September, 1976]

NOTES

2627

BULLETIN OF THE CHEMICAL SOGIETY OF JAPAN, VoL. 49 (9), 2627—2628 (1976)

A Theoretical Analysis of Rotational Isomerism; CNDO/2 Calculations
of i-PrSMe, i-PrSEt, i-Pr-S-n-Pr, and (i-Pr),S”
Masaru Onsaku,* Norihisa Binco, Kanzo Eipa, and Hiromu MURATA

Department of Chemistry, Faculty of Science, Hiroshima University, Higashisenda-machi, Hiroshima 730
(Received April 12, 1976)

Synopsis. CNDO/2 calculations of i-PrSMe, i-PrS-
Et, i-Pr-S-n-Pr, and (i-Pr),S gave the stable conformations of
these molecules and the optimized angles of ¢(CSC) of the
first three molecules considered.

Conformational analyses of i-PrSMe, i-PrSEt, i-Pr—
S-n-Pr, and (i-Pr),S have been performed extensively on
the basis of vibrational spectra and normal coordinate
treatment.2-9 HMowever, for these molecules no theo-
retical conformational analysis has yet been performed.
In the present study in order to test the previous experi-
mental results, the present authors investigated the con-
formational analyses of these molecules by the CNDO/2
method.®

The molecular parameters used for the computations
are as follows: r(C-H)=1.09 A4, r(C-S)=1.81 A, r(C-
C)=1.54 A—$(CSC)=99° or the optimized values
for i-PrSMe, i-PrSEt, i-Pr-S-n-Pr, and ¢(CSC)=99,
104, or 109° for (i-Pr);S—and the other angles were
assumed to be tetrahedral. The dihedral angles were
180 and 60° for the trans (T) and gaucke (G) forms,
respectively.

With -PrSMe, a local minimum appeared at a rota-
tional angle of ca. 60 °. That is, the calculations show
that the G (C,) form is more stable than the T (C;) form.
The present result agrees well with the observed.?

For i-PrSEt, the stability was assumed to be in the
order: GT>GG>TT.9 In this molecule, conforma-
tions are taken into consideration around bonds 1 and

c
2, H—él};S;CHz—CH?,. The CNDO2 calculations indi-
&

cate the stability: GT>TT>GG>TG. The most
stable form, GT, is well reproduced by the calculations.
However, the stabilities for the TT and GG forms are in
reverse order of those observed. For the IR study, the
most unstable form, TG, is excluded from consideration,
since the repulsions between methyl groups in the ethyl
and isopropyl groups may be too great.¥ This is ex-
plained qualitatively by the present calculations.

For i-Pr-S-n-Pr, conformations were taken into con-

C

sideration around bonds 1, 2, and 3, H—(:];S;CH%—
C

CH,-CHj, and from the calculations it was found that
the forms which have the T conformation about bond 2
are more stable than those of the G conformation. This
agrees well with the experimental result that GTT is the
most stable form,? although the present calculations
show that the energy minimum form is GTG. As has
been noted previously,® the conformation around the
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Fig. 1. Total energy as a function of internal rotation angle—original parameters.
i-PrSMe: — ¢(CSC)=99°, O ¢(CSC)=105°.
i-PrSEt: — ¢(CSC)=99°, -~ ¢(CSC)=105.6°.

i-Pr-S—n-Pr: — ¢(CSC)=99°, —— ¢(CSC)=105.9°.

(i-Pr)yS: $(CSC)=99°; C,=—40413, C,=—40303, C,=—40295, C, ——40183

(kcal/mol), — ¢(CSC)=104°, — $(CSC)=109°.

* To whom all correspondence should be addressed.
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C-S bond is very difficult to determine from only the
vibrational spectra and the normal coordinate treat-
ment. Therefore, the CNDO/2 method is available to
determine the conformation around the C-S bond for
these molecules. '

Four conformations can be assumed for (i-Pr),S: C,,
Cs, Cy, and C,,. It appears that the conformational
energy is due mainly to the interactions between methyl
groups of the isopropyl groups on both sides. In con-
nection with these interactions, the stability can be
predicted to be in the order: C,>C,>C,>C,,. The
vibrational spectra confirm this order.y The CNDO/2
calculations give the result, C,>C;>C,>C,,, and the
stability between the C,; and C; forms is reversed. How-
ever, the most stable and unstable forms are well repro-
duced by the calculations.

The CSC angle was then optimized without changing
the other structural parameters assuming the G, GT,
and GTT forms for ;-PrSMe, i-PrSEt, and ¢-Pr—S-n-Pr,
respectively. The angles obtained are 105, 105.6,
and 105.9° for i-PrSMe, i-PrSEt, and i-Pr-S-n-Pr,
respectively. The angles become larger with increasing
weight of the normal alkyl group. These angles are
rather large in comparison with the 98°52’ of MeSMe?
and rather close to the 103.9° for MeSEt.® Therefore,
these angles appear to be reasonably optimized. The
results of the calculations using the optimized angles are
also considered. The tendency is nearly the same as in
the case of ¢(CSC)=99°. For (i-Pr),S, the optimiza-
tion of angle ¢(CSC) was not carried out. The total
energy decreases with increasing angle from 99° to 109°.
Therefore, it is predicted that the angle is larger in this
molecule than in other molecules treated.

All of the calculations were also carried out using Kq=
0.492 instead of 0.75 and others original values,? where
K4 is the constant of the off-diagonal core matrix ele-
ments in relation to third-row elements. As a result,
the order of the stability scarcely varied from the case of
K4=0.75, but the energy difference between the rota-
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tional isomers was slightly refined, ¢.g., the energy differ-
ence between the T and G forms of i-PrSMe is postu-
lated to be ca. 1—1.5 kcal/mol from the IR study.?
Recently, the appropriateness of CNDO/2 studies of
molecular conformations has been discussed for some
molecules involving third-row elements.®1? Generally,

" the CNDO/2 calculation gives larger energy differences

between the rotational isomers than observation. How-
ever, this method reproduces energy minimum confor-
mations and some angles fairly well. The CNDO/2
calculation, therefore, is useful as one of the methods of
analyzing experimental results, such as the normal coor-
dinate treatment.

The authors wish to thank Dr. Kimihiko-Hirao of
the Shiga University of Medical Science for his helpful
advice. All calculations were performed at the Com-
puting Center of Hiroshima University.
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