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1  INTRODUCTION
2-Pyridone-5-carboxamide derivatives are often found in 

functional materials such as biologically active compounds1－3） 
and their synthetic intermediates4, 5）. While the pyridone 
structure is generally constructed by multi-step reactions6）, 
the one-step synthesis by the dimerization of acetoacet-
amide derivatives can be also employed. It is attractive 
because N-substituted acetoacetamides（3-oxobutan-
amides）1（R≠H）are easily available upon treatment of dik-
etene with amines7）. Indeed, variety of pyridonecarbox-
amides 3 are available by this method under acidic 
conditions（Scheme 1）8－10）. To the contrary, the dimeriza-
tion of the N-unsubstituted acetoacetamide 2（R＝H）has 
not been successfully achieved in a similar way. Although 
Kato et al. have studied this dimerization under heating, 
they only isolated 3-acetimidoyl-6-methylpyridine-2,4
（1H,3H）-dione（5）instead of the desired 4,6-dimethyl-
2-pyridone-5-carboxamide（4, R＝H）（Scheme 1）11, 12）.

Recently, we reported the pyridone 4 was formed by 
only dissolving acetoacetamide 2 in DMSO at room tem-
perature13）. However, the formation of 4 was not observed 
at all, when the newly purchased 2 was treated in the same 
way. As a result of our reinvestigation, these inconsistent 
results were found to arise from our misunderstanding 
caused by different solubility between 2 and 4; while 2 is 
soluble in CHCl3, 4 is not soluble in CHCl3 but soluble in 
DMSO. When the reagents stocked in different bottle were 
measured by 1H NMR using CDCl3 as a solvent, only the 
signals of 2 were observed. On the other hand, the signals 
of the pyridone 4 appeared, when the 1H NMR of the same 
sample was measured using DMSO as a solvent. This dra-
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matic change misled us to wrong conclusion, because it 
was unthinkable for us that the purchased 2 had been 
already converted to 4 in the bottle. These results prompt-
ed us to revisit the dimerization of 2 leading to 4.

2  EXPERIMENTAL
2.1  General

All the reagents and solvents were commercially avail-
able and used as received. The 1H NMR spectra were mea-
sured on a Bruker Ascend-400 at 400 MHz with TMS as an 
internal standard.

2.2  Monitoring of the dimerization of 2
Purchased acetoacetamide 2（1 g）was extracted with 

CHCl3（3×10 mL）beforehand, and CHCl3 was evaporated 
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Scheme 1　Dimerization of acetoacetamide.
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to afford almost pure 2. The acetoacetamide 2 was stood in 
air at room temperature for one year with monitoring the 
progress of the dimerization by 1H NMR every two weeks.

Acetoacetamide（2）1H NMR（DMSO-d6）:（keto form, 
92％）δ 2.15（s, 3H）, 3.27（s, 2H）, 7.02（br s, 1H）, 7.46（br s, 
1H）;（enol from, 8％）δ 1.82（s, 3H）, 4.94（s, 1H）, 14.52（br 
s, 1H）. The amide NH proton signals of the enol form were 
not observed because of broadening.

3,4,5,6-Tetrahydro-4,6-dihydroxy-4,6-dimethyl-2-pyri-
done-5-carboxamide（6）1H NMR（DMSO-d6）δ 1.22（s, 3H）, 
1.36（s, 3H）, 2.26（d, J＝17.2 Hz, 1H）, 2.34（d, J＝17.2 Hz, 
1H）, 5.51（s, 1H, exchangeable with D2O）, 5.66（s, 1H, ex-
changeable with D2O）, 7.0-7.1（br, 1H, exchangeable with 
D2O）, 7.2-7.3（br, 1H, exchangeable with D2O）, 7.3-7.4（br, 
1H, exchangeable with D2O）, 8.16（s, 1H, exchangeable 
with D2O）.

4,6-Dimethyl-2-pyridone-5-carboxamide（4）1H NMR
（DMSO-d6）δ 2.08（s, 3H）, 2.15（s, 3H）, 6.00（s, 1H）, 7.3-7.5
（br, 1H）, 7.6-7.8（br, 1H）, 11.3-11.5（br, 1H）.

2.3  Synthesis of 4,6-dimethyl-2-pyridone-5-carboxamide
（4）

A mixture of 2（101.1 mg, 1 mmol）and p-toluenesulfonic 
acid（p-TsOH）（9.6 mg, 0.05 mmol）was heated without 
solvent at 60℃ for 12 h. After cooling the reaction mixture, 
the quantitative formation of the pyridone 4 was confirmed 
by 1H NMR, and the yield was estimated by using CH2Br2 as 
an internal standard. The separation of p-TsOH was per-
formed by recrystallization from EtOH（10 mL）to afford 4 
as colorless plates（57.9 mg, yield 58％ based on 2）.

2.4  Study on the self-catalyzed dimerization
To a mixture of acetoacetamide 2（20.2 mg, 0.2 mmol）

and the pyridone 4（8.3 mg, 0.05 mmol）was added H2O（180 
μL, 10 mmol）, and the resultant mixture was heated at 
90℃ for 1 week with adding H2O every 12 h（13×200 μL）. 
The yield of 4 was determined by 1H NMR using CH2Br2 as 
an internal standard.

3  RESULTS AND DISCUSSION
3.1  Dimerization at room temperature

When acetoacetamide 2 was stood in air at room tem-
perature for six months, new signals were observed in the 
1H NMR spectrum of the resultant mixture. The compound 
has formed showed a couple of doublets possessing a large 
coupling constant（17.2 Hz）. These signals indicate the 
presence of unequivalent geminal protons, would be as-
signed to a methylene group in a cyclic framework. In addi-
tion, other than signals arising from two methyl groups, 
five protons were also observed to be exchangeable with 
deuteriums by D2O. On the basis of these data, the com-
pound was confirmed to be the intermediate 6. Finally, the 

signals of the pyridone 4 appeared after standing for one 
year.

A plausible mechanism is illustrated in Scheme 2. The 
enol form of 2 attacks an acetyl group of another molecule, 
and the successive cyclization affords the intermediate 6, 
from which two molecules of water are eliminated to give 
the pyridone 4. 

3.2  Optimization of synthesis
Then, we examined acceleration of the dimerization for 

a practical use. Although we tried to heat acetoacetamide 
2 in several kinds of solvents, the dimerization did not 
proceed at all with recovery of the starting material 2. Ad-
dition of a dehydrating agent such as molecular sieves or 
magnesium sulfate was not effective. On the other hand, 
acid catalysts promoted the dimerization reaction and 
p-TsOH was the most effective（Table 1, runs 1–4）.

For this acid-catalyzed dimerization, non-polar benzene 
was found to be the most suitable, because generated 
water was easily separated from the reaction mixture（runs 
4–9）. With regard to the reaction temperature, heating at a 
temperature higher than 60℃ resulted in the efficient di-
merization of 2（runs 4, 10 and 11）, in which 2 melted（mp 
53–56℃）and liquefied. Furthermore, no solvent was re-
quired when 2 melted（run 12）. This experimental fact 
enabled us to carry out the dimerization under milder reac-
tion conditions such as lower temperature（60℃）, shorter 
reaction time（1 h）and less amount of catalyst（5 mol％）
（runs 12–18）. Because a lower temperature could be em-
ployed, it is not necessary to use a sealed tube anymore. 
Consequently, the pyridone 4 was successfully obtained in 
a quantitative yield by using an opened reaction vessel, 
because the generated water easily went out. 

3.3  Self-catalyzed effect
Because the pyridone 4 is acidic as well as phenol14, 15）, 

there is a possibility that the produced pyridone 4 serves 
as a self-catalyst. Indeed, when the pyridone 4 was added 
to a reaction mixture, the rate of the dimerization became 
faster, by which 4 was confirmed to act as a self-catalyst
（runs 19 and 20）.

Scheme 2　A plausible mechanism.
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A plausible mechanism for the formation of the pyridone 
4 in a purchased bottle of 2 is provided in Scheme 3. First, 
2 is partially converted into a solution because of its high 

hygroscopic property, in which the dimerization occurs to 
afford 4. Then, the generated water penetrates inside, and 
generated 4 acts as an acid catalyst for the dimerization. 
When a bottle containing 2 is often opened, the generated 
water goes out as a vapor, which promotes the further con-
densation.

4  CONCLUSION
As the conclusion, acetoacetamide 2 easily dimerized to 

the pyridonecarboxamide 4 in the presence of p-TsOH 
under mild conditions. Because the formed pyridone 4 also 
serves as a catalyst, the rate of the dimerization increased 
as the amount of 4 increased. Thus, we recommend to 
check acetoacetamide 2 in a bottle before use if it is stored 
for a long time.

Table 1　Optimization of the reaction conditions for dimerization of 2.

Run Tube Solvent Catalyst Temp/℃ Time/h Yield/%
1 close PhH AcOH 90 12 3
2 close PhH 12 M HCl 90 12 51
3 close PhH H2SO4  90 12 72
4 close PhH p-TsOH 90 12 81
5 close H2O p-TsOH 90 12 1
6 close MeOH p-TsOH 90 12 4
7 close THF p-TsOH 90 12 15
8 close MeCN p-TsOH 90 12 22
9 close CHCl3 p-TsOH 90 12 56

10 close PhH p-TsOH 60 12 76
11 close PhH p-TsOH 30 12 39
12 close None p-TsOH 90 12 96
13a open None p-TsOH 90 12 quant.
14 open None p-TsOH 90 1 82
15a open None p-TsOH 90 1 38
16 open None p-TsOH 60 12 quant.
17a open None p-TsOH 60 12 97
18 open None p-TsOH 60 1 32
19 open None None 60 7 d 7
20b open None Pyridone 4 60 7 d 32

a 5 mol% of p-TsOH was used. b 0.1 mmol of 4 was used.

Scheme 3　A scheme of self-catalyzed dimerization of 2.
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