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Crystallographic and molecular mechanics investi-
gation of an order—disorder transition and
dimorphism in 5H,10H-dithiolo[2,3-b]-2,5-benzo-

dithiocine-2-thione

Single-crystal X-ray structures are presented for three forms
of 5H,10H-dithiolo[2,3-b]-2,5-benzodithiocine-2-thione. The «
(at 150 K) and «’ (at ambient) forms are very similar and differ
only in the presence of crystallographic m symmetry in the
molecules of ¢/, which is absent in the case of «. This pair is
related by an order—disorder transition. The B phase (also
determined at 150 K) has a different structure in terms of the
molecular packing from either of the other two and therefore
constitutes a true polymorph. Molecular mechanics calcula-
tions indicated that the most stable CHCl;-solvated conforma-
tions for the title compound were a pair of twisted U-shaped
enantiomers, Ug and Uy, i.e. similar to the arrangements found
in the o and B phases, with the low-lying saddle point between
them corresponding to the situation in the o phase. These
calculations also indicated that the most stable CHCls-
solvated conformation for the related dibromo-5H,10H-
dithiolo[2,3-b]-2,5-benzodithiocine-2-thione was Z-shaped, in
agreement with the crystal structure determined earlier for its
DMSO solvate [Wang et al. (1998). Synthesis, pp. 1615-1618].

1. Introduction

The packing of molecules in the crystalline state has a crucial
bearing on their material properties. Various types of inter-
molecular and interion interactions can help fashion the solid-
state assembly (Desiraju, 1995). In aromatic and other 7-
delocalized systems, m—7 interactions are particularly impor-
tant intermolecular forces (Hunter, 1994). For derivatives of
4,5-dimercapto-1,3-dithiole-2-thione  [H,-dmit: (1)], the
frequently reported non-covalent intermolecular and inter-
ionic interactions are S- - -S contacts, as illustrated by the dmit
compounds listed in the Cambridge Structural Database
(Allen & Kennard, 1993; Fletcher et al., 1995). As part of an
ongoing study on dmit compounds, the structure of SH,10H-
dithiole[2,3-b]-2,5-benzodithiocine-2-thione (2) was deter-
mined at ambient temperature; surprisingly, this was found to
have a U-shaped molecular structure in contrast to the Z-
shaped structures established for the solvates of related
compounds (3) [(3):DMSO] and (4) [(4):DMF] (Wang et al.,
1998). This finding led us onto a molecular mechanics study of
(2) and (3), and the determination of structures at 150 K of (2)

HS S S S Y X S S
S S I j]: S
HS:H:S>= CCSI?: YI X:CS S>:
) () (3): X=CH; Y=Br

(4): X=N; Y=CN

recrystallized from different media. As we now report, the
study revealed an order—disorder relationship and
dimorphism in (2).
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Table 1
Experimental details.
a-(2) o-(2) B-(2)
Crystal data
Chemical formula C,1HgSs C,1HgS; C,1HgSs
Chemical formula weight 300.47 300.47 300.47
Cell setting Monoclinic Monoclinic Monoclinic
Space group P2 /a C2/m P2, /n
a (/§) 11.9290 (2) 12.075 (8) 8.5683 (2)
b(A) 11.7639 (2) 11.825 (8) 16.2080 (4)
c (A) 9.0612 (2) 9.063 (6) 17.8980 (4)
BCO), 103.9498 (10) 102.80 (5) 97.1103 (14)
V (A% 1234.07 (4) 1261.9 (15) 2466.47 (10)
zZ 4 4 8
D, (Mg m™®) 1.617 1.582 1.618
Radiation type Mo Ka Mo Ka Mo Ko
Wavelength (A) 0.71073 0.71073 0.71073
No. of reflections for cell para- 21934 14 31494
meters
0 range (°) 2.32-27.46 10.8-12.9 1.70-26.43
w (mm~t) 0.905 0.885 0.905
Temperature (K) 150 (2) 298 (2) 150 (2)
Crystal form Block Block Block
Crystal size (mm) 0.30 x 0.20 x 0.20 0.60 x 0.46 x 0.40 0.20 x 0.10 x 0.10
Crystal colour Red Pale brown Orange
Data collection
Diffractometer Enraf-Nonius KappaCCD area Nicolet P3 Enraf-Nonius KappaCCD area
detector detector
Data collection method  scans 6-26 scans  scans
Absorption correction Multi-scan v Multi-scan
T in 0.728 0.619 0.809
T ax 0.835 0.719 0.914
No. of measured reflections 21934 2034 31494
No. of independent reflections 2825 1932 5044
No. of observed reflections 2500 1166 3825
Criterion for observed I>20(1) I>20(I) I > 20(I)
reflections
Ry 0.0472 0.0238 0.0734
Omax (©) 27.46 30.09 26.43
Range of A, k, [ —15—>h—>15 —16 > h — 16 —10 > h —> 10
—15—>k—>15 -16—->k—0 —20 — k— 20
-11—=1-11 0—>1—12 -2 —->1->22
No. of standard reflections - 2 -
Frequency of standard - Every 50 reflections -
reflections
Refinement
Refinement on P P P
R[F*>20(F?)] 0.0278 0.0862 0.0363
wR(F?) 0.0712 0.2153 0.0918
N 1.051 1.053 1.032
No. of reflections used in refine- 2825 1932 5044
ment
No. of parameters used 145 78 289

H-atom treatment
Weighting scheme

(A/O)max

Appas (€ A7)

APy (€ A7)

Extinction method

Source of atomic scattering

factors

Computer programs
Data collection

Cell refinement

H-atom parameters constrained

w = 1/[0*(F,?) + (0.0370P)* +
0.4749P], where P = (F,% +
2F.%)/3

0.001

0.38

—0.38

None

International Tables for Crystallo-
graphy (1992, Vol. C, Tables
4.2.6.8 and 6.1.1.4)

DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)

DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)

Only H-atom U’s refined

w = 1/[0*(F,?) + (0.0535P)* +
8.1837P], where P = (F,* +
2F )3

0.000

0.92

—0.95

None

International Tables for Crystallo-
graphy (1992, Vol. C, Tables
4.2.6.8 and 6.1.1.4)

P3 software (Nicolet, 1980)

P3 software (Nicolet, 1980)

H-atom parameters constrained

w = 1/[0*(F,?) + (0.0422P)* +
0.3638P], where P = (F,* +
2F2)/3

0.001

0.45

—0.29

None

International Tables for Crystallo-
graphy (1992, Vol. C, Tables
4.2.6.8 and 6.1.1.4)

DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)

DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)
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Table 1 (continued)

a-(2)

o-(2) B-(2)

Data reduction DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)

SHELXS97 (Sheldrick, 1990)

SHELXL97 (Sheldrick, 1997)

SHELXS97 (Sheldrick, 1990)

Structure solution

Structure refinement

Preparation of material for
publication

2. Experimental
2.1. General techniques

Melting points were measured on a Kofler hot-stage
microscope and are uncorrected. NMR spectra were recorded
on Bruker 250 MHz and 400 MHz instruments, UV-vis
spectra on a Perkin Elmer Lambda 15 instrument and IR
spectra on a Philips Analytical PU9800 FTIR instrument.
Differential scanning calorimetry was carried out on a DSC
Metler Toledo 820  instrument. The compound

[NEt4],[Zn(dmit),] was obtained by a published procedure
(Wang et al., 1998).

Figure 1
Atom-labelling scheme for a-(2) (50% probability displacement ellip-
soids). H atoms represented by plain spheres of arbitrary radius.

Figure 2

Atom-labelling scheme for o'-(2) (50% probability displacement
ellipsoids). H atoms represented by plain spheres of arbitrary radius.
Symmetry code: (i) x, —y, z.

RDNIC (Howie, 1980) DENZO (Otwinowski & Minor,
1997), COLLECT (Hooft, 1998)

SHELXS97 (Sheldrick, 1990)

SHELXS97 (Sheldrick, 1990)

SHELXS97 (Sheldrick, 1990)

SHELXS97 (Sheldrick, 1990)
SHELXS97 (Sheldrick, 1990)
SHELXS97 (Sheldrick, 1990)

2.2. Synthesis

Solutions  of  1,2-bis(chloromethyl)benzene  (0.88 g,
5.0 mmol) in CH,Cl, (20 ml) and [NEt,],[Zn(dmit),] (1.80 g,
2.50 mmol) in CH,Cl, (30 ml) were mixed and refluxed over-
night. The solvent was removed to leave an oil, which was
chromatographed on silica using CH,Cl, as an eluent. The title
compound was recrystallized from CH,Cly/hexane as a red
crystalline solid (polymorph «), m.p. 479 K [literature values
478 K (Kumar et al., 1991), 480 K (Goldenberg & Lyubovs-
kaya, 1986)]; yield 0.78 g, 52%. Recrystallization from DMF
and CHCI; also gave polymorph «. Analysis: found: C43.1, H
2.5%; calculated for C;;HgSs: C 43.2, H 2.7%. IR (KBr):
v(C=S) 1066 cm™'. UV-vis (CH,Cl,): 374, 520 nm. *C NMR
(CDCls, 63 MHz): § 38.6 [CH,], 129.0 [C4], 130.7 [C3], 134.0
[C1], 139.3 [C=C(], 211.8 [C=S].

Crystallization of the residue of a reaction mixture also
containing Cr(CO)y from ethanol gave the orange B phase,
m.p. 479480 K, whose solution NMR and solid-state IR
spectral data were identical with those of the &' phase.

2.3. Molecular mechanics calculations

The calculation of the minimum energy solution (CHCl;)
conformations of (2) and (3) was carried out using Macro-
model v6.5 (Mohamadi et al., 1990) on a Silicon Graphics O2
workstation. Monte Carlo searching of the conformational
spaces accessible to the two molecules was performed with
subsequent Polak—Ribere conjugate gradient energy mini-
mization of the generated structures. The MM2" force-field
was employed for all energy calculations along with the
GB/SA solvent model (Still ez al., 1990) using non-bonded cut-
offs of 12 A for electrostatic interactions and 7 A for van der
Waals’ interactions.

2.4. Crystallography

Intensity data for o-(2) and B-(2) were collected at 150 K on
an Enraf-Nonius KappaCCD area detector diffractometer, as
outlined in Table 1." Room-temperature data for o/~(2) were
collected on a Nicolet P3 diffractometer (Table 1). For o-(2)
and B-(2), absorption corrections were made on the basis of
multiply measured and symmetry-equivalent reflections using
SORTAYV (Blessing, 1997), while i scans were applied to the
data for o/-(2).

! Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BM0027). Services for accessing these data are described
at the back of the journal.
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Each structure was solved by direct methods with
SHELXS86 (Sheldrick, 1990) and optimized by full-matrix
least-squares refinement against F> by using SHELXL97
(Sheldrick, 1997). H-atom locations were calculated geome-
trically and thereafter allowed to ride on their respective C
atoms. For the o and B phases, Ui, for each H was set to 1.2 x
U, of its attached C. For the o phase, separate common
group Uj,, values were refined for methylene and aryl H.

3. Results and discussion
3.1. General

Compound (2) was obtained from the reaction between
[NEt,],[Zn(dmit),] and 1,2-(CICH,),CsH, in CH,Cl, solution.
Recrystallization from CH,Cl,, DMF or CH,ClL,/EtOH gave
the same product, designated the « phase, from structure
determinations at 298 (2) K, and the « phase, from structure
determinations at 150 (2) K. In contrast to (3), (2) did not form
a DMF solvate on recrystallization from DMF solution. DSC
experiments with the o/o’ material indicated a very weak
(0.42 kJ mol™), but reproducible endothermic event at 249 K
either on cooling from 330 K or heating from 170 K. This
thermal behaviour is consistent with a subtle molecular re-

SI1A

S1B

Figure 3

Atom-labelling scheme for (a) molecule A of 8-(2) and (b) molecule B of
B-(2) (50% probability displacement ellipsoids in each case). H atoms
represented by plain spheres of arbitrary radius.

arrangement on going from the « to the o form of (2) (see
below). The B phase, determined at 150 K, was obtained from
a reaction mixture of (2) and Cr(CO)s. The role of the chro-
mium hexacarbonyl is unknown at this stage.

The atom-labelling schemes of a-(2) and «’-(2) are shown in
Figs. 1 and 2. The atom-labelling scheme of «-(2) is also used
for B-(2) with the additional use of suffixes a and b to identify
the two independent molecules (Figs. 3 and 4). Selected bond
distances and angles are listed in Table 2. These molecules
have ‘U’-shaped structures, with the benzene ring and the dmit
moiety as the legs of the ‘U’ and the methylene C atoms and
the attached S atoms as its base. The U-shaped structures are
significantly different from the Z-shaped structures of the
compounds (3):DMSO and (4):DMF (Wang et al., 1998).

3.2. Molecular mechanics results

These calculations indicated five minima, as listed in Table
3. These minima corresponded to two enantiomeric and,
therefore, equal-energied, twisted U-shaped conformations,
U, and Ug, a Z-shaped conformation and an enantiomeric
pair of irregular conformations, 7; and Tk. The most stable
CHCl;-solvated conformation calculated for (3) is the Z-form,
i.e. the conformation determined for the solid DMSO-solvate
of (3). For molecule (2), the lowest energy conformations are,
however, calculated to be the pair of enantiomers U, and Uk,
i.e. similar to the arrangements found in «-(2) and 8-(2), with
the low-lying saddle point between them corresponding to the
situation in «'-(2), see below. The highest energy conforma-
tions, 77 and Tk, are twist forms in which the ‘hinge’ exocyclic
S atoms lie one above and one below the phenyl ring: the
angle between the planes of the phenyl ring and dmit ring is
61.6°.

The potential energy surface was investigated for the
presence of saddle points lying between the minima using the
Macromodel explicit saddle point search method (Culot et al.,
1990). Three saddle points (Table 4) were found to lie between
true minima on the surface: (i) between U, and Uy (a regular
U shape) and (ii) two equal energy sites between U; and T},
and between Ug and T. Another saddle point was found to be

Figure 4
Packing-diagram for o-(2)
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Table 2

Selected geometric parameters (A, °).

o-2

S1—-C1
S2—-C1
S2—C2
S3—C2
S3—-C3
S4—C1
S4—-C7
S5—-C7
S5—C8

Cl1-82—-C2
C2—-83-C3
C1—-S4-C7
C7—-S85—-C8
S1—-C1—-S2
S1—-C1-54
S2—C1—-54
C7—C2—-S3
C7—C2-S2
S3—-C2—-S2
C4—C3—-S3
C5—C4—-C9
C5—-C4—-C3

o2

S1—-C1
S2—-C1
S2—C2
S3—C2
S3—-C3
C1—S82!

C1—S2—C2
C2—S83—C3
$1—C1—82!
S1—C1—S2

S2'—C1—S2
C2I—C2—S2
C2'—C2—S3

B2
SIA—ClA
S2A—ClA
S2A—C24
S3A—C24
S3A—C34
S4A—Cl1A
S4A—C7A
S5A—C7A
S5A—C84
C2A—CT74
C3A—C4A
C4A—C5A
C4A—C94
C5A—C6A
C6A—Cl11A
C8A—C9A
C9A—C104
C10A—CI1A

CIA—S2A—C2A

ClA—S2A—S4B
C2A—S2A—S4B

C2A—S3A—-C3A
ClA—S4A—CT7A
C7A—S5A—C8A

S1A—C1A—-S2A
S1A—Cl1A—S4A
S2A—Cl1A—S4A4

C7A—C2A—-S3A
C7TA—C2A—-S2A

S3A—C2A—-S24

1.6400 (15)
17324 (16)
1.7449 (15)
1.7436 (14)
1.8477 (16)
17416 (17)
1.7442 (15)
1.7466 (15)
1.8468 (16)

98.01 (7)
102.93 (7)
98.17 (7)
102.55 (7)
125.54 (10)
122,65 (10)
111.81 (8)
12476 (12)
116.24 (11)
118.97 (9)
114.66 (10)
118.86 (14)
11827 (14)

1.635 (8)
1719 (4)
1.724 (5)
1735 (5)
1773 (5)
1.719 (4)

97.5 (3)
1062 (2)
1238 (2)
1238 (2)
1124 (4)
116.20 (16)
12655 (18)

1.642 (3)
1729 (3)
1751 (2)
1747 (2)
1.857 (2)
1743 (3)
1748 (2)
1.746 (3)
1.836 (2)
1353 (3)
1.502 (3)
1.396 (3)
1.404 (3)
1.383 (4)
1.379 (4)
1.496 (3)
1385 (3)
1.382 (4)

98.25 (12)
137.67 (9)
103.26 (8)
104.81 (11)
9821 (12)
103.03 (11)
125.05 (17)
123.12 (16)
111.78 (14)
125.47 (19)
115.93 (18)
118.34 (14)

c2-C7
C3—-C4
C4—-C5
C4—-C9
C5—Co
C6—Cl11
C8—C9
C9—-C10
C10—-C11

C9—-C4—-C3
C6—C5—C4
C5—C6—Cl11
C2—-C7-S84
C2—C7-S5
S4—C7-S5
C9—C8—S85
C10—-C9—-C4
C10—C9—-C8
C4—-C9—-C8
C11-C10—C9
C10—C11—-C6

-2
C3—-C4
C4—-C5
C4—C4i
C5—Cob
C6—C6'

S2—-C2—-S3

C4—-C3-S3

C5—C4—C4!
C5—C4—-C3
C4i—-C4—C3
C4—C5—-C6
C5—C6—C6'

S1B—C1B
S2B—C1B
S2B—C2B
S3B—C2B
S3B—C3B
S4B—C1B
S4B—C7B
S5B—C7B
S5B—C8B
C2B—C71B
C3B—C4B
C4B—C5B
C4B—C9B
C5B—C6B
C6B—C11B
C8B—C9B
C9B—C10B
C10B—C11B

C1B—S2B—C2B
C2B—S3B—C3B
C1B—S4B—C7B
C1B—S4B—S2A
C7B—S4B—S2A
C7B—S5B—C8B
S1B—C1B—S2B
S1B—C1B—S4B
S2B—C1B—S4B
C7B—C2B—S3B
C7B—C2B—S2B
S3B—C2B—S2B

1354 (2)
1.502 (2)
1.393 (2)
1.403 (2)
1.383 (2)
1391 (3)
1.498 (2)
1391 (2)
1383 (2)

122.86 (13)
121.47 (15)
119.57 (15)
115.53 (11)
12861 (12)
115.85 (9)

111.76 (10)
119.20 (13)
119.10 (14)
121.67 (13)
121.43 (15)
119.46 (15)

1.334 (9)
1.506 (7)
1.376 (6)
1.392 (9)
1.380 (7)
1.384 (12)

1172 (3)
1159 (3)
119.4 (3)
118.6 (5)
122.1 (3)
1212 (5)
119.5 (3)

1.640 (2)
1732 (3)
1751 (2)
1739 (2)
1.842 (3)
1735 (3)
1743 (2)
1.747 (2)
1.842 (3)
1355 (3)
1.506 (3)
1.395 (3)
1.406 (3)
1.383 (4)
1.376 (4)
1.500 (3)
1392 (3)
1381 (3)

98.23 (12)
103.42 (11)
98.40 (12)
149.32 (9)
96.82 (8)
103.37 (11)
125.42 (15)
122.83 (16)
111.74 (13)
125.24 (19)
115.63 (18)
118.94 (14)

Table 2 (continued)

C4A—C3A—S3A 11585 (17)  C4B—C3B—S3B 115.48 (18)
C5A—C4A—C9A 1185 (2) C5B—C4B—C9B 1183 (2)
C5A—C4A—C3A 1187 (2) C5B—C4B—C3B 1188 (2)
C9A—C4A—C3A 1227 (2) C9B—C4B—C3B 1229 (2)
C6A—CS5A—C4A 1214 (2) C6B—C5B—C4B 1215 (2)
Cl1A—C6A—C5A 1195 (2) Cl1IB—C6B—C5B 1200 (2)
C2A—CTA—S5A 12931 (19) C2B—C7B—S4B 115.76 (18)
C2A—CTA—S4A 11562 (19) C2B—C7B—S5B 128.85 (19)
SSA—CTA—S4A 11507 (14)  S4B—C7B—S5B 115.37 (14)
C9A—C8A—S5A 11406 (17)  C9B—C8B—S5B 111.83 (17)
C10A—C9A—C4A 1193 (2) Cl0B—C9B—C4B 1194 (2)
C10A—C94—C8A 119.5 (2) Cl0B—C9B—C8B  119.1 (2)
C4A—(C9A—C8A 1212 (2) C4B—C9B—C8B 1215 (2)
ClIA—CI0A—C94 1213 (2) Cl1B—CI0B—C9B 1213 (2)
C6A—CI1A—C104 1198 (2) C6B—CI11B—CI10B  119.6 (2)

Symmetry codes: (1) 3 —x,y — 3,1 —z (i) —xi+y1—z

located between the U saddle point and the Z form. No direct
route was found between Z and the T;/Tx conformations. At
the saddle point, U; <> Ug (= U), the thione group is some-
what bent towards the phenyl ring. The substitution of Br
atoms onto the phenyl ring does not lead to a great change in
the difference in energy between the conformations U;/Ug
and Z (< 1.25kJ mol™" in both molecules). Assuming a flat
energy surface between the states, a relatively even distribu-
tion of conformers would be expected. However, the substi-
tution increases the barrier to conformational inversion by
~20 kJ mol ™" on going from U;/Ug to Z and by ~70 kJ mol ™"
on going from Z to U,/Ug, which is probably a steric effect.
Conformations 7; and Ty are not affected much by this
substitution and both the energy difference and the barrier to
inversion remain within ~2 kJ mol™" of their original values.

3.3. Comparison of X-ray structures

The molecule in the o/-(2) polymorph has m symmetry,
which is perpendicular to and bisects the benzene ring. Atoms
S1 and C1 lie on this mirror plane (Fig. 2). The structure of a-
(2) (Fig. 1), on the other hand, consists of two enantiomeric
conformations (one corresponding to the asymmetric unit and
one generated by space-group symmetry), in which S1 is
displaced from the centroid, towards or away from C5, to give
structures which are similar to the Ug and U, forms calculated
in the molecular mechanics study. The Ug- and U,-type
conformations are also observed for each of the two inde-
pendent molecules of 8-(2). As modelled here, the molecules
of the asymmetric unit of $-(2) are both U, types, but once
again the structure is centrosymmetric. The calculated energy
barrier for the Ug/U, interconversion in (2) is only
6.55kI mol™! and is therefore readily overcome at room
temperature. Thus, if the temperature is high enough, the
molecules can librate with interchange of conformation
between the Ui and U, states. It is for this reason that the
disorder of structure o’-(2), relative to «-(2), is considered to
be dynamic (librational) rather than static in nature.

In crystallographic terms, the relationship between struc-
tures o’-(2) and «-(2) is simple. The data collection and
structure refinement of «-(2) was originally carried out in
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Table 3 significant, but they are consistently in the
Energies and populations of conformational minima. same sense. It is concluded that the symmetry
) (3) of the molecule as depicted in o’-(2) arises from
Eninvio Boltzman  Population Enivos Boltzman  Population the superimposition of the images of the two

Minima (kJ mOlil) factor ratios (300 K) (kJ mol’l) factor ratios (300 K) enantiomeric Conformations Of a_(z). There is a

U, 5522 428 x 10° 389 ~3021 186 x 10° 155 concern that the comparatively high (C-

Ux —55.22 428 x 10° 389 —30.21 1.86 x 10° 155 centred) symmetry of o/-(2) has come about

9 S5 . .
? _451822 i(l)g x }87 }85 —i;-ég igg x }83 %22 due to a failure to measure weak reflections
T —40.3 10 x —17. 20 x 10° .

T —40.36 110 x 107 1 1764 120 x 10° 1 with h + k' odd. However, a further data
collection using a Bruker SMART 1000 area
detector system and paying particular attention

Table 4 to this very point, completely confirmed the choice of the C-

Energies of saddle points.

(2) (3)

Saddle point Expio+ (KJ mol™) Evpo+ (KJ mol™)

[U, < Ugl = U —48.67 —23.06
(UL, < T —29.15 —-6.03
[Ur < Tl —29.15 —-6.03
(U< 7] —1.15 43.00

space group P2,/c: subsequent re-refinement, after application
of the appropriate cell and Miller index transformations, was
carried out in the alternative non-standard setting of P2,/a.
This showed that the sizes and shapes of unit cells of «’-(2) and
a-(2), neglecting the C-centring of the former, and allowing
for the effects of thermal expansion, are virtually identical.
Furthermore, the addition of a crystallographic mirror plane
at y = 0 to the structure of @-(2) at 150 K converts the P2,/a
space group into its supergroup C2/m, as required for the
room-temperature form of &’-(2). As is evident in Figs. 1 and 2,
the anisotropic displacement ellipsoids are significantly larger
for o/-(2) than for o-(2), but more importantly those of the S
atoms are much larger in «’-(2) than in «-(2). A refinement for
a’-(2) in which S3 was modelled as being disordered about the
mirror plane led to essentially identical residuals.

In Table 2 it is noticeable that despite the larger cell of o/-
(2) the bond distances, especially those involving S atoms, are
generally shorter than those observed in «-(2), although no
corrections for libration have been made. The bond-length
differences are not large and not individually statistically

A2

N
\t«@

.

Figure 5
Packing diagram for o’-(2).

centred cell for o/-(2). There was little evidence for diffuse
scattering in the CCD data frames.

The interchange between Uy and U, conformations
involves rotations about the S3—C3 and S5—CS8 bonds. The
S1 atom in Uy (or Uy) is displaced from its position in the C,
symmetric U conformation by ~1/4 of the diameter of a
benzene ring, i.e. approximately 0.7 A. The C2—S3—C3—C4
and C7—S5—C8—C9 dihedral angles provide another esti-
mate of the effect. In the U conformation of «’-(2) these angles
are equal in magnitude [8.7 (5)°], but opposite in sign. In the
conformations in «-(2) these angles are —17.10 (13) and
—33.34 (13)°, respectively; the average change in these angles
over the six occurrences in the three molecules with Ug/U;
conformations being 25.47°. In the transformation from Uk to
U, , the S1 displacement and the change in dihedral angle each
has twice the values given above. Both these measures tend to
exaggerate the degree of distortion because the change in
value has a component arising from the displacement of the
central atoms, especially S3 and S5.

The fact that the change in conformation from Ug to U
requires no more than bond twisting is further evidence in
support of molecular libration as the probable cause of the
order—disorder relationship between o/-(2) and «-(2), which in
turn is the justification for their o' and « phase designations.

Figure 6
Layer of molecules in $-(2). Dashed lines indicate short S---S contacts
(see text).
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Figure 7
Packing diagram for B-(2).

The packing of the molecules of «’-(2) and «-(2) in their
unit cells is essentially the same. As shown in Fig. 4 the
molecules of «-(2), when viewed along b, lie edge-on, forming
layers centred on y = 0 and y = 1/2. Within the layers, both the
benzene rings and the dmit moieties occur face-to-face in
centrosymmetrically related pairs. In o'-(2) (Fig. 5), the
perpendicular distances between benzene ring pairs, centred
on 0,0,0 and 0,0,1/2, are 3.276 (14) and 3.544 (8) A, respec-
tively, while the perpendicular distance between the dmit
planes defined by the C2=C7 double bond and its attached S
atoms is 3.748 (4) A.In a-(2), the corresponding distances are
2.959 (5), 3.554 (4) and 3.630 (6) A.

Despite both molecules in the asymmetric unit having
conformations essentially the same as in «-(2), the packing of
the molecules in the B-(2) phase is completely different. As
shown in Fig. 6, the molecules occur in AB pairs, arranged in a
herringbone-type array, to form a layer parallel to (001) and
with z in the range 0-1/2. Short S- - -S contacts of 3.3259 (9) A
[S2A---S4B] and 3.5568 (9) A (S2A---S2B’) occur between
the pairs of molecules. A second layer, related to the first by
the operation of a crystallographic centre of symmetry,
completes the unit-cell contents. Centrosymmetric face-to-
face benzene ring contacts occur from one layer to the next at
z=0and 1/2 (see Fig. 7) at perpendicular distances of 3.537 (3)
[AA pairs] and 3.574 (3) A [BB pairs]. In contrast, there are
no face-to-face contacts of the dmit moieties within the sum of
the van der Waals’ radii for two S atoms (3.70 A; Huheey et al.,

1993). It is the gross difference in molecular packing which
prompts the designation of 8-(2) as a true polymorph.

The molecules of B-(2) can be regarded as forming a column
comprising non-centrosymmetric AB molecule pairs, centred
on z = 1/4 and 3/4, each pair being related to the next by a
crystallographic centre of symmetry at z = 0 or 1/2. Similar
columns are also present in @-(2) and «’'-(2), but they are less
obvious: here the equivalent of the AB molecule pairs of 5-(2)
are centrosymmetric, the columns are propagated in the a
direction and arranged side by side in the ¢ direction in such a
way as to create centrosymmetrically related pairs of dmit
moieties and so complete the layers.

We thank the EPSRC National Crystallography Service
(University of Southampton) for data collections.
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