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SHORT COMMUNICATIONS

DYNAMIC BEHAVIOUR OF [2]METACYCLO[2] (3,4)THIOPHENOPHANE

MICHINORI TAKESHITA, AKIHIKO TSUGE AND MASASHI TASHIRO

Department of Molecular Science and Technology, Graduate School of Engineering Sciences, and Institute of Advanced
Material Study, Kyushu University 86, Kasugakoh-en 61, Kasuga-shi, Fukuoka 816, Japan

The conformational analysis of dimethyl [2] metacyclo [2](3,4)thiophenophane (1), which is the thiophene analogue of
[2.2] orthometacyclophane, is described. The comparison between the dynamic NMR spectra of 1 and the computer-
simulated spectra led to the energy barrier between syn and anti conformers of 1. This is the first conformational

analysis of a [2,2] orthometa-type cyclophane.

We recently reported' the synthesis and conformation
of four possible isomers of [2]metacyclo [2] (m,n)thio-
phenophanes [(71,n)MTPs]. Here we report a study on
the dynamics of (3,4 MTP(1), which is thiophene
analogue of [2.2]orthometacylophane.?

The dynamic 'H NMR spectra® (100 MHz, in
nitrobenzene-d®) of 11- and 13-methyl protons of 1
(6H) and the computer-simulated spectra (DNMR2?
was used)  are shown in Figure 1. At 27°C, compound
1 was composed of a 2:1 mixture of syn and anti
conformers on the 100 MHz NMR time scale. As the
temperature increased these signals became broadened
and finally coalesced at 115 °C. The rate constant at
each temperature was obtained by simulation. The
Eyring plot of 1/T vis In(k/T) afforded AS*
(3-8+0-3 and 24+ 0-3cal mol™' K™') and AH?
(21-1 = 0-1 kcal mol™!) (1 cal = 4-184 J). Therefore,
the energy barrier (AG?*) of the conformational change
from anti to syn at 300 K is 20+0 £ 0+2 kcal mol ™' and
that from syn and anti at 300K is 20-4 £ 0-1 kcal
mol ™",

The results are summarized in Figure 2. Hopf and
co-workers? predicted that the energy barrier of
[2.2] orthometacylophane (2) would be between 20 and
24 kcal mol™!'. The AG* value obtained in this work

* The authors are indebted to Dr Shizuc Fujisaki and Dr
Akiko Nishida, Yamaguchi University, for helpful advice.

t Authors are indebted to Professor Yoshimasa Fukazawa
Hiroshima University, and Dr Nobuo Kato, Kyushu
University, for technical suggestions for the simulation.
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Figure 1. Dynamic NMR spectra of 1 (in nitrobenzene-ds,
100 MHz) and the simulated spectra
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Figure 2. Conformational change of 1

lies within this range. The reported energy barrier for
the flipping of [6] metacylophane-3-ene (3)* at 343 K is
16-5 kcal mol™!, which is 3—4 cal mol~! smaller than
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those of 1. This energy barrier could probably be
caused by the loss of the flexibility of the bridge motion
when the C=C double bond is substituted by a
thiophene moiety. This is the first dynamic analysis of
the strained [2.2] orthometacyclophane system.
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