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Abstract 

The preparation and characterization of the novel perfluorinated sulfone (CF,SO,), (1) has heen achieved via 
static fluorination of the potassium salt of (CH$O&. In addition to this product, the highly interesting by- 
products SOZ(CF,SOZF), (2), CF,(SOZCF,), (3), CF,S02CF,SOZF (4), CF,(SO,F), (5) and CF3S02CFZSOZCF2SOZF 
(6) were also prepared. Infrared, NMR and mass spectra are presented in order to support the assigned structures; 
only compound 5 is known. The gas-phase molecular structure of 1 has been studied by electron-diffraction 
methods. Assuming CZ overall symmetry with equal axial and equatorial S=O and C-F bond lengths, nine 
geometric parameters were required to describe the structure of 1. The six-membered ring possesses a chair 
conformation with C3 symmetry and the following ring parameters: C-F= 1.338(4), O=S = 1.418(2), C-S = 1.866(4) 
A and angles < CSC = 100.2(7), < FCF= 109.2(7), < OS0 = 125.9(14)“. 

Introduction 

Static fluorination under controlled conditions has 

been found to be effective in producing a number of 

interesting fluorine-containing products such as 

F&SF,), [l], F,SCF,SO,F [2], F,C(COF), [3] and 

F,C(OCF,-CF,-SO,F), [4]. Application of this tech- 
nique has been extended to the fluorination of the 
potassium salt of (CH,SO,), [5]. It is interesting to 
note that the fluorinated dimer (CF,SO,), has been 
prepared [6]. This material has failed to produce the 
trimer, (CF,SO,),, via decomposition/recombination re- 
actions. Previously, the interesting trisulfone 

[(CF,),CSO& had been prepared and found to give 
various sulfones and sulfonyl fluoride derivatives [7]. 
The new sulfone (CF,SO,), (1) gives rise to a number 
of interesting sulfonyl fluorides. The utilization of fluo- 
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rocarbon sulfonyl fluorides as precursors to ion-exchange 
resins, surface-active agents and in the preparation of 
novel strong sulfonic acids continues to make them the 
subject of considerable study [S-11]. 

Results and discussion 

Static fluorination of the potassium salt of (CH,SO,), 
results in the formation of the perfluorinated product 

(CF,SO,),: 

KCH 
, SO,%\ 

’ SO&H, 
SO, + 4NaF + GF, -. (CF,SO,), 

1 

+ 4NaFoHF + KF*HF 

(1) 

with excess fluorine, ring-opening occurs via C-S bond 
cleavage forming SO,F,/CF, by-products. The following 
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scheme easily explains the formation of SO,F, and CF4, 
and also accounts for a number of interesting derivatives 
which were formed. These derivatives include 

(CF,SO,),CF,, (FSO,CFJ,SO,, CF,SO&F,SO,F, 

(FSO,),CF, and CF,SO,CF,SO,CF,SO,F. 

P,SO,), 

FSWF,PO, (CFWJP’, 
2 3 

(2) 

CF,SO,CF,SO,F 

+F, -CF, 4 

+ 

(FSO,WF, 
5 

The structures of all the above products have been 
determined from their 19F NMR spectra; in a separate 
run, GC-MS product analysis revealed the presence 
of a small amount of CF,(SO,CF,),SO,F (6). The 19F 
NMR spectrum of 1 shows only a singlet at - 105.5 
ppm. For the sultone CF,CF,OSO, and (CF,SO,),, the 
chemical shifts of the CF, group bonded to the SO, 
group were found at - 102.6 ppm and -95.9 ppm, 

respectively; the corresponding 13C NMR chemical shifts 
for 1 and -0, were at 118.9 and 126 ppm 
[12]. In compounds 2 and 6, the 19F NMR resonances 
at -92.7, -93.5, -93.7 and 51.7-51.4 ppm were in 
the regions characteristic of CF, and SO,F groupings 
[ll]. In the compound (CF,CF,SO,CF,CF$F,),, the 
CF, groups bonded to SO, had chemical shift values 
in the - 106.6 to - 111.3 ppm range [13]; for compounds 
2 and 6, the 19F NMR resonances at - 92.7 to - 93.7 
ppm are assigned to the CF, group. The chemical shift 
for the FSO, groups are in the region found for 
perfluoroalkyl sulfonyl fluorides [2, 141. For compound 
5, the 19F NMR resonances, splitting patterns and 
coupling constants for the CF, and SO,F groupings 
are as expected [2, 141. 

The infrared (IR) spectra of the new compounds 
have common features. The characteristic SO,(asym.) 
and SO,(sym.) stretching frequencies were found for 
compounds 1 and 2 in the 1446-1479 and 1223-1245 
cm-’ spectral regions, respectively. The S-F absorption 
for 2 was found at 810 cm-‘. These assignments agree 
well with the results obtained for other fluorosulfonyl 
derivatives [2, 10, 14, 151. In (CF,SO,),, the SO,(asym.) 
and SO,(sym.) stretching frequencies were found at 
1401 and 1201 cm-‘, respectively [6]. For compounds 

containing isolated CF, groups, the absorption region 
allocated for C-F stretching modes [16] is 1050-1250 

cm-l. 
The mass spectra for compounds 1 and 2 are listed 

in the Experimental section. Molecular peaks for (MH)’ 
were found for compounds 1, 2 and 6, while (M-F)- 
peaks were found for compounds 1 and 2. Cracking 
patterns were obtained that support the assigned struc- 
tures. 

A study of the reaction conditions showed that at 
a temperature of 20 “C and with a rate of F, addition 

of 1 g d-l, only a trace of 1 was formed. However, 
at 0 “C and with F, addition reduced to 0.7 g d-‘, the 

yield of 1 dramatically increased to 18%. 
It was of interest to study the gas-phase structure 

of 1. Analysis of the experimental-radial distribution 

curve (Fig. 1) results in a chair conformation for the 

six-membered ring. In the least-squares refinement, the 

molecular intensities (Fig. 2) were modified with a 

I I , I 

0 S IO I5 20 25 30 35 

Fig. 1. Experimental radial distribution function and difference 

curve for (S02CF& (1). 

0 I 2 3 4 5 6 7 

rli 

Fig. 2. Experimental (dots) and calculated (full line) molecular 

intensities and differences for (SO,CF,), (1). 
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diagonal weight matrix and known scattering amplitudes 
and phases were used 1171. Assuming C, overall sym- 
metry with equal axial and equatorial S=O and C-F 
bond lengths, nine geometric parameters are required 
to describe the geometric structure of 1. The intro- 
duction of rocking angles for the SO, and CF, groups 
improves the fit of the experimental intensities con- 
siderably. The R factor for the long camera distance 
data decreased by c. 40%. Vibrational amplitudes for 
closely spaced distances were refined in groups and 
further constraints are evident from Table 1. With these 
assumptions, nine geometric parameters and nine vi- 
brational amplitudes (a) were refined simultaneously. 
Only two correlation coefficients had values larger than 
10.61: C-F/u, =0.73 and a,/u,=0.68. The results are 
summarized in Table 1. 

A comparison of the ring geometries of 1,3$trithiane, 
(CH,S),, with those of 1 demonstrates that the C-S 
bonds in the former ring [1.812 (4) A] [18] are con- 

TABLE 1. Results of an electron diffraction study of la 

siderably shorter than those in the latter [1.866 (4) A]. 
The same trend in the C-S bond lengths is observed 
between the open-chain compounds (CH,),S 
[C-S = 1.807 (2) A] [19] and (CF,),SO, [C-S = 1.858 
(5) A] [20]. This lengthening can be rationalized as a 
superposition of two opposing effects: (i) shortening 
due to an increase in the oxidation state from S” to 
S”’ [e.g. C-S= 1.807 (2) 8, in (CH,),S versus 1.771 
(4) 8, in (CH,),SO,] [21] and (ii) lengthening due 
to fluorination at the carbon atoms [22] [e.g. C-S= 
1.771 (4) A in (CH,),SO, versus 1.858 (5) 8, in 
(CF,),SO,]. This latter effect (ii) overrides the former 
(i). The CSC bond angles in 1 and 1,3,5-trithiane are 
equal within their experimental uncertainties [100.2 (7)” 
versus 99.1 (4)“] and the SCS angles increase slightly 
in the S”’ ring [117.4 (6)” versus 115.8 (I)“]. This leads 
to a somewhat less puckered ring structure in 1 [torsional 
angle around C-S bonds @=62.1 (14)“] compared to 
(@= 65.4”) in 1,3,5trithiane. Both C,S, rings, however, 

Geometric parameters 

C-F 1.338 (4) LOS0 
s=o 1.418 (2) p(CF#’ 
C-S 1.866 (4) p(SW 
LCSC 100.2 (7) W-C) 
LSCS 117.4 (6) O( S)d 
LFCF 109.2 (7) o(C) 

Interatomic distances and vibrational amplitudes 

C-F 1.34 0.0409 

s=o 1.42 0.042 (2) (a,) 

c-s 1.87 0.051 (3) (a2) 

F(l)-F(1’) 2.18 
o.ow 

O(l)-O(1’) 2.53 1 
S(l)-F(2’) 2.57 1 

S(l)--F(2) 2.63 

C(l)-O(2) 2.64 
0.083 (4) (a3) 

C(l)-O(2’) 2.66 J 

F(l)-F(2’) 2.47 0.26W 

O(l)-O(2’) 3.02 

C(l)4m 2.86 

S(l)--s(2) 3.19 
0.083 (8) (a4) 

O(l)-F(2’) 

O(l)-F(2’) 

O(l’)-F(2) 

C(l)-F(2’) 

S(l)-O(2’) 

2.90 

3.03 

3.17 

0.143 (2) (as) 

2.98 

3.41 
0.135 (15) (a6) 

125.9 (14) 
4.1 (12) 

-0.9 (7) 
62.1 (14)’ 
51.9 (23)’ 
60.8 (23)’ 

O(l’)-F(2’) 

S(l)-F(l’) 

C(l)-O(1’) 

S(l)-C(1) 

C(1) -F(2) 

S(1)---(2) 
F(l)-F(2’) 

O(l)-O(2’) 

(Ol’)-F(l’) 

O(l)-F(l’) 

O(l’)-F(1) 

C(l)--o(l) 

S(l)-F(1) 

F(1) -F(2) 

0(1)--o(2) 

0(1)-F(l) 

3.73 

3.81 

3.96 > 
3.55 

4.07 

4.34 1 
4.18 

4.72 1 
4.62 

4.63 

5.06 1 

4.70 

4.83 1 
5.15 

5.28 

6.03 

0.103 (18) (a,) 

0.115g 

0.0909 

0.098 (10) (a,) 

0.1609 

0.1309 

0.130 (33) (a,) 

0.2409 

0.14og 

“r, distances in 8, and L, angles in degree. Error limits are 3rrvaIues and include a possible scale error of 0.1% for bonded distances. 
For atom numbering see Fig. 2. 
bRocking angle, axial fluorines are pushed together and axial oxygens are pushed apart. 
Torsional angle around S-C bonds. 
dPuckering angle C(l)-S(3)-C(2)/C(2)-S(l)-S(2)-C(1). 
“Puckering angle S(l)-C(S)-S(2)/S(2)-C(l)-C(Z)-S(1). 
‘Dependent parameter. 
sNot refined. 
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are more strongly puckered than in cyclohexane CHF, and SO,F, (all identified via their characteristic 
[@=54.9(9)“] [23]. IR spectra). 

Experimental 
Run 2 

Materials 
The following compounds used in this work 

were obtained from commercial sources: F, (Solvay 
Deutschland GmbH); NaF (Riedel-de Ha&n). 
K&HSO,CH,SO,CH,SO, was prepared using the lit- 
erature method [5]. 

General procedures 

To 12.3 g of KkHSO,CH,SO,CH,30, (45.2 mmol) 
and 24.9 g of NaF (593 mmol), was added 12.9 g of 
F, (340 mmol) at 0 “C keeping the total pressure 
between 150 and 450 Torr. The rate of F, addition 
was c. 0.7 g d-l. The distribution of volatile products 
was (F$SO& (1) (2.8 g, 8.2 mmol), SO,(CF,SO,F), 
(2) (3.0 g, 9.1 mmol), CF,SO,CF,SO,F (4) (0.3 g, 1.1 
mmol), CF,(SO,F), (5) (trace) and CF,(SO,CF,), (3) 
(trace). 

Gases were manipulated in a conventional Pyrex glass 
vacuum apparatus equipped with a Leybold-Heraeus 
thermocouple gauge. Infrared spectra were obtained 
by using a lo-cm Pyrex gas cell with KBr windows on 
a Nicolet 55DX-FT spectrometer. NMR spectra were 
recorded with an AC 80 Bruker spectrometer operating 
at 80.0 MHz for proton and 75.4 MHz for fluorine 
resonances or on a WH 360 Bruker spectrometer op- 
erating at 90.5 MHz for carbon-13 resonances; TMS, 
CFCl, and CDCl, were used as internal standards. 
Mass spectra were recorded with either a Varian MAT 
CH5 or a Finnigan MAT 8230 system operating at 70 
eV. 

Run 3 
Under conditions similar to Run 2, another derivative, 

CF,SO,CF,SO,CF,SO,F (6) (0.19 g, 0.50 mmol) was 
found. In Run 2, separation was obtained via distillation. 
In Run 3, separation was achieved using a HP5 890 
series II GC system (methyl silicone stationary phase). 

Elemental analyses were determined by Beller Mi- 
croanalytical Laboratory, Giittingen, Germany. 

Electron difiaction 
The scattering intensities of 1 were recorded using 

a Gasdiffractograph KD-G2 [24] at two camera (nozzle- 
to-plate) distances. The electron wavelength (accel- 
erating voltage c. 60 kV) was determined with ZnO 
powder patterns. The sample reservoir was heated to 
45 “C and the inlet system and nozzle to 55 “C. The 
camera pressure during the experiment was <2x 10m5 
mbar. Two plates for each camera distance were ana- 
lyzed by the usual procedures [25]. Averaged molecular 
intensities in the s ranges 2-18 _&I and 8-35 A-l 
in steps of AssO.2 A-’ are presented in Fig. 2. 

(CF,SO,), (1): M.p. 135 “C. IR (cm-‘): 1446 (St); 
1425 (m); 1223 (m); 1206 (sst); 1182 (s); 1150 (s); 1124 
(s); 907 (s); 889 (s); 708 (St); 567 (St); 529 (m). “F 
NMR: &FI= - 105.5 ppm (s) (1J13c_F=346.0 Hz).13C 
NMR: ?&= + 118.9 ppm (t, quint) (‘J,3c_F=345.8 Hz, 

3J13,, = 4.15 Hz). MS (Cl-, NH,) m/z: 361 (MF)-; 323 
(M-F)-; 292 (M-CF2)-; 228 (M-CF,SOJ; 211 
(C,F,S,O) -; 195 (C,F,S,) -; 164 (CF,SO,CF,)-; 128 
(MH-C,F,SO,)-; 114 (CF,SO,)-; 98 (CF,SO)-; 64 
(SO,)-. MS (CI, isobutane) m/z: 361 (MF)‘; 343 

(MH)+; 285 (M-3F)+; 279 (MH-SO,)‘; 267 
(MH-4F)‘; 250 (M-OF,)+; 239 (MH-OCF,)+; 
231 (M-OF,)+; 223 (MH-O&F,)+; 199 (MF- 
CF,SO,) + ; 185 (MH-O&F,)+. Analysis: Calc. for 
C,F,S,O,: C, 10.53; S, 28.11%. Found: C, 10.53; S, 
26.77%. 

Fluorination of KCHSO,CH,SO,CH$O, 
Run 1 

To 10.1 g of KCHSO,CH,SO,CH,$O, (37.2 mmol) 
and 30.0 g of NaF (715 mmol), which were well mixed 
and placed in a l-l stainless-e:eel cylinder, was added 
11.4 g of F, (300 mmol) at 20 “C keeping the total 
pressure of F2 and volatile products between 200 and 
500 Torr. The rate of F, addition was c. 1 g d-‘. The 
volatile products were removed from the cylinder yield- 
ing: (F2CS0J3 (1) (t race), (FS02CF,),S0, (2) (2.0 g, 
8.8 mmol), FSO,CF,SO,CF, (4) (0.4 g, 1.5 mmol), 
FSO,CF,SO,F (5) (0.2 g, 0.9 mmol), and COF,, CF,, 

SO,(CF,SO,F), (2): B.p. 87.5 “C/142 mbar. 
IR (cm-‘): 1479 (St); 1434 (m); 1245 (St); 1213 (m); 

1153 (m); 1121 (m); 908 (w); 829 (m); 810 (m); 664 
(w); 589 (m); 567 (m); 537 (m). 19F NMR: &.+ = -93.5 

r_m (m); &)SOzF = +51.7 (m) (4J13cF2 -cFz= 11.1 Hz, 
1TCF2 _SF=6.6 Hz). 13C NMR: &,= 119.7 ppm 

(‘J,,=347.0 Hz, ‘JFn= =349.0 ,Hz, ‘J,,,,=38.3 Hz, 
3Jl~cFz =2.1 Hz). MS (CI-, NH,) m/z: 349 (MF)-; 
235 (M-5F)-; 197 (M - CF,SO,F)-; 183 
(CF,SCF,SF) -; 164 (M - 2SO,F)-; 147 (MH - 
CFzS04Fz)-; 133 (CF,SO,F)-; 127 (FSO,CS)-; 101 
(CF,SF)-; 83 (SO,F)-; 79 (FSOC)-; 67 (SOF)-; 64 
(SO,)-. MS (EI)+ m/z: 31 (CF)+; 32 (S)+; 48 (SO)+; 
50 (CF,)‘; 63 (FSC)‘; 64 (SO,)+; 67 (SOF)+; 69 
(CF,)+; 82 (CF,S)+; 83 (FSO,)‘; 98 (CF,SO)+; 101 
(CF,SF)+; 117 (CF,SOF)+; 133 (CF,SO,F)+. Analysis: 
Calc. for (;F,S,O,: C, 7.27; F, 34.5; S, 29.13%. Found: 
C, 7.53; F, 36.2; S, 28.72%. 
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F,C(SO,CF,), (3): 19F NMR: &= - 95.5 ppm 
(sept); &F3= -70.2 ppm (t) t4JFF=8.13 Hz). 
F,CSO,CF,SO,F (4): 19F NMR: 4eF3 = - 69.8 ppm (d, 

t); 4CFz= -96.4 ppm (q,d); &,,,=50.8 ppm (t,q) 
(JcFXecF2 = 7.95 Hz, Jcw_sozF = 1.57 Hz, JCFZSmF = 6.11 
Hz). 

CF,(SO,F), (5): M.p.-86 “C, b.p. 57.2 “C [26]. 19F 
NMR: &Fz= -97.2 ppm (t); &,ozF= + 47.8 ppm (t) 
(3JFF=6.45 Hz, ‘J,,=334.4 Hz). “C NMR: 6= 116.5 
ppm (t,t) (lJ=334.2 Hz, ‘J=40.6 Hz). MS (Cl-, NH,) 
m/z: 133 (CF,SO,F)+; 83 (SO,F)‘: 67 (SOF)‘; 64 
(SO,)+; 51 (SF)+; 50 (CF2)+; 48 (SO)+. 

1CF3S0,2CF,S0,3CF,S0,F (6): 19F NMR: 
+cFX l--“,‘;‘, ppm (t); hZCF2= -92.7 ppm (muIt>; 

(mult); &.02F = 51.4 ppm 
= 7.8 H!z:‘JFs,,:, = 6.5 Hz, 5JFsozcF2 = 1.2 

Hz). 13C NMR: a,,= 119.1 ppm (q,t); S,, = 121.4 ppm 
(t,q,d); &,= 119.6 ppm (t,d) (‘J,,=332.1 Hz, lJzc= 
354.2 Hz, %, = 346.0 Hz, 3J,, = 0.6 Hz, 3JzCFg = 3.15 Hz, 
‘Jx = 37.75 Hz, 4Jzc = 2.2 Hz). MS (CI) m/z: 381 (MH)+; 
297 (M-SO,F)+; 183 (CF,SO,CF,)+; 133 (CF,SO,F, 
CF,SO,)+; 69 (CF,)+, 64 (SO,)+. 
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