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The ‘pyrono route’ to 4-hydroxy-2-quinolones and
4-hydroxy-2-pyridones
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Abstract

The condensation of N-substituted anilines 6, azomethines or enamines 13 with two equivalents of diethyl malonate yields
pyrono-quinolones 8, 10–12 or pyrono-pyridones (for instance 15, 20, 23, 30, 34) in high yields and on large scale preparations.
These pyrono-quinolones and -pyridones are therefore excellent intermediates in the synthesis of a vast number of compounds, a
number of which have potential biological activity. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

4-Hydroxy-2(1H)-quinolone (1) is the fundamental
ring system of a large number of alkaloids, usually
containing additional methoxy groups. Some are preny-
lated or have anellated furo (e.g. dictamine) or pyrano
rings (e.g. flinderisine). Many pharmacological active
derivatives of 1 are known: recently 3-aryl-4-hydroxy-
2(1H)-quinolones have been shown to be orally active
and selective antagonists of the glycine site on the
NMDA receptor [1,2], and also some chloro substituted
3-nitroso derivatives of 1 are highly potent in this
respect [3].

Coumestrol 2 represents an estrogenic factor occur-
ring naturally in forage crops. Note that the 4,4%-dihy-
droxy-E-stilbene moiety is present in this structure, as
in diethyl stilbestrol. Synthetic nonsteroidal estrogens
with structures similar to coumestrol have been devel-
oped for the treatment of breast cancer (for a literature
survey see [4]). We and others have also synthesized
‘aza coumestrol’ derivatives by replacing the coumarin
part against the 2-quinolone unit. Moreover, some aza-
coumetrols were found to possess antiosteoporotic ac-
tivity, the most prominent example being 3, KCA-098

(Fig. 1) [5,6]. The various synthetic pathways leading to
coumestrols and azacoumestrols have been summarized
[4]. We have mainly used two routes for the synthesis of
azacoumestanes: the first one [4,7] employs a cyclode-
hydrogenation of 3-aryl-4-hydroxy-2-quinolones (7,
R2=Ar, Scheme 1) with palladium, while the second
method [4,7,8]1 employs 4-hydroxy-2-quinolones 10
which are unsubstituted in position 3 (and are readily
obtained by the pyrono route, see below).

The 4-hydroxy-2(1H)-pyridone system 4 is notewor-
thy for several reasons: the basic structure can be found
in many natural products, such as flavipucin [9], the
long known and highly toxic ricinine [10,11], and the
yellow pigments bassianin [12] and tellenin [13]. The

Fig. 1. Structures with biological interest.

1 By this method 3-aryliodonium-ylids of 4-hydroxy-2-quinolones
are prepared, rearranged to 4-aryloxy-3-iodo-2-quinolones, and sub-
sequent Heck-reaction leads to azacoumestrols (see Ref. [7]) or
coumestrols.
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Scheme 1. Reaction of anilines with diethyl malonates and degradation of the pyrono structures to 4-hydroxy-2-quinolones.

latter two compounds have a 3-acyl-4-hydroxy-2-pyri-
done structure 5, a structural moiety which is common
in a large number of antibiotic substances, such as
ilicicolin H [14], funiculosin [15], harzianopyridon [16],
sambutoxin [17], mocimycin [18], and aurodox [18],
produced by a variety of Streptomyces species. More-
over, substances with the general structure of type 5
belong to the large group of so-called ‘cyclic tricar-
bonylmethane compounds’ which play an important
role in agricultural chemistry, whether they are carbo-
cyclic or heterocyclic, oximated or not [19,20]. 4-Hy-
droxy-2-pyridone itself (also known as ‘deazauracil’)
has also been used as a base in the synthesis of nu-
cleosides [21]. Exchange of the hydroxy group in 4
against the arylthio moiety leads to compounds with
potent HIV-1 reverse transcriptase inhibitory properties
[22].

2. Chemistry

Heating anilines and their derivatives 6 with substi-
tuted dialkyl malonates in a 1:1 fusion reaction without
solvent at temperatures of 250°C and above leads to
4-hydroxy-2-quinolones 7 substituted in position 3 in
good yields [23,24]. However, if unsubstituted diethyl
malonate (ME) is used in a 1:2 ratio then the hydro-
xypyrano-quinolones 8 are formed (Scheme 1). This
reaction was first described by Bowman in 1958 using
N-methylaniline as the starting material [25], and the
method has been improved considerably by us [27,28],
and extended to a variety of aromatic amines as sub-
strates. The best results are obtained when this conden-
sation reaction is carried out in boiling diphenyl ether
[27,28]. Cyclic anilines, such as indoline and tetrahy-
droquinoline, lead to tetracyclic compounds, e.g. 11 [29]
and 12 [30]. The pyronopyridones 8, 11, 12 are valuable
intermediates for the synthesis of a number of quino-

lones having various functional groups in position 3
(see below), or for degradation to the basic ring system
10.

Enamines or azomethines react in the same manner
as anilines; thus, compounds of type 13 react with
substituted dialkyl malonates to yield 3-substituted 4-
hydroxy-2(1H)-pyridones 14 [31], while unsubstituted
malonates (ME=malonic esters) produce the hydroxy-
pyrono-pyridones 15 [32] (Scheme 2).

Degradation of 15 with sodium hydroxide in boiling
1,2-dihydroxyethane leads to 3-acetyl derivatives 16 in
nearly quantitative yields [27,28,32]. Cleavage of the
acetyl group with 90% sulfuric acid at 135°C results in
the formation of 3-unsubstituted pyridones 17 [32].

The reaction sequence can be performed with a
broad variety of azomethines, especially those having a
N-aryl substituent. Scheme 3 presents the results ob-
tained with three tetrahydrocarbazoles 18 [33] (readily

Scheme 2. Reaction of azomethines with diethyl malonates and
degradation of the pyrono derivatives to 4-hydroxy-2-pyridones.
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Scheme 3. Reaction of tetrahydrocarbazoles with diethyl malonate.

Reaction of 23 with sulfurylchloride in dioxane and
aqueous work up leads to the dichloroacetyl compound
25 (another chloro atom has entered into the hydroxy-
pyridone part of the molecule). Reduction with zinc
powder in an ethanol/acetic acid mixture removes the
two chloro atoms from the acetyl group but leaves the
chloro atom at the sp2-carbon atom unaffected, thus
yielding 26. Treatment of 26 with 90% sulfuric acid at
135°C leads to 27 which differs only from 24 by having
an additional chloro substituent in the pyridone moiety.
Dichloroacetyl compounds of this type are valuable
intermediates (see below).

The indoline 28, easily obtained by reduction of the
indolenine 22, behaves like a N-substituted aniline af-
fording with two equivalents of ME the pyrano-
quinolone 29, a trimethyl derivative of 11, and starting
material for the synthesis of sterically hindered N-sub-
stituted quinolones. Such derivatives with bulky groups
at the N-atom were needed for a study of structure–
activity relationship. Similarly, hydrogenation of the
tetrahydrocarbazole 18 with sodium borohydride lead
to 4a-methyl-hexahydrocarbazole (two diasteroisomers)
which reacted with two MEs to form a pyrono-
quinolone [35].

The generality of the chlorination of pyrono-
quinolones or -pyridones is summarized in Scheme 5
[26,28–30,32]. The intermediate 3,3-dichloro-pyran-2,4-
dione (31) is hydrolyzed during aqueous work up to a
b-keto acid which decarboxylates readily to the

obtained by a Fischer indole synthesis from 2-methylcy-
clohexanone and the corresponding phenylhydrazine)
[34]. It can be noted that compound 21 already contains
rings A–D of the strychnine structure with the two
oxygen atoms at the correct position.

Other indolenines react in the same manner [35].
Thus, 2,3,3-trimethyl-indolenines 22 react with diethyl
malonate to yield 23 which, upon subsequent degrada-
tion with sodium hydroxide and sulfuric acid, yield the
basic pyrido-indole structure 24 via the acetyl derivative
(Scheme 4) [35].

Scheme 4. Reaction of 2,3,3-trimethylindolenin with diethyl malonate and degradation studies with pyrono derivatives.
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Scheme 5. Degradation of pyrono-compounds with sulfurylchloride
to dichloroacetyl derivatives.

Scheme 7. Nitration and acylation of pyrono-compounds and their
further reactions.

dichloroacetyl derivatives 32. If the pyridone moiety is
unsubstituted in position 5 this C-atom is also chlori-
nated. Thus, a pyrono-pyridone derived from a methyl
ketone anil (e.g. acetophenone or picolone anil) affords
a trichloro derivative such as 35 on chlorination. Com-
pound 35 with R=Ph showed hypolipidemic activity.
Therefore, we have prepared a number of analogs of
this type of 3-dichloroacetyl-4-hydroxy-2-pyridones
[32].

Compounds of type 32 or 35 are versatile intermedi-
ates for further functionalization of position 3 in 4-hy-
droxy-2-quinolines and 2-pyridones. Reactions with
nucleophiles, such as sodium cyanide or morpholine,
afford ring closure to furanone derivatives [26,37].

However, with sodium azide the tetrazolyl derivatives
38 [26,29,35,36] are formed, apparently via the geminal
diazide 37 [38]. The carbonyl group in 38 is readily
reduced with sodium borohydride to the CH2 group of
39 [20,26,37]. Reaction of 38 with acetic anhydride not
only acetylates the hydroxy group, but also converts the
tetrazol moiety to the oxadiazole ring system 40 by a

well-known mechanism [38,39]. Reduction of 40 with
sodium borohydride and subsequent saponification
leads to the heterocyclic acetic acid 41 [26]. Thus, the
heterocyclic acetic acid 40 (a compound which is
difficult to obtain by other methods) can be produced
in four steps from the dichloroacetyl derivative 36
(Scheme 6).

Electrophilic substitutions, such as nitration, nitrosa-
tion, or coupling reactions of aromatic diazonium salts
with hydroxy-quinolones and -pyridones 30 (8, 15) take
place at position 3 [28,29,32]. The compounds obtained
by these reactions can be reduced to ethanolamines or
ethylamines. Scheme 7 examplifies this reaction se-
quence with the nitration of 30 which firstly gives the
4-hydroxy-3-nitro-2-pyrono derivative 42. Ring opening
occurs in dilute sodium hydroxide, and after acidifica-
tion the decarboxylated 4-hydroxy-3-nitro-2-quinolone
or 2-pyridone 43 is obtained. Reduction leads to the

Scheme 6. Conversion of dichloroacetyl derivatives to tetrazolylcarbonyl compounds and further reaction to acetic acid derivatives.
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Scheme 8. Reaction of 3-acyl-4-hydroxy-2-quinolones and 2-pyri-
dones with nitrogen bases.

ester or b-amino-crotonic ester only the corresponding
4-methyl-2-pyrone derivatives can be obtained [45].

3-Acyl-4-hydroxy-2-quinolones and 2-pyridones of
the general formula 47 react with a number of nitrogen
bases. The reaction with hydroxylamine (and its O-
alkyl derivatives), primary amines, and hydrazines is
shown in Scheme 8. The oxime derivatives 48 are the
most interesting species, because of their potential her-
bicidal activity [19]. Moreover, they can easily be con-
certed by a thermal Beckmann rearrangement to
derivatives of 3-amino-4-hydroxy-2-quinolones and 2-
pyridones [32,40,44]. Thus, heating 48 in ethylene glycol
yields the oxazolo derivatives 49, which are converted
by acid hydrolysis to the acylamino derivatives 50.
Since the free amines are usually unstable, they are best
stored in the form of 49 or 50 before using them for
further transformations. Reaction of 47 with aliphatic
or aromatic primary amines leads to aminomethylene
derivatives 51 [32,40]. According to NMR studies this
enamino–ketone structure is predominant over the
imino–enol form 52 [39e]. Hydrazones 53 are obtained
from hydrazine(s) and 47. Substituted hydrazones 53
give upon heating, preferably in acetic acid, the pyra-
zoles 54, which can also be obtained directly from 47 in
this solvent. Hydrazones obtained with hydrazine itself
(53, R=H) afford under these conditions the azines 55
[40].

The importance of the acyl derivatives of 4-hydroxy-
2-quinolones and 2-pyridones should again be stressed
[39e]. Firstly, they belong to an important class of
natural products with potent biological properties (see
Section 1). Secondly, these cyclic tricarbonylmethane
derivatives can easily be converted to imines, oximes,
and oxim-O-alkyl ethers (as shown in Scheme 8), which
are of potential interest in agricultural chemistry
[19,20,39,40]. The procedures outlined in Schemes 1–3
using unsubstituted ME lead only to the 3-acetyl

ethanolamine 44, and with palladium as catalyst the
corresponding ethylamine can be obtained.

In Scheme 7 the acetylation of 30 using a mixture of
acetic acid and polyphosphoric acid is depicted. The
3-acetyl derivative 45 can be rearranged with mineral
acids to afford 2-methyl-4-pyrone derivatives of 4-hy-
droxy-2-quinolones and -pyridones 46 [44]. The method
is noteworthy because using different conditions of the
Pechmann condensation reaction of 4-hydroxy-2-
quinolones 10 and -2-pyridones 17 with acetoacetic

Scheme 9. Chain elongation of acetyl derivatives and their reduction to alkyl side chains.
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derivatives. However, there are ways to convert them
into longer chains or arylalkyl substituents. One
method uses an aldol condensation of the acetyl group
with an aldehyde, followed by reduction of the alkenoyl
substituent [41]. In our favorite method (Scheme 9) [28]
the basic structures 56 (10, 17) are condensed with a
substituted malonic ester (R–ME) which leads to a
3-substituted pyrono derivative 57, which gives 58 (R=
alkyl, aryl) upon alkaline hydrolysis. Interestingly, 3-
acyl-4-hydroxy-2-quinolones and pyridones can be
reduced with zinc dust [42] in acetic acid to the 3-alkyl
derivatives 59 [43]. We have tested the generality of this
reaction by also reducing 3-acyl-4-hydroxy-coumarins
and 2-pyrones to their corresponding 3-alkyl deriva-
tives; thus, dehydracetic acid 60 gives 3-ethyl-4-hy-
droxy-6-methyl-2-pyrone (61) under these conditions
[43].

3. Conclusion

We have shown that the compounds depicted in Fig.
1 can be prepared easily via their pyrono derivatives.
Moreover, intermediates in the degradation pathway
are valuable intermediates for a vast number of 4-hy-
droxy-2-quinolones and 2-pyridones functionalized in
position 3. The biological activity of a number of these
intermediates has also encouraged us to prepare 3-
aroyl-4-hydroxy-2-quinolones [20] and 2-pyridones [46]
by anionic Fries rearrangement of the corresponding
4-aroyloxy derivatives. Furthermore, we have prepared
sulfoxide analogs of the acyl compounds (e.g. com-
pounds with –SO–R substituents in position 3) [47,48].
Needless to say, many of the starting 4-hydroxy-2-
quinolones and 2-pyridones have been prepared via the
‘pyrono route’.
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