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Hexafluoroisobutenylidene sulfate is a sulfotr ioxidizing agent with r e spec t  to var ious  olefins; 
methylenemethionic  acid is fo rmed  in the case  of ethylene,  while the cor responding  ~ - su l fones  
are  fo rmed  in the case  of te t raf luoroethylene and vinylidene f luoride.  2 ,2 -Di f luoro-2-hydroxy-  
ethanesulfonic acid sultone is cha r ac t e r i z ed  by a capaci ty  for  anionotropic t r ans fo rma t ions ;  a 
number  of sulfoaeet ic  acid der iva t ives  were  obtained on the bas i s  of this sultone.  

A method for  the p repa ra t ion  of hexafluoroisobutenylidene sulfate and some of its p rope r t i e s ,  in p a r -  
t icu lar  its behavior  with r e spec t  to alkali meta l  hal ides ,  wa te r ,  e the r s ,  and t e r t i a r y  amines ,  were  desc r ibed  
in prev ious  communicat ions  [1-3]. In all c a se s ,  the reagent  was sulfotr ioxidized and hexaf luorodimethyl -  
ketene was l ibera ted .  There  is no doubt that this t rend of these p r o c e s s e s  is explained by init ial  at tack by 
the e lec t rophi l ic  sulfonyl group of the hexafluoroisobutenylidene sulfate that is d i rec ted  to the e l ec t ron -  
donor cen te r s  of the reagent  molecu les .  It might have been assumed  that this so r t  of a t tack is poss ible  not 
only on the unshared  p e lec t rons  of the halogen, oxygen, or  n i t rogen a toms but also on the col lec t iv ized 
e lec t rons  of the multiple bonds.  The val idi ty  of this assumpt ion  was conf i rmed  by di rec t  expe r imen t s ,  
which are d i scussed  in the p resen t  communicat ion .  

When ethylene is passed  through liquid hexafluoroisobutenylidene sulfate,  an exo thermic  react ion,  as 
a r e su l t  of which the ketene is l ibera ted  and methylenemethionic  acid is formed,  is observed .  The f o r m a -  
tion of this acid can be descr ibed  by the following sequence of reac t ions .  Ethylene is sulfotr ioxidized and 
2-hydroxyethanesulfonic  acid sultone is fo rmed  in the f i r s t  s tep;  the sultone, like other hydrogen-conta ining 

-su l tones ,  is inclined to undergo pro to t ropic  i somer iza t ion  to give ethenesulfonic acid [4]. 

cv3, ~ ' ~ / s  o~ I cv 3 /so:~\ 
~Z=CTO" 9~CU2 - ~  >C=C--O + o/SO:~cH 0 ~ n~-CU ~ CH~=Cn--SO~OH 

Since the reac t ion  is accompl ished  in hexafluoroisobutenylidene sulfate solution, the ethenesulfonic 
acid undergoes  fur ther  sulfotr ioxidat ion to give 1-hydroxysulfonyl-2-hydroxyethanesul fonic  acid sultone, 
which undergoes  proto t ropic  i somer iza t ion  to methylenemethionic  acid - the final product  of the reac t ion .  

cF >c  ,-s%o, +,o( %.-s%o. 
CF8 2 OF3/ 2 

S02-. / ~ - .  /SO2OH 
O # H~--.--C--SOoO H - ~  CH2=Cr 
~ C ~  " "SO2OH 

*See [1] for  communica t ion  III .  
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The s tructure  of the methy lenemeth ionic  acid was conf i rmed  by IR 
s p e c t r o s c o p y  and a l so  by the resu l t s  of a lka l imetry  and b r o m o m e t r y .  

The react ion  of hexaf luoroisobutenyl idene sulfate with te traf luoroethy l -  
ene is a l so  accompl i shed  under re la t ive ly  mild condit ions (40-50~ the r e -  
action is  accompanied  by the l iberat ion of the ketene and the format ion  of 2-  
h y d r o x y - l , l , 2 , 2 - t e t r a f l u o r o e t h a n e s u l f o n i c  acid sul tone.  

cv3\ r ~ v / s o , ,  

The s tructure  of the tetraf luoro f l - su l tone  was conf irmed by F t9 NMR 
spec troscopy ,  the resu l t s  of a lkal ine  hydro lys i s ,  and i s o m e r i z a t i o n  to f luoro-  
sul fonyldi f luoroacetyl  f luoride [4]. 

c~ s~ 
CIF~/ 2"X'COF 

The ability of hexaf luoroisobutenyl idene sulfate to act as a mild su l fo-  
tr ioxidiz ing agent with re spec t  to such antipodes as ethylene and te traf luoro-  
ethylene made it poss ib le  to hope for the poss ib i l i ty  of obtaining f i - su l tones  
that prev ious ly  could not be synthes ized  when free  sulfur trioxide was used.  
For  example ,  it is  known that the react ion  of liquid sulfur trioxide with 
vinyl idene f luoride g ives  an unstable 2 : 1 adduct, ,to which the 2 ,2 -d i f luoro-  
e thane /9 -pyrosu l tone  structure [5, 6] was  ass igned.  In contrast  to these  e x -  
per iment s ,  it was  found that 2 -hydroxy-2 ,2 -d i f luoroethanesul fonic  acid su l -  
tone i s  formed  in quantitative yield when vinylidene f luoride is passed  through 
hexaf luoroisobutenyl idene  sulfate at 10-20 ~ 

C F 3 \  / ~ - - / S  0 2 f  CF3 \  
cF/c=c--'~cv~C"~ ~ /c=c=o + o/Sg\c. 

-~ ~ CF 3 \CF2 / 

Fluorosu l fony lacet ie  acid is formed in the neutral  hydro lys i s  of 2,2- 
di f luoroe thane /9 - su l tone ,  a lcoholys i s  g ives  its e s t e r s ,  t rea tmentwi th  s econd-  
ary amines  g ives  diamides  of su l foacet ic  acid, and the action of aqueous a l -  
kal i s  g ives  sul foaoet ic  acid sa l t s .  

H,,O 
. . . . .  ~ . - - -  I- SO,:C t l  ~CO0 t l  

_R_O t1__ FSO.:C H, CO0 R /SO:\ 
CH~ 0 
.X, CF / r , , n H  '.' - ~ R,.!,N SO:C H: CO N R,~ 

KOH - KOSO ~CH2COOK 

This sort  of trend of the bas ic  s o l v o l y s i s  of 2 ,2-di f luoroethane /9 - 
sultone can be explained only by the fact that anionotropic c o n v e r s i o n  of the 
cyc l i c /9  - su l tone  to its l inear  i s o m e r  - f luorosul fonylacety l  f luoride - occurs  
in the f irs t  s tep of the p r o c e s s .  The ability of the/3 - su l tone  to undergo this 
sort  of i s o m e r i z a t i o n  was  conf irmed by direct  exper iment:  f luorosu l fony l -  
acetyl  f luoride is  formed  in quantitative yield when this compound is  heated 
in the p r e s e n c e  of po tas s ium bif luoride.  

/ SO:  z')~ _ _ -  

\ ~ F Y  c"'\c~ 

Thus a number of su l foacet ic  acid der ivat ives  (Table 1) were  obtained 
f rom 2,2-di f luoroethane f l - su l tone .  The s tructures  of the compounds obtained 
w e r e  proved by var ious  methods:  P1VIR and F 19 spec troscopy ,  a lkal imetry ,  
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TABLE 2. NMR Spec t romet ry*  

Compound 
PMR �84 

-~,ppm la,F, Hz 

Tetrafluoroethane B-sultone 

Huorosulfonyldifluoroacetyl 
fluoride! 

2,2'Difluoroethane B-sulmne 
Flurosulfonylacetyl fluoride 

Fluorosulfonylacetic acid 

Methyl fluorosulfonylacetam 

Ethyl fluorosulfonylacemm 

n- Propyl flu0rosulfonylacetam 

Sulfoacetic acid dim~rpholide 

~A 

;,0 

:t, 1 

t , 1  

: t ' I  

i,2s 

6,0 

1 4,0 

4,0 

4,0 

4,0 

5, ppm 
F19 NMR 
IF, ~ , H Z !  IF, ~, Hz 

- -  1 4 , 3  

--28,7 

- -  1 1 0 , 2  

-- 103,8 
2,2 

--3,0 

- -  136,0 
- -  1 2 6 , 0  

--136.0 

- 1 3 ~ , 0  

- 138,0 

- 138,0 

t M 
t 

t 
- -  

t 6,1 

dd t 4,C 
4,( 

t 4,( 

t 4,C 

t 4,C 

t 4,G 

2,9 
2,9 

53 
5.1 
5,1 

15,0 

*Abbrevia t ions:  s is singlet,  d is doublet, t is t r ip le t ,  dd is doublet of 
doublets,  and dt is doublet of t r i p l e t s .  
t The s pec t rum  was r eco rded  without a s tandard .  

and tho r iomet ry  (Tables 1 and 2). The i r  format ion  in the reac t ions  p resen ted  above indicates the aniono- 
t ropic  c h a r a c t e r  of the reac t iv i ty  of 2,2-dif luoroethane ~ - su l t one .  

It is in teres t ing to note that hydrogen-containing ~ -su l tones  are inclined to undergo proto t ropic  t r a n s -  
fo rmat ions  due to migra t ion  of hydrogen f rom the a posi t ion of the r ing,  while f luorine-containing f l -sul -  
tones a re  inclined to undergo anionotropic t r ans fo rma t ions  due to migra t ion  of fluorine f rom the ~ posi t ion 
of the ring [4]. However ,  i f  both hydrogen a toms in the a posi t ion and fluorine a toms in the fi posi t ion are  
p r e sen t  s imul taneous ly  in the fl-sultone molecule ,  the tendency for  anionotropie t r ans fo rma t ions  p reva i l .  
This phenomenon was p rev ious ly  observed  in ca se s  of the convers ion  of a -hydro t r i f luo roe thane  ~-su l tone  
[4]; in the p re sen t  communicat ion,  this same phenomenon was conf i rmed  in ca se s  of convers ions  of 2,2- 
difluoroethane ~ - su l tone .  Tl~e new method for  the sulfotr ioxidat ion of olefins examined in the p resen t  paper  
provides  the p re requ i s i t e s  for  the synthes is  and fur ther  study of the reac t iv i ty  of ~ -su l tones  of different  
types .  

/ S O 2 \  / S O 2 \  / S O 2 \  / S O 2 \  
CH 2 O CH 2 O CHF O CF 2 O 
"~C112/ "%F2/ \cF2/ NCF~/ 

protorropic anionotropic 

EXPERIMENTAL 

Methylenemethionic Acid.  D r y  ethylene was bubbled slowly into 14.6 g (0.057 mole )o  f hexaf luoro iso-  
butenylidens sulfate at 10-20 ~ during which hexaf luorodimethylketene evolution, slight warming,  and the 
fo rmat ion  of a c rys ta l l ine  prec ip i ta te  were  observed .  The reac t ion  stopped af ter  sol idif icat ion of the ent i re  
r eac t ion  mixture ;  3.5-4 l i t e rs  of ethylene was consumed,  and 9 g of hexaf luorodimethylketene was col lected 
in a t r ap  cooled with a mixture  of ace tone  and d ry  ice .  Rec rys t a l l i za t ion  of the reac t ion  mixture  f r o m  c a r -  
bon t e t r a c h l o r i d e - d i c h l o r o e t h a n e  (1:1) gave 4.5 g (85%) of methylenemethionic  acid as white c r y s t a l s  that 
fumed in a i r .  IR spec t rum:  vSO 3 1580 cm -1. Found,Z: C 12.7; H 2.6; S 33.7. Equiv.wt .  (KOH) 1.97; 
(Br2) 0.95. C2H406S 2. Calcula ted,Z:  C 12.8; H 2.1; S 34.0. Equiv.  wt.  (KOH) 2.0; (Br2) 1.0. 

Tet raf luoroethene/3  -Sultone.  Te t r a fho roe thy l ene  was bubbled slowly into 12'.9 g (0.05 mole) of hexa -  
f luoroisobutenylidene sulfate at 40-50 ~ (with a ref lux condenser)  until the evolution of hexaf luorod imethy l -  
ketene,  which was condensed in a t rap  cooled with a mixture  of acetone and d ry  ice,  ceased;  8.9 g of the 
ketene was col lec ted .  Frac t iona t ion  of the r eac t ion  mixture  gave 8.7 g (96%) of te t ra f luoroethane  fl - sul tone,  
which was identified f r o m  its physieal  p rope r t i e s ,  by F 19 NMR spec t roscopy ,  and f r o m  the resu l t s  of a lkal-  

~ine hydro lys i s .  Found: Equiv. wt.  (KOH) 3.95; (F ion) 1.96. C2F403S. Calculated: Equiv. wt.  (KOH) 4.0~' 
(F ion) 2.0. 
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Two to three  drops  of t r ie thylamine  w e r e  added to 9.0 g of te t raf luoroethane/3  -sul tone in a f lask 
equipped with a d ry - i ce  reflux condenser ;  v igorous  e f fe rvescence  of the mixture  was observed .  Subsequent 
f ract ionat ion gave 8.4 g (89%) of f luorosulfonyldif luoroacetyl  f luoride,  which was identified f rom its phys ica l  
p r o p e r t i e s  [7], by F 19 NMR spec t roscopy ,  and f rom the r e su l t s  of alkaline hydro lys i s .  Found: Equiv.  wt. 
(KOH) 4.05; (F ion) 2,03. C2F403S. Calculated: Equiv. wt. (KOH) 4.0 (F ioa) 2.0. 

2,2-Difluoroethane ~--Sultone. Vinylidene fluoride was bubbled slowly into 25.8 g (0.1 mole) of hexa -  
f luoroisobutenylidene sulfate a t  10-20 ~ (with a reflux condenser)  until hexaf luorodimethylketene evolution 
ceased ;  17.8 g of the ketene was col lected.  Fract ionat ion of the reac t ion  mixture  gave 14.1 g of 2 ,2-di -  
f luoroethane f l -sul tone (Table 1). 

F luorosulfonylacet ic  Acid.  A 0.9-g (0.05 mole) sample  of wa te r  was added by  drops  s lowly with shak-  
ing to 7.2 g (0.05 mole) of 2,2-dif luoroethane fl -sul tone in a Teflon appara tus .  The mixture  was then heated 
on a wa te r  bath until the hydrogen fluoride had been comple te ly  r emoved  (30 min).  Subsequent f ract i0nat ion 
gave 4.6 g of f luorosulfonylacet ic  acid, which was c rys t a l l i zed  to give needles with mp 37 ~ (Table 1). 

Alkyl F luorosul fonylace ta tes  (Table 1). A 0.05-mole sample  of alcohol was added to 7.2 g (0.05 mole) 
of the fi -s.~ltone in a Teflon appara tus ,  and the mixture  was refluxer on a wa te r  bath for  1 h. It was then 
washed twice with ice water ,  and the lower  l ayer  was s epa ra t ed ,d r i ed  with magnes ium sulfate,  and f rac t ion-  
ate d .  

Sulfoacetic Acid Dimorphol ide .  A solution of 8.7 g (0.1 mole) of morpholine in 10 ml  of e the r  was 
added to a solution of 3.6 g (0.025 mole) of the fl -sul tone in 5 ml  of diethyl e ther ,  during which a c o l o r l e s s  
c rys ta l l ine  prec ip i ta te  f o rm ed .  The prec ip i ta te  was r ec ry s t a l l i z ed  f rom toluene to give 4.6 g (66%) of 
sulfoacet ic  acid dimorpholide as p r i s m s  with mp 143 ~ Found,~:~ N 10.1. C10H!sN2OsS. Calculated,~c: N 
10.0. 

F luoresul fonylace ty l  Fluor ide .  A mixture  of 7.2 g (0.05 mole) of 2,2-dif luoroethane f l -sul tone and 
0.3 g of po ta s s ium bifluoride was heated on a wa te r  bath for  2 h. Subsequent f ract ionat ion gave 7.0 g of 
f luorosulfonylacetyl  f luoride (Table 1). 

A lka l ime t ry .  A weighed sample  of the p repa ra t ion  (0.05-0.1 g) was dissolved in 10-20 ml  of 0.1 N 
po tass ium hydroxide,  and the excess  alkali  was t i t r a ted  af ter  10-15 rain with 0.1 N hydrochlor ic  acid with 
r e spec t  to phenolphthalein.  The percen tage  of f luoride ions in the hydrolyzate  was de te rmined  by a thor io -  
me t r i c  method.  The r e su l t s  of analysis  a re  p resen ted  in Table 1. 

S p e c t r o m e t r y .  The F 19 NMR and PMR s p e c t r a  were  r eco rded  with a Hi t ach i -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 intensi ty of 14,092 G. The F t9 chemica l  shifts  were m e a s u r e d  in carbon 
te t rach lor ide  solution with an externa l  s tandard  and are  p resen ted  in pa r t s  pe r  mil l ion of the field re la t ive  
to t r i f luoroace t ic  acid; the H i chemica l  shifts  were  r eco rded  in the same solvent with an internal  s tandard  
( te t ramethyls i lane)  and a re  p resen ted  re la t ive  to the l a t t e r  (see Table 2). 

1. 

2. 

3. 

4. 
5. 
6. 
7. 

L I T E R A T U R E  C I T E D  

V. M. Pavlov,  M. A. Belaventsev,  V. F.  Gorelov,  G. A. Sokol 'ski i ,  and I. L. Knunyants, Khim. 
Gete ro t s ik l .  Soedin., 13 (1973). 
V. M. Pavlov,  I .  V. Galakhov, L. I. Ragulin,  A. A. Alekseev,  G. A. Sokol 'ski i ,  and I.  L. Knunyants, 
Khim. Gete ro t s ik l .  Soedin., 1645 (1971). 
V. M. Pavlov,  A. A. Alekseev,  G. A. Sokol ' ski i ,  and I .  L. Knunyants, Khim. Gete ro t s ik l .  Soedin., 306 
(1972). 
I .  L.  Knunyants,  G. A.  Sokol 'ski i ,  and M. A. Belaventsev ,  Teor .  i l~ksperim. Khim.,  1, 324 (1965). 
D. C.  England and H. Ook, US Patent  No. 2,852,554 (1958); Chem.  Abs t r . ,  5_33, 2253 (1959). 
D. C.  England, M. A. Dietr ich,  and R.  V. Lindsey,  J .  Am.  Chem.  Sot . ,  8__22, 6181 (1960). 
M. A. Belaventsev ,  G. A. Sokol ' ski i ,  and I. L. Knunyants, Izv.  Akad. Nauk SSSR, Otd. Khim. Nauk, 
1613 (1965). 

167 


