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Depending on the conditions, a -hydrohexa f luo ro i sobu ty r i c  anhydride,  hexaf luorodimethyl -  
ketene,  or  hexafluoroisobutenyltdene sulfate is fo rmed  i n  the sulfotr ioxidat ion of a - h y d r o -  
hexaf luoro isobutyr tc  acid. The sulfotr ioxidation of a -hydrohexa f luo ro i sobu ty r i c  anhydride 
s i m i l a r l y  gives hexaf luorodimethylketene or  hexafluoroisobutenyl idene sulfate.  

It has  p rev ious ly  been shown [2] that hexaf luorodimethylketene r eac t s  with s ulfur t r ioxide at 0~ to 
give hexafluoroisobutenylidene sulfate in quanti tat ive yield. At the same t ime ,  it is known that hexaf luoro-  
dimethylketene is fo rmed  when a -hydrohexaf luoro i sobu ty r i c  acid or  its anhydride is heated with phos -  
phorus  pentoxide [3, 4]. In view of the dehydrat ing capaci ty  of sulfur  t r ioxide,  it s eemed  possible  to obtain 
hexafluoroisobutenylidene sulfate d i rec t ly  f r o m  a -hydrohexa f luo ro i sobu ty r i c  acid or  its anhydride on r e a c -  
t ion with sulfur ic  anhydride. 

(cr3~c.coo, so, C<oO> so, [(cr,~oc.CO]oO ( C F , ) ~ E =  S O  2 ' . . 

It was found that  the resu l t s  of sulfotr ioxidat ion are  de te rmined  chiefly by the amount of sulfur  t r i -  
oxide used  in the react ions .  

a -Hydrohexa f luo ro i sobu ty r i c  acid and sulfur  t r ioxide reac t  at 20 ~ to give a 1:1 adduct. The adduct is 
r e la t ive ly  stable - ne i ther  ketene,  sulfur  t r ioxide,  nor  ketenal  sulfate is isolated on evacuation,  even at 
100 ~ Only one doublet at 5 - 13.0 ppm, which is s i m i l a r  to the signal in the spec t rum of the s ta r t ing  a - h y -  
drohexaf luoroisobutyr ic  acid(5 - 1 2 . 2 p p m ) ,  is obse rved  in the F 19 NMR spec t rum of the adduct.$ When the 
adduct is heated  above 150 ~ it undergoes  decomposi t ion accompanied  by the isolat ion of hexaf luorodimethyl -  
ketene.  The r e su l t s  of t h e r m o l y s i s  change substant ia l ly  in the p re sence  of excess  c r -hydrohexaf luoro iso-  
butyr ic  acid or  sulfur  t r ioxide.  Thus if a 2:1 mixture  of these  reagents  is used, t h e r m o l y s i s  is a lso rea l i zed  
at 150 ~ and gives a -hydrohexa f luo ro i sobu ty r i c  anhydride. However ,  in the case  of a 1:2 mixture ,  thermo. ,  
lys i s  (in a sea led  g lass  ampul) begins  at 80 ~ and hexafluoroisobutenyl idene sulfate is formed.  These  facts  
make it poss ible  to a s s e r t  that the p r i m a r y  product  in the sulfotr ioxidat ion of ~-hydrohexaf luoro isobutyr ic  
acid is ~ -hydrohexaf luoro i sobu ty ry l su l fu r i c  acid. 

*See [1] for  communicat ion II. 
~The F i9 NMR s p e c t r a  were  r eco rded  with a Hitachi Pe rk in  E l m e r  model R-20 s p e c t r o m e t e r  with a field 
s t rength of 14,092 G at 56.456 MHz. The chemica l  shifts  (6) were  measu red  re la t ive  to t r i f luo roace t i c  
acid (external  standard).  

Translated from Khimiya Geterotsiklieheskikh Soedinenii, No. i, pp. 13-15, January, 1973. Original 
article submitted January 14, 1972. 

�9 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any [orm or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission o[ the publisher. A 
copy of this article is available from the publisher for $15.00. 

10 



(cF3)2Cacooff * so3 ts0~ [(ce3)~cltcO]a o + "2s~ 

150~ * (CF3)2CHCOOIt 

(CFa)2CHGOOH + SO 3 20~ (CFa)2CHCOO$O2OH ̀ I50~ ~ (CF3)2C~C= O + H2SO 4 

{~0~ 1 + S03 

By compar ing  the t e m p e r a t u r e  conditions of the the rmoly t i c  p r o c e s s e s  under  considerat ion,  one can 
conclude that the fo rmat ion  of hexaf luorodimethylketene  during the dehydrat ion of ~ -hydrohexaf luoro i so-  
butyr ic  acid is not assoc ia ted  with the in te rmedia te  par t ic ipa t ion  of its anhydride. On the con t ra ry ,  it is 
more  l ikely that the anhydride is the resu l t  of the final reac t ion  of the ketene with excess  acid. The p o s s i -  
bi l i ty of this reac t ion  was proved  by di rec t  exper iment .  

" (CF;~)2C=C= O + (CF:~)2CHCOOI| 50~ ~ [(C1:3)2C|1CO],, O 

~-Hydrohexaf luoro i sobu ty r i e  anhydride r eac t s  with sulfur  t r ioxide only on heat ing above 50 ~ and 8 
re la t ive ly  stable 1:1 adduct is formed.  At 120 ~ this adduct decomposes  to give hexaf luorodimethylketene.  
However ,  if ~ -hydrohexa f luo ro i sobu t ry r i c  anydride is heated with excess  sulfur  t r ioxide,  decomposi t ion 
commences  at 80 ~ and is accompaneid  by the l ibera t ion of hexafluoroisobutenylidene sulfate. The yield of 
the l a t t e r  is a max imum when the s ta r t ing  reagent  ra t io  is 1:3. These observa t ions  make it poss ib le  to 
a s sume  that  the p r i m a r y  product  of the sulfotr ioxidation of ~ -hydrohexaf luoro i sobu ty r i c  anhydride is b i s ( ~ -  
hydrohexaf luorois  obutyryl) sulfate. 

[ (cFp2cuco]~o + so 3 ~ [(ce3hcHcoo]2s % '~~ 2 (cep2c- -c=o  + .~so: 

80c']+ 2 SO 3 

I . c c r~c . co ]~o  + 3 

Thus, depending on the conditions, e i t he r  hexaf luorodimethylketene,  hexafluoroisobutenyl idene su l -  
fate,  o r  ~ -hydrohexaf luoro i sobu ty r i c  anhydride is fo rmed  in the sulfotr ioxidat ion of ~ -hyd rohexa f luo ro i so -  
butyr ic  acid; e i t he r  the ketene or  the ketenal  sulfate is fo rmed  in the sulfotr ioxidat ion of the la t te r .  One 
cannot exclude the poss ib i l i ty  that other  products ,  for  example ,  

(CF~)2C=C(OSO2OH)2 

are  fo rmed  in addition to the  in termedia te  ~ -hydrohexaf luoro i sobu ty ry l su l fu r iq  acid and b i s (~ -hyd rohex a -  
f luoroisobutyryl)  sulfate in the individual s teps  of the sulfotrioxidation.  

In the light of the above, it can be a s s u m e d  that the react ion of a -hyd rohexa f luo ro i sobu ty r i c  acid and 
its anhydride with phosphorous pentoxide is desc r ibed  in a more complex  manner  than was cons idered  
p rev ious ly  [3, 4]. It is known that  both of these  reac t ions  a re  endothermic  and that  it is n e c e s s a r y  to heat  
the react ion  mixLures to 250 ~ to obtain the ketene; in this case ,  one does not obse rve  the l ibera t ion of the 
s t a r t ing  acid or  anhydride,  although they are  quite volat i le  subs tances  (bp 127 and 137 ~ respect ive ly) .  It 
may  be supposed that,  as  in sulfotr ioxidation,  in te rmedia tes  of different  types ,  for  example ,  

0 
0--//--O H 

(CF3)2C~( ( /O 
O---P.--'O tl 

O 

are  also fo rmed  in these  cases .  

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

a -Hydrohexa f luo ro i sobu ty r i c  Anhydride. A. A 4 .0-g  (0.05 mole) sample  of f resh ly  dis t i l led sulfur  
t r ioxide was added dropwise to 19.6 g (0.1 mole) of a -hydrohexa f luo ro i sobu ty r i c  acid cooled to - 2 0  ~ and 
the mixture  was heated slowly initially to 20 ~ (in the course  of an hour) and then at 150 ~ with a ref lux con-  
dense r  for  1-1.5 h. Subsequent double f ract ionat ion yielded 14.3 g (76%) of a -hydrohexa f luo ro i sobu ty r i e  
anhydride,  which was identified f rom its physica l  p r o p e r t i e s  and by F 19 NMR spec t roscopy  (6 - 1 1 . 6  ppm; 
doublet) and a lka l ime t ry  [2]. 
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B. A mixture of 8.9 g (0.05 mole) of hexafluorodimethylketene and 9.8 g (0.05 mole) of ~ -hydrohexa-  
f luoroisobutyr ic  acid was heated in a sealed glass  ampul to 40-50 ~ during which the formation of a homo-  
geneous mixture containing ketene, acid, and anhydride (according to F 19 NMR) was observed.  The mixture 
was heated at 50 ~ for 2 h, after which the ampul was cooled and broken open. The contents were f rac t ion-  
ated to give 16.8 g (90%) of ~-hydrohexaf luoro isobutyr ic  anhydride. 

Hexafluorodimethylketene. A. An 8.0 g (0.1 mole) sample of sulfur trioxide was added dropwise to 
19.6 g (0.1 mole) of ~-hydrohexaf luoroisobutyr ic  acid cooled to - 2 0  ~ and the mixture was heated to 20 ~ 
and shaken periodical ly at this t empera ture  for 1-1.5 h. During this t reatment ,  we observed the formation 
of a homogeneous color less  liquid, the quantity and appearance of which remained unchanged on evacuation 
to a residual  p r e s s u r e  of 10 mm and on heating to 100 ~ At 150 ~ the mater ia l  underwent decomposition 
accompanied by the l iberation of volatile substances,  which were condensed in a t rap  cooled with i c e -  
sodium chloride. Fractionation of the condensate gave 14.5 g (81%) of hexafluorodimethylketene, which was 
identified by gas-l iquid chromatography (GLC), F 19 NMR spect roscopy (5 -22 .0  ppm; singlet), and alkali-  
met ry  [2]. 

B. A 4.0 g (0.05 mole) sample of sulfur trioxide was added dropwise to 18.7 g (0.05 mole) of a - h y d r o -  
hexafluoroisobutyric anhydride at room tempera ture ,  and the mixture was heated with a reflex condenser  at 
50 ~ until refluxing ceased (2-2.5 h). The tempera ture  was then ra ised  to 120 ~ and the result ing volatile de- 
composit ion products  were condensed in a t rap  cooled with ice - s a l t  mixture. Fract ionat ion of the conden- 
sate gave 10.9 g of hexafluorodimethylketene. 

Hexafluoroisobutenylidene Sulfate. A. A mixture of 9.8 g (0.05 mole) of a -hydrohexaf luoro isobutyr ic  
acid and 8.0 g (0.1 mole) of sulfur tr ioxide was sealed in a glass ampul and heated initially to 50 ~ (with 
periodic shaking) and, after an hour,  at 80 ~ for 2-3 h. The ampul was then cooled to - 7 8  ~ and broken open, 
and the contents were fract ionated to give 10.0 g (67%) of hexafluoroisobutenylidene sulfate, which was iden- 
tified by GLC, F 19 NMR spect roscopy (6 -12 .7  and-15o5 ppm; singlets), and a lkal imetry  [2]. 

B. A mixture of 18.7 g (0.05 mole) of a -hydrohexaf luoroisobutyr ic  anhydride and 12.0 g (0.15 mole) 
of sulfur tr ioxide was sealed in a glass ampul and heated initially at 50 ~ for 2 h and then at 80 ~ for 2-3 h. 
The ampul was then cooled to - 7 8  ~ and broken open, and the contents were fract ionated to give 13.7 g (53%) 
of hexafluoroisobutenylidene sulfate. 
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