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Abstract

2-Acetyl-1,4-naphthoquinone was treated with pyrrolidine (or morpholine) enamines, derived from cyclic and
acyclic ketones, in DMF at room temperature for 24–72 h to afford 3,4-disubstituted 1-pyrrolidino(or morpholino)-
9,10-anthraquinones. On the other hand, when the treatment of 2-acetyl-1,4-naphthoquinone with enamines for
2 min was followed by addition of water and heating at 100°C for 2 h, the corresponding 1-hydroxy-9,10-
naphthoquinone derivatives were obtained. © 2000 Elsevier Science Ltd. All rights reserved.
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We previously demonstrated that enamines underwent conjugate addition to 2-hydroxy- or 2-
(1-hydroxyalkyl)-1,4-naphthoquinones, followed by intramolecular cyclization, to give naphtho[2,3-
b]furan-4,9-diones1 or 1H-naphtho[2,3-c]pyran-5,10-diones.2 Herein, we wish to report that reactions
of 2-acetyl-1,4-naphthoquinone (1)3,4 with enamines2 gave 1-amino-9,10-anthraquinone derivatives
3, along with small quantities of the corresponding 1-hydroxy-9,10-anthraquinones4 in some cases.
1-Amino-9,10-anthraquinone derivatives have been of interest due to their use as dyes and pigment
intermediates5 and as precursors in the synthesis of other useful organic materials.6 Some preparations
of this class of molecules have been achieved by the halogenation of 9,10-anthraquinone followed
by substitution with amines5c,7 or a related reaction sequence.8 The nitration of 9,10-anthraquinone,
followed by reduction, has also been reported to give 1-amino-9,10-anthraquinones.9 However, each
of these methods suffered from low regioselectivity in the first step. In this letter, we also describe
that a brief reaction of1 with enamines and subsequent hydrolytic treatment led to almost exclusive
formation of4. Not only the high efficiency of this class of compounds in organic synthesis10 but also the
discovery that a number of natural products having the 1-hydroxy-9,10-anthraquinone skeleton exhibit
useful pharmacological properties11 has aroused interest in their synthesis.12
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The preparation of 1-amino-9,10-anthraquinone derivatives3 is outlined in Scheme 1, and the yields
and reaction conditions are summarized in Table 1. We first conducted the reaction of 2-acetyl-1,4-
naphthoquinone (1)3 with 1-pyrrolidinocyclohexene (2a) in toluene under argon. This solvent was used
for the preparation of naphtho[2,3-b]furan-4,9-diones1 and 1H-naphtho[2,3-c]pyran-5,10-diones.2 The
reaction proceeded to an appreciable extent at reflux temperature. After usual aqueous workup and
subsequent purification by preparative TLC on silica gel, the 1-pyrrolidino-9,10-anthraquinone3a was
isolated in low yield from the rather complicated mixture of products (entry 1). The sequence was found
to proceed smoothly in DMF at room temperature to afford3a in good yield, along with a small quantity
of the corresponding 1-hydroxy derivative4a (entry 2). Similar results were obtained by using other
pyrrolidine enamines2c, d, andf (entries 4, 5, and 8). Morpholine enamines (2b, e, andg) were also
allowed to react with1 under the same conditions. Whereas these reactions proceeded more slowly than
those using the pyrrolidine enamines, 1-morpholino-9,10-anthraquinones (3b, e, andg) were obtained in
fair yields along with only trace amounts of the corresponding 1-hydroxy-9,10-anthraquinones (entries
3, 6, and 9). As shown in entry 7, higher reaction temperature led to a considerable reduction in reaction
time. However, the yield of the 1-morpholino-9,10-anthraquinone3e decreased, and 1-hydroxy-9,10-
anthraquinone4d was obtained as the major product.

Scheme 1. Reactions of 2-acetyl-1,4-naphthoquinone (1) with enamines2

Table 1
Preparation of 1-amino-9,10-anthraquinone derivatives3 according to Scheme 1

The progress of the reactions could easily be monitored by TLC analysis. In each case, just after
the addition of an enamine to a solution of1 in DMF, most of the starting material disappeared, and
a large yellow spot appeared. After 5 to 10 min, a small red (for pyrrolidine enamines) or orange (for
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morpholine enamines) spot (attributable to the aminoanthraquinone3) appeared. The red or orange spot
gradually became larger along with a reduction of the yellow one. When pyrrolidine enamines were
used, a lemon-yellow spot (attributable to the hydroxyanthraquinone4) appeared within 20 min after the
beginning of each of the reactions. We attempted to isolate the initially formed intermediate. Thus, the
reaction of1 with 2e was quenched immediately after mixing the two starting materials. We obtained
the naphthofuran derivative5e in high yield, as shown in Scheme 2. Thecis-configuration of the 2-ethyl
group relative to the 3-methyl group of this product was established by NOE analysis; irradiation of the
signal at� 1.30 due to the 3-methyl resulted in enhancement (7.2%) of the signal at� 2.03 due to one of
methylenes of the 4-ethyl.

Scheme 2. Isolation of the initial product5efrom the reaction of1awith 2e

The foregoing results indicated that a possible reaction mechanism for the formation of 1-amino- and
1-hydroxy-9,10-anthraquinone derivatives (3 and4) involves the rearrangement of the initially formed fu-
ran intermediate5, as illustrated in Scheme 3. This intermediate was produced by the conjugate addition
of enamines to the acetylquinone1, forming6, followed by furan ring formation, and slowly rearranges
to the tricyclic ketone intermediate8, through the enolate intermediate7. After elimination of the amine
from 8, the resulting intermediate9 gives the aminohydroanthraquinone10 or the hydroxyhydroanthra-
quinone11. These hydroquinones are oxidized during the workup and/or purification procedures to give
the aminoanthraquinone3 and hydroxyanthraquinone4. The lower basicity of morpholine compared to
that of pyrrolidine may explain the observation that the reactions using morpholine enamines at room
temperature gave the 1-morpholinoanthraquinones almost exclusively.

Scheme 3. Probable mechanism for the formation of 1-amino and 1-hydroxy-9,10-anthraquinone derivatives3 and4

Subsequently, we reasoned that the initial adducts5 would be converted into 1-hydroxy-9,10-
anthraquinones4 predominantly by treating with water in basic media. Thus, after confirmation of the
formation of the initial adducts, water was added, and the resulting mixtures were heated at 100°C. As
shown in Scheme 4, the desired products4a, c andd were obtained in good yields, along with only trace
amounts of the corresponding 1-pyrrolidino derivatives.
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Scheme 4. Selective preparation of 1-hydroxy-9,10-anthraquinones4

In conclusion, the present reactions provide convenient preparative methods of 1-amino- and 1-
hydroxy-9,10-anthraquinone derivatives bearing alkyl substituents at the 3- and 4-positions. The methods
compare favorably in terms of regioselectivity and simplicity of operation with the previously reported
methods. We are continuing to investigate the possibility of applying the present sequences to the
synthesis of related polycyclic quinone derivatives.13
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