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The proton magnetic resonance spectra of the title compound (l)
have been studied at various temperatures. The changes in variable-
temperature PMR spectra of 1 are interpreted in terms of inter-
converting boat conformations. The free energy barrier AG* for the
ring inversion was found to be 12.4 kcal/mol. The stereochemical

properties inherent in the peri-8 ring in 1 were discussed.

While a number of studies have been reported on the conformation of alicyclic
ring systems, little is known about the conformation of pericyclic ring systems of
naphthalene, particularly medium-sized ring compounds.l’2 Recently, we have
studied the conformations of peri-8 membered rings in several derivatives of
8,9,10,11-tetrahydro—7H—cycloocta[de]naphthalene.Z) These compounds are of much
interest in organic stereochemistry, since they involve some strain due to peri-

interactionz’3 and, in contrast to other ring systems, exist only in boat confor-

mations in the ground state.2) We report here a PMR study on conformation of the
title compound (1) which is a novel, 9-oxo-derivative of this peri-8 ring system.
The PMR.spectrumS) for the benzylic (a,b) and 8,10-protons (c,d) of 1 changes

markedly with temperature, as shown in Fig. 1. . Thus the room-temperature spectrum

4)

reveals that molecules of 1 are undergoing ring inversion which results in the
exchange between Ha and Hb’ and that between HC and Hd' The benzylic proton signal
in the spectrum of 8,8,10,10-tetradeuterated derivative of 1 (l—d4)4 changes its
appearence from a singlet to an AB quartet with 46 = 1.55 ppm and JAB = -14.9 Hz on
lowering the temperature. The coalescence temperature (Tc) for this spectral
change is estimated to be -6.4°C. A first order analysis of the low-temperature
spectrum of 1 as an ABCD spin system gives the coupling constant and chemical shift
data listed in Table 1.6

The relatively simple PMR spectrum of 1 at low temperature indicates that, in
the ground state, molecules exist in a conformation which has a mirror plane or
two-fold axis passing through C-9 and angular carbon atoms of the naphthalene ring.
Molecular model shows that 1 can assume two conformations: boat (B) and chair (C)
with a CS symmetry7) which are shown in Fig. 2 as well as the changes in geometry
associated with interconversion of Ha and Hb’ and HC and Hd' The most likely
ground-state conformation of 1 can be determined on the basis of coupling constants.

We have previously shown that interior benzylic protons in the peri-8 ring system
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0] resonate at lower field than the exterior
D ccunterparts due to the steric compression
' D effect.z) As the downfield resonance (Ha)
1-d4 has a large coupling (13 Hz) with a
@@ vicinal proton Hd’ the dihedral angle for
RT. these protons must be close to o® or 18Cﬁ
This suggests that the ground-state con-
formation of 1 is conformation (B), in

which the space arrangement of Ha and Hd

@@ 1 J is trans coplanar.
The predominance of conformation (B)

(a,b) (c,d) over (C) also seems reasonable, since (B)

lacks the eclipsing interactions present
—71.6° in (C), as can be seen in the Newman pro-

jections about the C7—C8 (or ClO_Cll)

bondings in Fig. 2. The observed coupling

1 constants for 1 are very similar to those
| L | for the corresponding positions of the
a ch d cyclohexanone ring, which is §eometrically
similar to conformation (B).8
1-d4 Thus, Hy (which is trans to Ha) can
be assigned to the equatorial protons
5.0 40 3.0 (PPM) alPha to the carbonyl group, and Hc to the
1 L L 1 1 1 axial ones, where the former resonate at
Fig. 1. High (above) and low (below) higher field than the latter by ca. 0.5
temperature PMR spectra of aliphatic ppm. Although it has already been report-
portion of 1 and its 8,8,10,10-tetra- ed that axial protons alpha to the carbon-
deuterated derivative (l—d4). yl group in several a-substituted cycla-

nones resonate at lower field than their

9-11) to the best of our knowledge,

equatorial counterparts in their epimeric isomeré,
1l is the first cyclanone without o-substituent groups, in which axial protons alpha
to the carbonyl group are deshielded. This result may be rationalized in terms of
o-1 bond overlap,11 since it is hardly to be expected in the boat conformation of
1 that the chemical shift between Hc and Hd is influenced either by mag§§§ic anisot-
ropies of adjacent C-C bondings, or by the ring current of naphthalene.

Consequently, the spectral changes observed for 1 are interpreted in terms of

o
Table 1. PMR data of peri ring protons in 1 at -71.6 C (at 100 MHz in CDClB).

* * *% * * %%

6a 6b 60 6d Jab Jac Jad ch de ch

4.64 3.09 3.17 2.63 -14.8 5.9 13.0 e 7.5 -12.1

* Obtained from the spectra of the deuterated derivative (l—d4). *¥ Estimated from
the average chemical shift at room temperature and high field shift (6d) at a low
temperature. *¥*¥ This coupling constant is small enough not to be resolved.
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the interconverting boat conformations. This result is consistent with 130 spectra,
which are independent of temperature and consist of only three peaks for the peri

ring carbons as shown in Table 2.13)

Table 2. 130 chemical shifts of 1 at —54.630 (6 from TMS).

Position €-1,6 C-2,5 C-3,4 C-3a C-6a,1la C-6b C-7,11 c-8,10 c-9
8 129.2  129.6 125.5 135.5 136.6 131.2 34.1 46.0 213.9

The free energy barrier AGﬁc for ring 14)
inversion is calculated, in the usual manner,
from Tc of the AB type benzylic protons in the
deuterated derivative (l—d4), to be 12.4
kcal/mol. Examination of the molecular model
shows that the most feasible pathway for the
boat inversion in 1 involves pseudorotation of
orne end of the peri bridge to give the twist-
boat conformation (TB) as an intermediate; and
here, conformation (C) is not involved.

A possible transition state for this process
would be high-energy conformation (TS) in which
c-7, -8, -9, and -10 lie essentially in one
plane, while C-7, -10, -11, and naphthalene ring

lie in another plane.
Fig. 2. Ccnformational changes o

7
and Newman projections of boat (B) = %U = = (rs)"
(B) and chair (C) conformations (18) (TB) V“
of 1.

(* indicates inverted conformations) (B)”
It is one of the significant features in the peri-8 ring system of naphthalene
that the boat form is the most stable conformation, and this is a unique case which
has not yet been observed in other ring systems such as cyclohexanes, where the
chair is the predominant conformation. This result is also in striking contrast to
the case of structurally analogous 5,6,8,9-tetrahydro-TH-cycloheptabenzene-7-one
(2), in which the chair predominates over the boat, since the latter is destabiliz-
ed by steric repulsion between the carbonyl group and benzene ring.ls) It is also
noted that the Ad*value for 1 is larger than that for 6,7,8,9-tetrahydro-5H-cyclo-
heptabenzene (3) (10.7 kcal/mol).l6) The chemical-shift difference in two benzylic
protons in 1 is also much larger than that of the corresponding protons in the
latter compound (0.1 ppm) owing to the steric compression effect.17
Detailed studies by computer analysis as well as the preparations of 1 will be

reported in future.
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