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Abstract—A versatile and efficient method for preparation of 3-aroyl-4-quinolones is described. The procedure involved a Michael-
type addition of methyl anthranylate with various b-ketonic enol ethers followed by based promoted cyclisation. Different quino-
lones have been obtained. The ring closure is facilitated by heating at reflux in diphenyl ether leading to increase the rate of the
cyclisation.
� 2004 Elsevier Ltd. All rights reserved.
Quinolone derivatives represent an important class of
organic compounds regarding their various biological
and pharmacological activity. Many drugs with antibac-
terial properties1–3 (norfloxacin or ciprofloxacin) have a
3-substituted-4-quinolone ring. The target enzymes of
quinolones are bacterial DNA gyrase and topoisom-
erase IV, which are needed for the replication and trans-
cription of bacterial DNA. Theses compounds have an
excellent oral bioavailability, with good tissue penetra-
tion. They are widely used for infection of urinary tract,
respiratory tract, skin and soft tissue infections. They
did not reveal particular toxicity or side effects and then
their structure constitutes an interesting pattern in build-
ing of enlarged chemical derivatives with various biolog-
ical and pharmacological properties.

In the course of our investigation on quinolone series
we wished to consider an efficient approach leading dif-
ferent 3-aroyl-1,4-dihydroquinolin-4-ones (1a–g). The
3-acyl-1,4-dihydroquinolin-4-ones and the 3-benzoyl
derivatives have been prepared by a modified Gould–
Jacobs reaction4–6 (Scheme 1, procedure a) involving
thermal cyclisation of ethyl b-anilinoacrylate derivatives.

Alternative methods of cyclisation involve intramolecu-
lar aromatic substitution such as in the preparation of
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sitafloxacin7,8 (procedure b) or reductive cyclisation9,10

(procedure c) for the preparation of 3-carboxylic-1,4-
dihydroquinolin-4-ones acid derivatives. The direct
addition of lithiated 1,3-dithianes to 1-methyl-4-quino-
lone (procedure d) also lead to such derivatives.11 Nev-
ertheless the N-1 position of the quinolone ring should
be alkylated and the quinolone ring should be tempo-
rally protected by 1,3-dithianes to avoid the C-2 acyla-
tion. Other methodologies ultimately proved to be
ineffective for our target molecules. For example, proce-
dure a did not allow to prepare rapidly a broad series of
compounds. In the procedures b and c, the conversion
of carboxylic acid function into aryl ketone by classical
methodologies such as Friedel and Craft,12 Vilsmeier–
Haack,13 or methodology using PPA14 failed.

To continue our investigation on the rapid and facile
synthesis of 3-aroyl-4-quinolone derivatives, we engaged
in a new approach (Scheme 2). Recently, Wang et al.15

described the synthesis of 3-aroyl-2-(methylsulfanyl)-
1,4-dihydroquinolin-4-one, using methyl anthranylate
as starting material (Scheme 1, procedure e). The reac-
tion involved a tandem reaction comprising of the
formation of ketene aminals between a-aroylketene
dithioacetals and methyl anthranylate followed by an
intramolecular enaminic cyclisation to furnish quino-
lone. In order to generalise this procedure and to obtain
unsubstituted C-2 quinolone, we therefore envisaged
modifying (Scheme 2) this methodology using various
b-ketonic enol ethers (2a–g) as carbon nucleophilic
agents (Table 1).
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Scheme 2. Reagents and conditions: Procedure f: synthesis of 3-aroyl-4-quinolones 1a–g and their derivatives.

R1 = OH, OEt, Ph
R2 = H, CH3,SMe
R3 = H, Me, 2-fluoro-cycloprop-1-yl
R4 = H, OMe
R5 = R6 = H, F

N

O

Me

F

F NO2

OH

COOEt

COMe

F

F F

O

COOH

NH

F

N

O

R

R

R R

R

COR

O

NH

O

MeO

OMe
O

SMeMeS

1

2

34

5

6

a

b c

Procedure a

Procedure b
Procedure c

Procedure d

Procedure e

e

Scheme 1. Reagents and conditions: Procedure a: Ph2O, reflux, 45min, R1 = Ph, R2 = R3 = R5 = R6 = H, R4 = OMe. Procedure b: K2CO3, DMF,

100�C. R1 = OH, R2 = H, R3 = cyclopropyl, R4 = H, R5 = R6 = F. Procedure c: (i) H2, Pd–C, EtOH, 1bar, (ii) 2N NaOH, reflux, 3h, 10% HCl.

R1 = OH, R2 = Me, R3 = R4 = H, R5 = R6 = F. Procedure d: BuLi, 1,3-dithiane, THF, HMPA, PhCOCl, �80�C, 1h. R1 = Ph, R2 = R4 =

R5 = R6 = H, R3 = Me. Procedure e: methyl anthranilate, C2H5CO2H, reflux, 5days. R1 = Ph, R2 = SMe, R3 = H, R4 = R5 = R6 = H.
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No reaction was observed when (E)-3-ethoxy-1-(4-meth-
oxyphenyl)prop-2-en-1-one16,17 prepared from 1-(4-meth-
oxyphenyl)ethan-1-one (2a) was refluxed (1 ! 6days)
with methyl anthranylate in propionic acid (1 ! 5
equiv). When the reaction was carried out in acetic acid,
DMF or diphenyl ether at room temperature or reflux,
we observed the formation of traces of enamino ester
(3a). The best result was obtained when we used a Lewis
acid such as ZnCl2.

18 In the presence of 2equiv of anhy-
drous zinc chloride in tetrahydrofuran enaminoester
(3a) was obtained in 83% yield. According to this
procedure, the reaction of (E)-b-ketonic ester (2b–g)
and methyl anthranylate was generalised and furnished
corresponding (Z)-enaminoester (3b–g) in 40–84%
yields.19

The cyclisation into 3-aroyl-4-quinolone was next investi-
gated. Thus, we envisaged using strong bases to promote
the intramolecular cyclisation since thermal and acid
conditions failed.15 Different bases were used such as
sodium in MeOH, EtOH or t-BuOH reported to prepare
4-pyridinones,20 NaH in DMF or t-BuOK/t-BuOH/
DMSO.21
After many trials, we found that Na (5equiv) in a mix-
ture of dry MeOH21 and diphenyl ether (1:8) at reflux
(240�C) is the best choice for the conversion of enamino-
esters (3a–g) to quinolone (1a–g).22 Combination of
thermal and basic conditions allowed accelerating the
cyclisation. In a general way, the yields obtained in a
Ph2O/methanol mixture at reflux (240 �C) were found
to be better than in methanol at reflux, except for 1a.
We noted a decomposition of the compound into methyl
anthranilate. When the reaction was made at 120 �C, the
yield was improved at 37%.

4-Quinolones (1a–g) can also exist as the tautomeric
4-quinolinol (1 0a–g) form.23,24 The NMR studies25,26

revealed that only the tautomers 1a–g were present in
DMSO-d6. Alkylation of 1a by 1-bromopentane with
NaH lead also to the N-alkylated product rather than
the O-alkylated and confirmed that the synthesis pro-
duced exclusively the 4-quinolones tautomers.

In conclusion, we describe a versatile and efficient
method to prepare 3-aroyl-1,4-dihydroquinolin-4-ones
from methyl anthranylate. Optimisation of the procedure



Table 1. Synthesised enamino ester 3a–g and 1,4-dihydroquinolin-4-

ones 1a–g

Entry R Yield (%)

Condition A: THF/ZnCl2/rt

4a –4-Methoxyphenyl 83

4b –Phenyl 84

4c –Naphth-1-yl 78

4d –Naphth-2-yl 82

4e –6-Methoxy-naphth-2-yl 62

4f –Anthracen-9-yl 40

4g –1,3-Benzodioxole-5-yl 50

Condition A: MeONa (5equiv)/MeOH/reflux/4h

1a –4-Methoxyphenyl 22

1b –Phenyl 5

1c –Naphth-1-yl 0

1d –Naphth-2-yl 10

1e –6-Methoxy-naphth-2-yl 0

1f –Anthracen-9-yl 0

1g –1,3-Benzodioxole-5-yl 33

Condition B: MeONa (5equiv)/MeOH:Ph–O–Ph (1:8)/reflux/4h

1a –4-Methoxyphenyl 0

1b –Phenyl 40

1c –Naphth-1-yl 39

1d –Naphth-2-yl 60

1e –6-Methoxy-naphth-2-yl 55

1f –Anthracen-9-yl 43

1g –1,3-Benzodioxole-5-yl 47
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was explored. The purification of the products was
found to be flexible enough to obtain appreciable quan-
tities of compounds. This protocol opens a way for
the synthesis of other 3-aroyl-1,4-dihydroquinol-4-ones
derivatives with various biological and pharmacological
properties.
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