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A New Approach to 5-Hydroxyindoles from 1,4-Cyclohexanedione
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Several kinds of 2-substituted 5-hydroxyindoles were pre-
pared by the procedure starting from the condensation of 1,4-
cyclohexanedione with N-protected o-amino aldehydes in the
presence of lithium chloride. The substitutent on 2-position of
the indole ring system depends on that of the o-amino acid
which was converted to the aldehyde.

The indole ring system is found in a wide range of com-
pounds, from naturally occurring compounds such as various in-
dole alkaloids to important synthetic compounds such as in-
domethacin and other indole-3-acetic acid derivatives. Many of
these chemicals have attracted great chemical and biochemical
interests.' For these reasons, numerous synthetic methods of
indole derivatives have been investigated continuously.”
Especially, the preparation of 5-hydroxyindole derivatives is
one of the most significant syntheses owing to the powerful bio-
logical actions of the target compounds. These derivatives have
been constructed by several pathways such as the Nenitzescu
synthesis,’ the Fisher synthesis,”* and the oxidative cyclization
reaction’ of 2-(1,4-dihydroxyphenyl)ethylamine systems. The
Nenitzescu synthesis gives 5-hydroxyindole-3-carboxylic esters
or 3-acyl-5-hydroxyindoles in one step by employing p-
benzoquinones as key compounds to the indole synthesis. This
procedure, as well as the Fisher synthesis, have been employed
frequently. The oxidative cyclization method of the amines has
been less used because it requires multistage reactions to earn
the amines from starting aromatic compounds. In this
communication, we report a practical synthesis of the 5-hy-
droxyindoles by a procedure starting from 1,4-cyclohex-
anedione and o-amino aldehydes followed by the oxidative

cyclization.
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In connection with our interest to synthesize aromatic
compounds, we have reported a new approach to 2-substituted
1,4-benzenediols (2) by the reaction of 1,4-cyclohexanedione
(1) with a variety of aldehydes (Scheme 1).° This synthetic
method was found to be applicable to the preparation of the 2-
(1,4-dihydroxyphenyl)ethylamine derivatives (4) by using a-(z-
butoxycarbonylamino)aldehydes (3) instead of the simple
aldehydes (Scheme 2). The compounds 3 were derived from o-
amino acids according to the procedure of the literature.” The
condensation of 1 with 3 in the presence of lithium chloride in
refluxing pyridine gave N-protected 2-(1,4-dihydroxyphenyl)-
ethylamine systems (4) in moderate yields as shown in Table

Table 1. Preparation of 1,4-benzenediols (4) and
5-hydroxyindoles (5)

Run R Yi:ld /% Yif:ld /%
1 (CH3),CH- 67 73
2 PhCH,- 49 65
3 (CH3),CHCH,- 51 72
4 CH;CH,(CH;)CH- 66 52
5 CH;- 37 51
6 Ph- 43 47

1.*  After removal of the protective group of 4 by
trifluoroacetic acid, the resulting amines were stirred with
aqueous 28% NH, under the atmosphere at room temperature to
give 2-substituted 5-hydroxyindoles (5). The yields of
compound 5 from 4 are shown in Table 1. The variation of the
alkyl or aryl groups on 2-position of the indoles depends on the
structure of the o-amino acids employed for the aldehyde
synthesis.
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In conclusion, 2-substituted 5-hydroxyindoles were prepared
by the procedure starting from 1,4-cyclohexanedione and
aldehydes derived from o-amino acids. The 1,4-cyclohexane-
dione is a key compound to the novel 5-hydroxyindole
synthesis as well as the p-benzoquinones in the Nenitzescu
indole synthesis.
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extracted with EtOAc. The organic extract was washed
with water, aqueous NaHCO,, water, and brine, and then
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residue was purified by column chromatography to give
1,4-benzenediol derivatives (4).
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EtOAc, and the organic extract was washed with brine,
dried, and evaporated in vacuo. The residue was purified
by column chromatography on silica gel with n-
hexane/EtOAc (7 : 3) to afford the 5-hydroxyindole
derivatives (5). Inspection of '"H-.NMR spectra of these
indole derivatives indicated the presence of C-3 protons
along with other aromatic protons. The former were found
in the range of $ 6.1t0 8 6.7.



