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Not long ago it was shown that ch romatograph ica l ly  pure  phosphat idylethanolamine isolated f r o m  the 
organs  of m a m m a l s  contains a sma l l  amount  of  ethylene glycol and 1, 3-propanediol  [1]. Results  were  ob- 
tained showing that  these dihydric alcohols a re  p re sen t  in the t i s sues  in combined fo rm,  poss ib ly  in the 
f o r m  of analogs of g lycerophosphat ides .  Since these "diol phospholipids" had not ye t  been iso la ted  individ- 
ually,  it was in te res t ing  to synthes ize  the diol analogs of phosphat idylethanolamine and invest igate  thei r  
ch romatograph ic  behav ior  and the other  p r o p e r t i e s  

RCOOCH2(CII2)nCH2OP(O) 0CH2CH~NH2 
( i )  I 

OH 

Ethylene glycol (I, n = 0) and 1, 3-propanediol  (I, n = 1) analogs of phosphat idylethanolamine containing 
res idues  of fat ty acids have been desc r ibed  [2-5]. We c a r r i e d  out a synthes is  of three  diol analogs of phos-  
phat idylethanolamine containing the s a m e  fat ty acid (s tearic)  and res idues  of th ree  different  diols: ethylene 
glycol, 1, 3-propanedio l  and 1, 4-butanediol  (V, n = 0, 1, 2). The synthes is  of these "diol cephal ins"  was 
c a r r i e d  out by the following p r o c e s s  

CI~Hs~COO--CH2 
L 

(II) (CH2)n -}- AgOP (0) OCH~CH~NHOCOCH2C6H5 
I } 

CH21 0C6H5 (Ill) 

CI~HssCOO--CH2 
--a. (~H2)n H~/Pt,Pd 

(IV) CH~--OP (0) 0CH~CH2NHOCOCH2CoH5 
I 

OC6Hs 
C17H8~C00-- CH~ 

] 
"-~ (CH2)n 

J 
CH~--0P (0) OCH2CH2NH2 

I 
(v) OH 

The s t a r t ing  subs tances  fo r  the synthes is  of diol cephalins were  s t e a r i c  e s t e r s  of mono(deoxyiodo) 
de r iva t ives  of the glycols (II, n = 0, 1, 2) and s i l ve r  2-[(benzyloxycarbonyl)amino]ethyl  phenyl phosphate 
(Ill) [6]. By the i r  condensation the cor responding  phosphoric  t r i e s t e r s  (IV, n = 0, 1, 2) were  obtained. 
The la t t e r  were  conver ted  into diol cephalins (V, n = 0, 1, 2) by hydrogenation over  a mixed pla t inum- 
pal ladium cata lys t .  For  compar i son ,  by a s i m i l a r  method s t a r t ing  f r o m  D L - l - d e o x y - l - i o d o d i s t e a r o y l -  
g lycerol  and the s i l ve r  sa l t  (III), v ia  d i s t ea roy lg lyce ro l  2-[(benzyloxycarbonyl)amino]ethyl  phenyl phosphate 
(VI), we synthes ized  the DL-d i s t ea roy lg lyce ry lphosphory le thano lamine  (VII) [6] in accordance  with the 
scheme  

* For  Communicat ion 8 see  [1]. 

Institute of Chemistry of Natural Compounds, Academy of Sciences of the USSR. Translated from 
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 5, pp. 1079-1084, May, 1968. Original article 
submitted August 14, 1967. 

1026 



A C 

F~ol~g 

o 0 0  

i o o o  o O  

"_L3J__~.Lf.Z_ 

B 

. 0 0 o  
o o o  o 0 

O o O  

f 2 J ~ T d  

0 0 0  

o 0 

/ Z 3 ~  5 d 

F i g .  1. T h i n - l a y e r  c h r o m a t o g r a p h y  of p h o s -  
p h a t i d y l e t h a n o l a m i n e  and i t s  d io l  a n a l o g s .  
A) In c h l o r o f o r m  - m e t h a n o l  - w a t e r  (65 : 
25 : 4); B) in d i i s o b u t y l  k e t o n e  - a c e t i c  a c i d  
- w a t e r  ( 4 0 : 2 5  : 5); C) in c h l o r o f o r m  - 
m e t h a n o l -  4 N N H 4 O H  ( 1 7 : 7 : 1 ) :  1) (V, 
n =  0); 2) (V, n =  1); 3) (V, n =  2); 4) 
(VII); 5) (VII) + (V, n = 1); 6) (VII) + m i x -  
t u r e  of a l l  d io l  c e p h a l i n s .  

CI:Ha~C00-- CH2 

CI:Ha~C00--CH + AgOP (0) 0CH~CH~.NHOCOCH~C6Ha-, 

CH2i oc~ga (IlI) 

C~THa~COO--CH~ 

C17H3~COO--CH H.4P~. Pd 

CHe--OP (0) OCI-I2CHzN HOCOC6H5 
(vI )  I 

OCoH~ 
CI~H~sCOO--CH~. 

CI~H35COO--CH 

~H~--OP (0) OCH~CH2N li~ 
(VII) I 

OH 

The d io l  c e p h a l i n s  which  we o b t a i n e d  a r e  f ine ly  
c r y s t a l l i n e  c o l o r l e s s  s u b s t a n c e s  wi th  h igh  m e l t i n g  p o i n t s .  
In t h e i r  b e h a v i o r  in t h i n - l a y e  r ch romatography"  (F ig .  1 
and T a b l e  1) they  a r e  much  c l o s e r  to l y s o p h o s p h a t i d y l e t h -  
a n o l a m i n e  than  to p h o s p h a t i d y l e t h a n o l a m i n e :  in the  
s o l v e n t  s y s t e m s  which  we t e s t e d  the  Rf v a l u e s  of the  diol  

cephalins are ~ 0.6 of the Rf of phosphatidylethanolamine. The differences in solubility- are also consider- 
able (Table 2): diol cephalins are much less soluble in all tested solvents (except water) than phosphatidyl 
ethanelamine. The 1,4-butanediol analog (V, n = 2) is something of a peculiarity. It dissolves in heptane, 
chloroform, and methanol better than the remaining diol eephalins, but in acetone and in water better than 
phosphatidylethanolamine. The results obtained in a study of the chromatographic behavior of the diol 
phospholipids synthesized show that the lipids containing ethylene glycol and i, 3-propanediol, which were 
observed earlier [I] in the eephalin fraction of organs of mammals, are not dtol analogs of phosphatidyleth- 
anolamine. 

The results of the biochemical and biophysical studies of diol cephalins will be published later. 

EXPERIMENTAL 

The melting points were determined on a Kofler block. For the diol analogs of phosphatidylethanol- 
amine the temperature of formation of a meniscus in the capillary (of. [6]) was taken as the melting point. 

The infrared spectra were determined on a UR-10 spectrograph. Thin-layer chromatography was 
carried out on a bound layer of KSK silica gel (fraction smaller than 150 mesh) washed free from traces 
of metals with nitric acid. 

3-1odopropyl Stearate (If, n = i). A solution of 14.5 g of stearoyl chloride in freshly 
distilled CHCI 3 was added dropwise over 40 rain at 0 ~ to 4.5 g of 3-chloro-l-propanol [7] in 3.9 ml of 

pyridine and i0 ml of CHCI3, and the reaction mixture was allowed to warm up to room temperature and 
was then kept at 40 ~ for 4 h. The mixture was then cooled, diluted with 400 ml of ether, washed with 

water, dried over Na2SO4, and filtered. The filtrate was evaporated in vacuo, and the residue was crystal- 
lized from a mixture of alcohol and ether. We obtained 16 g (97%) of crude 3-chloropropyl stearate. 

From 16 g of the latter and 7.21 g of dry Nal in 75 ml of dry acetone, 15 g (74.4%) of 3-iodopropyl 
stearate (II, n = i) was obtained, in the form of colorless needles with a double melting point of 29-30 ~ 
and 35.5-36 ~ by the method described for 4-iodobutyl stearate (II, n = 2). Found %: C 56.36; H 8.90; 
I 27.46. C2iII4i102. Calculated %. C 55.78; H 9.07; I 28.00. 

~i-lodobutyl Stearate (II, n = 2). Amixture of I0 gofstearoylchloride,2gof zinc chloride, 
and 12 g of tetrahydrofuran was kept for 1 h at 80 ~ The mixture was cooled and diluted with 30 ml of 
benzene, and the solution was washed in turn with water, 5% aqueous NaHCOs, mid again water, dried 
over Na2SO 4 and filtered. The filtrate was evaporated in vacuo, and the residue was crystallized from a 
mixture of alcohol and ether. We obtained 7 g (59.3%) of 4-ehlorobutyl stearate, mp 36-37 ~ Found %: 
C 70.87; H 11.21; Cl 8.96. C22H43CIO 2. Calculated %: C 70.52; H 11.48; Cl 9.46. 

A solution of 6.75 g of 4-chlorobutyl stearate and 2.9 g of dry Nal in 30 ml of dry acetone was kept in 
a sealed ampule for 14 h at 90 ~ After cooling, the contents were poured into a mixture of 70 ml of water 
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T A B L E  1. T h i n - L a y e r  C h r o m a t o g r a p h y  of P h o s p h a t i d y l e t h a n o l a m i n e  and I ts  Diol  
A n a l o g s  

Compound  

(V, n = O) 
(V, n = 1) 
(V, n =  2) 

(VII) 

CHC13 - m e t h -  
ano l  - w a t e r ,  

40 : 2 5 : 4  

0.11 
0.10 
0.09 
0.19 

Rf  in the  s y s t e m  

D i i sobu ty l  ke tone  - 
a c e t i c  a c i d  - w a t e r ,  

4 0 : 2 5 : 5  

0.25 
0.27 
0.24 

0.37 

CHCI 3 - meth- 

anol - 4 N NH4OH , 

1 7 : 7 : 1  

0.12 

0.i0 

0.11 

0.25 

T A B L E  2. S o l u b i l i t y  of  P h o s p h a t i d y l e t h a n o l a m i n e  and I ts  Diol  Ana logs  a t  20 ~ ( m g / m l )  

So lven t  

M i x t u r e  of c h l o r o -  
f o r m  and m e t h a n o l ,  
2 : 1  

C h l o r o f o r m  
Me thanol  
A c e t o n e  
Hep tane  
W a t e r  

(V, n = 0) 

C o m a o u n d  

(V, n = 2) 

1.363 
0.350 
1.033 
0.025 

<0.01 
<0.01 

(V, n = 1) 

12.030 
1.175 
1.410 

<0.91 
<0.01 
<0.01 

51.7 
>60 

5.5 
0.530 
0.053 
0.400 

(VII) 

>60 
>60 
>60 

0.430 
0.073 
<0.01  

and  30 ml  of e t h e r .  The  e t h e r  l a y e r  was  s e p a r a t e d ,  w a s h e d  with  a 5~0 so lu t i on  of s o d i u m t h i o s u l f a t e  and 
with  b r i n e ,  d r i e d  o v e r  MgSO4, f i l t e r e d ,  and e v a p o r a t e d  in vacuo .  The  r e s i d u e  was  c r y s t a l l i z e d  f r o m  a m i x -  
t u r e  of a l coho l  and  e the r ;  the  y i e l d  of the  iod ide  (II, n = 2) was 6.15 g (91.5%), m p  39-39.5  ~ Found  %: 
C 56.34; H ~ 8.68; I 26.80. C22H43IO2. C a l c u l a t e d  %: C 56.68; H 9.23; I 27.23. 

2 - [ ( B e n z y l o x y c a r b o n y l )  a m i n o ]  e t h y l  P h e n y l  3 - ( S t e a r o y l o x y )  p r o p y l  P h o s p h a t e  
( I  V ,  n = 1) . To a s u s p e n s i o n  of 45.2 m g  of s i l v e r  2 - [ ( b e n z y l o x y c a r b o n y l ) a m i n o ] e t h y l  phenyl  phospha te  
(III) [6] in 5 m l  of d r y  b e n z e n e ,  50 m g  of  3 - i o d o p r o p y l  s t e a r a t e  (II, n = 1) was  a d d e d  in the d a r k  with s t i r r i n ~  
The  m i x t u r e  was  b o i l e d  unt i l  the r e a c t i o n  was  c o m p l e t e  (~ 8 h ;  the p r o g r e s s  of the r e a c t i o n  was fo l lowed  
by  m e a n s  of t h i n - l a y e r  c h r o m a t o g r a p h y  in a 3 : 1 b e n z e n e - e t h y l  a c e t a t e  s y s t e m ;  the  d e v e l o p e r  was conc .  
H2SO4). The  m i x t u r e  was  coo l ed ,  and the p r e c i p i t a t e  was  s e p a r a t e d  b y  c e n t r i f u g a t i o n  and w a s h e d  with d r y  
CHC13. The c o m b i n e d  f i l t r a t e s  w e r e  e v a p o r a t e d  in vacuo ,  and the  r e s i d u e  was  c h r o m a t o g r a p h e d  in a co lumn  
c h a r g e d  wi th  6 g of s i l i c a  ge l  in b e n z e n e .  E lu t ion  wi th  b e n z e n e  con ta in ing  30-60% of e t h y l a c e t a t e  gave 61.7 
m g  (82.2% of the p h o s p h o r i c  t r i e s t e r  (IV, n = 1) in the f o r m  of a waxy  m a s s .  I n f r a r e d  s p e c t r u m  (f i lm):  
3 3 5 0 ! s , b ) , 1 7 4 0 ( s ) ,  1610(m),  1540(m),  1 2 7 5 ( s , b ) ,  1025(re,  b).  F o u n d % :  C 6 6 . 6 0 ;  H 9 . 7 9 ;  N 1 . 8 ;  P 3.99. 
C37H58NOsP. C a l c u l a t e d  %: C 65.77; H 8.85; N 2.09; P 4.54.  

2 - [ ( B e n z y l o x y c a r b o n y l ) a m i n o ] e t h y l  P h e n y l  2 - ( S t e a r o y l o x y ) e t h y l  P h o s p h a t e  
( I V ,  n = 0 ) .  By the m e t h o d  d e s c r i b e d  fo r  (IV, n =  1), 1 . 2 7 g ( 8 6 % )  of t h e  p h o s p h o r i c  t r i e s t e r  (IV, n =  0) 
was  ob t a ined  in the f o r m  of a waxy  m a s s  f r o m  1 g of 2 - i o d o e t h y l  s t e a r a t e  [8] and 1.24 g of the s i l v e r  s a l t  
3310(s) ,  1750(s) ,  i 730 ( s ) ,  1610(m),  1270(m),  1040(s) .  Found %: C 65.56; H 8.82; N 2.52; P 4.38.  C36H56NOsP. 
C a l c u l a t e d  %: C 65.33; H 8.561 N 2.20; P 4.67.  

2 - [ ( B e n z y l o x y c a r b o n y l ) a m i n o ] e t h y l  P h e n y l  4 - ( S t e a r o y l o x y ) b u t y l  P h o s p h a t e  
( I V ,  n = 2) . 1.3 g (88.2%) of the p h o s p h o r i c  t r i e s t e r  (IV, n = 2) was  o b t a i n e d  b y  the m e t h o d  d e s c r i b e d  
above  f r o m  1.13 g of the iod ide  (II, n = 2) and  1.24 g of the s i l v e r  s a l t  (III). I n f r a r e d  s p e c t r u m  (f i lm):  
3350(re,  b) ,  1740(vs) ,  1610(m),  1540(s) ,  1 2 7 0 ( s , b ) ,  1 0 2 0 ( s , b ) .  Found~c:  C 66.09; H 9 . 2 9 ;  N 2 . 0 5 ;  P 4.99. 
C38H60NOsP. C a l c u l a t e d  %: C 66.17; H 8.78; N 2.03; P 4.48. 
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2 - A m i n o e t h y l  2 - ( S t e a r o y l o x y ) e t h y l  H y d r o g e n  P h o s p h a t e  (V,  n = 0 ) .  Under the 
conditions of the hydrogenolysis  of (V, n = 1) 49.7 mg  (83%) of the phosphoric dies ter  (V, n = 0), mp 202 ~ 
(becomes wet at 85~ was obtained f rom 60 mg of the phosphoric t r i e s t e r  (IV, n = 0). Found %." C 59.07; 
H 10.19; N 3.20; P 7.13. C22H46NO6P. Calculated %: C 58.51; H 10.27; N 3.10; P 6.86. 

2 - A m i n o e t h y l  3 - ( S t e a r o y l o x y ) p r o p y l  H y d r o g e n  P h o s p h a t e  (V,  n = 1 ) .  We added 
50 mg of 5% palladium oxide on bar ium sulfate [9] and 18 mg of platinum oxide to a solution of 53.8 g of 
the phosphoric t r i e s t e r  (IV, n = 1) in 3 ml  of dioxane and 0.1 ml of acetic acid. Hydrogenolysis  was ca r -  
r ied out under a p r e s su re  slightly exceeding 760 mm and at a tempera ture  of 23 ~ until the absorption of 
hydrogen ceased ( ~ 6 h). After removal  of excess hydrogen 10 ml of a mixture of C H C t  3 and methanol 
(2 : 1) was added the mixture was fi l tered,  and the residue was washed with a mixture of CHC13 and meth-  
anol (2: 1). The f i l t rate  was evaporated to dryness ,  and the residue was crys ta l l ized  f rom alcohol. We ob- 
tained 49.7 mg (92.3%) of the phosphoric d ies ter  (V, n = 1), mp 203.5 - 204 ~ (becomes wet at 85~ Infrared 
3310(m, b), 1740(s), 1230(s), l l00(s) ,  1043(s). Found %: C 59.27; H 10.40; N 2.90; P 6.68. C23N48NO6P. 
Calculated ~c: C 59.33; H 10.61; N 3.01; P 6.69. 

2 - A m i n o e t h y l  4 - ( S t e a r o y l o x y ) b u t y l  H y d r o g e n  P h o s p h a t e  ( V ,  n = 2 ) .  F r o m 1 0 2  
mg  of the phosphoric t r i e s t e r  (IV, n = 2) 85.5 mg (84%) of the phosphoric dies ter  (V, n = 2), mp 194-195 ~ 
(becomes wet at 85~ was obtained by hydrogenolysis  over  100 mg of palladium oxide on bar ium sulfate 
3390(m, b), 1740(s), 1220(s), 1095(s), 1040(s). Found ~:  C 59.71; H 10.95; N 2.88; P 6.15. C2~Hh0NOGP. 
Calculated ~:  C 60.10; H 10.51; N 2.92; P 6.45. 

D e t e r m i n a t i o n  o f  t h e  S o l u b i l i t y  o f  P h o s p h a t i d y l e t h a n o l a m i n e  a n d  I t s  A n a l o g s .  
A suspension of a weighed port{on (30-50 rag) of carefully ground substance,  in 2-3 ml of solvent was s t i r -  
red  vigorously at  40 ~ for  15 rain cooled to 20 ~ kept at  this tempera ture  for 20 min, and f i l tered.  The 
concentrat ion of the substance in the fi l trate was found f rom the phosphorus content, which was determined 
by the method descr ibed in [10] (see Table 2). 

C O N C L U S I O N S  

Diol analogs of phosphatidylethanolamine, namely,  2-aminoethyl 3-(s tearoyloxy)propyl  hydrogen 
phosphate and 2-aminoethyl 4-(stearoyloxy)butyl  hydrogen phosphate, were synthesized; their solubilities 
and behaviors  in th in- layer  chromatography were studied. 
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