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PREFERRED CONFORMATIONS OF 9-MONOSUBSTITUTED DERIVATIVES OF
8,9,10,11-TETRAHYDRO- 7H-CYCLOOCTA [de ] NAPHTHALENE

Toshihiro KAMADA* and Osamu YAMAMOTO
National Chemical Laboratory for Industry
1-1 Higashi-Yatabe, Tsukuba, Ibaraki 305

The conformations of 8,9,10,11-tetrahydro-7H-cycloocta[de]naphthalen-9-o0l
and its esters have been studied based on the NMR spectra. It was found that
these compounds assume solely the equatorial-boat (eb) conformations in solution,
the peri rings of which are unusually rigid as compared with the conformations

previously reported.

Recently, we have studied the conformations of the eight-membered peri rings of the 8,9,10,11-
tetrahydro-7H-cycloocta[de]naphthalene system (l),l’z) the stereochemistry of which is of great in-
terest because it is strained owing to the peri interaction.s) In our continuing study on the chem-
istry of the pericyclic naphthalenes, it was found that the peri rings of 8,9,10,11-tetrahydro-7H-
cycloocta[de]naphthalen-9-0l (2)4) and its esters (3 — 6) are unusually stabilized as compared with
the compounds previously studied. In this paper, we report the preferred conformations of these 9-
monosubstituted compounds by a study of the NMR spectra.

The 1H-NMR spectrum of 8,8,10,10-tetradeuterated derivative of g_(g;d4) in CDCl3 gives a sin-
glet (1H) for the C-9 methine proton and a pair of AB quartet (4H) for the benzyl methylene protons.
These signals show no change in their appearence on the variation of the sample temperature (from
~90 to 190 °C). Thus it is suggested that the molecule of 2 assumes a symmetrical (CS) conformation,
either a boat (eb, ab) or a chair (ec, ac), the peri ring of which is rigid enough not to undergo
any conformational change in the temperature range studied (Fig. l).s) In the spectrum of the non-
deuterated compound 2, the benzyl protons give two complicated absorption bands, each of which con-
sists of eight lines, while the methine proton signal splits into seven lines due to the coupling
with the vicinal protons (C-8, C-10). Computer analysis of the spectrum using LAOCOON MBYH program
gave the chemical shifts and the coupling constants of these protons which are listed in Table 1.

As can be seen in the table, the interior benzyl proton of 2 is coupled strongly with an ad-
jacent proton (C-8, C-10) (J = 13.30 Hz).6) This indicates that the peri ring of 2 assumes a boat
form in its ground state, because the interior proton in the boat conformation is in trans to an
equatorial proton on C-8 (C-10) and such a large Jvic value is expected between these two protons.
The rather broadened signal of the interior benzyl proton (half-width = 5.5 Hz) compared to that of
the exterior proton (3.3 Hz) observed in the spectrum of the deuterated compound g;d4 is caused by
the strong coupling of the interior proton with the equatorial deuterium due to their trans steric
arrangement, which strongly supports that 2 exists in the boat conformation (Table 1). Moreover,
the splitting patterns of the benzyl protons observed in 2 are also very similar to those of the
parent compound 1, which exists in the boat conformation alone.l) Then the strong vicinal coupling

D

1,2)



112 Chemistry Letters, 1980

e
noon
[ Jn =

-

~.

N Ve

OO
— >
LNINO
M
1
2

SANAW N =
0o O O

[P

Fig. 1. The boat (eb, ab) and the chair (ec, ac) conformations for compound 2

(J = 11.49 Hz) observed in the C-9 methine proton of 2 is produced by the spin interaction between
the diaxial protons on C-9 and C-8 (and C-10),7’8) suggesting that the hydroxyl group on C-9 adopts
an equatorial conformation.

Consequently, it is clear that compound 2 exists solely in the equatorial-boat (eb) conforma-
tion. This result is consistent with the 13C-\IMR spectrum, which is invariant of temperature and
contains only three lines for the peri ring carbons of 2 as is shown in Table 2. The chemical shift
values obtained for 2 agree very well with the chemical shifts calculated for the eb conformation.
Furthermore, it is supported by the experiment using the shift reagent (Eu(DPM)S) — i. e., as can be
seen in Table 3, no marked difference is observed in the shift values (A ) between the axial and the
equatorial protons on C-8 (C-10) of 2, which can be adequately explalned by the equatorial conforma-
tion (eb) as has been suggested by Demarco et al. )1n study on the cyclohexane system.

The unusually greater stability of the boat conformation over the chair observed in 2 results
chiefly from much lower torsional energy about the C7—C8 (ClO—Cll) bond of the boat conformation
(staggered) than the chair (eclipsed), which is one of the unique features in the 8-membered peri-
cyclized naphthalene system.l’z) It is of great interest to find that compound 2 assumes only a sin-
gle form and the peri ring of 2 is markedly stabilized even at such an elevated (190 °C) temperature.
This result is very different from the cases of the other peri-8-membered ring compounds so far stud-
ied including the parent compound 11) and 9-oxo derivative Z)Z) where the ring inversions readily
occur under the usual experimental conditions. This is also in striking contrast to the case of the
cyclohexane system, in which the OH substituting group assumes both the axial and the equatorial con-
formations.lo) The marked difference in conformational mobility observed between compounds 2 and 1 (7)
could be explained by the fact that the axial-boat (ab) conformation involves a severe steric inter-
action between the hydroxyl group and the naphthalene nucleus, which come spatially close to each
other in the boat conformation.ll)

The absence of the ab conformation in 2 is also suggested from the infrared spectrum
the O-H stretching band of 2 measured in highly diluted solution (0.002 mol/1 CC14) gives an absorp-
tion maximum only at 3631 cm~ characterlstlc of the free hydroxyl group; if the conformation ab ac-
tually existed in 2, then the spectrum of 2 would have shown an additional absorption due to the
intramolecular interaction between the axial OH group and the m-electrons of the naphthalene nucleus.

Then the R-value was calculated from the vicinal couplings about the C7—C8 bond given in Table 1
to determine the geometry of the peri-8-membered ring of 2. 14) The R-value obtained (1.3) is appre-

12)~——i. e.,

13)

ciably smaller than those (2.16) reported for the cyclohexane ring having an almost perfect staggered

15)

conformation. It is thus considered that the peri ring of 2 is in a somewhat distorted (puckered)
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Table 1. 1H-NMR data of the peri ring protons of Za)
Chemical shift § (ppm) Coupling constant J (Hz)
A
/ d)
7in 7ex 9ax 7gem 7in,8eq 7in,8ax 7ex,8eq 7ex,8ax 8ax,9ax 8eq, 9ax
b)

2 4.008 2.957 3.647 —14.83 13.30 5.32 7.05 2.72 11.49 3.75
2-4,") 401 2,02 3.58 ~14.5

(5.5)  (3.3) (5.8)

a) The 1H—NMR spectra were measured on a Varian HA-100D spectrometer (at 100 MHz) in chloroform-d
(ca. 7 (w/v)%) with TMS as an internal standard. The C-8 (C-10) protons of 2 give an unresolved
complex multiplet at § 1.6 — 2.3, while the hydroxyl proton gives a singlet at § 1.35 which shifts
markedly on the variation of temperature.

b) Obtained from the computer simulation (LAOCOON MBYH program, Ref. 1) of the spectrum of 2.

c) Obtained by the first-order analysis of the spectrum of 2—d4; figures in the parentheses are the
values of the line widths of the signals (in Hz).

d) The numbers refer to the carbon positions on the ring and the letters are as follows; in (interi-

or), ex (exterior), eq (equatorial), and ax (axial).

Table 2. 13C chemical shifts of the peri ring carbons of Za)
C-7,11 Cc-8,10 C-9
Observed 34.2 38.9 68.4
Calculatedb) 36.0 30.3 38.3 35.9 65.1 59.7

a) The 13C-NMR spectra were measured on a Varian NV-14 FT NMR spectrometer (at 15.1 MHz) in
chloroform-d (ca. 10%); the chemical shifts are expressed in § (ppm) from internal standard
TMS.

b) The calculations were made by use of the data of the parent compound 1 (Ref. 16) and the
values of the hydroxyl substituent effect obtained from the data of cis- and trans-4-t-butyl-
cyclohexanols (Ref. 17); figures in the left side are the chemical shifts calculated for the

eb conformation and those in the right are the values for the ab conformation.

Table 3. Effect of the shift reagent (Eu(DPM)S) on the chemical shifts of the peri ring protons of
8,9,10,11-tetrahydro-7H-cycloocta[de]naphthalen-9-0l1 (2) (AEu in ppm)a)

b) H H

OH Han H8ax,H8eq 7in 7ex

A —44.3 —14.3 —10.2 —4.3 —3.2
Eu

a) The shift values were measured with chloroform-d as a solvent, and the AEu values were
calculated according to the method described in the literature (Ref. 9).

b) The C-8 (C-10) methylene signal is not separated by the addition of the shift reagent.
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form as a result of the steric repulsion between the interior benzyl protons.

Studies have then been extended to the esters of 2 such as acetate 3 (mp 161.5 — 162 °C), ben-
zoate 4 (mp 121.5 — 122 °C), tosylate 5 (mp 146 — 147 °C(dec.)), and brosylate 6 (mp 123.5 — 124 °C
(dec.)). All these compounds showed spectral features similar to those found in the parent alcohol
2. Therefore it is apparent that compounds (3 — 6) also exist in the equatorial-boat (eb) conforma-
tions. This gives a further evidence in favor of the eb conformation for the 9-monosubstituted de-
rivatives of 8,9,10,11-tetrahydro-7H-cycloocta[de]naphthalene. Detailed discussion will be reported

in a full paper.
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