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PHOSPHORANYLATION OF MYO-INOSITOL : A NEW ROUTE FOR A SIMULTANEOUS 

SYNTHESIS OF SEVERAL MYO-INOSITOL PHOSPHATES 

B r i g i t t e  DUTHU, Douraid HOUALLA and Rober t  WOLF 

U n i v e r s i t e  Paul SABATIER, U n i t e  Associee au Centre Na t iona l  de l a  Recherche 
S c i e n t i f i q u e  n o  454, 118 r o u t e  de Narbonne - 31062 TOULOUSE CEDEX - FRANCE 

The r e c e n t  d iscovery o f  the r o l e  o f  D-myo-inosi tol-1,4,5 t r i sphospha te  Ins 
as the  second messenger f o r  receptor-mediated Ca2+ m o b i l i z a t i o n  (1) ( 1,4,5)P3 

has generated a g r e a t  i n t e r e s t  i n  the  chemical p r e p a r a t i o n  o f  m y o - i n o s i t o l  
phosphates - 2 which were o n l y  a v a i l a b l e  by enzymatic e x t r a c t i o n  f rom bovine 
b r a i n s  ( " ) .  

1 - 2 - 
Since j u n e  1986 the re  are, a t  l e a s t ,  20 papers d e a l i n g  w i t h  t h e  syn thes i s  o f  

t h i s  type o f  compounds. A l l  these p repara t i ons  requ i re ,  as i t  was done i n  1959 by 
P i z e r  and B a l l o u  ( 2 )  f o r  t h e  p r e p a r a t i o n  o f  myo- inos i to l  - 1 phosphate, t h e  
p r o t e c t i o n  and, a t  t he  end o f  the reac t i on ,  the d e p r o t e c t i o n  o f  t h e  s u i t a b l e  OH 

f u n c t i o n s  o f  myo- inos i to l  ( 3 ) .  The phosphory la t i on  o f  the rema in ing  OH f u n c t i o n s  
i s  accomplished e i t h e r  by means df a t e t r a c o o r d i n a t e d  phosphorus compound X3P( 0) 
(Khorana's technique (4) )  or by means o f  a t r i c o o r d i n a t e d  phosphorus X3P f o l l o w e d  
by o x i d a t i o n  o f  the ob ta ined  phosphi te  (Le ts inge r  e t  a1 . 
syntheses a re  always l ong  ( f r o m  10 t o  20 steps)  and l e a d  t o  t h e  d e s i r e d  p roduc t  
w i t h  a poor  y i e l d  r e l a t i v e l y  t o  myo- inos i to l .  

phosphates which i s  d i s t i n g u i s h a b l e  f rom a l l  the syntheses mentionned above by  the 
f a c t  t h a t  t he  r e a c t i o n  occurs w i t h  unprotected myo- inos i to l  and leads  t o  severa l  

products  a t  t h e  sane time. The s y n t h e t i c  scheme i s  t h e  f o l l o w i n g  : 

3,3,7,7 - te t ramethy l  - 2,8 d ioxa - 5 - aza - 1 - phospha 'I1 b i c y c l o  (3,3,0) 
octane " b i  c y c l  ophosphane" 3 

Caruthers) ( 5 ) . ) A l l  these 

I n  t h i s  communication we descr ibe an o r i g i n a l  p r e p a r a t i o n  o f  m y o - i n o s i t o l  

( i )  p a r t i a l  o r  t o t a l  phosphoranylat ion o f  m y o - i n o s i t o l  by means of t h e  

( " )  Th is  t e d i o u s  procedure exp la ins  t h e  very expensive p r i c e  o f  t h e  commerc ia l ly  
a v a i l a b l e  d e r i v a t i v e s .  
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( i i )  ox ida t ion  o f  the "bicyclophosphoranes" - 4 leading t o  the neut ra l  es te rs  
- 5 and 3. 

( i i i )  hydrolysis o f  the mixture o f  - 5 and 6 t o  obtain the myo- inosi to l  
phosphates 2 which could be separated by i o n  exchange chromatography. 

5,6 2, 

The f i r s t  experiment was p e r f o m d  w i th  n = 3. In DMSO as solvent a t  room 
temperature, the phosphoranylation o f  myo-inositol was very rapid.  The 31P NMR 
control  showed the disappearance o f  the peak a t  6 = 163 ppm corresponding t o  the 
"bicyclophosphane" - 3 and the formation o f  a t  l e a s t  10 doublets : 6 31P = -40 ppm 
lJP-H  = 815 Hz accompanied by 3 minor s ignals (10%) a t  6 = 134 ppm. These l a t t e r s  
represents the phosphi t e  tautomer form which has been detected i n  many bicyclophos- 
phoranes o f  po lyo ls  ( 6 ) .  The number o f  "phosphorane" peaks can be explained by the 
fo l low ing  reasons : the tr isphosphoranylat ion o f  myo- inosi to l  gives r i s e  t o  12 
diastereisomers which possess 32 d i f f e r e n t  31P nuc le i .  The presence o f  the phosphitl 
tautomer form increases t h i s  number and f i n a l l y ,  the formation o f  species corres- 
ponding t o  the f i xa t i on ,  on the myo-inositol,  o f  a number o f  "bicyclophosphoranes" 
d i f f e r e n t  from 3 (1.2.4.5.6) could n o t  be excluded. 

room temperature. We have noted the t o t a l  disappearance o f  the phosphoranes and 
phosphites peaks and the formation o f  two sets o f  peaks : 
ding t o  - 5 ( n  = 3) and a minor one corresponding t o  6 ( n  = 3).  We have a lso  showed 
t h a t  elementar su l fu r ,  i n  DMSO as solvent, transforms, very rap id l y ,  the b icyc lo -  
phosphoranes - 4 i n t o  two types o f  compounds 1 and 8. 

The ox ida t ion  o f  t h i s  mixture was achieved w i t h  a 20% excess o f  t.Bu.OOH a t  

a major one correspon- 
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The h y d r o l y s i s  o f  t h e  m ix tu re  o f  2 and - 6 ( n  = 3 )  was performed a t  room tempe- 

r a t u r e .  It was instantaneous i n  a c i d i c  medium pH = 2 .  The r e s u l t i n g  r e a c t i o n  

m i x t u r e  was submi t ted  t o  HPLC separa t i on  on PARTISIL SAX 10 Column i n  the  same 

exper imenta l  c o n d i t i o n s  as those used by I r v i n e  e t  a1 (7). Among the  c o l l e c t e d  

f r a c t i o n s  we have i d e n t i f i e d  the  myo- inos i to l  phosphates 9 - 12 : (8). 

12 - 11 - 9 - 

The same s y n t h e t i c  scheme was a p p l i e d  t o  t h e  myo-inosi t o 1  per-phosphorane 
14 - 4 ( n  = 6 )  ob ta ined  w i t h  (U- C )  myo- inos i to l  as s t a r t i n g  m a t e r i a l .  

Several types o f  chromatographic separa t i on  have been c a r r i e d  o u t  :( i )  L i q u i d  

chromatography o f  t he  f i n a l  r e a c t i o n  m i x t u r e  on ACCELL QMA Column i n  the same expe- 

r imen ta l  c o n d i t i o n s  as those used by Wreggett and I r v i n e  ( 9 )  f o r  t h e  separa t i on  of 

myo- inos i to l  d e r i v a t i v e s  e x t r a c t e d  from r a t  p a r o t i d - g l a n d  s l i c e s .  The comparison 

o f  t he  ob ta ined  chromatogram w i t h  t h a t  o f  Wreggett a n d I r v i n e  i n d i c a t e s  the presence 

o f  4 groups o f  m y o - i n o s i t o l  phosphates i .e. m y o - i n o s i t o l  monophosphates I n s  P (39%), 

myo-inosi t o1  bisphosphates Ins  P2 (13%), m y o - i n o s i t o l  t r i sphospha tes  Ins  P3 (30%) 

and myo- inos i to l  t e t rak i sphospha tes  I n s  P4 (3%) .  

( i i )  HPLC a n a l y s i s  on PARTISIL SAX 10 anion exchange column (Water-Ammonium 

formate l i n e a r  g r a d i e n t  0 - 2 M f u l l  sca le ) .  I t  shows a l s o  the  fo rma t ion  o f  severa l  

groups o f  m y o - i n o s i t o l  phosphates. We have performed the 31P, 1 3 C  and l H  NMR analy-  

s i s  o f  the f r a c t i o n s  corresponding t o  0.5.M ammonium formate concen t ra t i on .  Th is  

study i n d i c a t e s  t h e  presence i n  t h i s  f r a c t i o n  o f  severa l  myo- inos i to l  polyphospates. 

( i i i )  HPLC a n a l y s i s  o f  t h i s  l a s t  f r a c t i o n  on NUCLEOSIL SB 5 an ion exchange 
column (Water-Ammonuim s u l f a t e  g r a d i e n t  : 0 - 0,4 M d u r i n g  18 minutes ; 0.4 - 1.5 M 

d u r i n g  12 minutes (Waters Gradient  no 4 ) .  T o t a l  d u r a t i o n  40 minutes) .  The obta ined 

chromatogram i n d i c a t e s  the  presence o f  one ma jo r  d e r i v a t i v e  and 6 o t h e r  minor  myo- 

i n o s i t o l  phosphates. We cont inue ou r  i n v e r s t i g a t i o n  i n  o r d e r  t o  separate and 

i d e n t i f y  these coumponds. 

I n  o t h e r  words, t h i s  p repara t i on  cou ld  be considered as a s y n t h e t i c  analogue 
o f  t he  chemical o r  enzymatic h y d r o l y s i s  o f  p h y t i c  ac id ,  r e c e n t l y  achieved by 

P h i l l i p p y  e t  a1 (10) which a f f o r d s  a l s o  seve ra l  m y o - i n o s i t o l  phosphates. However, 

i t  d i f f e r s  from t h e  l a t t e r ,  by the  f a c t  ( i )  t h a t  i t  leads d i r e c t l y  t o  r a d i o - l a b e l -  

l e d  d e r i v a t i v e s  (ii) t h a t  i t  c o u l d  be a p p l i e d  t o  any i n o s i t o l ,  f o r  i n s t a n c e  c h i r o  

i n o s i t o l .  Th i s  p o s s i b i l i t y  i s  o f  some i n t e r e s t  s i n c e  t h i s  unusual i n o s i t o l  isomer 

has been found i n  the  glycosyl-phosphatidylinositol d e r i v e d  f rom the  H 35 hepatoma 
c e l l  as we1 1 as i n  the q l ycosy l -phospha t idy l  i n o s i  t o 1  anchored p r o t e i n s  (111. 
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(iii) t h a t  i t  a f f o r d s  t h e  p o s s i b i l i t y  t o  o b t a i n  m o d i f i e d  m y o - i n o s i t o l  

phosphates f o r  i ns tance  t h e  myo-inosi t o 1  thiophosphates. 

I n  conclusion, t h i s  s imple s y n t h e t i c  scheme represents  a convenient  r o u t e  t o  
o b t a i n  s imul taneously  seve ra l  myo- inos i to l  phosphates. Indeed, i t  needs f u r t h e r  
improvement, p a r t i c u l a r l y  i n  the  separa t i on  and i d e n t i f i c a t i o n  o f  t he  ob ta ined  
coupounds. T h i s  i s  what we i n t e n d  t o  do i n  the  near  f u t u r e .  
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