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AZULENOPHANE VI. CONFORMATION OF DITHIALS. 3IAZULENOPHANES
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Sendai 980, Japan

Abstract Conformation of seven dithiaf3. 3lazulenophanes was investigated by PMR spectroscopy to
disclose the preference of syn forms for all cases. This was attributed to the tortional strain in bridges.
The synanti ratio is also affected to minor extent by the intramolecular dipole-dipole interaction
between two dipolar aromatic rings.

2,11-Dithial3. 3lmetacyclophanes are known in solution to undergo dynamic processes which involve
both the flipping of two aromatic rings and the conformational change in the S-containing bridges.
Although 2, 11-dithial3. 3imetacyclophane itself was shown to exist exclusively in syn form both in crystalline
state and in solufion]), the syn/anti ratio (reflecting the free energy difference between two forms) varies
from one derivative to another depending on the substituent at one of the inner posifionsz). However, as
the substituent has two effects, steric and electronic, it is desirable to utilize a compound with a dipolar
ring system in order to evaluate charge transfer interaction, which would affect the ratio by stabilizing
syn form, Dithial3. 3lazulenophanes incorporating the dipolar azulene system would be suited for the
purpose. We have carried out the PMR spectroscopic study on the conformational preference in the
4,5)

azulenophanes L-63). The result is described herein

~

Methylsubstituted azulenophanes ] and 2 PMR specfrumé) of the dimethyl compound ] clearly

shows two sets of signals (1:2 intensity ratio) for all aromatic protons and four methylene protons (AB type),
suggesting the presence of two discrete compounds. Although their separation was not achieved, each

signal was assigned unequivocally taking advantage of their intensity and multiplicity. The chemical shifts
are shown below along with their differences (A8; + denotes up-field shift) from those of 1,2, 3~trimethy!-

azulene. A significant up-field shift of methyl signal and small down-field shifts of aromatic protons for
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the minor component and the reverse trends for the major one are attributed to the structures la and 1s,
respectively. The result is in accord with those in dithia[3. 3lmetacyclophane seriesz' 7), and would
provide reference values in determining the major conformation in the flipping azulenophanes in general.
The methylene signals of the monomethyl compound 2 consist of a 4H singlet and 4H AB signals
indicating that, while the methyl-carrying azulene ring is rigid, the unsubstituted azulene ring is flipping

freely at room temperature. Result of analysis is shown below.
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The methyl signal splits into two broad singlets (1.3 and 2.8 ppm) of nearly equal intensity at
-110%, revealing that anti and syn conformer have nearly equal free energy. From the coalescence
temperature (-87.5°C) the activation energy for the ring flipping was calculared to be ca. 8.3 keal/mol.

Azulenophanes 3 and 4 In both compounds, the ring flipping occurs freely at room temperature

as shown by singlet nature of the methylene protons. The result of the analysis is shown below.
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Judging from the shift values of the outer ring protons (larger up-field shift than those of 2, and
smaller than those of ’13)8), the predominance of syn conformer was suggested for both compounds. This
was supported by the spectra at lower temperature, For 3, o singlet of 0,3H intensity appeared at 5.8
ppm at -115°%¢, revealing that 3 exists as a 7:3 mixture of syn and anti forms, and that the former is ca.

0.3 kcal/mol more stable than the latter. For 4

~ 7

all signals appear as pairs of nearly equal intensity at
-115°C.  However, these must be due to two syn forms as the high-field signal expected to the inner
protons of anti conformer was not defected9). The free energy difference between syn and anti forms
should thus be larger than 1.5 kcal/mol in this case. Activation energy of the ring flipping for 4, was

0)

1 \
calculated from the coalescence of methylene signals to be~12 kcal /mol.

Azulenometacyclophanes 5 and ¢ Result of analysis is shown. Aromatic rings are freely flipping

at room temperature. The up-field shift values of azulenic outer protons in these compounds are much

smaller than in 3 and 4. However, shift values of outer benzene protons (comparable with those in
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dimefhyl-?,]1—dithic[3.3]mefccyc|ophane])) and those of the inner profonss) are explicable only by the
preferred syn conformation. At -110%, methylene protons of 5 became narrow AB quartets but no inner
proton signal expected from anti conformation was observed. The free energy difference would therefore
be more than 1.5 kcal fol. The activation energy of the ring flipping was calculated to be ~10 kcal/mol.
Although all aromatic protons of 6 appeared at -100°C as a pair with 3:2 intensity ratio, no high-field
signal attributable to the inner protons of anti conformation was observed. Thus the free energy difference
in this case should also be greater than 1.5 kcal fol.

Thus, in all of the flipping dithial3. 3phanes examined so far, syn conformations are always preferred
to anti forms, and yet free energy difference between syn and anti form is different, 0.3 kcal/mol for 3

and > 1.5 kcal/mol for others. The reason for the preferred syn conformation can be H

rationalized by torsional strain in bridges in anti conformation. Molecular model

clearly shows that a bond and two lone pairs on sulfur (in sp3 hybridization) are always )

nearly eclipsed with three bonds of either one of adjacent methylenes in anti conforma-
. . . . . .. N
tion (see fig.), while they are always in gauche form in syn conformation ) The N <
resulted steric repulsion in anti conformation seems the major cause for the preferred
12) lX’H H

syn conformation

Smaller free energy difference for 3 may be atiributed to the dipole-dipole interaction between two
azulene rings, which destabilizes the syn form of 3, while no such an interaction is anticipated in anti
form, The same interaction should stabilize the syn form of 4, but unfortunately precise situation was not
disclosed experimentally. In this context, it is interesting that the difference in activation energy for the
ring flipping, 8 kcal/mol for 2, ~10 keal/mol for 5 and ~12 kcal/mol for 4, fall in the order. This may
reflect the stability of the respective syn forms. Thus, considering steric factor of the bridge as the major
factor and the dipole-dipole interaction as the minor one, the conformations of dithial3. 3Jazulenophanes
can be explained satisfactorily .
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Although the dynamic process observed consists of the flipping of aromatic rings and conformational
change in S-containing bridges, the present discussion is mainly concerned with the former. The latter
process was always found to have smaller activation energy, so that it was sometimes not frozen at the
lowest temperature measured.
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