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Abstract—Oxidation coupling of 3-hydroxy-4(1H)-pyridinone with b-dicarbonyl compounds led to unexpected dihydrofuro[b]-
pyridinone derivatives, indicating an alternative pathway other than that with anilines or thiols. By this strategy, six novel dihydro-
furo[b]-pyridinone derivatives were synthesized.
� 2005 Elsevier Ltd. All rights reserved.
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4(1H)-Pyridinone derivatives have attracted more and
more attention due to their interesting pharmacological
properties.1–11 The preparation of compounds with
4(1H)-pyridinone moiety has widely been reported.12–15

We have reported the synthesis of 6-substituted 3-hy-
droxy-4(1H)-pyridinones via oxidation–Michael addi-
tion of 3-hydroxy-4(1H)-pyridinone 1 with anilines or
thiols.16,17 Compared to many reports on oxidation–
Michael addition of catechols with various nucleophiles
such as ammonia, coumarins, 4-hydroxy-methyl-2-pyr-
one, b-diketone, and b-ketonester yielding o-quinone
derivatives and benzofurans,18–21 oxidation–Michael
addition of ortho-hydroxy-pyridinones with nucleo-
philes has been less well studied.16,17 Herein, we first
described the unexpected preparation of dihydrofuro[b]-
pyridinone derivatives from the oxidation coupling
of 3-hydroxy-4(1H)-pyridinone with b-dicarbonyl com-
pounds, as partial results of our further projects.

The procedure is similar to our previous reports:
b-dicarbonyl compounds were used as nucleophiles
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instead of anilines or thiols, and the oxidation and
coupling were processed in one-pot procedure in the
presence of Ag2O/Celite

22 and pyridine at 40 �C in
methanol.23 The reaction of 1 and acetylacetone 2a, fol-
lowing by recrystallization from ethanol, yielded a col-
orless powder (Scheme 1).
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Table 1. The important 1H and 13C NMR data of 3a–f in DMSO-d6
a

Products 3 FAB-MS (M+1) 3 5 6 7 1a 4a

dC dC dH dC dH dC dC dC

N
H

O

OH

O

O

A B 3a 238 169.0 181.5 4.56 88.8 7.25 152.1 71.3 102.5

N
H

O
OH

OC2H5
O

O

A B 3b 268 164.7 182.2 4.57 89.6 7.28 153.1 71.0 103.7

N
H

O
OH

ph
O

O

A B 3c 300 169.3 182.1 4.62 89.8 7.35 153.3 72.8 103.5

N
H

O
OH

ph

ph
O

O

A B 3d 362 165.7 183.1 4.68 90.8 7.37 153.3 73.9 103.6

N
H

O

OHO

O

O

B
C

D

A 3e 312 161.4 179.5 4.80 92.2 7.41 153.2 70.8 107.7

N
H

O
OHO

O
O

A B
C

D 3f 314 166.9 180.9 4.69 90.3 7.38 153.1 69.4 106.2

a All carbon and hydrogen atoms are assigned according to 1H NMR, 13C NMR, DEPT, and HMQC.

Figure 1. The molecular structure of compound 3a.
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As our primary consideration, compound 4a was ex-
pected. However, 1H NMR, 13C NMR, and DEPT (Ta-
ble 1) showed the presence of three methyls, one
methylene, two methines (d 4.56, dd, 1H; d 7.25, t,
1H), two saturated quaternary carbons (d 71.3, 102.5),
two carbonyl carbons (d 193.4, 181.5), two olefinic qua-
ternary carbon atoms, and one enolic quaternary carbon
(d 169.0). Two saturated quaternary carbon (d 71.3,
102.5) can be assigned to 1a-C and 4a-C, respectively.
The HMQC spectrum further confirmed that two meth-
ines were assigned to pyridinone ring. Additionally, 1H
NMR analysis indicates that they are the mixtures of
enantiomers with a ratio of 1:1 due to the presence of
chiral carbon. Upon rationalizing the above data, the
obtained product tended to be 3a instead of 4a.

The structure of compound 3a was further confirmed by
single-crystal X-ray diffraction study, shown as Figure
1.24 Compound 3a comprises non-planar dihydrofuran
ring and pyridinone ring, where C(2)–C(3) bond
[1.558(2) Å] was observed. The interplanar angle be-
tween the dihydrofuran ring and the pyridinone ring is
69.4�. The C(11)–O(4) bond length [1.232(2) Å] is
slightly longer than the C@O bond length (1.209 Å) of
dinone form of the acetylacetone, which may result from
the formation of dihydrofuran ring.

With the similar procedure, other pyridinone
derivatives 3b–f were obtained with different b-dicar-
bonyl compounds, and their structures were also con-
firmed by MS, 1H NMR, and 13C NMR study (Table
1).23
The structures of unexpected products promote us to
reconsider the mechanism of the reaction. As proposed
in our previous work,16,17 3-hydroxy-4(1H)-pyridinone
was first oxidized to a 2-methoxy-2-ethyl-1,2-dihydro-
3,4-dinone IIb, and subsequent Michael-addition with
thiols or anilines and aromatization gave 6-substituted-
3-hydroxy-4(1H)-pyridinones. Obviously, the current
reaction proceeded through a different pathway from
that reported previously. To probe the nature of this
reaction, the oxidation coupling of 1 with 2a was moni-
tored in protonic and aprotic solvents at 40 �C using UV
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Figure 2. A: a, 1 in methanol; b–c, 1 with oxidant in methanol, b: 1 h, c: 2 h, show 1 disappeared and intermediate (IIb) formed; d, 3a in methanol; B:

a–b, 1 with 2a and oxidant in CH3CN, a: 0 h, b: 5 h; c, 3a in CH3CN; d, IIb in CH3CN; e, IIb with 2a in CH3CN (3 h).
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technique (Fig. 2). In the case of no acetylacetone 2a, an
intermediate IIb formed clearly (315 nm) in methanol,25

which is consistent with our previous observation.16,17

When IIb (374 nm in CH3CN) was treated with 2a in
CH3CN/pyridine, the peak corresponding to 3a
(345 nm) was observed, indicating a substitution oc-
curred at 2-position. To further confirm this result, the
reaction of 1 with 2a was also investigated in CH3CN,
3a was obtained as expected, and the yield (50%) was
even higher than that in methanol (40%). These results
indicate that there is a competition between methanol
and 2a in the system.

According to the above experimental results, the pro-
posed mechanism can be best described in Scheme 2.
Briefly, 1 was first oxidized to an active intermediate I,
which was attacked competitively by acetylacetone and
methanol leading to intermediate IIa and minor IIb,
the intermediate IIa subsequently underwent fast intra-
molecular addition to produce the cyclized product 3a.
In the case of pre-isolated IIb reacting with acetylace-
tone, the methoxy in 2-C position was substituted by
2a due to the predominant nucleophilicity of the latter
and led to IIa, which underwent fast intramolecular
addition to yield 3a.

It is noticeable that when the intermediate IIb was trea-
ted with aniline or thiol in the absence of any base, the
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Scheme 2.
Michael addition products (6-position) were obtained
instead of 2-substituted products. We reasoned that in
the absence of strong base such as NaH or BuLi, the
aniline or thiol derivatives exhibit mainly the properties
of an addition reagent. Usually, it is possible to get Mi-
chael addition products during the reaction of the inter-
mediate IIb and b-diketone derivatives in the presence of
pyridine, however we failed to do so. It seems that the
subsequent cyclization plays an important role in the
reaction direction.

In summary, Ag2O/Celite-mediated oxidative coupling
of 3-hydroxy-4(1H)-pyridinone with b-dicarbonyl com-
pounds give six new dihydrofuro[b]-pyridinone deriva-
tives. The whole procedure was investigated and the
possible mechanism was proposed. The preliminary bio-
active screening suggested that these compounds showed
good antioxidant activity. The detailed bioactive test is
ongoing.
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