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THE LENGTH OF THE CENTRAL BOND IN THIENO[3-2,b]THIOPHENE
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The crystal structure of thieno[3-2,blthiophene I has been investigated by Cox and
his co—work.ers,1 who found the central carbon-carbon bond distance to be quite short
(136 X), corresponding to a high n bond order for this bond. Evans and de Heer2
calculated the n bond orders for this molecule, using the Longuet-ll:l.gg-j.ns3 pd2 hybrid
model for the sulphur atom, and the bond=-bond polarizabilities of naphthalene.’ Their results
are shown in Table I, together with their predicted bond lengths. The striking feature is
the large discrepancy (0-05 &) between the calculated and observed bond lengths for the

central C~C bond. Long-uet-Higginsl* has suggested that this central bond is compressed
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by bond angle stresses, and by a consideration of the cumulative strains around ck.CS has
calculated that the amount of compression is 2 0:06 fin agreement with the 0.05 L
discrepancy. However Schomaker5 has presented convincing arguments that the latter
calculation is unrealistic and that any shortening due to distortion of this type would be
of the order of 003 X with concomitant contraction of the 02-03 bond of 0-01 K.

It is the purpose of this communication to show that this discrepancy in bond length
disappears when electron interactions are included in a SCF Pariser - Parr - Pople
treatment of the molecule,

Table I shows the results of calculations of bond orders and bond lengths, using the

Coulson-Golebiewski8 relationship. For the PPP treatment, only the 3Pz orbitals were

considered for the sulphur atoms, and core integrals and electron repulsion integrals were
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estimated in the usual fashicn®1917011

from spectroscopic data and the uniformly charged
sphere approximation, and were essentially the same as those reported by Bielefeld .and Fitté‘.z
For the calculation of the repulsion integrals the C-S bond lengths and C-S-C bond angles
were taken to be those in 1-.h.~‘.o;phene13 (14714 &, 92°). A1l C<C bond lengths were taken to

be the same (139 &) the average of the bond lengths in 1'.hiophene.13

Zable I
Bond Bond Ordoer Calculated Experimental A(Experimental Ref.
Bond Length Bond length -Calculated)
[§:s) D Bond Lengths
02—03 0476 1437 1436 =0.01 2
" " 1438 " -0.02 14
" 084 1436 " 0 This work
Bond Length corrected for distortion5 1435
Cx=Cy 0+5€ §ELY 1ok o 2
" n 1ek42 " -0.01 1h
[ Ol 1443 " =002 This work
Bond Length corrected for distortion5 1o 41
C,=Cg 0e56 1ol 1436 -0.05 2
" " 10441 " =005 14
" 0722 1439 " -0-03 This work
Bond Length corrected for tt.stortion5 138

The calculated C-C bond lengzths are in good agreement with those determined experimentally,
and within experimental error are the same as those predicted by Schomaker.5 A similar

situation obtains for naphtha,lene,]‘s‘ where again Hlickel theory tends to overestimate the

length of the central C-C bond and the SCF treatment is in much better agreement with
experiment.15
A detailed account of the electronic spectra and reactivity of the isomeric thiophenes

will appear at a later date.
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