
Synthesis of cyclopentano-N- 
methylphosphatidylethanolamines: aminolysis 
during  the use of methylamine 

Hassan Pajouhesh' and  Anthony J. Hancock' 

Department of Chemistry and School of Medicine, 
University of Missouri,  Kansas City, MO 64110 

Summary  Monomethylamine  and  N-benzyl-N-methylamine 
were  used  as  nucleophiles in the amination of the bromo- 
ethylester of cyclopentano-phosphatidic acid. The former reagent 
led to extensive  aminolysis  and the quantitative  formation of 
N-methylpalmitamide, rather than the desired cyclopentano- 
phosphatidyl-N-methylethanolamine. However, the method of 
Shapiro  and  Rabinsohn (1 964. Biochemistry. 3: 603-605), in which 
N-benzyl-N-methylamine was used  as a nucleophile, was adapted 
for a successful synthesis.-Pajouhesh, H, and A. J. Hancock. 
Synthesis of cyclopentano-N-methylphosphatidylethanolamines: 
aminolysis during the use of methylamine. J .  Lipid Res. 1984. 
25: 310-312. 

Supplementary key words aminolysis of phospholipids cyclopentano- 
phospholipid analogs conformationally restricted phospholipids 

It has been reported  that  treatment of bromoalkyl es- 
ters  of 1,2-diacyclglycerophosphoric acid with a variety 
of  amines leads to good yields of  nitrogenous  phospho- 
lipids (1). We  have  evaluated an identical approach  for 
the synthesis of  nitrogenous  cyclopentanoid  phospholip- 
ids. This communication  describes the serious  drawbacks 
inherent in this  synthetic  approach  when it is used for 
N-monomethyl-cyclopentano-phosphatidylethanolamine 
synthesis. We  describe  a modified procedure which gives 
good yield of N-monomethyl-cyclopentano-PE. 

MATERIALS  AND  METHODS 

Melting points were measured  on a Thomas  Hoover 
Unimelt capillary melting  point  apparatus and  are un- 
corrected.  Infrared spectra  were  measured for KBr dis- 
persions with a  Perkin-Elmer 621  spectrometer  (Perkin- 
Elmer Corp., Norwalk, CT)  and were  calibrated with 
polystyrene. NMR spectra  were  obtained with a  Bruker 
instrument  (300 MHz). Microanalyses were  performed 
by Galbraith  Laboratories, Inc., Knoxville, TN. Reactions 

Abbreviations: PE, phosphatidylethanolamine; TLC, thin-layer 
chromatography. 
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were  monitored by thin-layer chromatography  on silica 
gel G (adsorbent thickness, 250  pm; EM Laboratories, 
Inc., Elmsford, NY). Lipid products  were  purified by col- 
umn chromatography  on silicic acid  buffered with tri- 
ethylamine, essentially as  described by Aneja,  Chadha, 
and Davies (2). Phosphates  were  detected after analytical 
chromatography by the modified reagent (3) of  Dittmer 
and Lester (4). Aqueous methylamine (40%) was obtained 
from  Aldrich Chemical Co., Inc., Milwaukee, WI. The  
bromoethyl  phosphoric  ester  of  1,3/2-dipalmitoyl cyclo- 
pentane-1,2,3-triol (Scheme 1,  1) was synthesized as  de- 
scribed previously (5). 

EXPERIMENTAL 

Aminolysis  reaction of 2-bromoethylester of all- 
truns-(l,3/2)-2,3-dipalmitoylcyclopentane-l,2,3-triol-1- 
phosphoric  acid with methylamine 

A solution  of cyclopentano-phosphatidic acid,  bromo- 
ethylester (Scheme 1,l) (803 mg; 1 .O mmol), was dissolved 
in 60 ml of chloroform-isopropanol-dimethylformamide 
1 : 1 :4 (v/v/v) and  the solution was treated  at 4OoC with 
methylamine (7 ml; 40% aqueous  solution). The progress 
of the  reaction was monitored by TLC;  no phospholipid 
product was detected  during  the 16 hr reflux.  Instead, 
a  phosphate-negative product (Rf 0.70; CHC13-CH30H 
8:1, v/v) was observed. This  product was isolated after 
removal of solvents in vacuo, purified by  silicic acid chro- 
matography  (eluting solvent CHC13-CH30H 96:4, v/v) 
and was found  to  be identical to  an authentic sample of 
N-methylpalmitamide (Scheme  1, 2). The yield of  amide 
was >95% of the theoretical based on  the weight of 
bromoethylester  used. 

Free acid form of bromoethylester of all-truns-(1,3/ 
2)-2,3-dipalmitoylcyclopentane-l,2,3-triol-1- 
phosphoric  acid (Scheme 1,  1) 

The sodium salt form of the 2-bromoethylester  inter- 
mediate (Scheme 1, 1) (1200 mg; 0.15 mmol) was con- 
verted  into  the  free acid form by the modified Bligh and 
Dyer procedure as  described previously (6). The  acid 
product was precipitated from its chloroform  solution by 
the  addition  of  ten volumes of methanol, and used directly 
in the  next  step. 

All-trans-( 1,3/2)-2,3-dipalmitoylcyclopentano-l- 
phosphoryl-N-benzyl-N-methylethanolamine 
(Scheme 1, 3) 

This  intermediate was prepared  according to the pro- 
cedure of Shapiro  and Rabinsohn (7). T o  the  free acid 
form of 2-bromoethylester of all-trans-2,3-dipalmitoyl- 
cyclopentane-l,2,3-triol-l-phosphoric acid  (Scheme 1, 1) 
(1 000 mg; 1.28 mmol) in dry toluene (4 ml) was added 
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methylamine. We speculate that  the stereochemical  dis- 
position  of the ring substituents  favors a particularly  facile 
deacylation  mechanism leading to the formation of N- 
methyl  palmitamide, either from the bromoester or from 
the N-methylated cyclopmtuno-PE  itself. Steric  factors may 
also govern the  rate  at which  deacylation  occurs; we have 
observed that although tripalmitin (tripalmitoyl  glycerol) 
also  undergoes  quantitative  deacylation  within 6 hr under 
the experimental conditions reported by Diembeck and 
Eibl (l), long  chain  cholesteryl esters are much less sus- 
ceptible to methylamine, and even the short chain  cho- 
lesteryl ester (hexanoyl) was deacylated  only  in about 20% 
yield. 

accord with the observations  of Shapiro and Rabinsohn 
(7) for the corresponding synthesis  of the  glycero1ipid.l 
This work  was supported by a grant from the Weldon Spring 
Endowment Fund, University of Missouri  (AJH). 
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