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In bac t e r i a l  m e m b r a n e s ,  main ly  in G r a m - p o s i t i v e  species ,  in addition to phospha t idy lg lycero l s  there  
a r e  cons iderable  amounts  of t he i r  amino-ac id  de r iva t ives  [1, 2]. The s t ruc tu ra l  and functional ro les  of these  
compounds in cell  m e m b r a n e s  have not been definitely es tabl ished.  The question of the poss ibi l i ty  of the 
p r e s e n c e  in cel l  m e m b r a n e s ,  espec ia l ly  those of the bac te r i a l  cell ,  of l i po -amino-ac id  complexes  containing 
a phosphor ic  t r i e s t e r  bond is  under  d iscuss ion  [3-6]. 

One of the approaches  to the solution of th is  p rob l em is  the d i rec ted  synthes is  of model t r i e s t e r  s t r uc -  
t u r e s  and the study of the i r  s tabil i ty.  Continuing invest igat ions on the synthes is  of phosphat idylglycerol  de-  
r iva t ives  [7-8], we have synthesized the model  compound {I) with a phosphoric  t r i e s t e r  link. 
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TO pro tec t  the amino group in the aminoethyl  and the amino -ac id  res idues  we used  phthaloyl (Phth) and 
benzyloxyearbonyl  (Z) groups,  respec t ive ly .  The ehoiee of different  p ro tee t ive  groupings was due to the Ne t  
that  t he i r  separa te  e l iminat ion may  give additional informat ion on the s tabi l i t ies  of the. final and in te rmedi -  
ate products  of the synthes is .  The condensation of the two component pa r t s  - a N:phthaloyleephal in  and an 
amino -ac id  der iva t ive  of a subst i tuted g lycero l  - was  based  on the s i l v e r - s a l t  method. The cephalin s t ruc -  
tu re  (V) was obtained by a known method through the reac t ion  of s i l v e r  benzyl  phthalimidoethyl  phosphate [9] 
and 1 ,2 -d i s t ea roy l -3 - iodo -3 -deoxyg lyce ro l  (II). 
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The amino-ac id  component  (VIII) was synthes ized f r o m  1- (N-benzyloxycarbonylg lycy l ) -2 -benzylg lyc-  
e ro l  (VI) through the stage of the fo rmat ion  of 2 -benzy l - l - (N-benzy loxyca rbony lg lycy l ) -3 - to sy lg lyce ro l  (VII) 
by the act ion of tosyl  cMoride,  with the subsequent r ep lacement  of the tosy l  group by iodine under  the action 
of sodium iodide. 

The t r ea tmen t  of (VI) with a twofold excess  of tosyl  chlor ide at 50°C fo r  3 h led to the fo rmat ion  of 15- 
20% of the byproduct  (IX) in addition to 80-85% of the main  subs tances  (VII). 
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The condensation of (V) and (VIII) in benzene (80-90°C) gave a substance having the t r i e s t e r  s t ructure  
(X) with a yield of 56.5%. (Its IR spectrum is given in Fig. la.) 
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When the phthaloyl protect ion in compound (X) was removed with a 15-fold excess of hydrazine hydrate 
(20-22%), substance (XI, R=Z)  was obtained. The presence  of a free NH 2 group in it was shown by the char -  
ae ter is t ic  co lor  of the chromatographic  spot (under the action of a solution of ninhydrin) and by the I1R spec-  
trum, which had the absorption bands of an NH 2 group - a doublet at 1530-1625 em -1 and 3300-3430 cm -1 
(Fig. lb). An increase  in the time of hydrazinolysis  led to the cleavage of the phosphoric t r i e s t e r  bond. The 
substance (XI, t{ = Z) was hydrogenated in ethyl acetate and in ethanol. In ethyl acetate the protective groups 
were eliminated af ter  5-6 h, and in ethanol af ter  15-18 h. In the hydrogenolysis  process ,  an increase  in the 
t ime led to a g r ea t e r  decomposition of the t r i e s t e r  s t ructure  (TI~  results) .  Compound (3{I, t{ = H) was sepa-  
rated preparat ively  in a yield of 35.6% on the (XI, 1R = Z). This compound is unstable and part ial ly decom- 
poses even during the p rocess  of removing the protect ion and also in the p rocess  of purification. The IR 
spec t rum of (X, 1R =H, Fig. lb) lacks the absorption bands charac te r i s t ic  fo r  a benzyl group. 

To confirm the s tructure,  acid and alkaline hydrolyses  of (XI, R =H) were performed.  Acid hydrolysis  
with 4 N sulfuric acid at 100°C fo r  2 h led to the complete decomposit ion of the t r i e s t e r  compound (XI, R=H) 
with the l iberation of a diglyceride, ethanolamine, glycine, and inorganic phosphorus.  

Af te r  alkaline hydrolysis  with sodium methoxide at 37°C for  20 mill, glyeine, methyl steal 'ate, and lyso-  
eephalin were identified in the reaction mixture. The presence  of the decomposit ion products  in the hydro- 
lyric media was established by comparing them with samples  of these compounds by TLC and paper  chroma-  
tography. 

E XPE RIME NTA L 

Thin-layer chromatography was performed in a nonfixed layer of silica in the following systems: I) 
petroleum ether-diethyl ether (i : i); 2) benzene-ether (i : i); 3) chloroform-methanol-acetone (3 : 1 : I); 
4) chloroform-methanol-acetone (9 : 1 : I); and 5) ether. 

The LR spectra were taken on a Perkin-Elmer (model 257) instrument in paraffin oil. The presence 
of phosphorus in the compounds was shown by treating the ehromatograms with a solution of molybdenum 
blue [i0]. The analyses of all the compounds corresponded to the calculated figures. 

3-[(Benzyloxy) (phthalimidoethoxy)phosphinyl]-l,2-distearoylglyeerol ffV). A mixture of 3.3 g of com- 
pound (II) and 2.4 g of the silver salt 011) was boiled in i00 ml of benzene for 6 h. A substance C~6Hg0NOIoP 
(l-V) was isolated on a column of silica (i00 g) with elution by hexane-ether (i : i). Yield 3.72 g (85.9%). Mp 
38-38.5°C; R / I  V 0.87 (2), 0.15 (1). 

Si lver Salt of 3- (Phthal imidoethoxyphosphinyl)- l ,2-distearoylglycerol  (V). A mixture of 1.3 g of sub- 
stance (IV) in 25 ml of acetone and 0.4 g of sodium iodide was boiled for  3 h. Then it was allowed to stand 
for  12 h, and the sodium salt was fil tered off~ washed with wa te r  and acetone, and dried. Yield 1.2 g (99.9%). 
Mp 55-57°C; Rf  0.56 (3). 
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Fig. 1. IR spec t r a  of 2 -benzy l -1 - (N-benzy loxycarbony l -  
g lycy l ) -3 -  [ (1', 2 ' - d i s t ea roy lg lyce  ryloxy) (phthalimidoeth- 
oxy)phospMnyl]glycerol  (X) (a), of 2 -benzy l -1 -  (N-benzyl-  
oxyca rbony lg lycy l )~ -  [ (1', 2 ' - d i s t e a roy lg lyce ry l ) amino -  
ethoxy)phospbinyl]glycerol ,  and of 3-[ ( l ' , 2 ' - d i s t e a r o y l -  
glyceryloxy)  (aminoethoxy) phosphinyl]-  1-glycylglyce rol  
(paraffin oil) (b): 1) (XI, R=Z) ;  2) (XI, R=H) .  

A solution of 0.16 g of s i l v e r  ni t ra te  in a mix tu re  of 5 ml  of acetone and 10 ml  of wa te r  at 40°C was 
added to a solution of 0.5 g of the Na sal t  in 50 ml  of acetone heated to 40°C. Af te r  3 h, the prec ip i ta te  that 
had deposi ted was f i l te red  off at 0°C and was washed with w a t e r  and acetone and dried.  Yield 0.53 g (96.8%). 
Mp 87-88.5°C. 

2 -Benzy l -1 - (N-benzy loxyca rbony lg lycy l ) -3 - tosy lg lyce ro l  (VII). At 0°C, 2.64 g of tosyl  chloride was 
added to 2.6 g of substance  {II) in 15 ml  of pyridine.  Af t e r  the mix tu re  had been kept a t  50°C fo r  3 h, it was  
poured  into w a t e r  and ex t rac ted  with ch lo ro fo rm (3 × 30 ml), and the ex t rac t  was  washed with 10% sulfur ic  
acid (4× 20 ml) and with sodium b icarbona te  solution (2× 20 re_l), dried,  and evaporated.  The res idue  was 
sepa ra t ed  on a coltmm of s i l ica.  A substance C27H29NOsS (VIII) was eluted with a mix ture  of p e t r o l e u m e t h e r  
and diethyl e the r  (1 : 1) and a substance C20H22NOsC1 (IX) with mix tu r e s  of pe t ro leum e the r  and diethyl e the r  
(9 : 1 and 8.5 : 1.5). An oily substance  was isolated.  The yield of (VII) was 2.94 g (80.0%); Rf  0.56 (1); 0.83 (2). 

The yield of oily substance (IX) was  0.41 g (15%); Rf  0.73 (1). 

2 -Benzy l -1 - (N-benzy loxyca rbony lg lycy l ) -3 - iodo-3 -deoxyg lyce ro l  {VIII). A mix ture  of 3.12 g of com-  
pound (VII) in 50 ml  of acetone and 1.84 g of sodium iodide was heated at 70-75°C fo r  24 h and it was  then 
diluted with e ther  (100 ml), and the p rec ip i ta te  was f i l te red  off. The f i l t r a te  was t r ea ted  with 10% sodium 
hyposulfi te solution (2× 20 ml), washed with w a t e r  and dried, and the solvent  was dr iven off. This  gave sub- 
s tance (VIII) with the composi t ion C20H22NO51 in the f o r m  of a v i scous  oil. Yield 2.57 g (88.5%), Rf  0.72 (non- 
fixed l a y e r  of KSK si l ica  gel, s y s t e m  5). 

2 -Benzy l -  1- (N-benzyloxyca rbonylglycyl)  - 3- [ (1 T, 2' - d i s tearoylg lyce  ryloxy) (phthalimidoet hoxy) pho s-  
phinyl]glycerol  (X). To a mix tu re  of 0.75 g of the s i l ve r  salt  (V) in 20 ml  of benzene was added 0.37 g of 
compound (VIII) in 10 ml  of benzene,  and the mix ture  was heated at the boil  f o r  10 h. Then the prec ip i ta te  
was  f i l t e red  off and the solvent was dist i l led off. The res idue  was sepa ra t ed  on a column of s i l ica (20 g), 
being eluted with b e n z e n e -  e the r  (4 : 1 and 7 : 3). It was  repur i f ied  on s i l ica  {preparatively) in the b e n z e n e -  
e the r  (1 : 1) sys t em.  The composi t ion  of (X) was C69H105N2015P. Yield 0.53 g (56.5%), mp 56-56.5°C, Rf  
0.65 (2). 

2-B enzyl-  1 -benzy loxycarbonylg lycy l -3 -  [ (1', 2 ' -d i s t ea roy lg lyce ry loxy)  (aminoet hoxy) pho sphinyl]glyce rol  
(XI, R = Z ) .  To 0.1 g of substance  (X) in 5 ml  of ethanol was added 0.35 g of hydrazine hydrate,  and a f t e r  3 h 
the pH of the mix tu re  was brought  to 6.5-7.0 with hydrochlor ic  acid and it was  kept at 0°C fo r  1 h, t r ea t ed  
with 20 ml  of ch lo ro fo rm and f i l tered,  and the solvent was dr iven off (at 30°C). The substance was eluted 
with ch lo ro fo rm- -me thano l  (9:1 and 8.5: 1.5). The composi t ion of (XI, R=Z) was C61H103N2013P. Yield0.045 
g (50.5%), mp 45-46°C (softening point 40.5-41°C); Rf  0.40 (4), Rf  0.31 (2). 

31 



3-[(l ' ,2 '-Distearoylglyceryloxy) (aminoethoxy)phosphinyl]-l-glycylglycerol (XI, R = H). Compound (XI, 
R = Z) (0.040 g) was hydrogenated in freshly distilled ethyl acetate in the presence of 0.05 g of palladium cat- 
alyst. After 6 h, the reaction mixture was fil tered and the solvent was driven off at -10°C (0.2 ram). Pre-  
parative chromatography in the ch loroform-methanol -ace tone  (18 : 3.5 : 3.5) system gave substance (XI). 
Yield 0.0113 g (35.6%). The substance is labile and decomposes on standing. IR spectrum: 3400-3320 s, 
1740 s, 1670-1570 w, 1050-1030 s, 760 rn~ 720 m. 

SUMMARY 

1. The synthesis of 3- [ (1', 2 '-distea roylglyce ryloxy) (aminoethoxy)phosphinyl]- 1-glycylglycerol has 
been effected. 

2. The considerably grea ter  lability of the phosphoric e s t e r  bond with the aminoacyl derivative of 
glycerol in compound (I) as compared with the bonds in a cephalin structure has been shown. 
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