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Novel synthesis of a unique helical quinone derivative by
coupling reaction of 2-hydroxybenzo[c]phenanthrene
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Abstract—Oxidative coupling reaction of both 3-hydroxychrysene and 2-hydroxybenzo[c]phenanthrene by using Cu(NO3)2–3H2O
under atmospheric air is described. The former gave the aimed coupled biaryl derivative. However, the latter gave a further oxidized
helical quinone derivative. The unique helical structure was characterized by X-ray and NMR analysis.
� 2005 Elsevier Ltd. All rights reserved.
Oxidative coupling reaction of phenolic compounds has
been utilized for the synthesis of chiral ligands for asym-
metric synthesis.1 To improve asymmetric and chemical
yields, novel chiral ligands such as modified BINOL
derivatives have been intensively investigated.2

Recently, we have reported a novel synthetic method for
9-acetoxydibenzo[c,g]phenanthrene based on an oxy-
Cope rearrangement as a key reaction, which would be
accessible for a wide range of functionalized polycyclic
aromatic hydrocarbons.3 Thus, as an extension of these
results, we were keen to explore the preparation of poly-
condensed biaryl derivatives for their application to syn-
thesis of axially chiral ligands. According to this
strategy, we conducted oxidative coupling of 3-hydroxy-
chrysene 14 and 2-hydroxybenzo[c]phenanthrene 25,
respectively. The former gave the aimed coupled biaryl
derivative 3. However, the latter gave a further oxidized
quinone derivative 4. The formation of quinone deriva-
tives has long been pointed out as the undesired by-
product of the oxidative coupling reaction of phenols.6

However, the discriminating structure of 4 is of impor-
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tance in considering its applications.7 In this communi-
cation, we report the synthesis and characterization of
the helical quinone derivative 4 obtained from 2.

The starting 1 and 2 were synthesized by oxy-Cope rear-
rangement as a key reaction, according to a previously
published procedure and a modified procedure.3

Oxidative coupling of 1 was conducted by using
2.5 equiv of Cu(NO3)2–3H2O in the presence of 6.0 equiv
of (S)-1-phenyl-2-(p-tolyl)ethylamine ((S)-PTEA) under
atmospheric air,8 which gave bis-3-hydroxychrysene
derivative 3 in 84% yield (<1%ee). On the other hand,
oxidative coupling of 2 under the same conditions gave
quinone derivative 49 in 60% yield (Scheme 1). Similarly,
when the reaction was conducted with CuCl(OH)–TME-
DA10 in EtOH it gave 4 in 82% yield.

The single crystal of 4 obtained from the ethanol solu-
tion was measured by X-ray crystal analysis. It revealed
that the fully eclipsed helical structure of 4 consists of a
symmetrical bigeminal moiety connected by a Z-config-
ured double bond as shown in Figure 1.11 The bond
length of the Z-oriented double bond is 1.352 Å, which
indicates that the strain is delocalized.

The 1H NMR spectrum supports the structure deter-
mined by X-ray analysis. That is, all of the signals in
the 1H NMR spectrum of 4 in CDCl3 were assigned
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Figure 1. Molecular structure of 4 determined by X-ray diffraction.
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Figure 2. The 1H NMR chemical shift data of 2 and 4 in CDCl3.
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on the basis of chemical shifts, coupling constants, and
1H–1H gCOSY experiments. It is significant that these
signals shift upfield (ca. Dd = 0.24–1.26 ppm) compared
to 2 (Fig. 2).

It is noteworthy that the formation of the possible E iso-
mers, (P*,M*)-(E)-4 and (P*,P*)-(E)-4 was not de-
tected. The mechanism of this stereoselection is not
clear at this stage and further studies in this direction
are being carried out (Scheme 2).

In summary, we have synthesized a novel quinone deriv-
ative 4 by oxidative coupling of 2-hydroxybenzo[c]phen-
anthrene 2. From the X-ray crystal analysis, it is evident
that 4 shows helical configuration. The 3-hydroxychry-
sene 1 gave the aimed coupled biaryl product 3 in the
usual manner. However, 2-hydroxybenzo[c]phenan-
threne 2 gave the helical quinone derivative 4, which
consisted of two helical molecules connected by a double
bond (Scheme 1). A helical compound has its own value
for considering its applications. Therefore, our strategy
offers a feasible methodology for the construction of no-
vel helical molecules. Further studies on the asymmetric
synthesis of helical quinones are currently in progress.
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