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Abstract

The crystal of the title compound, C;2H;;Ss, is a
mixture of the 7,7'-dimethylbis(ethylenedithio)tetrathia-
fulvalene and 7,8'-dimethylbis(ethylenedithio)tetrathia-
fulvalene isomers, in an almost 60:40 ratio. The crystal
is disordered with respect to the position of one of
the methyl substituents. The S atoms are involved in
three-dimensional intermolecular S---S contacts with
distances within 3.703 A.

Comment

The organic #-donor bis(ethylenedithio)tetrathiaful-
valene (BEDT-TTF) has been the subject of numer-
ous studies owing to the superconducting properties
of several of its cation radical salts (Williams et al.,
1991; Bryce, 1991). The presence of two-dimensional
S---S networks and C—H- - -(anion) interactions in the
cation radical salts is important in determining the solid-
state properties. Consequently, much synthetic effort
has been devoted to systematically varying the struc-
ture of BEDT-TTF with consequential ‘fine tuning’ of
the ionization potential, symmetry, size and S---S in-
termolecular contacts (Kumar, Singh, Das, Sinha &
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Mishnev, 1991; Moore & Bryce, 1992). The crys-
tal of neutral BEDT-TTF is composed of pairs of
BEDT-TTF molecules having a side-by-side arrange-
ment, similar to that found in superconducting ion
radical salts (Kobayashi, Kobayashi, Sasaki, Saito &
Inokuchi, 1986).

The title compound, BMeEDT-TTF, a w-donor closely
related to BEDT-TTF, has been reported previously (Pa-
pavassiliou, Zambounis & Yiannopoulos, 1987); how-
ever, no systematic investigations have been carried out.
Recently, a modified synthesis and detailed characteri-
zation of the title compound have been reported (Singh
& Singh, 1992) and '"H NMR studies indicate it to be
an isomeric mixture. In fact, in the 300 MHz spectrum
of the compound, the proton resonances are split in a
60:40 ratio due to the presence of these isomers. The
first ("E; /») and second (%E; ) ionization potentials of
the present compound are slightly lower than those of
BEDT-TTF. In this paper, we report the crystal struc-
ture and compare it with those of related compounds.

jeses
JesSsel

BMeEDT-TTF

The reaction of 4,5-dimercapto-1,3-dithiole-2-thione
with  (%)-1,2-dibromopropane at 198K afforded
4,5 - (methylethylenedithio)-1,3 - dithiole -2-thione. The
thione was coupled in the presence of triethylphosphite
to give the title compound. The compound was puri-
fied by recrystallization from dichloromethane to give
orange crystals.

The molecule is disordered near the C(3)—C(4) re-
gion, as expected. The C(3)—C(3M) and C(4)—C(4M)
bond lengths [1.720 (20) and 1.643 (22) A, respectively]
are longer than the normal C—C bond length. The dis-
order of the methyl groups located at the C(3) and C(4)
atoms makes the C(3)—C(3M) and C(4)—C(4M) bond
lengths, the C(3)- - -C(4M) and C(4)- - -C(3M) distances,
and also distances involving some of the H atoms, de-
viate significantly from the corresponding ideal val-
ues. Also, the C(3), C(3M), C(4) and C(8M) atoms
have higher temperature factors. Contrary to expecta-
tion, the molecule shown in Fig. 1(b) does not have any
centre of symmetry as the ring formed by the atoms
C(2), S(2), C(3), C4), S(3) and C(5) is planar within
0.101 (11) A, whereas the equivalent ring formed by
the other ethylenedithio moiety has a half-chair confor-
mation with a dihedral angle of 45.8(4)° between the
planes formed by C(7), C(10), S(7), S(6) and S(6), S(7),
C(9), C(8). The S atoms are involved in intermolecu-
lar S---S contacts: S(3)---S(2") 3.533(3), S(4)---S(2Y)
3.434(3), S(7)- - -S(6') 3.703 (3), S(1)- - -S(5%) 3.572(2),
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(b)

Fig. 1. The two isomers of the title compound having (a) methyl
groups at C(8) and C(3) and (b) methyl groups at C(8) and C(4).

Sy
1

(b)

Fig. 2. (a) The unit-cell packing projected onto the bc plane and (b)
the molecular stacking along the a axis.

1959

S(5)- - -S(8!) 3.585(2) A [symmetry codes: (i) x + 1,
y, z; (i) —x, —y, —z; (iii) —x + 1, —y, —z]. Details of
the crystal packing of BEDT-TTF and related molecules
have been reported (Kobayashi er al., 1986; Porter,
Kini & Williams, 1987; Kato, Kobayashi, Kobayashi
& Sasaki, 1985; Das, Sinha, Kumar, Singh & Mishnev,
1992; Benming et al., 1991). In the crystal, the title
compound packs to form pairs of molecules and adja-
cent molecules are stacked along the a axis, as found in

similar molecules.

Experimental
Crystal data

Ci2H;2Ss

M, = 41271
Monoclinic

P2| /Vl
a=6.5687 (7) A
b=12.802 (2) A
c=20219 (2) A

B =97.26 (1)°
V = 1686.65 A®
Z=4

D, =1625Mgm™3

Data collection

Enraf-Nonius CAD-4
diffractometer

w—26 scans

Absorption correction:
empirical (¢ scan)
Tiin = 0.658, Thax =
1.000

3926 measured reflections

3782 independent reflections

3291 observed reflections
[F > 3.00(F)]

Refinement

Refinement on F

R = 0.0738

§ = 1.5576

2914 reflections

191 parameters

H-atom parameters not
refined

Cu Ko radiation

A=15418 A

Cell parameters from 25
reflections

g = 15.47-36.20°

g =9.269 mm™~'
T=293K
Needle

0.3 x 0.2 x 0.2 mm
Orange

Rin = 0.024

Omax = 72.0°

h=0-38

k=0->15

I =-24 - 24

3 standard reflections
frequency: 60 min
intensity variation: none

Unit weights applied
(A/0)max = 0.890
Apmax =0.882¢ A_3
Apmin = 0.784 ¢ A3
Atomic scattering fac-
tors from SHELX76
(Sheldrick, 1976)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)2:X;Ua} a’ a;.a;.

x y z Ueq
C(1) 0.4142 (6) —0.0128 (4) 0.1129 (2) 0.049 (3)
C(2) 0.2581 (8) —0.1314 (6) 0.1949 (3) 0.074 (4)
C(3) 0.1910(12) —-0.2521 (9) 0.3024 (5) 0.145 (5)
C4) 0.3695 (13) —0.2348(11) 0.3266 (5) 0.187 (5)
C(5) 0.4556 (8) —0.1260 (6) 0.2190(3) 0.071 (4)
C(6) 0.4359 (6) 0.0664 (4) 0.0709 (2) 0.044 (3)
C(7) 0.3600 (9) 0.2327 (4) 0.0016 (3) 0.058 (4)
C(8) 0.4234 (13) 0.3627 (8) —0.0979 (4) 0.113 4)
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Co) . 0.6244 (13) 0.3819 (8) —0.0693 (4) 0.122 (5) References
C(10) 0.5600 (8) 0.2385 (4) 0.0254 (3) 0.055 (4) . .
S(1) 0.1824 (2) —0.0785 ) 0.1156 (1) 0.063 1) Benmmg, C., Dellach.er, F., HOCh,.M., Keller, H. .!., Wu Peljl, P., :
S(2) 0.0579 (3) —0.1912(2) 0.2301 (1) 0.130 (3) Armbruster, R., Geiger, S., Kahlich, S. & Schweitzer, D. (1991).
S(3) 0.5800(3)  —0.1793(2) 0.2927 (1) 0.126 (2) Synth. Met. 41, 2101-2105.
S(4) 0.6164 (2) —0.0615 (1) 0.1689 (1) 0.066 (1) Bryce, M. R. (1991). Chem. Soc. Rev. 20, 355-390.
5(2) g-g;‘; (§> 0-1150(1; 0.0139 8; gggg 8; Das, K., Sinha, U. C., Kumar, S. K., Singh, H. B. & Mishnev, A.
56 2295 (3) 03292 (1 —0.0470 : (1992). Acta Cryst. C48, 488-490.
3 oeme  orel) Doty O%9@  Johnson, C. K. (1976). ORTEPIL Report ORNL-5138. Oak Ridge
C3M)  03245(23) —03528(13)  02715(9) 0177 (5) National Laboratory, Tennessee, USA. ,
C(4M) 02374(23)  —0.1386 (15) 0.3540 (9) 0.119 (5) Kato, R., Kobayashi, H., Kobayashi, A. & Sasaki, Y. (1985). Chem.
C(8M) 0.3435 (15) 0.4196 (9) —0.1553 (5) 0.144 (5) Lett. pp. 12311234,

Kobayashi, H., Kobayashi, A., Sasaki, Y., Saito, G. & Inokuchi, H.

Table 2. Selected geometric parameters (A, °) (1986). Bull. Chem. Soc. Jpn, 59, 301-302. .
C6r—C(l) 134207) SU—C(5) 1759 6) Kumar, S. K., Singh, H. B, Das, K., Sinha, U. C. & Mishnev, A.
. . (1991). J. Chem. Soc. Chem. Commun. 14, 952-954.

S(—em 1746G)  SC—C©) L755G) Moore, A. J. & Bryce, M. R. (1992). Tetrahedron Lett. 33, 1373-1376.
S—ca) L49G)  S®—C6) 1T4G) Motherwell, W. D. S. & Clegg, W. (1978). PLUTO. P
C5—C2) 13298)  CU0—C(7) 1342 8) otherwell, W. D. S. egg, W. (1978). PLUTO. Program for
S(1)—C(2) 1753 (6) S(5)—C(7) 1.751 (6) Plotting Molecular and Crystal Structures. Univ. of Cambridge,
S2—C(2) 1.750 (7) S(6)—C(7) 1.736 (6) England.
C(4)»—C((3) 1.232(11) C(9)—C(8) 1.394(11)  Papavassiliou, G. C., Zambounis, J. S. & Yiannopoulos, Y. S. (1987).
S(2—C(3) 1.785(10)  S(6)—C(8) 1.787 (9) Chem. Ser. 27, 261-264.
C(3M)»—C(3) 1.720 (20) CEM)»—C(8) 1.415(13) Porter, L. C., Kini, A. M. & Williams, J. M. (1987). Acta Cryst. C43,
S(3)—C(4) 1.768(11)  S(7)—C(©) 1.792 (9) 9981000,
C@AM)—C(4) 1.643(22)  S(7—C(10) 1.737(6) .
WhhT e e Dl Stk O 070, S P fr s S
gt‘lt)):ccg)):ccgg; :ggi EZ; ggg?gg&) %gg g; Sheldrick, G. M. (1985). SHELXS86. brystallographic Computing 3,
S@)—C(1)—S(1) 137 3) S5 —C(7—C(10) 170 @ gd;;z?db{hgv hg;esslsle]dnck, C. Kriiger & R. Goddard, pp. 175-189.
S(1)—C(2)—C(5) 117.8 (5) S(6)—C(7)—C(10) 123.7 (4) . g .
S2)—C2)—C(5) 128.5 (5) S(6)—C(7)—S(5) 119.0 (3) Singh, J. D. & Singh, H. B. (1992). J. Chem. Soc. Perkin Trans. 1,
SQ)—C2)—S(1) 13.6(3)  S(6—C@®)—C(O) 1207 (6) pp- 2913-2916.
S(2—C(3)—C(4) 126.2 (9) C(BM)—C(8)—C(9) 11899  Swaminathan, K. (1989). J. Appl. Cryst. 22, 184-185.
C(3M)»—C(3)—C(4) 77.109) C(BM)»—C(8)—S(6) 112.3(7) Williams, J. M., Schultz, A. J., Geiser, U., Carlson, K. D., Kini, A.
CEM)—C(3)»—S(2) 104.4 (8) S(7)—C(9)—C(8) 123.0(7) M., Wang, H. H., Kwok, W. K., Whangbo, M. H. & Schirber, J. E.
C(M)—C(3)—C(4) 62.6 (9) S(7)—C10—C(7) 125.5 (4) (1991). Science, 252, 1501-1508.
CAM)—C(3)—S(2) 98.7 (8) S(8)—C(10)—C(7) 117.2(4)
CAM)—C(3)—C(3M)  139.7(8) S®)—C(10)—S(7) 117.1(3)
S(3)—C(4—C(3) 132.1(9) C(2)—S(1)—C(1) 93.9(3)
C3M)—C(4)—C(3) 63.2(9) C3)—S(2)—C(2) 102.1 3)
CEM)—C(4)—S(3) 99.5(7) C(5)»—S(3)—C(4) 100.6 (4)
C(4M)—C(4)—C(3) 75.7(9) C(5)—S@4)—C(1) 94.5(3)
C(4M)—C(4)—S(3) 107.6(10)  C(—S(5)—C(6) 939(2)  Acta Cryst. (1994). C50, 1960-1962
C@AM)—C(@4)—C(3M) 138.8(9) C(8)—S(6)—C(7) 99.2 (4)
SB3)—C(5)—C(2) 128.6 (5) C(10)—S(7)—C(9) 101.0 (4) . s . .
S(4—C(5—C(2) 1163(5)  C(10—S@8)—C(6) 937¢ IN-(4,6-Diméthylpyrid-2-yl)-5-méthyl-
S(4—C(5)—S(3) 115.13) C(4—CEM)—C3) 39.7(5) sl .
S(5—C(6)—C(1) 12354  Cdcem—c3) 417  Pyrazine-2-carboxamide

The occupancies of the C(3M) and C(4M) methyl atoms were
refined to 0.596 (3) and 0.404 (3), respectively. The H atoms
were geometrically located and were not refined. However,
the appropriate occupancy was assigned for structure-factor
calculations.

Program(s) used to solve structure: SHELX86 (Sheldrick,
1985). Program(s) used to refine structure: SHELX76
(Sheldrick, 1976). Molecular graphics: ORTEPII (Johnson,
1976) and PLUTO (Motherwell & Clegg, 1978). Software
used to prepare material for publication: SWATAB (Swami-
nathan, 1989).
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Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates, complete geometry, including H-atom geometry, least-
squares-planes data and torsion angles have been deposited with the
TUCr (Reference: CR1087). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The whole molecule of the title compound,
C;sH\4N4O, is approximately planar. There is a
C—H-O0 [2955(6)A, 107°] and an N—H--N
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