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Abstract: Extremely simple syntheses of americanol A (1) and isoamericanol A (2)
having intriguing neurotrophic properties have been accomplished by HRP catalyzed
oxidative coupling of caffeic acid. © 1999 Elsevier Science Lid. All rights reserved.

A unique group of the neo-lignans such as americanol A (1), isoamericanol A (2), americanin A (3) and
isoamericanin A (4), which are characterized by having a 1,4-benzodioxane ring in their molecules and have
a diversity of significant biological activities, occurs exclusively in the seeds of Phytolacca americana L."*
Among them, americanol A (1) and isoamericanol A (2) exhibit interesting neurotrophic properties, i.e., the
promotion of neurite sprouting and the enhancement of choline acetyltransferase activity in neuronal cell
culture of the fetal rat cerebral hemishpere.'’ Americanin A (3) and isoamericanin A (4) were already
synthesized by employing the stepwise ether formation for the construction of the benzodioxane ring.' The
biomimetic approach to the formation of the benzodioxane ring was demonstrated in the synthesis of a
flavonolignan, silybin, by silver oxide-mediated® and horseradish peroxidase (HRP) catalyzed oxidative
couplings between dihydroquerecetin and conifenyl alcohol. Few enzymatic dimerization of caffeic acid
regarded as a biosynthetic precursor for the neo-liganans 1 ~ 4, however, has been investigated.” In this paper,
we report the first syntheses of americanol A (1) and isoamericanol A (2) starting from the 1,4-benzodioxane
dicarboxylic acids 5 and 6, obtained directly by the HRP® catalyzed oxidative dimerization of caffeic acid.

Caffeic acid (1.80 g, 10 mmol), was incubated with HRP (1000 units, type II from Sigma, USA) in
phosphate buffer (0.1M, pH 6.0) containing 18% 1,4-dioxane in the presence of H,0, (leq, 30 mL) at 20°C.
After being stirred for 2 hrs, the reaction was quenched with 1M NaHSO, and then adjusted to pH 7.0 with
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1M NaOH. This solution was acidified to pH 3.0 with IM KHSO, and extracted with ethyl acetate. Purification
of the residue by HPLC® furnished the desired coupling products 5 (180 mg, 10%) and 6 (144 mg, 8%), and
previously known 1-(3,4-dihydroxyphenyl)-6,7-dihydroxy-1,2-dihydro-2,3-naphthalenedicarboxylic acid (270
mg, 15%) along with 30% of recovered caffeic acid. The structures of 5 and 6'° were established by 2 D
NMR data. The subsequent methylation of § and 6 with TMSCHN, yielded the corresponding methyl diesters
5a and 6a, the conjugated esters of which could be reduced with DIBAL-H, giving rise to the esters 5b and
6b. They were, therefore, subjected again to LiAlH, reduction to afford 1 and 2 in 30 % and 40 % overall
yields, respectively. The spectral data of 1 and 2 were superimposed with those of natural americanol A and
isoamericanol A.

In summary, the efficient biomimetic syntheses of americanol A and isoamericanol A have been achieved
by HRP catalyzed oxidative phenol coupling of caffeic acid. We have shown that HRP has a preference for
the C-O coupling leading to the 1,4-benzodioxane ring formation, which are not readily accessible from
caffeic acid by usual oxidative coupling methods."
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