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XII. Calculation of the Proton Magnetic Resonance Spectra of Compounds of the
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The results of complete quantum-mechanical calculations of the PMR
spectra of compounds of the 2,1, 3-X-diazole (X =S, Se) series are
given. The parameters of these spectra have been used previously for
a discussion of the aromaticity of the corresponding compounds.

In parts III [2] and V [3], a discussion was given of
some features of the structure of compounds of the
general formula I (X =0, S, Se) on the basis of data
obtained from the PMR spectra.
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However, in using the spectral parameters men-
tioned in these parts, we did notgive their basis in cal-
culation. Below we give the results of the calculation
of the PMR specira considered previously (see table).

The spectra of naphthalene, piazthiole (I,X = 8),
and piazselenole (I, S =Se) were analyzed as systems
of the AA'BB!' type. The numbering of the correspond-
ing hydrogen atoms of the molecules mentioned is the
same for both and is shown in formula I. The spec-
trum of selenophene is typical for an AA'™XX' system;
a detailed discussion of the results of its analysis will
be given later. The numbering of the atoms in the mol-~
ecule of selenophene is given in formula II. The spec-
trum of w-methylpiazthiole was analyzed as a system
of the ABCX; type (see formula III), the interaction of
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Fig. 1. PMR spectra (60 MHz) of plazselenole
a) cxperimental; b) theoretical.

the three protons (X;3) of the methyl group with the ter-
minal protons A, B and C being considered as a weak
perturbation. The spectrum of naphthalene was stud-
ied earlier at a frequency of 40 MHz. We were pow—
erfully convinced that the value of the spin-spin coup-

*For part XII, see [1].

ling constant I}, was actually close to zero. A series
of calculations that we have carried out using various
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Fig. 2. PMR spectra (60 MHz) of a-
methylpiazthiole: a) experimental;
b)and c) theoretical, calculated for
Ipac <0 and Ty >0, respectively.

positive and negative values of 1,9 has shown that the
best correspondence of the experimental and theoret-
icalspectra of naphthalene is achievedat I;,, =0. Fig. 1
shows the experimental (a) and theoretical (b) spectra
of piazselenole. A similar good agreement has been
obtained for the other four-spin systems given in the
table. Figure 2 shows the experimental (a) and theo-
retical (b, ¢) spectra of §-methylpiazthiole (frequency
60 MHz).

In connection with the difficulties arising in the per-
formance of a complete analysis of the six-spin sys-
tem ABCX;, in Fig. 2 we give a comparison of the re-
sults of a theoretical calculation of an ABC system
with the experimental spectrum obtained with a spe-
cially limited resolving capacity of the spectrometer.
The theoretical spectra of the protons of the benzoid
ring were calculated by us for the following parame-
ters: (SA =315 Hz, Op =286 Hz, 6o =275 Hz, IA B~
=8.28 Hz, Iy ¢ =0.8|Hz, and Ip ¢ = 6 Hz (the chem-
ical shifts are given relative to tetramethylsllane)

It can be seen from Fig. 2 that the best correspond-
ence is observed hetween spectra a and b; the latter
was obtained using a value of Ip ¢ <0.

When the resolving power of the spectrometer was
increased, an additional splitting of some of the com~
ponents of the spectrum of S-methylpiazthiole was ob-
served (see [2]).
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Calculation of the PMR spectra of the 2, 1, 3-X-Diazoles (X = S, Se)
and Related Systems

'+ Working Resonance fre-
. frequency N * ’ Spin-spin coupling constants, Hz
Compound i of the quencies, Hz™* | P '

Ispectrome- T

i Itver', MHz | vi=ve [ V=, ‘ hyp D=l | =l | dag

i -
Naphthalene 40 —7.15 +7.15 \ 0.00 +8.60 +1.40 +6.00
Piazthiole 40 —8.80 +8.80 \ 4010 | +9.70 +1.20 +5.30
Piazselenole 60 —14.15 +14.15 +1.00 +850 | +1.18 | +5.25
Selenophene 100 | —2035 | +29.35 J +1.20 | +600 | +0.10 | +6.00

i
*Reckoned from the center of gravity of the spectrum.
As mentioned previously [2], the signal of the methyl REFERENCES

protons also proved to be resolved. We have used in
the first order of the theory of perturbation the follow-
ing values of the constants of long-range spin-spin ¢
coupling:

Ier—ci, =0.9 Hz;
fen,—cn, <<0.2 Hz;
len,—cu, =0.6 Hz.

In this case, spectrum b illustrated in Fig. 2 is
modified so that its complete coincidence with the ex—
perimental spectrum recorded at limiting resolution
is achieved. The experimental procedure has been de-
scribed previously [2, 3]. The calculations were car-
ried out on a "Minsk-1" electronic computer using the
program described by Shmyrev et al. [5]. We thank
I. K. Shmyrev for cooperation in the performance of
the calculation.
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