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The chemical synthesis is described of (rac)-trans-l-(n-hexadec-l'-enyloxy)-2-oleoyl- 
glycerol-3-phosphorylcholine (plasmalogen). This synthesis made use of a specific degra- 
dation of (rac)-trans-l-(n-hexadec-l'-enyloxy)-2,3-dioleoyl glycerol with pancreatic lipase 
(EC 3.1.1.3). This enzyme, which catalyses the hydrolysis of fatty acid ester bonds attached 
to the primary hydroxyl groups of glycerol, cannot split vinyl ether linkages, thereby yield- 
ing (rac)-trans-l-(n-hexadec-l'-enyloxy)-2-oleoyl glycerol. The latter compound was con- 
verted into a plasmalogen by a reaction with 2-bromoethyl-phosphoric acid dichloride 
and trimethylamine. A partial synthesis of cis-I-(n-alk-l'-enyloxy)-2-oleoyl-glycerol-3- 
phosphorylcholine was developed by application o f this method to cis- l-(n-alk- 1 '-enyloxy)- 
2,3-dioleoyl glycerol. The preparation of cis-l-(n-alk-l'-enyloxy)-2,3-dioleoyl glycerol was 
made by acylation of cis-l-(n-alk-l'-enyloxy)glycerol obtained from ox-heart plasmalogen 
after degradation with phospholipase C (EC 3.1.4.3) and alkaline hydrolysis. The I.R. 
spectra of both plasmalogens were completely identical with each other and differed from 
the spectra of lecithins only by the presence of a vinyl ether absorption at 1660 cm i. The 
N.M.R. spectrum of the acetylated synthetic (rac)-1-(n-hexadec-1 '-enyloxy)glycerol as well 
as of the synthetic plasmalogen revealed a trans configuration of the vinyl ether linkage. 
Degradation with phospholipase A (EC 3.1.1.4) of the synthetic (rac)-plasmalogen gives 
a 50~  conversion into free fatty acid and trans-l-(n-hexadec-l'-enyloxy)glycerol-3-phos- 
phorylcholine while the partial synthetic enantiomeric plasmalogen was converted com- 
pletely by this enzyme. The same degree of conversion was observed when both plasma- 
logens were degraded with phospholipase C to (rac)-trans-l-(n-hexadec-l'-enyloxy)-2- 
oleoyl glycerol respectively cis-l-(n-alk-I '-enyloxy)-2-oleoyl glycerol. When these plasma- 
logenic diglycerides were incubated with pancreatic lipase no further breakdown was 
observed indicating the absence of positional isomers. Both plasmalogens could be trans- 
formed by phospholipase D (EC 3.1.4.4) into l-(n-alk-l'-enyloxy)-2-oleoyl-glycerol-3- 
phosphate. Purified pancreatic lipase did not degrade the plasmalogen. 

Introduction 

The  p l a sma logens  are  a g r o u p  of  na tu ra l ly  o c c u r r i n g  p h o s p h o g l y c e r i d e s  

which are  cha rac t e r i zed  by the presence  o f  an  c~, ,g -unsa tura ted  e ther  l inkage  

at  the 1 -pos i t ion*  o f  g lycero l  ins tead  o f  a fa t ty  ac id  ester  b o n d  as in diacyl  

phosphog lyce r i de s l -5 ) .  It is n o w  well  es tab l i shed  tha t  this vinyl  e ther  - which  

p r e d o m i n a n t l y  consis ts  o f  l ong  cha in  sa tu ra t ed  fa t ty  a ldehydes  5 8) _ pos-  

sesses the  cis-configurationg,l°). Recent ly ,  C ra ig  et al. 11) de t e rmined  the  

* The nomenclature as proposed by H. Hirschmann, J. Biol. Chem, 235 (1960) 2762, is 
used in this paper. 
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absolute stereochemical configuration of the acetylated cis-l-(n-alk-l '-enyl-  

oxy)glycerol obtained from ox-heart plasmalogen by enzymic hydrolysis 
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Fig. 1 

with phospholipase C (EC 3.1.4.3) followed by alkaline hydrolysis. The 
result was in agreement with the earlier experiments of Thannhauser et al. 

who found that the plasmalogens are derived from glycerol-3-phosphatO 2) 
(fig. 1). 

The first attempts to synthesize plasmalogens chemically were in 1961 by 
Piantadosi et al.13,14), who applied a trans-acetalation reaction between 
glycerol and a number of 2-bromo-l,l-dimethoxyalkanes derived from long 
chain aldehydes. The (rac)-2-(l'-bromo-n-alkyl)-4-hydroxymethyl-l,3-di- 
oxolanes, which were obtained, were converted into the corresponding 
(rac)-(n-alk-l'-enyloxy)glycerol derivatives by dehalogenation with sodium. 
Acylation of these compounds furnished the (rac)-neutral plasmalogensla). 
Concerning the structure of the vinyl ether bond, the authors presumed a 
trans configuration 14). From the more recent work of Craig and co-workers 15), 
who initially followed a sequence of reactions similar to that mentioned 
above, it appeared that a mixture of 4 isomers was obtained. Both cis and 
trans isomers of the (rac)-l- and 2-(n-alk-l'-enyloxy)glycerols were formed. 
The formation of the 2-(n-alk-l'-enyloxy)glycerols was avoided by the use 
of 2-benzyloxyglycerol instead of glycerol in the trans-acetalation reac- 
tion16,17). This method finally yielded a mixture of only (rac)-cis- and trans- 

1-(n-alk-l'-enyloxy)glycerols which, after acetylation, could be separated by 
preparative gas-liquid chromatography. Cunningham and Gigg 18) obtained 
(rac)-l-(n-alk-l'-enyloxy)glycerol by the thermal decomposition of a (rac)- 
alkanal di(glycerol-l,2-carbonate) acetal followed by hydrolysis with aqueous 
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sodium hydroxide. This acetal could be converted into (rac)-l-(l '-chloro- 
alkyloxy)-glycerol-2,3-carbonate with acetyl chloride. Dehalogenation fol- 
lowed by alkaline hydrolysis also furnished (rac)-l-(n-alk-l'-enyloxy)- 
glycerol. 

Russian workers 19) attempted to prepare (rac)-cis-l-(n-alk-l '-enyloxy)- 
glycerol derivatives by condensation of the sodium derivative of(rac)-l,2-O- 
isopropylidene glycerol and 1-bromo-alk-l-yne. Partial reduction of the 
triple bond in the condensation product gave (rac)-cis-l-(n-alk-l'-enyloxy)- 
2,3-O-isopropylidene glycerol. However, a similar susceptibility of the vinyl 
ether linkage and the isopropylidene group '2°) towards acid made it im- 
possible to split off the isopropylidene group without attacking the vinyl 
ether function*. A second and more successful approach towards the synthe- 
sis of neutral plasmalogens was developed by the same group21,22). A 
nucleophilic addition reaction of a (rac)-l,2-diglyceride and an ethyl I- 
alkenyl ether furnished (rac)-l-(l'-ethoxyalkyloxy)-2,3-diacyl glycerol. This 
compound could be converted under special conditions into the desired 
(rac)- 1 -(n-alk- 1 '-enyloxy)-2,3-diacyl glycerol **. 

At the moment it is rather difficult to synthesize a plasmalogen starting 
from (rac)-l-(n-alk-l'-enyloxy)glycerol or its acylated derivative. This is 
mainly due to the lack of a suitable hydroxyl protecting group viz. a group 
which can be removed without destroying the vinyl ether bond and the fatty 
acid ester bond. However, bearing in mind the specificity of pancreatic 
lipase ~5, 26) (EC 3.1.1.3) for the 1- and 3-positions of triglycerides we carried 
out some preliminary experiments with this enzyme using as substrates 
plasmalogenic triglycerides derived from cis-l-(n-alk-1 '-enyloxy)glycero110). 
These experiments showed that the enzyme does not attack the vinyl ether 
linkage in position 1 in neutral plasmalogens. Therefore this enzyme appears 
to be a valuable tool in the preparation of plasmalogenic 1,2-diglycerides 
starting from neutral plasmalogens. These plasmalogenic 1,2-diglycerides 
might be converted into plasmalogens according to the method of Hirt and 
Berchtold 27). 

For the preparation of the desired neutral plasmalogens we have chosen a 
modification of the method of Preobrazhenskii et al.21,2z). The required 
ethyl 1-alkenyl ether for which we have chosen the hexadecenyl derivative 
(tII, scheme 1) was synthesized by converting the sodium bisulphite compound 
of palmitaldehyde 0) directly into the diethylacetal (it) with triethyl ortho- 

* Probably the non-acidic boric acid in trimethylborate might be a convenient reagent 
to remove the isopropylidene group without attacking the vinyl ether function. 
** Very recently the group of Preobrazhenskii made this neutral plasmalogen accessible 
by another route. They were able to convert (rac)-l-(2'-tosyloxytetradecyloxy)-2,3-di- 
(trimethylsilyl) glycerol by a base catalysed elimination into (rac)-l-(tetradec-1 '-enyloxy)- 
glycerol23) which was acylated with various fatty acid chlorides'~4). 
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formate and p-toluenesulphonic acid monohydrate in absolute ethanol at 
reflux temperature. In this way the troublesome isolation and purification 
of the free aldehyde was avoided. Purification of this diethylacetal (n) by 

/ O H  / O C 2 H  s 
C15H31CH~. -+C15H31CH( N -->C14829 C H = C H - - O - - C z H  5 

SO3Na OC2H5 
I II III 

O--C2H 5 
I 

H2C--OH H2C--O--CH--CxsH31 

I I 
III+ CH--O--CO--ClsH31-+ CH--O--CO--C15H31-+ 

I I 
HzC--O--CO--ClsH31 H2C--O--CO--CxsH3t 

IV v 

H2C--O--CH=CH--C14H29 H2C--O--CH--CH--C14H29 

I I 
CH--O--CO--C15H31 -+ CH--OH -+ 

I f 
H2C--O--CO--C15Hat HzC--OH 

vI vii 

HzC--O--CH=CH--C14H29 H2C--O--CH=CH--C14H29 

I I 
--~ CH--O--CO--CI7H33 ~ CH--O--CO--C17H33 -.+ 

I I 
H2C--O--CO--C17H33 H2C--OH 

viii IX 

H2C--O--CH=CH--C14H29 

CH--O--CO--CITH33 

Scheme 1. 

O 

H2C-- O--P--  O-- CH2--CH2--N(CH3) 3 
[ (H, OH) 

O- 
x 

Synthesis of (rac)-trans-l-(n-hexadec-l"-enyloxy)-2-oleoyl-glycerol-3-phos- 
phorylcholine. 
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distillation in vacuo furnished the ethyl 1-hexadecenyl ether (III) by thermal 
elimination of ethanol28,29). A nucleophilic addition reaction of li~ with 
(rac)-l,2-dipalmitoyl glycerol 3°) 0v) catalysed by p-toluenesulphonic acid 
monohydrate in boiling ether gave (rac)-l-(l'-ethoxyhexadecyloxy)-2,3-di- 
palmitoyl glycerol (v). This compound (v) was purified by chromatography 
on silicic acid and by crystallization. Several attempts to convert v into a 
neutral plasmalogen (Vl) via a I'-chloroether and subsequent dehalogena- 
tion 18) failed probably because l'-chloroethers of this type are very labile in 
contrast to their short chain analogues31). Elimination of ethanol from v 
under the conditions described by Preobrazhenskii et a/.21, 22) viz. heating 
in vacuo at 50 °C in the presence of sulphanilic acid, did not yield any neutral 
plasmalogen (v0. However, by carrying out this reaction at 180 °C and with 
specially prepared sulphanilic acid32, 33) about 25-35~o of neutral plasma- 
logen (v0 was formed within 7-8 min. The neutral plasmalogen (vI) was 
purified by chromatography on silicic acid followed by crystallization. It is 
well known that pancreatic lipase rapidly hydrolyses emulsified substrates 26). 
In accordance with this observation, we found that v[, being composed with 
two long chain saturated fatty acids, could be partially degraded only in the 
presence of hexane 34) and very high concentrations of enzyme. Owing to 
this incomplete hydrolysis and the fact that natural plasmalogens contain 
predominantly unsaturated fatty acids at the 2-position we synthesized (rac)- 
1-(n-hexadec-l'-enyloxy)-2,3-dioleoyl glycerol (vm). This compound could 
be obtained very easily by alkaline hydrolysis of v[ and acylation of the 
resulting (rac)-l-(n-hexadec-l'-enyloxy)glycerol (vH) with oleoyl chloride.* 

After degradation of' the neutral plasmalogen (vm) with pancreatic lipase 
the resulting (rac)-l-(n-hexadec-l'-enyloxy)-2-oleoyl glycerol (Ix) was con- 
verted into the plasmalogen (x) by the method of Hirt and Berchtold27). 

We also prepared cis - l - (n-alk- l ' -enyloxy)-2 ,3-dio leoyl  glycerol and cis- 

1-(n-alk-l'-enyloxy)-2,3-dipalmitoyl glycerol. For that purpose the plas- 
malogen fraction of ox-heart 36) was converted into cis-l-(n-alk-1 '-enyloxy)- 
glycerol 10) which was acylated with the appropriate fatty acid chlorides. 
The dioleoyl derivative was converted by pancreatic lipase into cis- l-(n-alk-  

l'-enyloxy)-2-oleoyl glycerol which in its turn was transformed as mentioned 
earlier into eis - l - (n-alk- l ' -enyloxy)-2-oleoyl -g lycerol -3-phosphorylchol ine .  

* An alternative route for the preparation of viii involved a condensation reaction of 
(rac)-glycerol-l,2-carbonate 35) with ethyl 1-hexadecenyl ether (In) in boiling tetrahydro- 
furan with p-toluenesulphonic acid monohydrate as catalyst. Alkaline hydrolysis of the 
(rac)-l-(l'-ethoxyhexadecyloxy)glycerol-2,3-carbonate formed, gave (rac)-l-(l'-ethoxy- 
hexadecyloxy)glycerol which was acylated with oleoyl chloride. The acylated product was 
purified by chromatography on silicic acid and was converted by heating in vacuo at 180 °C 
in the presence of catalytic amounts of activated sulphanilic acid into vm. It appeared, 
however, that part of the fatty acid was damaged. 
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S t r u c t u r a l  p r o o f  

Physico-chemical measurements 

In order to obtain conclusive evidence about the structure of the vinyl 
ether bond in both plasmalogens we recorded the N.M.R. spectra of the 
acetylated derivatives of synthetic (rac)- 1-(n-hexadec- 1 '-enyloxy)glycerol (vn) 
and of cis-l-(n-alk-l'-enyloxy)glycerol obtained from natural plasmalogen 
(fig. 2). 
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Fig. 2. Part of N.M.R. spectra. (a): cis-l-(n-alk-l'-enyloxy)-2,3-diacetyl glycerol; (b): 
(a) upon higher resolution; (c): synthetic (rac)-l-(n-hexadec-l'-enyloxy)-2,3-diacetyl 

glycerol. Chemical shift 6 in ppm. 

The spectrum of the latter compound (fig. 2a) showed a doublet centered 
at 6=5.93 ppm (J=6.5  cps) in the olefinic proton region which was split 
upon higher resolution into two triplets ( J ~  1.5 cps) (fig. 2b). This result is 
in good agreement with the reported 17) values for this compound (doublet 
at 6=5.87 ppm with J=6 .5  cps and further splitting into two triplets with 
J - 1 . 5  cps) and is characteristic for cis vinyl ether linkagesl0,z7). The acety- 
lated product from the synthetically obtained (rac)-l-(n-hexadec-l'-enyloxy)- 
glycerol (vn) did not show a doublet at this chemical shift in its N.M.R. 
spectrum (fig. 2c). This spectrum, however, revealed a doublet at 6 =6.28 
ppm (J=12.5  cps) which is characteristic for the trans-configuration of a 
vinyl ether bond 37) (cf. reported data for (rac)-trans-l-(n-hexadec-l'-enyl- 
oxy)-2,3-diacetyl glycero117): 6 =6.20 ppm and J =  12.5 cps). With the aid of 
a 100 Mc spectrometer the synthetic plasmalogen (x) revealed a weak doublet 
at 3 = 6.18 ppm (J = 13.0 cps) while the partial synthetic plasmalogen showed 
a doublet at 6=5.93 ppm (J=6.6  cps) in the olefinic proton region. From 
the above mentioned N.M.R. data we may conclude that our synthetic 
plasmalogen (x) possesses a trans vinyl ether bond while the partial synthetic 
one has retained the cis configuration, which is in agreement with earlier 
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Fig. 3. 1.R. spectra of  some neutral plasmalogens and of both plasmalogens. (a): cis-1 
(n-alk-l'-enyloxy)-2,3-dipalmitoyl glycerol; (b): (rac)-trans-l-(n-hexadec-l'-enyloxy)-2,3- 
dipalmitoyl glycerol (v0; (c): (rac)-trans-l-(n-hexadec-l'-enyloxy)-2,3-dioleoyl glycerol 
(vIu); (d): cis-l-(n-alk-l'-enyloxy)-2-oleoyl-glycerol-3-phosphorylcholine; (e) : (rac)- 
trans-l-(n-hexadec-l'-enyloxy)-2-oleoyl-glycerol-3-phosphorylcholine (x). (a), (b) and (c) 
were spread as thin films on a KBr disc. (d) and (e) were measured in a carbontetrachloride 

solution. Ordinate: transmission %. Abscissa: wavelength. 
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observations g.10). The fact that only trans isomer was formed can probably 
be explained by the high reaction temperature (180 °C) necessary to introduce 
the vinyl ether linkage. Preobrazhenskii et al. 21, 22) who carried out the same 
reaction at lower temperature (50°C) conclude from the I.R. spectrum of 
the neutral plasmalogen (vl) that both cis and trans isomers of the vinyl ether 
bond were present. Although it cannot be precluded that at lower temperature 
also some cis isomer is formed, in our opinion the only significant difference 
between the I.R. spectra of cis-l-(n-alk-l'-enyloxy)-2,3-dipalmitoyl glycerol 
and (rac)-trans-l-(n-hexadec-l'-enyloxy)-2,3-dipalmitoyl glycerol (vI) with 
respect to the configuration of the vinyl ether bond was a very weak absorp- 
tion at 735 cm- a in the cis isomer (fig. 3a and b). It is therefore obvious that 
the determination of the configuration of the vinyl ether bond with the aid 
of N.M.R. spectra gave more reliable results than by I.R. spectroscopy. The 
I.R. spectra of the plasmalogens (fig. 3d and e) were completely identical 
with each other in spite of the different configurations of their vinyl ether 
linkages. Moreover, the spectra did not show significant differences from the 
spectrum reported 3s) for a plasmalogen which was obtained after selective 
degradation with phospholipase A of lecithin in a lecithin-plasmalogen mix- 
ture from beef-heart. On the other hand, the presence of an absorption at 
1660 cm-1 ( - - O - - C H = C H )  in the I.R. spectra of our plasmalogens was 
the only difference from I.R. spectra of lecithins. 

Specific hydrolysis of the plasmalogens by phospholipases A, C, D and pan- 
creatic lipase 

The results obtained from the physico-chemical measurements did not 
provide sufficient evidence that the synthesized plasmalogens possessed in 
every respect the correct chemical structure. It cannot be precluded that 
isomeric plasmalogens were present e.g. plasmalogens containing the phos- 
phorylcholine moiety at the 2-position of glycerol or that the vinyl ether 
linkage and the fatty acid ester bond were interchanged. Therefore both 
plasmalogens were submitted to specific degradations with phospholipases 
A, C and D and purified pancreatic lipase (scheme 2). From these biochemi- 
cal experiments in combination with the results obtained from the physico- 
chemical measurements it appeared that the synthesized plasmalogens pos- 
sesses the proposed chemical structure. 

When both plasmalogens were incubated with phospholipase A (EC 
3.1.1.4) from Crotalus adamanteus the fatty acid was released leaving 1-(n- 
alk-l'-enyloxy)-glycerol-3-phosphorylcholine (scheme 2). This degradation, 
which occurred at a nearly similar rate for plasmalogens as well as for 
lecithins, converted only 509/0 of the synthetic racemic plasmalogen (x). The 
partial synthetic enantiomeric plasmalogen was converted completely by 
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Scheme 2. Enzymic hydrolysis of (rac)-trans-l-(n-hexadec-l'-enyloxy)-2-oleoyl-glycerol- 
3-phosphorylcholine (X) by phospholipases A, C, D and purified pancreatic lipase. 

this enzyme indicating the retention of the stereochemical purity during the 
synthesis. Degradation of cis-(n-alk-l'-enyloxy)-2,3-dioleoyl glycerol with 
crude pancreatic lipase furnished cis-l-(n-alk-l'-enyloxy)-2-oleoyl glycerol, 
which was purified by chromatography on silicic acid. During this chromato- 
graphy a small amount of plasmalogenic 1,3-diglyceride was formed. Thin- 
layer chromatographic control of both "diglycerides" showed the same 
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difference in R v values as was observed for 1,2- and 1,3-diacyl glycerol 
derivatives (fig. 4). The plasmalogenic diglycerides obtained after hydrolysis 
of (rac)-trans-l-(n-hexadec-l'-enyloxy)-2-oleoyl-glycerol-3-phosphorylcho- 
line (x) and of cis-l-(n-alk-l'-enyloxy)-2-oleoyl-glycerol-3-phosphorylcholine 
with phospholipase C showed on TLC one spot coinciding with plasmalo- 

A 

B 

C 

D 

(S) (Z> 

O 

C )  

Fig. 4. Thin-layer chromatogram of "diglycerides" in ether-hexane (1:1 v/v). 
A1 = 1,2 diacyl-glycerol; As = 1,3-diacyl glycerol ; 
B = plasmalogenic 1,2-diglyceride; 
C = plasmalogenic 1,3-diglyceride; 
D ~ plasmalogenic diglyceride fraction obtained after phospholipase C hydrolysis of both 

the synthetic and the partial synthetic plasmalogen. 

genic 1,2-diglyceride (fig. 4). Moreover, these "diglycerides" could not be 
degraded further with crude pancreatic lipase confirming the correct position 
of the vinyl ether, fatty acid as well as of the phosphorylcholine moieties to 
glycerol. The conversion of the plasmalogens into the corresponding "di- 
glycerides" was slower than for lecithins which is in good agreement with 
the results of Lands and Warner1,10). Phospholipase C also degrades the 
respective plasmalogens to the same extent as did phospholipase A. 

Recently Lands and Hart  39) reported that commercially obtained cabbage 
phospholipase D (EC 3.1.4.4) is essentially inert towards plasmalogens. This 
observation is in contrast with the results previously reported by Hack and 
Ferrans4°). They were able to degrade plasmalogen by phospholipase D into 
cis-l-(n-alk-l'-enyloxy)-2-acyl-glycerol-3-phosphate. In agreement with these 
authors we were able to show that both plasmalogens could be degraded 
with freshly prepared cabbage phospholipase D to the extent of about 40~o 
in 20 hr. The reaction products showed the same chromatographic behaviour 
as synthetic phosphatidic acid. Although it is obvious that phospholipase D 
is less active towards plasmalogens than for lecithins both types of phospho- 
glycerides can be degraded with this enzyme. 

With the aid of highly purified pancreatic lipase we were not able to show 
any conversion of the synthetic plasmalogen (x) under conditions when 
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lecithins were specifically hydrolysed into a 2-acyl-lysolecithin and fatty 
acid41). This property of pancreatic lipase may be of use for the isolation ot 
plasmalogens free from lecithins from natural mixtures. 

E X P E R I M E N T A L  P A R T  

Materials and methods 

The sodium bisulphite compound of palmitaldehyde and the palmitic acid 
(purity>99.5~o) were purchased from Fluka. Oleic acid was a commercial 
preparation with a purity of 97~o. Fatty acid chlorides were prepared from 
the acids by conventional procedures. (Rac)-l,2-dipalmitoyl glycerol was 
obtained according to the method of Howe and Malkin3°). (Rac)-glycerol- 
1,2-carbonate was prepared as described by Cunningham and Gigg3'5). 
Trimethylamine, p-toluenesulphonic acid monohydrate and sulphanilic acid 
were all commercial preparations. The trimethylamine was dried over po- 
tassium hydroxide pellets, while the p-toluenesulphonic acid monohydrate 
was not further purified. The sulphanilic acid was crystallized from boiling 
10~o sulphuric acid35). After cooling the solution, the crystals were filtered 
off, washed, and dried at 56°C over phosphorus pentoxide in a vacuum of 
0.5 mm Hg for 2 days. Subsequently the crystals were powdered and again 
dried for some hours. After a few days the sulphanilic acid loses its activity. 
Pancreatic lipase was purchased from CalBiochem (Los Angeles). Highly 
purified pancreatic lipase was obtained according to the methods outlined 
by Desnuelle and co-workers42), and Melius and Simmons43). Ox-hearts 
were obtained from the municipal slaughter house. Phospholipase A (Crotalus 
adamanteus) was purchased from the Reptile Institute, Silver Springs, Flo- 
rida. Silicic acid was a product from Mallinckrodt. The fraction between 
60-140 mesh was used for column chromatography after activation overnight 
at 110 °C. Chromatographic procedures with the apolar ether-hexane mix- 
tures as eluents were carried out at room temperature, while the end-products 
were chromatographed with more polar eluents (chloroform methanol mix- 
tures) at 0-5 °C. The purity of all compounds was checked by TLC on micro- 
slides coated with silicic acid with appropriate solvent systems and the spots 
visualized by spraying with 30~o sulphuric acid followed by charring. If 
phosphorus was present, the slides were first sprayed with ninhydrin reagent 
and afterwards with the reagent of Hanes and lsherwood44). Compounds 
which contain vinyl ether bonds were specifically located by iodine vapour 
before spraying and could easily be distinguished from unsaturated fatty 
acids. Melting points were determined on a Kofler hot plate and are un- 
corrected. Microanalysis were carried out in the Analytical Department of 



ON THE SYNTHESIS OF PLASMALOGENS 203 

the Laboratory of Organic Chemistry, State University of Groningen (Gro- 

ningen, The Netherlands). I.R. spectra were recorded in the Laboratory of 
Analytical Chemistry, University of Utrecht (Utrecht, The Netherlands) with 
a Beckmann I.R. spectrophotometer I.R. 8 and in the Organic Chemical 
Institute, T.N.O. (Utrecht, The Netherlands) with a Perkin Elmer Infracord 
137 and a Grubb Parsons Spectromaster Model MK 2 E2. N.M.R. spectra 
of the acetylated 1-(n-alk-l'-enyloxy)glycerol derivatives were measured with 
a 60 Mc (Model A-60 Varian Associates, Calif.) spectrometer and of the 
plasmalogens with a 100 Mc (Model HR-100 Varian Associates, Calif.) 
spectrometer. Measurements were made in carbontetrachloride at concen- 
trations of 10-20~o containing TMS as an internal reference standard. Chem- 
ical shifts are expressed as ppm relative to TMS taken as 0 ppm. Optical 
rotation was measured in a Eichtelektrisches Pr/izisions polarimeter 0.005 ° 
Carl Zeiss. Determination of the vinyl ether content was carried out as 
described by Gottfried and Rapport38). 

Enzymic degradations were carried out following established proce- 
dures 41,45,46) .  

Ethyl 1-hexadeeenyl ether (II0 

A mixture of 50.0 g of the sodium bisulphite compound of palmitaldehyde 
(I), 26.5 g of triethyl orthoformate and 31.5 g of p-toluenesulphonic acid 
monohydrate was refluxed in 1.5 1 of absolute ethanol for 10-30 rain. TLC 
showed a nearly complete conversion into the corresponding diethylacetal 
00  (solvent system: 20~ ether in hexane v/v). After cooling the solution to 
room temperature, solid sodium carbonate and water were added. The 
aqueous ethanol solution was extracted 4-5 times with hexane. The combined 
hexane extracts were subsequently washed 3 times with a saturated sodium 
metabisulphite solution and 4 times with water. After drying over anhydrous 
sodium sulphate and evaporation of the hexane in vacuo 45.0 g of a pale 
yellow oil was obtained. This crude diethylacetal (n) gave upon distillation 
the desired vinyl ether (Ill). Yield 22.0 g (55~o) of a colourless oil, n 2° 1.4480 
(lit.z1, 2~,47) n 2° 1.4485) and b.p. 123-128°C (0.01 mm Hg). On TLC only 

one spot could be detected (solvent system: 10~o ether in hexane v/v). The 
ratio of eis/trans isomers was found to be 1.02 on G.L.C. (Carlo Erba, 10~o 
polyethylene glycol adipate, temp. 197 °C). The ratio of the retention times for 
the trans/cis isomers was found to be 1.31 (reported 1°) value: 1.29). The I.R. 
spectrum was identical to that reported 4~) already for the same compound. 

( Rae )-l- ( l'-ethoxyhexadecyloxy)-2,3-dipalmitoyl glycerol (v) 

12.0 g of (rac)-l,2-dipalmitoyl glycerol (iv) and 15.5 g of ethyl 1-hexa- 
decenyl ether (III) dissolved in 150 ml of absolute ether were refluxed for 
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1 hr in the presence of 40 mg ofp-toluenesulphonic acid monohydrate. After 
cooling the mixture to room temperature 700 ml of ether were added and the 
etheral solution washed with 250 ml of 5~o potassium bicarbonate solution 
and with water until neutral. After drying over anhydrous sodium sulphate 
the ether was evaporated in vacuo. The white solid residue (27.5 g) was 
chromatographed on a silicic acid column with ether-hexane mixtures 
ranging from 0 -6~  ether in hexane (v/v). After crystallization from hexane 
10.3 g (58~o) of (rac)-l-(l'-ethoxyhexadecyloxy)-2,3-dipalmitoyl glycerol (v) 
were obtained (m.p. 56-57°C). On TLC in 10 and 50~o ether in hexane (v/v) 
only one spot could be observed. The I.R. spectrum was found to be identi- 
cal with that reported 2z) for the same compound. 

Found C 76.2 H 12.5 

Calc. for C53H1040 6 (M=837.36) C 76.01 H 12.52 

( Rac )-trans-1- (n-hexadec-l'-enyloxy )-2,3-dipalmito yl glycerol (v0 

7.6 g of the foregoing compound (v) and 180 mg of anhydrous sulphanilic 
acid were thoroughly mixed and heated at 180 °C in a vacuum of 0.5 mm Hg 
for 7 min. The melt was cooled to room temperature and dissolved in chloro- 
form. The solution was then washed with a 5~,, potassium bicarbonate 
solution and water until neutral. After drying over anhydrous sodium sul- 
phate the chloroform was evaporated in vacuo yielding a white solid residue. 
The neutral plasmalogen (v0 was purified by chromatography on silicic acid 
using ether-hexane mixtures (0-5~ v/v) as eluents. First, 0.44 g of a colour- 
less oil was eluted. From the I.R. spectrum this appeared to be ethyl l- 
hexadecenyl ether 0n) which was confirmed by G.L.C. (Carlo Erba, 20~ 
polyethylene glycol adipate, 197 °C). The ratio of cis/trans isomers was found 
to be 0.98. The second fraction from the column gave, after recrystallization 
from hexane, 1.9 g (27~) of neutral plasmalogen (vl) with m.p. 51-52°C. 
TLC in 10~ chloroform in benzene (v/v) and in 10~o ether in hexane (v/v) 
revealed only one spot. The I.R. spectrum of vl is given in fig. 3b 

Found C 77.4 H 12.3 
Calc. for C s l H 9 8 0  s (M-791.29)  C 77.40 H 12.48 

(Rae)-trans-l-(n-hexadec-l'-enyloxy)-2,3-dioleoyl glycerol (vnl) 

1.65 g of vI was hydrolysed under alkaline conditions as described by 
Warner and Lands1°). After chromatography of the reaction mixture on 
silicic acid with 10-50~ ether in hexane (v/v) 0.49 g (75~) of chromato- 
graphically pure (TLC in 90~ ether in hexane v/v) (rac)-trans-l-(n-hexadec- 
l'-enyloxy)glycerol (vn) were obtained. This was dissolved in 5 ml of abso- 
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lute chloroform and 0.37 g of dry pyridine in 2 ml of dry chloroform followed 

by 1.4 g of oleoyl chloride in 5 ml of absolute chloroform were added. After 
3 hr at room temperature the reaction mixture was diluted with ether and 
washed with water. The organic layer, after drying over anhydrous sodium 
sulphate, was evaporated in vacuo to a pale yellow oil (1.62 g) which was 
purified by chromatography on a silicic acid column with ether in hexane 

( 0 ~ o  v/v). 1.15 g (87~o) of chromatographically pure neutral plasmalogen 
(VIII) were obtained. A small amount  of (vii) was acetylated as described by 
Craig and Hamon 17) and the N.M.R.  spectrum recorded (fig. 2c). The I.R. 

spectrum of viii is given in fig. 3c. 

Found C 78.3 H 11.9 

Calc. for C55Hlo205 (M=843.37) C 78.32 H 12.19 

( Rac )-trans-1- (n-hexadec- l '-en ylox y )-2-oleo yl-glycerol-3- 

phosphorylcholine (x) 

To an emulsion of 0.44 g of neutral plasmalogen (viii) in 55 ml of  Tris 
buffer ( p H = 8 ,  1 M), 5.5 ml of a 22~ calcium chloride solution and 13.7 ml 
of  0.5~o sodium deoxycholate solution 0.55 g of crude pancreatic lipase were 
added. The incubation was carried out at 40°C with vigorous shaking4~). 
After 10 min the incubation mixture was extracted three times with chloro- 
form and the chloroform extracts were washed twice with water and dried 
over anhydrous sodium sulphate. 0.43 g of an oil were obtained after evapo- 
ration in vacuo of the solvent. TLC (ether-hexane 1:1 v/v) showed this oil 
to be composed of plasmalogenic 1,2-diglyceride (IX) and the liberated oleic 
acid. As purification of IX by chromatography on silicic acid was attended 
by decomposition, the crude plasmalogenic 1,2-diglyceride (IX) was sub- 
jected directly to the phosphorylation procedure. After drying in vacuo the 
residue was dissolved in 5 ml of  absolute chloroform and 0.15 g of triethyl- 
amine in 3 ml of  absolute chloroform was added. The stirred solution was 
cooled to 5-8 °C and 0.27 g of 2-bromoethyl-phosphoric acid dichloride in 
7 ml of  dry chloroform was added dropwise. After 24 hr at room temperature 
the reaction mixture was brought to dryness in vacuo and pyridine and ice 
were added to the residue. The mixture was left 4 hr at room temperature. 
More water was added and the aqueous solution was extracted twice with 
chloroform and twice with ether. The combined chloroform and ether ex- 
tracts were dried over anhydrous sodium sulphate and evaporated in vacuo 

until no pyridine was present. The residue (0.35 g of an oil) was dissolved 
in absolute benzene and excess of  trimethylamine was added. The solution 
was heated at 70 °C for 48 hr in a sealed tube. At the end of the reaction the 
benzene and trimethylamine were removed in vacuo and the residue dissolved 
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in chloroform-methanol (1 : 9 v/v). The solution was shaken for 15 min with 
equal amounts of ion-exchange resins IRC-50 (H +) and IR-45 (OH-) .  
Subsequently the resins were filtered off, washed, and the filtrate brought 
to dryness in vacuo yielding 340 mg of residue. This oil was chromatographed 
on a silicic acid column at 0°C with methanol-chloroform mixtures (10-80~ 
methanol v/v). Finally 44 mg of pure plasmalogen (x) were obtained after 
recrystallization from hot chloroform and excess acetone (! 1.5~o yield based 
on vm) with a m.p. 229-231°C. TLC in the chloroform methanol-water 
system (65 : 25 : 4, v/v/v) revealed only one spot coinciding with that of lecithin. 
The I.R. spectrum of this plasmalogen (x) is given in fig. 3e. 

The vinyl ether content as estimated according to Gottfried and Rapport 38) 
was found to be 0.93 M per M of plasmalogen. 

Partial synthesis of  cis-l-(n-alk-l'-enyloxy)-2-oleoyl-glycerol-3- 
phosphorylcholine 

Cis-l-(n-alk-l'-enyloxy) glycerol 

The lecithin fraction of ox-heart, isolated as described by Ansell and 
Spanner36), was converted by phospholipase C from B. cereus into a mixture 
of 1,2-diacyl glycerol and plasmalogenic 1,2-diglyceridel0). Alkaline hydroly- 
sis of this mixture of "diglycerides" followed by silicic acid chromatography 
furnished pure cis-l-(n-alk-l'-enyloxy)glyceroll°). A small amount of the 
latter compound was acetylated as described by Craig and Hamon 17) and 
the N.M.R. spectrum recorded (fig. 2a and b). 

Ci s- 1- (n-alk- l'-enyloxy) -2,3-diacyl glycerol 

Acylation of cis-l-(n-alk-l'-enyloxy)glycerol with pahnitoyl and oleoyl 
chloride as described for vu furnished the neutral plasmalogens. The one 
containing palmitic acid has m.p. 47.5-49.5°C after crystallization from 
hexane. Its I.R. spectrum is given in fig. 3a. 

Cis-l-(n-alk-l'-enyloxy)-2,3-dio|eoyl glycerol was converted directly into 
the corresponding "diglyceride" without purification. 

C is- 1- (n-alk- 1 '-enyloxy)-2-oleoyl glycerol 

The enzymic degradation of cis-l-(n-alk-l'-enyloxy)-2,3-dioleoyl glyce- 
rol with crude pancreatic lipase was carried out as described for vm. Chro- 
matography on silicic acid with ether-hexane mixtures ranging from 5-15~ 
ether (v/v) gave in 60~ yield the pure plasmalogenic 1,2-diglyceride 
(based on cis-l-(n-alk-l'-enyloxy)glycerol). The I.R. spectrum was found to 
be identical with that reported by Lands and Warner 1°) for the same com- 
pound. 
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Cis-1- (n-alk-l'-enyloxy)-2-oleoyl-glycerol-3-phosphoryleholine 

Starting f rom 266 mg of  cis-l-(n-alk-l'-enyloxy)-2-oleoyl glycerol the 

phosphory la t ion  and quaternizat ion was carried out as described for ix. We 

obtained 83 mg of pure plasmalogen (yield 25%) as a waxy solid with a m.p. 

220-225°C.  [~]2D°= 0.5 ° (C=8.3 in CHCI3). The I.R. spectrum is given in 

fig. 3d. 
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