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V.* PYROLYTIC TRANSFORMATIONS OF HEXAFLUOROISOBUTENYLIDENE 
SULFATE 
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When hexafluoroisobutenylidene sulfate is heated above 80~ hexafluorodimethylketene is 
l iberated and the inner anhydride of hexaf luoro-~-pyrosu l fo i sobutyr ic  acid (I) is formed.  
On s torage ,  anhydride I is spontaneously i somer ized  to hexafluoroisobutenylidene pyro -  
sulfate, which is converted to the mixed anhydride of pentaf luoromethacryl ic  and f luoro-  
pyrosulfonic acids on heating above 130 ~ for many hours .  On heating above 160 ~ I is de-  
carboxylated to give hexaf luoropropane-2,2-disul fonic  acid anhydride, which is inclined 
to i somer ize  to pentaf luoropropene-2-pyrosul fonyl  fluoride.  

It has been shown [2 ] that the sulfotrioxidation of hexafluorodimethylketene give s hexafluoroisobutenyl-  
idene sulfate, which exists  in the liquid state as an equilibrium mixture of the monomer  and d imer .  

When the preparat ion is diluted with iner t  solvents or when the liquid preparat ion is heated to  the 
boiling point (+49~ the equil ibrium is shifted to favor the monomer .  It seemed of in te res t  to study the 
behavior of hexafluoroisobutenylidene sulfate under conditions in which the tempera ture  exceeds the boi l -  
ing point; this problem is also d iscussed  in the p resen t  communicat ion.  

It was found that at 70-80 ~ (in a sealed ampul) hexafluoroisobutenylidene sulfate undergoes a number  
of t r ans fo rmat ions :  the F i9 NMR spec t ra  contains,  in addition to two previous signals of the monomer  
and dimer ,  other  singlets in the regions  of t r i f luoromethyl  and sulfonyl fluoride groups and a number  of 
mult iplets .  Moreover ,  the degree of convers ion of hexafluoroisobutenylidene sulfate inc reases  as the hea t -  
ing time inc reases ;  a s imi la r  pat tern is also observed under more  severe  tempera ture  conditions.  As a 
consequence,  it was found that pyrolys is  of hexafluoroisobutenylidene sulfate is accompanied by a number 
of secondary  p r o c e s s e s ,  as a resu l t  of which compounds of var ious s t ruc tu ra l  types are formed.  

The products  of p r i m a r y  pyrolyt ic  convers ion of hexafluoroisobutenylidene sulfate - hexaf luorodi-  
methylketene and the inner anhydride of hexaf luoro-~-pyrosu l fo i sobu tyr ic  acid (I) - could be isolated after  
b r ie f  heating of the prepara t ion  above 120 ~ in a sealed g lass  ampul.  The formation of these compounds 
is the resu l t  of "autosulfonation" of hexafluoroisobutenylidene sulfate;  the p rocess  can be represen ted  as 
in te rmolecular  in monomer  or  as in t ramolecu la r  in d imer .  
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*See [1] for communicat ion IV. 
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The c o r r ec tne s s  of these schemes  is apparent  f rom the following facts .  It is known that hexaf luoro-  
isobutenylidene sulfate is cha rac t e r i zed  by the ability to sulfotrioxidize metal  hal ides,  e the r s ,  amines [3], 
and even olefins [1]; in all cases ,  hexafluorodimethylketene is l ibera ted.  On the other  hand, hexaf luoroiso-  
butenylidene sulfate can be sulfonated; this is conf i rmed by react ion with f ree  sulfur  t r ioxide,  during which 
anhydride I is also fo rmed .  

CF~,. /O\ 
,,~C=C SO 9 +SO a ~ I cv~ % /  

The s t ruc tu re  of this compound was proved by F I9 NMR spec t roscopy  and the resu l t s  of alkaline 
hydro lys i s .  

w 

, * , ~ . - -  g~ § r176  �9 .~o, + s o V ,  ~. ,o 
COO 

On prolonged s torage,  anhydride I is i somer ized  to hexafluoroisobutenylidene pyrosulfate  (II). 

cF /  '~ - - so /  c~ /  ~ s o /  
II IV 
>130 

cCFF~/f~,C _COOSO,O S O, F C F 1 c~ ~C, SO=OSO2F 
III V 

The s t ruc tu re  of this compound is also conf i rmed by F 19 NMR spec t roscopy  and the resu l t s  of alkal-  
ine hydro lys i s .  

II -~- 6F'+CH2(COO-)2+ HCO~-+2SO42-+5H20 

S ix - me m bered  cycl ic  ketenal pyrosulfate  II is cons iderably  more  stable than f o u r - m e m b e r e d  hexa-  
f luoroisobutenylidene sulfate I. It does not form a d imer ,  and its pyrolyt ic  labili ty is manifested only on 
heating for  many hours  above 130~ in this case ,  there  is a new isomer iza t ion  to give the mixed anhydride 
(III) of pentafluoromethacrYlic and f luoropyrosulfonic acids.  Various chemica l  t rans format ions  - react ion 
with potass ium bifluoride and controllable alkaline and neutral  hydrolys is  - were  used to prove the s t r uc -  
ture of this compound. The isolated pentaf luoromethacrylyl  f luoride,  fl ,~ , f l - t r i f luoropropionic  acid, and 
its anhydride (VI, VII, and VIII) were  identified by g a s - l i q u i d  chromatography and F 19 NMR spec t roscopy.  

2F-- 4. CF3CH(COO-)2 + SO~" + FSO20-+ 3H20 7OH III KHF~ CF3\ �9 ~ ~ CF~C--CO F 

I H20 VI 

H20 SOCI 2 
CF3CH2COOH ~ CF3CH2COOSO2OH ~ (CFaCH2CO)20 

VII VIII 

If the p r i m a r y  product  of pyro lys i s  of hexafluoroisobutenylidene sulfate - anhydride I - is heated at 
160-180 ~ it undergoes  fu r the r  decomposit ion:  carbon dioxide is l iberated.  Moreover ,  the compound ini-  
t ia l ly formed is the unstable hexaf luoropropane-2,2-disulfonic  acid anhydride (IV), which spontaneously 
i somer i ze s  to pentaf luoropropene-2-pyrosul fonyl  f luoride (V) - re la t ive ly  slowly at room tempera tu re  and 
rapidly at 160 ~ . Fo r  proof  of the s t ruc ture  of these two i somer ic  compounds, their  alkaline hydrolys is  was 
analyzed.  

/SO20 

/SO20 
V + $OH ~ 2F + CF3CH~co~ + FSO~'+ 9 H20 

In addition, the s t ruc ture  of the l a t t e r  i somer  (the stable one) is conf i rmed by the F 19 NMI~ spec t rum and 
convers ion  of it  to fl ,/3 ,~ - t r i f luoro-~- f luorosu l fonylprop ion ic  acid. 
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TABLE 1. C h a r a c t e r i s t i c s  of the Isola ted  Compounds 

Comp. 

II 
I - -  

IV - -  
VI - -  
I l l  43 
V --  

VII 0 
V I I I  -- 

IX 55 

mp, 
*C 

* S y m b o l s :  

bp, 
*C 

121 
109 
142 
51 

105 
133 

153 
137 

I Found, equiv. 
- -  O H -  

I a?o n~,o ~ j w i t h  r e :  
s~eet to /speet to 
�9 phenolph-I Methyl [ 
tllalein IOrange I 

1,3541 7,95 I 6,94 ] 
1,362,' 7,03 6,98 

-- 4,93 4,83 
7,21 7,12 

I,~60 5,18 5,10 

- -  1 ,10 0,95 
2,15 1,92 
3,09 2,98 

F ~ 

5,90 ...... 
2,89 
3,03 
2,80 In 
2,14 rn 
2,09 - 144,0 s 

-23,4 m 
-3,7 m 

o,o -15,o t 
0,0 -12,2 t 
0,95 - 138,0 s 

-9,2 d 

F19 .NMR spectrum 
/ 

~*,ppm I l, Hz 

- -  15,2 s 
- -  14,8 s 
--13,8 s 

11,3 
22,6 
11,0 
8,0 

7,5 

s,  singlet;  d, doublet;  t, t r ip le t ;  m, mul t ip le t .  

I t . , .  1 . ,o v " I ? ) c - s o 2 - F / - -  cr c.< s~ 
\ C O 0  H 

Thus a chain of pyroly t ic  t r a n s f o r m a t i o n s  that  leads to a complex  mix tu re  of t h e r m o l y s i s  products  
is r e a l i z ed  when hexaf luoroisobutenyl idene sulfate  is heated.  

The phys ica l  p r o p e r t i e s  of the isola ted products  are  p resen ted  in Table 1. 

E X P E  R I M E  N T A L  

The F 19 NMR s p e c t r a  were  r eco rded  with a model  R-20 H i t a c h i - P e r k i n - E l m e r  s p e c t r o m e t e r  with a 
field in tens i ty  of 14,092 Gauss and an operat ing f requency of 56.456 MHz; 20% solutions of the p r e p a r a -  
tions in ca rbon  t e t rach lo r ide  (I, II, IV, and VI), in ace toni t r i le  (III, V. VIII,  and IX), or  in wa te r  (VII) were  
used .  The chemica l  shifts  (5, ex te rna l  standard) p resen ted  in Table 1 were  m e a s u r e d  re la t ive  to t r i f l u o r o -  
acet ic  acid.  

Inner  Anhydride of H e x a f l u o r o - ~ - p y r o s u l f o i s o b u t y r i c  Acid (I). A. A 25.6 g (0.1 mole) sample  of 
hexaf luoroisobutenyl idene  sulfate  was heated in a sea led  g lass  ampul at 120 * 5 ~ for  1 h. The contents  were  
then f rac t iona ted  to give 6.5 g (73%) of hexaf luorodimethylke tene  and 13.0 g (7?Yc) of I as a c o l o r l e s s  fum-  
ing liquid. Found,%: C 14.2; F 34.0; S 18.4. C4F607S 2, Calculated,%: C 14.2; F 33.7; S 18.8. 

/3. A mix tu re  of 8.0 g (0.1 mole) of f r e sh ly  dis t i l led sulfur  t r ioxide and 17.8 g (0.1 mole) of hexa -  
f luoroisobutenyl idene sulfate  was heated  in a s tee l  autoclave to 150 �9 5 ~ It was  then cooled' rap id ly  and 
dis t i l led to give 30.4 g (90%) of I. 

Hexaf luoroisobutenyl idene Pyrosu l f a t e  (II). Anhydride I was s to red  in a g lass  v e s s e l  at  r oom t e m -  
pe ra tu re  for  4-5 days .  Frac t ionat ton  gave II (87eta) as a c o l o r l e s s  fuming liquid. Found,%: C 14.1: F 33.9, 
S 18.6. C~FGOTS 2. Calculated,%: C 14.2; F 33.7; S 18.8. 

Mixed Anhydride (III) of pen t a f l uo rome thac ry l i c  and Fluoropyrosul fonic  Acids .  Pyrosu l fa t e  II was 
heated in a sea led  g lass  ampul  at 130-140 ~ for  10-12 h. Subsequent f ract ionat ion gave III (62%) as white 
low-mel t ing  c r y s t a l s .  Found,%: C 14.5; F 34.0; S 18.4. C4F607S 2. Calculated,%: C 1 4 2 ;  F 33.7; S 18.8. 

A solution of 16.9 g (0.05 mole) of anhydride III in 30 ml  of d ry  chlorobenzene was added s lowly 
dropwise  to 7.8 g (0.1 mole) of po t a s s ium bif luoride.  Dist i l lat ion of the mix ture  yielded 11.7 g (76%) of 
pen ta f luo romethac ry ly l  f luoride,  which was identified f rom its physical  p r o p e r t i e s  [4], by GLC, f r o m  its 
LR s p e c t r u m  (yC= C 1700 c m  - l ,  UC= 0 1835 c m - l ) ,  and f rom the r e su l t s  of alkaline hyd ro ly s i s .  

Hydrochlor ic  acid (sp. g r .  1.19) was added s lowly dropwise to 33.8 g (0.1 mole) of anhydride III, 
during which the fo rmat ion  of a c rys ta l l ine  subs tance  was observed;  the r eac t ion  was stopped when the 
c r y s t a l s  began to d i sso lve .  F i l t ra t ion  on a g l a s s  f i l t e r  yielded 11.0 g (53%) of c rys ta l l ine  /3 ,/3 ,/3 - t r i f l u o r o -  
propionylsu l fur ic  acid (alkali equivalents  found 3.03). The product  was dis t i l led,  and the f rac t ion  with bp 
60-80 ~ (50 mm) was se lec ted;  re f rac t iona t ion  yielded 4.1 g (32%) of/3 ,/3 , /3- t r i f luoropropionic  acid.  Found,%: 
C 27.7; H 2.9; F 43.8. C3H3F302. Calculated,%: C 28.2; H 2.4; F 44.5. 
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An 11.9 g (0.1 mole) sample of thionyl chloride was added slowly dropwise to a mixture  of 10.5 g 
(0.05 mole) of f i , f l , /~-tr if luoropropionylsulfuric acid and 3.7 g (0.05 mole) of potassium chlor ide .  F r a c -  
tionation of the mixture  yielded 4.0 g (67~) of fi,/~,/~-trifluoropropionic anhydride,  which was identified by 
GLC, F 19 NMR, and a lka l imet ry .  

t texaf luoropropane-2,2 ' -d isul fonic  Acid Anhydride (IV). A 33.8 g sample of I was heated to 180" in 
a s tee l  autoclave, af ter  which the contents were rapidly cooled to room tempera tu re  and dist i l led to give 
26.1 g (89%) of IV as a fuming liquid with l ight -green  opalescence.  Found,%: C 12.5; F 38.2; S 21.3. 
C3F605S 2. Calculated,%: C 12.1; F 38.8; S 21.8. 

Penta f luoropropene ,2-pyrosu l fonyl  Fluoride (V). Anhydride IV was heated at 160" for 10 h. F r a c -  
tionation yielded V (84%) as a l ight-green liquid. Found,~c: C 12.4; F 38.5; S 21.9. C3F~OsS 2. Calculated,S:  
C 122 ;  F 38.8; S 21.8. 

A 14.5 g sample of V, cooled to 0 ~ was added with shaking to 3.5 g of potass ium bif luoride.  Subse-  
quent dist i l lat ion yielded a f ract ion passing over  at 50-75" (7.0 g). This f ract ion was dissolved in 10 ml of 
ch loroform,  and 1 ml of water  was added to the solution at 60". Cooling of the solution to 0" gave a p r e -  
cipitate which, on workup, gave 5.9 g (69%) of /~ ,~ ,/~ - t r i f l uo ro -  ~-f luorosulfonylpropionic  acid as white 
p r i sm-shaped  c rys t a l s  with mp 55". Found,%: C 17.4; H 1.2; F 36.6; S 15.0. C3H2F404S. Calculated,S:  
C 17A; H 1.0; F 36.3; S 15.2. 

Alkal imetry .  A weighed sample (0.03-0.06 g) of the prepara t ion  was dissolved in 10-20 ml of 0.1 N 
potassium hydroxide,  and the solution was then allowed to stand 10-15 min. The excess  alkali  was then 
t i t ra ted  with 0.1 N hydrochlor ic  acid, init ially with r e sp ec t  to phenolphthalein and then, with alkali,  with 
r e spec t  to Methyl Orange. The fluoride ion content in the alkaline hydrolyzate  was de termined  by a thor io-  
met r ic  method. The analyt ical  resul t s  are  p resen ted  in Table 1. 
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