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FLUORINATED MONO AND SPIROCYCLIC A5u5P AND A5u6P DERIVATIVES 

OF (H0)3-nH,P0 (n=  0-3) 

RAINER BOHLEN AND GERD-VOLKER R~SCHENTHALER” 
F a c h b e r e i c h  2 d e r  U n i v e r s i t a t ,  L e o b e n e r  S t r a R e ,  D-2800 Brernen, 

F e d e r a l  R e p u b l i c  o f  Germany 

The  p r o p e r t i e s  of PF5, HPF4, H2PF3, a n d  H3PF2 ( A  5 5  u P d e r i v a t i v e s  

of (H0)3P0,  (H0)2HP0, (HO)H2P0, a n d  o f  t h e  h y p o t h e t i c  H3PO) and  t h e  

f o r m a t i o n  of t h e  r e l a t e d  A u P a n i o n s  PF6 , HPF5 , a n d  t r a n s 4  PF 

have  been  s t u d i e d  some years a g o  . The mono a n d  s p i r o c y c l i c  d i o x a  

and  t e t r a o x a  a n a l o g u e s ,  1 a n d  2 a v a i l a b l e  f r o m  t h e  c o r r e s p o n d i n g  

p r e c u r s o r  p h o s p h o r a n e s  by f l u o r i d e  a d d i t i o n  c o u l d  b e  f o u n d  a l s o  as  

p r o d u c t s  i n  t h e  r e a c t i o n  o f  p h o s p h i t e  s5 a n d  Kt(CF3)2CFO- t o g e t h e r  

w i t h  two o t h e r  p h o s p h a t e s ,  4 a n d  2. A 19F-19F h o m o c o r r e l a t e d  2 D 

NMR s p e c t r u m  o f  2 i n d i c a t e d  c o u p l i n g  of t h e  P-F f l u o r i n e  n u c l e i  w i t h  

two CF 

- - - 5 6  
2 4  

1-4 

g r o u p s  by a non bond mechan i sm.  3 
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The monocyclic trifluoroph~sphorane~ F3P OC(CF 3 2  ) C(CF3)20 was 

hydrogenated using Me3SiH to yield hydrophosphorane 6. The spiro- 
cyclic tetraoxa(hydro)phosphoranes, I, S,  and 9 were obtained when 
NH4 HOC(CF3)2C(CF3)20 was made to react with various cyclic 
chlorophosphites, e. g. C1P OC(CF,),C(CF,),O 6, C1P(OCH2CH20), and 
C1P(OCH2CH2CH20). Compound 9 is the first stable f ive-six membered 
spiro(hydro)phosphorane. 

- + 

7 6 - - 

H 

In the case of hydrophosphorane 10, formed from Ph2Pc1 and - Et3NH+ HOC(CF3)2C(CF3)20 
bipyramide could be established by x-ray structure determination. 
Trimethylamine converted 6 into 3 and anion 2. Compound 12 was 
obtained from fluoride addition to hydrophosphorane 1 in a mixture 
with 2 and phosphoranide 13, which shows a considerable large 
difference in the two P-0 

hydrogen positioned axial in a trigonal 

bond lengths in the solid state. ax 

10 - 11 - 12 - 
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Compound 13 i s  a good n u c l e o p h i l e ,  e. g. 

phosphorane s u l f i d e  p r e c u r s o r  f o r  t h e  c o r r e s p o n d i n g  a c i d  14 and 

t h e  c h l o r o s u l f i d e  15. 

s u l f u r  r e a c t e d  t o  g i v e  a 

- 
( C F 3 ) z  ( C  F 3 l 2  

O q  ( cF3)2 [ l p ; 3 ) 2  ] HS- 0 9 ( c F 3 1 2  P, I /o C I  s- ' P, /o 
I 0  'J ( c F 3 ) 2  OJ ( CF 312 

( C F 3 I 2  
O> ( ~ ~ 3 1 2  

( C F  312 ( C F 3 ) 2  

15 13 - 14 - - 

Dihydrophospho-rane 16 p r o d u c t  of t h e  hydrogena t ion  of 5 w i t h  

Me,SnH gave t h e  phospha te s  17, 2 and o t h e r  s p e c i e s  upon t r e a t i n g  

16 
L 17 - 

- 

+ .... 

Trihydrophosphorane 19 was g e n e r a t e d  i n  s o l u t i o n  from 16 and 

Me SnH. A s low decomposi t ion i n t o  (PH)x and p e r f l u o r o p i n a c o l  was 

observed.  
3 
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The hydrophosphoranes 6, 16, and 19 exhibited a remarkable 
thermal stability with 
They can be considered hydrogen transfer reagents. The mechanism for 
the formation of A 0 P phosphates will be discussed as well as 
possible geometrical isomers. The direct P-H coupling constants give 
insight into the degree of s-bond charcter of the bond in question. 

the acyclic species HPF4, H2PF3, and H 3 PF 2' 

5 6  
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