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It is known that the reaction of tetrafluoroethane-~-sultone (I) with H2SO 4 gives FSO3H and the labile 
trifluorovinylsulfuric acid, which decomposes at 50~ into FSO3H and the difluoro ketone [i], which in turn 
decomposes rapidly to give CO and tetrafluoroethylene [I, 2] 

so~ 
/ \ o 

CF~ 0 ~ H~S04--~-* FSO~OH -[- CFs=CFOS0~OH 
\CF~ / 5o ~ 

(I) FSO~OH -I- CF2=C=O 

The latter when reacted with SO 3 is easily converted to (D [3, 4]. In view of what has been said it is logical 

to assume that the following processes can be realized: 

+ 2H~S04 ---~ 4FSO~OH + 2C0 (I) § 803 ~o~ 
5 0  ~ 

CF~=CF2 + 2H~S~O~ ---* 4FSO20H q- 2C0 

A desc r ip t ion  of  such r e a c t i o n s  is the subjec t  of the p r e s e n t  communica t ion .  

It p roved  that  CO is evolved  when a solut ion of (I) in 30% oleum is heated  above 20 ~ the amount  of 
which r e a c h e s  the t he o re t i c a l  amount  when a m ix tu r e  with the compos i t ion  (I) : SO 3 : H2SO 4 = 1 : 1 : 2 is 
heated  up to 50 ~ FSO3H was  i so la ted  in over  90% yie ld  wher~ the r e s idue  was  f r ac t iona l ly  dis t i l led.  

The second  p r o c e s s ,  b a s e d  on the use  of t e t r a f luo roe thy lene ,  a r o u s e s  much  m o r e  in t e res t .  The 
p a s s a g e  of this  compound th rough  p y r o s u l f u r i c  acid (50% oleum),  heated up to 50 ~ r e su l t s  in the quant i -  
ta t ive  evolnLion of  CO and the f o r m a t i o n  of ana ly t i ca l ly  pure  FSO3H, which makes  it poss ib le  to r e g a r d  this  
r e a c t i o n  as a me thod  for  the p r e p a r a t i o n  of FSOaH. 

P r e v i o u s l y  it was  shown that  the r e a c t i o n  of (~ -hydrohexaf luoro i sobu ty r i c  acid (H) with SO 3 gives  the 
s table  ~ - h y d r o h e x a f l u o r o i s o b u t y r y l s u l f u r i c  ac id  (HI), the h y d r o l y s i s  of which leads  to the s table  hexa f luo ro -  
d imethy lke tene  (IV) [5]. In l ike m a n n e r ,  the r e a c t i o n  of  a - h y d r o t e t r a f l u o r o p r o p i o n y l  f luorosu l fa te  (V) with 
SO a gives  the labi le  t r i f l u o r o m e t h y l f l u o r o  ketone (VI), which was  i so la ted  as  the i s o m e r i c  t r i f l u o r o a c r y l o y l  
f luor ide  [6] 

20  ~ 150  ~ 

(CF~)~CHCOOH -{- SOa--~ (CFs)2CHCOOSO20H ---* (CFa)2C=C=O ~- H~S04 
(II) (IID [(IV) 

[ os o ,F  ] 
'~176176 / z -  cF,c '=o=o + F o oso,o,-, CF~CHFCOOSO,~F -t'- S O s - - ~  

(v) L \OS0~OHJ [(vI) 

The f o r m a t i o n  of these  f l uo r ine - con t a in ing  ke tones  f r o m  the de r iva t ives  of a - h y d r o p o l y f l u o r o c a r -  
boxyl ic  ac ids  is undoubtedly  a s s o c i a t e d  with the r e l a t ive  labi l i ty  of  the o ~ - C - H  bond. It is poss ib l e  to 
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a s sume  that the s imples t  homolog of these  acids,  namely  dif luoroacet ic  acid, is capable of reac t ing  in a 
s imi l a r  manner  to give the unstable dif luoroketene,  which on decomposi t ion gives CO and te t ra f luoroe thy l -  
ene (or te t raf luoroethane-f i -su l tone  or  FSO3H). 

Actually,  an exothermic  reac t ion  is obse rved  when dif luoroacet ic  acid is mixed with SO 3 in a 1 : 2 
rat io ,  which is accompanied by the evolution of CO and te t raf luoroethylene  (GLC), and the format ion  of 
FSO3H (nitrone test) .  

A s im i l a r  resu l t  is a lso achieved by running the p r o c e s s  in an autoclave.  It is c l ea r  that this p r o -  
cess  is mul t i s tep ,  and that one of the in te rmedia te  products  is difluoroketene,  which is probably  fo rmed  
by the decomposi t ion of the unstable  d i f luoroe thyl idene-b is -su l fur ic  acid (cf. above). 

CHF~COOH -b 2SOs ~p_0~ [CF~=C(OSO2OH)~I ~_0- 2~SOag ~- 2C0 

As a resul t ,  the end product  of the reac t ion  of dif luoroacet ic  acid, dif luoroketene,  t e t ra f luoroe thy l -  
ene, and te t raf luoroethane-f i -su l tone  (under the appropr ia te  conditions) with SO 3 is FSO3H, the yield of 
which is l imi ted mainly  by the amount of dif luoromethylene groups in the s ta r t ing  compound. It is poss ible  
to a s sume  that this p roces s  is also typical  for  other  compounds,  in which the dif luoromethylene group is 
connected by e i ther  a single or  a double bond to a monatomic  carbon grouping. 

EXPERIMENTAL METHOD 

Reaction of Tetrafluoroethane-/3-sultone with Oleum. To a stirred solution of 4.0 g of SO 3 in 9.8 g 
of 100% H2SO 4 at ~20 ~ was slowly added 9.0 g of tetrafluoroethane-fi-sultone in drops; here slight heat 
evolution was observed and the formation of a homogeneous viscous mass. Subsequent slow heating from 
20 to 50 ~ in an hour resulted in the evolution of 2.0 liters (89%) of CO (GLC and test with PdCI2). The 
residue was fractionally distilled to give 18.2 g (91%) of FSO3H. 

Reaction of Tetrafluoroethylene with Pyrosulfuric Acid. In a Teflon reactor, equipped with a drop- 
ping funnel, a gas-inlet tube and a reflux condenser, was placed 96.0 g of 100% H2SO 4. With cooling in an 
ice-salt mixture, 80.0 g of freshly-distilled SO 3 was slowly added in drops. Then 12 liters of dry tetra- 
fluoroethylene was passed in at 50 ~ at such a rate as to assure its complete solution (10-20 ml/min). Here 
22.5 liters of CO was evolved. The residue represented 200 g (100%) of colorless analytically pure FSO3H. 

Reaction of Difluoroacetic Acid with SO 3. To 9.6 g of difluoroacetie acid at 40-50 ~ was slowly added 
(in 2-2.5 h) 16.0 g of SO 3 in drops. Here 18 liters of CO was evolved. Fractional distillation of the resi- 
due gave 14.8 g (74%) of FSO3H. 

A mixture of the same reactants was heated in a steel autoclave at 40-50 ~ for 2 h. Here we collected 
21 liters of CO and obtained 16.2 g (81%) of FSO3H. 

CONCLUSIONS 

i. The reaction of tetrafluoroethylene with pyrosulfuric acid leads to the quantitative formation of 
analytically-pure fluorosulfonic acid. 

2. The reaction of difluoroacetic acid with sulfur trioxide leads to the formation of carbon monoxide 
and fluorosulfonic acid. 
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