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Salts of hexaf luorodimethylmethionic  and o t -hydrohexaf luoro-2-propane-2-su l fon ic  acids ,  the 
amide of the la t t e r ,  and a number  of sulfones containing a -hydrohexaf luoro i sopropyl ,  pen ta -  
f luoro isopropenyl ,  /~,f l , f l - t r i f luoroethyl ,  and methyl  groups were  obtained by alkaline hydro -  
lys i s ,  a leoholys is ,  and ammono lys i s  of hexaf luorodimethyl  sulfonene t r i m e r .  

In a p reced ing  communica t ion  it was shown that  cycl ic  t r isul fone I, which is a t r i m e r  of hexaf luoro-  
dimethyl  sulfonene, r eac t s  with nueleophil ic reagen ts  to give dono r - accep to r  complexes ;  complexes  based 
on secondary  amines  a re  unstable  - they decompose  to give amides  of ~ - h y d r o h e x a f l u o r o p r o p a n e - 2 - s u l -  
fonic acid [1]. In the p re sen t  communicat ion ,  

(CF3) 2 
/ S 0 2 - - C ~  R2N H / S 0 2 - - C ~  F3)2 + 

{CF3)2--C SO~ - (CF3)2-- C - SO 2 R2NH ~ r ~ 
\ S O 2 _ _ C  / " \SO2_._C / " 

(CF3)2 (CF3) 2 

I 

we examine the t r a n s f o r m a t i o n s  of t r i sul fone I during a leoholys is ,  alkaline hydro lys i s ,  and ammonolys i s .  

It  was found that  solutions of  t r i sul fone I in methanol ,  ethanol,  and benzyl  and o ther  alcohols a re  
stable at 20~ for  many  weeks (according to moni tor ing  by UV and 19F NMR spec t roscopy) .  React ion be -  
tween t r i su l fone  I and al iphat ie  aloehols  occu r s  only when the mix tu re  is heated above 60-70~ in this ease ,  
different  products  a re  fo rmed ,  depending on the reagent  ra t io .  Thus,  when a l imited amount (the opt imum 
is 2-3 equivalents)  of alcohol is used,  o~-hydrohexafluoroisopropyl  penta f luoro isopropenyl  sulfone (II) can 
be isolated;  f i , f l , f l - t r i f luoroe thyl  ~ -hydrohexa f luo ro i sopropy l  sulfone (III) is i sola ted in the ease  of excess  
aleohol (6 o r  m o r e  equivalents) .  Sulfone II  can be conver ted  to sulfone III by t r e a t m e n t  with alcohol or  
water .  Both sulfones a re  s table  on s torage  in sea led  quartz  ampoules  but are  unstable  when they a re  s tored  
in o rd ina ry  l abo ra to ry  (alkali) g lass ;  when they are  s tored  in o rd inary  l abo ra to ry  g lass ,  each  of these  
sulfones is 

! ROH CF3\  
�9 ~ CF2//CSO~CH ( C F 3 ) ~ "  ~ "  CF'3CH2SO2CH (C F3~2 

[I III 

\ / 
/CF3 

CF:~CHzSOzC%cF3 ~ CF~CH2SOzCH2CF:, 

IV V 

conver ted  to f l , f l , f i - t r i f luoroe thyl  pentaf luoro isopropenyl  sulfone (IV) (after  2-2.5 weeks and 8-10 months,  
r espec t ive ly ) .  T r e a t m e n t  of IV with alcohol or  wa te r  gives the e x t r e m e l y  s table  bis (fl, g ,n - t r i f luoroethyl )  
sulfone (V). 

* See [1] for  communica t ion  VII. 
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The s t ruc tu r e s  of al l  of these  f luor ine-containing sulfones were  proved  by igF NMR spec t roscopy  
and f rom the resu l t s  of a lka l ime t ry  and tho r iome t ry ,  for  example:  

CFa 
~CSO2 CH(CFa)2+ 110H---~ CH3SO2CH~ +4CO2+ 11F-§ 

CF2 
CFa CH2SO2CH2CF~ + 6OH----~CHa$O~CH3+ 2CO2+ 6F'-]- 2H20 

A s t r i c t  sequence of format ion  of the reac t ion  products  is also observed  during the alkaline hydroly-  
s is  of t r isul fone I.  In this  case ,  a rapid  reac t ion  is rea l ized  at 20~ the resu l t  of the reac t ion  depends on 
the amount of alkali  used.  Thus,  if  two equivalents  of po tass ium hydroxide in alcohol a re  used  in the t r e a t -  
ment  of solutions of t r i sul fone I (in dioxane o r  alcohol), a hexafluorodimethylmethionic  acid sal t  (VI) is 
fo rmed,  while th ree  equivalents of alkal i  give an ~-hydrohexaf luoroprepane-2-su l fon ic  acid sa l t  (VII), which 
can also be obtained d i rec t ly  f rom sal t  VI. If  t r isulfone I is t rea ted  with aqueous alkal is ,  one can isolate 
f luor ine-containing sulfones that  a re  identical  to those descr ibed  above - I I I  (optimally six equivalents  of 
alkali) and V (optimally 9-12 equivalent  of KOH). Dimethyl  sulfone (18 or  m o r e  equivalents  of KOH) and a 
sulfoacet ic  acid sa l t  (22 o r  more  equivalents  of KOH) a re  formed when excess  alkali  is used.  It was e s -  
tabl ished by analyt ical  expe r imen t s  that  these  l a t t e r  compounds along with carbon-dioxide  gas and sa l t s  of 
sulfuric  and hydrof luor ic  acids,  a re  the final products  of the alkaline hydro lys i s  of t r isulfone I;  the overa l l  
consumption of alkali  is 22 equivalents  with r e spec t  to methyl  orange or  27 equivalents  with r e spe c t  to 
phenolphthalein. 

On the bas i s  of the expe r imen ta l  facts  p resen ted  above,  it can be a s s e r t e d  that the alkaline hydro lys i s  
of t r isul fone I is a mul t i s tep  p r o c e s s  and is c h a r a c t e r i z e d  by a s t r i c t ly  de te rmined  sequence of s teps  that  
is de te rmined  by the s tabi l i t ies  of the products  formed.  

! +  2KOH---~I I + KOSO2C(CF~)2SO2OK+ HF 
vI 

I + 3KOH---MI + (CFa)2CHSO~OK+ •2SO4 ~J- HF 

I+ 6KOH--~II I + VII + K2SO4 +3KF+ CO~+ H20 
I+ 9KOH--~V+ VI1 + K2SO4+6KF+2CO2+2H~O 
1 + 12KOH---~V-~ CFaCH2SO2OK+ K2SO4+9KF+3CO2+3H~O 
I-t- 18KOH---~CH3SO2CH~-]- CF3CH2SO2OK+ K2SO4 + 15KF +5CO2 + 5H20 
I +22KO H---~CHaSO2C Ha + KOOCCH2SO2OK-]- K2SO4-t- 18KF+5CO2 + 7H20 

The a lcoholysis  of t r isul fone I is rea l ized  via a s i m i l a r  scheme.  It might  be a s sumed  that  the amides  
of ~ -hydrohexaf luoropropane-2-su l fon ic  acid, which were  prev ious ly  obtained in the reac t ion  of t r i sul fone 
I with secondary  amines  [1], are  fo rmed  via  a s i m i l a r  scheme.  The resu l t  of the ammonolys i s  of t r isulfone 
I is an additional conf i rmat ion  of this .  Thus,  its reac t ion  with ammonia  in benzene solution is accompl ished  
at 20 ~ during which the ammonia  consumption is ~11 equivalents;  sul famide and ~ -hydrohexa f luo ropropane -  
2-sul famide (VIII) were  i so la ted  f rom the reac t ion  products ;  ammonium fluoride (six equivalents)  is fo rmed  
s imul taneously .  

| CF~\ /CF 3 | 
! § !1 NH a ~ [ NC/)CHSO2CH(xcN ] + H2NSO2NH2 § {CFa)2CHSO2NH2 § 6 NH4F 

VIII 

The a -hydrohexa f luo rop ropane -2 - su l f amide  s t ruc tu re  was p roved  by tgF NMI~ spec t roscopy  and a lso  
f rom the resu l t s  of a lka l ime t ry  and t ho r iome t ry .  Bis (~-cyano-f l ,  fl, f l - t r i f luoroethyl)sul fone could not be 
isolated;  its format ion  can only be postulated on the bas i s  of the s to ich iomet ry  of the react ion  under  con-  
s idera t ion  and in analogy with the r e su l t s  of the ammonolys i s  of hexaf luoropropylene [2]. 

CFaCFfCF 2 NHa. [CFaCHFCF2NH2] ~ CFaCltFCN 

One ' s  at tention is  drawn to the fact  that  sulfonyl-eontaining compounds of th ree  types  - sulfones,  
sulfur ic  acid, and sulfonic acid der iva t ives  - a re  always fo rmed in the exhaust ive a lcoholysis ,  hydro lys i s ,  
o r  ammonolys i s  of t r i sul fone I.  When the p r o c e s s  was control led (2 equivalents  of KOH), in plaoe of the 
l a t t e r  acid der iva t ives ,  we were  able to r e c o r d a  hexaf luorodimethylmethionic  acid der iva t ive  (VI). The 
p r e c u r s o r  of all  of these  subs tances  is apparent ly  a t r i su l fonyl  compound that  is fo rmed  in the f i r s t  s teps 
of the p r o c e s s  - coordination of the nueleophile (of the H - B )  type with t r isul fone I, decycl izat ion of the 
l a t t e r  under  the so lvolys is  conditions to a dipolar  ion of the l inear  type,  and s tabi l izat ion of this ionby sp l i t -  
t ing out of a f luoride ion. 

HB ~ / SO2--c~ Fs)2 - + CFa\  
+ ~ .~C S02C(C Fa)2SO~C(CFa)2SO2--B I ~ (CF2)~- % -- ? 0  2 B H ~  (CF3)2CSO2C(CF3)2SO2C{CF3)2SO2BH-~F ClV2;~ 

SO2--C(CFa)2 
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This in terpreta t ion of the f i rs t  steps of the above-examined t ransformat ions  of tr isulfone I c lear ly  
explains the resul ts  of alcoholysis ,  alkaline hydrolysis ,  ammonolys is ,  and aminolysis .  This makes it pos-  
sible to predict  that the react ion of cyclic tr isulfone I with all nucleophilic reagents will be real ized via 
the same scheme presented above. 

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

The 19F NMR spec t ra  were recorded  by I. V, Galakhov and L. I. Ragulin with a H i t a c h i - P e r k i n  E lmer  
model  R-20 s pec t rome te r  at 34.5~ the field intensity was 14,092 G, the frequency was 56.456 MHz, the 
resolut ion was 3 �9 10 -8, and the external  s tandard was t r i f luoroacet ic  acid. The spec t ra l  data are presented 
in Table 1o 

Hexafluorodimethyl Sulfonene T r i m e r  (I). This compound was obtained by pyrolys is  of hexafluoro-  
isobutenylidene sulfate [3] and was purified by sublimation. 

~-Hydrohexaf luoro isopropyl  Pentaf luoroisopropenyl  Sulfone (II). A 3,24-g (0.03 mole) sample of 
benzyl alcohol was added to a solution of 6.42 g (0.01 mole) of I in 50 ml of dioxane, and the mixture was 
�9 heated on a boi l ing-water  bath for  3 h. The solvent was then removed by vacuum distillation, and the r e s -  
idue was mixed with anhydrous magnesium sulfate; the mixture wasplaced in a sublimation apparatus (of 
the f inger type), and the sublimate was collected by heating on a water  bath (at 50-80 mm),  This procedure  
gave 2.4 g (69%) of sulfone II as white plates with mp 33 ~ Found: C 21.0; H0.5; F 60~ S 9,5%0 C~HO2FIIS, 
Calculated: C 20.8; H 0~ F 60.4; S 9.3%~ 

Similarly,  2,1 g (60%) of II was obtained from 6.42 g of I and 1.84 g of ethanol. 

f l , f l , f i -Tr i f luoroethyl  ol-hydrohexafluoroisopropyl  Sulfone (III). A solution of 6.42 g (0.01 mole) of 
I in 30 ml  of methanol was heated at 70 ~ for 1 h, during which a crysta l l ine  precipi tate  formed.  The mix-  
ture was cooled, and the precipi tate  was removed by fi l tration and sublimed from a mixture with magnesium 
sulfate to give 2,5 g (84%) of sulfone III as white needles with mp 55 ~ Found: C 20.0; H 1.1; F 57.1; S 11.1% 
CsH302FgS. Calculated: C 20.1; H 1.0; F 57.4; S 11.7%. 

Similarly,  III was obtained in 78%yield by heating a solution of I in benzyl alcohol at 100% 

A methanol solution of 3.66 g (~0.05 mole) of potass ium hydroxide was added slowly to a solution of 
6.42 g (0.01 mole) of I in 150 ml  of methanol,  during which a precipi tate  formed.  The solvent was removed 
by vacuum distillation, and the residue was ext rac ted  twice with hot dibutyl e ther  in 10-ml port ions.  Cool-  
ing of the ext rac t  to 0 ~ gave 2.7 g (90%) of HI. 

A 0 .5-ml  sample of water  o r  ethanol was added to a solution of 1.7 g (0.005 mole) of sulfone II in hot 
dibutyl ether,  and the mixture  was cooled to 0 ~ to give 1.4 g (94%) of sulfone III. 

f l , f l , f i -Tr i f luoroethyl  Pentaf luoroisoprepenyl  Sulfone (IV). Crystall ine sulfone II was s tored in a 
sealed glass ampoule at 20 ~= 3 ~ for  18 days.  The crysta l l ine  mass  was then mixed with magnesium sulfate 
and sublimed to give sulfone IV (76%) as white p r i sms  with mp 129 ~ Found: C 21.2; H 1.0; F 54.5; S 12.0%. 
CsH202FsS. Calculated: C 21.6; H 0.7; F 54.7; S 11.5%. 

Crystal l ine sulfone III was s tored in a sealed glass ampoule at 20 J= 5 ~ ' for 280 days. Sublimation of a 
mixture of this mate r ia l  with magnesium sulfate gave sulfone IV in 64%yield, 

Bis(fl,fi,fl '-trifluoroethyl)sulfone~ (V). An alcohol solution of 4.94 g (0.09 mole) of potass ium hydroxide 
was added slowly to a solution of 6.42 g (0.01 mole) of I in 150 ml of ethanol, during which a precipitate 
formed.  The solvent was removed by vacuum distillation, and the residue was extracted twice with 10-ml 
port ions of hot dioxane. Cooling of the extract  to 20 ~ gave 2.0 g (87%) of sulfone V as white scales  with mp 
127 ~ Found: C 21.1; H 2.1; F 49.3; S 14.3%. C4H402F~S. Calculated: C 20.8; H 1.7; F 49.6; S 13.9%. 

A 0 ,5-ml  sample of water  o r  ethanol was added to a solution of 1.4 g (0.005 mole) of sulfone IV in 
hot dioxane, and the mixture was cooled to 20 ~ to give 1.1 g (95%) of sulfone V. 

Potass ium Hexafluorodimethylmethionate (VI). A solution of 1.12 g (0.02 mole of potassium hydroxide 
in 10 ml of methanol  was added to a solution of 6.42 g (0.01 mole) of I in 100 ml of methanol, during which 
a precipi tate  formed.  The solvent was removed by vacuum distillation at room tempera tu re ,  and the r e s i -  
due was washed with 10 ml of hot dioxane to give 3.5 (90%) of salt VI as white scales  with mp 189 ~ (decomp. 

~ pt.). Found: C 8.9; F 28~ S 16.1~. C306F6S2K2. Calculated: C 9~ F 29.4; S 16.5%~ Salt VI was soluble 
in water  (with decomposition) and insoluble in most  organic solvents.  
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TABLE 1 

C o m -  

pound 

Alkalimetry 
KOH consump., I fluoride 

/ equiv, ion 
fphenolph: Me.y, !fou .d, 
~halein i Orange I eqmv" 

t 26,91 
II 15,10 

III 11,93 

IV 10,93 

8J5 
8,97 
7,94 
7,95 

V 
VI 

VII 
VIII 

22,12 
11,15 

8,94 

8,03 

5.99 
7,95 
6,98 
6,93 

18,01 
11,05  

9,10 

7,98 

5,94 
5,91 
5,93 
5,91 

19F NMR spectra 

solvent 

Dioxane 
Dioxane 

Dioxane 

Dioxane 

Dioxane 

Water 
Alcohol 

signal 
c h a r a c t e r  

Singlet 
Multiplet,. 

doublet, 
multiplet 

Doublet, 
triplet 

Multi.plet, 
triplet, 
multtplet' 

Triplet 
Doublet 
Doublet 

clmmiea 
shift, 
ppm 

- -  18,3 
-2&0 
- -  t 6 , 3  
--4,0 

--16,2 
- -  17 ,0  
--23,0 
- -  18,7 
--4,0 

- -  16,0 

-15,8 
- 1 6 , 2  

spin--spin 
coupling 
constant 

u 
8,l 

9,0 

9,0 

9,0 

8,0 
9,0 

Potassium ~-Hydrohexaf luoropropane-2-sul fonate  (VII). A solution of 1.68 h (0.03 mole) of potas-  
sium hydroxide in 10 ml of methanol was added dropwise to a solution of 6.42 g (0.01 mole) of I in 25 ml 
of dioxane, during which a precipitate formed.  The precipitate was removed by fil tration and r e c r y s t a l -  
lized from 50%aqueous ethanol to give 2.0 g (74%) of salt VII as white p r i sms  with mp 254 ~ (decomp. pt.). 
Found: C 13.0; H 0.6; F 42%0; S 12.3%. C3HO3F6SK. Calculated: C 13.3; H 0.4; F 42.4; S 11.8%. 

Recrystal l izat ion of salt VI from w a t e r - e t h a n o l  (1 : 1) gave salt VII in 94%yield. 

Alkaline Hydrolysis  of Trisulfone I. A suspension of 32.8 g ("0.1 mole) of barium oxide octahydrate 
in 100 ml of water  was added to a solution of 6.42 g (0.01 mole) of I in 100 ml of ethanol, and the mixture 
was shaken vigorously for 2 h. The precipitate was centrifuged, removed by filtration, and washed with 
10 ml of hydrochloric  acid (1 : 5) and 10 ml of water.  It was then t r ans fe r r ed  to a 100-ml volumetric  flask, 
and sulfuric acid (1 : 10) was added up to the mark.  The fluoride ion content (17.6 equivalents) in analiquot 
of this solution was determined.  

The mother  l iquor was evaporated,  and the residue was washed twice with 10-ml port ions of e ther  and 
reerys ta l l ized  from aqueous alcohol (1 : 1) to give 2.5 g (91%) of bar ium sulfoacetate.  Found: C 8.7; H 0.8; 
S 11.6%. C2I-I2OsSBa. Calculated: C 8.9; H 0.7; S 11.8%. 

The e ther  ext rac t  was evaporated,  and the residue was recrys ta l l i zed  f rom toluene to give 0.8 g (85%) 
of dimethyl sulfone, which was identical to a genuine sample.  

ce-Hydrohexafluoropropane-2-sulfamide (VIII). Dry ammonia was bubbled slowly into a solution of 
4.6 g (0.007 mole) of I in 150 ml of dry benzene until the signs of a react ion - heat evolution and formation 
of a white precipitate - ceased.  The ammonia  consumption was 1.8-1.9 l i ter .  The benzene was removed 
from the react ion mixture by vacuum distillation, and the residue was extracted twice with 15-ml portions 
of hot chloroform.  The ext rac t  was cooled to 0 ~ to give 1.6 g (97%) of sulfamide VIII as white scales  with 
mp 103.5 ~ Found: C 15.2; H 1.2; N 5.8; F 49.2; S 13.7%. C3H~:)21NF6S. Calculated: C 15.6; H 1.3; N 6.1; 
F 49.4; S 13.8%. 

The residue from the react ion mixture was t rea ted  with water,  and the fluoride ion content (6.08 
equivalents) in  an aliquot was determined.  

Alkal imetry.  A weighed sample (0.01-0.03 g) of the tes t  prepara t ion was dissolved in 10 ml of ethanol, 
and the solution was diluted with 50 ml of 0.1 N potassium hydroxide. After  24 h, the excess  alkali was 
t i t ra ted with 0.1 N hydrochloride,  f i rs t  with respect  to phenolphthalein and then with respect  to Methyl 
Orange. Ino the rexpe r imen t s  the fluoride ion content in the alkaline hydrolyzate was determined by thor io-  
met ry .  The resul ts  of the analyses are p resen ted  in Table 1. 
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