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basis of a careful examination of several relevant
crystal structures, that the guanidyl group can and does
take part in four different types of specific (implying
recognition) interactions, each involving a pair of
nearly parallel or convergent hydrogen bonds (Salunke
& Vijayan, 1981). The specific interaction observed
here between the guanidyl group and the a-carboxylate
group of the aspartate ion is type 4 according to the
classification of Salunke & Vijayan (1981), and is
topologically similar to guanidyl carboxylate inter-
actions in L-arginine dihydrate (Karle & Karle, 1966;
Lehmann, Verbist, Hamilton & Koetzle, 1973) and
L-arginine L-glutamate monohydrate (Bhat & Vijayan,
1977).

The authors thank SERC, Department of Science
and Technology, India, for financial support. One of us
(DMS) thanks the University Grants Commission,
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The Product of an Attempted Preparation of a 1,4-Dithial 12]annulene

By JouN C. BARNES AND JOHN D. PATON

Chemistry Department, University of Dundee, Dundee DD1 4 HN, Scotland

AND WERNER SCHROTH AND LIENA MOEGEL

Sektion Chemie, Martin-Luther-Universitdt Halle-Wittenberg, DDR-402 Halle (Saale),
German Democratic Republic

(Received 4 August 1981; accepted 26 October 1981)

Abstract. C4,H,S,, orthorhombic, Pbcn, a = 22-972,
b = 5.788, ¢ = 20-909 A, ¥ = 2780-1 A3, F(000) =
1152, D, = 1.297 g cm™3, Z = 4, u(Cu Ka) = 316
cm~!; R = 0-0608, R,, = 0-0631 for 513 observations.
The title compound was previously thought to be a
1,4-dithia[12]annulene but has now been shown to be a
dimeric cyclooctatetraene derivative.

Introduction. 1,4-Dithiaannulenes are heteroanalogues
of multi-7-electron hydrocarbons and should show the
corresponding properties, particularly aromatic charac-
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ter in special cases. The preparation and investigation
of these and other related thia heterocycles have been
examined in a series of papers which include the
preparation and crystal structures of 8,9-dimethyl-
1,6-benzodithiocin (I) (Schroth & Moegel, 1977;
Barnes, Schroth & Moegel, 1979) and of 2,3-di-
methyl-Sa,11a-dihydro-trans-cyclooctal 1,4]benzodithi-
in (I) (Kaiser, Richter, Moegel & Schroth, 1979).
The latter was reported (Moegel, Schroth & Werner,
1978) to isomerize on reaction with KOBu’~Me,SO at
313 K to give a product (20%, m.p. 416 K) which
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was assigned as a 2,3-benzo-1,4-dithial12]annulene,
assumed from the 'H NMR spectrum and 70 eV
mass-spectral fragmentation pattern to be the cis-
cis-cis-trans isomer (III). The molecular structure of
the crystalline product has now been investigated. The
correct formulation is that of the title compound, a
cyclooctatetraenyl S—S dimer (IV). The discovery of
compound (IV) in the solid state has been reconciled
with the experimental evidence for (III) in the gas
phase and in solution and with the theoretical predic-
tions of (III) as the reaction product, in terms of a
simple reaction mechanism. The detailed chemical
results and their interpretations will be reported
elsewhere (Schroth, Moegel, Barnes & Paton, 1982).
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Crystals of (IV) were available from previous work
as soft white rectangular prisms. Although the material
had to be stored at 268 K the crystals proved
sufficiently stable when mounted in capillaries for a
structure determination at room temperature (291 + 2
K). After preliminary examination by oscillation and
Weissenberg photographs intensity data were collected
by equi-inclination Weissenberg photographs for
crystals mounted on the a axis (layers 0~3) and the b
axis (layers 0-5). Intensities were measured with a
computer-controlled microdensitometer (SRC Service,
Daresbury Laboratory). Absorption corrections were
not applied.

All calculations were performed using SHELX 76
and XANADU (Sheldrick, 1976). Scattering factors
were taken from [International Tables for X-ray
Crystallography (1974).

The structure was solved by direct methods using the
routine TANG. The dimer is oriented so that the two
halves of the molecule are related by a twofold axis.
The best E map showed the two S atoms and the
benzene ring. Successive structure factor calculations
and Fourier syntheses revealed the remaining non-
hydrogen atoms. Least-squares refinement with an-
isotropic S and isotropic C atoms converged at R =
0:-13. Refinement continued with anisotropic C atoms
and with isotropic H atoms on calculated positions,
using the empirical correction for secondary extinction
available in SHELX 76. Convergence occurred at R =
0-0608, R,, = 0-0631, using 177 refined parameters
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with 531 planes observed above background of which
18 reflexions for which F, > F. and for which
examination of the original films suggested that F, had
been incorrectly estimated were omitted in the final
calculations.* The weighting scheme used was w =
1.00/{0*(F) + 0-009432F?).

Discussion. Atomic coordinates for (IV) are given in
Table 1; bond lengths and angles are in Table 2. The
dimeric molecule is shown in Fig. 1. The cyclo-
octatetraenyl group has typical dimensions for a

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 36506 (5 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Table 1. Fractional coordinates (x 10%) and equivalent
isotropic thermal parameters, with estimated standard
deviations in parentheses

Upy=142,2,U,af a} a.a,

Ueq
x y z (A?)
S(1) 3199 (2) —1155(6) 2388 (2) 61(2)
S(2) 4578 (1) —1282 (5) 2346 (2) 47(2)
Cc(1 3602 (6) 973 (25) 2784 (6) 44 (9)
C(2) 3324 (6) 2477 (29) 3170 (6) 50 (10)
C(3) 3606 (7) 4087 (24) 3578 (6) 48 (10)
C@4) 4224 (6) 4062 (21) 3571 (6) 41 (10)
C(5) 4523 (6) 2462 (23) 3198 (8) 42 (8)
C(6) 4212 (6) 849 (20) 2839 (6) 36 (9)
Cc(n) 3250 (6) 5785 (24) 3964 (6) 72(11)
C(8) 4579 (7) 5750 (18) 3974 (7) 74 (11)
c) 3279 (4) —-324 (21) 1567 (5) 34(7)
C(10) 3061 (5) —1756 (18) 1123 (7) 50(9)
C(11) 2994 (7) —1437(20) 424 (7) 54 (9)
C(12) 3415 (9) —909 (29) 30 (8) 88 (14)
C(13) 4034 (6) —522(24) 205 (8) 66 (11)
C(14) 4237 (6) 998 (28) 632 (8) 67 (10)
C(15) 3897 (7) 2624 (23) 1025 (6) 55(9)
C(16) 3485 (5) 2068 (21) 1443 (7) 50(9)

cun)_CU3)
Q

Fig. 1. Dimeric molecule (IV) viewed normal to the plane
S(1)C(9)C(14).
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Table 2. Bond lengths (A) and bond angles (°), with
estimated standard deviations in parentheses

S(1)—-C(1) 1-749 (14) C(4)-C(8) 1-527(19)
S(H—-C(9) 1-791(12) C(5)—C(6) 1.395 (19)
S(2)-S(2) 2:044(7) C(9)-C(10) 1:342 (17)
S(2)-C(6) 1-813(13) C(9)-C(16) 1-486 (17)
C(1)—-C(2) 1-347(20) C(10)-C(11) 1-482 (20)
C(1)-C(6) 1-407 (20) C(11)-C(12) 1-306 (23)
C(2)-C(3) 1.419 (20) C(12)-C(13) 1-486 (24)
C(3)-C(4) 1421 (20) C(13)-C(14) 1.337(22)
C(3)-C(M 1-510 (20} C(14)-C(15) 1-473 (21)
C(4)-C(5) 1-391 (19) C(15)-C(16) 1328 (19)
C(1)-S()—C(9) 102-2 (6) $(2)-C(6)—-C(1) 116-8 (10)
S(2)—-S(2)—-C(6) 105-4 (6) S(2)—-C(6)-C(5) 1216 (11)
S(H-C(1H-C(2) 119-3 (10) C(D)-C(6)-C(5) 121-3 (12)
S(1)—-C(1)—C(6) 121-9 (10) S(1)—C(9)-C(10) 117-3(9)
C(2)—-C(1)—-C(6) 117-1(12) S(1)-C(9)-C(16) 116-7(9)
C(1)-C(2)-C(3) 124-7(13) C(10)—C(9)—C(16) 125-0 (11)
C(2)-C(3)-C@) 116:2(12) C(9)-C(10)—-C(11) 130-2 (11)
C(-C3)-C(M 120-1(13) C(10)—-C(11)-C(12)  125-0(14)
C@)—-C(3)—C(N 123-6 (12) C(11)-C(12)-C(13)  126-1(15)
C(3)—C4)-C(5) 120-4 (12) C(12)-C(13)-C(14)  126:7(13)
C(3)-C(4)-C(®) 121-4(12) C(13)-C(14)-C(15)  127-5(13)
C(5)—-C(4)—C(®) 118-2(12) C(14)-C(15)-C(16)  126-2(13)
C(4)-C(5)—-C(6) 119-6 (12) C(9)-C(16)—-C(15) 124.6 (12)

monosubstituted derivative (Bordner, Parker & Stan-
ford, 1972). The average values may be compared
with those for cyclooctatetraenecarboxylic —acid
(Shoemaker, Kindler, Sly & Srivastava, 1965) given in
parentheses: C—C 1.482 (1-470), C=C 1.319A
(1-.322 A), C—C=C 126-4° (126-4°). The torsion
angles C=C—C=C lie between 55-6(15) and
59.3 (13)°, averaging 57-1° (57-1°). The angle be-
tween the normals to the planes defined by the double
bonds [C(9), (10), (13), (14)] and {C(11), (12), (15),
(16)] is 0-8 (7)°. The only significant deviation from an
idealized tub structure occurs at C(10) where the angle
C(9)—C(10)—C(11) is opened out to 130-2° by the
close contact C(10)---S(1) 2-686 A, compared with
C(16)---S(1) 2:795 A. The conformation requires the
protons on C(10) and C(16) to be remote from S(1).

The three C—S bonds are barely significantly
different [average 1-784 (13) A, with a range of Sol.
S(1) and S(2) both lie on the same side of the benzene
ring, 0-165 (6) and 0-060 (6) A respectively above the
plane, whereas in (I) the S atoms are on opposite sides
of the benzene plane and 0-175 A from it.
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The dimer is completed by S(2)—S(2)', 2-044 A,
lying across the twofold crystallographic axis. The
torsion angle C(6)—S(2)—S(2)'—C(6)" is 90-8 (8)°.
The normals to the two benzene-ring planes intersect at
82 (2)°.

This structure could be compared to that of the
precursor (II), a cyclooctatriene derivative. However,
the structure given by Kaiser, Richter, Moegel &
Schroth (1979) shows some surprising features.
C(9)—C(16), which is formally a single bond, is only
1.38 A. These two atoms have by far the largest
thermal parameters (apart from the methyl groups):
B, values are 8-18, 827 A? compared with an
average for the other ring atoms of 5-00 A Also, the
anisotropic thermal parameters of these bridgehead
atoms suggest that the major axes of the ellipsoids are
perpendicular to the molecular plane. These obser-
vations seem very improbable for an ordered structure.
It seems likely that there is disorder at C(9), C(16) so
that the crystals of (II) contain either two conformers
of the cyclooctatriene or possibly include some mole-
cules of the bridged cyclooctatetraene.
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a-Methyl-trans-cinnamic Acid (m.p. 355 K)

BY ROBERT F. BRYAN AND DEBORAH H. WHITE
Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901, USA
(Received 7 July 1981; accepted 27 October 1981)

Abstract. C,,H,,0,, monoclinic, P2,/c, a = 7-633 (2),
b=11.454 (3),c = 11.514 (3) A, = 120-91 (2)°, U
—863-7AL M, = 162.2, D, = 1.247 Mg m™>, Z = 4,

0567-7408/82/041332-03%01.00

D,, (flotation in aqueous KI) = 1-24 Mg m~?, F(000) =
344, u(Cu Ka) = 0-71 mm~'. The structure was solved
by the multisolution tangent-formula method. Least-
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