resulted in the isolation of metabolites in sufficient amounts for 

analysis. Whilst such an approach was labour intensive it did result overall in a much 

better understanding of the type of secondary metabolites present in caulerpean algae. 

The methods developed during investigations for this thesis can now be applied to other 

caulerpean algae to ascertain in a shorter time frame what types of metabolites the algae 
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are likely to contain and how best to isolate them. For example, algae that possess 

metabolites containing an acetoxybutadiene moiety generally have a metabolite 

containing a 1,4-a,f3-unsaturated dialdehyde moiety in the nest most polar p.t.l.c. band; 

this was found to be true not only for metabolites of polarity such as flexilin and 

didehydrotrifarin but also for the more polar caulerpenyne-related metabolites. (A 

completion of the investigations into C. scalpelliformis and C. longifolia should result in 

the complete identification of these latter a,13-unsaturated dialdehydes.) 

Fourthly, our investigation into C. trifaria resulted in the isolation of both 

metabolites that had been previously identified in two different collections of the alga; as 

minor (1.4 % combined) metabolites. It is probable that C. trifaria biosynthesises 

particular secondary metabolites for chemical defence depending on the particular factors 

operating at the time of collection; such as level and type of herbivory and season and 

geography amongst other factors. This finding has relevance for other algae where 

differing secondary metabolites have been isolated from different collections of the algae. 

It is not unreasonable to suggest that such algae collected from different locations contain 

an identical suite of secondary metabolites in differing concentrations; what may be a 

major metabolite in one location may be present in only trace amounts at another and 

thus have escaped detection. The focus for natural products research is often novel 

metabolites, and time and resource constraints often prevent the following up of minor 

constituents in an extract. The presence of such metabolites however can provide useful 

information in the overall chemical and ecological scenario which exists in the marine 

environment. 
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Fifthly, the isolation of caulerpenyne as the major metabolite in C. scalpelliformis 

and C. longifola is important in relation to the recent invasion of Botany Bay in N.S.W. 

by the former alga. It is highly likely that the proliferation of C. scalpellifortnis in N.S.W. 

is due to the presence of caulerpenyne and related metabolites in the alga. The similar and 

more extensive invasion of the Mediterranean by C. taxifolia; another alga that contains 

caulerpenyne in large amounts created a large amount of concern in relation to the effect 

that this invasion had on other marine life in the Mediterranean region. The results of the 

subsequent research into caulerpenyne and related metabolites can now applied to assist 

aquatic researchers in relation to the problems that C. scalpelliformis may pose in Botany 

Bay. 
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Figure 1.13 U.v.-vis. Spectrum of pheophytin a (16) 
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Figure 3.4 .3C n.m.r. spectrum of (11) (100MHz, CDC13) 
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Figure 4.4 	n.m.r. spectrum of (5) (400 MHz, CDC1 3 ) 
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Figure 4.9 13C n.m.r. spectrum of (9) 
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General 

All n.m.r. spectra were measured on either a Varian spectrometer operating at 200 

MHz for and 90 MHz for 13C n.m.r. or a Varian INOVA spectrometer operating at 

400 MHz for 
1 	 13 
H and 100 MHz for C n.m.r. using CDC1 3  as solvent. Infrared spectra 

were determined as thin films using a Perkin Elmer PARAGON 1000 spectrometer whilst 

a Shimadzu UV-160 spectrometer was used to determine ultraviolet spectra with ethanol 

as solvent. A Waters 600E solvent delivery system and U6K injector together with a 486 

variable wavelength detector and a reverse phase Dynamax column 60A C18 (21.4 mm 

i.d. x 300 mm) with C18 guard column or Waters pPorasil (7.8 x 300 mm and 19 x 300 

mm) (normal phase) were used for preparative h.p.l.c.High resolution electron impact 

mass spectra and chemical ionisation (NH 3) mass spectra were measured with a Kratos 

Concept ISQ instrument. G.c.-m.s. experiments were conducted using a Hewlett-Packard 

5890A g.c. coupled to a Hewlett-Packard 5970 mass selective detector. A 25m HP-1 

crosslinked methylsilicone column of 0.32 mm i.d. and 0.52 p.m film thickness was used 

with He carrier gas. A temperature program of 50 0  to 1500C at 30°Chnin followed by 

10°C/min from 150 to 290 0C with a one minute solvent delay was used. L.c.m.s. was 

carried out on a Finnnigan LCQ instrument with a Waters Alliance h.p.l.c.using an 

analytical C18 reverse phase Novapak column (3.9 x 150 mm) and an APCI source. All 

solvents used for extraction and chromatography were distilled before use. Analytical 

thin-layer chromatography was carried out on Merck silica gel 60 F254  precoated 

aluminium-backed plates (0.02 mm). Merck silica gel 60 F254  was used for preparative-

layer chromatography and Merck 60 silica gel for column chromatography. 
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Metabolites described in Chapter Three 

Caulerpa trifaria samples were collected as described in Table 1.3, page 56 of 

this thesis. A voucher specimen (HO 500703) has been deposited at the Tasmanian 

Herbarium. The seaweed was immediately sorted strand by strand, frozen, and freeze 

dried. Extraction and purification commenced within 7 days of collection. The freeze 

dried material was extracted with DCM and the extract was chromatographed on a silica 

column under vacuum using 20% ethyl acetate in hexane followed by preparative t.l.c. on 

silica using 5% ethyl acetate in 40 °-60°  petroleum ether. This yielded five ultraviolet 

active fractions which were then subjected to preparative h.p.l.c. (reverse phase C18, 

100% methanol) (Scheme 3.1). 

DCM extract 

7.20 g 

quick column 20% Et0Ac in hexane 

  

ptic 5% Et0Ac in hexane 

hplc C18 100% Me0H 

(5) 	(1) 	(3) 	(2) 

720 mg 0.6 mg 7.2 mg 3.6 mg 

(4) 
2.4 mg pheophytin a 

hplc C18 100% Me0H 

(11) 	 (12) 
.0.6 mg 	0.4 mg 

(8) 
72 mg 

Scheme 3.1 Purification process for C'. trifaria 
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(1 E,5E)-2-[(E)-2-(acetyloxyl)ethenyl] -6-methy1-8-(2,6,6-trimethy1-2-cyclohexen- 1-y1)- 

1,5-octadienyl acetate (5) was obtained as a pale yellow oil (720 mg, 0.6 %), [a.D] -75°(c 

0.012M in Et0H). kmax  251 nm (E 22500) (Et0H). vmax  1756, 1629, 1370, 1209, 1081 

cm-
1

. 
1
H n.m.r. (400 MHz, CDC13) 8 7.44, d, J 12.5 Hz, H 1; 7.15, s, H 16; 5.92, d, J 

12.5 Hz, H 2; 5.25, br s, H 12; 5.15, br t, J 8.0 Hz, H 6; 2.30, t, J 8.0 Hz, H 42 ; 2.16, s, 

OCH 2.15 , s OCH • 2.13 , m H 5 • 1.98 , m H 8 1.95 , br s H 13 1.66 , d J 1.6 Hz H 

18 3 ; 1.60, s, H 17 3 ; 1.50, m, H 9a; 1.41, m, H 14a; 1.40, m, H10; 1.33, m, H 91; 1.10, m, 

H 14; 0.91, s, H 193 ; 0.86, s, H 20 3 . 13 C n.m.r. (100 MHz, CDCI3) 8 135.6, d, C 1; 

113.3, d, C 2; 121.2, s, C 3; 25.3, t, C 4; 26.6, t, C 5; 123.1, d, C 6; 136.8, s, C7; 40.6, t, 

C 8; 29.8, t, C 9; 49.0, d, C 10; 136.8, s, C 11; 119.9, d, C 12; 23.1, t, C 13; 31.6, t, C 14; 

32.6 , s, C 15; 134.4, d, C 16; 16.1, q, C 17; 23.5, q, C 18; 27.4, q, C 19; 27.6, q, C 20; 

2x167.4,s, OCOCH3; 2x 20.7, q, OCOCH3. Observed HMBC correlations: 8 7.44, 5.15 

to 113.3 ppm; 7.44, 7.15, 2.30, 2.13 to 121.2; 5.92 to 25.3; 5.15, 2.30 to 26.6; 2.30, 2.13, 

1.98, 1.60, to 123.1; 2.13, 1.98, 1.60, 1.33,1.50 to 136.8; 5.15, 1.60, 1.33 to 40.6; 1.98 to 

29.8; 1.98,1.66, 1.33, 1.50, 0.91, 0.86; 1.66 to 136.8; 1.66 to 119.9; 1.10 to 23.1; 1.10, 

0.91, 0.86 to 32.6. Observed INADEQUATE correlations: 8 23.1 to 119.1; 31.6, 27.6, 

27.4, 49.0 to 32.6; 29.8, 136.8, to 49.0; 23.5 to 136.8. Observed COSY correlations: 7.44 

to 5.92; 7.44, 5.92 to 2.30; 2.30 to 2.13; 2.13, 1.66 to 5.15; 1.50, 1.33 to 1.98; 0.91, 0.86 

to 1.40;1.60, 1.95 to 5.25; 1.33, 1.50 to 1.95; 1.33, 1.50 to 1.40. High-resolution c.i. mass 

spectrum: m+/ 389.26876 (C24H3604  requires 389.26919). E.i. mass spectrum: (M+-60) 

m/z 328 (1), 286 (10), 204 (10), 177 (8), 162 (30), 149 (8), 123 (15), 109 (25), 95 (13), 81 

(35), 69 (12), 55 (13), 43 (100). 
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(E)-2-[(E)-4-methyl-6-(2,6,6-trimethy1-2-cyclohexen-1-y1)-3-hexenyl] -2-butenedial (8); 

obtained as a pale yellow oil, (72 mg, 0.06 %), [a l)] -71 °  (c, 0.007M in Et0H). Xmax  227 

nm (s 6700) (Et0H). vmax  1685 cm-i . 1 H n.m.r. (400 MHz, CDC13) 8 P.2 , d, J 7.5 Hz, 

H 1; 9.66, s, H 16; 6.51, d, J 7.5 Hz, H 2; 5.28, br s, H 12; 5.08, t, J7.5 Hz, 116; 2.70, t, J 

7.2 Hz, H 42 ; 2.20, dd, J 14.6, 7.3 Hz, H 5 2 ; 1.96, br s, H 8 2 ; 1.96, br s, H 13 2 ; 1.66, s, H 

173; 1.51, s, H 18 3 ; 1.38, m, H 1; 1.24, H 92 ; 1.14, m, H 14a; 1.06, m, H 14; 0.90, s, H 

203 ; 0.85, s, H 19 3 . 13C n.m.r. (100 MHz, CDC13) 6 191.8, d, C 1; 141.7, d, C 2; 154.6, s, 

C 3; 24.4, t, C 4; 27.9, t, C 5; 121.6, d, C 6; 139.9, s, C 7; 40.9, t, C 8; 30.1, t, C 9; 49.5, 

d, C 10; 137.0, s, C 11; 120.5, d, C 12; 23.5, t, C 13; 32.1, t, C 14; 33.0, s, C 15; 195.5, d, 

C 16; 16.7, q, C 17; 23.9, q, C 18; 27.9, q, C 19; 27.7, q C 20. Observed INADEQUATE 

correlations: 6 191.8 to 141.7; 154.6 to 24.4; 24.4 to 27.9; 27.9 to 121.6; 137.0 to 23.9; 

137.0 to 40.9; 40.9 to 30.1; 30.1 to 49.5; 49.5 to 137.0; 120.5 to 23.5; 23.5 to 32.1; 32.1 

to 33.0; 33.0 to 49.5; 33.0 to 27.7; 33.0 to 27.9; 139.9 to 40.7. Observed COSY 

correlations: 10.20 to 6.51; 6.51, 9.66, 2.20 to 2.70; 5.08, 1.51 to 2.20; 1.96, 1.51 to 5.08; 

5.08, 1.38, 1.24 to 1.96; 1.96, 1.38 to 1.24; 1.14, 1.06, 0.90, 0.85 to 1.38; 1.96, 1.66 to 

5.28; 1.66 to 1.96; 5.28 to 1.51. NOESY cross peaks: 10.20 to 6.51. High resolution e.i. 

mass spectrum: m/z 302.22506 (C20H3002  requires 302.22458). Mass spectrum: (Mt) m/z 

302 (5), 284 (2), 178 (5), 136 (40), 123 (75), 109 (45), 94 (36), 81 (100), 69 (32), 41(70). 

(E)-2-[(Z)-2-(acetyloxy)ethylidene] -6-methy1-8-(2,6,6-trimethy1-2-cyclohexen-1-y1)-.5 

octenyl acetate. (11) was obtained as a colourless oil, (0.6 mg, 0.002 %), [(xi)] -51 0  (c, 5.0 

5 	 I 	I 
X 10-  M in Et0H). X max  203 nm (s 11300) (Et0H). vmax  1744 cm-  . H n.m.r. (400 

MHz, CDC13) 6 5.60, t, J 6.9 Hz, H 2; 5.28, s, H 12; 5.08, br s, H 6; 4.63, d, J 6.9 Hz, H 
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1 • 4.54.s H 16 • 2.07. s OCH - 2.04,s OCH • 1.98,br s H 8 • 1.98,br s H 13 • 1.64 

d, J 1.6 Hz, H 18 3 ; 1.58, s, H 17 3 ; 1.48, m, H 9a; 1.38, m, H 14a; 1.40 m, H 10; 1.28, m, 

H 913; 1.10, m, H 14 
13

13; 0.90, s, H 193 ; 0.84, s, H 203 . C n.m.r. (100 MHz, CDC13) 8 60.6, 

t, C 1; 122.4, d, C 2; 139.7, s, C 3; 25.8, t, C 4; 27.0, t, C 5; 122.4, d, C 6; 136.9, s, C 7; 

40.7, t, C 8; 29.9, t, C 9; 49.1, d, C 10; 137.3,s, C 11; 120.0, d, C 12; 23.2, t, C 13; 31.7, 

t, C 14; 32.7, s, C 15; 67.2, s, C 16; 16.2, q, C 17; 23.6, q, C 18; 27.6, q, C 19; 27.8, q, 

171.1, s, 170.8, s, OCOCH3; 2x 21.1, q, OCOCH3. Observed COSY correlations: 4.63, 

4.54 to 5.60; 2.25, 5.08 to 2.05; 1.98, 5.08 to 1.58; 1.48, 1.1 to 1.98; 1.98, 1.64 to 5.28. 

High-resolution e.i. mass spectrum: m/z 390.27700 (C 24H3804  requires 390.27701). Mass 

spectrum: (M) m/z 390 (1), 330 (1), 136 (38), 123 (16), 121 (25), 93 (25), 81(55), 69 

(38), 55 (22), 43 (100), 41(38). 

(2E,6E)-3-formy1-7-methy1-9-(2,6,6-trimethyl-2-cyclohexen- 1 -y1)-2,6-nonadienyl acetate 

(12) was obtained as a colorless oil, (0.4 mg, 0.001 %), [a D] -490  (c, 5.0 x 10 -5M in 

Et0H). Xmax  203 nm (6 6055) (Et0H). v max  1742, 1691 cm-I . 1 1-1 n.m.r. (400 MHz, 

CDC1 3) 8 9.41, s, H 16; 6.44, t, J 6 .0 Hz, H 2; 5.26, br s, H 12; 5.06, br s, H 6; 4.88, d, J 

6.0 Hz, H 1; 2.27, t, J 7.6 Hz ,H 4 2, 2.12, s, OCH3 ; 2.05, t, J 7.6 Hz, H 5 2 ; 1.98, br s, H 82 ; 

1.98, br s, H 13 2 ; 1.68, d, J 1.6 Hz, H 18 3 ; 1.58, s, H 17 3 ; 1.48, m, H 9a; 1.38, m, H 14a; 

1.40, m, H 10; 1.28, m, H 9; 1.10, m, H 1413; 0.91, s, H 19 3 ; 0.85, s, H 203 . '3C n.m.r. 

(100 MHz, CDC13) 8 60.9, t, C 1; 146.2, d, C 2; 144.5, s, C 3; 25.0, t, C 4; 26.9, t, C 5; 

122.5, d, C 6; 137.6, s, C 7; 40.7, t, C 8; 29.9, t, C 9; 49.2, d, C 10; 136.8, s, C 11; 120.0, 

d, C 12; 23.3, t, C 13; 31.8, t, C 14; 32.8, s, C 15; 194.0, d, C 16; 16.3, q, C 17; 23.7, q, C 
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18; 27.7, q, C 19; 171.0, s, OCOCH3 ;  21.0, q, OCOCH3. Observed COSY correlations: 

6.44 to 4.88; 5.08 to 2.05; 2.05 to 2.27; 1.48, 1.40, 1.38 to 1.98; 0.91, 0.86 to 1.38. High- 

resolution e.i. mass spectrum: m/z 346.25135 (C22H3403  requires 346.25080). Mass 

spectrum: (M ) m/z 346 (1), 386 (2), 162 (14), 136 (60), 123 (16), 121 (46), 107 (30), 93 

(38), 81(90), 69 (38), 55 (32), 43 (100), 41(60). Trifarin (1) (0.0005%), bicyclic 

diterpene (2) (0.003%), didehydrotrifarin (3) (0.006%) and caulerpenyne (4) (0.002%): 

1 	13 
H and C n.m.r. and mass spectral data for these compounds were identical to those 

published in the literature. Brine Shrimp Assay: 50 1AL cf solutions of (5) and (8) (c=10 

mg/mL) in CHC1 3  were dispersed onto small discs of filter paper in sample vials and the 

solvent allowed to evaporate. 5 mL of seawater and 10 brine shrimp were added to each 

vial. Yeast was added to each vial and the vials placed in a waterbath at 27 C. 5 vials of 

(5), (8) and a control were made up and the number of brine shrimp surviving after 24 

and 48 hours were counted. % deaths were 40% for (5) and 70% for (8) respectively after 

24 hours. 



8 mg 2.7g 

(4) 	(5) 

80 m2 
(i) 
(ii) 

(6) (7) (8) (11) (12) 

70 mg 20 mg 240 mg 

(21) 
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Metabolites described in Chapter 4 

Caulerpa brownii samples were collected as described in Chapter 1, pages 55-56. 

Voucher specimens of the unbranched and branched varieties have been deposited at the 

Tasmanian Herbarium. The samples were immediately sorted strand by strand, frozen, 

and freeze-dried. Extraction and purification commenced within 7 days of collection. The 

freeze-dried material was extracted with pet. ether and the extracts chromatographed on a 

silica column under vacuum using 5-15 % ethyl acetate in pet. ether. This was followed 

by preparative t.l.c. on silica using 5% ethyl acetate in 40
o 
 -60

o 
 petroleum ether (plates run 

twice). The ultraviolet active fractions were then subjected to preparative h.p.l.c. as 

described in Scheme 4.1 and Scheme 4.2. 

C. brownii (unbranched) 

250 g f.d.w. 

pet. eth er extraction 

30 g extract 

quick c olumn 5-15 % Et0Ac in pet. ether 

6.0 g 

p.t.l.c. in 5 % Et0Ac in pet. ether (plates run twice) 

(15)(16) (19) (20) 
(i) h.p.l.c. Si02 . 8% Et0Ac in pet. ether 
(ii) h.p.l.c. C 18, 5% OH 2  in acetonitrile 

(iii) h.p.l.c. C 18, 5% Et0Ac in 11 ,1e0H 
(iv) h.p.l.c. Si0;, 8% Et0Ac in pet. ether 

Scheme 4.1 Purification process for C brownii (unbranched) 
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Metabolite (7) was obtained as a pale yellow oil with spectral data identical to that of 

metabolite (8)* obtained from C. trifaria (Chapter 3*). Metabolite (8) obtained as a pale 

yellow oil, 1 1-1 n.m.r. (400 MHz, CDC1 3) 8 10.21, d, J7.5 Hz, H 1; 9.67, s, H 16; 6.50, d, J 

7.5 Hz, H 2; 5.09, br s, 3H, H 6/10/14; 2.72, t, J7.5 Hz, H 42 ; 2.21, dd, J14.6, 7.3 Hz, H 

5 1 94-2 05 m H 8/9/12/13; 1.67, s, H 163; 1.58, 1.59, (6 H, s), H 183/193; 1.51 s, H 

203. 

Metabolite (11) [ap] -150°  (c, 5.0 x 10 -4M in Et0H). Xmax  212 nm (s 3900) (c=5.0 x 10 -  

4 
M in Et0H). H n.m.r. (400 MHz, CDC13) 8 5.56, t, J6.9 Hz, H 2; 5.28,s, H 12; 5.08, br 

s, H 6; 4.66, d, J 6.9 Hz, H 1 2; 4.63, s, H 162 ; 2.13,m, H 42; 2.10, m, H 52; 2.07,s, OCH 3 ; 

2.04, s, OCH3 ; 1.96, br s, H 8 2 ; 1.96, hr s, H 13 2 ; 1.66, d, J1.6 Hz, H 18 3 ; 1.60, s, H 17 3 ; 

1.50, m, H 9a; 1.42, m, H 14a, 1.40 m, H 10; 1.34, m, H 913; 1.10, m, H 1413; 0.92, s, H 

193 ; 0.86, s, H 20 3 . 13 C (400 MHz, CDC13) 8 60.6, t, C 1; 124.1, d, C 2; 136.9,s, C 3; 

35.2, t, C 4; 26.5, t, C 5; 123.1, d, C 6; 136.9, s, C 7; 40.7, t, C 8; 30.0, t, C 9; 49.2, d, C 

10; 136.9, s, C 11; 120.0, d, C 12; 23.3, t, C 13; 31.8, t, C 14; 32.7,s, C 15; 61.9, t, C 16; 

16.3, q, C17; 23.7, q, C 18; 27.6/7, q, C 19/20; 171.0, s, OCOCH3 ;  170.9, s, OCOCH3; 

21.1, q, OCOCH3 21.2, q, OCOCH3. Observed COSY correlations: 4.66 to 5.56; 5.56 to 

4.63 and 2.13; 5.08 to 2.10; 1.96 to 1.50, 1.34, 1.42, 1.10 and 1.60; 1.42 to 1.10; 

Observed HMBC correlations: 2.05, 2.07, 4.66 and 4.63 to170.9, 171.0; 4.66, 4.63, 2.13, 

1.96, 1.66 and 1.60 to 136.9; 4.66, 4.63 and 2.10 to 124.1; 2.10 and 1.60 to 123.1; 1.66 to 

120; 1.60 to 40.7; 4.63 and 2.10 to 35.2; 2.13 to 26.4; 0.92 and 0.86 to 32.7; 1.96 and 

1.40 to 30.0; 1.42 to 27.7/6; 1.96 to 16.3. E.i. mass spectrum (M t) m/z 390 (1), 330 (2), 

270 (2), 146 (16), 136 (33), 81(50), 55(12), 43 (100). 
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Note: Metabolites (15) and (16) were isolated as a mixture in a 70:30 ratio. 

Metabolite (15) 5,9,13-pentadecatrienal, 2-(acetyloxy)-2-[(E)-2-(acetyloxy)ethynyl] - 

6, 10, 14-trimethyl-, (5E,9E)-; [a. D] -103 0  (c, 7.9 x 10 -4M in Et0H). kmax  218 nm (c 2500 

) (c 9.9 x 10 -4  in Et0H). 1 11 n.m.r. (400 MHz, CDC1 3) 6 931, s H 17; 7.44, d, J 12.8 Hz, 

H 1; 5.49, d, J 12.8 Hz, H 2; 5.08, br s, H 6/10/14; 2.16, s, OCOCH 3 ; 2.14, s, OCOCH 3 ; 

2.06-1.94, m, H 5/8/9/12/132; 1.9, m, H 42; 1.67, s, H 20 3 ; 1.66, s, H 193 ; 1.65, s, H 18 3.  

I3C n.m.r. (100 MHz, CDC13) 8 195.1, d, C 17; 170.3, s, OCOCH3 ; 167.8, s, OCOCH3 ; 

138.8, d, C 1; 136.8, s, C 7; 135.3, s, C 11; 131.5, s, C 15; 124.5, d, C 6; 122.6, d, C 

14;110.3, d, C 2; 84.8, s, C3; 39.9, t, C 8; 39.8, t, C 12; 34.0, t, C 4; 26.9, t, C 5; 26.7, t, C 

9; 25.9, q, C16; 21.5, t, C 13; 21.5, q, OCOCH3;  20.8, q, OCOCH3 ;  17.8, q, C 19; 16.2, q, 

C 18; 16.1, q, C 20. Observed HMBC correlations: 8 7.44 to 167.8; 5.49 to 138.8; 7.44, 

5.49, 9.31 and 1.90 to 84.8; 1.65 to 136.8 and 39.9; 1.94-2.06 to 39.9 and 39.8; 5.08 to 

26.7 and 21.5; 1.66 to 135.3 and 39.8; 1.67 to 131.5; 1.60 to 131.5. Observed COSY 

correlations: 8 7.44 to 5.49; 1.94-2.06 to 1.90; 1.94-2.06 to 1.65, 1.66, 1.67; 1.94-2.06 to 

5.08. L.c. mass spectrum APCI (85 % CH3CN 15 % H20) (M+1) m/z 405 (100), 387 (5), 

345 (12), 327 (6), 303 (15), 285 (6), 267(6). 

Retino1,015-acety1-13-(acetyloxy)-4 , 5 , 14, 15-tetradehydro-5 , 6,7,8, 11, 12, I 3, 14-octahydro- 

20-oxo-, (14E)- (16); [a.D] -103 0  (c, 7.9 x 10-4M in Et0H). kmax  218 nm (c 2500) (c, 

9.9 x 104M in Et0H). 1 1-1 n.m.r. (400 MHz, CDCI 3) 8 931, s, H 17; 7.44, d, J 12.8 Hz, H 

1; 5.49, d, J 12.8 Hz, H 2; 5.28, br s, H 12; 5.08, br s, H 6/10; 2.17, s, OCH 3 ; 2.15, s, 

OCH 3 ; 2.06-1.94, m, H 52; 1.96, m, H 132; 1.9, m, H 42; 1.59, s, H 18 3 ; 1.58, s, H 173 ; 

1.50, m, H 9a; 1.42, m, H 14a, 1.40 m, H 10; 1.34, m, H 93; 1.10, m, H 14P; 0.92, s, H 
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19 3 ; 0.86, s, H 203 . 13C n.m.r. (100 MHz, CDC13) 8 195.1, d, C 17; 170.3, s, OCOCH3 ; 

167.8, s, OCOCH3; 138.8, d, C 1; 136.9, s, C 11; 136.8, s, C 7; 122.5, d, C 6; 120.1, d, C 

12; 110.3, d, C 2; 84.8, s, C3; 49.1, d, C 10; 40.6, t, C 8; 34.0, t, C 4; 32.7, s, 21.5, q, 

OCOCH3 ;  20.7, q, OCOCH3 ;  16.3, q, C 17. Observed HMBC correlations: 8 7.44 to 

167.8; 5.49 to 138.8; 7.44, 5.49, 9.31 and 1.90 to 84.8; 0.85 to 49.1, 32.7 and 31.8; 0.90 

to 49.1, 32.7 and 31.8. Observed COSY correlations: 8 7.44 to 5.49; 5.28 to 1.96 and 

1.59; 5.08 to 1.58; 1.9 to 1.3, 1.4; 1.96 to 1.42 and 1.10; 1.4 to 0.85 and 0.90. L.c. mass 

spectrum APCI (85 % CH3CN 15 % 1120) (M+1) m/z 405 (100), 387 (5), 345 (12), 327 

(6), 303 (15), 285 (6), 267(6). 

Metabolite (19) H n.m.r. (400 MHz, CDC1 3) 5 10.05, d, J Hz, H 1; 5.96, d, J Hz, H 2; 

2.62, m, H 4; 5.08, m, H 6/10/14; 5.03, s, H 17; 2.11, s, OCOCH3; 2.06-1.94, m, H 

82/92/122/132; 1.67, s, H 203; 1.66, s, H 193; 1.65, s, H 183; 1.60, s, H 16 3 . BC (100 MHz, 

CDC13) 8 190.5, d, C 1; 170.1, s, OCOCH3; 158.4, s, C 3; 136.8, s, C 7; 135.3, s, C II; 

131.5, s, C 15; 124.1, d, C 10; 122.6, d, C 14; 61.5, t, C 17; 39.9, t, C 8; 39.8, t, C 12; 

35.8, t, C 4; 26.7, t, C 9; 25.9, q, C16; 21.5, t, C 13 ;  20.7, q, OCOCH3 ;  17.8, q, C 19; 16.2, 

q, C 18; 16.1, q, C 20. L.c. mass spectrum APCI (85 % CH3CN 15 % H20) (M+1) m/z 

347 (26), 329 (45), 287 (65), 269 (100), 213 (7), 195 (5). 

Metabolite (20) H n.m.r. (400 MHz, CDC1 3) 8 998, d, J Hz, H 1; 6.00, d, J Hz, H 2; 5.28, 

d, H 12; 5.08, m, H 6/10; 4.69,s, H 16; 2.13, s, OCOCH3; 1.96-1.90, m, H 82/132; 1.59,s, 

H 183; 1.58, s, H 17; 1.42, m, H 142; 1.3, m, H 92; 0.90, s, 11203; 0.85, s, H 193. 13C (100 

MHz, CDC13) 8 190.5, d, C 1; 170.1, s, OCOCH3; 158.4, s, C 3; 136.9,s, C 11; 136.8,s, 

C 7; 122.5, d, C 6; 120.1, d, C 12; 61.5, t, C 17; 49.1, d, C 10; 40.6, t, C 8; 35.8, t, C 4; 

32.7, s, C 15; 31.8, t, C 14; 29.9, t, C 9; 27.61.7, q, C 19/20; 23.6, q, C 18; 23.3, t, C 13; 
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20.7, q, OCOCH3;16.7, q, C 17. L.c. mass spectrum APCI (85 % CH3CN 15 % H20) 

(M+1) m/z 347 (26), 329 (45), 287 (65), 269 (100), 213 (7), 195 (5). 

C. brownii (branched) 

250 g f.d.w. 

pet. eth 

25 g extract 

r extraction 

k columns 5-15 °A Et0Ac in pet. ether 2x quic 

9.0 g 

p.t l.c. in 5 % Et0Ac in pet. ether (plates run twice) 

(23) 	(24) 	(2) 
3 mg 60 mg 53 mg 

(25) 	(26) 	(27) 	(28) 	(1) 
5 mg 	103 mg 3 mg 54 mg 5.0 g 

Scheme 4.2 Purification process for C. brownii (branched) 

Esters of Caulerpol (23) 	n.m.r. (400 MHz, CDCI 3) 8 535, m, -CH=CH- of fatty acid 

residues; 5.32, m, H 2; 5.25, br s, H 12; 5.05, br s, H 6; 4.55, d, J 7.6 H 1; 2.74, m, H 42; 

2.26, t, J 7 .6 H 52; 2.09-1.92, m, H 132; 1.98, m, H 82; 1.68, s, H 183; 1.64, s, H 173; 1.57, 

s, H 163; 1.50/1.33, m, H 92; 1.40, m, H 10; 1.40/1.10, m, H 142; 1.25, m, —C112- and - 

CH3 of fatty acid residues; 0.89, s, H 193; 0.81, s, H 203. 13C n.m.r. (100 MHz, CDCI3) 

174.0,s, OCOCH3; 142.4, s, C 3; 136.9,s, C11; 136.3,s, C7; 123.6, d, C 6; 120.0, d, C 

12; 118.6, d, C 2; 61.3, t, C 1; 49.0, d, C 10; 40.7, t, C 8; 39.7, t, C 4; 32.7, s, C 15; 31.7, 

s, C 14; 29.9, t, C 9; 27.7, q, C 20; 27.6, q, C 19; 26.3, t, C 5; 23.6, q, C 18; 23.2, t, C 13; 

16.6, q, C 17; 16.2, q, C 16; 130.4, 130.2, 128.2, 128.1, d, CH=CH of fatty acid residues; 

34.5-22.7, q, t, 12 signals —CH2- and -CH3 of fatty acid residues. Mass spectral data 

(APCI, C 18, 100% Me0H) MW 522; (M+1) m/z; 523(100), 399(7), 273 (20). MW 574; 

(M+1) m/z 575(100), 525(10), 451(7), 305(7), 273(12). MW 550 (M+1) tn/z 551(100), 
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427(7), 273(18). MW 576; (M+1) m/z 577(100), 553(7), 453(7), 305(5), 273(13). MW 

552; (M+1) m/z 553(100), 429(7), 273(18). MW 554; (M+I) m/z; 555 (100), 529(12), 

273(53). 
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Metabolites described in Chapter 5 

Caulerpa flexilis samples were collected as described in Chapter 1, pages 53-56. 

Voucher specimens have been deposited at the Tasmanian Herbarium. The samples were 

immediately sorted strand by strand, frozen, and freeze-dried. Extraction and purification 

commenced within 7 days of collection. The freeze-dried material was extracted with pet. 

ether and the extract chromatographed on a silica column under vacuum using 5-15 % 

ethyl acetate in pet. ether. This was followed by preparative t.l.c. on silica using 5% ethyl 

. 
acetate In 40

o 
 -60

o 
 petroleum ether (plates run twice). The ultraviolet active fractions were 

then subjected to preparative h.p.l.c. as described in Scheme 5.1 below. 

C. flexilis 

400 g f.d.w. 

pet. eth er extraction 

55 g extract 

quick c olumn 5-15 % Et0Ac in pet. ether 

8.4 g 

p.t.l.c. in 5 % Et0Ac in pet. ether (plates run twice) 

(1) 	450 mg 0.2 g 	0.72 g 128 mg 90 mg 

	

I 	I 	I 
i. solvent partition in AN 

	

11 	C 18 h.p.l.c. 

	

10 %H 20 in AN 1 	I 	 I 

	

I 	100 % AN i. SPE C 18 100 % AN 

	

1 	100 % AN 	 ii. C 18 h.p.l.c. 100 % AN 
(4) 1  

1 	1 	 1 	II 
(11) 	(12) (8) 	(14) (17) (18) (19) 

0.8 g 
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Metabolite (4) 1 1-1 n.m.r. (400 MHz, CDC13) 8 10.21, d, J 7.6 Hz, H 1; 9.67, s, H13; 6.50, 

d, J 7.6 Hz, H 2; 5.37, br s, H 10; 5.08 br s, C 6; 2.73, t, J 7.5 Hz, H 42 ; 2.20, dd, J 14.6, 

7.3 Hz, H 5 2 ; 2.00 m, H 8/9; 1.68, s, H 123; 1.60, s, H 143; 1.51, s, H 153. 13C n.m.r. (100 

MHz, CDC13) 8 195.6, d, C13; 191.8, d, C 1; 154.7, s, C 3; 141.7, d, C 2; 139.1, s, C 7; 

132.1, s, C 11; 124.4, d, C 6; 121.8, d, C 10; 40.1, t, C 8; 27.8, t, C 5; 26.9, t, C 9; 26.2, t, 

C 12; 24.4, t, C 4; 18.2, q, C 14; 16.7, q, C 15. Observed COSY correlations: 10.21 to 

6.51; 5.37 to 2.0, 1.68 and 1.51; 5.09 to 2.20 and 1.52; 2.70 to 2.20; 2.0 to 1.60. 

Metabolite (8) 5,9,13-pentadecatrienal, 2-(acetyloxy)-2-[(E)-2-(acetyloxy)ethynyll - 

6,10,14-trimethyl-, (5E,9E)-la D] -ye (c, in Et0H). kmax  218 nm (c, in Et0H). 1 1-1 n.m.r. 

(400 MHz, CDC1 3) 8 9.31, s H 13; 7.43, d, J 12.8 Hz, H 1; 5.49, d, J 12.8 Hz, H 2; 5.07, 

hr s, H 6; 5.05, hr s, H 10; 2.16, s, OCOCH 3 ; 2.14, s, OCOCH 3 ; 2.1/1.9, m, H 42; 2.05, m, 

H 52; 2.02, m, 1.98, m, H 8; H 92; 1.67, s, H 12 3 ; 1.59, s, H 14 3 ; 1.57, s, H 15 3.  13C n.m.r. 

(100 MHz, CDC1 3) 8 195.1, d, C 13; 170.3,s, OCOCH3; 167.8, s, OCOCH3; 138.8, d, C 

1; 136.7,s, C 7; 131.5, s, C 11; 124.2, d, C 6; 122.7, d, C 10; 110.3, d, C 2; 84.8, s, C3; 

39.8, t, C 8; 33.9, t, C 4; 26.7, t, C 5; 25.8, q, C12; 21.5, t, C 9; 21.0, q, OCOCH3 ;  20.7, q, 

OCOCH3 ;  17.9, q, C 14; 16.1, q, C 15. Observed HMBC correlations: 67.43 to167.8; 

5.49 to 138.8; 17.9 to 136.7; 1.59 and 1.57 to 131.7; 2.05 to 124.2; 2.02 and 1.57 to 

122.7; 7.43, 5.49, 9.31, 2.06 and 1.86 to 84.8; 2.02 and 1.59 to 39.8; 2.05 to 33.9. 

Observed COSY correlations: 8 7.44 to 5.49 and 2.16; 5.05 to 2.02, 1.67 and 1.57; 1.98 

to 1.59. 
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Influences of Marine Biologically Active Extracts on Larvae Settlement 

(Zoology Department, University of Tasmania) (details of experiment discussed in 

Chapter 2) Gels were made by gradually adding 15.2 g of Phytagel TM (Sigma 

Chemical) to 420 ml of 50°C distilled water. The gel suspension was heated in a 

microwave oven until boiling. After the solution cooled, 21 ml of 100% methanol 

(control group) or 21 ml of extract solution was added and stirred. The mixture was then 

poured into seven 9 cm diameter circular moulds. A polyester tape (width 25 mm) was 

embedded in the gel during this process to provide support for securing cable tie hangers. 

In order to increase adhesion between the gel and the polyester tape, several holes were 

made in the tape with a hot metal wire. Seven replicates of each extract and the control 

were made. These panels were hung on a rope which was placed on the legs of a jetty 

located at Triabunna, Tasmania, Australia, at an interval of 35 cm. Gel panels were hung 

50 cm below the water surface on monofilament line with a lead weight and swivel to 

allow them to orient parallel to tide flow. First samples were collected after 2 weeks. All 

samples were collected after 3 weeks. Water temperatures were measured when the 

panels were deployed and collected. The panels were examined under a Nikon SMZ-1B 

dissecting microscope at 10x magnification. The numbers of bryozoans and ascidians at 

each side of the panel were recorded. 


