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We found neutral  diol plasmalogens - acyl derivatives of a lken - l -y l  ethers of diols - some years  ago 
in natural  fats [1, 2]. However,  it has not hitherto been possible to isolate this type of compounds, since 
the i r  proper t ies  a re  close to those of  the glycerol  plasmalogens and the i r  content in natural  mater ia ls  is 
general ly low. In a search  for suitable sources  for the isolation of diol plasmalogens we have turned to a 
study of s tarf ish  which contain an exceptionally large amount of aldehydogenic lipids [3]. By means of 
methods developed previously  [1, 2] we found that the neutral  lipids of the F a r - E a s t e r n  s tarf ish  Dis to las ter -  
ias nipon contain about 15% of bound ethylene glycol.  Consequently, we assumed that D. nipon is a p r o m i s -  
ing source  for the isolation of individual diol p lasmalogens.  

The present  paper  descr ibes  the isolation of an ethylene glycol plasmalogen f rom the lipids of the 
s tar f i sh  D. nipon and the determination of its s t ruc ture .  

The p re l imina ry  investigation of the lipids of the s tarf ish  D. nipon was ca r r i ed  out in the following 
way. The chromatography of the total lipid extract  on si l ica gel under  conditions not leading to an appre-  
ciable cleavage of the plasmalogens (see page 675) give six fract ions of neutral  lipids (Table 1 and 
Fig. 1) in which the contents of free and bound aldehydes were  determined (Table 2). Then each fract ion 
of the neutral  lipids was subjected to acid methanolysis  and the resul t ing methyl es te r s  and aldehyde di- 
methyl acetals  were separated f rom the polyols.  The latter were acetylated and analyzed by gas-l iquid 
chromatography (GLC). As can be seen f rom the chromatograms  (Fig. 2), the methanolysis  of the lipids 
of fract ions 2 and 3 did not fo rm glycerol .  Fur the rmore ,  on the chromatograms  of the acetates  of the 
polyols (see Fig. 2), peaks of ethylene glycol diacetate and of an unidentified substance with a relat ive r e -  
tention volume (V tel) of 0.13 can be seen. Glycerol  was detected only in the hydrolysate  of fraction 7, c o r -  
responding in Rf value to t r ig lycer ides ;  fract ions 5 and 6 (see Table 1), intermediate in polar i ty  between 
the t r ig lycer ides  and the diol lipids gave neither glycerol  nor diols under  the conditions of acid methanoly- 
s is .  It is possible that they consist  mainly of e ther  der ivat ives .  

Of the seven neutral lipid fract ions obtained by column chromatography (see Table 1), f ract ion 2 was 
selected for the isolation of the diol plasmalogens,  since its saponifiable part  consisted exclusively of diol 
der ivat ives ,  contained a high percentage of bound aldehydes,  and under the conditions of th in - layer  chro-  
matography (TLC) on sil ica gel had a Rf value close to that of a synthetic ethylene glycol plasmalogen - 
1 -hexadec - l ' - eny loxy -2 - s t ea roy loxye thane  [4]. The rechromatography  of fraction 2 in a thin layer  of alka- 
line alumina gave a substance the IR spec t rum of which coincided almost  completely with that of the synthet-  
ic ethylene glycol p lasmalogen {Fig. 3). The only difference was the p resence  in the spec t rum of the syn-  
thetic sample of a singlet at 965 cm -~ corresponding to the s t re tching vibrations of a t rans-o lef in ic  bond 
(Fig, 3b). This band was absent f rom the IR spec t rum of the natural  plasmalogen (Fig. 3a), but there  was 
a weak band at 727 cm -I .  Consequently, the natural  substance contains only cis double bonds. 

*For  Communication XIV, see [6]. 
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TABLE 1. Results of the 
Chromatography of the Neu- 
t ra l  Lipids of D. nipon on 
Silica Gel 

Weight [ . 
Fraction of lipids, R~ 

mg 

18~5 
21,0 
16,8 
80,9 
29,2 

435,0 

0,95 
0,92; 0,82; 0,74 
0,82; 0,74; 0,66 

0,74 
0,66 

0,66; 0,60 
0,49 

TABLE 2. Content of Free and 
Bound Aldehydes in the Neutral 
Lipids of D. nippon 

Aldehyde content 
Frac- ~ m o l e s  

tion free bound 

0,000 0,060 
0,025 0,120 
0,020 0,160 
0,008 0,071 
0,006 0,120 
0,020 0,048 

Content of 
vinyl ethers, 
°/c of fraction 
weight 

5,60 
10,00 
13,55 
6,00 

I0,00 
4,00 

*Plates a, h e x a n e - e t h e r -  
acetic acid (85:14:1) sys tem.  

0 
00 

0 

I 2 3 4 5 6 7 8 9 i0 

Fig. 1. Thin- layer  ch romatogram 
of the fractions of the neutral  lipids 
of the s tarf ish:  1-7) neutral  lipid 
fract ions obtained by column chro-  
matography; 8) cholesterol  s tearate  
(standard); 9) 1 -hexadec - l ' - eny loxy -  
2-s tearoyloxyethane (standard); 10) 
t r iolein (standard). For  the condi- 
tions of chromatography,  see Exper-  
imental. 

The subsequent investigation of the diol plasmalogen (I) 
isolated was per formed in accordance with the following scheme:  

CH=OCH=CHClsHa, 
I 

CH~OCOC17Ha5 
I 

0.4N CHaOKin I 1% HgC12in0,1M HCI, 
CHaOH I (CHaCO)20 B CHaCO2C2H 5 

CH~OCH=CHC16Hat CHeOCOCHa 
1 I 

CH2OH CH2OCOC17Ha5 
II III  

596 HCI in I ! 5% HCI in 
CHaOH CHaOH I 

CH=OH # CH OH 2 
I +C26HaI CH2CH (OCHa)2 I +C17H35COOCH3 
CH~OH CH2OH 

The plasmalogen (I) was subjected to mild acid hydrolys is ,  
and the hydrolysis  products were acetylated [5] and studied by 
GLC. It was found that the only high-boiling react ion product 
was an acetate (III) coinciding in its retention t empera tu re  (T R 
190°C) and mass  spec t rum (Fig. 4) with synthetic 1 -ace toxy-2-  
stearoxyloxyethane [6]. The acid methanolysis  of III gave (accord-  
ing to GLC) equimolecular  amounts of ethylene glycol and s tear ic  
acid. 

When the natural  diol plasmalogen (I) was heated with 
methanolic potass ium methoxide and the methanolysis  products 
were chromatographed on nonfixed si l ica gel (see page 675) 
methyl es te rs  and a comparat ively  polar  aldehyde fraction (II) 
were  isolated. Gas-chromatographic  analysis of the methyl es te r  
fraction showed that it consisted to the extent of 98% of methyl 

s teara te .  The aldehydogenic fraction (II) was identical in chromatographic  behavior  with synthetic 2-hexa-  
dec-1 ' -enyloxyethanol [4]. 

The acid methanolysis  of this fraction gave only two substances:  ethylene glycol and oleaidehyde di-  
methyl aeetals in a molar  rat io of 1 : 1. 

Thus, the combination of the resul ts  obtained has shown that the plasmalogen isolated f rom the s t a r -  
fish D. nipon is 1-cis ,  c i s -oc t adeca - l ' , 9 ' - d i eny loxy-2 - s t ea roy loxye thane  (I). The high content of this sub- 
stance in the neutral  lipids of D. nipon (15~ of the total amount of t r iglycerides)  shows that in some organ-  
i sms  diol derivatives can be one of the main products of the biosynthesis  of lipids. 
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EXPERIMENTAL 

The solvents were  purified by standard methods [7] and the i r  puri ty was checked by GLC. For  the 
extract ion of the lipids, the digestive glands of Dis tolas ter ias  nipon were homogenized with a mixture of 
ch lo roform and methanol (2 : 1) at the rate of 20 ml of the mixed solvent per  g ram of crude t i ssue  [8]. The 
extract  was fi l tered and mixed with 20% of water ,  and the ch loroform layer  was separated off and evapor-  
ated in vacuum (15-20 mm) at 40°C to constant weight. The IR spec t ra  were recorded in a fi lm on a "Carl 
Zeiss"  (Jena, GDR) UR-10 instrument;  the mass spec t ra  of the acyl derivat ives of ethylene glycol were r e -  
corded on a LKB-9000 chromato mass  spec t romete r .  The substances were introduced through a column 
(3000 x 1.5 mm) containing 2.5% of fluorinated sil icone QF-1 on Chromosorb  W, 60-80 mesh.  The t empe r -  
a ture  of the thermosta t  was 240°C and that of the separa to r  260°C, and the energy of the ionizing electrons 
was 70 eV. 

Plates with dimensions of 13 x 18 cm (A) and 6 x 9 cm (B) coated with KSK si l ica gel (150-200 mesh,  
fixed with 5% of gypsum, layer  thickness 0.5 mm) and also plates 6 x 9 cm with si l ica gel prepared f rom 
sodium sil icate by a published method [9] (C) and plates with alumina (activity grade IV, layer  thickness 
0.5 mm) with dimensions of 13 x 18 cm (D) were  used for analytical  TLC. Prepara t ive  TLC was ca r r i ed  
out on 13 x 18 cm plates coated with s i l ica gel obtained f rom sodium silicate [9] with a layer  thickness of 
lo0 mm (E) o r  on plates of the same dimensions coated with alumina (activity grade IV, layer  thickness 
2.0 mm) (F). 

Determinat ion of the Stability of the 1Dlasmalogens under the Conditions of Column Chromatography 
on KSK Silica Gel. A mixture consis t ing of 25.3 mg of synthetic t r i s t ea r in  and 0ol mg of synthetic 1-hexa- 
dec - l ' - eny loxy -2 - s t ea roy loxye thane  [4] was deposited on a 15 x 1.5 cm column containing 10 g of KSK si l i -  
ca gel (100-150 mesh).  The lipids were  eluted by means of the h e x a n e - e t h e r  (85 : 15) sys t em for 3 h. The 
eluate was evaporated and analyzed for its content of f ree  and bound aldehydes (see below and [10]). The 
resul ts  of the analysis show that on column chromatography for 3 h not more  than 4.5-4.7% of the initial 
p lasmalogen is decomposed. 

Determinat ion of the Stability of the Plasmalogens under the Conditions of Th in -Laye r  Chromatog-  
raphy on KSK Silica Gel Fixed with Gypsum. A mixture of 24 mg of synthetic t r io le in  and 0.1 mg of the 
synthetic ethylene glycol p lasmalogen [4] was deposited on four plates A. The ch romatograms  were  run 
in the h e x a n e - e t h e r  (85 : 15) sys tem,  the zones with Rf 0°4-0.5 were cut out and eluted with chloroform,  
and the ext rac ts  were studied for their  contents of free and bound aldehydes [10]. The results  obtained show 
that under  the given conditions of TLC about 32% of the plasmalogen deposited on the ch romatograms  de-  
composes .  

Determinat ion of the Stability of the Plasmalogens under the Conditions of Th in -Layer  Chromatog-  
raphy on Nonflxed KSK Silica Gel. The preceding experiment was repeated on plates A (with a nonfixed 
layer  of KSK si l ica gel). A determinat ion of the free and bound aldehydes in the eluate f rom the zone with 
Rf 0.4-0.5 showed that when gypsum was absent f rom the KSK sil ica gel plates only 3.5% of the initial 
plas malogen decomposed.  

Chromatography of the Neutral  Lipids. The total lipids of the s tarf ish  (4.5 g) were deposited on a 
column (40 x 3.5 em) containing 200 g of KSK sil ica gel, 100-150 mesh.  The neutral  lipids were eluted 
with a mixture of hexane and ether  (95 : 5), 20-ml fractions being obtained by means of a col lector .  These 
fractions were analyzed by TLC (see Table 1). When t r ig lyce r ides  began to be eluted f rom the column, to 
acce le ra te  chromatography the sys t em mentioned was replaced by the h e x a n e - e t h e r  (4 : 1) sys tem.  The 
fract ions containing substances with the same Rf values according to TLC were combined and evaporated.  

Determinat ion of the Free  and Bound Aldehydes in the Fractions of the Neutral  Lipids of the Starfish 
D. nipon. The fract ions of neutral  lipids obtained by column chromatography of the total lipid extract  
were  dissolved in ch lo roform to give an approximate final concentrat ion of 10 mg/ml .  Two para l le l  s a m -  
ples were  taken f rom the solution of each fraction,  and in these samples the free and bound aldehydes were 
determined by the method of Warner  and Lands [10]. The absorption of the colored solutions a r i s ing  on the.. 
react ion of the aldehydes with fuchsine/sulfur  dioxide were measured  on an S F-4 spec t rophotometer  and 
also on a "Hitachi" (Japan) EPS-3T recording  spec t rophotometer  at 550 nm. The s tandard s t ra ight- l ine  
curve for the quantitative determinat ion of vinyl ethers was constructed f rom the resul ts  obtained with 
weighed samples  of pure synthetic 1 -O- (hexadec - l ' - eny l ) -2 ,3 -d i -O-s t ea roy lg lyce ro lob ta ined  by a published 
method [11] (see Table 2). 
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Fig .  2. Gas - l iqu id  c h r o m a t o g r a m s  of ace t a t e s  
of polyols  obtained by the acid  methano lys i s  of 
f rac t ions  2, 3, 4, and 7 of the neut ra l  l ip ids .  
Polyols :  the f i r s t  f igure r e p r e s e n t s  the number  
of carbon  a toms in the molecule  and the f igure 
a f te r  the colon the pos i t ions  of the hydroxyl  
groups.  P e n t a n e - l , 5 - d i o l  (5:1.5} was used as 
an in ternal  s tandard .  F o r  the condit ions of 
ch romatography ,  see  [12]. 

Acid Methanolysis  of the Neut ra l  L ip ids ,  and the Separa t ion  and Analys t s  of the Methanolysis  F r o -  
ducts .  To each of a number  of 15- to 60-mg samples  of f rac t ions  2-7 was added 2.5 ml  of 2.5% hydrogen  
ch lor ide  in absolute '  methanol .  The mix tu re s  were  boi led  for  2 h, cooled,  and neu t r a l i zed  with 0 . 4 N  po t a s -  
s ium methoxide in methanol .  The p r e c i p i t a t e s  of po t a s s ium ch lor ide  were  s e p a r a t e d  by cent r i fuging and 
the methano lys i s  p roduc ts  were  evapora ted  and depos i ted  on p la tes  E° The c h r o m a t o g r a m s  were  run in 
the h e x a n e - e t h e r  (9 : 1) sy s t em,  the zones of the s e p a r a t e d  subs tances  being r evea led  with iodine vapor .  
The methyl  e s t e r s  and the aldehyde d imethyl  ace ta l s  (zone with Rf 0.8) were  eluted with ch lo ro fo rm and 
the s t a r t i ng  zone (alcohols) with methanol .  The l a t t e r  were  r e c h r o m a t o g r a p h e d  on a pla te  ]3 in the ch lo ro -  
f o r m -  methanol (4 : 1) s y s t e m .  The zones c o r r e s pond i ng  to the diols  and t r i o l s  (Rf 0.4-0.2; r evea l ing  agent  
an ammontaca l  solut ion of s i l v e r  ni t rate)  were  cut out and eluted with methanol  (4 × 2 ml).  The e lua tes  
were  evapora ted ,  ace ty la ted  [5], and analyzed  by GLC [1, 2, 12]. 

I so la t ion  of the Diol P l a sma logen .  125 mg of the l ipids of f rac t ion  2 was depos i ted  on five p la tes  F 
(25 mg on each plate) o The c h r o m a t o g r a m s  were  run in the h e x a n e - e t h e r  (20 : 1) s y s t e m  and were  d r i ed  
in the a i r .  The edges of a l l  the p l a t e s  were  t r e a t e d  with iodine vapor .  The zones with Rf 0.60 were  cut 
out and eluted with c h l o r o f o r m - m e t h a n o l  (4 : 1; 4 × 10 mD o Analys i s  by the TLC method on a pla te  D in 
the h e x a n e - e t h e r  (20 : 1) s y s t e m  showed that  the e luate  contained a c h r o m a t o g r a p h i c a l l y  homogeneous sub-  
s tance  with }If 0.60, ident ica l  with the }If value of synthet ic  1 - h e x a d e c - l ' - e n y l o x y - 2 - s t e a r o y l o x y e t h a n e  [4]. 

Mild Acid Hydro lys i s  of the Diol P l a sma logen  (I). To a solut ion of 10 mg of I in 5 ml of a mix ture  of 
ch lo ro fo rm and methanol  (1 : 1) was added 0.75 ml of a 1% solut ion of m e r c u r i c  ch lor ide  in 0.1 M hydroch lo -  
r ic  acid.  The mix tu re  was heated at  60°C for  3 h, the comple t eness  of hyd r o l y s i s  being checked by TLC on 
a pla te  C in the h e x a n e - e t h e r - a c e t i c  acid (85 : 14 : 1) s y s t e m .  At the end of h y d r o l y s i s ,  the r eac t ion  p r o -  
ducts were  t r e a t e d  with 2 ml  of ch lo ro fo rm,  0.5 ml of methanol ,  and 0.4 ml of wa t e r .  The mix ture  was 
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Fig. 3. IR spec t ra  of the natural diol plasmalogen (a) and of 
synthetic 1 -hexadec- l ' - eny loxy-2-s t ea roy loxye thane  (b). 
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Fig. 4. Mass spec t ra  of synthetic (a) and natural  (b) 1-ace toxy-  
2- s tearoyloxyethanes.  

shaken vigorously ,  and the ch lo ro fo rm layer  was separated off by centrifuging, washed with water  (2 × 
0.2 ml), and evaporated in vacuum. The residue was acetylated [5] and analyzed by h igh- tempera ture  GLC 
[61. 

Alkaline Methanolysis of the Diol Plasmalogen (I). To a solution of 10 mg of I in 0.5 ml of absolute 
benzene was added 1 m£ of 0.4 N methanolic potass ium methoxide. The react ion mixture was boiled for 
1.5 h, the completeness of methanolysis  being checked by TLC on a plate B in the h e x a n e - e t h e r  (9 : 1) 
sys t em.  After the end of the reaction,  the mixture was evaporated and separated by TLC on a plate B with 
a nonfixed layer  of s i l ica gel in the b e n z e n e - e t h e r  (4 : 1) sys tem.  The zones with Rf 0.8-0.9 (methyl es te r  
fraction) and 0.20-0.25 [a lk- l -enyl  e ther  of ethylene glycol (II)] were  cut out and eluted with ch loroform 
and with a mixture of ch loroform and methanol (4 : 1), respect ively .  The methyl e s te r s  were analyzed by 
GLC, and the aldehydogenic fract ion was subjected to acid methanolysis  (see below). 

Acid Methanolysis of the a l k - l - e n y l  Ether  of Ethylene Glycol (II) and the Acetylated Monoester (HI); 
Separation and Analysis of the Methanolysis Products .  To a solution of 5 mg of II o r  III in 1 mt of benzene 
was added 2.5 ml of a 2.5% solution of hydrogen chloride in methanol. The mixture was boiled for  1.5 h, 
the completeness  of methylat ion being checked by TLC on plates 13 in the h e x a n e - e t h e r  (9 : 1) sys tem.  
After  cooling, the react ion mixture was neutral ized with 0.4 N methanolic potass ium methoxide. The p r e -  
cipitate of po tass ium chloride was separated off by centrifuging and the methanolysis products  were sep-  
ara ted by TLC on plates C in the h e x a n e - e t h e r  (9 : 1) sys tem.  The zones of the methyl es te rs  or  of the 
dimethyl acetals  (R] 0.0) were  cut out and eluted with ch lo roform and with methanol, respect ively .  

Gas-chromatographic  analysis  of the dimethyl acetals  fraction obtained f rom the diol aldehydogenic 
fract ion II showed that it consis ted to the extent of 95% of olealdehyde dimethyl acetal;  the methyl e s t e r  
f ract ion formed in the methanolysis  of III consis ted of prac t ica l ly  pure methyl s tea ra te .  The polyol f ract ion 
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was acety la ted  [5] and analyzed by GLC, and in both cases  it was found that  it contained only ethylene gly-  
col,  which was identified in the f o r m  of its ace ta te  [12]. 

S U M M A R Y  

1° An ethylene glycol p la smalogen  has been isolated by column and t h i n - l a y e r  ch romatography  f rom 
the lipids of the s t a r f i sh  Dis to las t e r i a s  nipon. 

2° It has been shown by t h in - l aye r  chromatography ,  IR spec t roscopy ,  and s tepwise hydro lys i s  of the 
p lasmalogen  isolated,  and a lso  by  the gas- l iquid  ch romatography  and mass  s p e c t r o m e t r y  of the hydro lys i s  
products ,  that  th~s substance  is 1 -c i s ,  c i s - o c t a d e c a - l ' , 9 ' - d i e n y l o x y - 2 - s t e a r o y l o × y e t h a n e .  
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