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PHOSPHONYLATION BY TETRAPHOSPHORUS HEXOXIDE 

ULRICH SCHDLI<E 
C e n t r a l  I n s t i t u t e  o f  I n o r g a n i c  Chemis t ry  o f  t he  Aca- 
demy o f  Sciences, Rudower Chaussee 5, B e r l i n ,  1199, 
GDR 

A b s t r a c t  
t i n g  m a t e r i a l  f o r  t he  p r e p a r a t i o n  o f  i n o r g a n i c  and 
o r g a n i c  phosphorus compounds i s  demonstrated by reac-  
t i o n s  o f  P406 w i t h  n u c l e o p h i l i c  and e l e k t r o p h i l i c  
compounds. 

The genera l  u s e f u l n e s s  o f  P406 as s t a r -  

Tetraphosphorus hexoxide, P406, i s  a c o l o r l e s s  hyg roscop ic  
compound w i t h  an adamantane- l ike s t r u c t u r e ,  a m e l t i n g  p o i n t  
o f  23,8 O C  and a b o i l i n g  p o i n t  o f  175,4 OC. I t  i s  s o l u b l e  
i n  most o f  t he  i n e r t  o r g a n i c  s o l v e n t s .  P406 was p repared  
by o x i d a t i o n  o f  phosphorus vapour  w i t h  oxygen i n  the  mo- 
l a r  r a t i o  P4:02=1:3 ( y i e l d  85 %). 
Above 400 OC P406 i s  q u i c k l y  decomposed t o  phosphorus (III/ 
V ) - o x i  des , P4O7-9, phosphorus suboxide, P40, and phospho- 
rus.  P406 r e a c t s  w i t h  donor and a c c e p t o r  compounds. The 
r e a c t i v i t y  i s  due t o  t h e  branched and t h r e e - f o l d  co-ord i -  
n a t e d  phosphorus atoms i n  the  P406 cage. 

1 

NUCLEOPHILIC DEGRADATION OF PAo6 

The h y d r o l y s i s  o f  P406 depends on t h e  mo la r  r a t i o  P406:H20 
as  shown i n  

'4'6 + 

'4'6 + 

nP406 + 

I n  t h i s  way 
a c i d  a r e  o f  

t h e  f o l l o w i n g  equa t ions :  

6H20 4H3P03 (1) 

4H20 2H4P 2'5 (2) 

2nH20 ( HP02 14n (3 1 
p repared  phosphorous a c i d  and  diphosphorous 
h i g h  p u r i t y .  The p o l y m e r i c  phosphorous ac id ,  

[ 153]/623 
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[ 15411624 U. SCHOLKE 

(HP02)n, i s  a m i x t u r e  o f  o l i gomers  t h e r m i c a l l y  uns tab le .  
The a l c o h o l y s i s  o f  P406 i s  a v i g o r o u s  r e a c t i o n ,  which l e a d s  
v i a  o l i g o m e r i c  e s t e r s  t o  an e q u i v a l e n t  m i x t u r e  o f  mono- 
and d i e s t e r s  (4). 

'4'6 + 6ROH 2(R0)2PH0 + 2ROPH(O)OH (4 )  

Amines r e a c t  i n  a s i m i l a r  way t o  an e q u i v a l e n t  m i x t u r e  o f  
mono- and diamides ( 5 )  

'4' 6 + 8R2NH 2(R2N)2PH0 + 2R2NPH(0)O-H2NR2+ ( 5 )  

ELECTROPHILIC DEGRADATION OF P406 

As i n d i c a t e d  by  'lP-NMR data t h e  e l e c t r o n i c  environment o f  
the  phosphorus atoms i n  t r i a l k y l p h o s p h i t e s  ( =128-142) 
and P406 ( 
expected, t h a t  P406 l i k e  t r i a l k y l p h o s p h i t e s  w i l l  be a t -  
tacked by e l e c t r o p h i l e s  as c a r b o n y l  compounds under  f o r -  
mat ion  o f  C-P bonds. 
I n  c o n t r a s t  w i t h  t r i a l k y l p h o s p h i t e  t h e  phosphorus atoms i n  
the  P406 cage a r e  branched by P-0-P bonds. Th is  r e s u l t  i n  

the  f o r m a t i o n  o f  p o l y m e r i c  i n t e r m e d i a t e s  i n  t h e  r e a c t i o n  
o f  P406 and c a r b o n y l  compounds c o n t a i n i n g  P-0-P and C-0-P 

bonds as shown f o r  t he  f i r s t  e l e c t r o p h i l i c  a t t a c k  o f  a 
ca rbony l  compound a t  t ho  P406 cage (6). 

=112) a r e  comparable. There fo re  i t  i s  n o t  un- 

Aldehydes: The r e a c t i o n  o f  a ldehydes w i t h  P406 i n  an i n e r t  
s o l v e n t  l eads  t o  condensed l -hydroxy-phosphonic  a c i d s  and, 
a f t e r  h y d r o l y s i s ,  t o  t h e  co r respond ing  monomers (7 )  . 
4RCHO + P406 + 6H20 4RCH( OH)PO3H2 ( 7  1 

R=H,COOH, Pheny1,Alkyl  C1-C5; y i e l d  70-98 % 
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PHOSPHONYLATION BY TETRAPHOSPHORUS HEXOXIDE [155]/625 

I n  Table I the  r e s u l t s  o f  the  phosphony la t i on  o f  benzal -  
dehyde w i t h  P406 and p h o s p h o w s  a c i d s  a r e  summerized. The 
y i e l d s  o f  l-hydroxy-l-phenyl-methane phosphonic a c i d  i n -  
d i c a t e  t h a t  p o l y m e r i c  phosphorous a c i d  i s  a l o  an u s e f u l  

phosphony la t i on  agent.  Fur thermore i t  i s  shown, t h a t  t h e  
y i e l d s  d i r e c t l y  depend on the  degree o f  p o l y m e r i s a t i o n  o f  

t h e  phosphorous ac ids .  

TABLE I Phosphony la t ion  o f  benzaldehyde by P406 and 
phosphorous a c i d s  

ca r b o n y l  phosphony la t i on  r e a c t i o n  y i e l d  
compound agen't c o n d i t i o n  -CH( HO)P03H2 

'4'6 d ioxane 95 % 
4( Hi'02 1 80 OC 83 % 

4 H3P03 32 % 

CHO 4 

H4P205 1 h  63 

Ketones: The r e a c t i o n  o f  ketones w i t h  P406 l e a d s  i n  h i g h  
y i e l d s  t o  l -hydroxy-phosphonic  a c i d s  and s t a r t i n g  f rom 

m e t  h y l o  rga n y l  ketones t o  v i n y l o  rga n y l  phosphonic  a c i d s  , 
CH2=C ( P03H2) R, 

Mono- and d i c a r b o x y l i c  a c i d s :  On  h e a t i n g  a m i x t u r e  o f  

ca r b o x y l i  c a c i  ds and P406 , 1- hydroxy-a lka  ne- 1 , 1- d i p  hospho- 
n i c  ac ids ,  RC(OH)(P03H2)2 R = a l k y l  C1-C170 y i e l d  70-98 % 
and d ihydroxya lkane te t raphosphon ic  a c i d s ,  ( H2O3P)*( HO)C 
(CH2)nC(OH)(P03H2)2 n=3-4; y i e l d  70-90 $$ a r e  formed, 
r e s p e c t i v e l y .  

C a r b o x y l i c  a c i d  amides, lactames: Amides o f  c a r b o x y l i c  
a c i d s  r e a c t  on h e a t i n g  w i t h  P406 under  f o r m a t i o n  o f  1- 
amino-alka ne- 1,l- d i p  hosphonic a c i  ds (8  ) 

2RCONH2 + P406 + 4H20 2RC ( NH2) ( P03H2 12 ( 3 )  
X=H, a l k y l  C1-C5; y i e l d  70-98 9; 

Formamide f i r s t  r e a c t s  w i t h  P406 t o  f o  rmamidornet hanediphos- 
phon ic  a c i d  ( 9 ) ,  which  i s  h y d r o l y s e d  i n  a l k a l i n e  s o l u t i o n  
t o  g i v e  aminornethanediphosphona te .  
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[ 15611626 U. SCHOLKE 

4HCONH2 + P406 + 2H20 2H2NCH=NCH(P03H2)2 (9  1 
y i e l d  98 $6 

Caprolactam and P406 r e a c t  t o  hexamethyleneimino-2,2-di- 
phosphonic ac id ,  y i e l d  90 g. 

S u b s t i t u t e d  c a r b o x y l i c  ac ids :  The phosphony la t ion  o f  ami- 
no ac ids ,  as g l y c i n e ,  and R-alanine, -aminocaproic 
a c i d  l eads  t o  amino-l-hydroxy-alkane-1, l - d iphosphon ic  

a c i d s  e.g. (10). 

2H2NCH2CH2COOH + P406 + 4H20 2H2NCH2CH2C(OH)(PO,H,)2 
y i e l d  70 % (10) 

Phosphonoecetic a c i d  f i r s t  r e a c t s  w i t h  P406 t o  l -hydroxy-  
e thano- l , l ,  2 - t r i phosphon ic  ac id ,  which i s  dehydrated and 
phosphonylated by P406 t o  ethane-1,182,2-tetraphosphonic 

ac id .  

Compounds w i t h  C=C double bonds: P406 i s  o n l y  a t t a c k e d  by 
a c t i v a t e d  C=C double bonds. Thus the  r e a c t i o n  o f  a c r y l i c  
a c i d  w i t h  P406 l e a d s  t o  3-phosphonoproionic a c i d  ( y i e l d  
95 9;) and, in a secondary r e a c t i o n  t o  l-hydroxy-propane- 
1,1,3-tr iphosphonic a c i d  ( y i e l d  70 Ss). 
Unsatura ted  aldehydes l i k e  a c r o l e i n  f i r s t  r e a c t  a t  t h e  
ca rbony l  group y i e l d i n g  u n s a t u r a t e d  hydroxyphosphonic 
a c i d s  and, i n  a secundary r e a c t i o n  a t  t h e  double bond 
y i e l d i n g  v i c ,  d iphosphonic  ac ids .  
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