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It has been shown previously [1] that the corresponding derivatives of a-fluorosulfonylpolyfluorocar-
boxylic acids are formed on reaction of fluorine-containing 5-sultones withnucleophilic compounds, The
process includes an intermediate isomerization of the eyclic 8 -sultones into linear o~fluorosulfonylcar-
boxylic acid fluorides and reaction of the latter with the nucleophilic reagent [2].
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The results of the transformations of hexafluoropropane-2-g~sultone which are described in the present
communication can be considered from the same point of view,

Thus, hexafluoropropane-2-3-sultone is isomerized into a-fluorosulfonyltetrafluoropropionyl fluoride
on heating, under the action of potassium fluoride, and also in the presence of hydrogen fluoride or ethers.
The structure of the linear bisacyl fluoride was confirmed by counter synthesis, by the results of alkali-
metry, and by its conversion into methy! a-fluorosulfonyltetrafluoropropionate,
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Upon reaction of hexafluoropropane-2-3-sultone with alcohols, the appropriate esters of a-fluoro-
sulfonyltetrafluoropropionic acid are formed in quantitative yield,
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a--Fluorosulfonyltetrafluoropropionic acid is formed on hydrolysis of hexafluoropropane~2-g-sultone;
this is decarboxylated under the reaction conditions and is converted thereupon into «-hydrotetrafluoro-
ethanesulfonyl fluoride. The structure of the latter compound was confirmed by results of alkalimetry and
by conversion into the corresponding amide.
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Tle formation of a-fluorosulfonyltetrafluoropropionic acid on hydrolysis of hexafluoropropane-2-3-
sultone was established by the isolation of the anhydride or acid chloride of this acid when a mixture of
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TABLE 1 equimolecular quantities of the 3-sultone and water

- - " was treated with phosphorus pentoxide or phosphorus
Compound (p,pr’nm Hg) dy np pentachloride, respectively.
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FSO,CF(CF5) COF 495 1.7060 | 1.98
FSO,CF (CF5) COCI 70 1.5634 | 1.3200 . o
[FSO,CF(CFy) CO —1,0 152 1.7738 | 1.3335 Thus, the corresponding derivatives of a-fluoro~
FSO,CF (CF3) COOCH. 118,5 1.5600 | 1.3415 " ; ;
FSO.CF (GFZ) COOC.Hs e 1a7as |1 5aa8 sulfor.lyltetr‘aﬂuoroproplomc .a01d are formed in every
gggzgg(gga)ggggagrn 148 1.40(2)2 1.3220 case investigated upon reaction of hexafluoropropane-
-1 72(20 1.3700 | 1.3630 . oy .
FSO§CF§CF3000C;H?1_H 64§8)) 13751 | 1.5700 2-B-sultone with nucleophilic compounds. The physi-
FS0.CF(CF;) COOCgH 5-11 86(11 1.2900 1.3760 cal or ies of the ound ined i
FSOICF (CF3) COOGoHroyclo | 110(2) | 1.3002 | 13888 cal properties of the compounds obtained are given
FSO,CFHCF, 60 1.6496 | 1.3000 in Table 1.
(CoH;) 2NSO,CFHCF; 89(3) 1.3091 | 1.3915
EXPERIMENTAL

Isomerization of Hexafluoropropane-2-g-sultone. Intoa 100-ml steel autoclave
was placed 23.0 g of hexafluoropropane-2-g-sultone, The autoclave was heated at 150-160° for 1 h, after
which it was cooled and opened. Thecontents were fractionated in a column (23 theoretical plates). The
yield of a-fluorosulfonyltetrafluoropropionyl fluoride obtained was 16.1 g (70%). Found %: C 15.83; F49.02;
S 14.03. Mol. wt, 233.5. C30;F,S. Calculated %: C 15.60; F 49.52; S 13.93, Mol. wt. 230.2,

To 23.0 g of hexafluoropropane -2-g-sultone, with ice-cooling, anhydrous hydrogen fluoride was added
dropwise until the vigorous reaction ceased (10-15 drops). The mixture was fractionated after addition of 1 g
of potagsium fluoride. a-Fluorosulfonyltetrafluoropropionyl fluoride (16.4 g, 71%) was isolated.

Di-n-butyl ether (1-1.5 ml) was added dropwise to 23,0 g of hexafluoropropane-2-3-sultone until the

vigorous reaction ceased. «a-Fluorosulfonyltetrafluoropropionyl fluoride (18.4 g) was isolated by fractiona-
tion,

a~Fluorosulfonyltetrafluoropropionyl fluoride was obtained similarly from hexafluoropropane-2-3-
sultone in the presence of dioxane, chlorex(bis-2-chloroethyl ether) or dichlorodimethyl ether, in yields of
75, 75, and 83%, respectively.

Preparation of a-Fluorosulfonyltetrafluoropropionyl Fluoride. A mixture of
24,7 g of a-fluorosulfonyltetrafluoropropionyl chloride and 12,0 g of sublimed antimony fluoride was heated
on a boiling water bath under a fractionating column; a colorless liquid distilled out thereupon, a-~Fluoro-
sulfonyltetrafluoropropionyl fluoride (19.5 g, 85%) was isolated by repeated fractionation of the latter,

Methyl a~fluorosulfonyltetrafluoropropionate was isolated in 909 yield by solution of the g~fluorosul-
fonyltetrafluoropropionyl fluoride in methanol, subsequent washing with water, drying over MgSO, and frac-
tionation.

Alcoholysis of Hexafluoropropane-2-g-sultone. To 23.0 g of the 3-sultone, with
cooling, was slowly added dropwise 0,10-0.12 mole of the dry alcohol; warming up of the solution was noted
thereupon, plus evolution of hydrogen fluoride. The mixture was washed twice with water; the lower layer

TABLE 2

G‘Fs Found Calculated
FSO,CFCOOR Yield, % Empirical formula

R F,% |8, %| MR ¥, % {s,% MR*
CH, 90 39.78| 13.04} 32.66 C3H30,.F55 39.19] 13.23| 32.54
CpHs 85 37.45{ 12.30| 36.88 CsHs04F5S 37.10} 12.49| 37,18
n-CsH, 88 35.52| 11.62| 41,67 CsH704F55 35.20] 11.84| 41.85
n-CyHg 78 33.04f 11.48] 46,13 C/Hy0,FsS 33.44| 11.24} 46.27
0-CsHyy 73 32.75) 10.94} 51.29 CgH,;,0,F:S 32.30} 10.72{ 51.13
n-CgH;s 75 30.54] 10.26] 55.54 CoH}304F58 30.34] 10.26} 55.74
cyclo -CeHyy 70 30.33] 10.10} 52.71 CgH110.F58 30.65] 10.32| 52.56

*In calculation we used a refractivity value of 10.54 [3] for the
fluorosulfonyl group
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TABLE 3

Found, equiv,
Compound

KOH F Cl
o~ Fluorosulfonyltetrafluoropropionic anhydride 6.08 2.06 -
o - Fluorosulfonyltetrafluoropropionyl chloride 3.96 0.97 0.96
a~Fluorosulfonyltetrafluoropropionyl fluoride 4.06 1.92 -
Methyl a-fluorosulfonyltetrafluoropropionate 2,94 1.03 -
Ethyl a-fluorosulfonyltetrafluoropropionate 3.03 1.05 -
n-Propyl a-fluorosulfonyltetrafluoropropionate 2,90 0.99 -
n-Butyl ¢-fluorosulfonyltetrafluoropropionate 2.93 1.06 -
n-Amyl a-fluorosulfonyltetrafluoropropionate 2,93 1.04 -
n-Hexyl a-fluorosulfonyltetrafluoropropionate 3.00 1.07 -
Cyclohexyl a~fluorosulfonyitetrafluoropropionate 3.08 0.92 -
o~Hydrotetrafluoroethanesulfonyl fluoride 1.94 1.05 -

was separated and dried over MgSO,. The appropriate ester of a-fluorosulfonyltetrafluoropropionic acid
was isolated by fractionation, Yields and analyses of the compounds are given in Table 2.

Hydrolysis of Hexafluoropropane-2-8-gultone, Water (10 ml) was slowly added drop-
wise to 23.0 g of the S-sultone with stirring and ice-cooling. The lower layer was separated, washed with
ice water, dried over MgSO, and fractionated. w-Hydrotetrafluoroethanesulfony! fluoride (17.1 g, 93%) was
isolated. Found %: C 13.22; ¥ 51.96; S 17.46. Mol. wt. 180.5, C,HO,F;S. Calculated %: C 13.02; F 51.65;

S 17.35. Mol. wt. 184.2,

A solution of 16.0 g of diethylamine in 20 ml of ether was added dropwise with ice-cooling and stir-
ring fo 2. solution of 18.4 g of w~-hydrotetrafluoroethanesulfonyl fluoride in 20 ml of absolute ether, The
mixture was warmed to room temperature and was diluted with 20 ml of ether, The ether layer was sep-
arated, dried over MgSO, and fractionated. «~Hydrotetrafluoroethanesulfonic acid diethylamide (15,7 g,
66%) was isolated. Found %: N 5,63. CHy;O,NF,S. Calculated %: N 5.45.

Preparation of a~Fluorosulfonyltetrafluoropropionic Anhydride, To a solution
of 23.0 ¢ of hexafluoropropane-2-g-sultone in 25 ml of methylene chloride, placed in a Teflon reactor, was
slowly added 1.8 g of water, dropwise, with stirring and cooling to —10°; and then 14.2 g of phosphorus
pentoxide was added rapidly. The mixture was heated at 50° for 2 h under reflux, By subsequent fractiona~
tion, 15.8 g (71%) of a-fluorosulfonyltetrafluoropropionic anhydride was isolated. Found %: F 42.86; S
14.51. Mol. wt. 430,5. CgO;FyS,. Calculated %: F 42.40; S 14.27. Mol, wt. 438.2.

Preparation of a-Fluorosulfonyltetrafluoropropionyl! Chloride. Similarly, by
introduction of 41.7 g of phosphorus pentachloride into the solution of the hexafluoropropane-2-3-sultone
hydrolyzate, subsequent heating of the reaction mixture, and fractionation, there was obtained 18.5 g(75%)
of a~fluorosulfonyltetrafluoropropionyl chloride, Found %: F 39,01; CIl 14.10; S 13.22, Mol, wt, 240.5.
G0, F;Cl1S. Calculated %: F 38.48; Cl 14.37; S 12,96. Mol. wt. 246.6.

A mixture of 24,7 g of a-fluorosulfonyltetrafluoropropiony! chloride and 12.0 g of sublimed antimonyl
trifluoride was heated at 80-90° under a column, «-Fluorosulfonyltetrafluoropropionyl fluoride (19.5 g,
85%) was isolated by fractionation of the distillate driven off over antimony trifluoride. a-Hydrotetrafluoro-
ethanesylfonyl fluoride was isolated in 78% yield by treatment of a~fluorosulfonyltetrafluoropropionyl chlo-
ride with water and subsequent fractionation.

Alkaline Hydrolysis of Compounds Prepared. A 0,1-0.2 g samples of the preparation
was dissolved in 25-50 ml of 0.1 N KOH; the excess alkali was titrated to phenolphthalein with 0.1 N H,SO,.
The fluoride ion content was determined in the hydrolyzate by thoriometry, and the chloride ion by argento-
metry. Results of analyses are given in Table 3,

CONCLUSIONS

1. Hexafluoropropane-2-3-sultone is isomerized to g-fluorosulfonyltetrafluoropropionyl fluoride
under the action of nucleophilic agents,

1687



2. Some derivatives of a~fluorosulfonyltetrafluoropropionic acid have been obtained; the acid fluo-
ride and acid chloride, the anhydride, and some esters.

3. «a-Hydrotetrafluorothanesulfonyl fluoride has been prepared by decarboxylation of a-fluorosul-
fonyltetrafluoropropionic acid.

LITERATURE CITED

1. M.A. Dmitriev, G, A. Sokol'skii, and I. L. Knunyants, Izv.AN SSSR, Otd. khim. n., 1960, 1035, 1227;
G. A. Sokol'skii, M, A. Dmitriev, and I. L. Knunyants, ibid.,1961, 621; G. A. Sokol'skii andI. L.
Knunyants, ibid.,_}_ﬁ)_@_}, 813, 1053; M., A. Dmitriev and I. L. Knunyants,ibid., @_6_1, 1055.

2. G. A. Sokol'skii, M, A. Belaventsev, and I. L. Knunyants, Izv. AN SSSR, ser. khim., 1967, 1524,

3.  G.A, Sokol'skii and I. L. Knunyants, Izv. AN SSSR, ser. khim,, 1961, 1468, T

1688



