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Structures of Linear Multisulfur Systems. IX.

The Crystal and Molecular Structure of 2,6-Bis (p-methoxy-

phenyl-1,2-dithiole-3-ylidene) cyclohexanethione
Carbon Disulfide Solvate, C,.H,,0,S,.15CS,

JORUNN SLETTEN

Department of Chemistry, University of Bergen, N-5014 Bergen, Norway

Crystals of the title compound, C;(H,,0,S,-1CS,,
are triclinic, space group Pl, with Z=2 in a
unit cell of dimensions a=9.871(5) A, b=
11.705(2) A, ¢=10.918(1) A, «=90.84(1),
B=94.32(1)°, y=90.58(1)°. 5760 unique reflec-
tions were recorded on an off-line four-circle
diffractometer. The structure was solved by
Patterson synthesis, and refined by full-matrix
least-squares technique to an R of 0.049. The
sulfur atoms of the B&-sulfur molecule are
approximately collinearly arranged. The S—8
bonds are all partial bonds with bond lengths
in the region between a single bond and van der
Waals distance. Although the molecule is sym-
metrically substituted, the sulfur row shows
a pronounced deviation from twofold symmetry
with distances: S(1)—8(2)=2.113 A, S(2)—
§(3)=2.626 A, S(3)-8S(4)=2.396 A, S(4)—
S(5)=2.271 A. The carbon disulfide molecule is
disordered around a centre of symmetry.

In a symmetrically substituted thiathiophthene
the S—8 bonds are expected to be of equal
length according to the simple valence bond
resonance.

s—sS S
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S S—s§
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A linear five-sulfur compound may be con-
sidered as two fused thiathiophthene molecules.
Using the same simple valence bond formalism
as above, the two central S—S bond lengths
would be expected to be longer than the terminal
ones.
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It might be interesting to find out if the overall
length of the five-sulfur sequence is equal to
twice the chain length in thiathiophthenes, and
if any of the three canonical forms are pre-
dominant.

Previously the structure of one symmetrically
substituted five-sulfur compound has been
determined.! The sulfur sequence of the molecule
is symmetrical within experimental error. A
comparison of the S —C bond lengths indicates
that IIa is the more dominant resonance form.
Furthermore, half the overall chainlength of
4.76 A is significantly longer than the S---S---S
length in any of the thiathiophthene structures
reported.

EXPERIMENTAL

The compound was synthesized by Stavaux
and Lozac’h.®® Very dark bluish crystals grew
from a carbon disulfide solution by slow
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evaporation at 5 °C. The crystal used throughout
the data collection had dimensions 0.69 mm x
0.41 mmx0.16 mm and was mounted along
its longest dimension which is parallel to the
[101] wvector. Weissenberg and precession
photographs showed that the space group was
triclinic. Unit cell dimensions were derived
from diffractometer measurement of 20 values
for 21 reflections using MoK« radiation (1y,=
0.70926 A). The density as measured by flota-
tion in a KI-water solution is 1.47 g cm™3. This
does not agree with the density calculated for
two C,sH,,0,8; molecules (later referred to as
«5S” molecules) per unit cell. It is likely that
CS; has cocrystallized. The density calculated
for two “5S’° molecules and one CS, molecule
per unit cell is 1.49 g cm™3,

5760 unique reflections with 20<=55° were
measured according to the experimental pro-
cedure described elsewhere.* No significant
deterioration was detected during the course
of data collection. The crystals do, however,
disintegrate over a period of approximately
six months at room temperature.

947 of the reflections were less than twice the
estimated error in measurement, these reflec-
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tions were given the threshold value of 24, and
were not included in the refinement unless
|Fo) > | Fipresnolal.  Standard deviations in in-
tensities were calculated as o;=k[c2+
(0.02 N,e)2]%, where k is the appropriate scale
factor, o, is the estimated error due to counting
statistics and N, is the net count, (Nyq,—
Nypackgromna)» ©of the reflection. Standard
deviations in structure factors were calculated
as or=o07/2(I Lp)t. The data were corrected for
Lorentz and polarization effects according to
standard procedures and for absorption using
the method of Coppens et al.®

CRYSTAL DATA

CgeH530,8;.3C8;  M.W.=564.95. Crystal
gystem triclinic, space group P1 (or P1). Cell
dimensions: a=9.871(5) A, b=11.705(2) A,
¢=10.918(1) A, x=90.84(1)°, f=94.32(1)°, y=
90.58(3)°.

V =1258 A3, Z=2.
D;=1.492 g cm™, D, =147 g em™.
Mvoke=4.9 cm™,

Table 2. Bond angles, not involving hydrogen atoms, with the corresponding standard deviations,
referring to the last demical places, in parentheses.

Angle )
S(2)—-8(1)-C(1) 95.63(9)
S(1)—-8(2)—8(3) 177.91(3)
S(1)—8(2)—-C(3) 94.55(8)
S(3)—-8(2)—C(3) 85.17(8)
S(2)—S(3)—8S(4) 175.61(3)
S(2)—8(3) - C(5) 89.49(8)
S(4)—8(3)—C(5) 93.95(8)
S(3) —S(4) - 8(5) 179.05(3)
S(3)—S(4)—-C(7) 87.66(8)
S(5)—S(4) —C(7) 91.50(8)
S(4)—8(5)—C(9) 94.12(9)
S(1)=C(1)-C(2) 115.5(2)
S(1)—C(1)—C(10) 117.7(2)
C(2)—-C(1)—C(10) 126.7(2)
C(1)=C(2)—C(3) 121.2(2)
8(2)—C(3)—C(2) 113.1(2)
S(2)—C(3)—C(4) 122.8(2)
C(2)—C(3)—C(4) 124.1(2)
C(3)— C(4)—C(5) 122.6(2)
C(3)—C(4)—C(17) 119.4(2)
C(5)—C(4)—C(17) 118.0(2)
S(3)—~C(5) — C(4) 119.8(2)
S(3)—C(5)—C(6) 116.9(2)
C(4)—C(5)—C(6) 123.3(2)
C(5)—C(6)—C(7) 120.7(2)
C(5)—C(6)—C(19) 119.0(2)
C(7)—C(6)—C(19) 120.4(2)
S(4) —C(7)~C(6) 120.9(2)
S(4)—C(7)—C(8) 115.6(2)
C(6)—C(7) — C(8) 123.5(2)

Angle °)

C(7)—-C(8)—C(9) 122.7(2)
S(5)—C(9)—C(8) 116.1(2)
S(5) - C(9)—C(20) 118.8(2)
C(8)— C(9) — C(20) 125.1(2)
C(1)—C(10) - C(11) 121.1(2)
C(1)—C(10) - C(15) 121.5(2)
C(11)—C(10) — C(15) 117.4(2)
C(10) - C(11)—C(12) 122.0(2)
C(10) —C(12) - C(13) 119.5(2)
C(12)—C(13)—C(14) 119.6(2)
C(12)—-C(13)—0O(1) 124.9(2)
C(14)—C(13)—0(1) 115.6(2)
C(13) — C(14) — C(15) 120.4(2)
C(10)—C(15)—C(14) 121.1(2)
C(13)—-0(1)-C(16) 117.1(2)
C(4)—C(17)—C(18) 112.0(2)
C(17)—C(18)—C(19) 111.8(2)
C(6) —C(19) —C(18) 111.4(2)
C(9)— C(20)—C(21) 120.8(2)
C(9) —C(20)—C(25) 122.3(2)
C(21) — C(20) — C(25) 117.0(2)
C(20)— C(21) - C(22) 122.2(2)
C(21)—C(22) — C(23) 119.4(2)
C(22) - C(23) - C(24) 119.3(2)
C(22)—C(23) - 0(2) 125.1(2)
C(24) — C(23)— O(2) 115.7(2)
C(23) — C(24) — C(25) 120.6(3)
C(20) — C(25) — C(24) 121.4(2)
C(23) - 0(2) — C(26) 118.2(3)
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STRUCTURE DETERMINATION AND
REFINEMENT

The intensity distribution clearly suggested
a centrosymmetric structure, thus the space
group| was assumed to be PI rather than Pl.
The sulfur atoms of the “5S” molecule were
localized from a three dimensional Patterson
synthesis.  Structure factor calculation
based on five sulfur atoms gave an R of 0.57
(R=J|IF,)—|FJI/3IF,). The remaining non-
hydrogen atoms of the ¢85S’ molecule were
found in two subsequent Fourier maps. An
elongated region of electron density with
centre of gravity in (4,1,}) indicated the
presence of a three-atomic molecule with the
central atom in the centre of symmetry.
Tentatively half a CS; molecule was included
in the asymmetric unit. During the course of
refinement these atoms got abnormal tem-
perature parameters. A difference map in-
dicated that a disordered model would be more
appropriate. The model arrived at is one where
the C8, molecule is slightly displaced from the
centre of symmetry, and is situated on alternate
sides of the centre in different unit cells through-
out the crystal. The occupancy factors of the
CS, atoms were refined; the values arrived at
did not deviate significantly from 0.5. The CS,
atoms were refined with isotropic, and the
remaining atoms with anisotropic thermal
parameters in the full-matrix least-squares
refinement, minimizing the function Jw(|F,| —
|F)*, where w=1/or. Hydrogen atoms were
located from a difference map and were in-
cluded in the refinement with isotropic tem-
perature factors.

At the end of the refinement it was found
that a few strong, low order reflections clearly
suffered from extinction. A correction for
secondary extinction was thus carried out ac-
cording to the method of Zachariassen.® The
extinction coefficient arrived at is 0.89 x 10~%,
the maximum correction in F , amounting
to 26 %,.

The refinement converged at a conventional
R of 0.049, and a weighted R of 0.050. The
standard deviation of an observation of unit
weight, [Jw(|F,|—|F)}/(m—n)]}, is 3.88.
Atomic scattering factors used were for sulfur,
oxygen, and carbon those of Hanson et al.?
and for hydrogen those of Stewart et al.®

The final atomic positional and thermal
parameters with standard deviations as
estimated from the inverse least-squares matrix,
are listed in Tables 1 and 2. Lists of observed
and calculated structure factors may be ob-
tained from the author.

THERMAL MOTION

The thermal parameters were analyzed in
terms of rigid body motion according to the
method of Schomaker and Trueblood.” The
thermal motions of the 14 atoms in ‘rings”
A, B, C, D (Fig. 1) are described reasonably
well by the r.b.m. approximation; the r.m.s.
difference between observed and calculated
Uy's being 0.0020 A: The axis of largest
libration is approximately parallel to the row
of sulfur atoms, the angle of libration being
5.4°. Bond distances corrected for rigid
body motion were calculated according to

o(2)
9  2HY c(26))H(262)
N .02

1.00) 0.88
Hi2eH (261

Fig. 1. Bond distances (not corrected for thermal motion) in the ,,58’’ molecule. Standard devia-
tions in S—8, S—C, C—C(0) and C—H bonds are 0.001, 0.003, 0.004, and 0.04 A, respectively.
The thermal ellipsoids are plotted at the 50 9, probability level; H atoms are drawn with a fixed
radius.
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Fig. 2. Atomic deviations from the least-squares plane through rings A+B+C+D.

Cruickshank’s method.’® The corrections in
S—8 bond lengths amount to only 0.001 A,
and are thus not significant, corrections in
C—8 bonds are 0.008 A, while C—~C bond
length corrections in rings A, B, C, D are in
the range 0.001—0.002 A.

RESULTS AND DISCUSSION

Bond distances are shown in Fig. 1, and the
bond angles except those involving hydrogen
atoms are listed in Table 2. The five sulfur
atoms are almost collinearly arranged, the
angles S(1)—S(2)—S(3), S(2)—S(3)—S(4) and
S(3)—S(4)—8(5) being 177.91, 175.31, and
179.05°, respectively. Each of the five-membered
rings, A, B, C, and D (Fig. 2) is approximately
planar. The molecule is, however, slightly but
significantly bent around the S(3)—C(5) bond,
the angle between the planes through A+B
and C+D being 4.4°. A similar geometry has
also been observed in the two other five-sulfur
compounds studied.l»** The four intramolecular
sulfur-sulfur distances are all significantly
longer than single bonds of 2.10 A, suggesting
partial bonding between all sulfur atoms. The
o-bonding in the sulfur sequence may be
formally considered as a 5-centre-6-electron
system delocalized across the five atoms. This
is quite analogous to the 3-centre-4-electron
delocalized o-bonding proposed for the thia-
thiophthenes.?

In the linear five-sulfur compounds studied
previously the feature of partial bonding
between the sulfur atoms is also obvious, III, IV.

Phﬁ/(?\(\rt-bu ¢-bu
1.72 [186 s1.73 .78 81.60

214 262 255 216
()
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170 |1.78 11169179 [1.70
S—S § §—
2183 2580 2.583 2172
(1v)

In the unsymmetrically substituted compound
(III) the sulfur sequence shows a small deviation
from twofold symmetry; while in the sym-
metrically substituted compound (IV) the
S::S row has twofold symmetry within the
experimental error. In the present compound
however, the deviation from symmetry in the
sulfur sequence is pronounced, although the
molecule is symmetrically substituted. There is
a sligth difference in conformation between the
two halves of the molecule, as the plane of the
phenyl group E is twisted 2.5° relative to the
plane of ring A; while phenyl group G, is
twisted around the C(9)— C(20) bond and bent
out of the plane of ring D by 12.0°. It is un-
likely, however, that this small difference in
twist angles may account for the observed
asymmetry in the S---8 sequence. On the other
hand the intermolecular environment of the
two halves of the molecule is quite different.
Dithiole ring A is sandwiched between the cor-
responding ring A’ of a centrosymmetrically
related molecule (—x,1—y,—z2), and the phenyl
group G’ of the molecule in position 1—2,1~—
y,1—2z. The distances between the partially
overlapping rings are in the range 3.4—3.5 A.
Dithiole ring D, is partially overlapping the
saturated ring F”, the interplanar spacing being
3.7 A [excluding atom C(18)””]. The central
sulfur atom S(3) is situated above the centre
of phenylgroup E’ at a distance of 3.65 A.
Furthermore there are intermolecular S---S
contacts in the range 3.361 to 3.537 A between
molecules related by a centre of symmetry,
~2,1-9,1—2. One may notice that while S(1)
has only one such contact, S(1):--S(5)"'=
3.420 A, $(5) has two contacts, S(5)-+-S(1)"” =
3.420 A and S(5)---S(2)”’=3.361 A.

The mutual interaction between the =-
systems of the aromatic rings A, A’, and G”,
and between phenyl group E’ and S(3) may
produce an overall shift of electron density
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Fig. 3. Stereodrawing showing the packing of molecules in the crystal lattice. CS, molecules are
drawn at both of the fractional sites. The a*-axis is pointing towards the viewer, the b-axis is
running vertically, top to bottom, and ¢ horisontally, left to right. Figs. 1 and 3 were dra,wn by

use of the ORTEP program.'’

in the sulfur sequence from S(1) towards S(5).
Theoretical calculations have shown that such
a redistribution of charge is consistent with
a shortening of S(1)—8(2) and a lengthening of
S(4)—-8(5).1¢

The variation in 8—8 bond lengths in the
molecule is consistent with a predominance of
the canonical form ITa. The asymmetry in-
dicates that resonance form IIb is energetically
more favourable than IIc due to intra- and
intermolecular forces. The overall chain length
is significantly shorter in this five-sulfur com-
pound than in the two previous ones (III, IV).
However, the shortening is mainly concentrated
in the §(3)---S(5) portion of the chain.

There are no short contacts between
the ¢“5S8” molecule and the cocrystallized
CS, molecule. Due to the disorder, the
dimensions in CS, are not accurately deter-
mined, C(27) —S(61)=1.47(2) &, C(27) — §(62) =
1.57(2) A, /8—-C—8=173(1)°. The average
C -8 distance agrees reasonably well with the
distance of 1.553 A as determined by IR and
microwave spectroscopy.®!®

The packing of the molecules in the unit cell
is illustrated in the stereodrawing, Fig. 3.
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