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A Novel  Fluorinat ion Reaction: 
The  Interaction of Perchloryl  Fluoride with 

Active Methylene C o m p o u n d s  

W h e n  perchloryl  f luoride (PF) gas is bubbled  through 
a solut ion of an  ac t ive  m e t h y l e n e  compound  in the 
presence of a base, f luor inat ion occurs. The  overal l  reac- 
t ion  m a y  be represented  as follows: 

/ A  NaOC'H5 I / A ]  / A  
F -  C103+ CH 2 1, FCH l* F2C + C10~ 

The  solvents  employed  have  been e i ther  e thanol  or  
ether,  and the  usual  bases used were e i ther  sodium 
e thox ide  or  sodium metal .  In  the  presence of sufficient 
base all the  avai lable  ac t ive  hydrogens  are replaced. For  
example ,  react ion of P F  wi th  d ie thyl  malona te  in the 
presence of 1 mole  of sodium e thoxide  in e thanol  affords 
50% unreac ted  ma lona te  and 50% die thyldi f luoromalo-  
sa t e .  

Three  types  of anions h a v e  been employed  in this 

nucleophil ie  d i sp lacement  on ha logen:  

(1) ~ C ® :  W i t h  carbanions  reac t ion  is as described 
% 

/ 

above,  when A and  B are  both of the  t y p e  C = X  or -- C-----X. 
W h e n  on ly  one such group is present  o the r  reactions,  e. g. 
ox ida t ion  or  coupling,  supercede f luorinat ion.  

(2) - - S O :  (or > S): W i t h  e i ther  th iophenoxide  ion, or  
th iopheno l  itsetf, in e i ther  e therea l  or  e thanol  solution,  
P F  affords d iphenyl  disulfide. 

( 3 ) - - O ° :  W i t h  sod ium e thox ide  in ethanol ,  P F  
affords d ie thy l  e ther  and sodium perchlorate .  W i t h  so- 
d i u m  t r i f luore thoxide  in t r i f luorethanol ,  P F  yields so- 
d i u m  fluoride and t r i f luore thyl  perchlora te  (I). When  (I) 
is t r e a t e d  wi th  base, sodium chlorate is formed and the 

CFsCH~OC103 

(i) 

organic  residue is oxidized. The  ox ida t ion  product  has 
no t  ye t  been identified.  

I t  seems possible t h a t  as the  anionic funct ional  a tom is 
va r ied  its nucleophi l ic i ty  towards  halogen would change 
and  hence several  mechanisms m a y  be opera t ive  wi thin  
the  above  g a m u t  of reactions.  One such mechan ism ap- 
pears  to be t he  di rect  heterolysis  of P F  for (example wi th  
o x y a n i o n  bases). 

CFnCH20® + FC1On- -~ CFnCHzOC103+ F - . . .  M o d e A  

W i t h  carbanions  a s imilar  sequence is possible, for 
example :  

A\ A\ 
CH O + F--C10 z --  • CH--C103+ FO. . .  

B /  B / 
Step I 

, IA ] JA CH--C1Oa+ F ® -- F ' . . C H . . .  C103 --~ F - - C H  + C10~. . .  

/ t \B B B 

Step I I  

This  appears  unl ikely however ,  as in the  presence  of  
bases more  nucleophil ic  towards  carbon  I t h a n  fluoride,  
for example  ethoxide,  or  chloride,  ions, none of t he  an t i -  
cipated compet i t ion  wi th  Step I I  is realized.  The  
heterolysis of P F  m a y  then  t a k e  place in a d i f ferent  
manner ,  for instance:  

I 1 
CH®+F- -CIO  0 ~ ~ • 

(u) 

I 
/c=x 

• F - - C H  Mode B 

\c=v 
1 

The essential  pos tu la te  in Mode B is a one-s tep  fluori-  
na t ion  process. The  possibi l i ty exists,  based on the  t y p e  
of compounds,  which P F  fluorinates,  t h a t  reac t ion  m a y  
proceed th rough  some form of complex  such as I I .  De- 
cision be tween  Mode A and Mode B f rom the  phys ica l  
s t ruc ture  of P F  is no t  possible, a priori, as dipole  mo-  
ment  and o ther  physical  s tudies ~, shows P F  is ne i the r  
I I I  nor I V bu t  is essent ial ly e lec t ros ta t ica l ly  balanced.  

O - 0 +  O + 0 -  
F -  CIO a F -  C103 

(In) (IV) 

This work  will be publ ished in fuller de ta i l  e lsewhere.  
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Zusammen/assung 

Die Reak t ion  yon  Perch lory l  F luor id  (PF) mi t  Anionen  
wurde untersucht .  E ine  leichte Dif luor ierung l a n d  
s t a t t  m i t  Carbanionen v o m  Typus  o C H  (C = X)2. Mecha-  
n ismen fiir die verschiedenen Hete ro lysen  yon  P F  wer-  
den  vorgeschlagen.  
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