
SHORT COMMUNICATION 

Synthesis of Spin-Labeled Neutral Lipids: Nitroxyl Derivatives 
of Triglycerides and Sterol Esters 

ABSTRACT 

Methods for the preparation of useful 
spin-labeled neutral lipids are described. 
A spin-labeled triglyceride has been pre- 
pared by acylation of 1,3-distearoylglyc- 
erol with stearic acid anhydride bearing 
the 4',4'-dimethyloxazolidine-N-oxyl ring 
at carbon-12. The same fatty acid anhy- 
dride has been used to acylate the 
3-hydroxy group of cholesterol to obtain 
a cholesteryl ester with the nitroxyl func- 
tion in the fatty acyl chain. The 4',4'-di- 
methyloxazolidinyl-l-oxyl derivative of 
5a-androstan-3-one-17/3-ol has been esteri- 
fled with stearic acid anhydride to obtain 
a steroid ester with the paramagnetic 
center in the steroid nucleus. 

INTRODUCTION 

The application of the spin-label method 
(1,2) to the structure and function of mem- 
branes (3-5) has depended heavily upon the de- 
sign and synthesis of lipid molecules which 
could be introduced into the system of interest. 
Some of the earliest lipids prepared for this pur- 
pose included nitroxyl derivatives of the choles- 
tane (6) and androstane (7) steroid nuclei. The 
synthesis of these derivatives was made possible 
by the development of a method for attaching 
the 4' ,4'-dimethyloxazolidinyl-l-oxyl (doxyl) 
moiety to a ketonic carbon atom (6). An im- 
portant feature of such derivatives is that their 
oxazolidine rings possess no motion indepen- 
dent of the carbon skeleton to which they are 
attached. Consequently, these rings have a fixed 
geometry, and the orientation of the 2 pzr orbit- 
al (which contains the free electron) relative to 
the host molecule is well defined. Oxazolidinyl 
derivatives of numerous keto fatty acids have 
been synthesized, and these derivatives have 
been incorporated subsequently into phospha- 
tidylcholine (8) and phosphatidylethanolamine 

(9). Most of the spin-labeled lipids used to date 
have been relatively polar. Our need for chemi- 
cally well defined neutral lipids of the triglyc- 
eride and sterol ester classes for the study of 
the mofe nonpolar regions of plasma lipopro- 
teins (10)necessitated the preparation of these 
materials which we now report. 

EXPERIMENTAL PROCEDURES 

Spin-labeled fatty acids were obtained by 
hydrolysis of the corresponding esters in di- 
oxane/aqueous sodium hydroxide and con- 
verted to their anhydrides by dehydration with 
dicyclohexylcarbodiimide in carbon tetrachlo- 
ride (8). Spin-labeled derivatives of fatty acid 
methyl esters were prepared by m-chloroper- 
benzoic acid oxidation of the corresponding 
o x a z o l i d i n e  (6). Starting ketoesters were 
synthesized by standard methods (8). Spin- 
labeled androstol was prepared as described by 
Hubbell and McConnell (7). 

The spin-labeled triglyceride (I) (Fig. 1) was 
prepared by the foUowing three step synthesis. 
Stearic acid (28.4 g, 0.1 mole) and dihydroxy- 
acetone (4.5 g, 0.05 mole) were dissolved in 
150 ml dry, freshly distilled pyridine. To this 
solution was added dicyclohexylcarbodiimide 
(20.6 g, 0.1 mole) dissolved in 50 ml freshly 
distilled chloroform. Dicyclohexylurea precipi- 
tated within sec of mixing. After 48 hr, the 
precipitate was removed by filtration. The fil- 
trate was subjected to rotary evaporation to 
remove chloroform, then shell frozen, and lyo- 
philized to remove pyridine. The resulting solid 
mass was broken up, dissolved in hot acetone, 
and allowed to crystallize at room temperature. 
The colorless, crystalline 1,3-distearoxyacetone 
(19.8 g, 74%) had an Rf on thin layer chroma- 
tography (TLC) (Eastman chromagram sheets) 
of 0.90 in chloroform and 0.51 in benzene- 
chloroform (3:1), melted at 84-86 C (lit [ 11 ], 
87.0-87.5 C), and gave an IR spectrum (KBr 
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wafer) exhibiting carbonyl absorption at 1730 
cm -1. In 20 ml dry tetrahydrofuran was dis- 
solved 1.25 g (2 mmoles) 1,3 distearoxyace- 
tone. Occasionally, it was necessary to heat the 
mixture gently to obtain complete solution. To 
this stirred solution at room temperature was 
added 2.5 ml (2.5 mmoles) diborane in tetra- 
hydrofuran (1.0 molar in BH3, Alfa Inorganics, 
Beverly, Mass.). The reaction was stirred for 18 
hr after which time excess diborane was de- 
stroyed by adding 3 ml water. Tetrahydrofuran 
was removed by rotary evaporation leaving a 
white residue in water. Acetone (20 ml) was 
added, the residue was dissolved by heating, 
then set aside for crystallization at 20 C. The 
product (1,3-distearoylglycerol, 0.98 g, 79%) 
melted at 76-78 C (lit [12] 79.5 C) migrated as 
a single spot on TLC with an Rf of 0.75 in 
chloroform and 0.38 in hexane-ethyl acetate 
(6:1). No indication of the presence of 1,2- 
distearoylglycerol was observed with the latter 
solvent system which resolves the 1,3- and 1,2- 
isomers (13). The IR spectrum (KBr wafer) ex- 
hibited absorption bands at 3400 cm -1 (OH) 
and 1735 cm-1 (C=O). An alternative route to 
symmetrical 1,3-diglycerides has been published 
(13). This material (225 rag, 0.36 mmoles) was 
acylated with 12-doxyl stearic (m --- 5, n = 10) 
anhydride (225 mg, 0.33 mmoles) in the pres- 
ence of sodium oxide by a method similar to 
that of Robles and Van den Berg (14). (The pro- 
cedure described by Robles and Van den Berg 
[14] calls for a three- to four-fold excess of 
anhydride. In the present work, equimolar an- 
hydride and alcohol were used which, though 
giving lower yields, results in better overall in- 
corporation of the spin-labeled fatty acyl chains 
present.) The crude product was purified par- 
tially by chromatography on a column of silica 
gel (Brinkmann Instruments, Westbury, N.Y.) 
equilibrated and eluted with methylene chlo- 
ride. Purification to homogeneity was accom- 
plished by prepatative TLC on plates of silica 
gel containing a fluorescent binder. The devel- 
oping solvent was diethyl ether-hexane (3:7). 
The desired material was located by visualiza- 
tion with UV light. The appropriate band was 
scraped from the plate, transferred to a small 
column, and the desired material eluted from 
the absorbent with chloroform. The yellow 
product (5,10-1, 49 mg, 15%) migrated on TLC 
with an Rf of 0.39 in ether-hexane (3:7). Its IR 
spectrum (film on sodium chloride plates) 
exhibited strong absorption at 1735 cm "1 
(C=O), but none at 3400 cm -1 (no OH). It be- 
came semicrystalline below %10 C. Anal. calcu- 
lated: C61Hl16NO8: C, 73.88; H, 11.79; N, 
1.41; 0, 12.91, Found: C, 73.84; H, 11.36; N, 
1.75. 
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FIG. 1. Chemical structures of spin-labeled neutral 
lipids: 4',4'-dimethyloxazolidinyl-N-oxyl derivatives of 
(I) tristearin, (II) androstan-17-yl stearate, and (III) 
cholesteryl stearate. 

The stearic acid ester of spin-labeled an- 
drostol (II) was prepared by acylation of spin- 
labeled androstol with stearic anhydride in 
anhydrous pyridine. The alcohol (95 mg, 0.25 
mmole) and anhydride (275 mg, 0.50 mmole) 
were transferred to a 25 ml round bot tom flask. 
Upon addition of dry pyridine (4 ml), the reac- 
tion mixture was stirred at room temperature 
and monitored by TLC. After 72 hr, the rate of 
ester formation appeared minimal. Pyridine was 
removed by rotary evaporation and the residue 
was dissolved in toluene and applied to a col- 
umn of SilicAR CC-4 (Mallinckrodt, St. Louis, 
Mo.) equilibrated with toluene. Excess anhy- 
dride was eluted with toluene. The desired ester 
was eluted with methylene chloride while the 
alcohol remained adsorbed. The IR spectrum 
(KBr water) of the light yellow solid exhibited 
a strong band at 1727 cm-], migrated on TLC 
with an Rf of 0.82 in chloroform, melted at 
122-124 C, and was obtained in a yield of 87 
mg (54%). Anal. calculated: C41H72NO4: C, 
76.57; H, 11.29; N, 2.18; 0, 9.95, Found: C, 
76.64; H, 11.01; N, 2.15. 

A spin-labeled fatty acid cholesteryl ester 
(III; m = 5, n = 10) was synthesized by acyla- 
tion of cholesterol with the fatty acid anhy- 
dride in pyridine. The anhydride (1.55 g, 2.06 
mmoles) and cholesterol (1 g, 2.59 mmoles) 
were dissolved in 5 ml dry pyridine and stirred 
at room temperature. The slow formation of 
the desired ester was monitored for 7 days after 
which time solvent was removed by rotary 
evaporation and the residue was dried in vacuo 
overnight. The solid orange mass was dissolved 
in hexane and applied to a 2.5 x 30 cm column 
of silica gel (Brinkmann Instruments) equili- 
brated with hexane. The desired ester was 
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e lu ted  w i th  h e x a n e : e t h e r  ( 95 : 5 ) .  TLC gave one  
s p o t  wi th  Rf  = 0.58 ( h e •  7 :3) .  The  
v i scous  go lden  l iquid  e x h i b i t e d  an IR a b s o r p -  
t ion  band  at 1740 c m  -t a n d  was  o b t a i n e d  in a 
yield o f  0 .87 g (36 .5%) .  Anal .  ca lcu la ted :  
C 3 9 H 8 6 N O 4 :  C, 78 .13 ;  11, 11 .51;  N, 1.86; 0, 
8 .50,  F o u n d :  C, 78 .32 ;  t l ,  ! 1.62; N, 1.63. 
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