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The Reaction of 1,2-Naphthoquinones with Some P(lll)
Derivatives—A Versatile Synthetic Approach to
Potentially Useful Naphthoquinones and
Dihydroxynaphthalenes Containing
Phosphorus-Carbon Bond

A. V. Bogdanov, V. F. Mironov, N. R. Khasiyatullina,

D. B. Krivolapov, I. A. Litvinov, and A. I. Konovalov
A.E.Arbuzov Institute of Organic and Physical Chemistry, Russian
Academy of Sciences, Russia

The reactions of 1,2-naphthoquinones with hexaethyltriaminophosphine or tri(n-
butyl)-phosphine followed by bromine or hydrogen bromide treatment has been
shown to lead to the quantitative formation of the new 1,2-naphthoquinones and
1,2-dihydroxynaphthalenes containing phosphorus-carbon bond. Its structure es-
tablished by NMR and single crystal X-ray diffraction.

Keywords 1,2-naphthoquinones; tri(n-butyl)phosphine; hexaethyltriamino-phosphire;
1,2-dihydroxynaphthalenes; 1,2-naphthoquinone; one-electron transfer; betaines; phos-
phonium salts; crystal structure

INTRODUCTION

Ortho-quinones and their derivatives are of great interest due to their
significance in nature. They play an important role in electron trans-
port and possess various kinds of biological activity. They are also used
in the synthesis of the metal complexes, nitrogen-, or oxygen-containing
heterocycles and in enantioselective synthesis.!~®

Trivalent phosphorus compounds are widely used in ortho-quinone
chemistry as a rule for the preparation of the pentacoordinated
phosphorus derivatives—phosphoranes, or tetracoordinated ones—
quasiphosphonium salts having betaine structure with Pt*—OC bond,
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which are used in organic synthesis.”® 1,2-Naphthoquinones is the least
investigated in reactions with P(III) derivatives. It was shown only that
they react with phosphites to form phosphoranes.” At the same time,
a great number of 1,2-naphthoquinones, especially 4-substituted 1,2-
naphthoquinones, exhibit various physiological properties. They can be
used as models of the polycyclic carcinogenic hydrocarbons binding by
aminoacids.®

Recently, we have shown that the reaction of 6-bromo-1,2-
naphthoquinone 1 with hexaethyltriaminophosphine in mild con-
ditions leads to the almost quantitative formation of 6-bromo-
2-hydroxy-4-(hexaethyltriaminophosphonium)naphthol-1-ate 2 which
easily turns into the 4-(hexaethyltriaminophosphoniumbromide)-1,2-
naphthoquinone 3 after bromine treatment!® (Scheme 1).

0
o) 0]
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SCHEME 1

Furthermore, we also have found!! that 3-substituted 1,2-
naphthoquinones 4,5 react with hexaethyltriaminophosphine by the
similar way to give betaines 6,7, the same as betaine 2, with
a high yield. It should be noted that the corresponding 1,2-
dihydroxynaphthylphosphonium salts 8,9, was obtained instead of
quinones after both the bromination of betaines 6,7 and after the hy-
drogen bromide treatment or after an isolation of the reaction products
from moist acetone (Scheme 2).
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Y X Y x or HBr % OO X
4,5 +P(NEty)3 TP(NEt); Br
6,7 8,9
X=Br,Y=H 4,6,8),X=Cl, Y=Br(5,7,9)
SCHEME 2

The possible mechanism of the process is shown in Scheme 3.
The first stage of the reaction probably includes the one-electron
transfer from phosphorus atom to ortho-quinone molecule to form the
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ion-radical pair (I). The structures (II) and (III) with different local-
ization of negative charge and a lone electron in naphthalene moi-
ety can be proposed as the resonance structures of the intermediate.
The localization of a lone electron in the fourth position of naphtha-
lene nucleus probably decreases the energy because of the conjugation
with benzene ring. Then the recombination of electrons takes place in
ion-radical (IIT) to form P-C bond (structure IV). The following pro-
ton transfer with redistribution of an electron density gives the final
reaction products — phosphonium betaines 2, 6, 7. The analogous pro-
cesses of the one-electron transfer were investigated earlier by ESR
on the example of the reaction of the substituted 1,2-benzoquinone
derivatives with triaminophosphines and lead to the formation of A®-
1,3,2-dioxaphospholanes.'>1? The suggested mechanism is in accor-
dance with an intensive color change that takes place during the re-
actions.

We have also found that the similar synthetic result can be obtained
by the one-pot three-component reaction of 1,2-naphthoquinone 10 with
hexaethyltriaminophosphine in the presence of diethylammonium chlo-
ride that leads to the formation of 1,2-dihydroxynaphthylphosphonium
chloride 11 (Scheme 4).
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Further, one of the trialkylphosphines, namely, tributylphosphine
was also used in these reactions.'* An interesting result was obtained
in the reaction of betaine 12, prepared from the quinone 1 and trib-
utylphosphine, with bromine, which leads to the formation of the two
compounds—quinone 13 and diol 14. Probably, the oxidation of the be-
taine 12 with formation of quinone 13 and an evolving of the hydrogen
bromide are likely to proceed in the first stage of the reaction. Ini-
tial betaine is then protonated by the hydrogen bromide to form naph-
thalenediol 14. The formation of compounds 13, 14 with the equal yields
confirms the proposed reaction mechanism (Scheme 5).
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OH OH O
= 0 9@
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12 13 14
SCHEME 5

Thus, the reaction of 1,2-naphthoquinones with hexaethyltri-
aminophosphine followed by a treatment of the phosphonium betaines
with bromine (or hydrogen halogenide) is a versatile approach to the
synthesis of the 1,2-naphthoquinones and 1,2-dihydroxynaphthalenes
containing phosphorus in fourth position.
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