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Abstract—A one-pot synthesis of substituted oxazino-2-quinolones is described. The cornerstone of this methodology involves PTC
catalyzed addition of an ethylene dihalide to a quinol to generate the corresponding O-alkylated intermediate in situ followed by
ring closing and subsequent formation of a carbonyl group in the oxazinoquinolone in a one-pot sequence.
� 2004 Elsevier Ltd. All rights reserved.
Quinolone antibiotics have gained wide acceptance for
the treatment of various bacterial infections.1 Their
mode of action is believed to involve inhibition of bacte-
rial DNA gyrase, an enzyme essential for DNA replica-
tion.2–6 Recent trends in drug research includes interest
in preparing and testing analogues or enantiomers of
drugs that are known to exert their pharmacological
action via specific receptors or enzymes.7 Since the
discovery of nybomycin,8,9 a number of quinolone
antibacterials has been developed. The core moieties of
these analogues, in general, are either 2-quinolones or
4-quinolones, and few fused tricyclic analogues have
been found to possess useful antibacterial activity. Some
of the more prominent exceptions are nybomycin10–12

(1), methyl flumequine13 (2), and ofloxacin14–16 (3).
Among these, nybomycin (1) and ofloxacin (3) contain
fused 1,4-oxazolo- and 1,4-oxazino-ring systems, respec-
tively. The most striking structural feature in these het-
erocycles is the saturated linkage between a nitrogen and
an oxygen, which is uncommon in the literature. The
published route adopted for the preparation of these
molecules is rather lengthy.11,17 Industry requires the
development of methodologies exhibiting high yields,
low cost, operational simplicity, mild reaction condi-
tions, and environmental care18 and it has been recog-
nized that PTC reactions can be a potential and
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efficient methodology to achieve these characteris-
tics.19–21

In continuation of our search for newer molecules for
DNA topoisomerase I and II activity,22,23 we came
across a novel finding that may be exploited for the
preparation of 2-quinolone analogues of greater potency
and with fewer side effects. In the present communica-
tion, we disclose methodology for a one-pot synthesis
of 1,4-oxazino-2-quinolones from 8-hydroxyquinoline
4 and its 5-chloro- 5, 5,7-dibromo- 6, and 2-methyl- 7
analogues, as model substrates and 1,2-dichloroethane
as solvent cum reactant (Schemes 1 and 2) The reactions
were carried out using catalytic amounts of a commer-
cially available quaternary ammonium halide as PTC
in the presence of an inorganic base. A literature survey
revealed few reports on the synthesis of fused tricyclic
2-quinolones. Most of the methodologies involve
multi-step sequences and rely on the O-alkylation of
8-hydroxy-2-quinolone forming an intermediate, which
on subsequent intramolecular nucleophilic substitution
affords the fused quinolone.11 In our approach, we
reacted 8-hydroxyquinoline 4 with 1,2-dichloroethane
in 10% sodium hydroxide in the presence of tetrabutyl-
ammonium bromide. The product 824 was obtained in
fairly good yield (42%) as a single isomer and was de-
duced to have the molecular formula C11H9NO2 by ele-
mental and mass spectral analysis. The IR spectrum
exhibited a strong absorption band at 1666cm�1

suggesting an amide carbonyl group in the molecule.
The 1H NMR spectrum of 8 displayed signals
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corresponding to two methylenes, as two distinct triplet
like signals at d 4.28 and 4.38. The presence of two sp3

methylene signals at d 40.5 and 64.1 and a quaternary
carbonyl signal at d 160.5 in the 13C NMR spectrum
of 8 suggested the linking of one methylene with nitro-
gen and the other with oxygen. A careful comparison
of the observed chemical shifts with those of closely re-
lated compounds12 suggested the formation of a bridged
quinolone, that is, a novel oxazino-2-quinolone.

A plausible mechanism for the formation of the novel
oxazinoquinolone is shown in Scheme 1. We presume
that the formation of 8 involves the condensation of 8-
hydroxyquinoline 4 with 1,2-dichloroethane to produce
the intermediate 11, which on aerial oxidation may lead
to 8. It is worthy of mention that no reaction was
observed in the absence of a PTC, and the addition of
a catalytic amount of PTC produced a dramatic trans-
formation in this reaction system.

To establish the generality of this reaction, substituted
8-quinolinols were studied as substrates. Thus, carrying
out the reaction with 5 and 6, following the same reac-
tion parameters as that of 4, afforded substituted oxa-
zino-2-quinolones 925 and 1026 in �32% and 35%
yields, respectively27 (Scheme 1). However, when the
reaction was attempted with 2-methyl-8-hydroxyquino-
line 7 following the same reaction parameters as with
4, 5, and 6, the product formed (yield, 50%) displayed
no aromatic methyl signal in its 1H and 13C NMR spec-
trum; rather it displayed signals of two methylenes and
an amide carbonyl carbon. To our surprise, all the char-
acteristic signals in its IR, 1H and 13C NMR, and mass
spectrum were found to be identical with those of 8,
formed from 4 (spectral comparison). It may be men-
tioned that Arrault et al.28 carried out a similar reaction
of 2-methyl-8-hydroxyquinoline with 2,3-dibromopro-
panoate in acetone under reflux conditions in the pres-
ence of potassium carbonate and obtained a mixture
of two uncyclized products.

The mechanism of formation of 8 from 7 most likely in-
volves the participation of aerial oxygen, but a photo-
chemical route appeared unlikely. Indeed the reaction



Figure 1. ORTEP-representation of 8-chloro-2H,3H,5H-1,4-oxazino-

[6,5,4-i,j]quinolin-5-one 9; the displacement ellipsoids are drawn at a

probability of 50%.
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was found to proceed equally well in the dark, though
the product was not formed when the reaction was car-
ried out under argon. A literature survey revealed that
the reaction of steroidal dienamines with oxygen has
been studied mechanistically and a free radical chain
process was suggested to occur.29 The reaction was
found to be catalyzed by metal ions like Cu2+ and
Fe3+, which are able to accept an electron from the
enamine system. We therefore carried out the reaction
in the presence of a catalytic amount of CuCl2. This re-
sulted in a much higher yield (85%) of the product with a
shorter reaction time (4h) also. We therefore propose
that the present reaction also proceeds through a radical
chain process as shown in Scheme 2.30

Although, the spectral data were of help in establishing
the structures of the products, considering the unusual
course of the reaction a single crystal X-ray crystallo-
graphic analysis of 9 was performed for the unambigu-
ous determination of its structure.31 An ORTEP
representation32 of the molecule is given in Figure 1. It
may be mentioned that the ethylene bridge in these tri-
cyclic oxazino-2-quinolones remains unaffected on
refluxing with 47% hydriodic acid for �2h as in the case
of nybomycin11 1. To the best of our knowledge this is
the first report of a synthesis of tricyclic oxazino-2-
quinolone analogues in a one-pot sequence.33

In conclusion, we have described a one-pot synthesis34

of tricyclic oxazino-2-quinolones under phase-transfer
catalyzed conditions from readily available starting
materials. The preparative simplicity of this method,
we feel, will find general applicability in the synthesis
of other fused tricyclic antibiotics.
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