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A facile and efficient synthesis of fully substituted pyridin-2(1H)-ones has been developed by the re-
action of readily available a-oxoketene-S,S-acetals with malononitrile in the presence of sodium meth-
oxide in methanol under reflux.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Pyridin-2(1H)-one motif makes up the core structure of nu-
merous biologically active natural products and synthetic com-
pounds, such as elfamycin and ilicolicin, that find a wide range of
applications in pharmaceutical and agrochemical industry.1,2 Pyr-
idin-2(1H)-ones and their benzo-/hetero-fused analogues are very
important in the area of natural product and pharmaceutical
chemistry, and widely used as versatile intermediates in the syn-
thesis of a variety of aza-heterocycles, such as pyridine, piperidine,
quinolizidine, and indolizidine alkaloids.3,4 Extensive work has
generated many approaches for the synthesis of pyridin-2(1H)-
ones involving pyridinium salt chemistry,5 GuareschieThorpe re-
action,6 Vilsmeier reaction,7 hetero DielseAlder reaction,8

Dieckmann-type condensation,9 and metal-mediated cycloaddi-
tion.10 In addition, some notable methods starting from polarized
ketene S,S- and N,N-acetals have been reported.2d,11

Over the past decades, the utility of a-oxoketene-S,S-acetals as
versatile intermediates in organic synthesis has been recognized.12

During the course of our studies, we successfully achieved the
synthesis of b-lactams,13 pyridines,14 2H-pyrans,15 dihydropyr-
anones,16 tetronic acids,17 and isothiazoles18 from a-oxoketene-S,S-
acetals, also developed novel strategies for the synthesis of highly
substituted six-membered carbocycles19 and heterocycles,20 re-
lying upon the utilization of a-alkenoyl ketene-S,S-acetals, as a five-
carbon 1,5-bielectrophilic species in the formal [5þ1] annulation
with carbon, nitrogen, and sulfur nucleophiles, respectively.
0; fax: þ86 431 85693057
621 (X.Y.); e-mail addresses:
D. Dong).

All rights reserved.
In connection with our previous work and our continuing in-
terest in the synthesis of valuable heterocycles, we examined the
reaction of a-oxoketene-S,S-acetals 1 with malononitrile. As a re-
sult, we achieved one-pot synthesis of fully substituted pyridin-
2(1H)-ones. Herein, we wish to report our results.
2. Results and discussion

The substrates, a-acyl, a-carbamoyl ketene-S,S-acetals 1, were
prepared from commercially available b-oxo amides in water in
excellent yields following the procedure described in our previous
work.21 With a series of condensation adducts 1aeh in hand, we
selected 2-[bis(ethylthio) methylene]-3-oxo-N-phenylbutanamide
1a as a model compound to examine its reaction behavior with
malononitrile 2. When 1a and 2 (1.0 equiv)was subjected to sodium
methoxide in methanol at room temperature for 5.0 h, the reaction
could be completed as monitored by TLC (Table 1, entry 1). The
resulting mixture was purified by silica column chromatography,
and three main products were obtained, which were characterized
as substituted pyridin-2(1H)-one 3a, methyl 3-oxo-3-(phenyl-
amino)propanoate 4a and pyridin-2(1H)-one 5a, respectively, on
the basis of their spectral and analytical data (Scheme 1).

The optimization of the reaction conditions, including the ratio
of malononitrile to 1a, the base, reaction medium and temperature
were then investigated and the results are summarized in Table 1.
No reaction occurred when 1a and 2 was treated with K2CO3 in
DMF at room temperature (Table 1, entry 2). It was observed that
the reaction of 1a and 2 (2.0 equiv) proceeded smoothly in the
presence of sodiummethoxide (1.0 equiv) inmethanol under reflux
to afford 3a in 67% yield (Table 1, entry 3). When the reaction was
conducted with sodium ethoxide (1.0 equiv) in ethanol under
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Scheme 1. Reaction of a-oxoketene-S,S-acetal 1a and malononitrile 2.
Fig. 1. The ORTEP drawing of 3h.

Table 2
Reactions of a-oxoketene-S,S-acetals 1 with malononitrile 2a

Entry 1 Ar R 3 Yieldb (%)

1 1a Ph Et 3a 85
2 1b 2-MeOC6H4 Et 3b 83
3 1c 2-MeC6H4 Et 3c 81
4 1d 2-ClC6H4 Et 3d 80
5 1e 2,4-Me2C6H3 Et 3e 82
6 1f 4-MeOC H Et 3f 76
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reflux, 3a was obtained in 64% yield (Table 1, entry 4). However,
with sodium hydroxide as base in the reaction system, the yield of
3awas decreased to 51% (Table 1, entry 5), whereas, product 4awas
obtained in 43% yield. The compound 4a should be derived from
nucleophilic vinylic substitution (SNV)22 and deacylation reactions
of a-acyl, a-carbamoyl ketene-S,S-acetal 1a as reported in our
previous work.23 The result also suggested that the side reaction
might be attributed to the small amount of water within the re-
action system, which was from solvent and/or the one generated
from NaOH and methanol in situ. After a series of experiments, the
optimized reaction conditions were obtained when 1a and malo-
nonitrile (2.1 equiv) was performed in the presence of sodium
methoxide (1.1 equiv) in absolute methanol under reflux, whereby
the yield of 3a reached 85% (Table 1, entry 6).
Table 1
Optimization of reaction conditions of 1a with malononitrile 2

Entry Base (equiv) Ratio 2 to 1a Solvent Temp Time (h) Yielda (%)

1 MeONa (1.0) 1.0:1.0 MeOH rt 5.0 26
2 K2CO3 (3.0) 1.0:1.0 DMF rt 5.0 0
3 MeONa (1.0) 2.0:1.0 MeOH Reflux 4.0 67
4 EtONa (1.0) 2.0:1.0 EtOH Reflux 4.0 64
5 NaOH (1.0) 2.0:1.0 MeOH Reflux 4.0 51
6 MeONa (1.1) 2.1:1.0 MeOHb Reflux 3.0 85

a Isolated yield for 3a.
b Absolute MeOH was employed.

6 4

7 1g 4-MeC6H4 Et 3g 83
8 1h 4-ClC6H4 Et 3h 78
9 1i Ph Me 3i 75
10 1j 2-MeOC6H4 Me 3j 82
11 1k Ph Bn 3k 74
12 1l 2-MeOC6H4 Bn 3l 77

a Reagents and conditions: 1a (2.0 mmol), malononitrile 2 (4.2 mmol), MeONa
(2.2 mmol), absolute MeOH (10 mL), reflux, 3.0e4.0 h.

b Isolated yields.
Under the optimized conditions as for the synthesis of 3a in
Table 1 (entry 6), a range of a-acyl, a-carbamoyl ketene-S,S-acetals
1beh bearing varied arylamide groups (Ar) and malononitrile was
subjected to MeONa/MeOH, and the results are summarized in
Table 2. The efficiency of the cyclization proved to be suitable for
1beh to give the corresponding substituted pyridin-2(1H)-ones 3
in good yields (Table 2, entries 2e9). It is worthmentioning that the
structure of 3h was elucidated by means of the X-ray single crystal
analysis (Fig. 1), and further confirmed by its NMR spectra.

The versatility of this pyridin-2(1H)-one synthesis was further
evaluated by performing a-acyl, a-carbamoyl ketene-S,S-acetals
1iel bearing varied alkylthio groups (SR) under the identical con-
ditions (Table 2, entries 9e12). The results demonstrated the effi-
ciency and synthetic interest of the cyclization reactions of 1
bearing variable arylamide and alkylthio groups with respect to
basic conditions. Therefore, we provided a facile and efficient
synthetic approach to fully substituted pyridin-2(1H)-ones of type
3. It should be noted that the richness of the functionality, e.g.,
amino, cyano, and methylenemalononitrile moiety on the pyridin-
2(1H)-one ring of 3, may render them versatile as synthons in
further synthetic transformations.

On the basis of the obtained results and our previous studies,23

a plausible mechanism for the synthesis of substituted pyridin-
2(1H)-ones 3 is presented in Scheme 2. In the presence of sodium
methoxide, Knoevenagel condensation24 between a-oxoketene-
S,S-acetals 1 and malononitrile 225 occurs to give intermediate A,
which undergoes intramolecular cyclization reaction to afford in-
termediate B.26 Tandem addition of the anion of malononitrile 2 to
B and elimination of thiolate anion as a nucleophilic vinylic sub-
stitution (SNV) process22 leads to the formation of intermediate C,
which finally furnishes the pyridin-2(1H)-one of type 3.

3. Conclusion

In summary, we described a facile and efficient synthesis of fully
substituted pyridin-2(1H)-ones 3 from readily available a-oxoke-
tene-S,S-acetals 1 and malononitrile 2 in the presence of sodium
methoxide in methanol under reflux, which involves consecutive
Knoevenagel condensation, intramolecular cyclization, and
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malononitrile 2.
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nucleophilic vinylic substitution (SNV) reactions. This protocol is
associated with readily available starting materials, mild condi-
tions, good yields, and wide range of synthetic potential of the
products.

4. Experimental

4.1. General information

All reagents were purchased from commercial sources and used
without treatment, unless otherwise indicated. The products were
purified by column chromatography over silica gel. 1H NMR and 13C
NMR spectra were recorded at 300 MHz and 100MHz, respectively,
with TMS as internal standard. IR spectra (KBr) were recorded on
a Magna-560 FTIR spectrophotometer in the range of
400e4000 cm�1. Petroleum ether (PE) usedwas the fraction boiling
in the range 60e90 �C. Elemental analyses were carried out on
a PerkineElmer PE-2400 analyzer.

4.2. Synthesis of substituted pyridin-2(1H)-ones 3

4.2.1. Typical procedure for the preparation of 3 (with 3a as an ex-
ample). To a solution of 1a (0.62 g, 2.0 mmol) in methanol (15 mL)
was added sodium methoxide (0.12 g, 2.2 mmol) under stirring at
room temperature. To the mixture was added a solution of malo-
nonitrile (0.28 g, 4.2 mmol) in absolute methanol (10 mL) within
10 min. The mixture was heated and stirred under reflux for 3.0 h,
then cooled down to room temperature. The resulting mixture was
slowly poured into saturated aqueous NaCl (50 mL), and extracted
with ethyl acetate (3�20 mL). The combined organic phase was
washed with water and dried over anhydrous MgSO4. The solvent
was removed under reduced pressure, and the crude product was
purified by column chromatography (silica gel, petroleum ether/
ethyl acetate 2:1) to give 3a as a yellow solid, yield: 85%.

4.3. Selected data for 3

4.3.1. 2-Amino-5-[2,2-dicyano-1-(ethylthio)vinyl]-4-methyl-6-oxo-
1-phenyl-1,6-dihydropyridine-3-carbonitrile (3a). Yellow solid; mp
236e238 �C. 1H NMR (300MHz, DMSO-d6): d¼1.17 (t, J¼7.5 Hz, 3H),
2.2 (s, 3H), 2.8 (m, 2H), 7.23 (d, J¼6.3, 1H), 7.32 (d, J¼7.5 Hz, 1H),
7.47e7.60(m, 5H); 13C NMR (100MHz, DMSO-d6): d¼13.9,18.4, 27.9,
73.7, 78.7, 107.2, 112.3, 112.7, 116.1, 128.5, 128.5 (2C), 129.7, 130.3
(2C), 133.8, 151.5, 156.2, 156.8, 181.1. IR (KBr, cm�1): n¼3420, 3328,
3220, 2970, 2218, 2198, 1660, 1662, 1522,1488, 723. Anal. Calcd for
C19H15N5OS: C, 63.14; H, 4.18; N, 19.38. Found: C, 63.34; H, 4.43; N,
19.20.

4.3 .2 . 2-Amino-5-[2 ,2-dicyano-1-(ethylthio)vinyl]-1-(2-
methoxyphenyl)-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitrile
(3b). Yellow solid: mp 203e206 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.18 (t, J¼7.5 Hz, 3H), 2.23 (s, 3H), 2.88 (m, 2H), 3.73(s, 3H), 7.1 (m,
1H), 7.23 (m, 2H), 7.49 (m, 3H); 13C NMR (100 MHz, DMSO-d6):
d¼13.9, 18.4, 27.9, 55.7, 73.3, 78.8, 107.0, 113.0, 116.0, 121.4, 121.6,
121.7, 121.9, 129.8, 151.5, 154.4, 156.2, 181.1. IR (KBr, cm�1): n¼3420,
3324, 3215, 2221, 2202, 1660, 1623, 1527, 1499, 1462, 755. Anal.
Calcd for C20H17N5O2S: C, 61.37; H, 4.38; N,17.89. Found: C, 61.37; H,
4.40; N, 17.60.

4.3.3. 2-Amino-5-[2,2-dicyano-1-(ethylthio)vinyl]-4-methyl-6-oxo-
1-o-tolyl-1,6-dihydropyridine-3-carbonitrile(3c). Yellow solid: mp
234e235 �C. 1H NMR (300 MHz, DMSO-d6): d¼1.14e1.19 (m, 3H),
2.01 (s, 3H), 2.24 (s, 3H), 2.89 (m, 2H), 7.11e7.25 (m, 1H), 7.35e7.53
(m, 5H); 13C NMR (100 MHz, DMSO-d6): d¼14.0, 16.4, 18.5, 27.9,
73.5, 79.0, 107.2, 116.1, 116.1, 127.9, 128.5, 130.0, 131.5, 132.6, 132.9,
135.5, 151.5, 155.8, 156.3, 181.0. IR (KBr, cm�1): n¼3405, 3312, 3216,
2206, 1670, 1626, 1577, 1527, 1460, 895, 739. Anal. Calcd for
C20H17N5OS: C, 63.98; H, 4.56; N, 18.65; S, 8.54. Found: C, 63.85; H,
4.97; N, 18.76.

4.3.4. 2-Amino-1-(2-chlorophenyl)-5-[2,2-dicyano-1-(ethylthio)vi-
nyl ]-4-methyl-6-oxo-1,6-dihydropyr idine-3-carboni tr i le
(3d). Yellow solid: mp 247e250 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.13e1.19 (m, 3H), 2.24 (d, 3H), 2.88 (m, 2H), 7.46e7.58 (m, 3H),
7.68e7.72 (m, 2H), 7.81 (s, 1H); 13C NMR (100 MHz, DMSO-d6):
d¼14.0, 18.4, 27.9, 73.6, 79.0, 107.0, 112.3, 112.6, 116.0, 129.3, 130.7,
131.0, 131.2, 131.5, 131.7, 151.9, 152.4, 156.0, 180.6. IR (KBr, cm�1):
n¼3405, 3315, 3220, 2208, 1675, 1628, 1574, 1532, 1476, 748. Anal.
Calcd for C19H14ClN5OS: C, 57.65; H, 3.56; Cl, 8.96; N, 17.69. Found:
C, 57.56; H, 3.65; Cl, 8.70; N, 17.55.

4.3.5. 2-Amino-5-[2,2-dicyano-1-(ethylthio)vinyl]-1-(2,4-di-methyl-
phenyl)-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitrile
(3e). Yellow solid: mp 207e210 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.13e1.19 (m, 3H), 1.96 (s, 3H), 2.2 (s, 3H), 2.34 (s, 3H), 2.88 (m,
2H), 6.98e7.11 (m,1H) 7.18 (d, J¼8.1 Hz,1H), 7.24 (s,1H), 7.43 (s, 1H),
7.50 (s, 1H); 13C NMR (100 MHz, DMSO-d6): d¼14.0, 16.3, 18.3, 20.7,
27.9, 73.4, 79.0, 107.2, 112.3, 112.6, 116.1, 128.4, 128.6, 130.2, 132.2,
135.1, 139.4, 151.4, 155.8, 156.4, 181.1. IR (KBr, cm�1): n¼3445, 3335,
3203, 2218, 2202, 1664, 1614, 1591, 1525, 1496, 893, 823, 772, 694.
Anal. Calcd for C21H19N5OS: C, 64.76; H, 4.92; N, 17.98. Found: C,
64.80; H, 4.80; N, 17.75.

4.3 .6 . 2-Amino-5-[2 ,2-dicyano-1-(ethylthio)vinyl]-1-(4-
methoxyphenyl)-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitrile
(3f). Yellow solid: mp 212e214 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.13e1.18 (m, 3H), 2.21 (s, 3H), 2.88 (m, 2H), 3.81 (s, 3H),
7.08e7.25 (m, 5H), 7.46 (s, 2H); 13C NMR (100 MHz, DMSO-d6):
d¼13.9, 18.4, 27.9, 55.4, 73.6, 78.7, 107.1, 112.3, 112.7, 115.4, 115.6,
116.1, 126.1, 129.6, 129.7, 151.3, 156.5, 157.0, 1601.0, 181.2. IR (KBr,
cm�1): n¼3380, 3307, 3208, 2208, 1712, 1655, 1612, 1581, 1509, 828.
Anal. Calcd for C20H17N5O2S: C, 61.37; H, 4.38; N, 17.89. Found: C,
61.35; H, 4.22; N, 17.70.

4.3.7. 2-Amino-5-[2,2-dicyano-1-(ethylthio)vinyl]-4-methyl-6-oxo-
1-p-tolyl-1,6-dihydropyridine-3-carbonitrile (3g). Yellow solid: mp
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226e227 �C. H NMR (300 MHz, DMSO-d6): d¼1.16 (t, J¼7.5 Hz, 3H),
2.22 (s, 3H), 2.38 (s, 3H), 2.88 (m, 2H), 7.09 (d, J¼8.4 Hz, 1H), 7.18 (d,
J¼7.5 Hz, 1H), 7.32e7.43 (m, 4H); 13C NMR (100 MHz, DMSO-d6):
d¼13.9, 18.4, 20.8, 27.9, 73.7, 78.5, 107.2, 112.3, 112.7, 116.1, 128.5,
128.2, 128.4, 130.6, 130.8, 131.1, 132.2, 139.2, 151.4, 156.3, 156.8,
181.8. IR (KBr, cm�1): n¼3423, 3328, 3216, 2223, 2205, 1661, 1624,
1582, 1527, 841. Anal. Calcd for C20H17N5OS: C, 63.98; H, 4.56; N,
18.65. Found: C, 63.88; H, 4.55; N, 18.70.

4.3.8. 2-Amino-1-(4-chlorophenyl)-5-[2,2-dicyano-1-(ethyl-thio)vi-
nyl ]-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitr i le
(3h). Yellow solid: mp 264e267 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.16 (t, J¼7.5 Hz, 3H), 2.23 (s, 3H), 2.88 (m, 2H), 7.26e7.30 (m,1H),
7.37e7.41 (m, 1H), 7.57e7.64 (m, 4H); 13C NMR (100 MHz, DMSO-
d6): d¼14.0, 18.4, 27.9, 73.8, 78.8, 107.0, 112.7, 116.1, 130.1, 130.4,
130.6, 130.7, 130.8, 132.8, 134.5, 151.7, 156.2, 156.7, 180.9. IR (KBr,
cm�1): n¼3454, 3416, 3323, 3225, 2226, 2205, 1668, 1626, 1513,
1491, 752. Anal. Calcd for C19H14ClN5OS: C, 57.65; H, 3.56; N, 17.69.
Found: C, 57.53; H, 3.44; N, 17.60.

CCDC-805824 (3h) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html or from the
Cambridge Crystallographic Data Center, 12 Union Road, Cam-
bridge CB21EZ, UK; fax: (þ44) 1223 336 033; or email:
deposit@ccdc.cam.ac.uk.

4.3.9. 2-Amino-5-[2,2-dicyano-1-(methylthio)vinyl]-4-methyl-6-
oxo-1-phenyl-1,6-dihydropyridine-3-carbonitrile (3i). Yellow solid:
mp 260e262 �C. 1H NMR (300MHz, DMSO-d6): d¼2.23 (s, 3H), 2.40
(s, 3H), 7.22e7.25 (m, 2H), 7.33e7.36 (m, 1H), 7.46 (s, 1H), 7.53e7.55
(m, 3H); 13C NMR (100 MHz, DMSO-d6): d¼15.8, 18.4, 73.8, 78.4,
107.2, 112.3, 112.8, 128.6, 128.7, 129.3, 129.8, 130.0, 130.3, 133.8,
156.2, 156.6, 182.3; IR (KBr, cm�1): n¼3420, 3324, 3219, 2207, 1666,
1624, 1600, 1576, 1498, 761. Anal. Calcd for C18H13N5OS: C, 62.23; H,
3.77; N, 20.16. Found: C, 62.04; H, 3.83; N, 19.98.

4.3.10. 2-Amino-5-[2,2-dicyano-1-(methylthio)vinyl]-1-(2-
methoxyphenyl)-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitrile
(3j). Yellow solid: mp 267e269 �C. 1H NMR (300 MHz, DMSO-d6):
d¼2.21 (s, 3H), 2.36 (s, 3H), 3.72 (s, 3H), 7.08e7.13 (m,1H), 7.21e7.28
(m, 2H), 7.45e7.47 (m, 1H), 7.51 (s, 2H); 13C NMR (100 MHz, DMSO-
d6): d¼15.3, 18.2, 55.7, 73.4, 78.3, 107.0, 112.8, 113.2, 116.1, 121.4,
121.6, 121.7, 121.9, 129.8, 131.5, 151.6, 154.4, 156.2, 182.4. IR (KBr,
cm�1): n¼3414, 3311, 3216, 3164, 2219, 2200, 1669, 1623, 1578,
1526, 1489, 761. Anal. Calcd for C19H15N5O2S: C, 60.46; H, 4.01; N,
18.56. Found: C, 60.33; H, 4.21; N, 18.65.

4.3.11. 2-Amino-5-[1-(benzylthio)-2,2-dicyanovinyl]-4-methyl-6-
oxo-1-phenyl-1,6-dihydropyridine-3-carbonitrile (3k). Yellow solid:
mp 240e242 �C. 1H NMR (300 MHz, DMSO-d6): d¼2.17 (s, 3H), 4.12
(s, 2H), 6.7 (s, 1H), 7.22e7.25 (m, 3H), 7.32e7.34 (m, 3H), 7.49e7.55
(m, 5H); 13C NMR (100 MHz, DMSO-d6): d¼20.3, 37.2, 71.2, 81.3,
107.0, 115.1, 115.9, 116.3, 128.5, 128.7, 128.9, 129.0, 129.1, 129.3, 129.7,
129.8, 130.0, 130.3, 133.8, 134.7, 155.8, 158.1, 158.8, 180.4. IR (KBr,
cm�1): n¼3344, 3202, 2204, 1657, 1629, 1572, 1537, 1494, 1553, 753.
Anal. Calcd for C23H16N5OS: C, 67.30; H, 3.93; N, 17.06. Found: C,
67.46; H, 3.85; N, 17.21.

4.3.12. 2-Amino-5-[1-(benzylthio)-2,2-dicyanovinyl]-1-(2-
methoxyphenyl)-4-methyl-6-oxo-1,6-dihydropyridine-3-carbonitrile
(3l). Yellow solid: mp 230e232 �C. 1H NMR (300 MHz, DMSO-d6):
d¼1.56 (s, 3H), 3.77 (s, 3H), 4.22 (s, 2H), 7.12e7.16 (m, 2H), 7.20e7.25
(m, 2H), 7.29e7.32 (m, 5H), 7.53e7.55 (m, 2H); 13C NMR (100 MHz,
DMSO-d6): d¼18.1, 36.6, 55.9, 73.7, 78.4, 107.2, 112.5, 115.8, 121.9,
127.5, 127.6, 128.4, 128.5, 128.8, 128.9, 129.8, 129.9, 131.5, 131.6,
136.1, 152.6, 154.6, 156.2, 180.9. IR (KBr, cm�1): n¼3413, 3321, 3219,
2215,1663,1619,1574,1527,1496, 750. Anal. Calcd for C25H19N5O2S:
C, 66.21; H, 4.22; N, 15.44. Found: C, 66.53; H, 4.31; N, 15.75.
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