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Abstract: The proposed structure of  natural flavolipin was revised as N-[N- 

[(3R)-15-methyl-3-(13-methyltetradecanoyloxy)hexadecanoyl]glycyl]-L-serine as a 

result of synthetic study and biological activity test. © 1998 Elsevier Science Ltd. All rights reserved. 

A serine-containing lipid, flavolipin, 1 which was isolated by Kawai et al. from an opportunistic 

pathogen, Flavobacterium meningosepticum, exhibits definite hemagglutinating activity 2 and su'ongly 

stimulates macrophages to generate immunoregulatory substances. However, it exhibits none of the lethal 

toxicity in mice which is exhibited by lipopolysaccharide. 3 This fact suggests that it is a nontoxic 

immunoactivator. Therefore, we tried to synthesize the proposed flavolipin to determine the configuration of 

the natural flavolipin and to investigate the biological activities of its stereoisomers. However, the proposed 

structure (2) was negated by our synthetic study. 4 Judging from the FAB MS and 1H NMR analyses of 

natural flavolipin, the proposed flavolipin is lacking a glycine moiety. Moreover, the natural flavolipin yielded 

negative results in the ninhydrin test, characteristic of amino acids. Therefore, we estimated the structure of 

flavolipin as N-[N-[15-methyl-3-(13-methyltetradecanoyloxy)hexadecanoyl]seryl]glycine (6) or N-[N-[15- 

methyl-3-(13-methyltetradecanoyloxy)hexadecanoyl]glycyl]serine (8) rather than the amino acids 3, 4 and 5. 

In particular, compounds 4 and 5 may not exist in these forms. In this paper, we describe the synthesis of all 

stereoisomers of estimated flavolipin to confirm the structure. 
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Reagents and conditions: a) (i)glycine benzyl ester, DCC, CH2C12, 24 °C, 16 h, 70-91%; (ii) H 2, Pd/C, 
EtOAc, 2.5 h, 71-96%. 

At first, we tried to synthesize lipid-serylglycine compounds 6. The four stereoisomers 2a (3R-L-Ser) 

2b (3R-D-Ser), 2e (3S-L-Ser) and 2d (3S-D-Ser), obtained from 15-methyl-3(R)-(13-methyltetradecauoyl- 
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Scheme 2 
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Reagents and conditions: a) (i) (COC1)2, CH2C12, 24 °C, 1 h, then glycine benzyl ester hydrochloride, 
Et3N, CH2C12, 24 °C, 1 h, 57-69%; (ii) H 2, Pd/C, EtOAe, 2 h, 94-98%; b) (i) L or D-serine benzyl 
ester, DCC, CH2C12, 24 °C, 2 h, 72-82%; (ii) H 2, Pd/C, EtOAc, 2.5 h, 50-73%. 

oxy)hexadecanoic acid (IR) and 15-methyl-3(S)-(13-methyltetradecanoyloxy)hexadecanoic acid (IS) 

according to our reported method, 4 were reacted with glycine benzyl ester using dicyclohexylcarbodiimide 

(DCC) as a condensing reagent to give the corresponding amides. Next, hydrogenolytic deprotection of each 

benzyl ester gave the corresponding acids 6a (3R-L-Ser-Gly-OH, [~]D 24 -7.8 ° (c 0.50, CHCI3)), 6b (3R-D- 

Ser-Gly-OH, [~]D 24 +7.6 ° (c 0.75, CHCI3)), 6c (3S-L-Ser-Gly-OH, [(X]D 24 -8.0 ° (c 0.23, CHCI3)) and 6d 

(3S-D-Ser-Gly-OH, [Ot]D 24 +7.1 ° (c 0.63, CHCI3)). Disappointingly, none of these compounds was identical 

to the natural flavolipin. 

Next, we tried to synthesize lipid-glycylserine compounds 8. Compounds IR and IS were converted 

with oxalyl chloride to their corresponding acid chlorides, which were treated with glycine benzyl ester 
hydrochloride and Et3N to give the corresponding amides, and then hydrogenolytic deprotection of each 

benzyl ester of the amides gave the corresponding acids 7R (3R-GIy-OH) 5 and 7S (3S-GIy-OH). 6 The 

compounds 7R and 7S were treated with L- and D-serine benzyl esters using DCC as a condensing reagent to 

give the corresponding amides, and then hydrogenolytic deprotection of each benzyl ester gave the 

corresponding acids 8a (3R-Gly-L-Ser-OH, [0riD 24 +18.9 ° (c 0.39, CHCI3)) 5,7, 8b (3R-Gly-D-Ser-OH, 

[~t]D 24 -26.2 ° (c 0.58, CHC13)), 8c (3S-Gly-L-Ser-OH, [~]D 24 +25.6 ° (c 0.38, CHC13)) and 8d (3S-Gly-D- 

Ser-OH, [Ot]D 24 -18.8 ° (c 0.52, CHC13)). 
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Fortunately, compounds 8a and 8d were identical to natural flavolipin with respect to 1H NMR 8 and 

FAB MS spectra. 

The macrophage stimulation activity of 8a was almost the same as natural flavolipin, and that of 8d was 

practically inactive. Therefore, from this synthetic study we clearly determine the structure of natural flavolipin 

to be N-[N-[(3R)-15-methyl•3-( • 3-methy•tetradecan•y••xy)hexadecan•y•]g•ycyl•-L-serine. 9 

Thus we could synthesize all eight isomers of flavolipin in a stereocontrolled manner, and determine the 

correct structure of flavolipin. We are now investigating the biological activities of all compounds of 6 and 8, 

and the results will be reported in due course. 
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