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DISTINCT OBSERVATION OF TWO CONFORMERS OF 7-CYANOCYCLOHEPTATRIENES CONTAINING
A t-BUTYL GROUP AT 2- OR 3-POSITION: AN APPROACH TO VALID INTERPRETATION OF
NMR SPECTRA OF CYCLOHEPTATRIENE DERIVATIVES
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Department of Hydrocarbon Chemistry, Faculty of Engineering,
Kyoto University, Sakyo-ku, Kyoto 606

Introduction of a t-butyl group to the 2- or 3-position of
7-cyanocycloheptatriene facilitates the observation of the two
conformers by 1H and 130 NMR at low temperatures. The chemical
shift of equatorial H(7) and the equilibrium constant for the
ring inversion with respect to 7-cyanocycloheptatriene have been

reexamined and corrected.

The ring inversion process of cycloheptatriene derivatives is generally so
rapid that considerably low temperatures as low as =-150°C and the use of low-
melting solvents such as vinyl chloride or ethyl chloride are usually required in
NMR studies.l) In such cases, especially in lH NMR studies, complication of the
spectra due to solvent signals is inevitable, and this might lead to misinterpre-
tation of the spectra. 1In order to avoid such complication the use of ordinary
solvents such as CS;-CD,Cl,; mixtures at as low as -120°C is often desired.?
Unfortunately, however, the ring inversion of many simple cycloheptatriene deriva-
tives can not be frozen out at this temperature.l’3'4)

We now wish to report that the structural modification of 7-cyanocyclohepta-
triene (%) by introducing a t-butyl group to the 2- or 3-position decelerates the
ring inversion process, probably due to increased torsional strain in the tran-
sition state. This technique permitted the observation of the signals ascribed to
the two cycloheptatriene forms by use of a 100 MHz lH or 25 MHz 13C NMR instrument
at -125°C, and gave a clue to correction of the chemical shift of H(7) in 1% and

the equilibrium constant ([%s]/[%%]) which had been reported previously.lc
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The compounds 2- and 3-t-butyl-7-cyanocycloheptatrienes (% and s, respective-
ly) were obtained as liquids by the reaction of t-butyltropylium perchlorate with
sodium cyanide in acetonitrile followed by separation by HPLC, and their 1H (99.55
MHz) and l3C (25.00 MHz) NMR spectra measured in CSp-CD,Cl, (3:1 by vol.). The lH
signals of H(7) and the 13C signals of C(1) ~ C(6) and the cyano carbon are shown
in the Figure for the three equilibrating systems %, %, and %. As the temperature
is lowered the H(7) signal of each system shows line broadening, and after passing
a coalescence point it splits into an intense signal at § ca. 2.6 and a weak one
at § ca. 4.2. The former signal is assigned to axial H(7) and the latter one to
equatorial H(7).”) At -125°C 2 and 3 show a distinct triplet of equatorial H(7)
at § 4.22 (J = 8.4 Hz) and 4.20 (J = 8.4 Hz), respectively, whereas % shows a
broadened signal centered at § 4.19.

In 1970, Bushweller et al. examined the lH NMR spectra (60 MHz) of 1 in vinyl
chloride solvent at -155°C and assigned the two signals appearing at § 2?58 (strong
triplet) and at 6§ 3.21 (weak triplet) to axial and equatorial H(7), respectively.lc)
From integration of the two signals they obtained an equilibrium constant
([%g]/[%g]i3of 28 + 2 at —155°C.lc) In 1975, Wehner and Ginther reexamined this
system by C NMR (22.6 MHz) in ethyl chloride solvent at -132.5°C and reported an
equilibrium constant of 3.9.ld) Although the two values were interpreted to be

1d) the present result suggests that the weak triplet at § 3.21

"in fair agreement",
1lc)

observed in the lH NMR spectra by Bushweller et al. was most probably a spinning
side band signal and was erroneously assigned to equatorial H(7). In the present
study, the equilibrium constant calculated by use of the two H(7) signals at § 2.54
and 4.19 exhibited by % (Figure) is 4.9 # 0.3 at -128°C, which agrees well with

8) It is presumed that in Bushweller's measurement the real

Ginther's result.

equatorial-H(7) signal at § 4.19 was overlooked, being masked by the 13C—H satel-
lite signals of vinyl chloride which are expected to appear at § 4.05 and 4.13 in
a measurement at 60 MHz.g)

The 13C NMR spectra also showed a characteristic dependence of line-shape on
the temperature, which is expected in the systems undergoing ring inversion
(Figure).lo) In both of % and % the olefinic carbons — except C(3) and C(4) —
and the cyano carbon exhibit splitting at -125°C. 1In contrast, the signals of %
merely undergo line broadening at -125°C in harmony with Wehner and Glinther's
observation.'®) The downfield shifts of the C(1) and C(6) signals of 2 and 3 by
3 v 6 ppm on lowering the temperature from 25°C to =-125°C suggest that the c;clo-
heptatriene forms are in equilibrium with small amounts of the norcaradiene forms,
although we were unable to obtain any other supporting evidence.

In conclusion, the introduction of a t-butyl group to the 2- or 3-position of
a cycloheptatriene derivative presents a promising approach to obtaining reliable
evidence and information on the ring inversion equilibrium. On the other hand,

11,12) or more13) t-butyl groups often transform a cyclo-

the introduction of two
heptatriene structure to a norcaradiene structure. Application of these techniques

to other cycloheptatriene derivatives is in progress.
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