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Abstract: The oxidative dimerization of phenolic and naphtholic compounds catalyzed by horseradish
peroxidase was investigated. Contrary to Sridhar et al. [Tetrahedron Lett., 1997, 38, 5695-5696] exclusively
racemic biaryl compounds were identified. © 1998 Elsevier Science Ltd. All rights reserved.

Atropselective synthesis of biaryls is still a challenging field. As oxidoreductases may play a central role
in the biogenesis of biaryls, we studied the potential of horseradish peroxidase (HRP; EC 1.11.1.7) for
catalyzing oxidative dimerization reactions. HRP has been established as an effective biocatalysator for
oxidoreductions in organic synthesis: a variety of substrates are oxidized by using hydrogen peroxide or
organic hydroperoxides [1]. Recently, we published the results of the HRP-catalyzed reduction of
secondary hydroperoxides in the presence of guaiacol to provide optically active alcohols and
hydroperoxides with enantiomeric excesses (ee) up to 99 % [2]. In our present work, we focused on the
oxidative coupling of phenolic compounds by HRP-catalysis which leads to biaryls.
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Scheme 1: Oxidative dimerization of 2-naphthol 1 by horseradish peroxidase catalysis

To assess the enantioselectivity of the HRP-catalyzed biaryl coupling we selected four model compounds
shown in Table 1. Oxidation of substrates 1-4 led to the corresponding biaryls by symmetric coupling in
ortho position to the hydroxy group as shown in Scheme 1 [3]. The ee-values and signs of optical rotation
of the biaryls 1a and 2a were determined by HPLC on chiral phases. A photodiode array detector, coupled
with a polarimetric ChiraLyser detector, was employed to ascertain the configuration of the enantiomers.
As a representative example, Figure 1 shows the corresponding chromatograms for HRP-synthesized
biaryl 1a. The enantiomeric analysis of products 3a and 4a was performed by CD spectroscopy and
measurement of the optical rotation. The yields of the products and their enantiomeric distributions are
summarized in Table 1. All biaryls were obtained as racemic products.
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Table 1: Oxidative dimerization of naphthols and phenols catalyzed by horseradish peroxidase

Substrate Yield (%) of biaryls 1a-4a % ee
2-Naphthol 1 35 <5%°
6-Hydroxyquinoline 2 60 <5%°
Methyl 3-hydroxy-2-naphthoate 3 20 <5%°
2,3,5-Trimethylphenol 4 10 <5%°

*HPLC on Ceramospher RU-1 (Shiseido, Japan); > HPLC on Chiralcel OD-H (Daicel, USA);
° CD spectroscopy and measurement of optical rotation

Variation of the experimental conditions such as change of pH-value (5-8) and temperature, or use of
organic cosolvents (10-90 % acetonitrile, acetone, dioxane) or chiral solvating agents did not influence the
selectivity of the HRP-catalyzed biaryl coupling. Thus, HRP is an effective but unselective biocatalyst for
the synthesis of biaryls.

Our results are completely inconsistent with those recently reported by Sridhar et al. [4]. Converting
2-naphthol with HRP in the presence of hydrogen peroxide, these authors have described 1,1 -binaphthol
with an ee of 52 % (R), determined solely by measuring the optical rotation of the isolated product. We
were not able to reproduce this result taking advantage of the more sophisticated chiral phase HPLC.
Hence, we exclude an enantiomeric preference of HRP for biaryl coupling. This conclusion is confirmed by
the results of our extended studies of HRP-catalyzed biaryl synthesis [5] and fits well to the recently
published findings of Davin et al. [6]. Based on the characterization of a "dirigent protein", these authors
have suggested "capture" of phenoxy radical intermediates during peroxidase catalysis, inducing

atropselective coupling of biaryls.
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Figure 1: HPLC analysis of (-)-S and (+)-R-1,1’-binaphthol 1a, formed by horseradish peroxidase-catalyzed
oxidative dimerization of substrate 1. (a) polarimetric ChiraLyser detection (b) UV-detection (254nm); column:
Ceramospher RU-1 (Shiseido, Japan), eluent: methanol; flow: 1ml/min; temperature 50°C
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