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Novel and convenient synthesis of 4(1H)quinolones
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Abstract—A rapid two-step synthesis of 4(1H)quinolones is described. The first step involves condensation of o-nitroacetophenone
with N,N-dimethylformamide dimethylacetal yielding highly crystalline enamines. In the second step a reductive cyclization is
achieved under catalytic transfer hydrogenation (CTH) conditions. In all cases, the total time of this process was less than 3 h.
� 2004 Published by Elsevier Ltd.
The 4(1H)quinolone structure1 plays an extremely
important role in the field of pharmaceutical chemistry.
These compounds have been used as precursors for anti-
cancer agents,2 anti-malarial agents3 and reversible (H+/
K+) ATPase inhibitors (Fig. 1).4 Traditionally 4-substi-
tuted quinolones have been synthesized at high temper-
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Figure 1. Pharmaceutically interesting molecules prepared from 4-substitute
atures.5 Huang and Liu have even adopted this kind of
thermal cyclization reaction on solid phase.6 More
recently, Nishida et al. prepared 6-methoxy-4(1H)quino-
lone using an elegant ene–enol ether metathesis.3 Atkins
et al. have summarized other interesting synthetic routes
to these compounds.7 In fact, Atkins reported in this
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Scheme 1. Reagents and conditions: (i) DMF–DMA, DMF, 100 �C,
90 min; (ii) 10% Pd–C, cyclohexene, EtOH, reflux, 60 min.
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paper a modified Leimgruber–Batcho8 procedure to
form the desired 3-substituted-4(1H)quinolone. How-
ever, there was only one example of this method. Herein,
we present our synthetic studies towards 4-substituted
quinolones without substituents on the 2- or 3-position
utilizing this efficient two-step procedure.

The enamines 2 were synthesized by heating the o-nitro-
acetophenones 1 with dimethylformamide dimethylac-
Table 1. Starting materials, products, yields and reaction times
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a Commercially available.
b Synthesized from 4-hydroxy-3-methoxyacetophenone.
c A mixture of 3-methoxy-2-nitroacetophenone and 3-methoxy-4-nitroacetop
etal in DMF at 100 �C (Scheme 1). In all cases the
reactions went to completion in 90 min or less according
to TLC. The solvent was evaporated in vacuo and the
crude enamines were crystallized from ethanol yielding
the enamines as mixtures of E- and Z-isomers. The
enamines were cyclized to quinolones 3 under catalytic
transfer hydrogenation conditions (CTH) using cyclo-
hexene as hydrogen source and 10% Pd–C as catalyst.9

The catalyst:substrate ratio was 1:5 by weight (4–
7 mol% of Pd). Even lower ratios accomplished the
cyclization but when a catalyst:substrate ratio of 1:1
was used, an unwanted side reaction occurred.10 In all
cases, the violent evolution of hydrogen was observed
when reaction temperatures reached 80 �C and the reac-
tion was complete in 60 min (or less) according to TLC.

The results are summarized in Table 1. With pure iso-
mers as starting materials (1a, 1b, 1c, 1e), the reactions
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henone was used as starting material.11
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proceeded smoothly affording the desired enamines and
4(1H)quinolones in high yields. In the case of 1c it is
noteworthy that the hydrogenation of the benzyl group
and the reductive cyclization took place in one pot to
give directly 3c. To demonstrate the efficiency and
advantages of this process we tested this transformation
with a mixture of acetophenones 1d as starting materi-
als.11 The mixture of enamines 2d was formed in the
same ratio as the starting materials. To our delight the
reductive cyclization went as expected. The 6-methoxy-
4(1H)quinolone was formed and no side reaction caused
by the reduction product of the �wrong� isomer was
observed.

We also tested if it would be possible to deoxygenate 2e
under these conditions to afford 3d. Traces of 3d were
detected on TLC but we were able to isolate only 3c.

In summary, we have demonstrated that this Leimgruber–
Batcho analog is an extremely effective method for the
preparation of 4(1H)quinolones. Further modifications
of these synthesized molecules with asymmetric com-
pounds are now under investigation in our laboratories
and the results will be presented in due course.
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