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Abstract: The molecular structure of 1,2-bis(trifluoromethyl)dithiete has been determined in the vapor phase by electron dif-
fraction. The results confirm the dithiete structure, in which the principal geometrical parameters, based on C, symmetry,
are: rg(C—F) = 1.326 + 0.003, rg(C=C) = 1.40 £ 0.03, rg(C—C) = 1.50 £ 0.01, rg(S—C) = 1.73 + 0.01, rg(S—S) =
2.05 £ 0.01 &; 2(C=C—S) = 100.8 0.6, £(C=C—C) = 122.9 £ 0.7, 4(F—C—C) = 110.8 % 0.6°. The rotational pa-
rameter 7(S—C=C—S) = 0.4 & 3.4° indicates no significant deviation from planarity in the C,S; ring excluding shrinkage
effects which were not included in the analysis. The CF3 groups are semistaggered, rotated about the C—C bonds by 34 +
6° relative to planar trans F—C—C==C. The quoted uncertainties represent the estimated limits of experimental errors. A
comparison with other structures suggests delocalization of the carbon-carbon = system to include the sulfur atoms, but

without appreciable participation of the S—S bond.

1,2-Bis(trifluoromethyl)dithiete was the first compound
synthesized in which the unusual dithiete ring! could be
postulated. Infrared and 'F NMR spectra? revealed the
presence of a C==C bond, and showed that the CF3 groups
are attached to a doubly bonded carbon atom, but the red
color of the compound prevented any observation of the sul-
fur-sulfur vibrations by Raman spectroscopy. Simple mo-
lecular orbital calculations® showed that structure (I), in-
volving a dithiete ring, is more stable than the acyclic di-
thione structure (II).

S———sS S
N/ \ T
= C—C
/0 \
CF3 CF3 CFa CFS
I I

The title compound has been extensively used in the
preparation of dithiolene complexes of a number of transi-
tion and main group metals.4 It is apparent that in all of
these complexes, ring opening allows the 1,2-bis(trifluo-
romethyl)dithiete to act as a bidentate ligand, and a num-
ber of x-ray crystallographic structure studies of com-
pounds with transition metal ions have been reported (see
below). We have now determined the structure of the par-

ent compound in the vapor phase by electron diffraction,
and find that I is indeed the correct formulation under these
experimental conditions.

Experimental Section

A sample of ,2-bis(trifluoromethyl)dithiete, kindly provided by
Dr. A. T. Berniaz of Simon Fraser University, showed no impurity
bands in its infrared spectrum and was used without further purifi-
cation.

Sectored electron diffraction patterns were recorded on the Uni-
versity of Windsor apparatus® on Kodak 4 X 5 in. electron image
plates. The experimental conditions for the dithiete exposures are
presented in Table I. In each experiment, separate CS, patterns
were recorded for the s scale calibration using the standard CS,
structural parameters reported by Kuchitsu® (s = (4x/X) sin (8/
2); A = electron wavelength; 8 (diffraction angle) = tan~! (r/L)
where r is the radius and L is the camera length).

The optical densities of the experimental plates were sampled at
0.1095 mm intervals with the microdensitometer’® described pre-
viously, with the plate spinning and moving continuously so that an
annular portion, 0.075 mm, of the plate was sampled in each of
350 measurements obtained for the radial range 0.75 < r < 4.5
cm. Interpolation of densities at #/10 intervals in s (by the Lag-
range method) was based on six points for long camera plates, and
three points for short camera plates. The interpolated optical dens-
ites were converted to relative intensities by the correction’

Hencher, Shen, Tuck /| 1,2-Bis(trifluoromethyl/dithiete
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Table I, Experimental Conditions4
Expo-
Camera No. sure § Tange
length of time Density (g = (10/m)s)
(mm) plates  (sec) range (A™)
296.70 2 10 0.05-0.2 10<g <52
95.20 3 75 0.1-0.4 40 <g < 110

aReservoir temperature 0 °C, vapor pressure about § Torr; nozzle
temperature 21 °C, nozzle orifice 0.5 mm; background pressure 1 to
2 X 107 Torr (Torr = (101325/760) Pa); beam current S X 1077 A;
high voltage 58 kV stabilized to better than 1 x 107,

I'=D(1+0.01D) 1)

The interpolated relative intensities were averaged to give a set of
experimental intensities, /x(s) for each camera length.

Analysis

The averaged experimental intensities were converted to
the form
lo(s) = s*1x(s)/®(s) (2)

where ®(s) is the sector function obtained from argon scat-
tering patterns. The experimental molecular intensity was
obtained for each camera length as

sIm*(s) = s %: [fi(s)? + Sk(s)] - [To(s)/Bo(s) — 1] (3)

where Bo(s) is the background, f; (s) are the elastic scatter-
ing factors,® and Si(s) is the inelastic scattering.® The
backgrounds were hand-drawn smoothly through the /o(s)
curve. Improved backgrounds were obtained by minimizing
the difference between experimental intensity and theoreti-
cal molecular intensity calculated from the model. The the-
oretical molecular intensity expression’ was

sIn(s) =2 Z>: Cij(s)ry~" exp(—1;%s2/2) sin (sryy)  (4)
i>j

where
Cis(s) = 1fiOSfi(s)] cos [n:(s) = n;(s)] (5)

ri is the thermal average internuclear distance, /;; is the
root mean square amplitude of vibration, and #;(s) are the
phase factors.

Refinements of the structure were carried out by the
method of least-squares'? based on s/*(s) obtained above.
A single theoretical curve was adjusted simultaneously to
the data for both camera lengths. A diagonal weight matrix
was used. The rg distances were calculated from an inde-
pendent set of geometric parameters, using Hilderbrandt’s
algorithm.!!

The 1,2-bis(trifluoromethyl)dithiete molecule was as-
sumed to have C; symmetry, and the trifluoromethyl
groups were taken as having local C3, symmetry. Since no
force field was available for the molecule, no corrections
were made for shrinkage effects. The following parameters
were assumed to give a geometrically consistent model:
C3-C,, Cy4-Cs, Cs5-Cq, C4-Sy, £81C4Cs, £C5C4C3,
LF7CsCy, 7 F,CsC4Cs, = C5C4C3Sz, and 7 S;C4C;3S,,
where the 7’s are the torsional angles. The atom numbering
scheme is shown in Figure 1.

In the preliminary analysis the skeleton formed by the
four carbon and two sulfur atoms was constrained to be pla-
nar. Initially £ZF7CsCa was fixed at 109.5° while the other
parameters were adjusted. In the final stages of analysis all
the geometric parameters and the amplitudes /c,s,, /s;s,,
and /¢, were refined simultaneously. The remaining am-
plitudes were grouped as indicated in Table II, and were
given plausible fixed values obtained by comparison with

Figure 1. Diagram of 1,2-bis(trifluoromethyl)dithiete with atom num-
bering.

Table II. Bond Lengths (A) and Angles (deg) for
1,2-Bis(trifluoromethyl)dithiete &

Re 0.118
C,—F, 1.326 (3) 0.047 (3)
C.=C, 1.40 3) 0.045
C.—C, 1.50 (1) 0.054
C.—S, 1.729 (10) 0.069 (3)
LC.C.S, 100.8 (0.6)

LCC,C, 1229 (0.7)

LF,CC, 110.8 (0.6)

7CC.C, S,9 179 (5)

1C.C.C.F.d 146 (6)

75.C.C.5,d 0.4 (3.4)

S,—$, 2.05 (1) 0.091 (24)
F,-F, 2.146 (9) 0.069
C4"82 2.42

C.--S, 3.00} 0.116
C.-S, 3.90

C,F, 2.33(7) 0.064
C,C, 2.55

C.-C, 3.03 0.160
S,F.e 3.311

S,+F, 3.611} 0.154
S,-F, 4011

C,F,, 2.60

C.F,, 3.62} 0.092
C.-F,, 4.20

C,F,, 2.79

C,F,, 3.26} 0.150
C.-F.y 3.58

FyFo 1.95

F,F,, 2.87

F,F,. 3.84 .
F,F,, 4.48 0.120
F.--F., 454

Fo--Fre 5.44

S,F, 4.41

S, 4.54} 0.136
S.--F 4.66

™
-

Resolution Factors (theoretical/experimental)
Long camera 1.99 = 0.04
Short camera 1.72 + 0.08

@The r valuesteported are rg(0) = ry; — / ,,/r, values in angstroms,
and angles in degrees. b Parenthesized values are the estimated un-
certainties. No uncertainty is quoted for the I;;’s which were fixed i in
the analysis. € R = | (Zg[sIm®)exp — Im ®¢n)*)/Zs[sIm(Sexp]*} &
dThese parameters reflect planarity of the C,S, skeleton. €The
uncertainties in these parameters are estimated to be greater than
+0,05 A since the true rotational conformation of the CF, groups
was not determined in the analysis.

other molecules, and by trial and error adjustment. The
final values of all parameters are presented in Table II. The
correlation matrix for the least-squares parameters is given
in Table III.
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Table III. Correlation Matrixa
C,=C,/2 C,—S8, ¢CCsS, C,—C; (CCC 7CCCS, C—F, (FCC, 7FCCC,S,CCS, Ic,_s, Is,—s, los—F,
ab 0.005 0.004 0.202 0.004 0.225 1.717 0.001 0.200 1.881 1.127 0.003 0.008 0.001
1.000
-0.123 1.000
-0.907 0.010 1.000
0.095 0.224  -0.141 1.000
-0.712 0.105 0.585 -=0.149 1.000
-0.328 -0.076 0.243 -0.149 0.340 1.000
0.053 0.030 -0.038 0.107 -0.096 -0.139 1.000
-0.168 -0.215 0.251 -0.769 0.153 0.104 -0.034 1.000
0.389 0.092 -0.340 0.177 -0.337 -=0.745 0.161 -0.078 1.000
-0.066 0.041 0.112 -0.029 -0.051 -0.389 -0.016 0.019 -0.283 1.000
0.028 0.035 0.071 -0.118 -0.073 -0.066 -0.001 -0.033 0.005 0.023 1.000
0.127 -=0.242 0.191 -0.467 0.195 0.175 -0.357 0.764 -0.098 -0.002 -0.158 1.000
-0.772 0.142 0.700 0.051 0.537 0.233 -0.024 0.040 -0.281 0.056 -0.108 0.055 1.000

@ Bond distances in angstroms, and angles in degrees.  Standard errors from least-squares program.

1‘9 710 Jlﬁ “0 5‘0 0]0 ?.0 BIO 9‘0 1 ? ]

Figure 2. Molecular intensity curves in ¢ = ((#/10)s): (A) long cam-
era intensity, experimental (dots) and theoretical (solid) Jm(g) calcu-
lated from structural parameters of Table II; (B) difference (experi-
mental-theoretical) curve; (C) short camera intensity, experimental
(dots) and theoretical (solid); (D) difference curve.

The major factors affecting the uncertainties of the geo-
metrical parameters are the scale factor and the weight ma-
trix. The scale factor uncertainty, about 0.10% [|Ag/g| =
| A(LX)/(L)X)|1, implies a systematic error of approximately
+0.0015 A in all distances. The assumption of a diagonal
weight matrix would cause the calculated uncertainties to
be too small by a factor of about 1.5.!2 Considering these
influences and other smaller errors which are discussed
elsewhere,® a factor of three times the least-square values
seemed a reasonable estimate of the uncertainties.

Results and Discussion

The geometrical parameters and root mean square ampli-
tudes for the final model and the correlation matrix are pre-
sented in Tables II and III, respectively. The molecular in-
tensity, sIm*(s), is given in Figure 2, and the radial distribu-
tion curves are shown in Figure 3. The results substantiate
the ring structure I for the molecule.

Bond Angles. The exocyclic valence angles ZCsC4=C;
(122.9°), and <F;CsC4 (110.8°) fall within the usual
ranges and deserve no further comment. The endocyclic
angle £C3C4S; (100.8°) is consistent with the conditions
imposed by the ring bond lengths (i.e., S—S longer than
C=C).

Bond Lengths. The C—C bond in the C;S; ring is longer
than that in ethylene (1.337 (1) A)!3 and 3,4-dimethylene-
cyclobutene (1.357 (5) A)!“ but comparable to the value for
the C—C distance in benzene (1.396 (3) A).!5 The exocy-
clic C—C bond distance is close to the C(sp?)-C(sp?) value
(1.515 (3) A) observed in H,C=CCCH3;CH,CHj;!¢ but

R
TN

-8 4-7 4-2 3-5842 15 )-7 19 1-4 1-8 141 142 10 710

teare / /
57 34 451412

—-—AM—&M—&
. ! 2 ? 1

Figure 3. Radial distribution curves: Experimental (dots) theoretical
(solid), and difference (lower solid) curves. The vertical bars indicate
the distribution of important interatomic distances.

? 6 A

i

shorter than those in (CF3); C=NH (1.551 (7) A)!7 and
(CF3),C=CH,; (1.535 (6) A).!” The C—F bond length
falls between that reported for HCF; (1.334 (5) A)!8 and
for CF4 (1.323 (5) A)!® and agrees very well with the
values in (CF3),C=NH (1.326 (3) A)!7 and
(CF3)2C=CH, (1.329 (2) A)."7

The C—S bond length of 1.730 (10) A lies between the
values reported for the S—C(sp?) bond (1.748 (6) A) in
methyl vinyl sulfide!® (H,C=CH-—S—CH;) and the
S—C bond distance in the aromatic thiophene?® molecule
(1.7140 (15) A). The S—S bond length (2.050 (14) A) is in
good agreement with the S—S single bond value reported
for orthorhombic sulfur (Sg)?! (2.048 (2) A), and the S—S
value in the CiS; ring of 4-methyl-1,2-dithiacyclopent-4-
ene-3-thione?? (2.047 (7) A).

Bonding. The reported bond lengths for S—S, S—C, and
C=C in dithiete indicate the presence of delocalization of
the carbon-carbon 7 system in the molecule. The delocali-
zation occurs mainly among the three S—C and C=C
bonds, rather than all four bonds in the ring. This feature
can easily be explained by simple valence-bond structures.
Of these structures, only D gives rise to any multiple bond
character in the S—S bond, but this form will be very un-
stable because of the unfavorable charge distribution, so
that presumably only structures A, B, and C contribute,
and each of these involves a single S—S bond. According to
Pauling’s bond length-bond order criteria,?? the S—C and
C==C bonds have bond orders of 1.27-1.35, and 1.43-1.78,

Hencher, Shen, Tuck [ 1,2-Bis(trifluoromethyl)dithiete
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Table IV, Comparison of Principal Bond Distances of 1,2-Bis(trifluoromethyl)dithiete and Related Molecules@ b

Method c=C c—S$ C—CF, C—F Ref
Dithiete E.D. 1.400 (33) 1.729 (10) 1.500 (10) 1.326 (3) This work
[AuL,]- X ray 1.31 (4) 1.76 (3) 1.50 (7) 1.30 (7) 25
[NiL,]" X ray 1.40 (2) 1.70 (2) 1.48 (3) 130 3 27

[NiL,] X ray 1.38(2) 1.71 (1) 1.48 3) 133 (2) 26
[CoL,], X ray 1.407 (20) 1.694 (16) 1.493 (12) 1.267 (18) 24
[n*-CpColL] X ray 1.48 1.74 1.51 1.27 28

4@ Distances in angstroms. » Cp = cyclopentadienyl group.

S St——§
\ / \ /
C= c—C
/ /
CF, CF, CF, CF;
A B
S St FE m— G
N N/
c—C —C
/[ \ /[ \
CF, CF, 3 CF;
C D

respectively; from these bond order values, we estimate that
the contribution of A, B, and C are about 50, 25, and 25%,
respectively.

Alternatively, the LCAO calculations® predicted bond
orders 1.474 (C—S), 1.658 (C==C), and 1.342 (S—S). The
7 electron delocalization including the 3pr orbitals of sul-
fur is promoted by the electron withdrawing capacity of the
CF; groups. The delocalization energy of the dithiete was
about 0.25 eV greater than the bis(trifluoromethyl)di-
thione. The consequent lengthening of the C=C bond (by
about 0.06 A relative to ethylene) provides space in the ring
to accommodate a nearly normal S—S bond.

Dithiolene Complexes. It is interesting to compare the re-
sults in Table II with those reported for the ring system in
transition metal complexes derived from 1,2-bis(trifluo-
romethyl)dithiete (= L). Structures have been established
by x-ray crystallographic methods for the [CoL;],2* dimer,
AuL,™,25 NiL,26 and NiL,~,2” and °-CpCoL?? (Cp = cy-
clopentadienyl group) (see Table IV). In the cases of the
two nickel complexes, and the cobalt dimer, the C—S bonds
do not seem to be significantly shorter in the complexes
than in dithiete itself, and equally the C=C delocalization
in the parent compound and in the complexes is apparently
of the same order. The agreement with the Au(III) anionic
complex is less satisfactory, especially in terms of the C=C
bond lengths. The corresponding bond lengths in the
C,S;M ring in #3-CpCoL have been questioned, and any
comparison with the present results is therefore probably
not viable.

In summary, the insignificant bond length differences be-
tween dithiete and its transition metal complexes do not
suggest that complex formation is accompanied by any

great change in bond character in the S—C==C—S moiety.
The driving force for this rupture of the S—S bond in com-
plexation must therefore be the formation of two M—S
bonds.
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