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IDENTIFICATION OF THE NEW 11,15-ICOSADIENOIC ACID AND 
RELATED ACIDS IN THE SPONGE AMPHZMEDON C O M P L A N A T A  

N ~ T O R  M. CARBALLEIRA~ and Josk RESTITUYO 

Drpmtrnmt of C h i s t y ,  University of Pwrto Rico, Ria Pirdrac, Pwrto Rim 00931 

h s T u c r . - T h e  total phospholipid fatty acids from the Caribbean sponge Ampbimsda 
compkamta were studied, revealing the presence of the new 11,lS-icosadienoic acid 111, the rare 
7-methyl-6-hexadecenoic acid 121, and the recently discovered 6,ll-icosadienoic acid. These 
acids were mainly encountered in phosphatidylethanolamine and phosphatidylcholine. 

Sponges have attracted the attention 
of natural products chemists because of 
their versatility in using different 
metabolic pathways that have no coun- 
terpart in the terrestrial world. Interest- 
ing sponges have been the Amphimedon 
sp., which present metabolites of differ- 
ent origin (1-4), including phos- 
pholipid a-hydroxy fatty acids from the 
Caribbean sponge Amphimedon compwsa 
( 5 ) .  In the present study we have found 
that the Caribbean sponge Amphimedon 
compfanata Duchaffaing (family Nepha- 
tidae, order Haplosclerida) contains the 
new 11,15-icosadienoic acid 111, the 
rare 7-methyl-6-hexadecenoic acid 121, 
and the recently discovered 6 , l  l-icosa- 
dienoic acid. Herein we report the re- 
sults of our investigation. 

The complete phospholipid fatty 
acids identified in A .  complanata are pre- 
sented in Table 1. The mixture was par- 
ticularly interesting for the presence of 
several diunsaturated fatty acids, in par- 
ticular some rare icosadienoic acids 
which were noteworthy of study. The 
characterization of the new structures 

T ~ L E  1. The Phospholipid Fatty Acids from 
Ampbincdmr compkan 

Famy Acid 

Tectadecanoic (14:O) . . . . . . . 
Methyltnradecanoic(15:O) . . . . 
6-Hdecenoic(l6:1) . . . . . . 
Hexadecanoic (16:O) . . . . . . . 
8-Heptadecenoic(17:1) . . . . . 
7-Mnhyl-6-hexndecenoic( 17: 1)[2] 

Heptadecanoic(17:O) . . . . . . 
Octndecadienoic(18:2) . . . . . 
9-Octadecenoic(l8:1) . . . . . . 
ll-OctPdecenoic(18:l) . . . . . 
Octndecamic (18:O) . . . . . . . 
6,11-Icosadienoic (20:2) . . . . . 
11,l5-kosadienoic (20:2) (11 . . 
5,9-Icdienoic(20:2) . . . . . 
11-Icosenoic (20: 1) . . . . . . . 
Icosanoic (20:O) . . . . . . . . . 
Heneicosanoic (21:O) . . . . . . 
Docosanoic (22:O) . . . . . . . . 
Tricosanoic (23:O) . . . . . . . . 
17-Tetracosenoic(24:1) . . . . . 
19-Terracosenoic(24:1) . . . . . 
Tetracosanoic (24:O) . . . . . . . 
Pentacaranoic (25:O) . . . . . . . 
5,9-Hexacdienoic(26:2) . . . 
Hexacosanoic (26:O) . . . . . . . 
5,9-Octacasadienoic(28:2) . . . . 
Octacosanoic (28:O) . . . . . . . 
5.9-Nonacosadienoic(29:2) . . . 
5,9,23-Tricontaretmenoic (30:3) . 
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was possible by means of gc-ms analysis 
of several derivatives, such as the pyr- 
rolidine derivatives, which were instru- 
mental for the location of double bonds 
and branching (6). If an interval of 12 
amu, instead of the usual 14, is observed 
between the most intense peaks of clus- 
ters of fragments containing n and n - 1 
carbon atoms in the acid moiety, a dou- 
ble bond is present between carbons n 
and n +  1 in the molecule. One novel 
fatty acid in A. complanata presented a 
mol wt of EM}+ 361 and a base peak at 
m/z 113, confirming it  to be the pyr- 
rolidine derivative of an icosadienoic 
acid. The double bonds in the molecule 
were readily localized as an interval of 12 
amu was observed between fragments at 
m/z 278 (C14) and mlz 290 (C15), indicat- 
ing a A” double bond, while a second 
difference of 12 amu between fragments 
at mlz 224 (Clo) and mlz 236 (Cll) con- 
firmed the position of the second double 
bond at A‘ ’. Upon catalytic hydrogena- 
tion (Pt02), the methyl ester derivative 
of this acid afforded icosanoic acid methyl 
ester, which co-injected in gc with an 
authentic sample, thus excluding the 
possibility of any branching. The lack of 
branching was also confirmed by nmr as 
a triplet at 0.8 ppm was observed. To 
confirm the proposed structure we 
cleaved the methyl ester of acid 1 with 
KMN04/NaI04 followed by esterifica- 
tion with HCUMeOH. The short chain 
undecanedioic acid dimethyl ester was 
obtained as one of the fragments, con- 
firming the first double bond in the 
chain to be at C- 1 1. An Ft-ir spectrum of 
the methyl esters presented no absorp- 
tion in the 960-980 cm- region, indi- 
cating cis rather than trans unsaturation. 
These data indicate that the new acid is 
11,15-icosadienoic acid 113, which ap- 
parently has not been reported before in 
nature. A second dienoic acid in the 
phospholipid fatty acid mixture was 
identified as 6,ll-icosadienoic acid by 
using the same characterization strategy 
outlined before. This other fatty acid has 
recently been reported from the sponge 

Eutyspongia mseu (7). 
The phospholipid fatty acid mixture 

from A. copplanata also revealed a mix- 
ture of heptadecenoic acids. Two of these 
acids were readily characterized as the 8- 
and 9-heptadecenoic acids, but a third 
was not readily identifiable. The pyr- 
rolidine derivative of this last acid 
showed a mol wt at {MI+ 32 1 and a base 
peak at m/z 113. More informative for 
the characterization was a prominent 
peak at mlz 208 with an abnormal abun- 
dance of 10% together with a di- 
minished peak at mlz 180. This implies 
methyl substitution at C-7, which was 
corroborated by hydrogenating the acid 
to 7-methylhexadecanoic acid methyl 
ester. The double bond position was de- 
termined to be at C-6 by a difference of 
12 amu between fragments at mlz 154 
(C,) and at mlz 166 (Cd in the mass spec- 
trum of the corresponding pyrrolidide. 
The fatty acid is thus the rare 7-methyl- 
6-hexadecenoic acid {27, which has not 
previously been detected in a sponge or 
as a component of a phospholipid. It has 
only been isolated before in whale oils by 
both Pascal and Ackman (8) and Sano 
(9). 

The phospholipid composition of A. 
cmplanata was analyzed by tlc. The 
principal phospholipids in this sponge 
were phosphatidylethanolamine, phos- 
phatidylserine, phosphatidylinositol, 
and phosphatidylcholine. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES- 

T h e  methyl esters were analyzed by electron im- 
pact gc-ms using either a Hewlett Packard 5995 
A gas chromatograph-mass spectrometer or a 
Hewlett Packard 59970 MS ChemStation 
equipped with a 30 m X 0.25 mm nonpolarfused 
silica column coated with DB- 1. GdFt-ir spectra 
were recorded on a Nicolet 740 FT IR spectrome- 
ter. 

SPONGE MATERIAL.-A. cmplamata was col- 
lected July 7 ,  1989 near the shelf edge ofLa Par- 
guera, herto Rico at a depth of 80 ft. The sponge 
was kindly classified by Dr. Vance Vicente. A 
voucher specimen is on file at the National 
Museum of Natural History of the Smithsonian 
Institution. 
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EXTRACTION AND ISOLATION OF PHOSPHO- 
LIPIDS.-The sponge (500 g) was washed in sea 
water, carefully cleaned of all nonsponge debris, 
and cut into small pieces. Immediate extraction 
with 700 ml of CHC1,-MeOH (1: 1) yielded the 
total lipids. The neutral lipids, glycolipids, and 
phospholipids (100 mg) were separated by cc on 
Si gel (60-200 mesh) using a procedure similar to 
that of Privett et uf.  (IO). The phospholipid class- 
es were investigated by preparative tlc using Si 
gel G and CHC13-MeOH-H20 (25: 10: 1) as sol- 
vent and comparing with authentic samples. 

PREPARATION OF FATIY ACID DEWATIVFS- 
The fatty acyl components of the phospholipids 
were obtained as their methyl esters by reaction of 
the phospholipid fraction with methanolic HCI 
(1 1) followed by cc purification eluting with n- 
hexaneEr20 (9:l). Approximately 30 mg of 
fatty methyl esters were obtained. For the loca- 
tion of double bonds, N-acylpymlidide deriva- 
tives were prepared by direct treatment of the 
methyl esters with pymlidine-HOAc (IO: 1) in a 
capped vial (3 h at 100") followed by ethereal ex- 
traction from the acidified solution and purifica- 
tion by preparative tlc. Hydrogenations were car- 
ried out in 10 ml of absolute MeOH and catalytic 
amounts of P a , .  Mass spectral data of the key 
fatty acid methyl esters for this discussion follow. 

1 1,lS-Icosudimoic a i d  methyl ester.-Ms mlz 
(rel. int.) [MI+ 322 (6), 292 (13), 290 (3), 250 
(4), 248 (3L 229 (3), 208 ( 4 ,  I99 (2), 194 ( 2 ,  
185 (3), 177 (2), 171 (2), 164 (4), 157 (3), 150 
(7), 143 (8), 137 (lo), 129 (IO), 123 (17), 121 
(12), 95 (6% 87 (40L 81  ( 7 4 ,  79 (43), 74 (57), 
69 (58), 67 (80), 55 (100); ir Y max 2980, 2900, 
2820, 1725, 1450, 1155 cm-'; 'H nmr 5.3 (m, 
4H), 3.6(s, 3H), 2 .3( t ,2H),  1.2(m, 18),0.8(t, 
3H). 

11,lS-lro~udiemic acid pymfidide.-Ms d z  
(rel. int.) [MIf 361 (7), 332 (0.4), 318 (0.7), 
304 (0.9), 290 (0 .6) ,  278 (0.9), 264 (2.8). 250 

(2.6),236(1.2), 224(1.1), 210(2.7), 196(2.2), 
182 (3.6), 168 (5.2), 154 (3.1), 140 (6.8). 126 
(46), 113 (loo), 98 (22), 85 (13), 72 (25), 70 
(33). 67 (17), 55 (34). 
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