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I t  has  been shown prev ious ly  [1] that the cor responding  der iva t ives  of a - f luo rosu l fony lpo ly f luo roca r -  
boxylie  acids  a r e  fo rmed  on reac t ion  of f luor ine-eonta in ingf l - su l tones  with nucleophil ic compounds,  The 
p roces s  includes an in t e rmed ia te  i s o m e r i z a t i o n  of the cycl ic  fl - su l tones  into l inear  ce-f tuorosul fonylcar-  
boxylic  acid f luorides  and reac t ion  of the la t ter  with the nucleophilie r eagen t  [2]. 
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The r e su l t s  of the t r ans fo rma t ions  of hexaf luoropropane-2- f l - su l tone  which a r e  descr ibed  in the p re sen t  
commmdca t ion  can be cons idered  f rom the s a m e  point of view. 

Thus,  hexaf luoropropane-2- f l - su l tone  is i s o m e r i z e d  into a - f luorosu l fony l t e t r a f luoroprop iony l  f luoride 
on heating, under the action of po tass ium fluoride,  and a lso  in the p r e sence  of hydrogen f luoride or  e the r s .  
The s t r u c t u r e  of the l inear  b i sacy l  f luoride was conf i rmed by counter  synthes is ,  by the r e su l t s  of a lka l i -  
me r ry ,  and by i ts  convers ion  into methy l  c~-f luorosulfonyl te t raf luoropropionate .  
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Upon reac t ion  of hexaf luoropropane-2- f l - su l tone  with a lcohols ,  the app rop r i a t e  e s t e r s  of (~-fluoro- 
sulfonyl~etraf luoropropionic  acid a r e  fo rmed in quanti tat ive yield.  
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o~-.Fluorosulfonyltetrafluoropropionic acid is formed on hydro lys i s  of hexaf luoropropane-2- /3-sul tone;  
this is decarboxyla ted  under the reac t ion  conditions and is conver ted thereupon into c~-hydrote t raf luoro-  
ethanesulfonyl  f luoride.  The s t r u c t u r e  of the la t ter  compound was conf i rmed by r e su l t s  of a lka l ime t ry  and 
by convers ion  into the cor responding  amide.  
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The fo rmat ion  of oz-f luorosulfonyl te t raf luoropropionic  acid on hydro lys i s  of hexaf luoropropane-2- f i -  
sultone was es tabl i shed by the isolat ion of the anhydride or  acid chloride of this acid when a mix tu re  of 
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TABLE 1 

Compound ~ 

(CFCCFs) 
/ \ 

S02 CF2 
\ /' 
\ / 

0 
FSO2CF (GFs) COF 
FSO~CF (CF3) COC1 
[FSO2CF (CF3) CO --]20 
FSO2CF (CI~3) COOCH3 
FSO2CF (CF3) COOC2Hs 
FSO2CF (CF3) COOC3H~- n 
FSO2CF (CF3) COOC4H9- n 
FSO~CF (CF3) COOC5H11- n 
FSO~CF (CF3) COOC6H~3-n 
FSOzCF(CF3) COOCsH11-cyclo 
FSO2CFHCTF~ 
(C~Hs) 2NSO~CFH,CF~ 

bp, ~ d~o 
(p, mm Hg) 

46,5 1.6670 

42.5 .7060 
70 ,5634 

152 .7738 
118,5 ,5600 
131.5 ~.4743 
148 ,4022 
72(20) i,3700 
64(8) [.3751 
86(11) i.2900 

110(2) [.3902 
60 L.6496 

80(3) [,3091 

1.3000 

1,28 
1.3200 
1.3335 
1.3415 

1.3448 
1.3520 
1.3630 
1,3700 
1,3760 
1,3885 
1,3000 
1.3915 

equimolecular  quanti t ies of the/3-sultone and wa te r  
was t rea ted  with phosphorus pentoxide or  phosphorus  
pentachloride,  r e spec t ive ly .  

CF~ ( ~F~ i 
I q-, P20~ 
CF CF3 > \FS02CFCO/20 

/ ~ +H,O FSO2CJFCOOH-- S02 CF2 _~-~> CF8 

\ 0 / +PCl, l ~, ----> FS02 CFC0~I 

Thus, the corresponding der iva t ives  of a - f l u o r o -  
sul fonyl te t raf luoropropionic  acid a r e  fo rmed in eve ry  
case  invest igated upon reac t ion  of hexaf luoropropane-  
2-f i-sul tone with nucleophilic compounds.  The phys i -  
cal  p rope r t i e s  of the compounds obtained a r e  given 
in Table  1. 

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

I s o m e r i z a t i o n  o f  H e x a f l u o r o p r o p a n e - 2 - f l - s u l t o n e .  I n t o a l 0 0 - m l s t e e l a u t o c l a v e  
was placed 23.0 g of hexaf luoropropane-2- f l - su l tone .  The autoclave was heated at  150-160 ~ for  1 h, a f t e r  
which it  was cooled and opened. The contents were  f ract ionated in a column (23 theore t ica l  plates) .  The 
yield of o~-f luorosulfonyltetraf luoropropionyl  f luoride obtained was 16.1 g (70%). Found %: C 15.83; F49,02; 
S 14.03. Mol. wt. 233.5. C303FGS. Calculated %: C 15.60; F 49.52; S 13.93. Mol. wt. 230.2. 

To 23.0 g of hexaf luoropropane -2-f l -sul tone ,  with ice-cool ing,  anhydrous hydrogen fluoride was added 
dropwise  until the v igorous  reac t ion  ceased (10-15 drops) .  The mix tu re  was f rac t ionated a f t e r  addition of 1 g 
of po tass ium fluoride,  a -F luorosu l fony l t e t r a f luo roprop iony l  f luoride (16.4 g, 71%) was isolated.  

Di -n-buty l  e ther  (1-1.5 mD was added dropwise to 23.0 g of hexaf luoropropane-2- f i - su l tone  until the 
v igorous  reac t ion  ceased,  a -F luorosu l fony l t e t r a f luoroprop iony l  f luoride (18.4 g) was isolated by f rac t iona-  
tion. 

a -F luorosu l fony l t e t r a f luo roprop iony l  f luoride was obtained s i m i l a r l y  f r o m  hexaf luoropropane-2- f i -  
sultone in the p r e s e n c e  of dioxane, ch lo rex(b i s -2 -ch lo roe thy l  ether)  or  d ichlorodimethyl  e ther ,  in yields  of 
75, 75, and 83%, respec t ive ly .  

P r e p a r a t i o n  o f  a - F l u o r o s u l f o n y l t e t r a f l u o r o p r o p i o n y l  F l u o r i d e .  A m i x t u r e o f  
24.7 g of ~ - f luoresu l fony l te t ra f luoroprop ionyl  chloride and 12.0 g of subl imed ant imony fluoride was heated 
on a boiling wa te r  bath under a f raet ionat ing column; a co lo r less  liquid dist i l led out thereupon, a ~ F l u o r o -  
sul fonyl te t raf luoropropionyl  f luoride (19.5 g, 85%) was isolated by repeated  f raet ionat ion of the la t ter .  

Methyl  ~- f luorosu l fonyl te t ra f luoropropiona te  was isola ted in 90% yield by solution of the a - f l u o r o s u l -  
fonyl te t raf luoropropionyl  f luoride in methanol ,  subsequent  washing with water ,  drying over  MgSO 4 and f r a c -  
t ionation. 

A l c o h o l y s i s  o f  H e x a f l u o r o p r o p a n e - 2 - f l - s u l t o n e .  To 23.0 g o f t h e f i - s u l t o n e ,  with 
cooling, was  slowly added dropwise  0.10-0.12 mole  of the dry  alcohol; wa rming  up of the solution was noted 
thereupon,  plus evolution of hydrogen f luoride.  The mix tu re  was washed twice with water ;  the lower layer  

TABLE 2 

FSO~CFCOOR Yield, qc 
R 

C,H 3 
C~Hs 
n-C3H7 

n-CsHu 
n-C6Hm 
cyclo ~CsHn 

90 
85 
88 
78 
73 
75 
70 

Found 

F,% Is,% [ MR 
Empirical formula 

39,781 13.041 32.66[ C4H304FsS 
37.45[ 12.30] 36.88] C~HsO4FsS 
35:52[ 11.62[ 41,67] C6HTO4FsS 
33.04 11.48[ 46,13] CzHgO*FsS 
32.75 10.941 51.29[ CsHuOaFsS 
30.54 10.26 55.54[ CgHIaO4FsS 
30.33 10.10 52.71[ C~HnO4FaS 

Calculated 

F,% I s,% MR* 

39,191 13,23] 32.54 
37.10] 12.491 37,18 
35.201 11.84[ 41.85 
33.44[ 11.241 46.27 
32.30 / 10X2] 51.13 
30:34[ 10.26 55.74 
30.65[ 10.32 52.56 

* In calculation we used a r e f r ac t iv i t y  value of 10.54 [3] for  the 
f luorosulfonyl  group 
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TABLE 3 

Compound 

~ -  F luorosu l fonyl te t ra f luor  opropioni c anhydride 
c~- F luorosu l fonyl te t ra f luoropropionyl  chloride 
~ -  Fluor  osul fonyl te t raf luor  opropionyl  f luoride 
Methyl o~-fluor os ul fonyl te t raf luor  opropionate 
Ethyl  ~ -  f luorosul fonyl te t raf luor  opropionate  
n - P r o p y l  ~ -  fluor os ulfonyl te t raf luor  opropionate  
n -Bu ty l  ~ -  f luorosul fonyl te t ra f luoropropionate  
n -Am yl  ~ - f l u o r o s  u l fonyl te t raf luoropropionate  
n -Hexy l  c~-fluoros u l fonyl te t raf luoropropionate  
Cyclohexyl ~ - f l u o r o s  u l fonyl te t raf luoropropionate  
o~-Hydr o te t ra f luoroe thanes  ulfonyl f luoride 

Found, equiv. 

KOH 

6.08 
3.96 
4.06 
2.94 
3.03 
2.90 
2.93 
2.93 
3.00 
3.08 
1.94 

F 

2.06 
0.97 
1.92 
1.03 
1.05 
0.99 
1.06 
1.04 
1.07 
0.92 
1.05 

C1 

0.96 

was  sepa ra t ed  and dr ied over  MgSO 4. The app rop r i a t e  e s t e r  of a - f luo rosu l fony l t e t r a f luo roprop ion ie  acid 
was i so la ted  by fract ionat ion.  Yields and ana lyses  of the compounds a r e  given in Table  2. 

H g d r o l y s i s  o f  H e x a f l u o r o p r o p a n e - 2 - f i - s u l t o n e .  Water  (10ml )  was slowly added d rop-  
wise  to 23.0 g of the fi-sultone with s t i r r i ng  and ice-cool ing .  The lower layer  was separa ted ,  washed with 
ice wa te r  , dr ied over  MgSO 4 and f rac t ionated.  ~ -Hydro te t ra f luoroe thanesu l fony l  f luoride (17.1 g, 93%) was 
isola ted,  Found %: C 13.22; F 51.96; S 17.46. Mol. wt. 180.5. C2HO2FsS. Calculated %: C 13.02; F 51.65; 
S 17.35. MoI. wt. 184.2. 

A solution of 16.0 g of d ie thylamine in 20 m l  of e ther  was added dropwise  with ice-cool ing  and s t i r -  
r ing to a solution of 18.4 g of a -hydro te t r a f luo roe thanesu l fony l  f luoride in 20 ml  of absolute  e ther .  The 
mix tu re  was wa rm ed  to r o o m  t e m p e r a t u r e  and was diluted with 20 m l  of e ther .  The e ther  layer  was sep-  
a ra ted ,  dr ied over  MgSO 4 and f rac t ionated .  ~ -Hydro te t r a f luoroe thanesu l fon ic  acid die thylamide (15.7 g, 
66%) wat3 isola ted .  Found %: N 5.63. C6HIlO~NF4S. Calculated %: N 5.45. 

l O . _ j r e p a r a t i o n  o f  ~ - F l u o r o s u l f o n Y l t e t r a f l u o r o p r o p i o n i c  A n h y d r i d e .  To a s o l u t i o n  
of 23.0 ~: of hexaf luoropropane-2- f l - su l tone  in 25 m l  of methylene  chloride,  placed in a Teflon r eac to r ,  was 
slowly added 1.8 g of water ,  dropwise ,  with s t i r r i ng  and cooling to -10% and then 14.2 g of phosphorus 
pentuxide was added rapidly .  The mix tu re  was heated at 50 ~ for  2 h under ref lux.  By subsequent  f r ac t iona -  
lion, 15.6 g (71%) of ~ - f luorosu l fony l te t ra f luoroprop ion ic  anhydride was isolated.  Found %: F 42.86; S 
14.51. Mol. wt. 430.5. C~OTFIoS 2. Calculated %: F 42.40; S 14.27. Mol.  wt. 438.2. 

P r e p a r a t i o n  o f  ~ - F l u o r o s u l f o n y l t e t r a f l u o r o p r o p i o n y l  C h l o r i d e .  S imi la r ly ,  by 
introduction of 41.7 g of phosphorus pentachlor ide  into the solution of the hexaf luoropropane-2- f i - su l tone  
hydrolyzate ,  subsequent  heating of the reac t ion  mix ture ,  and fract ionat ion,  there  was obtained 18.5 g (75%) 
of o~-f lu0rosulfonyl tetraf luoropropionyl  chlor ide.  Found %: F 39.01; C1 14.10; S 13.22. Mol. wt. 240.5. 
C303F5CIS. Calculated %: F 38.48; C1 14.37; S 12.96. Mol. wt. 246.6. 

A m i x t u r e  of 24.7 g of ~ - f luorosu l fony l te t ra f luoroprop ionyl  chloride and 12.0 g of subl imed ant imonyl  
t r i f luor ide  was heated at  80-90 ~ under a column, o~-Fluorosulfonyl te t raf luoropropionyl  f luoride (19.5 g, 
85%) wa~ isola ted by fract ionat ion of the dis t i l la te  dr iven off over  ant imony t r i f luor ide .  ~ - H y d r o t e t r a f l u o r o -  
ethanest~lfonyl f luoride was isola ted in 78% yield by t r ea tmen t  of a - f luorosu l fony l t e t ra f luoroprop iony l  chlo- 
r ide  with wa te r  and subsequent  fractionationo 

A _ I k a l i n e  H y d r o l y s i s  o f  C o m p o u n d s  P r e p a r e d .  A 0 . 1 - 0 . 2 g s a m p l e s  of the p repa ra t ion  
was dissolved in 25-50 ml  of 0.1 N KOH; the excess  alkal i  was t i t ra ted to phenolphthalein with 0.1 N H2SO 4. 
The fluoride ion content was de te rmined  in the hydrolyzate  by thor iomet ry ,  and the chloride ion by a rgen to -  
m e t r y .  Resu l t s  of ana lyses  a r e  given in Table  3. 

C O N C L U S I O N S  

1. ! t exaf luoropropane-2- f i - su l tone  is i s o m e r i z e d  to ~- f luorosu l fony l te t ra f luoroprop ionyl  f luoride 
under the act ion of nucleophil ic  agents .  
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2. Some der ivat ives  of a- f luorosul fonyl te t raf luoropropionlc  acid have been obtained; the acid fluo- 
r ide and acid chloride,  the anhydride, and some e s t e r s .  

3. (~-I-Iydrotetrafluorothanesulfonyl f luoride has been prepared  by decarboxylat ion of a - f l uo rosu l -  
fonyl te t raf luoropropionic  acid. 

1. 

2o 
3. 
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