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The reactions of fluoroolefins with electrophilic reagents are usually strongly hindered, 
and require rigid conditions and the use of catalysts. However, halogen fluorosulfates fluor- 
osulfates (HalOSO2F, Hal = I, Br, CI) containing a positively polarized halogen atom under 
mild conditions, add to the multiple bond of fluoroolefins and give the corresponding 2-halo- 
polyfluoroalkyl fluorosulfates [i]. The formation of these products can be assumed to be a 
result of a joint addition of both a positiv e halogen atom and the fluorosulfate anion, from 
sources that may be solutions of halogens, interhalide and other compounds in HSO~F or in its 
mixtures with SbFs. 

We found that when tetrafluoroethylene (TFE) is bubbled through a suspension of Ix in a 
fourfold excess of HSO3F at 50~ 2-iodotetrafluoroethyl fluorosulfate (I) is slowly formed 

CF~----CF~ @ I2 ~so,F , ICF~CF~OSO2F . 
(I) 

The reaction is considerably accelerated when SbF5 is added, and is accompanied by a weak exo- 
thermal effect. Iodine completely disappears �9 when not less than an equimolar amount of 
SbFs is used, which indicates the direct participation of SbF5 in the process. As the result 
of the reaction, compound (I), a small amount of pentafluoroethyl iodide (II), and a white 
solid substance, which is probably a complex of HI with SbFs are formed 

CF2----CF2 + I2 ~SO,~/SbF~ (I) + ICFsCF3 
�9 ( I I )  

It is probable that the initial attack of iodine cation at the TFE double bond gives a carbo- 
cation, which is further stabilized by the capture of a fluorosulfate or fluoride anion. In 
fact, the formation of iodine cations in solutions of I2 in�9 strong acids was confirmed in [2]. 
It is clear that SbF5 favors increase in the content of iodine cations in the solution, and 
appreciably influences the rate of the reaction by binding the HI formed; and also serves as 
the source of fluoride ion, leading to the formation of (�9 

In contrast to I2, Br2 is much less polarized in HSO3F, and in this case the addition 
of the Br2 molecule~to the TFE multiple bond is the main reaction with the formation of 1,2- 
dibromotetrafluoroethane ('III) (yield ~82%), while the yield of 2-bromotetrafluoroethyl fluor- 
osulfate (IV) is only ~7%. 

CF~-----CFs -6 Brs HSO,F ~ BrCF~CFsBr @ BrCF~CF2OSO2F 
(III) (IV) 

Under these conditions C12 does not react with TFE, but in a stronger acid (HSO3F/SbFs) 
it gives 1,2-dichlorotetrafluorethane (V) (~70%) and 2-chlorotetrafluoroethyl fluorosulfate 

(W) (~8%). 

CF~----CF2 + CI~ ~so,F/sbFo> CICFsCF~CI + CICF2CF~OSO2F 
(v) (vI) 

The activity of Br2 with respect to TFE also increases considerably in HSO3F/SbFs. In 
this case, the main product is fluorosulfate (IV), in a yield ~1.5 times higher than that of 

(III). 
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Although hexafluoropropylene (HFP) has a lower affinity towards electrophilic addition re- 
actions, we succeeded in carrying out the processes under consideration with its participation. 
In the case of HFP, the composition and the ratio of the products formed differ from those ob- 
tained with TFE. In a closed volume, in an HSOsF/SbF5 medium, HFP exothermally reacts with 
~0.5 mole of I~ to form 2-iodohexafluoropropyl fluorosulfate (VII), heptafluoroisopropyl io- 
dide (VIII), and 2-hydrohexafluoropropyl fluorosulfate (IX) in nearly equal amounts. In the 
presence of an equimolar amount of I=, the yield of the addition product of HSO3F to HFP (IX) 
appreciably decreases 

CF~CF~---CF2 -5 Iz Hso#/sbF,> CF3CFICF~0S02F -5 (CFa)~CFI -5 CF3CFHCF~OS0~F 
(VII) (VIII) (IX) 

A still more vigorous reaction of Br2 with HFP in an HSOaF/SbF5 medium gives approximate- 
ly equal amounts of heptafluoroisopropyl bromide (X), 1,2-dibromohexafluoropropane (XI), 2- 
bromo- (XII) and 2-hydrohexafluoropropyl fluorosulfates (IX), while in the absence of SbFs, 
dibromide (XI) is mainly formed 

HSOaF/SbF5 
) (CFa)~CFBr -~- CFaCFBrCF~Br-~- 

Br~- -  (X) (XI) n ~ CFaCFBrCF~OS0~F -~ CFaCFHC Fz0S0~F C FsCF =CF~ -{- HSOsF (XII) (IX) 

> CFaCFBrCF~Br 
(XI) 

In contrast to TFE hexafluoropropylene with an equimolar amount of C12 forms (XIII) 
(~84%) as the main product of the joint addition, a small amount of heptafluoroisopropyl chlor- 
ide (XIV) (~8%), and traces of the corresponding dichloride (XV). In the absence of SbFs, 
HFP does not react with either C12 or HSO~F 

CF~CF=CF~-SCI~ HSO,F/SbF~ CF~CFCICF~OSO~F.-5'(CF3)2CFCI+CFsCFCICF2C I 
(XIII) (XIV) (XV) 

These results indicate an electrophilic mechanism of the reaction of halogens with fluor- 
oo!efins in strongly acid media. There are apparently more favorable conditions in HSO3F/SbFs 
for the ionic process, as the result of an attack by the positive halogen on the multiple bond 
of the fluoroolefin. This leads to the intermediate formation of the corresponding carbonium 
ion, as confirmed by increase in the yield of 2-haloperfluoroalkyl fluorosulfates (I), (IV), 
etc., and the formation of perfluoroalkyl halides (II), (X), (XIV). In all cases when SbF5 
was used and 2-haloperfluoroalkylfluor0sulfate was formed, a solid compound was isolated, 
which is probably an adduct of SbFs with the corresponding hydrogen halide. 

It is interesting to note that in the reactions of HFP with I2 and Br2 in an HSO3F/SbFs 
medium, an adduct of HSO3F with HFP (I) is obtained. However, in the case of TFE, no similar 
product was formed. It has already been shown that in HSOaF under rigid conditions, adducts 
of HSO3F with HFP (>150~ [3] and with TFE (>I00~ [4] are obtained in inappreciable yield. 

In contrast to the available information on the absence of a reaction of HFP with the 
superacid HSO3F/SbF3 [5], at a molar ratio of HSO3F:SbF5 = 2:1, we obtained an adduct of 
HSOzF with HFP (IX) in an 85% yield. A byproduct, 2-hydrohexafluoropropane (XVI), was also 
obtained. 

CFaCF----CFz Hs0'F/sbn> CF3CFHCF~OSO,F -5 (CFa)zCFH 
(IX) (XVI) 

EXPERIMENTAL 

The I~F and ~H NMR spectra were run on a Hitachi R-20 (56.45 and 60 MHz) spectrometer, 
with reference to CF3COOH (external standard) and HMDS in CHCI3. The GLC analysis was carried 
out on a LKhM-8MD chromatograph, using a column (3 m • 3 mm)with 5% SE-30 Chromaton N-AW-DMCS 
(0.20 -- 0.25 mm), and a 3 m • 3 mm column with 5% QF-I on Chezasorb AW-NMDS; carrier gas hel- 
ium yielded at a flow rate of 18.5 ml/min. 

2129 



Reaction of TFE with 12. a) In HSO~F. ! An excess of TFE was bubbled for 24 h, with stir- 
ring and heating to 50~ through a mixture of !4.3 g (56.3 mmoles) of I2 and 26.6 g (226 m- 
moles) of HSO~F. The volatile products were collected in a trap (--78~ under a 20-mm vacu- 
um. Fractionation of the trap contents gave 4 g (21.8%) of 2-iodotetrafluoroethy ! fluorosul- 
fate (I), bp 100~ d~ 2~ 2.078, nD2~ 1.3715. ~gF NMR spectrum of (I) was identical to that 
reported in [6]. 

b) In HSO~F/SbFs. A 19.5-g portion (76.8 mmoles) of I2, 30 g (330 mmoles) of HSO3F, 
and 16.7 g (77.7 mmoles) of SbFs were charged into a reactor with a trap (--700C) at its out- 
let, and an excess of TFE was bubbled through with stirring until decoloration of the mixture. 
In the trav, 7 g of a liquid was collected, from which the following were isolated: 3 g of 
2-iodotetrafluoroethyl fluorosulfate (I) and 3 g (15.8%) of pentafluoroethyl iodide (II), bp 
12-13~ (cf. [7]). ~'F NMR spectrum of (II): 6~ = 6.68 t (CF3), 62 = --12.90 q (CF2), J~2 = 
4.2 Hz. The reaction mixture was filtered, the filtrate was poured onto ice, the organic lay- 
er was separated, washed with water (3 • 30 ml), and dried over MgSO4. By fractionation, 18 g 
of (I), bp i00~ was obtained. The overall yield of (I) was 21 g (84%). The constants and 
~'F NMR spectrum were identical to those given above. 

Reaction of TFE with Br2. a) In HSO3F. A 9-g portion (56.3 mmoles of Br2 and 23.6 g 
(236 mmoles) of HSO3F were charged into a reactor with a trap (--70~ at its outlet, and an 
excess of TFE was bubbled through with stirring until the decoloration of the reaction mixture. 
Fractionation of the reaction mixture and the trap contents gave: 12 g (18.2%) of 1,2-dibromo- 
tetrafluoroethane (III), bp 46-48~ d420 2.149, nD 2~ 1.3710 (cf [8]): I"FNMR spectrum of 
(III): ~ = --14.5 s; and also 1.2 g (7.6%) of 2-bromotetrafluoroethyl fluorosulfate (IV), bp 
73-75~ d~ 2~ 1.900, nD2~ 1.3235. The 19F NMR spectrum of (IV) was identical to that given 
in [9]. 

b) In HSO3F/SbFs. A 9-g portion (56.3 mmoles) of Br2, 22.5 g (113 mmoles) of SbFs, 22.6 
(226 mmoles) of HSO~F were charged into a reactor with a trap (--70~ at its outlet, and ex- 
cess TFE was bubbled through until decoloration of the reaction mixture. In the trap, 2 g of 
a liquid was collected. The volatile products from the reaction mixture were collected in a 
trap (--78~ under a 30-mm vacuum. The contents of the traps were combined. The yield was 
13.6 g of a liquid containing (according to the GLC data) 460% of bromotetrafluoroethyl fluor- 
osulfate (Iv) and ~40% of 1,2-dibromotetrafluoroethane (III). 

Reaction of TFE with C12 in HSOsF/SbFs. An equimolar mixture of C12 and TFE was bubbled, 
with stirring, for 6 h, through a solution of i0 g (46 mmoles) of SbFs in 20 g (200 mmoles) 
of HSO3F, and the volatile products were collected in a trap (--70~ Fractionation of the 
trap contents gave: 24 g (70%) of 1,2-dichlorotetrafluoroethane, bp 3-4~ (cf. [7]) and 1.9 g 
(8.2%) of 2-chlorotetrafluoroethyl fluorosulfate (VI), bp 53-55~ d42~ 1.660, nD 2~ 1.3067 
(cf. [i0]). 

Reaction of HFP with i2 in HSO3F/SbFs. A mixture of 22.5 g (113 mmoles) of SbFs, 22.6 g 
(226 mmoles) of HSO3F, 14.2 g (56 mmoles) of I=, and 20 g (133 mmoles) of HFP was shaken in 
a sealed ampul for 72 h at 20~ After removal of excess HFP, the volatile products were 
collected in a trap (--78~ under a 20 mm vacuum. Yield: 29.1 g of a liquid containing (ac- 
cording to GLC) ~12% of 2-iodohexafluoropropyl fluorosulfate (VII), ~58% of heptafluoroiso- 
propyl iodide (VIII),and ~30% of 2-hydrohexafluoropropyl fluorosulfate (IX). Fractionation 
gave the following compounds in an individual state: ii g of (VIII), bp 40-42~ d~ 2~ 2.077, 
nD 2~ 1.3237 (cf [ii]); ~gF NMR spectrum of (VIII: ~ = ,2.72 d (CF3), 82 = 70.17 sept (CF), 

i,~ and J~: = 13.3 Hz (cf. [12]; 6 g of (IX), bp 74-77~ , d4 :~ 1.667, nD =~ 1.29 (cf. [3]); 
~H NMR spectra: d~ = --2.26 d.d.t (CF3), 62 = 134.10 d.t.q (CF), ~s .= 5.11 d.t.q (H), ~4 = 

1.13 d.d.d.q (CF:), ~s = --127.23 t (SF), Ji= = 11.3, J~3 = 5.0, J1a = 9.3, J=s = 43.8, J~4 = 
ii.0, J3~ = 5.1, J45 = 8.5 Hz; 4.5 g of (VII), bp I17-I19~ d4 2~ 2.120, n =o 1.3633. The 
constants and the :'F NMR spectrum of (VII) are identical to those given inD[6]. 

Reaction of HFP with Br2. a) In HSOsF. An excess of HFP was bubbled, with stirring, 
through a mixture of 9 g (56.3 mmoles) of Br= and 22.6 g (226 mmoles) of HSOsF until decolor- 
ation of the reaction mixture. The volatile products were collected in a trap (--78~ under a 
30-mm vacuum. Fractionation of trap contents gave 15.3 g (76.6%) of 1,2-dibromohexafluoropro- 
pane (XI), bp 71-72~ d42~ 2.120, n~ :~ 1..3594 (cf. [8]). ~gF NMR spectrum of (XI): ~ = 
--4.07 d.d.d (CFs), ~2 = 54.59 d.d.q ~CF), ~3 = --20.81 d.q (CF=), ~ = --20.31 d.q (CF=), J~= = 
9.3, J~s = 10.2, J:~ = 11.3, J=s = 15~8, J=~ = 15.5 Hz. 
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b) In HSO3F/SbFs. A mixture of 24.5 g ~i13 mmoles) of SbFs, 22.6 g (226 mmoles) of HSO3F, 
9 g (56.3 mmoles) of Br2, and 35 g (233 mmoles) of HFP was shaken in a sealed ampul for 48 h. 
After removal of excess HFP, the volatile products were collected in a trap (--78~ under a 
30 mm vacuum. Yield, 36 g of a liquid containing (according to GLC and 19F NMR data) ~33% of 
heptafluoroisopropyl bromide (X), ~28% of 1,2-dibromohexafluoropropane (XI), ~16% of 2-bromo- 
hexafluoropropyl fluorosulfate (XII), and ~23% of 2-hydrohexafluoropropyl fluorosulfate (IX). 
I"F NMR spectrum of (X): 61 = 0.34 d (CF3), ~2 = 65.41 sept (CF), J12 = 8.8 Hz (cf. [12]). The 
19F NMR spectrum of (XII) was identical to that given in [13]. 

Reaction of HFP with C12 in HSO3F/SbFs. A mixture of 24.5 g (113 mmoles) of SbFs, 22.6 
(226 mmoles) of HSO~F, i0 g (140 mmoles) of CI=, and 35 g (233 mmoles) of HFP was shaken in a 
sealed ampul for 48 h. Fractionation of the evolved gases gave 3 g (8.2%) of heptafluoroiso- 
propyl chloride (XIV), bp 0-2~ (cf. [13]). 19F NMR spectrum of (XIV): 61 = 2.44 d (CF3), 
~2 = 64.22 sept (CF), J~2 = 7.5 Hz. The volatile products from the ampul were collected in a 
trap (--78~ under a vacuum of 30 mm. Fractionation of the trap contents gave 27.1 g (84.3%) 
of 2-chlorohexafluoropropyl fluorosulfate (XIII), bp 75-77~ d42~ 1.700, riD2~ 1.3070. The 
constants and ~gF NMR spectrum of (XIII) were identical with those given in [13]. 

Reaction of HFP with HSO3F/SbFs. A mixture of 24.5 g (113 mmoles) of SbFs, 22.6 g (226 
mmoles) of HSOsF, and 35 g (233 mmoles) of HFP was shaken in a sealed ampul for 12 h at 20~ 
The gaseous products were collected in a trap (--78~ and from the residue, volatile products 
were isolated under a 30-mm vacuum; their fractionation gave 24 g (85%) of 2-hydrohexafluoro- 
propyl fluorosulfate (IX), bp 74-77~ d420 1.667, nD2~ ~1.29 (cf. [3]). The 19F NMR spectrum 
of (IX)was identical to that given above. 

The gases collected in the trap were purified from HFP by bubbling through MeOH contain- 
ing a catalytic amount of KOH; fractionation of the residue gave 4 g of 2-hydrohexafluoropro- 
pane (XVI), bp --17~ (cf. [14]). 19F NMR spectrum of (XVI): 61 = i.i0, d.d. (CF3), ~2 = 
137.65 d. sept (CF), J~2 = 11.3, J13 = 6.0, J23 = 39.5 Hz (cf [12]). 

CONCLUSIONS 

i. In the reactions of tetrafluoroethylene and hexafluoropropylene in a HSO3F/SbFs med- 
ium, a joint addition of both halogen and the fluorosulfate group to the multiple bond of the 
fluoroolefin takes place with the formation of the corresponding 2-haloperfluoroalkyl fluoro- 
sulfates. 

2. Under mild conditions, hexafluoropropylene reacts with the superacid HSO~/SbF5 to 
form 2-hydrohexafluoropropyl fluorosulfate and 2-hydrohexafluoropropane. 
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