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SYNTHESIS AND R E A C T I V I T Y  OF FLUORO(0RGANYL)PHOSPHANES 

LOTHAR RIESEL AND JURGEN HAENEL 
H u m b o l d t - U n i v e r s i t a t  z u  B e r l i n ,  S e k t i o n  Chemie ,  G . D . R  

A b s t r a c t  A new m e t h o d  f o r  p r o d u c i n g  f l u o r o ( o r g a n y 1 )  
p h o s p h a n e s  i s  p r e s e n t e d .  They a r e  p r e p a r e d  b y  C l / F -  
e x c h a n g e  f r o m  t h e  c o r r e s p o n d i n g  c h l o r o  compounds u s i n g  
E t  N.nHF a s  a f l u o r i n a t i n g  a g e n t .  Phosphanyl f l u o r o p h o s -  
p h a r a n e s ,  R P-PR F a r e  f o u n d  t o  b e  i n t e r m e d i a t e s  o f  
t h e  d i s p r o p & r t i o $ a ? i o n  o f  fluoro(diorgany1)phosphanes. 
R P F  r e a c t  w i t h  a l d e h y d e s  t o  f o r m  p h o s p h i n i t o  p h o s p h o -  
r i n e s ,  R PF -CHR'-OPR2. O x a p h o s p h o l e n e s  a r e  f o r m e d  i n  
t h e i r  r e i c t 8 o n  w i t h  a , D - u n s a t u r a t e d  a l d e h y d e s .  Fu r the r -  
m o r e ,  t h e  r e a c t i o n s  w i th  1 . 2 - d i k e t o n e 5 ,  c a r b o x y l i c  a c i d  
d e r i v a t i v e s ,  a n d  c o v a l e n t  a z i d e s  a r e  d e s c r i b e d .  

I N T R O D U C T I O N  

So f a r  t h e  c h e m i s t r y  o f  fluoro(organyl)phosphanes, R2PF a n d  

RPF2, h a s  b e e n  w i d e l y  unknown c a u s e d  b y  t h e  c o n s i d e r a b l e  d i f -  

f i c u l t i e s  i n  p r e p a r i n g  t h e s e  s u b s t a n c e s  a s  w e l l  a s  b y  t h e i r  

l o w  s t a b i l i t y .  E s p e c i a l l y  t h e  a l k y l  d e r i v a t i v e s  show a h i g h  

t e n d e n c y  t o  u n d e r g o  d i s p r o p o r t i o n a t i o n  a n d  r e d u c t i o n  r e a c -  

t i o n s  ( e q s .  1 - 3 ) .  

3 R2PF - R2PF3 + R2P-PR2 (1)  
2 RPF2 - RPF4 + l / n  (RP), (2) 
R3-,PFn + 2 / 3  SbF3 - R 3 - n P F n + 2  + 2 / 3  Sb ( 3 )  

T h e r e f o r e ,  fluoro(organyl)phosphanes, R3--,PFn ( n  = 1, 21, 
u s u a l l y  c a n n o t  b e  p r o d u c e d  f r o m  t h e  c o r r e s p o n d i n g  c h l o r o -  

p h o s p h a n e s  u s i n g  t h e  common f l u o r i n a t i n g  a g e n t s .  

P R E P A R A T I O N  

I n  c o n n e c t i o n  w i t h  o u r  s t u d i e s  o n  t h e  a p p l i c a t i o n  of Et3N.nHF 

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

a new v e r y  c o n v e n i e n t  m e t h o d  for p r e p a r i n g  f l u o r o ( o r g a n y 1 ) -  
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216 L .  RIESEL AND J .  HAENEL 

phosphanes (eq .  4 ) .  

R 3 - x  PC1, + x Et3NHF , R 3 - x  PF x + x E t 3 N H C 1  ( 4 )  Et,N 

( x  = 1, 2 ;  R = n-Bu, t -Bu ,  Ph, MeOC6H4, a . o . 1  

A p p l y i n g  t h i s  p r o c e s s  i t  i s ,  however,  e x t r e m e l y  i m p o r t a n t  t o  

use a b a s i c  f l u o r i n a t i n g  agent  ( n < l ) .  N e i t h e r  t h e  n e u t r a l  

no r  t h e  a c i d  c o m p o s i t i o n  (n  5 1) o f  t h e  f l u o r i n a t i n g  agent  
l e a d s  t o  t h e  f o r m a t i o n  o f  fluoro(organy1)phosphanes. Depen- 

d i n g  on t h e  r e a c t i o n  c o n d i t i o n s  d i s p r o p o r t i o n a t i o n  p r o d u c t s ,  

hydridofluorophosphoranes, RPHF3,  or h y d r i d o f l u o r o p h o s p h a -  

t e s ,  R P H F 4 - ,  r e s p . ,  a r e  o b t a i n e d .  

R E A C T I O N  B E H A V I O U R  

The d i s p r o p o r t i o n a t i o n  o f  fluoro(organy1)phosphanes i s  c a t a -  

l y z e d  by a c i d s .  I t  can be suppressed by a d d i n g  E t 3 N .  Phos- 
p h a n y l  d i f  l uo rophosphoranes ,  R2P-PR2F2  (R = Ph, n-Bu), were 

d e t e c t e d  by n . m . r .  s p e c t r o s c o p y  as i n t e r m e d i a t e  p r o d u c t s  of  

t h e  d i s p r o p o r t i o n a t i o n  o f  R 2 P F .  These phosphanyl  phosphora- 

nes r e a c t  w i t h  unchanged R2PF e x i s t i n g  i n  e q u i l i b r i u m  w i t h  

t h e  i n t e r m e d i a t e  t o  t h e  obse rved  f i n a l  p r o d u c t s  R2PF3 and 
R 2 P - P R 2 .  1 

Concluded f rom t h i s  knowledge on t h e  d i s p r o p o r t i o n a t i o n  

i t  has t o  be supposed t h a t  t h e  r e a c t i o n  b e h a v i o u r  o f  f l u o r o -  

(organy1)phosphanes i s  d e c i s i v e l y  d e t e r m i n e d  by t h e  d u a l  

n a t u r e  o f  t h e  phosphorus atom, i. e .  by i t s  n u c l e o p h i l i c  as 

w e l l  as e l e c t r o p h i l i c  c h a r a c t e r .  

T h i s  d u a l  n a t u r e  i s  e s p e c i a l l y  c l e a r l y  r e f l e c t e d  i n  
t h e  i n t e r a c t i o n  o f  f luoro(organy1)phosphanes w i t h  a ldehydes .  

R2PF r e a c t  w i th  v a r i o u s  a ldehydes  i n  l i k e  manner f o r m i n g  

p h o s p h i n i t o  phosphoranes (eq .  5). 

2 R2PF + R ' C H O  - R 2 P F 2 - C H R ' - O P R 2  (5) 
( R  = Bu, Ph; R '  Ph, s u b s t .  a r y l ,  t h i o p h e n e ,  E t ,  
i - P r ,  Ph-CH=CH, CH2=CH)  

The r e a c t i o n  r a t e  i n c r e a s e s  b o t h  w i t h  t h e  n u c l e o p h i l i c  po- 

wer o f  t h e  phosphane and t h e  r e a c t i v i t y  o f  t h e  c a r b o n y l  

compound. The m o l e c u l a r  s t r u c t u r e  o f  t h e  r e a c t i o n  p r o d u c t s  
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was d e r i v e d  f r o m  n . m . r .  d a t a  and has  been p r o v e d  b y  X - ray  

s t r u c t u r e  a n a l y s i s  o f  t h e  p r o d u c t  of Ph2PF with piperonal. 

t h e s e  p h o s p h i n i t o  phosphoranes  by  i n s e r t i n g  t h e  c a r b o n y l  

compound i n t o  t h e  P-P-bond o f  t h e  p h o s p h a n y l  phosphoranes  

a p p e a r i n g  as  i n t e r m e d i a t e s  o f  t h e  d i s p r o p o r t i o n a t i o n  o f  

fluoro(diorgany1)phosphanes. However ,  e x p e r i m e n t s  w i t h  

2 

I n  a r e c e n t  p u b l i c a t i o n 2  we e x p l a i n e d  t h e  f o r m a t i o n  o f  

n-Bu2P-PF2(n-BuI2 as w e l l  as c r o s s i n g  e x p e r i m e n t s  w i t h  e q u i -  

m o l a r  m i x t u r e s  o f  two  phosphanes (Ph2PF and n-Bu2PF) showed 
t h a t  t h e  r e a c t i o n  w i l l  o c c u r  be tween  t h e  a l d e h y d e  and t h e  

monomer ic  f l u o r o p h o s p h a n e .  T r e a t i n g  n-Bu2P-PF2(n-Bu)2 w i t h  
a l d e h y d e s  does  n o t  y i e l d  p h o s p h i n i t o  phosphoranes  and t h e  

c r o s s i n g  e x p e r i m e n t  y i e l d e d  n-Bu2PF2-CHRI-OPPh2 as  m a i n  

p r o d u c t  and o n l y  s m a l l  amounts o f  n-Bu2PF2-CHR'-OP(n-Bu)2 

( m o l a r  r a t i o  4 : 1). 
P h o s p h i n i t o  phosphoranes  a r e  t h e r m i c a l l y  f a i r l y  s t a b l e .  

M i c h a e l i s - A r b u s o v  r e a r r a n g e m e n t  i n t o  R2PF2-CHR'-P(0)R2 h a s  

o n l y  been o b s e r v e d  i n  t h e  c a s e s  o f  R '  = t h i o p h e n e  and PhCH=CH 

The  p h o s p h i n i t o  phosphorus  a tom can  e a s i l y  be o x i d i z e d  b y  

s u l f u r  and by  c o v a l e n t  a z i d e s  y i e l d i n g  t h i o  or i m i d o  d e r i -  

v a t i v e s ,  r e s p . ,  R 2 P F 2 - C H R ' - O P ( X ) R 2  ( X  = S ,  N R " ) .  A t t e m p t s  

t o  m o d i f y  t h e  phosphorus (V)  p a r t  o f  t h e  p h o s p h i n i t o  phos -  

pho ranes  by  r e p l a c e m e n t  r e a c t i o n s  or e l i m i n a t i o n  o f  HF f a i -  

l e d .  A lways  c l e a v a g e  o f  t h e  PCOP-br idge was o b s e r v e d .  

I n  c o m p a r i s o n  w i t h  s a t u r a t e d  a l d e h y d e s  t h e  r e a c t i o n  o f  

fluoro(diorgany1)phosphanes w i t h  c i , f l - u n s a t u r a t e d  a l d e h y d e s ,  

R ' C H = C H - C H O  ( R '  = Ph, H ) ,  i s  more r a p i d .  However ,  i n  compe- 

t i t i o n  w i t h  r e a c t i o n  ( 5 )  1 . 4 - c y c l o a d d i t i o n  i s  o b s e r v e d .  

F H  
R 2 P F  + R ' - C H = C H - C H O  - [>b4A,R' ( 6 )  

( R  = n-Bu,  Ph; R '  = Ph, H )  k> 
The e x t e n t  o f  t h i s  c o m p e t i t i v e  r e a c t i o n  depends o n  t h e  e l e c -  

t r o n i c  n a t u r e  o f  t h e  r e a c t a n t s .  By u s i n g  a c r o l e i n  or n-Bu2PF 

oxaphospholenes a r e  a l r e a d y  t h e  m a i n  p r o d u c t s .  

R2PF d o n ' t  r e a c t  w i t h  c a r b o n y l  compounds p o s s e s s i n g  a 
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218 L. RIESEL AND J .  HAENEL 

less carbonyl activity than aldehydes. Even strongly acti- 
vated ketones don't undergo a reaction with fluorophospha- 
nes. 1.2-diketones, however, react by 1.4-cycloaddition 
forming dioxaphospholenes. 

Carboxylic acid chlorides react with R2PF under Cl/F- 
exchange. In the case of  strong nucleophilic phosphanes, 
however, this exchange reaction is followed by an addition 
of the primarily formed carboxylic acid fluoride to the 
phosphane (eq. 7 )  yielding a c y l d i f l u o r o p h o s p h o r a n e s .  

R2PF + R'-C(0)F - R2F2P-C(0)R' ( 7 )  
(R' = Ph, Me; R = Ph, n-Bu) 

The less nucleophilic difluoro(organyl)phosphanes, 
RPF2, don't undergo similar reactions with aldehydes and 
other carbonyl compounds. PhPF2 only reacts with benzil and 
isoprene forming cycloaddition products: 

Both types of fluoro(organy1)phosphanes undergo the 
5 Staudinger reaction with aryl azides. Fluoro-h -monophos- 

phazenes o r  f l u o r o d i a z a d i p h o s p h e t i d i n e s  are formed (eq. 8 )  

Whereas difluoro(organy1)phosphanes preferably form diaza- 
diphosphetidines, fluoro(diorgany1)phosphanes only form mo- 
nophosphazenes. In solution the diazadiphosphetidines dis- 
sociate into the monomeric phosphazenes. 
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