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A New Lipobetaine from the Red Alga Neodilsea yendoana
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A new icosanoid lipobetaine has been isolated from a red alga and its structure has
been determined to be (25)-2-[(35)-3-[(5Z, 8Z, 11Z, 14Z, 17Z)-58,11,14,17-
icosapentaenoyloxyl-(8Z, 11Z, 14Z)-8,1 1,14~icosatrienoylamino]-5-tn’methylémmonio—
pentanoate , mainly on the basis of NMR spectral and chemical means.

We wish to report herein the isolation and structure of a new type lipobetaine, named yendolipin (1), from
the seaweed Neodilsea yendoana (Japanese name akaba). A compound like 1 composed of two highly
unsaturated icosanoid moictics and a polar trimethylomnithinc betaine has not hitherto been recorded. 1)

The alga (10 kg wet) was collected in July 1983-1986 at Denshinhama Beach, Muroran, Hokkaido and
immediately extracted with MeOH at room temperature. The crude concentrate was treated with hexane and the
hexane extract was purified by silica gel chromatography using increasing concentrations of MeOH in benzene as
eluents. The new lipid (496 mg, oil) was eluted between phosphatidylcholine and phosphatidylethanolamine
fractions.2) However, the P atom was not detected by the 3P NMR. Yendolipin exhibited further the
following NMR data. 1H NMR (CDCl3, 400 MHz, Fig.1) 8= 0.89 (3H, t, J=7 Hz), 0.97 (3H, t, J=7 Hz),
1.26~1.39 (10H, m), 1.60 (2H, q, /=6 Hz), 1.67 (2H, quint, =7 Hz), 1.75~1.95 (4H, br)), 2.02~2.12
(8H,m), 2.29 (2H, t, J=7.3 Hz), 2.38 (1H, dd, J=4.8, 14.7 Hz), 2.49 (1H, dd, J=7.3, 14.7 Hz), 2.78~2.85
(12H, m), 3.23 (9H, s), 3.63 (2H, 1),4.07 (1H, q), 5.23 (1H, quint, /=6.3 Hz), 5.28~5.42 (16H, m), 7.25
(1H, d, J=5.9 Hz) (in total 78H); 13C NMR (CDCl3, 100 MHz, multiplicitics from DEPT, numbers of
overlapped peaks from C/H COSY) 8¢=14.0 (q), 14.2 (@), 19.2 (1), 20.4 (1), 22.4 (1), 24.8 (t x2), 25.4 (1 x6),
26.5 (1), 27.0 (t), 27.1 (1), 29.2 (), 29.3 (1), 30.2 (t), 31.4 (1), 33.9 (1), 34.5 (1), 41.9 (1), 53.3 (gx3, d), 66.0
(1), 71.2 (d), 126.7 (d), 127.4 (d), 127.7 (d), 127.9 (d), 128.1 (d), 128.2 (d), 128.3 (d), 128.5 (d), 128.7 (d),
128.8 (d), 129.7 (d), 130.3 (d), 131.9 (d), 169.6 (s), 173.0 (s), 174.5 (s), (36 lines). The presence of the
partial structures 2, 3, 4 as well as two alkapolyenyl chains containing § and 6 was deduced from the above 14
NMR chemical shift data, H/H decoupling and H/H COSY experiments. The C/H COSY spectrum indicted that
methylene signals at 8¢ 24.8 and 25.4 are ovelapped two and six fold respectively, and the peak at 8¢ 53.3
consists of four lines due to N*(CH3)3 and HN-CH-CO. Further, although only 13 olefinic CH lines were
observed in the above 13C NMR spectrum, 16 lines must be actually present, since 16 olefinic protons of type 6
were found in the 1H spectrum. The overlapped peaks at 8¢ 254 arc all corrclated to 8p 2.78-2.85 (6 x
-CH=CH-CH2-CH=CH-) and are ascribed to the methylene carbons between two double bonds. The d¢ value
25.4 shows that the eight disubstituted double bonds have (allZ) configuration, as depicted in 6.3) The three
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Fig.1. IHNMR spectrum of 1. E stands for the signals due to ether.
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carbonyl peaks appear all at the 8¢ 170 region, indicating the presence of three acyl groups in the form of ester,
amide (see 2 and 3), and carboxylate as the counter anion of the ammoniun cation (see 4), in conformity with the
IR spectrum.2)  Taking together, it is suggested that the new lipid is a C48 compound having a betaine character,
with five methyls in N+(CH3)3 and in two alkyl chains 5, twenty-two methylenes, two sp3 methines shown in
2 and 3, sixtcen sp2 methincs in two skipped polyene sysytems 6, and three acyl carbon atoms .

In order to confirm the ester structure 2, the lipid was reduced with LiAlH4 under mild conditions?® to
afford (all Z)- 5, 8, 11, 14, 17—icosapentaenol.5) This indicated that as shown in formula 2, 5, 8, 11, 14, 17-
icosapentaenoic acid®) is connected to a 3-hydroxy acid to form an ester. In moiety 2, the terminal C(=0)X group
must then be an acylamino group, since if alternatively a carboxylate group were present at that place, yendolipin
containing partial structures 2 and 3 should have altogether four C=O groups, one of which is a ketone group
(e.g. R1=-3 linked to 4, R3=-6 linked to §). Therefore the amide acyl group R3CO of 3 corresponds to the acyl
moiety (a) of 2 and accordingly C(=O)Y in 3 is the carboxylate part of the betaine. In the above mentioned 1-D
and 2-D 1H NMR spectra, peaks duc to the mcthylenc groups (b) of 3 and (¢) of 4 could not be clearly
assigned. However, the double quantum filtered (DQF) H/H COSY spectrum of 1 revealed that each proton of
the methylene group (b) displayed its signal at 8 1.73 and 1.93 as a very broad band. Similarly the DQF COSY
showed that the $-methylene group (¢) of 4 exhibited a broad two-proton signal at & 1.81. On the basis of
these common line broadening phenomena and biogenetic considerations, a bonding between (b) and (¢), i.e.,
the presence of N 5.trimethylornithine betaine moiety was assumed. Since out of the 48 carbon atoms of the lipid,
28 atoms are present as icosapentaenoic acid and the ornithine derivtive, the remained twenty carbon atoms and
three double bonds are present most probably as an icosatrienoic acid derivative.

In an attempt to prove the above rcasoning, the lipid was hydrolyzed with aqueous methanolic HCL.7) As
expected, 5, 8, 11, 14, 17-icosapentaenoic acid Me ester, a 3-hydroxyicosatrienoic acid Me ester, 8) and N5-
trimcthylornithine betaine, 9) all of which were characterized mainly by NMR spectra, were obtained.  Since the
hydroxyicosatrienoic acid yields caproic acid on NalO4-KMnOy4 oxidation,10) and the acid should contain the
skipped trienc systcm 6, positions of the double bonds arc placed at 8,11 and 14. 3-Hydroxyicosanoic acidl1)
prepared by hydrogenation of the above hydroxytrienoic acid had [a]D?S =+27.4° (¢ 0.51, CHCl3), indicating
the chirality at position 3 is S.12) The betaine produced by the hydrolysis showed [0]D2=+ 4.76° (c 0.34,
MeOH), while an authentic sample of L-N5-tn'methylomithine betaine13) had [a][)25=+15.3° (c 0.80, MeOH).
Since the lower [a]D2 value of the betaine obtained by hydrolysis may be due to partial racemization during the
reaction (1 M HCI, 70 °C, 18 h), the chirality of C-2 of the betaine is deduced to be S. In yendolipin the above
three components are connected as shown in 2,3 and 4. Therefore, the new lipid is best represented by formula
1.  The authors thank Drs. M. Imanari (Jeol) and T. Erata (Bruker Japan) for measuring the DQF H/H COSY
and C/H COSY spectra respectively. They are also grateful to Prof. H. Shirahama (Hokkaido University) for his
help.
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