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The reac t ions  of hexafluoroisobutenylidene sulfate  with t e r t i a r y  amines ,  e the r s ,  sulfolane,  
and alkali  meta l  halides were  studied. Hexafluorodimethylketene is l ibera ted ,  and the r e -  
agent  is sul fot r ioxidized during the reac t ion  of hexafluoroisobutenylidene sulfate  with these 
nucleophilic compounds.  Hexafluoroisobutenylidene sulfate is an e lec t rophi l ic  compound of 
the quasicomplex type,  which contains a labile  sulfotr ioxide grouping. 

It  has been  demons t ra ted  that hexafluoroisobutenytidene sulfate  (I) [1] is fo rmed  in quanti tat ive yield 
in the reac t ion  of hexaf luorodimethylketene with sulfur  t r ioxide.  Compound I ' i s  e x t r e m e l y  r eac t ive  and r e -  
acts  v igorous ly  with var ious  nucleophilic compounds - w a t e r ,  a lcohols ,  e thers ,  e s t e r s ,  alkyl hal ides ,  a lde-  
hydes, ketones,  amines ,  olefins,  etc. Some of these reac t ions  a r e  examined in the p r e sen t  communicat ion.  

Hexafluoroisobutenyl idene sulfate decomposes  exo thermica l ly  at 0~ under the influence of t e r t i a r y  
amines .  When excess  amine was used in an iner t  solvent ,  the d imer ic  (to hexafluorodimethylketene)  un- 
sa tu ra ted  5-1actone (II) and the aminosulfotr ioxide were  obtained. The genera t ion  of hexaf luorodimethyl -  
ketene (Ill), which is inclined to d imer ize  in the p re sence  of t e r t i a ry  amines  [2], undoubtedly p recedes  the 
fo rmat ion  of the 5-1actone.  
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Ketene III and dioxane sulfotr ioxide a re  s i m i l a r l y  fo rmed  in the reac t ion  of hexafluoroisobutenylidene 
sulfate with dioxane. 
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If a noncyclic e ther  is used as the nucleophilic reagent ,  the sulfotr ioxide complex i somer i ze s  to the sulfate  
compound. Thus the ketene and diethyt sulfate  were  i so la ted  f rom the reac t ion  of hexaftuoroisobutenylidene 
sulfate with diethyl ether .  

(CF3)~C=C SOo 

An exothermie  reac t ion ,  accompanied by the quantitat ive l ibera t ion  of ketene and the fo rmat ion  of a 
c rys ta l l ine  prec ip i ta te ,  oeeurs  when hexafluoroisobutenylidene sulfate  is d issolved in anhydrous sulfolane. 
A s i m i l a r  prec ip i ta te  is also fo rmed  in the r eac t ion  of f ree  sulfur  t r ioxide with su l fo lane ; i thas  b e e n a s s u m e d  
[3] that  this c rys ta l l ine  subs tance  is a 1 : 1 adduct. In our exper iments ,  on the bas i s  of Mkal imet ry ,  it was 

*See [1] for communicat ion  I. 
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demonstrated that this quasicomplex compound is unstable and i somer izes  on heating; the final r e -  

action product is apparently a-sulfolanesulfonic  acid. 
/ S O ,  OH 
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Ketene is generated and potass ium fluorosulfate forms when hexafluoroisobutenylidene sulfate or  its 
solutions in inert  solvents are  shaken with potassium fluoride. 

(CF:)=.C C:~j2 /~SO:  ,r F - - - -  111 -~ O--.SO.,--F 

It is interest ing that hexafluoroisobutenylidene sulfate is absolutely inert  to dry  potass ium chloride 
and can even be distilled over this salt. This phenomenon becomes understandable if one considers that 

a l k a l i  metal chlorosulfates are  unstable and dissociate to metal  chlorides and sulfur trioxide [4]. Thela t ter  
is capable of sulfonating ketene if it is generated in the f i r s t  step of the react ion,  and hexafluoroisobutyejayl- 
idene sulfate wonld be again formed.  On the whole, the s tar t ing sys tem is regenerated;  the observed effect 
is the absence of a reaction.  

I + KC.I----- III ~" [1(0--S02--s t t t O - . 5 0 : _ C I ] - - - 1 5 0 3 1  + KCI 
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When a solution of hexafluoroisobutenylidene sulfate in an inert  solvent is shaken with potassium b ro -  
mide or  iodide, an intense colorat ion of the mixtures  is observed, and gaseous react ion products  are  evolved. 
In analytical experiments with potassium iodide it was demonstrated by the hyposulfite method that onemole  
of hexaftuoroisobutenylidene sulfate causes the l iberat ion of one equivalent of iodine. If the reac t ionmix ture  
is t reated rapidly with aqueous acet ic  acid, the color  disappears .  Hexafluorodimethylketone and sulfur t r i -  
oxide were isolated in prepara t ive  experiments .  

It can be assumed that, as in the previous cases ,  ketene is l iberated and the reagents  undergo sulfo- 
oxidation in the f i rs t  stage of the process ,  for example, 

(cG)2c=c~9/so2 r ~ (cv92c=c:o ; [6-s(),-I ] 

The iodosulfate and bromosnlfa te  formed are  unstable and rapidly decompose. It is possible that their des-  
truction is real ized in the crys ta l  via a push -pu l l  mechanism.  

5 
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Thus, in the reactions under consideration, hexafluoroisobutenylidene sulfate acts as an effective elec- 

tron-acceptor compound that contains an extremely labile sulfotrioxide grouping. Sulfotrioxidation of the 
reagent used occurs in all of the investigated eases. 

(cF) c -c~6h~so r ~ - + 
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The sulfotrioxidizing capacity of hexafluoroisobutenylidene sulfate considerably exceeds that of such sub- 
s tances as pyridine sulfotrioxide and dioxane sulfotrioxide and is inferior  only to free sulfur trioxide. 

O 
R3N.SO 3 .~ R20.SO 3 < (CF3)2C-- C ( o > S O  2 <~ SO 3 

Owing to this, hexafluoroisobutenylidene sulfate can be used for the sulfonylation of various halgen-,  oxygen-,  
and ni t rogen-containing compounds. It was subsequently found that it is a convenient reagent  also for C- 
snlfonation; react ions  of this type will be examined in a separa te  communication. 

EXPE RIIV[E NTAL 

Reaction with Triethylamtne.. A 25.8-g (0.1 mole) sample of hexafluoroisobutenylidene sulfate was 
added slowly dropwise with s t i r r ing  at 0~ to a solution of 10.1 g (0.1 mole) of t r iethylamine in 2 0 m l  of 
anhydrous methylene chloride. The react ion was exothermic  and gave a crysta l l ine  precipitate.  The p re -  
cipitate was removed by fi l t rat ion and rec rys ta l l i zed  twice f rom water  to give 17.4 g (96%) of t r iethylamine 
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sulfotr ioxide with mp 92 ~ C. This product  did not depress  the melt ing point of an authentic sample .  The 
m o the r  l iquor  was f rac t ionated  to give 16.7 g (94%) of 5 - lac tone  II, which was identified f r o m  its physical  
p rope r t i e s  [2] and by F i9 NMR spect roscopy.  

React ion with Dioxane. A 25,8-g sample  of hexafluoroisobutenylidene sulfate  was added slowly drop-  
wise  with s t i r r i ng  at 0~ to 10 ml  of anhydrous dioxane. The reac t ion  was exothermic  and gave a c rys ta l l ine  
prec ip i ta te .  The reac t ion  mix tu re  was heated to 20~ and dry  ni t rogen was bubbled through it for  1 h. The 
gaseous products  that evolved during the reac t ion  were  condensed in a t rap  cooled with a c e t o n e - d r y  ice. 
The condensate was f rac t iona ted  to give 12.8 g (72%) of hexaf luorodimethylketene,  which was identified by 
NMR spec t roscopy .  The crys ta l l ine  prec ip i ta te  was isola ted f rom the reac t ion  mix tu re  by  f i l t ra t ion under 
ni t rogen and was washed r e p e a t e d l y  with anhydrous methylene  chloride to give 10.7 g (64%) of dioxane sul fo-  
t r ioxide,  which was identified by a lka l imet ry .  Found: equivalent weight (E) 82.3. Calculated: E 84.0. 

React ion with Diethyl Ether .  A 25.8-g sample  of hexafluoroisobutenylidene sulfate  was added slowly 
dropwisewi th  s t i r r i ng  at  0~ to 10 ml  of anhydrous ether .  The reac t ion  was exothermic ,  and the mix tu re  
became  colored.  Fract ionat ion of the mix tu re  gave 12.1 (68%) of hexaf luorodimethytketene and 9.4 g (61%) 
of diethyl sulfate ,  which was identified f r o m  its physical  p rope r t i e s  and mo lecu l a r  weight and by gas- l iquid  
chromatography  (GLC). Found: mol.  wt. 151. Calculated: tool. wt. 154. 

React ion with Sulfolane. A 25 .8 -gsample  of hexafluoroisobutenylidene sulfate was added slowly drop-  
wise  under dry  n i t rogen to 20 ml  of anhydrous sulfolane at  18-20~ The reac t ion  was exo thermic  and p r o -  
duced a white c rys ta l l ine  p rec ip i ta te  and gases ,  which were  condensed in a t rap  cooled with a c e t o n e - d r y  ice. 
Frac t ionat ion  of the condensate  gave 15.0 g (85%) of hexafluorodimethylketene.  The crys ta l l ine  prec ip i ta te  
was s epa ra t ed  f r o m  the r eac t ion  mix tu re  by f i l t ra t ion under ni t rogen and was washed repea ted ly  with an-  
hydrous methylene  chloride to give 15.2 g (76%) of sulfolane sulfotr ioxide.  Found: S 31.8%; E (alkal imetry)  
104. C4H805S 2. Calculated: S 32.0%; E 100. The product  par t i a l ly  l iqulfied even during b r i e f  s to rage  at 
r oom t empera tu re .  On heat ing above 40-50~ for  1 h, the prec ip i ta te  was comple te ly  conver ted to a yellow 
viscous liquid, which was found to be ~-sulfolanesulfonic  acid. Found.. S 31.8%; E (alkal imetry)  192. C4H 8- 
O5S 2. Calculated: S 32.0%; E 200. 

React ion with P o t a s s i u m  Fluoride.  A 25.8-g (0.1 mole) sample  of hexafluoroisobutenylidene sulfate 
was added dropwise  with s t i r r i ng  at 0~ to a suspens ion  of 5.8 g (0.1 mole) of po tass ium fluoride in 10 ml  of 
of methylene chloride (chloroform,  carbon te t rach lor ide ,  or  dicbloroethane).  Dry ni t rogen was then bubbled 
through the mix tu re  for  1 h. The l ibe ra ted  hexaf luorodimethylketene [16.4 g (92%)] was col lected in a t rap .  
The prec ip i ta te  was s epa ra t ed  by f i l t ra t ion and r e c r y s t a l l i z e d  f rom 50% alcohol to give 13.2 g (96%) of po-  
t a s s i um f luorosulfate .  Found: F 14.0; S 23.0%. KFO3S. Calculated: F 13.8; S 23.2%. A qualitative nitrone 
t e s t  was posi t ive.  

React ion with Po tass i t tm Bromide and Iodide. A) A solution of hexafluoroisobutenylidene sulfate  (0.1- 
0.2 g) in 10 ml  of anhydrous dichloroethane was shaken v igorous ly  for  5 min  with 1 g of po tass ium iodide, 
during which the mix tu re  b e c a m e  l i lac-viole t .  After  1 h, 1 ml of acet ic  acid and 10 ml  of wa te r  were  added 
to the mix ture .  After  15 rain, the mixture  was t i t ra ted  with 0.1 N sodium hyposulfi te  with s t a r ch  as the in- 
dicator .  Found: I 0.96 g-eq.  

B) S imi la r ly ,  0.85 g -eq  of Br  was found in the reac t ion  with po ta s s ium bromide .  

C) A 25.8-g (0.1 mole) sample  of hexafluoroisobutenylidene sulfate  was added dropwise with s t i r r i ng  
to a mix tu re  of 32.2 g (0.2 mole) of po tass ium iodide and 20 ml  of anhydrous dichloroethane (carbon t e t r a -  
chloride,  ch lo ro fo rm or  methylene  chloride). The gaseous  products  we re  condensed in a t rap  cooled with 
a c e t o n e - d r y  ice. Frac t iona t ion  of the condensate gave 2.4 g of sulfur  dioxide (75%), which was identified 
f rom its mo lecu la r  weight and by GLC, and 15.0 g (84%) of hexaf luorodimethylketene,  which was identified 
by GLC and F Is NMR spec t roscopy .  

D) S imi la r ly ,  sul fur  dioxide (70%) and hexaf luorodimethylketene (91%) were  isola ted f r o m  the reac t ion  
with po ta s s ium bromide .  
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