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CONJUGATIVE FACTORS AFFECTING THE SYN-ANTI ISOMERIZAT ION
RATE PROCESS OF 1,3,10,12-TETRATHIA[3.3](2,6)PYRIDINOPHANE
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The synthesis and VT-NMR study of the title compound are descri-
bed. A comparison of its conformational behaviour with that of rela-
ted [3.3]metacyclophanes has led to the conclusion that, in addition
to steric hindrance effects, conjugative factors may prove important

in affecting the syn-anti isomerization of heteroheterophanes.

The stereochemical aspects of medium-sized cyclophanes have been of particular
synthetic and theoretical interest for the past decades.1 Extensive crystallographic
and NMR studies3 have shown that [2.2]metacyclophanes1C and related heterocarbophanes4
possess a stepped anti conformation. On the other hand, syn-anti isomerization has
been reported in the larger [3.3]metacyclophanes,5 the interconversion rate process
being affected by several factors, such as the nature and position of the substituents,s’6
non bonded interactions,l‘él geometry of the constituent aromatic moieties,7 incorporation
of heteroatoms on the bridges8 and ring size.

Recently, we have shown that the nature and geometry of the trisulphide bridges
plays a major role in determining a different stereochemistry in hexathia[3.3]meta-

cyclophanes 1 compared to related [3.3]metacyclophanes 2-4 having hydrocarbon bridges.9
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However, a further difference in our sulphur bridged metacyclophanes could arise from
the property of the unshared electron pairs of the bridged sulphur atoms to develop a
resonance interaction with the gm-electrons of the aromatic rings,lo eventually capable
of raising the energy barrier to ring inversion.

To prove the influence of conjugative factors on conformation and conformational
changes, 1,3,10,12-tetrathia[3.3](2,6)pyridinophane 6 was synthetized and subjected
to variable temperature NMR analysis.

Compound 6 was obtained by nucleophilic condensation of the dipotassium salt of
2,6-dimercaptopyridine with dibromomethane in refluxing ethanol, under highly dilute
conditions. A pure sample of 6, yellow prisms, mp 195-197 °C, was isolated in very
low11 yield (5%) as the fastest moving component from the chromatogravhy (benzene as
an eluent) of the reaction mixture. Structure 6 was confirmed by its mass and NMR
spectra.

The 80-MHz NMR spectrum (CDC13) of 6 at 50 °C displays double doublets at d7.21
and 6.87 for H-4 and H-3,5 pyridyl protons (] = 7.76), respectively, and a broad
signal for the bridging methylene protons at J5.57.

In order to establish the conformational preference of Q, the chemical shifts of
the pyridyl protons in 6 were compared to those of pertinent protons in model compounds
di(2-pyridylthio)methane §,12 and 2,6-dithiomethoxypyridine 9. The NMR spectrum of 8
exhibited four distinct octects for pyridyl protons at J 8.48 (H-6, ]| = 4.83, 1.90,
0.97 Hz), 7.49 (H-4, ] = 7.92, 7.05, 1.90 Hz), 7.18 (H-3, ] = 7.92, 1.26, 0.97 Hz)
and 7.01 (H-5, J = 7.05, 4.83, 1.26 Hz), and a sharp singlet for methylene protons
at d5.07, while that of compound 9 showed double doublets at 9 7.40 and 6.94 for H-4
and H-3,5 pyridyl protons (] = 7.90), respectively, and a singlet at J 2.54 for
thiomethoxy protons. The upfield shifts experienced by the pyridyl protons in §
suggest that the syn conformation 6a is preferred.

The variable temperature NMR spectrum of6 exhibits a sharpening of the methylene
signal at elevated temperatures, while at -7 °C coalescence of this singlet occurred
and at -50 °C two doublets at o 7.11 and 4.25 (] = 14.4 Hz) were resolved. Based on
these data, the syn-anti isomer interconversion 6a 6b was calculated to be AGi =

12.2 kcal/mol.
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Although this value is in agreement with related flipping of syn and anti con-
formers,14 it is unexpectedly high if compared with those reported for related[3.3]
metacyclophanes.15 In fact, in the benzenophane series (compounds 2-4) the energy
barrier for syn-anti isomerization decreases on increasing the ring size; 5 moreover,
in the pyridinophane series (compounds 5-6) the steric hindrance in the transition
state would be evidently least,18 considering that the space occupied by the lone
pair of electrons on the nitrogen atom of pyridine is smaller than that occupied by
a hydrogen atom attached to a benzene nucleus.1C However, in spite of increased
ring size and diminished steric hindrance, a higher free energy of activation was
ascertained for 6.

This result provides evidence that a concerted conjugation of the unshared
electron pairs of the bridged sulphur atoms with the mw-electrons of the pyridine
rings is operating in §, which results in a percentage of double bond character of
C,. -S bonds, capable of restricting the rotational freedom of the heteroaromatic

Py
constituents, enhancing in the meantime its conformational preference.
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