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The reac t ion  of bis ( tr if luoromethyl)ketene with bis( t r i f luoromethyl)methionic  anhydride at 
200~ has given hexafluorothioacetone dioxide t r tm e r :  2 .2 .3 ,3- te t rakis  ( t r i f luoromethyl)-  
th i i rane  1,1-dioxide is formed as a byproduct.  The same t r i m e r  is obtained by heating 
hexafluoroisobutenylidene sulfate and by t rea t ing  hexaf luore -aH- i sobu ty r i c  acid with sul- 
fur  t r ioxide.  

It has been shown prev ious ly  [1] that hexafluoroisobutenylidene sulfate (I) undergoes in t ramolecula r  
sulfonation on being heated above its boiling point (-49~ with the l ibera t ion of bis ( tr if luoromethyl)ketene 
(II): the internal  anhydride of hexaf luoro-a -pyrosu l fonyl i sobutyr ic  acid (III) fo rmed  in this p ro ce s s  decar -  
boxylates and is conver ted  into his ( tr i f luoromethyl)methionic anhydride (IV). On the basis  of these facts,  
it appeared that the anhydride (IV) could be obtained d i rec t ly  f rom compound (i) by heating above 160~ 
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However,  it proved impossible  to isolate  the anhydride (IV) and the ketene (iI) f rom the products  of the 
pyro lys i s  of the ketene sulfate (I). Fu r the rmore ,  these compounds a re  incompatible in pyroly t ic  p roce s se s .  

The f i r s t  indications of the react ion of the anhydride (IV) with bis ( t r i f luoromethyl)ketene (II) were  
observed at t e mpe ra tu r e s  as low as 50-60~ (coloration of the reac t ion  mixture) ;  at 120-130~ the reac t ion  
became exothermie:  when the mixture  was heated above 180~ a vigorous evolution of carbon dioxide and of 
sulfur  dioxide took place.  If the p roce s s  was completed by heating the mixture  to 200~ it was possible  to 
isolate  the liquid 2 ,2 .3 ,3- te t rakis ( t r i f luoromethyl) th i i rane  1,1-dioxide (V) (15%) and the crys ta l l ine  hexa-  
f luorothioacetone dioxide t r i m e r  (VI) {75%). The format ion oft iaese compounds can be explained only by 
the in termedia te  par t ic ipat ion in the reac t ion  of the monomer ic  hexafluorothioaeetone dioxide (VII). 

Apparently,  in the f i r s t  stage the acylat ion of the ketene (iI) by the anhydride (IV) with the format ion 
(at 50-60~ of the ketene methionate (VIII), in t ramolecula r  sulfonation in the l a t t e r  (at 120~ and above), 
and decarboxylat ion (at 180-200~ take place  success ive ly .  The symmet r i ca l  cycl ic  disulfone (iX) fo rmed  
dissocia tes  under  the reac t ion  conditions into the monomer ic  hexafluorothioacetone dioxide (VII): it is pos-  
sible that this is an equil ibrium p rocess .  The thioacetone dioxide (VII) is unstable and tends e i ther  to 
evolve sulfur dioxide with the format ion  of the th i i rane dioxide (V) or to undergo associat ion to fo rm the 
s i x - m e m b e r e d  cycl ic  t r i m e r  (VI). 

* For  Communicat ion V, see [1]. 
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The c o r r e c t n e s s  of the cons idera t ions  put fo rward  follows f rom the genera l  laws of the c h e m i s t r y  of the 
thioketene dioxides [2] and f r o m  the known c h a r a c t e r i s t i c s  of t r a n s f o r m a t i o n s  among hexaf luorothioacetone 
de r iva t ives  [3. 4]. The t h e r m a l  s tabi l i ty  of the thioacetone dioxide t r i m e r  O/I) fo rmed  at 200~ is not su r -  
p r i s ing ,  s ince examples  a re  known of s table  cycl ic  compounds with an a l te rnat ing  a r r a n g e m e n t  of pa i r s  of 
t r i f l uo romethy l  subst i tuents  [3, 4]. 

The s t ruc tu re  of the th i i rane  dioxide O/) was conf i rmed by the 19F NMR method and by the r e su l t s  of 
a lkal ine hydrolys is ,  which took p lace  in accordance  with the following equation: 

V + 9OH-+CHa C (CF.~) _~ SO2() + 2HCO3 + 6F + 2H20  

The t r i m e r i c  composi t ion of compound O/I) was shown by a mo lecu la r -we igh t  de te rmina t ion  (cryo- 
scopy in F r e o n - l l 3 ) .  The p r e s e n c e  of t r i f luo romethy l  and sulfonyl groups was shown by IR spec t roscopy .  
The sharp  values  of the obse rved  f requenc ies  of the s t re tch ing  v ibra t ions  show the monotypic i ty  of all six 
CFa groups  and of all  t h ree  sulfonyl groups .  This  is evidence in favor  of the spat ia l  s y m m e t r y  of the 
molecu le  of the t r i su l fone  0/I). Since the t r i su l fone  O/I) is a de r iva t ive  of 1 .3 ,5- t r i th iane,  on the bas i s  of 
the gene ra l  laws of conformat ional  analys is  [5], the c h a i r - s h a p e d  conformat ion  is the bes t - jus t i f i ed  for  it. 

The 19F NMR s p e c t r u m  of compound (VI) (melt, and a lso  solutions in dimethyl  sulfate  or in sulfuryl  
chloride)  contains only one s inglet  signal, which shows that  under  the conditions of the exper imen t  the 
molecu le  of O/I) ex is t s  in the f o r m  of a s ingle conformat ion  in which the sulfur  a toms of the r ing a re  p r e s -  
ent on one side of the ch i ra l  p lane and the ca rbon  a toms  of the r ing on the other  side.  Probably,  in the 
me l t  (above 83~ or  in solution (at 34.5~ the re  is a rapid  conformat ional  convers ion  of the eha i r  s t r u t -  
tu re  into its antipode, when all the axia l ly  a r r anged  t r i f luo romethy l  groups change into the equator ia l  pos i -  
t ions,  and converse ly .  

CF 3 CF a 

The s inglet  na ture  of the signal in the 19F NMR s p e c t r u m  re f lec t s  some averag ing  of the posi t ions  of the o 
t r i f l uo romethy l  groups  (50~ a and 50~c e) and shows that  the potential  b a r r i e r  to invers ion  is low. We have 
obse rved  some  d i f fe rences  in the IR s p e c t r a  of c rys ta l l ine  and dissolved samples  (see [5]) which p e r m i t s  
the assumpt ion  that  invers ion  takes  p lace  through a s tage  of a d i s to r ted  "boa t - shaped"  fo rm.  

In spite of its e x t r e m e l y  complex  composit ion,  compound (VI) readi ly  dis t i l ls  (bp 128-129~ and it 
sub l imes  m o r e  r ead i ly  than naphthalene and adamantane .  Sublimation takes  p lace  even at a tmospher i c  
p r e s s u r e  (20-25~ and p roceeds  e x t r e m e l y  rap id ly  at  a r e s idua l  p r e s s u r e  of 50-60 ram. If  subl imat ion is 
p e r f o r m e d  in a c losed space  at a t e m p e r a t u r e  drop of 20-30~ it is poss ib le  to grow a single c ry s t a l  of the 
t r i m e r  (VI) r e s e m b l i n g  m o t he r  of pea r l  and with a s ize  of 3-4 ram. the shape of the c ry s t a l  is polyhedral  
with the f o r m  of a f la t tened crown having a t h i r d - o r d e r  axis of s y m m e t r y .  

The t r i m e r  O/D can a lso  be  obtained with a yield of 70% by the py ro lys i s  of hexaf luoroisobutenyl idene 
sul fa te  (I) o r  d i r ec t ly  (with the yield of 52%) by t r ea t ing  hexa f tuo ro -~H- i sobu ty r i c  acid with sulfur  t r ioxide.  

3 (CFa)zCHCOOH + 6 S Q ~ V I  ~ - - 3 i  
--CO,, 

EXPERIMENTAL 

The 19F NMR spectra weretakenon a Hitachi-Perkin-Elmer model R-20 instrument (56.456 MHz). 
The chemical shifts (6) were measured in parts per million of the field relative to trifluoroacefic acid 

(external  s tandard) .  The IR s p e c t r a  we re  obtained on a IKS-12 spec t rog raph .  
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Hexafluorothioaeetone Dioxide Tr imer  (VI). A. A mixture of 14.7 g (0.05 mole) of the anhydride (IV) 
and 8.9 g (0.05 mole) of the ketene (II) was heated in a steel autoclave f irs t  at 120~ for 2 h and then at 
200~ for 2 h. After cooling, the reaction mixture was filtered through a glass filter. The fil trate (4.2 g) 
was washed with water, dried with magnesium sulfate, and fractionally distilled. This gave 2.7 g (15%) of 
2,2,3.3-tetrakis(trifluoromethyl)thiirane 1,1-dioxide (V) in the form of a colorless liquid with bp 84~ 
d42~ 1.7330, nD 2~ 1.3155. 19F NMR spectrum (20% solution in CC14): singlet with 6 -17.0 ppm. Found %: 
C 19.4: F 62.0: S 9.0. C6F1202S. Calculated %: C 19.8: F 62.4: S 8.8. On alkaline hydrolysis (0.1 N KOH), 
the consumption of alkali was 9.1 equivalents in the presence of phenolphtha~n and 6.9 equivalents in the 
presence of Methyl Orange~ 5.94 equivalents of fluoride ion was found in the hydrolyzate.  

The precipitate (17.1 g)was washed with water and was mixed with magnesium sulfate, and the mixture 
was sublimed at 100-130 mm (in the water bath): this gave 16.0 g {75%) of the hexafluorothioacetone dioxide 
t r i me r  (VI) in the form of colorless prismatic crystals with mp 83~ and bp 128-129~ 19F NMR spectrum 
(melt at 85-90~ or 20% solutions in dimethyl sulfoxide or sulfuryl chloride at 34.5~ singtet with 6 
-18.3  ppm. IR spectrum: thin layer  of a mull in paraffin oil-- 1130 and 1472 em -1 (sulfonyl group)~ 1270 
em "i  (trifluoromethyl group): in CC14--broad absorption bands at 1128-1135, 1265-1280~ and 1470-1478 
cm -1. Found %- C 16.6: F 53.8: S 15.0; tool. wt. (cryoseopically in Freon- l l3 )  624. CsF1806S3. Calculated 
%: C 16.8; F 53.5: S 15.0: tool. wt. 642. The substance is readily soluble in dimethyl sulfate and sulfuryl 
chloride, fair ly soluble (about 10%) in alcohols, ethers, and di~ane:  sparingly soluble (about 5%) in benzene 
and carbon tetrachloride: slightly soluble in carbon sulfide; and insoluble in water. 

B. Under the conditions given above. 25.8 g of hexafluoroisobutenylidene sulfate yielded 1.8 g (10%) 
of the thiirane dioxide (V) and 15.0 g (70%) of the t r imer  (VI). 

C. A mixture of 19.6 g (0.01 mole) of hexafluoro-aH-isobutyric acid and 16.0 g (0.02 mole) of freshly- 
distilled sulfur trioxide was heated in a steel autoclave at 200~ for 8 h. The reaction mixture was filtered, 
and the precipitate was washed with water and was mixed with magnesium sulfate. Sublimation yielded 
11.0 g (52%) of hexafluorothioacetone dioxide t r imer .  
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