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In a preceding paper  [1] we have r epor t ed  the synthesis  of S - ~ - L - p h o s p h a t i d y l - y - L - a l a n y l g l y c e r o l  
lI). In the.. p resen t  paper  we r e p o r t  the synthesis  of the R-ep imer  of (I), (II), (for previous  communicat ions,  
see [2, 3] ) and the r e su l t s  obtained in a compar i son  of compounds (I) and (II) with a natural  lipoamino acid 
isolated t~:om CloStridium Welchii .  

The p resen t  synthesis  (see scheme 1), like the synthesis  of the S - i somer  (I) [1], was based on the 
condensation of s i lver  benzyl  1 ,2 -d i s t ea roy lg lycery l  phosphate (X) with the iodide (IX). The la t ter  was ob-  
tained f rom the R - 3 - O - t r i t y l g l y c e r o l  (V) prev ious ly  synthesized by us [4] by success ive  carbodiimide 
esterif ica~ion of (V) with N-carbobenzoxy-L-a lan ine ,  benzylat ion of the secondary  hydroxy group, de t r i ty la -  
tion on s i l ica  gel  (cf. [5, 6] ), tosylat ion,  and convers ion of the tosylate  into the iodide (V --* VI ~ VII -~ 
VIII -~ IX: see scheme i). 

The iodide (IX) was also synthesized by a sho r t e r  route  f rom S-1 -O- t r i t y l -2 -O-benzy lg lyce ro l  (XII) 
[1], which was converted via the corresponding tosyla te  into g lycero l  R -1 -O- t r i t y l -2 -O-benzy l -3 - iodohy-  
drin (XHII. Detr i ty la t ion of the la t ter  With sulfur ic  acid in dioxane and subsequent carbodiimide e s t e r i f i c a -  
tion with N-carbobenzoxy-L-a lan ine  led to the iodide (IX) (see scheme 1). Condensation of the iodide (IX) 
with the s i lver  salt  (X) gave a phosphatidylglycerol  der ivat ive  (XI), which, on hydrolys is ,  furnished R - 1 -  
(1 , ,2 , -d i s t ea roy tg lycery lphosphory l ) -3 - (L-a lany l ) -g lycero l  (II) in the form of a mic roc rys t a l l i ne  substance 
with a diffuse melting point. 

We have also t r ied  another route  for the synthesis  of the la t ter  compound s tar t ing f rom R - 3 - t o s y l -  
g lyce ro l  (XV) [7] (see scheme 2). Es te r i f ica t ion  of the lat ter  with N-carbobenzoxy-L--alanine and subse-  
quent r eac t ion  of the tosyla te  (XVI) with NaI in acetone gave R- l - (N-ca rbobenzoxy-L-a l any l ) -3 - iodohydr in  
(XVII) the s t ruc tu re  of which was confi rmed by the format ion  of the epoxide (X]X) when (XVII) was t rea ted  
with s i lve r  oxide in absolute benzene at r oo m  tempera tu re .  Under the action of benzoxycarbonyl  chloride 
and pyridine in e ther ,  the iodohydrin (XVII) gave the dicarbobenzoxy der ivat ive  (XVIII). The reac t ion  of 
the lat ter  with the s i lver  salt  (X) led to a der ivat ive  of the des i red  R-l ipoamino acid (XX), which was ob- 
tained with a yield of only 8%. However,  the main reac t ion  products  proved to be the dibenzyl e ther  of 
1 ,2-d is tearoylg lycery lphosphor ic  acid (XXI) and R- l - (N-ca rbobenzoxy-L-a l any l ) -2 ,3 -O-ca rbony lg lyce ro l  
(XXII) (cf. [8] ). Hydrogenolysis  of the th ree  pro tec t ive  groups of the phosphoric t r i e s t e r  (XX) gave a sub-  
stance identical  with the R-l ipoamino acid (II) synthesized in accordance  with scheme 1. 

For  a d i rec t  compar i son  of the synthetic  lipoamino acids with the natural  substance,  we isolated the 
lipoamino acid f rom Clostvidium Welchii by Macfar lane ' s  method [9]. The lipoamino acid f ract ion having 
the maximum Rf  value (the so-ca l led  f rac t ion  C [9] ) was isolated in the form of a yellow wax. A fatty acid 
analysis  s:howedthe predominance  in this f rac t ion  of sa tura ted  fatty acids mainly s t ea r i c  and laur ic  acids.  
Among the amino acids,  according to paper  chromatography of a hydrolyzate ,  alanine predominated;  a 
smal l  amount of glycine was also detected.  Some constants of the natural  and synthetic lipoamino acid a re  
given in Table  1 (see scheme on following page). 

As wi l l  be seen f rom the r e su l t s  given in Table 1, all th ree  samples  possess  a positive specif ic  r o -  
tation, the act ivi ty of the synthetic  R - e p i m e r  (II) being c loser  to that of the natural  substance than that of 

* For communicat ion 8, see [i]. 
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the S-compound (I). I t  mus t  be mentioned that the na tura l  l ipoamino acid is not an individual substance;  
it probably  contains sma l l  amounts of subs tances  having a pronounced effect  on the angle of ro ta t ion.  How- 
ever  the synthetic  S - i s o m e r  (I) is c loses t  in chromatographic  behavior  to the na tura l  l ipoamino acid while 
the R-compound  (II) d i f fers  substant ia l ly  f r o m  the na tura l  ma te r i a l .  

A compar i son  of the chemica l  behav iors  of the synthetic  na tura l  and lipoamino acids is a lso  in s t ruc -  
t ive .  They a re  al l  unstable subs tances  undergoing changes on s to rage .  Both the S - i s o m e r  (I} and the 
na tu ra l  l ipoamino acid a r e  conver ted into m o r e  polar  subs tances  with a lmos t  identical  R f  va lues ,  while 
the R - e p i m e r  (II} gives a complex mix tu re  of subs tances  among which phosphatidic acid and alanine have 
been identified.* 

Thus,  a d i rec t  compar i son  of the synthet ic  compounds (I) and (II) with the na tura l  l ipoamino acid 
isolated f r o m  Clos t r id ium Welchii leads to the conclusion that in the la t ter  the g lycerophosphate  r e s idue  
bear ing  the amino acid has  the S-configurat ion.  This  conclusion is in full ag reemen t  with the s t ruc tu re  
proposed by Houtsmul ler  and van Deenen [10] for  a lysine-containing l ipoamino acid f rom Staph. aureus~ 
The question of the posi t ion of the amino acid res idue  in the g lyce ro l  chain s t i l l  r e m a i n s  unresolved.  How- 
ever ,  the a lmos t  ident ical  ch romatograph ic  p r o p e r t i e s  of the synthetic  S-compound (I} and the na tura l  l ipo-  
amino acid indicates  that  the s t ruc tu re  with a f ree  secondary  hydroxy group is m o r e  probable .  

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

Gene ra l  informat ion  on the p e r f o r m a n c e  of the expe r imen t s  is given in the previous  paper  [1]. 

* Hydrogenolys is  of the pro tec t ive  groups  of the phosphoric  t r i e s t e r s  (XI) and (XX) led to a substance for 
which e l e m e n t a r y  analys is  gave low values  of the carbon content. Since we have observed  par t i a l  decom-  
posi t ion of the lipoamino acids not only on s to rage  in the p r e sence  of hydrogen but on prolonged hydrogeno-  
lysis ,  the poss ib i l i ty  cannot be comple te ly  excluded that the product  of the hydrogenolys is  of the t e r t i a r y  
phosphates  (XI) and (XX) is not the R- l ipoamino  acid (l-I) but some  product  of its secondary  t r ans fo rma t ion .  
But since the IR s pec t rum  of this substance  is a lmos t  comple te ly  identical  with the spec t rum of S - i s o m e r  
(I) we a s s u m e  that it is in fact  the R- l ipoamino  acid (II). 
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TABLE 1. Optical Activity of the Lipoamino Acids and Their  Rf  Values in 
Th in -Layer  Chromatography (T LC) on Silica Gel 

Lipoamino acid 

Natural  ("fract ion C" 
f rom Clostridium 
Welchii [9] ) 

Synthetic 
S-ep imer  (t) 
R - e p i m e r  (II) 

Product  of the t r ans -  
format ion of the natu-  
r a l  Iipoamino acid 

Product  of the t r a n s -  
format ion of the 
S-ep imer  

[a]D in ch loro-  
form 

+ 0.3 ~ (C 1) 

+ 7.8" (C L5) 
+ 1.6 ~ (C 0.7) 
+ 2.9 ~ (C 2,9) 

+ 7.4 ~ (C 2,3) 

Rf  in the sys tem 

CHCl~--C~3OH-- 
water, 65 : 25 : 3 

0.53 

0.56 

0.31 
0,37 

0.34 

diisobutyl ketone 
C133 COOH-- 

water ,  40 : 25 : 5 

0.36 

0.35 

0.31 
0.28 

0.31 

1 % - [ , 2 - O - I s o p r o p y l i d e n e - 3 - O - t r i t y l g l y c e r o l  ( I V ) .  With s t i r r ing ,  3 3 . 5 g o f c h l o r o -  
t r iphenyhnethane was-added to a solution of 13.5 g of D(S)- l ,2 -O- isopropyl ideneglycero l  (III) [11] in 17 ml  
of pyridine and then the mixture was s t i r red  for another 40 rain and was left for 2 days at room t empera -  
ture.  Then it was diluted with 250 ml of ether  and the precipi tate  of pyridine hydrochlor ide that deposited 
was separa ted  off and washed with ether  (2 x 30 ml). The combined f i l t rates  were  washed success ive ly  
with 5% HCI cooled to 0 ~ water ,  saturated aqueous NaHCO3, water ,  and brine,  and were dried over Na~SO 4. 
The drying agent was fi l tered off with suction and washed with ether ,  and the solvent was distil led off in 
vacuum. This gave 41 g of a viscous oil which was used further  without purification. One g ram of this oil 
was chromatographed on 50 g of alumina; benzene eluted 0.53 g of (IV) in the form of an oil which c r y s -  
tall ized on standing. After r ec rys ta l l i za t ion  f rom petroleum ether,  mp 89-90~ [a]D 2~ +15.5 ~ (C 8.4). 
Found %: C 80.22; H 6.99. C25H2603. Calculated %: C 80.18; H 7.00. 

R - 3 - O -  T r i t  y 1 g ly  c e r o 1 ( V) .  A solution of 40 g of t r ich loroaee t ic  acid in 50 ml of water was 
added to a solution of 40 g of tmpurified (IV) in 400 ml of dioxane and then water  was added until a slight 
turbidity appeared (~30 ml) and the mixture was left for 4 days at r o o m  tempera ture .  Then, with s t i r r ing,  
saturated aqueous NaHCO 3 to pH 8, 200 ml of water~ and 330 ml  of ether  were added success ively .  The 
upper layer was separated off, washed with brine (2 x 150 ml) and dried over Na2SO a. The res idue  obtained 
after f i l t rat ion and evaporat ion of the solution was chromatographed on 1.7 kg of alumina; benzene and a 
mixture  o[ benzene with 5% of ether eluted 15 g of a mixture of (IV) and tr iphenyl carbinol.  Then mixtures  
of benzene and ch loroform (9 : 1-3 : 1) eluted tr iphenyl carbinol,  and chloroform containing 5% of methanol 
eluted 3.2 g of (V). The mixture of (IV) and tr iphenyl was rehydrolyzed  under the conditions given above. 
Chromatography yielded 4.6 g of (IV) and 2.09 g of (V). The total yield of (V) and 31%, mp 95.5-96 ~ (from 
ch loroform--pe t ro leum ether); [C~]D20 +9.5 ~ (C 5.6). Found %: C 78.60; I-I 6.65. C22H220 3. Calculated %: 
C 79.01; ~[ 6~ 

S - l - ( N - C a r b o b e n z o x y - L - a l a n y I ) - 3 - O - t r i t y l g l y c e r o l  ( V I ) .  With ice cooling and 
s t i r r ing ,  a solution of 0.43 g of dicyclohexylcarbodiimide in 3 ml of pyridine was added over 30 rain to a 
solution of 0.7 g of (V) and 0.56 g of N-carbobenzoxy-L-a lan ine  in 5 ml of pyridine. The mixture was left 
for 6 h at 0 ~ and for 3 days at room tempera tu re  and was then diluted with 30 ml of benzene, after  which 
the precipi ta te  was fi l tered off with suction and washed with 5 ml of benzene, and the solvent was evap-  
orated in vacuum. The res idue  was chromatographed on 130 g of KSK si l ica gel  (eluates monitored by TLC; 
benzene--e thyl  acetate,  3:  1, sys tem,  reveal ing agent B), the column being washed success ive ly  with ben-  
zene and with benzene containing 5-10% of ethyl acetate;  benzene containing 10-15% of ethyl acetate eluted 
0.80 g of an oil which crys ta l l ized on standing. After r ec rys ta I l i za t ion  from a mixture of ether and pe t ro-  
leum ethe:% 0.60 g (53)% of (VI) was obtained with mp 120-121~ [~]D is - 5.05 ~ (C 6.9). Found %: C 73.30; 
H 6.21; N 2o32. C~H33NO 6. Calculated %: C 73.45; H 6.16; N 2.60. 
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S - l - ( N - C a r b o b e n z o x y - L - a l a n i n e ) - 2 - O - b e n z y l - 3 - O - t r i t y l g l y c e r o l  ( V I I ) .  A 
solution of 100 mg of (VI) and 0.1 m l  of benzyl  b romide  in 3 ml  of benzene was s t i r r ed  with 0.5 g of dry  
f r e s h l y - p r e p a r e d  s i l ve r  oxide at r o o m  t e m p e r a t u r e  for  2 h. The mix tu re  was f i l tered,  the r e s idue  was 
washed with ethyl ace ta te ,  the f i l t ra te  was evapora ted ,  and the res idue  was chromatographed  on 20 g of 
KSK s i l ica  gel  (eluates moni tored  by T L C  on s i l ica  gel; benzene- -e the r ,  5 : 1, sys tem;  revea l ing  agent B). 
A 9 : 1  mix tu re  of benzene and e ther  eluted 103 mg (88%) of (VII) (oil); [O~]n 19 --4.3 ~ (C 5). Found %: C 76.46; 
H 6.50; N 2.23. C40H39NO 6. Calculated %: C 76.29; H 6.24; N 2.22. 

S - l - ( N - C a r b o b e n z o x y - L - a l a n y l ) - 2 - O - b e n z y l g l y c e r o l  ( V I I I ) .  The unpurified (VII) 
obtained f r o m  0.67 g of (VI) was dissolved in 10 ml  of benzene and t r a n s f e r r e d  to a column of 50 g of s i l ica  
gel  [12] ac t ivated at 150 ~ the column then being washed with 20 ml  of benzene and left at r o o m  t e m p e r a t u r e  
for  10 h. Then elution was begun, the composi t ion of the e luates  being moni tored  by TLC (benzene--e thyl  
aceta te ,  3: 1, sys t em;  revea l ing  agent  B). Benzene eluted t r iphenylcarbinol ,  benzene containing 5-10% of 
e ther  eluted a m i x t u r e  of t r iphenyl  carbinol  and unchanged (VII), and mix tu res  of benzene- -e the r ,  1 : 1-1 : 4, 
eluted 230 nag of oily (VIII); [~]D 2~ --8.3 ~ (C 7.1). Found %: C 64.81; H 6.72; N 3.39. C2iH25NO 6. Calcu-  
lated %: C 65.10; H 6.50; N 3.62. 

G l y c e r o l  R - 1 - O - T r i t y l - 2 - O - b e n z y l - 3 - i o d o h y d r i n  ( X I I I ) .  With s t i r r ing  and ice 
cooling, 0.76 g of p- toluenesulfonyl  chloride was added over  10 rain to a solution of 1.1 g of S - 1 - O - t r i t y l -  
2 -O-benzy lg lyce ro l  (XH) [1] in 1 ml  of pyridine and 5 ml  of e ther ,  and then the mix tu re  was left for 5 h 
with cooling and for 2 days  a t  r o o m  t e m p e r a t u r e .  The m ~ t u r e  was diluted with 50 m l  of e ther  and washed 
succes s ive ly  with water  (3 • 20 ml),  2% HC1 cooled to 0 ~ water  again, and br ine ,  and was then dried over  
Na2SO 4 and evapora ted .  A solution of the r e s idue  in 20 ml  of acetone was t r ea t ed  with 1 g of d ry  NaI and 
kept in a Sealed tube at 75 ~ for 10 h. The cooled mix tu re  was diluted with 100 ml  of benzene,  washed with 
1% NazSzO 3, wate r ,  and br ine ,  dr ied with Na2SO4, and evapora ted .  This  gave 1.3 g of unpurified (:Kill), 155 
mg of which was chromatographed  on 15 g of KSK s i l ica  gel  (with moni tor ing by TLC on s i l ica  gel; benzene- -  
e ther ,  9 : 1, sys tem;  revea l ing  agent  B): a mix tu re  of benzene and 5% of e ther  eluted 97 mg of a co lo r l e s s  
oil (yield 57%); IOn]D2~ --8.8 ~ (C 5.6). Found %: C 65.33; H 5.17; I 23.40. C29tt27IO2. Calculated %: C 65.17; 
H 5.08; I 23.75. 

G l y c e r o l  R - 2 - O - B e n z v l - 3 - i o d o h y d r i n  ( X I V ) .  A s o l u t i o n o f l . 1 2 g o f u n p u r i f i e d ( X I H )  in 
50 ml  of dioxane was t r ea ted  with 5 ml of 10% H2SO 4 and the mix ture  was lef t  at 65 ~ for  4 h. The cooled 
mix tu re  was diluted with 200 ml  of e ther ,  washed with water ,  sa tura ted  aqueous NaIICO 3, wate r ,  and br ine ,  
dr ied over  MgSO4, and evapora ted  in vacuum.  The r e s idue  was chromatographed  on a column of 100 g of 
KSK s i l ica  ge l  (monitoring by TLC on s i l ica  gel; benzene- -e the r  ace ta te  6 : 1, sys tem;  revea l ing  agent B): 
benzene containing 5-10% of e ther  eluted t r iphenyl  carbinol ,  and benzene containing 20-30% of e ther  eluted 
415 mg of a yel lowish oil which rap id ly  darkened in the light, [~]D z3 + 4.9 ~ (C 7). IR spec t rum (film), cm-i :  
3340 s,  broad;  1500 m; 1460 s; 1390 s; 1322 m; 742 s; 697 s .  Found %: C 41.66; H 4.88; I 42.72. C10H13IO 2. 
Calculated %: C 41.20; tt 4.48; I 43.39. 

G l y c e r o l  R - l - ( N - C a r b o x y b e n z o x y - L - a l a n y l ) - 2 - O - b e n z y l - 3 - i o d o h y d r i n  ( I X ) .  
A. One hundred and twenty m i l l i g r a m s  of (VIII) was tosylated,  and the unpurified tosyla te  was conver ted 
into the iodide (compare  the synthes is  of (XIII). The yield of (IX) was 68%, mp 79.5-81 ~ (from e the r - -  
pe t ro leum ether) ;  [~]D z~ --11 ~ (C 7.3). Fotmd %: C 51.00; H 5.10; I 27.70; N 2.94. CzlHz4INO 5. Calcu-  
lated %: C 50.70; H 4.86; I 25.52; N 2.81. 

B~ One hundred and ten m i l l i g r a m s  of (XIV) was es te r i f i ed  with N-ca rbobenzoxy-L-a l an ine  (150 rag) 
under the conditions descr ibed  for  the synthes is  of (VI). The reac t ion  product  was chromatographed  on 
40 g of KSK s i l ica  gel ,  and benzene containing 15-20% of e ther  eluted 160 mg of an oil which c rys ta l l ized  
on standing. After r e c ry s t a l l i z a t i on  f r o m  e t h e r - -pe t ro l eum e ther ,  129 mg (69%) of the iodide (IX) with mp 
79-80.5 ~ [~]D z~ --10.7 ~ (C 3.6), was  obtained. The samples  of (IX) obtained by methods A and B gave no 
depress ion  o f  the mel t ing point when mixed.  

R - l - ( N - C a r b o b e n z o x y - L - a l a n y l ) - 3 - t o s y l g l y c e r o l  ( X V I ) .  4 . 2 g o f 3 - t o s y l g l y c e r o l  
[8] was es te r i f i ed  with 3.7 g of N-ca rbobenzoxy-L-a l an ine  (compare  synthes is  of VI). The reac t ion  product  
was chromatographed  on a column of 600 g of s i l i ca  using gradient  elution with the b e n z e n e -  mix tu re  of 
benzene and ethyl ace ta te  (1: 2) s y s t em  (monitoring by TLC; benzene--e thyl  aceta te ,  2: 1, sys tem;  revea l ing  
agent B). A mix tu re  of benzene with 25-30% of ethyl aceta te  eluted 3.9 g of the tosyla te  (XVI) in the fo rm 
of a co lo r l e s s  oil which c rys ta l l i zed  on standing. After r e c r y s t a l l i z a t i o n  f r o m  a mix tu re  of e ther  andhexane,  
the yield was 3.18 g (42.5%), mp 82-87% After two fur ther  c rys ta l l i za t ions  f r o m  e ther ,  mp 89-90~ [O~]D 20 
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--18.7 ~ (C 4.6). Found ~o: C 56.01; H 5.52; N 3.14; S 6.91. C2iH25NOaS. Calculated %: C 55.87; H 5.58; 
N 3.10; S 7.10. 

G l y c e r o l  R - l - ( N - C a r b o b e n z o x y - L - a l a n y l ) - 3 - i o d o h y d r i n  ( X V I I ) .  T h e t o s y l a t e  
(XVI) ~ . 6 5  g) was t r ea t ed  with NaI in acetone (compare  the synthesis  of XIII).  Crys ta l l iza t ion  of the r e a c -  
tion product  f r o m  a mix tu re  of e ther  and hexane gave 2.16 g (90%) of (XVII), mp 65-66~ [~]D 21 --10.1 ~ 
(C 3.8). IR spe c t rum  (in paraf f in  oil), cm-l :  3310 s; 1739 s; 1685 s; 1544 s.  Found %: C 41.84; H 4.75; 
I 31.73. CI4H18INO 5. Calculated %: C 41.29; H 4.46; I 31.17. 

S - 2 , 3 - E p o x y p r o p y l  E s t e r  o f  N - C a r b o b e n z o x y - L - a l a n i n e  ( X I X ) .  A solution of 
100 mg (~f (XVII) in 5 ml  of absolute  benzene was s t i r r ed  at r o o m  t e m p e r a t u r e  for  5 h with 1 g of d ry  s i lver  
oxide, artd then the mix tu re  was f i l te red,  the r e s idue  was washed with e ther ,  and the combined f i l t r a tes  
we re  evapora ted .  Chromatography  of the r e s idue  on 5 g of KSK s i l ica  gel  gave (by e ther  elution) 60 mg of 
(XIX) in the f o r m  of a co lo r l e s s  oil; [~]D 19 --2.3 ~ (C 3.9). IR spec t rum (in the f o r m  of a f i lm),  cm-~: 3360 s; 
1750-17].0 v .s ;  1539 s; 1260 s; 1215 s; 1072 s.  Found %: C 60.13; H 6.25; N 4.84. C14H17NO5. Calculated %: 
C 60.20; tt 6.14; N 5.02. 

G l y c e r o l  R -  1 -  ( N -  C a r b o b e n z o x y -  L - a l a n y l ) - 2 - O -  c a r b o b e n z o x y - 3 - i o d o h y d r  in  
(XVIII'--~'~. A solution of 3.4 g of benzoxycarbonyl  chloride in 20 ml  of e ther  was added over  1.5 h to a 
solution of 2.05 g of (XVII) and 4 ml  of pyr idine in 80 ml  of absolute e ther  cooled to --50 ~ The mix tu re  
was kept at --50 ~ for  1 h and without cooling for 1 h and was then washed with wa te r  and br ine ,  d r ie4  over  
Na2SO4, and evapora ted  in vacuum.  The r e s idue  was chromatographed  on a column of 200 g of K_SK s i l ica  
gel  (monitoring with TLC; benzene- -e thy l  aceta te ,  2: 1, sys tem;  revea l ing  agent B), and benzene containing 
0,5% of ethyl  ace ta te  eluted impur i t i e s  of low polar i ty .  A mix tu re  of benzene with 5-10% of ethyl aceta te  
eluted 945 mg of (XVIII) in the fo rm of a yellow oil [~]D 14 --13.0 ~ (C 3.4). IR s p e c t r u m  (in the fo rm of a 
f i lm),  cm-l :  3340 s,  broad;  1752 v.s ;  shoulder  1728; 1527 s.  Found %: C 48.83; H 4.64; I 23.16; N 2.59. 
C~2H24NC~ 7. Calculated %: C 48.81; H 4.47; I 23.44; N 2.59. A mix tu re  of benzene and 20-25% of ethyl ace -  
ta te  eluted 1.1 g of unchanged (XVII); mp 64-66 ~ The yield of (XVIII) was 34% (75% calculated on the (XVII) 
that had :reacted); the yield was not improved  when the excess  of benzoxycarbonyl  chloride was increased  
or  when ~he r eac t i on  t ime  was lengthened. 

R -  1 -  ( N -  C a r b o b e n z  o x y -  L - a l a n y l ) -  2 - O - b e n z y l - 3 - [  ( l ' , 2 ' - d i s t e a _ r o y l g  l y e e r ,  y l )  
b e n z ' y T  p h o s p h o r y l ] g l y c e r o l  ( X I ) .  A mix tu r e  of l0~J ml  of (IX), 195 mg of the s i lve r  sal t  of(X) 
[1], and 5 ml  of benzene was boiled with v igorous  s t i r r ing  in the da rk  in an a tmosphe re  of a rgon for  5 h. 
The p rec ip i t a t e  of AgI was f i l tered off with suction and washed with e ther ,  the f i l t ra te  was evapora ted ,  and 
the r e s idue  was chromatographed  on 40 g of KSK s i l ica  gel  (monitoring by G LC; benzene- -e thy l  aceta te ,  
4: 1, sys t em;  revea l ing  agent C). Benzene containing 15-20% of ethyl ace ta te  eluted 150 mg (63%) of the 
t r i e s t e r  (XI) in the f o r m  of a waxy subs tance .  After  c rys ta l l i za t ion  f rom acetone,  mp 36-38~ [~]D 19 + 0.3 ~ 
(C 10). IR s p e c t r u m  (in the fo rm of a f i lm),  cm-l :  3330 s, broad;  3070 m; 3040 m; 2930 s; 2870 s; 1740 v.s ;  
shoulder  1700; 1540 s,  broad;  1475 s; 1240 s, broad.  Found %: C 69.41; H 8.92; N 1.21; P 2.86. C67H10 G" 
NO13P. Calculated %: C 69.10; H 9.18; N 1.20; 1 ) 2.66. 

R -  1 -  ( N -  C a r b o b e n z o x y -  L - a l a n y l ) - 2 - O -  c a r b e b e n z o x y - 3 - [ ( 1  t , 2  t - d i s t e a r e y l -  
g l y c e r i v l )  b e n z y l  p h o s p h o r y l ] g l y c e r o l  ( X X ) .  A mix tu re  of 520 mg of (XVIII), l g of (X) and 
20 m l  of toluene was boiled in the da rk  in an a tmosphe re  of argon for  7 h. The prec ip i ta te  was f i l tered off 
with suction and washed with ethyl ace ta te ,  and the solvent  was dist i l led off in vacuum.  The res idue ,  f rom 
the r e s u l t s  of TLC on s i l ica  gel  (benzene--e thyl  aceta te ,  3: 1, sys tem;  revea l ing  agents B and C) contained 
a complex mix tu re  the ma in  components  of which had Rf  0.70, 0.41, and 0.24. The mix tu re  was c h r o m a t e -  
graphed on a column of 120 g of KSK s i l ica  gel .  Chloroform and a mix tu re  of ch lo ro form with 5% of ethyl 
ace ta te  eluted 595 mg of (XXI) in the fo rm of a co lo r l e s s  powder with mp  58-58.5 ~ ( f rom e the r - -pe t ro l eu m 
ether);  [(~]D 15 +2.5 ~ (C 6.3). 

A ~aixture of ch lo ro fo rm with 5-10% of ethyl  ace ta te  eluted 130 mg of an oily mix tu re  of subs tances ,  
and a mix tu re  of ch lo ro fo rm with 15-20% of ethyl ace ta te  eluted 90 mg of waxy (XX), mp 38-39 ~ (from 
e ther - -methanol ) ;  [~]D 2~ --3.9 ~ (C 9). Found %: C 67.41; H 9.13; N 1.18; P 2.43. C68H106NO15P, Calcu-  
lated %: C 67.58; H 8.84; N 1.15; 1 ~ 2.57. 

A ra ix ture  of ch lo ro fo rm with 20-25% of ethyl ace ta te  eluted 30 mg of a waxy mix tu re  of subs tances ,  
and then a mix tu re  of ch lo ro fo rm with 25-30% of ethyl  ace ta te  eluted 220 mg of the carbonate  (XXII) in the 
fo rm of leaflets  with mp 69-70 ~ ( f rom c h l o r o f o r m - - p e t r o l e u m  ether);  [~]D 17 --23.4 (C 7.6). IR spec t ru m in 
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paraffin oil, cm-l:  3345 s; 1790 s; 1754 s; 1696 s; 1590 w; 1543 s. Found %: C 56.08; H 5.48; N 4.42. C15. 
H1yNO ?. Calculated %: C 55.72; H 5.30; N 4.33. 

A mixture  of chloroform with 10% of methanol eluted 290 mg of a mixture  of polar substances the 
main component of which was phosphatidic acid, which was identified by compar ison with an authentic 
sample by means  of TLC on s i l ica  gel (chloroform--methanol- -water ,  65 : 25 : 3 system; reveal ing agent C). 

R - l - ( 1 , 2 - D i s t e a r o y l g l y c e r y l p h o s p h o r y l ) - 3 - L - a l a n y l g l y c e r o l  ( I I ) .  For ty  mi l l i -  
g rams  of (XX) was hydrogenated over  20 mg of Pd-black in 5 ml of ethyl acetate  in the presence  of 0.2 ml  
of glacial  acet ic  acid for 5 h. The catalyst  was f i l tered off with suction and washed with a 2 : 1 mixture  of 
ch loroform and methanol.  The f i l t ra te  was evaporated,  and the res idue  was crys ta l l ized  f rom a mixture  
of ch loroform and acetone.  This gave 20 mg (68%) of a chromatographical ly  individual color less  powder. 
The substance softened at 80 ~ and melted par t ia l ly  at ~95 ~ and completely at 175-178~ [(~]D 18 +1.6 ~ (C 0.7; 
chloroform).  IR spec t rum (tablet with KBrS, cm-l:  3400 s, broad; t750 s; 1472 m; 1220 s; 1100 m; 1070 s; 
965 m. Found %: N 1.39; P 3 . 8 2 .  C45H88NOllP. Calculated %: N 1.65; P 3 . 6 5 .  

One hundred and ten mi l l ig rams  of the t r i e s t e r  (XI) was hydrogenated over 100 mg of previously 
reduced  5% PdO/BaSO 4 [13] in 5 ml  of dioxane for 2 h. This gave 60 mg (75%) of (II). In r e spec t  to its 
melting point, IR spect rum,  and chromatographic  behavior ,  the substance did not differ f rom the sample 
obtained in the preceding experiment;  [(~]D 2~ +2.9 ~ (C 2.1; chloroform).  Found %: C 61.40; H 10.51; N 1.62; 
]P 3.68. 

C O N C L U S I O N S  

1. The complete synthesis  of R - ~ - L - p h o s p h a t i d y l - ~ - L - a l a n y l g l y c e r o l  has been ca r r i ed  out. 

2. In its chromatographic  and chemical  p roper t i es ,  the lipoamino acid isolated f rom Clostr idium 
Welehii proved to be c loser  to the S-ep imer  and differed considerably f rom the R-ep im er .  

3. The resu l t s  obtained indicate that the main component of the lipoamino acid of Clostr idium Wel- 
ehii is S- (~-L-phospha t idy l -7-L-a lanylg lycero l .  
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