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Synthesis of functionalized polycyclic compounds via
a novel aromatic oxy-Cope rearrangement
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Abstract—Polycyclic compounds have been prepared by aromatic dianionic oxy-Cope rearrangements involving the p bonds of two
phenyl rings in a [3,3] sigmatropic rearrangement.
� 2006 Elsevier Ltd. All rights reserved.
Ever since the first report1 that 1,2-divinyl-1,2-diols
undergo dianionic oxy-Cope rearrangement for the
synthesis of benzotropones, there have been several
reports2 of this route being employed for the synthesis
of polycyclic structures. Aromatic oxy-Cope rearrange-
ment involving aromatic rings such as 1- and 2-naph-
thyl, 2-furanyl and 2-benzofuranyl as one of the
substituents have also been reported.3 Helicenes have
been prepared4 via aromatic oxy-Cope rearrangement
involving the p bond of a phenanthrene ring. Uyehara
and co-workers have reported5 participation of the p
bonds of a phenyl and o- and p-methoxyphenyl rings
in the sigmatropic oxy-Cope rearrangement. Previously
we reported6 the first instance of an aromatic dianionic
oxy-Cope rearrangement involving the p bonds of both
naphthyl rings of 1,2-dinaphthyl-1,2-diols derived from
cyclic a-diketones. In continuation of this work we
herein report the base catalysed rearrangements of the
9,10-diphenyl-9,10-diol of phenanthrene-9,10-dione,
1,2-di(p-methoxyphenyl)-1,2-diol and the 1,2-diphenyl-
1,2-diol of acenaphthene-1,2-dione. This is the first
instance where a diphenyl diol and a di(p-methoxyphen-
yl) diol have been observed to undergo aromatic di-
anionic oxy-Cope rearrangement were the p bonds of
two phenyl rings form the 1,5-hexadiene system neces-
sary for [3,3] sigmatropic rearrangement.
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1,2-Diphenylacenaphthene-1,2-diol 17 was prepared by
the addition of 4 equiv of phenylmagnesium bromide
to 1,2-acenaphthaquinone in dry THF. The rearrange-
ment of diol 1 was studied under different conditions
using t-BuOK in dry THF, t-BuOK in dry t-BuOH
and NaH in dry THF. The products with yields are
reported in Table 1. The diol 1 on treatment with
10 equiv of the base gave compound 2 as a white solid
and compound 3 as a pale yellow solid. The 1H NMR
spectrum of 2 showed a D2O exchangeable signal at d
1.57 (2H, s) for the OH protons and a signal at d 6.6
(2H, s) for the methine protons. The 1H coupled 13C
NMR spectrum showed a doublet at d 73.87 for the
C–OH carbons. The mass spectrum showed a molecu-
lar ion peak at m/z 338.402. The IR spectrum of com-
pound 3 showed a very strong peak at 1654 cm�1 for
the carbonyl stretching and a peak at 3532 for the
OH stretch. The 1H NMR spectrum showed a signal
at d 3.32 (1H, d, 3J = 4.10 Hz) for the ring methine pro-
ton and at d 3.30 (1H, s, D2O exchangeable) for the
OH proton. The 1H coupled 13C NMR showed a dou-
blet at d 74.14 for the ring CH and singlets at d 98.97
for C–OH and at d 198.12 for the carbonyl carbon.
The mass spectrum showed a molecular ion peak at
m/z 336.3872.

The structures of compounds 2 and 3 were assigned
based on spectral data supported8 by elemental analysis.
Formation of 2 involves a dianionic oxy-Cope rear-
rangement of 1, when treated with the base followed
by isomerisation. Formation of 3 occurs by tandem
dianionic oxy-Cope/transannular ring closure in the
presence of a base followed by air oxidation. A similar
air oxidation has previously been reported6 by us.
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Table 1. Rearrangement under different basic conditions

Entry Oxy-Cope system Conditions Products Yield

1 OHHOOHHO HO O

1

Method A,  rt, 3 h a.

Method B,  rt, 4 h b.

2 3

+c. Method C, reflux, 1 h 

2a (30%), 3a (60%)
2 2b (25%), 3b (65%)
3 2c (40%), 3c (0%)

4

OHHO

4

OCH3
OCH3

OHHO

OCH3 OCH3

 a. Method A, reflux, 2 h 

b. Method B, reflux, 4 h

 c. Method C, reflux,  2 h

5

5a (60%)

5 5b (62%)

6 5c (45%)

7

OH

OH

OH

OH
a. Method A, reflux, 3 h

b. Method B, rt, 5 h

c. Method C,  reflux,  4 h

76

7a (60%)

8 7b (65%)

9 7c (40%)

Methods: A: t-BuOK/THF, B: t-BuOK/t-BuOH and C: NaH/THF.
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Similar tandem oxy-Cope/transannular mechanisms
have also been reported9 (Schemes 1 and 2).

1,2-Di(p-methoxyphenyl)acenaphthene-1,2-diol 4 was
prepared by the addition of 4 equiv of p-methoxyphenyl-
magnesium bromide to 1,2-acenaphthaquinone in dry
THF, giving a white solid (mp 159–160 �C, 70%).The
IR spectrum showed OH stretching at 3535 and
3516 cm�1 and the absence of carbonyl stretching. The
1H NMR spectrum showed a D2O exchangeable signal
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Scheme 1. Mechanism of the formation of 2.
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Scheme 2. Mechanism of the formation of 3.
at d 2.2 (2H, s), a resonance at d 3.8 (6H, s) for the
OCH3 protons and signals at d 6.8–7.9 (14H, m) for
the aromatic protons. The mass spectrum showed a
molecular ion peak at m/z 398.4531. The rearrangement
of diol 4 was studied under different conditions using t-
BuOK in dry THF, t-BuOK in dry t-BuOH and NaH
in dry THF. The products with yields are given in Table
1. The diol 4 on treatment with 10 equiv of the base gave
compound 5 as a white solid. The IR spectrum showed a
broad peak at 3436 cm�1 for the OH and the absence of
carbonyl stretching. The 1H NMR showed a D2O
exchangeable signal at d 1.61 (2H, br s) for both OH
groups. The 1H coupled 13C NMR spectrum showed a
doublet at d 73.0 for the C–OH carbon and two quartets
at d 55.32 and d 55.29 for the OCH3 carbons. The mass
spectrum showed a molecular ion peak at m/z
398.4539. The structures of compounds 4 and 5 were
assigned10 based on the spectral data and elemental
analysis. The mechanism of formation of compound 5
is as in Scheme 1.

9,10-Diphenylphenanthrene-9,10-diol 611 was prepared
by the addition of 4 equiv of phenylmagnesium bromide
to 9,10-phenanthraquinone in dry THF. The rearrange-
O O
- +K HO O 3H2O Air
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ment of diol 6 was studied as before giving compound 7
as a white solid.12 The IR spectrum showed a broad
peak at 3390 cm�1 for the OH and absence of carbonyl
stretching. The 1H NMR showed a D2O exchangeable
signal at d 6.0 (2H, s) for the OH and at d 7.25 (2H, s)
for the methine protons. The 1H coupled 13C NMR
spectrum showed a doublet at d 115.4 for both C–OH
carbons. The mass spectrum showed a molecular ion
peak at m/z 364.49.

We observed formation of a transannular product in
addition to the usual oxy-Cope product, only in the case
of 1,2-diphenylacenaphthene-1,2-diol 2. The polycyclic
compounds 2, 5 and 7 were isolated as diastereomers.
The best yields of the products were obtained with t-
BuOK as the base and t-BuOH as solvent (method B).
We presume that the higher polarity of the solvent is
the reason for the greater yield of the products via this
method. Further work is being carried out in our labo-
ratory on these lines.

In conclusion our work reports an easy route to the syn-
thesis of functionalized polycyclic compounds from sim-
ple starting materials via a novel diaromatic dianionic
oxy-Cope rearrangement.
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