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Molecular Structure of 2,5-Bis(ethylsulfonyl}-1,3.,4-thiadiazole
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Abstract — An X-ray crystallographic analysis was carried out to elucidate
the molecular structure of the oxidized compound of 2,5-bis{ethylthio)-1,3,4-

thiadiazole.

Peroxide oxidation of 2,5-bhis{alkylthic)~1,3,4-thiadiazeles has been reported

to produce bis-sulfones (l)l instead of sulfoxides (_2_).2 However, there still

leaves some ambiguity on the assignment, since the mass spectrum of the oxidized
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compound (R = Et) of 2,5-bis{ethylthio)-1,3,4-thiadiazole shows ion at 206 {MJr -
SOZ)' indicating the possibility of the alternative structure 2a. Itwas difficult
to assign the structure on the basis of spectroscopic data only.

In view of the importance of the structure assignment, we tried an X-ray crys-
tallographic study of the oxidized compound (R = Et). Single crystals of the com-
pound were obtained from the ethanol-benzene sclution by slow evaporation at room
temperature. Crystals are monoclinic, space group le, with @ = 7.348 (2), b =

15.360 (4), ¢ = 5.108 (1) A; 8 = 102.32 (2)°; Z = 2; v = 563.2 (2) A2

i D (KL +H,0)
= 1.579 and n,=1.594 g cm-3. The intensity data were collected on a Syntex PT
automated diffractometer with Mo-Ko radiation (A = 0.71069 i) using 95-28 scan tech-
nigue up to a 28 limit of 60°. Of 1541 independent reflections, 1235 were treated
to be observed (I > 2.30(7)). The structure was solved by the direct method using
the MULTAN series of programs.3 The disordered structures4 were refined by block-

5.6 The final R value

diagonal least-squares method using UNICS IT program system.
was 0.066 for the observed reflections. Further refinement of the structure was

not deemed justifiable in light of the relatively poor quality of the crystals and
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Figure 1. ORTEP drawing of la and la'.

owing to the objective of determination of the molecular structure had been achiev=-
ed. The molecular structure drawn by the ORTEP program7 is ghown in Figure 1 with
numbering sequences. As can be seen in Figure 1, the structure of the oxidized
compound (R = Et) was fully confirmed as 2Z,5-pis{ethylsuifonyl)-1,3,4~thiadiazole
(la) . The disorder is consistent with the molecule occurring in two statistical
positions in the asymmetric unit, corresponding to the structures (la and la') in
Figure 1. The atoms where the effects of the disorder are particularly pronounced
are S5(1), N(3), and N(4).

The structure of the facile reaction products of the thiadiazoles (1} and
6-dimethylaminofulvene should therefore be revised to be the substitution pro-~

ducts (4} as suggested by Boulton and Chonql instead of 5,6-diazaazulenes (i).2
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With these facts in mind, we attempt to interpret the oxidation and substitu-
tion reactions on the concept of cyclic conjugation,a’g which is wvery useful for
prediction of aromaticity and reactivity of various molecules. In thiadiazole (5),
electron-donating sulfur lone pair electrons and electron-accepting C=N bcond are

donor (D} and acceptors (A's), respectively. The c¢yclic conjugation is continuous
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and the orbital phase continuity rec‘{uirements-'.]l'0 are satisfied responsible for aro-
matic electron system. In 2,5-bis(alkylsulfonyl)=-l,3,4-thiadiazoles (1), electron
delocalization is expected to be more extensive, in which replacement of the hydro-
gens of thiadiazole (5) by acceptors, R-50,-, makes effective donor-acceptor inter-
action possible. By contrast, in 2,5-bis{alkylsulfinyl)-1,3,4-thiadiazole 1,1-di-
oxides {2}, donor-acceptor interaction does not occur effectively to result in the
destabilization of the cyclic electron-system interaction. On the other hand, in
é6-dimethylaminofulvene, the cyclic conjugation is continuous and the orbital phase
continuity requirements are satisfied responsible for aromatic electron system sim-
ilar to thiadiazole {5). Because bis-sulfones (l) and 6-dimethylaminofulvene have
aromatic electron properties, the transition state of the cycleoaddition may be en-
ergetically unfavorable, As the result, nucleophilic substitution occurs resulting
in increasing of the resonance energy between two aromatic rings. Semiempirical SCF

11

MO calculations on CNDO/2 approximaticn suggest that the dominant interaction is
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the low-lying LUMO of la and the HOMO of 6-aminofulvene and that the LUMO coeffi-
cient of la and the HOMO coefficient of the fulvene at C-2 (C-5) position are large

encugh to interact each other (Figure 2}.

The absence of a noticeable solvent effect upon the rate constants (4.43 x 10-3

sec 1 in chloroform, 1.35 x 107% sec™! in acetone, and 2.36 x 1073 sec”! in dimeth-

ylsulfoxide) does not seem consonant with an intermediate involving any significant
degree of charge separation. The observed low sensitivity may be attributed to the
non-ionic nature of the transition state controlled by frontier molecular orbitals

(FMO's) .
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