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'The molecular structure of l-trifluoromethylthio-1,2,2-trifluo- 
roethene, CF3SC(F)=CF2, was determined by gas electron 
diffraction (GED) and ah initio calculations (HF/3-21G*). The 
S-CF3 bond is oriented nearly perpendicular to the ethene 
plane with @(C=C-S-C) = 96.9(12)'. This orientation im- 
plies that the p-shaped sulfur lone pair is perpendicular to 

the ethene n orbitals. The following skeletal bond lengths ( r ,  
in A) and angles (a, in ") were obtained (error limits are 3," 
values): C=C = 1.36)2(19) A, C(sp2)-S = 1.719(9) A, 
S-C(sp3) = 1.820(10) A, C=C-S = 120.0(9)', and C-S-C = 
101.7(7)'. The experimental geometric parameters were re- 
produced reasonably well by the ah initio method. 

The structure and conformational properties of ethene- 
thiol, H,C=C(H)SH, have been studied extensively by in- 
frared and microwave spectroscopy (MW)['-51 and by ab 
initio calculations[6]. The molecule exists in two confor- 
mations, planar syn and pseudoplanar anti. The potential 
function for internal rotation around the C-S bond which 
was derived from MW data, possesses its global minimum 
for the syn structure [@(CCSH) = 0'1 and a flat double 
minimum for the anti form. The anti conformer is 0.15(7) 
kcal/mol higher in energy. The barrier between syn and anti 
forms occurs for the perpendicular orientation of the S-H 
bond [@(CCSH) = SO0]  and is found to be ca. 2.5 kcal/mol 
above the global minimum. This demonstrates that parallel 
orientation of the p-shaped sulfur lone pair and the ethene 
rc-orbitals is favored. The conformation with the S- H bond 
eclipsed to the C=C double bond (syn) is slightly lower in 
energy than that with the S-H bond eclipsed or nearly 
eclipsed to the C-H single bond (anti). Two independent 
gas electron diffraction (GED) studies of methyl vinyl sul- 
fide, CH3SC(H)=CH2, provided somewhat different results 
for the conformational properties of this thioethene. Both 
investigations report a mixture of planar syn [@(CCSC) = 
0°] and nonplanar gauche [@(CCSC) = 140°] forms. De- 
rissen et al.L7] found that the major component is the planar 
syn conformer [84(5)0/0 at 40°C] and Samdal et al.[*] found 
the nonplanar gauche conformer [62(7)% at 2OO0C] to be 
predominant. In the present study we are interested in the 
effect of fluorination on the conformational properties of 
methyl vinyl sufide and report on a GED investigation of 
the perfluorinated derivative, CF3SC(F)=CF2. This com- 

[*I Present address: Instituto de Investigaciones en Fisicoquimica 
de Cordoba (INFIQC), Departamento de Fisica Quimica, Fa- 
cultad de Ciencias Quimicas, Universidad National Cordoba, 
5016 Cordoba (Argentina). 

pound was tested as a precursor for fluorocarbon polymers, 
but found to be less suitable than the corresponding ether, 
CF30C(F)=CF2. The experimental investigation is sup- 
plemented by ab initio calculations at the HF/3-21G* level. 
The calculations were performed with the GAUSSIAN 90 

H' 

w anti 

Structure Analysis 
Model calculations with standard values for bond lengths 

and bond angles show that the planar syn structure in this 
molecule is highly unfavorable for steric reasons. Non- 
bonded F...F contacts between the CF, group and F2' (see 
Figure 1 for atom numbering) are much shorter (2.10 A) 
than the corresponding van der Waals distance (2.70 A). 
Planar anti or gFuche structures possess F...F contacts 
longer than 2.70 A and are not excluded for steric reasons. 
The radial distribution function (Figure 1) which was ob- 
tained by Fourier transform of the molecular intensities 
with an artificial damping function exp(-ys2) (y = 0.0019 
A2), depends strongly on the torsion around the C-S bond 
in the range Y > 2.5 A. The experimental curve is repro- 
duced only with approximately perpendicular orientation of 
the S-CF3 group relative to the ethene plane, i.e. 
@(CCSC) = 95 '. In the least-squares refinement the mole- 
cular intensities were modified with a diagonal weight ma- 
trix, and known scattering amplitudes and phases were 
used[lO]. The following assumptions were made in the struc- 
ture analysis: (1) planarity of the F2C=C(F)S skeleton, (2) 
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C3, symmetry of the CF3 group with a possible tilt angle 
between the C3 axis and the S-C bond direction. (3) The 
differences between the C-F bond Iengths in the CF3 
group and in the trifluorovinyl group and the difference be- 
tween the C2ClF1 and ClC2F2 angles were equated with 
the ab initio values. The estimated uncertainties for these 
differences of 0.015 A and 1 O, respectively, are used to in- 
clude possible systematic errors in the refined parameters. 
(4) The assumptions C2-F2 = C2-F2' and ClC2F2 = 

ClC2F2' are justified by the ab initio calculations which 
predict these differences to be 0.000 A and 0.6", respec- 
tively. Vibrational amplitudes were collected in groups ac- 
cording to their type (dependent on or independent of tor- 
sional motions) and distances. Further assumptions are evi- 
dent from Table l .  With these assumptions ten geometric 
parameters and eight vibrational amplitudes were refined 
simultaneously. The following correlation coefficients had 
values larger than 10.61: p,/p2 = -0.72, p3/p4 = -0.64, pJ 
a2 = 0.76, ~4/a2 = -0.78, ps/a5 = 0.68. The numbering of 
the geometric parameters p, and vibrational amplitudes ak 
and the results of the GED analysis and the ab initio calcu- 
lations are given in Table 1 .  

Figure I .  Experimental radial distribution function and difference 
curve RDF(expt)-RDF(calcd) for CF3SC(F)=CF2. Interatomic 

distances are indicated by vertical bars 
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Results and Discussion 

Perfluorination of CH3SC(H)=CH2 has a strong effect 
on the conformational properties of this thioethene. In the 
parent compound and in ethenethiol the potential curve for 
internal rotation around the C1 -S bond possesses two min- 
ima corresponding to a planar syn and to a gauche or near 
planar anti conformation. Both structures allow conju- 
gation between the sulfur lone pair and the x-orbitals of the 
C=C bond. In the fluorinated derivative CF,SC(F)=CFZ, 
however, only one stable conformation exists with the 
S-CF3 bond nearly perpendicular to the ethene plane. In 
this structure no overlap between the sulfur lone pair and 

the n-orbitals occurs. The potential curve for internal ro- 
tation around the C1 -S bond was calculated by the ab in- 
itio method for torsional angles between 60 and 180" (Fig- 
ure 2). For @(CCSC) <60" unreasonably short F...F con- 
tacts occur [=1.75 A for @(CCSC) = 30'1. The minimum 
in the calculated curve lies near 90°, in good agreement 
with the experiment result [96.9(12)"], which is an effective 
value due to the large amplitude torsional motion. The 
planar anti form is predicted to be ca. 5 kcal/mol higher in 
energy than the ground state structure. 

Table 1. Results of GED analysis and ab initio calculations for 
CF$C(F)=CFz 

Geometric parameters 

GEDa 

c=c 1.302(19) pi  

(CI-F1) - (C3-F3) 0.017.[5]b 
(C2-F2) - (C3-F3) -0.023 [5]b 
Cl-F1 1.354 (6) 
CZ-FZ=CZ-F2' 1.3 14 (6) 

C3-F3 1.331 (2) P2 

s-c 1 1.719 (9) P3 
s-c3 1.820(10) p4 
C2=CI-S 120 0 (9) P5 
CZ=CI-Fl 119.5 (4) P6 
(Cl=C2-F2) - (C2=CI-FI) 
(C l=CZ-FZ)=(C 1x2-F') 

6.0 [ lO]b 
125.5 (1 1) 

Cl-S-C3 101 7 (7) P7 
F3-C-F4 108.9 (4) P8 
tilt(CF3) 3.9 (8) P9 
(P(C2=Cl-S-C3) 96.9 (12) P10 

HF/3-21G* 

1.305 
1.345 
0.017 
-0.023 
1.362 
1.322 
1.732 
1.783 
123.5 
118.2 
6.0 

124.2 
98 1 
108.2 
3 2  

90.2 

Interatomic distances and vibrational amplitudes 

} 0.150' 
Cl..F4 3.08 C = C  1.30 0.040 

C-F 1.31 - 1.35 0.047(2) a1 Fl..F5 3.21 
S-C 1.72 - 1.82 0.051(12) a2 C..F 3.40 - 3.42 
F..F 2.14 - 2.17 0.057(4) a3 c2. .c4 3.54 
C..F 2 .31 -2 .34  0.054(7) a4 C,.F 3 ,x1-4 ,06  

S . C 2  2.64 0.069(7) a5 F1,,F2, 3,54 

0.13(2) a6 

0.16(2) a7 

0.O7Oc 

I 
1 
I 

Fl..F4 3.91 

0.25(3) as 

0.17' 

S.,F2 3.90 

0.075' C..F 4.66 - 4.69 
F..F 4.39 - 4.97 

F2.,F3 5.89 

I S..F 2.54 - 2.67 

C1.423 2.74 

S..F2' 2.97 

['I ra distances in A and CI angles in degree. Error limits are 3 0  
values and include possible systematic errors (see text). - Lb1 Con- 
strained to the ab initio value with estimated uncertainty in brak- 
kets. - Not refined. 

Fluorination also affects the skeletal bond lengths. The 
C=C bond is shortened from 1.343(1) A in 
CH,SC(H)=CH,['I to 1.302(19) A in CF3SC(F)=CF2. The 
latter value agrees within experimental uncertaipties with 
the bond length in tetrafluoroethene t1.31 l(7) A['']]. The 
two S-C bonds are affected differently by fluorination. The 
C(sp2)-S bond is shortened from 1.759(8) A to 1.719(9) A 
and the S-C(sp3) bond is lengthened from 1.795(8) A to 
1.820(10) A upon fluorination. The ab initio calculation at 
the HF/3-21G* level reproduces the experimental geometric 
parameters reasonably well. The difference between the two 
S-C bond lengths is underestimated by the calculation and 
the discrepancy between the calcukdted and experimental di- 
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hedral angles @ is partly due to a large amplitude torsional 
motion. Because of the large asymmetry of the torsional 
potential near the minimum (see Figure 2), the average tor- 
sional angle is expected to be larger than the equilibrium 
value. 

Figure 2. Calculated (HF/3-21G*) potential curve for internal rota- 
tion around the C(sp2)-S bond in CF3SC(F)=CF2 

0 60 120 180 
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Experimental 
Synthesis of CF,SC(F) = CF,: 70 ml of freshly distilled ethanol, 

dried with CaO, was heated with 50 g of activated Zn up to reflux 
temperature with vigorous stirring["]. A mixture (16 g) of the iso- 
mers CF3S-CFCI-CF2C1 (80%) and CF3S-CF2-CFCI2 (209'0) 
was added and the mixture was allowed to react for 60 min. Only 
the former isomer reacted to give the expected product[13]. The vol- 
atile substances were trapped at -78°C. The pure product was ob- 
tained by fractional condensation (20, -20, -78 and -196°C) in 
the trap cooled to -78 "C as colorless liquid. The yield was 5 g (27 
mmol) of CF3SC(F)=CF2 (theoretical yield 58% of starting mix- 
ture or 9.2 g). The product was identified by IR (Bruker IFS 85) ,  
19F-NMR (Bruker WP 80 PFT) and GC-MS spectroscopy. - IR 
(gas): 0 [cm-'1 = 1746.4 (s) [v(C=C)], 1337.1 (s), 1185.7 (vs), 
1122.0 (s), 1054.5 (s), 759.2 (m), 606.5 (w). - 19F-NMR (CFCI,); 
CF,SC(Fx)=CFAFB (FA cis to Fx and FB trans to Fx): 6(CF1) = 
-42.05 (m), 6(FA) = -81.05, 6(FB) = -100.25, 6(Fx) = -151.80; 
P(FAF,) = 122.07 Hz, J3(FAFx) = 26.40, J3(FBFx) = 40.50, 

eV) mlz (YO): 182 (44) [M+]; 163 (3.3) [M+ - F]; 94 (63.2) 
J4(FxCF,) = 2.90, P(FACF,) = 2.40, P(FBCF,) = 2.30. - MS (70 

[SC(F)=CF+]; 69 (83.5) [CF,']; 63 (100) [SCF+]. 

Gas Electron Diffraction; The GED intensities were recorded 
with a Gasdiffractograph KD-G2[I41 at two camera distances (25 
and 50 cm) and with an accelerating voltage of ca. 60 kV. The 
electron wavelength was calibrated by a ZnO powder diffraction 
analysis. The sample reservoir was cooled to -56°C and the inlet 
system and nozzle were at room temperature. The camera pressure 

during the experiment was below 2 X Torr. Exposure times 
were 5-7 and 18-25 s for the long and short camera distance, 
respectively. The photographic plates were analyzed with standard 
methods['5] and averaged molecular intensities in the s-ranges [s = 

(47clhsinW2, h electron wavelength, o6 scattering angle] 2- 18 and 
8-35 k l  at intervals of As = 0.2 A-' are presented in Figure 3. 
Figure 3. Experimental (dots) and calculated (full line) molecular 
intensities for the long (above) and short (below) nozzle-to-plate- 
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