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binding interactions of ‘toxic-coplanar’ PCB’s in bio-
logical systems. Likely binding sites in proteins for
stacking interactions are the rigid side chains of
aromatic amino acids as well as the heme prosthetic
group in hemoproteins as represented by the PCB—
porphine interaction model (McKinney et al., 1985).

We thank Dr Lee G. Pedersen (UNC-CH) for
helpful discussion.
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Structure of 5,5'-Dibromo-2,2' -bithiophene
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Abstract. CgH,Br,S,, M, =324.06, orthorhombic,
Pccn, a=17-525(1), b=122-333(3), c=5-828 (1) A,
V=9794 (A%, Z=4, D,=221(), D, =
2-198 Mg m~3, A(Mo Ka) =0-71073 A, u=
8-55mm~!, F(000)=616, T=296 K, R =0-048 for
538 independent reflections. The bithiophene molecule
is completely planar. The C—Br bond length is

* Address correspondence to this author.
0108-2701/88/030562-03$03.00

1-869 (8) A and the C—S bond length is 1-728 (9) A.
The C—S—C bond angle is 91-0 (4)°. The major
deviations from 2mm (C,,) symmetry involve the bond
angles at C(3) and C(4) which are 114-1(7) and
111-6 (8)° respectively.

Introduction. Substituted 2,2'-bithiophenes and poly-
thienyls have nematocidal activity strongly dependent
on the number and type of substituents present in the
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thiophene-ring system (Uhlenbroeck & Bijloo, 1960).
No structural features directly related to nematocidal
activity, however, have yet been identified in these
molecules. 5,5'-Dibromo-2,2'-bithiophene was first syn-
thesized by direct bromination of 2,2’-bithiophene
(Auwers & Bredt, 1894), and has been subsequently
prepared by a Grignard coupling of bromothiophene
(Steinkopf & Roch, 1930) and by bromination of
bithiophene by N-bromosuccinimide (Kellogg, Schaap
& Wynberg, 1969). Copper(II) bromide which has been
shown to brominate aromatic hydrocarbons is used
here to prepare the dibromo derivative of 2,2'-
bithiophene.

Ultraviolet photoelectron  (Meunier, Coustale,
Guimon & Pfister-Guillouzo, 1977) and absorption
spectroscopy (Meunier, Coustale & Arriau, 1978)
studies indicate that the dibromobithiophene molecule is
nonplanar and the angle between the two thiophene
planes is 35° in the gas phase and in slightly polar
solvents. '"H NMR studies in liquid crystals, however
(Veracini, Macciantelli & Lunazzi, 1973), indicate that
the molecule is planar and exists predominantly in the
anti conformation. In the solid state, X-ray crystal
structures of unsubstituted bithiophene (Visser, Heeres,
Wolters & Vos, 1968) and 5,5'-bis[dimethyl(2-thienyl)-
silyl]-2,2"-bithiophene (Lipka & von Schnering, 1977)
reveal coplanar thiophene rings, although there is
evidence for a small deviation from coplanarity: 3-3° in
the dinitro compound (Panfilova, Antipin, Struchkov,
Churkin & Lipkin, 1980). Substituents in the bithio-
phene molecule may not only cause the two thiophene
rings to be noncoplanar, but may also result in
distortion. For example, the bond lengths and bond
angles obtained from electron diffraction studies of
2-bromothiophene (Harshbarger & Bauer, 1970; Karl
& Bauer, 1972) show that the thiophene ring no longer
has 2mm (C,) symmetry. The structure of 5,5'-
dibromo-2,2'-bithiophene was expected, therefore, to
exhibit the combined influence of the bromine and
thienyl substituents on the thiophene ring.

Experimental. Single crystals of 5,5'-dibromo-2,2’-
bithiophene were obtained from the reaction of cop-
per(I) bromide with 2,2'-bithiophene in acetonitrile
after separation of the reaction product and crystalliza-
tion from n-hexane. The density was measured by
flotation in aqueous bromide. A pale yellow prism with
approximate dimensions 0-53 x 0-27 x 022 mm was
mounted on a Nicolet/Syntex P2, diffractometer. The
cell constants were determined from 25 reflections in
the range 25 < 26 < 35°. The space group was deter-
mined to be Pccn from the systematic absences (0k/,
I=2n+1; hOl, | =2n + 1; hkO, h + k = 2n + 1). The
26/8 scan method with a variable scan rate from 2 to
8°min—! 260) (h=0t0 8; k=0to 31;/=0to 7) was
used to collect the data. Three standard reflections
which were collected after every 46 reflections had a
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standard deviation of 0-91%. The relative transmission
coefficients ranged from 6-4 to 20-8. The data were
corrected for Lorentz, polarization factors and ab-
sorption effects. 2270 reflections with 28 < 63° | (sin8)/4
<0-7293 A-'] were measured, of which 1935 were
unique and not systematically absent. No equivalent
reflections were collected. The structure was solved by
Patterson and Fourier methods. The positions of the H
atoms were calculated assuming the C—H bond bisects
the C—C—C angle and a C—H bond length of 0-95 A.
The H-atom coordinates were not refined. 538 reflec-
tions with intensities greater than 3¢ were used in a
full-matrix least-squares refinement of 55 parameters
where > w(IF,| — | F.l) was minimized; w was cal-
culated from w = 4F/0*(F?). The refinement converged
with R =0-048 and wR = 0-050. The ratio of 4,,,/c
was 0-03 and the largest peak in the Fourier difference
map was 0-75 (16) e A-3. The scattering factors used
were from Cromer & Waber (1974) and anomalous-
dispersion effects were included in the values of F_; the
values of f* and f*' were from Cromer (1974). The
absorption correction was that of Coppens, Leiserowitz
& Rabinovich (1965). All calculations were performed
on a PDP-11 computer with the software package
SDP-plus, Version 1.1 (Frenz, 1983).

Discussion. Table 1 contains the final positional and
isotropic thermal parameters.* The bond lengths and
angles with standard deviations are in Table 2. The
structure of 5,5'-dibromo-2,2’-bithiophene is shown in
Fig. 1 in an ORTEP (Johnson, 1965) drawing with 50%
thermal ellipsoids and the stereoview of the unit cell is
shown in Fig. 2. The molecule consists of two planar
thiophene rings with the largest deviation from the
least-squares plane being 0-010 A for C(4). The rings in
the bithiophene molecule are constrained to be coplanar
by symmetry and the molecule possesses a center of
inversion at the midpoint of the C(2)—C(2') bond.

In the thiophene ring, the S—C(2) and S—C(5) bond
lengths are the same within experimental error, the
average bond length being 1-728 A. The substitution of
a thienyl group on a thiophene ring has no effect on the
C—S bond length (Visser, Heeres, Wolters & Vos,
1968); the C(2)-C(3) and C(4)—C(5) distances,
however, are different. These differences are small and
cannot be considered to be significant because the
standard deviations of the positional parameters are
relatively large (approximately a factor of 1-5 larger
than for the dibromobithiophene structure). In con-
trast, the substitution of a bromine on the thiophene
ring results in the S—C(2) bond being longer than the

* Lists of structure factors, anisotropic thermal parameters and
least-squares planes have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
44546 (9 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Table 1. Fractional coordinates and isotropic thermal S—C(5) bond, with the C—C bonds remaining un-

paramelers

x y z B*(A?)
Br 0-0580(2)  0-19378 (4) 0-0878 (2)  4-81(2)
S —-0-0815(3) —0-05968 (9)  0-7788 (3) 3.48 (5)
C(2) 0.007 (1)  —0-0317(4)  0-524 (1) 2:3(2)
Cc@3) —0-086 (1) 0.0766 3)  0-597(1) 312
C(@) 0-073(1)  —0-1335(4)  0-508 (1) 3-8(2)
C(5) 0-014 (1) 0-1306 (4) 0-290 (1) 3:1(2)
H(3) —0-145 0-070 0-739 50
H(4) —0-119 0-169 0.556 5.0

*For anisotropically refined atoms the form of the isotropic
equivalent thermal parameter is defined as 87%(U,, + U,, + U;,)/3.

Table 2. Bond lengths (A) and angles (°)

Br C(5) 1.869(8) Br C(5) S 119-8 (5)
S C(2) 1.744(8) Br C(5) C@) 127.0(7)
S C(5) 1.713(9) S C(2) C(3) 110-1(6)
C(2) C(3) 1.363(11) S C(5) C(4) 113.2(6)
C3) C4 1413(11) C@2) S C(¢) 91.04)
C@4) C(5) 1:350(12) S C(2) C(2) 119-1(6)
C(2) C(@) 1.447(11) C2) C@) C@ 1141

C(3) CM@) C(5) 111.6(8)

C@3) C(2) C@) 130:7(D

Fig. 2. Packing diagram in the unit cell.

affected (Harshbarger & Bauer, 1970; Karl & Bauer,
1972). .

The C—S—C angles in 2-bromothiophene and di-
bromobithiophene are equal, as are the S—C(2)—C(3)
and S—C(5)—C(4) angles. The major deviations from
2mm (C,,) symmetry occur in the C(2)—C(3)—C(4)
and C(3)—C(4)—C(5) angles, which are 112.4° in
thiophene. While the sum of these two angles remains
constant for the three molecules, the difference between
the two angles is substantial for both 2-bromothio-
phene and bithiophene (5-1 and 9-0° respectively). In
both cases the smaller of the two angles is centered on
the substituted C atoms. The difference in the two
angles is 2-5° for dibromobithiophene with the smaller
angle being closest to the Br atom. The combination of
the electron-donating ability of the thienyl group and
the electron-withdrawing capacity of the Br atom would
be expected to cancel for 5,5'-dibromo-2,2’-bithio-
phene which has both substituents.

The facilities in the Molecular Structure Laboratory
at the University of Arizona used in this work were
supported by the National Science Foundation. The
work at the Universidad de Sonora was supported by
DGICSA, SEP, Mexico, Grant No. C86-01-0219-05.
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