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PHOSPHOL I P I DS CH I RAL AT PHOSPHORUS. SYNTHES I S  ,ABSOLUTE 
CONF I G URAT I ONS AN D APPL I CAT I ONS 

KAROL S . B R U Z I K ,  RU-TAI JIANG, and MING-DAW TSAl 
Department o f  Chemistry,  The Ohio S t a t e  U n i v e r s i t y ,  
Colunbus, Ohio 4321 0 

A b s t r a c t  The syn thes i s  o f  P-ch i  r a l  p h o s p h o l i p i d s  i s  d e s c r i -  
bed and t h e i r  a p p l i c a t i o n  i n  s tereochemical  s t u d i e s  i s  
discussed. 

Recent ly  we have i n i t i a t e d  t h e  s tereochemical  s tudy  o f  p h o s p h o l i -  

p i d s ,  aimed a t  p r o b i n g  t h e  mechanism o f  phosphol i p a s e - c a t a l y z e d  

r e a c t i o n s  and t h e  r o l e  o f  t he  phosphate head group o f  p h o s p h o l i p i -  

ds i n  p r o t e i n - l i p i d  i n t e r a c t i o n s  and i n  o t h e r  membrane func- 

t i o n s . 1 - 5  For t h e  purpose o f  those s t u d i e s  we have developed 

methods f o r  t h e  syn thes i s  o f  separate d iastereomers o f  c h i  r a l  

phosphol i p i  ds, 1 ,Z-d ipa lmi  toy1 -sn-g lycero-3-  I 
18  - 

am ine  ( 1  8O I DPPE, - 2a, b) ,-3- I 
18  

0 1 phosphoethano 

0 I phosphochol i ne ( 1  "0 I DPPC ,3a,b 
and -3- th iophosphochol  i ne  (DPPsC, - 4a,b). 

The syn thes i s  o f  1'*01DPPE i s  o u t l i n e d  i n  Scheme I .  Conden- 

s a t i o n  o f  1 ,2-d ipa lmi  toy l -= -g l yce ro l ,  P O C l  3, and (R)-N-( l -methy l -  - 
benzyl)-2-aminoethanol  gave a d i a s t e r e o m e r i c  m i x t u r e  o f  oxazaphos- 

p h o l i d i n e s  ( l a  - -  + l b ) ,  which was then separated by chromatography. 

H y d r o l y s i s  o f  - l a  and - l b  s e p a r a t e l y ,  f o l l o w e d  by hyd rogeno lys i s  

gave 11801DPPE (2a - and - 2b, r e s p e c t i v e l y ) .  M e t h y l a t i o n  o f  1 ' 'OlDPPE 

(2a and 2b) gave 11801DPPC (3a and 3b, r e s p e c t i v e l y ) .  The d i a s t e -  

reomeric m i x t u r e  o f  DPPsC was syn thes i zed  by a known procedure 6 
- - - - 

and separated by s t e r e o s p e c i f i c  hydro 

pase A2. 

The r e l a  t i  ve c o n f i g u r a t i o n s  o f  I 
3 ' P  NMR o f  t h e i  r O - t r i m e t h y l s i  l y l  der 

369 

y s i s  c a t a l y z e d  by phosphol i -  

'OIDPPE were determined by 

v a t i v e s  on t h e  b a s i s  o f  "0 
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Scheme I 
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i so tope  s h i f t s ,  as shown i n  Scheme I .  

The a b s o l u t e  c o n f i g u r a t i o n r o f  a1 1 s y n t h e s i z e d  compounds were 

determined. Both isomers o f  1 170 180(DPPE (5a - and - 5b, Scheme I I ) ,  
syn thes i zed  analogously  t o  2a and 2b, were conver ted  t o  1 - 1  16,17, 

"01-phosphopropane-1 , 2 - d i o l s  (9a - and - 9b) as shown i n  Scheme I I .  

By us ing 1 0 O l D P P E  (5a, - same c o n f i g u r a t i o n  as - 2a) o b t a i n e d  from 

( + ) - I  1701-oxazaphosphol i d i n e ,  1 - 1  0 0 01-phospho-(R)-propane- 
1 7  13 

1 , 2 - d i o l  o f  S c o n f i g u r a t i o n 7  was ob ta ined .  There fo re  the I 0 01 

DPPE w i t h  the  P NMR p a t t e r n  o f  i t s  t r i m e t h y l s i l y l  d e r i v a t i v e  

shown i n  Scheme I I  i s  o f  Sp c o n f i g u r a t i o n .  The c o n f i g u r a t i o n  o f  

DPPsC was r e l a t e d  t o  t h a t  o f  11801DPPE by d e s u l f u r i z a t i o n  w i t h  

Br2/H2180 o r  C N B r / H 2 1 8 0  ( i n v e r ~ i o n ) ~ ' ~  f o l l o w e d  by transphospha- 

t i d y l a t i o n  ( r e t e n t i o n ) , '  as shown i n  Scheme I .  

- - 

17 18 

16 1 7  1 8  

'31 

The syn thes i zed  P-chi  r a l  phosphol i p i d s  were used t o  determine 

s t e r i c  course o f  the h y d r o l y s i s  and o f  t h e  t r a n s p h o s p h a t i d y l a t i o n  

c a t a l y z e d  by cabbage phosphol ipase D. The r e s u l t s  showed t h a t  t h e  

r e a c t i o n s  proceed w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n .  Both isomers o f  

DPPsC were used t o  s tudy t h e  s tereospeci  f i c i  t y  o f  phosphol i pases 

(pL) A2 and C from d i f f e r e n t  sources. I t  was found t h a t  a l l  f o u r  

pL A2 s t u d i e d  showed s t e r e o s p e c i f i c i t y  toward (Rp)-DPPsC. - 
(3)-DPPsC i s  t h e  p r e f e r r e d  isomer o f  pL C .  

Separate isomers and m i x t u r e  o f  DPPsC were a p p l i e d  t o  s tudy  

i n t e r a c t i o n s  between p o l a r  head-groups i n  p h o s p h o l i p i d  b i l a y e r s .  

3 1 P  and 14N NMR s t u d i e s  o f  p h o s p h o l i p i d  b i l a y e r s  r e v e a l e d  t h a t  both 

14N n u c l e a r  quadrupolar  s p l i t t i n g  and 3 1 P  chemical  s h i f t  a n i s o t r o -  

py decrease i n  t h e  f o l l o w i n g  o r d e r :  (&)-DPPsC > ($)-DPPsC > 

> (5) + (Sp)-DPPsC. - I t  can be concluded t h e r e f o r e  t h a t  t h e  c o n f i -  

g u r a t i o n  o f  t h e  phosphate group i n  p h o s p h o l i p i d  i s  impor tan t  i n  

the s t r u c t u r e  o f  t h e  p h o s p h o l i p i d  b i l a y e r .  
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Scheme II 
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