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Abstract: Oxidative coupling reactions of the stereochemically defined S-
tetrahydroxybinaphthalene derivative gave a separable mixture of two diastereomers of the
quaternaphthalenes of S, S, S and S, R, § configurations, whose stereostructures were
confirmed by an alternative chemical transformation through the ternaphthalenes as well as
the X-ray structure analysis. The CD spectra of the corresponding diastereomers were
indicative of the stereochemistry across the axis. Copyright © 1996 Elsevier Science Ltd

Polyaryls linking at the 1,4-positions (para-polyaryls) are attractive molecules possessing a rigid,
long and rod-like structures, from which unusual physical properties! might be expected, besides their
usage as spacer units.2 More interesting is that a high rotational barrier along the main axis causes the
occurrence of dissymmetry of the molecules, hence the stereochemically controlled construction of
polyaryls, such as polynaphthyls, permits a unique molecular architecture of special functions including
helicity. Although some preparation methods of polyaryls are available,3 there has been a relatively small
number of reports describing optically active and ordered para-polyaryls.4 In this context, the preparation
and characterization of conformationally and/or configurationally defined ter- and quaternaphthyl
derivatives are of great value for the construction of the higher oligomers. We report here the preparation
and absolute stereochemistry of the titled derivatives using a dimer unit of definite configuration.

(§)-2,2',3,3-Tetrahydroxy-1,1'-binaphthalene derivative 4, a useful candidate for the construction
of conformationally locked polynaphthalenes, was prepared by the oxidative coupling? of the monobenzyl
ether of 2,3-dihydroxynaphthalene 1 followed by transformations with the aid of the enzyme Lipase PO as
shown in Scheme 1.7 Purification by repeated recrystallization led to an enantiomerically pure sample8 of
(§)-4 whose stereostructure was deduced from a comparison of CD spectra of related compounds (Figure
1), and determined chemically by the transformation to the known (§5)-2,2'-dimethoxy-1,1-
binaphthalene.9

Oxidative coupling of (§)-4 in the presence of the racemic phenylethylamine and copper chloride
gave the S, S, S-isomer and the S,R, S-isomer of quaternaphthyl derivatives 6 in 34 and 29% yield,
respectively, after chromatographic separation. These compounds were independently converted to the
corresponding octamethoxyquaternaphthalenes 8 (Scheme 1).
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Scheme 2. i)1/phenylethylamine / CuCl, /CH,Cl, /MeOH, r. t. 18 h ii) K,CO, / MeOH
iit) 10% Pd/C-H; iv) Mel/ K;COj3 / acetone v) SiO; column chromatography



Hexahydroxyter- and octahydroxyquaternaphthalenes
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Figure 1.CD spectra of (§)-4 (a) and (S, S)-10 (b).

For the purpose of determination of the stereostructure of the products 6-8, an alternative synthesis
of quaternaphthalene derivatives was carried out through prior construction of ternaphthalene derivatives
(Scheme 2).7 The dimer possessing a stereochemically defined structure, (5)-4, again served as a
building unit for the establishment of the configuration of quaternaphthalene derivatives. Thus, the
coupling of (§)-4 with 1 afforded a easily separable mixture of nearly equal amounts of two
ternaphthalenes 9 in 49% combined yield, together with bi- and quat-naphthalenes. The CD spectra of the
derived hexamethoxy compounds 10 indicated that one of the isomers possesses an §, S-configuration,
whereas that of the other isomer lacks a clear Cotton effect due to the meso structural element of an §, R-
configuration (Figure 1). The following transformation proved that CD data were consistent with the
proposed structure. Further coupling reaction of the compound derived from (S, §)-9 with 1 resulted in
formation of a mixture of two diastereomers of quaternaphthalenes 11. The mixture was separated and
then one of the diastereomers was transformed into the octamethoxyquaternaphthalene 8, which was
completely identical with the sample prepared previously in Scheme 1 in terms of the retention time in
HPLC analysis on the chiral stationary phase,8 and CD, 1H- and I3C-NMR, IR spectra. These
experiments unambiguously established the absolute configuration of each of the two quaternaphthalene
derivatives 8 obtained by the coupling of (§)-4 as §,§,S and S,R, S.

Figure 2. Crystal structure of (S, S, 5)-7; side view (left) and top view (right).

A single X-ray crystallographic analysislo was carried out with the (S, S, S)-compound 7, and it
was found that 7 cocrystallized with a molecule of EtOAc and each dihedral angle between naphthalene n-
systems is 74.7°, 79.7° and 113.0° in solid state (Figure 2). It is interesting that the repeat of the same
configuration around the axis of the polyhydroxypolynaphthalene enforces the molecule helical like
(5.5, 5)-8; on the other hand, alternate R and § configuration might result in formation of a unique
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molecule, where the hydrophilic moiety locates in one site and the hydrophobic in the other site. In this
study, configurationally unequivocal (§,5)- and (S,R)-2,2',2",3,3',3"-tetrahydroxy-1,1":4',1"
ternaphthalene, and (S,5,5)- and (S,R,S$)-2,2',2",2",3,3',3",3""-octahydroxy-1,1"4',1":4",1 "
quaternaphthalene derivatives were first synthesized and characterized. Further investigation of the
preparation of higher oligomers of controlled length and configurations as well as their specific functions
is in progress.
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