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SUMMARY 
The  infrared  spectrum of a-l-alkenyl glyceryl ether,  prepared  from  pure  phosphatidal 

choline,  shows a singlet at 6.00 p (1667 cm-l) and a band at 13.55 p (738 cm-l). These  two 
bands  disappear  after  hydrogenation of the unsaturated ether. Yo appreciable  absorption 
at 10-11 p (1000-910 cm-’) was found.  This  evidencc  is  consistent  with the properties 
of cis- and  not  with  those of trans-l-alkenyl  alkyl  ethers, and  permits the assignment of 
the cis configuration to the double bond  in the a,@-unsaturated ether  linkage. 

It has been pointed out  that  the availability of 
pure  phosphatidal choline permits  a  number of plasmalo- 
gen derivatives  to be  readily  prepared (1). These 
derivatives  include the a-l-alkenyl-/3-acyl “diglyceride” 
and  the  a-l-alkenyl glyceryl ether. In  this  paper,  the 
preparation  and  infrared  absorption  spectrum of the 
latter compound  are  described.  Absorption  bands of 
the  a,&unsaturated  ether  group (2-8) can  thus be stud- 
ied without  interference from either  the  phosphate 
group or the olefinic bonds  present  in  the P-acyl chain. 
Comparison  with  infrared  spectra of l-alkenyl  ethers of 
known configuration (2, 3) indicates that  the a,p-un- 
saturated  ether double bond of phosphatidal choline has 
the cis configuration. 

EXPERIMENTAL METHODS 

Infrared  Spectra. These were taken  with a Perkin- 
Elmer model 237 double  grating  instrument.  The 
lipids were examined in  both CS, and CC14 solutions  in a 
cell of 1.0 mm  path  length  with  solute concentrations 
of  8-10 mg/ml, using a matched reference cell. 

Analytical  Methods. These were the same as cited in 
earlier  papers (1, 9, 10).  a$-Unsaturated  ether con- 
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tent was measured  by a spectrophotometric iodin. ‘L t* 1011 

method (1) .  
Preparation of Phosphatidal  Choline. This was pre- 

pared  by selective enzymic  hydrolysis of the  phosphati- 
dal choline component of  beef heart lecithin by Crotalus 
atroc venom (I).  

Preparation of a-l -Alkenyl  Glyceryl  Ether  from  Phos- 
phatidal  Choline. This  substance was prepared by 
alkaline  hydrolysis of the product  obtained  by  enzymic 
removal of the phosphorylcholine residue with Clostrid- 
ium perfringens enzyme (1 1). A sample of 50 mg 
(60 pmoles) of phosphatidal choline was suspended  in 
8.0 m1 of 0.01 M aqueous CaC12. To  this suspension was 
added 6.7 mg of enzyme  preparation (dialyzed, lyo- 
philized C .  perfringens culture  filtrate) dissolved in 4.0 
m1  of 0.01 M CaClz and two drops of 0.02% phenol red. 
Xeutrality was maintained  by  the  addition of a total of 
1.3- m1  of 0.0.5 N NaOH in  increments of 0.10 m1 over a 
period of :31/2 hr  at  about 25O (calculated, 1.2 ml). 
The reaction  mixture was extracted  with  four IO-m1 
portions of hexane, and  the combined extracts were 
evaporated  to  dryness.  The residue was dried  over 
P2O6 in vacuo at room temperature  to give 35.1 mg 
(91%) of light yellow oil. This  crude  product was 
purified by  chromatography on 5 g of Unisil silicic acid, 
200-32.5 mesh (Clarkson Chemical Company).  The 
lipid was placed on the column of adsorbent (l2 x 
100 mm)  in a small volume of hexane, and  mat~erial 
eluted  with 1.50 m1 of 20% ethanol  in hexane was col- 
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lected, giving 32.2  mg  (84y0) of light yellow  oil. This 
material was  dissolved in 18 m1  of ethanol. TO this was 
added 2.0 m1  of 1.0 N NaOH, and the mixture was in- 
cubated with shaking at  37' for 90 min. After removal 
of  excess alkali with 0.5 m1  of ethyl  formate  (12),  the 
reaction mixture was evaporated  to dryness and  taken 
up in a  mixture of 10 m1  of water plus 10 m1  of hexane. 
The hexane phase was separated  and  the aqueous phase 
successively extracted with 5 m1  of hexane and two &m1 
portions of ether.  The combined extracts,  taken  to 
dryness, gave 34.8  mg of a  mixture of desired product 
and  fatty acids. Separation was  effected on a Florisil 
column by the method of Carroll (13). The material 
was applied to 5 g of Plorisil deactivated with 7y0 water. 
Three bulk fractions were  collected as follows: Fraction 
I, 25 m1  of Soy0 ether  in hexane, 4.0 mg;  fraction 11, 50 
m1  of 2% methanol in ether, 13.8 mg;  and fraction 111, 
50 m1 of methanol, 19.8 mg. 

1;raction I1 contained the  a-l-alkenyl glyceryl ether 
and had the following analysis: 2.95  pmoles of iodinelmg 
corresponding to 3.21  pmoles of a,@-unsaturated  ether/ 
mg; ester, 0.17  pmoles/mg. This fraction represented 
77y0 recovery based both on weight and on a,@-un- 
saturated  ether  content.  The molecular  weight  based 
on one a,P-unsaturated  ether group per mole  is 312; 
the theoretical molecular w-eight for CI9H3803  is  314. 

The infrared spectrum of this  material in CCl,  solu- 
tion confirmed the presence of a small amount of ester 
impurity (very weak band at  5.7.5 p ) .  In order to 
purify the compound further, 6.0  mg of Fraction I1 was 
resaponified for 45 min exactly as before, and chroma- 
tographed on 1  g of Florisil, using the same solvents as 
before. The second fract,ion (10 m1  of 2y0 methanol 
in ether) yielded 4.3 mg of colorless solid. The infra- 
red spectrum of this  material in both CCL and CS, was 
the same as  that obtained before resaponification with 
the exception that  the ester absorption was  reduced to 
less than of that obtained initially, indicating less 
than 2% ester impurity.  This  material gave a single 
spot, Rt about 0.10, by thin-layer silicic  acid chroma- 
tography using hexane-ether-acetic acid 60 : 40 : 1 (14). 

Preparation of a-Alkyl  Glyceryl  Ether. A solution of 
3 mg of resaponified a-alkenyl glyceryl ether in 4.0 m1 
of 95yo ethanol was hydrogenated for  40 min at room 
temperature  and atmospheric pressure of hydrogen over 
9.8 mg of platinum oxide catalyst. After removal of the 
catalyst,  by centrifugation, the  supernatant solution 
mas taken to dryness to give 4 mg of colorless product. 

Preparation of Batyl  Alcohol. Batyl alcohol  was  ob- 
tained in  61%  yield by peracetic acid oxidation of allyl- 
octadecyl ether according to Kornblum and Holmes 
(15). Three cryst(a1lizations from ethanol gave fine 
colorless crystals, m.p. 70-71 O (15). 

Preparation of l-Butenyl  Ethyl  Ether.  Dealcoholiza- 
tion of 1,l-diethoxybutane was carried out in  the follow- 
ing manner. To a  l-liter flask fitted with a dropping 
funnel, stirrer, thermometer, and Vigreux  column with 
still head was added 300 m1 of a purified  kerosene frac- 
tion (b.p. 190-215'), 3.0 g of p-toluene sulfonic acid, 
and 1.0 m1  of 85y0 H3P04. To the rapidly stirred 
mixture heated at. 190-200',  200 g of 1,1-diethoxy- 
butane was added dropwise. The  product was  col- 
lected in an ice bath.  The still head temperature was 
kept between 90-100'. The distillate (185  g) was 
washed  twice with ice-cold distilled water.  The organic 
layer (101 g) was dried over KzC03 and distilled through 
a 30-cm  helix-packed column. The  distillate boiling 
at  92-105O (57.5 g, 42%) was  77% pure  by a,@-un- 
saturated  ether analysis. The product was  freed of 
carbonyl impurity  by refluxing with 10 volumes of 1 N 
NaOH in 950/;, ethanol for 60 min, and recovered by 
steam distillation. The purified material, when  care- 
fully redistilled, had a boiling range of  92-96' (b.p. 
reported in (16) as 93-95' and  in (17) as 94.9-95.3'). 
Fractions  taken  throughout the boiling range all took 
up 0.94-0.95 moles of I p  per  mole of compound by a,@- 
unsaturated  ether analysis (18). 

RESULTS 

a-l-Alkenyl  Glyceryl  Ether. The infrared spectrum 
of this compound (Fig. 1, curve A) has the following 
main features.  The -C=C-stretching absorption 
is a single band almost exactly at  6.00 M (1667  cm-'), 
the same position found for phosphatidal choline (l). 
The =C--H deformation band is at 13.55 p (738 cm-l) 
and is  easily distinguishable from the -(CH2),-rocking 
band at  13.8 p (725 cm-'). There is no appreciable 
absorption in the 10.7-p region. These are  the principal 
characteristics of l-alkenyl ethers of the cis configura- 
tion (2, 3). 

There is a  sharp " O H  band at  2.78 p (3597  cm-') 
and  a weak band at 3.28 p (3049  cm-') attributable  to 
the =C-H group (4). The shoulder at  8.8 p (1136 
cm-')  on the strong  ether absorption at  9.0 p (1110 
cm-') may represent the first of two bands that  are 
characteristic of structures of the  type "=C--0°C" 
(8). The  strong band at  9.43 p (1060 cm-') can be 
attributed  to hydroxyl groups. 

a-Alkyl  Glyceryl  Ether. The bands at 6.0 p and 
13.55 p assigned to the double bond of the a,@-unsatu- 
rated  ether disappear in the spectrum of the hydrogen- 
ated  derivative  (Fig. 1, curve B). The shoulder a t  
8.8 p also disappears, leaving a single, strong  ether  band. 
The remainder of the spectrum is little changed from 
that of the  a-l-alkenyl glyceryl ether.  The infrared 
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FIG. 1. Infrared  spectra  in CSz solution of (A) a-l-alkenyl glyceryl  ether, (B)  a-alkyl  glyceryl 
ether,  and (C) Synthetic  batyl  alcohol. Curves A and B have  been  displaced  downward for 
purposes of comparison. The 2.5- to 4.0-1 regions of B and C have  been  omitted for clarity of 
presentation.  See text for  a  discussion of this region  of B and C. The  region of strong  solvent 
absorption (6.2-7.2 p) has  been omitted. 

spectrum of this  saturated  ether derivative compares 
well with that of pure  synthetic  batyl alcohol (curve 
C) except that  it is less  well  defined, probably because 
a variety of long-chain alkyl residues are present in the 
natural  product. In the 2.5- to 4.0-p  region (not shown 
in Fig. l),  the  3.2%~ band is absent.  The broad charac- 
ter of the --OH band in  this region indicates that the 
hydroxyl groups o$ the  natural product  derivative  are 
more strongly hydrogen bonded than those of batyl 
alcohol. The reason for this is not understood. 

DISCUSSION 

Vinyl ethers (4-7, 19) and  substituted vinyl ethers 
(2, 3, 20) may be characterized by several absorption 
bands in the infrared spectrum. Very strong absorp- 
tions of the C-0 stretching frequency between 8 and 
9 p (1250-1100 cm-l) differ from those of normal ethers, 
and absorptions characteristic of the double bond adja- 
cent to oxygen are different in.bohhthjntensity.and fre- 
quency from those obtained with normal olefins. 

The 6-p (1650 cm-l)  -C=C--Stretching Region. 
This region is the most useful for detecting  the presence 
of the a,@-unsaturated  ether group. When double 
bonds are conjugated with phenyl, carbonyl, or other 
olefinic groups, the absorption intensity of this band is 
markedly increased (21). The effect of an ether link- 
age is similar to that of conjugation. An examination 
of the published spectra of vinyl acetate  and allyl 

acetate indicates an eightfold increase in intensity of the 
6.06-p  (1650 cm-l) band in vinyl acetate (6). Some 
extinction coefficients obtained for a series of allyl and 
vinyl ethers show a six- to twentyfold increase in the 
vinyl ether absorption intensity in this region (5). Our 
own experience with substituted vinyl ethers  (l-butenyl 
ethyl  ether, methyl-l-octadecenyl ether,  and various 
plasmalogens and  their derivatives) show that  the in- 
tensity of this band in these compounds is 8 to 12 times 
higher than  that observed in methyl  oleate  and triolein. 

Whereas vinyl ethers  have two strong  bands in this 
region  (2, 4, 5, 7, 19), the  nature of the absorption of 
p-alkyl substituted vinyl ethers depends on the configur- 
ation of the double bond. Hall et al. (2)  showed that 
trans-l-butenyl butyl  ether  has  a  strong doublet a t  
about 6.02 p (1660 cm-l) and cis-l-butenyl butyl  ether 
has a single band a t  the same wavelength. Dege, 
Harris, and MacKenzie (3) found that trans-l-propenyl 
butyl  ether  has  a  strong doublet a t  5.95 p (1680 cm-') 
and 6 . 0 2 ~ ~  (1660 cm-l) while the cis isomer has  only.one 
band at 5.98 p (1672 cm-l). 

The a-l-alkenyl glyceryl ether  and its  parent com- 
pound, phosphatidal choline (l), have only a single 
sharp band at 6.00 p (1667 cm-'), which indicates that 
the double bond of the enol-ether has a cis configura- 
tion. 

The 10- to 15-p Region (l ,000-670 cm-1). The out- 
of-plane deformation vibrations of the hydrogens at- 
tached to  the double bond occur in this region. With 
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compounds containing trans double bonds isolated from 
the influences of polar groups, the characteristic band 
near 10.3 p (970  cm-') is observed. Normally cis 
double bonds have a variable absorption band near 
14.0 p (700  cm-') (21). In substituted vinyl ethers, 
however, this band has more useful diagnostic value. 
In both  trans-l-butenyl  butyl  ether (2) and  trans-l- 
propenyl butyl  ether  (3), the 10.3-p band is shifted to 
10.72 p (933 cm-l). cis-l-Butenyl butyl ether has a 
strong band at  13.64 p (733  cm-l) and in cis-l-propenyl 
butyl  ether  this band occurs a t  13.83 p (723  cm-'). 
Neither of the cis  isomers has a strong band in the 9.7- 
11.7-p  (1030-850 cm-l) region; similarly, the trans 
isomers have no strong  bands in the 12-14p (830-700 
cm-')  region. Hydrogenation of either cis or trans 
isomers results in the disappearance of all bands charac- 
teristic of the double bond. 

The infrared spectrum of the  a-l-alkenyl glyceryl 
ether has the  features one would expect for an a,& 
unsaturated  ether of the cis configuration: a band at  
13.55 p (738 cm-'),  no strong absorption in the 10.7-11 
region, and a singlet a t  6.00 p. Further confirmation of 
this assignment is the  fact  that both  bands disappear on 
hydrogenation. 

Our studies of a mixed  isomer preparation of 1- 
butenyl  ethyl  ether  further indicate the usefulness of the 
correlations established from the studies of l-butenyl 
ether (2) and l-propenyl butyl  ether  (3). Lower 
boiling fractions of this compound  (enriched in the cis 
isomer) show a strong band at  13.55 p (738 cm-l) and 
a weak band at  10.65 p (939 cm-'), whereas the opposite 
is found in higher boiling cuts enriched in the trans 
isomer. The fractions having high trans content also 
have a shoulder a t  5.98 p (1,672 cm-l) as well as  the 
strong band at  6.02 p (1661 cm-'). 

In order to study  the spectral properties of the a,& 
unsaturated  ether bond of phosphatidal choline, it was 
necessary to prepare the simplest derivative possible. 
The phosphorylcholine group had to be removed  be- 
cause the  strong band at  10.3 p (970 cm-l), character- 
istic of choline phosphatides, interfered with the 10.7-p 
region  sufficiently to introduced ambiguity into  the in- 
terpretation.  The finding that the alkenyl chain in the 
a-position of phosphatidal choline is predominantly 
saturated (with the exception of the enol-ether double 
bond) and that  the normal olefinic unsaturation is re- 

stricted  to the P-acyl chain (1) makes this  study of con- 
figuration unambiguous. The degradation product, 
a-l-alkenyl glyceryl ether, is thus essentially free of 
olefinic groups other  than  the one under consideration. 

A similar attempt  to deduce configuration directly 
from the infrared spectra of crystalline lysophosphatidal- 
ethanolamine (22) and its hydrogenated derivative was 
frustrated  by complications attributable  to  the presence 
of the phosphorylethanolamine residue. 
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