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Abstract

A convenient two step conversion of heterocyclic enaminolactones to heterocyclic fused 2-pyran-1-ones is reported. The use of this
method can be applied to a wide variety of aromatic and heteroaromatic amines to give potentially biologically active compounds in

good yields.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Heterocycles possessing an aromatic or a heterocyclic
fused 2-pyran-1-one system 1 represent interesting classes
of natural or synthetic compounds displaying a wide range
of biological properties. For example, mellein 2, an 8-
hydroxydihydroisocoumarin extracted from Aspergillus
ochraceus W. exhibited toxic and cytotoxic effects on rats'
and dihydroisocoumarin glucosides 3 extracted from the

sugar._
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fungus Cephalosporium sp. AL031 exhibited antibacterial
and fungicidal properties.” In the field of discovery new
classes of analogs of natural compounds, the synthetic
aza-analogs pyrano[3,4-b]pyridine-8-one class of com-
pound 4 represent an interesting target but has been poorly
studied (Fig. 1).

Syntheses of the 3,4-dihydro-1H-2-benzopyran-1-one
framework have been extensively studied and is often
performed by means of coupling homophthalic acid
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derivatives with acyl chlorides.” However, this methodol-
ogy is difficult to apply to pyridines and related hetero-
cycles since such diacids are not easy to obtain from
heterocycles.

As a part of our program concerning the design of ana-
logs of natural compounds as new classes of antimalarial
compounds, we were previously interested in the chemistry
of diaza-analogs of phenanthrene.* In this context, deriva-
tives of the 1,10-phenanthroline skeleton exhibited the best
antiplasmodial activities in vitro against the Nigerian
chloroquino-sensitive strain and the chloroquino-resistant
FcBi-Colombia and FcM?29 strains. To get more informa-
tion on structure—activity relationships of such compounds,
we now wish to associate this framework with a fused
pyran-1-one ring. For this purpose, we needed an efficient
route to access functionalized pyrano-fused heterocycles.
In this context, we report here a simple and efficient two
step-methodology for the preparation of dihydro-
pyrano[3,4-b]pyridin-8-one (7) core from enaminolactones
5 (Fig. 2).

2. Results

The key step of the synthesis resides in the oxidation of
the methyl group of 6* to give a carboxylic acid which can
be further implicated in a nucleophilic substitution with the
chlorine atom of the chloroethyl chain. Such oxidation of
an alkyl group attached to a pyrido system was a

Fig. 2.
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frequently used method for the preparation of the corre-
sponding carboxylic acid. KMnO, in water’ or SeO, in
pyridine®® were two classical methods used. In the case
of phenanthroline 6a, oxidation was firstly carried out by
direct reaction of compound 6a with SeO, in pyridine
(Scheme 1). Under these conditions, the acid derivative 8
was not obtained, but lactone 7a was isolated in 75% yield.
Such lactone formation was previously observed in a single
case by Coffen and McEntee® but no further applications
were found. Structure of the lactone ring was established
by 'H, '*C NMR and mass spectroscopy.’

This lactonization reaction can be simply explained by
the formation of the carboxylate salt in the presence of pyr-
idine, followed by intramolecular cyclization (Scheme 2).
To support this hypothesis, the reaction was investigated
with KMnOy, in acidic media to circumvent the formation
of the carboxylate salt, but under these conditions, the reac-
tion led only to a complex degradation mixture. Finally,
SeO, oxydation was conducted in dioxane, and under these
conditions, only the corresponding aldehyde was found® as
classically described for 1,10-phenanthroline ring.’

To explore the potential applications of this method, we
set out to generalize the protocol. A wide variety of com-
mercially aromatic compounds (except for 1-naphthyl-
amine achieved using I-nitronaphthalene'®) containing
amino groups were chosen as starting materials. The reac-
tions and results are summarized in Table 1. Treatment
of the different aminoaromatics 9a-h by a 1.2 equiv of
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Scheme 2. Mechanism of the lactonization process.
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Table 1
Access to 5,6 dihydropyrano[3,4-b]pyridin-8-one compounds 7a-h
- o)
Ar j/NHZ ; Ar )/N ‘CH3 i Ar ‘N\ CH3 i Ar ‘N\ o
- — > Or or
or or
Het Het 5(/40 Het o Cl  Het o
9 5 0 6 Cl 7 Cl
Entry Starting material Yield (%)
Enaminone Pyridine Lactone
AN
1 N~ 5a%4(64) 6a%(55) 7a(75)
9a NH,
NH,
2 ©/ 5b'3(65) 6b'4(55) Th(75)
9b
NH,
3 Q/ 5¢(65) 6c'%(55) 7¢(76)
H,CO
9c
~NH,
4 | _ 5d(95) 6d(69) 7d(51)
N
9d
H,N NH,
5 /©/ 5¢(98) 6e(42) 7e(54)
0
9e
6 5f(40) 61'°(62) 7£(55)
% NH,
HoN A~
7 \L/D 5g"(72) 6g*(75) 78(60)
N
9g
NH,
8 | ™~ 5h*(81) 6h*(63) 7h(80)
N~
9h

Reagents and conditions: (i) 2-acetylbutyrolactone, toluene, APTS, A; (ii) POCls, A; (iii) dry pyridine, 3 equiv SeO,, A.

2-acetylbutyrolactone in refluxing toluene with a catalytic
amount of p-toluenesulfonic acid gave the corresponding
enaminolactones 5a-h in good yield.!! By treatment with
freshly distilled phosphorus oxychloride,'” these synthetic
intermediates underwent cyclizations and subsequent ring
and side chlorination to give compounds (6a-h). In the
case of 3-aminopyridine (entry 4) and 3-aminoquinoline
(entry 7), the cyclizations were regioselective on the C-4
positions leading exclusively to 6d and 6g, respectively,
while in the case of entry 5, a double condensation

occurred leading to the dimeric cyclic compound 6e.
Compounds 6a-h reacted with selenium dioxide and dry
pyridine under reflux conditions to afford cyclized
compounds 7a-h. Yields of lactonization are moderate to
good (51-80%).

In the particular case of aza cyclization with 2-amino-
pyridine we obtained pyridopyrimidinone compound 10"’
(Scheme 3). Next, oxidation of the methyl group was per-
formed using conditions designed before. The cyclized
product 11 was isolated in moderate yield (44%).
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Scheme 3. Lactonization with 2 aminopyridine. Reagent and condition:
SeO,, pyridine, A.

In conclusion, we have described a simple and efficient
route to polyfused 5,6-dihydropyrano[3,4-b]pyridin-8-one
in two steps from enaminone compounds. The wide variety
of starting aromatic and heterocyclic amines used in this
study indicates that this methodology can be useful in a
large range of synthetic applications.
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