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THE P1 ELECTRONIC STRUCTURR OF THIENO[3JcTHIOPHENE
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The recent comm\mication1 concerning the transitory existence of a dimethyl derivative
of I thieno [B.M]thiophene, prompts us to record the results of a self consistent field
Par:i.ser-Pa::'r-Pople,2’3 oalculation of the pi electronic structure of this compound. For
some time now we have been investigating theoretically the electronic epectral" and reactivity
of the isomeric thienothiophenes (II - IV) and the recent report of the synthesis of
thieno[}.#b]thiophane (V’.l:)5 led us to consider possible synthetic routes for the synthesis

of I the remeining unsynthesized thienothiophene.

I II 111 v

This compound is of considerable interest since resonance structures which mey be drawn for
it either involve charge separation or a double bond to a sulphur atom, however a priori
this does not mean that the bonding involved in this compound is any different in nature
than that in compounds (II - Iv).6

As a preliminary to attempts to synthesize I we thought it worthwhile to investigate
theoretically the pi electronic structure, in the hope that this would provide us with
information relevant to the synthesis of this compound. In the event this proved to be the
case and the information derived from these calculations led us to abandon attempts to
synthesize it.

The calculations were carried out using the PPP SCF MO method. Full details of the

parameters used and the method of calculation will be published elsewhere but it pay be
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mentioned that the method gives a good account of the heat of formation and reactivity of

7

thiophene and the isomeric thisnothiophenes.’ Only the 3p’ orbitals were conszidered for

the sulphur atoms, since detailéd Pople-Segala’g’ 10 type SCF calculations which we have
carried out on th:l.ophetne‘I1 including all valence eleotrons and 3s, 3p, 3d, 4s and 4p orbitals
on sulphur, indicate that as far as the total energy of the molecule is concerned the

3d, ks and 4p orbitals have a negligible effect. For the caloulation, the C=8 bond lengths
and C-8-C bond angles were taken to be those on thiophene.12 (1 '71142, 92°). 411 ¢-C bonds
lengths were taken to be the same (1 °3BX) the average of the bond lengths in thiophene

end 11721

Table I shows the caloulated eigenvalues for thieno [3.1;0]thiophcne.

Table I
Orbital Bumber Ener in ev
8 2+109
7 05075
6 ~2°098
5 =7°756
4 -10463
3 ~10+525
2 ~12+021
1 «13+145
The interesting feature here is the small energy gap between orbitals 5 and 6. The
lowest energy singlet state corresponds to 12 22 32 Lz 52. The lowest energy triplet

state ocorresponds to 12 22 32 I+2 5 6 and the lower electron repulsion energy for this

state more than offsets the excitation energy of an electron from 5 to 6 and the ground
state of the molecule is therefore predicted to be a triplet 011 ev below the lowest
singlet state. Even more revealing of the chemical nature of this compound is its relative

heat of formation with respect to the other isomers (II - IV). This is shown in Table 2.
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sense than II thieno{3.2v]ithiophene.

with the large difference in thermodynamic stability with respect to the "classical®

Table 2
Calculated differencea in E'r Bonding in ev for the isomeric thienothiophenes
Compound Difference in Evr Bonding_in ev
II Thieno[3.2blthiophene .0
III Thieno[2.3b]thiophene 0054
IV Thieno[3.4b Jthiophene 0+313
I Thieno{3.40Jthiophene 24000
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Thieno{3.4olthiophene is predicted to be 46 Kcals less stable in a thermodynamic

The prediction of a triplet ground state, together

thienothiophenes (II - IV) is entirely consistent with the evidence presented by Cava and

Pollack,'

dimethyl derivative of I.
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