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A facile and convenient synthesis of substituted pyridines has been developed via a one-pot
multicomponent reaction of easily available 1,3-dicarbonyl compounds, aromatic aldehydes,
malononitrile and alcohol in the presence of NaOH under mild conditions. A series of functionalized
pyridines were thus obtained by this multicomponent reaction, in which four new bonds were formed in
a highly chemo- and regioselective manner, and alcohol played dual roles as both reactant and reaction
medium. Particularly valuable features of this protocol including mild conditions, simple execution,
broad substrate scope, and good yields of products make it an efficient and promising synthetic strategy
to build pyridine skeleton.

Introduction

The pyridine substructure is one of the most prevalent hetero-
cycles found in numerous natural and synthetic products along
with useful bio-, physio- and pharmacological activities.1 The
synthesis of the pyridine derivatives can principally be realized
either by modification of the pre-constructed pyridine nucleus or
through the construction of the pyridine ring from appropriately
substituted open chain precursor, which have been extensively
reviewed.2 Nevertheless, simple and efficient synthetic protocols
for the construction of more elaborate and usefully functionalized
pyridines are still desirable.

Multicomponent reactions (MCRs) have emerged as powerful
and bond-forming efficient tools in organic, combinatorial, and
medicinal chemistry.3 The MCRs strategy offers significant ad-
vantages over conventional multistep synthesis due to its flexible,
convergent, and atom economic nature.4 In a true sense, MCRs
represent environmentally friendly processes by reducing the
number of steps, energy consumption, and waste production.5

These features make MCRs well-suited for the easy construction
of diversified arrays of, e.g., valuable heterocyclic scaffolds.
Actually, MCRs have been demonstrated as a straightforward
approach to the synthesis of pyridines, which often involves
classical carbonyl condensation chemistry.6 Besides aldehydes, 1,3-
dicarbonyl compounds and/or their analogous nitrile derivatives
constitute important synthetic intermediates, incorporating mul-
tiple functionalities that can be involved either as nucleophilic
or electrophilic species in a variety of synthetic transformations.7

Recently, Evdokimov et al. developed a one-pot synthesis of 3,5-
dicarbonitrile-pyridines by a MCR of an aldehyde, malononitrile,
and a thiol in the presence of a base catalyst such as piperidine,
DABCO or triethylamine.8 Ranu et al. modified this method
by employing a basic ionic liquid as both catalyst and reaction
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medium and hence improved the yields of the products.9 Chen et al.
reported the synthesis of 3,5-dicarbonitrile-pyridines via a MCR
under basic conditions, also they applied the use of microwave
irradiation to the MCR preparation.10 Sridhar et al. investigated
MCRs of aldehydes, malononitrile and thiophenol using a variety
of Lewis acids such as ZnCl2, AlCl3 and FeCl3 as catalysts, and
achieved one-pot synthesis of 3,5-dicarbonitrile-pyridines.11 Simi-
larly, Thirmurugan et al. synthesized 3,5-dicarbonitrile-pyridines
via a MCR mediated by InCl3.12 Additionally, one-pot synthesis of
cyanopyridines through a four-component reaction using organic
acid, such as p-toluenesulfonic acid, as a catalyst was reported by
Shaabani et al.13

During the course of our studies on the synthetic utility of
1,3-dicarbonyl compounds, we found that the easily available
and structurally flexible b-oxo amide derivatives showed fas-
cinating structural features as versatile organic intermediates,
and successfully developed a range of synthetic approaches to
construct aromatic and heterocyclic ring skeletons.14 In MCRs
of carbonyl compounds, we achieved efficient one-pot synthesis
of highly substituted thiophenes by using the sequential addition
of reactants,15 and one-pot synthesis of polysubstituted benzenes
via sequential Michael addition, Knoevenagel condensation and
nucleophilic cyclization reactions of readily available chalcones
with malononitrile and nitroethane in guanidinium ionic liquids.16

In connection with these studies and the aim to establish novel
synthetic approaches for heterocyles, we explored the reactions of
b-oxo amides, aromatic aldehydes, malononitrile in the presence of
a base. By this research, we developed efficient one-pot synthesis
of substituted pyridines via four-component reaction. Herein,
we wish to report our experimental results and the mechanism
involved.

Results and discussion

In an initial attempt, the reaction of 3-oxo-N-phenylbutanamide
1a, benzaldehyde 2a (1.0 equiv.) and malononitrile 3 (1.0 equiv.)
was performed in ethanol in the presence of NaOH (2.0 equiv.)
at room temperature. As monitored by TLC, the reaction could
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Table 1 Optimization of reaction conditions of the multicomponent
reactions of 1a, 2a, 3 and 4a

Entrya Base Amount (equiv.) Solvent Time/h Yield b(%)

1 NaOH 2.0 EtOH 8.0 56
2 NaOH 3.0 EtOH 3.0 82
3 NaOH 4.0 EtOH 3.0 83
4 K2CO3 3.0 EtOH 8.0 24
5 NaOH 3.0 DMF 8.0 0
6 NaOH 3.0 CH2Cl2 8.0 0

a In the cases of entries 5 and 6, EtOH was added as a reactant (1.1 equiv.).
b Isolated yields.

proceed, and a new product was formed though some of the
starting materials were still not consumed after 8.0 h. The reaction
was quenched by addition of diluted aqueous HCl. After work-
up and purification by column chromatography of the resulting
mixture, a white solid product was obtained, which was charac-
terized as 5-cyano-6-ethoxy-2-methyl-N, 4-diphenylnicotinamide
(56% yield), a substituted cyanopyridine 5a, on the basis of its
spectra and analytical data (Table 1, entry 1). Obviously, the result
indicated that ethanol took part in the reaction as a reactant. The

optimization of the reaction conditions, including the nature of
base, amount of base and reaction medium was then investigated.
It was observed that when the amount of NaOH was increased to
3.0 equivalents, the reaction rate was speeded up for the shorter
reaction time and high conversion (Table 1, entry 2), but further
increase of the amount of NaOH had nearly no significant effect
on the reaction (Table 1, entry 3). When K2CO3 was used as a base,
the reaction proceeded sluggishly to afford 5a in very low yield even
after prolonged reaction time (Table 1, entry 4). Subjecting 1a, 2a
(1.0 equiv.), 3 (1.0 equiv.) and ethanol 4a (1.1 equiv.) in DMF or
CH2Cl2 at room temperature, however, no desired product 5a was
obtained (Table 1, entries 5, 6).

Next, we intended to determine the scope and limitations
of the multicomponent reaction with respect to the substrates
bearing varied substituted groups, e.g. R1, R2 and R3. Thus,
a series of reactions of malononitrile, aromatic aldehydes, 1,3-
dicarbonyl compounds and alcohol were carried out under the
reaction conditions as described in Table 1, entry 2. As shown
in Table 2, all the reactions of aromatic aldehydes 2a–e bearing
electron-donating groups (R2 = 4-CH3C6H4, 2-CH3OC6H4), and
electron-withdrawing groups (R2 = 4-ClC6H4, 4-NO2C6H4) with
3-oxo-N-phenylbutan-amide 1a and malononitrile 3 in ethanol
in the presence of NaOH proceeded smoothly to afford the
corresponding substituted pyridines 5a–e in good yields (entries 1–
5). The multicomponent reactions proved to be suitable for b-oxo
amides 1b–g bearing either an electron-donating or an electron-
withdrawing group in para or ortho position with benzaldehyde

Table 2 Multicomponent reaction for the synthesis of substituted pyridines 5

Substrates Products Time Yielda

Entry 1 R1 2 R2 4 R3 5 (h) (%)

1 1a C6H5NH 2a C6H5 4a C2H5 5a 3.0 82
2 1a C6H5NH 2b 4-CH3C6H4 4a C2H5 5b 4.0 85
3 1a C6H5NH 2c 2-CH3OC6H4 4a C2H5 5c 3.5 85
4 1a C6H5NH 2d 4-ClC6H4 4a C2H5 5d 3.5 79
5 1a C6H5NH 2e 4-NO2C6H4 4a C2H5 5e 5.5 71
6 1b 4-CH3C6H4NH 2a C6H5 4a C2H5 5f 3.5 79
7 1c 2-CH3C6H4NH 2a C6H5 4a C2H5 5g 3.5 73
8 1d 4-CH3OC6H4NH 2a C6H5 4a C2H5 5h 4.0 81
9 1e 2-CH3OC6H4NH 2a C6H5 4a C2H5 5i 3.0 85
10 1f 4-ClC6H4NH 2a C6H5 4a C2H5 5j 3.5 77
11 1g 2-ClC6H4NH 2a C6H5 4a C2H5 5k 4.0 86
12 1h OC2H5 2a C6H5 4a C2H5 5l 2.5 89
13 1i CH3 2a C6H5 4a C2H5 5m 4.0 0
14 1a C6H5NH 2a C6H5 4b CH3 5n 4.0 87
15 1b 4-CH3C6H4NH 2a C6H5 4b CH3 5o 4.5 83
16 1c 2-CH3C6H4NH 2a C6H5 4b CH3 5p 4.5 76
17 1d 4-CH3OC6H4NH 2a C6H5 4b CH3 5q 5.0 84
18 1e 2-CH3OC6H4NH 2a C6H5 4b CH3 5r 4.0 73
19 1f 4-ClC6H4NH 2a C6H5 4b CH3 5s 4.5 87
20 1g 2-ClC6H4NH 2a C6H5 4b CH3 5t 4.5 79
21 1h OC2H5 2a C6H5 4b CH3 5u 2.0 88
22 1a C6H5NH 2a C6H5 4c n-C4H9 5v 4.0 73
23 1a C6H5NH 2a C6H5 4d CH(CH3)2 5w 5.0 0

a Isolated yield.
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2a and malononitrile 3 in ethanol in the presence of NaOH
(Table 2, entries 6–11). The validity of this pyridine synthesis was
further evaluated by subjecting b-oxo ester 1h to the identical
conditions (Table 2, entry 12). However, the synthesis of pyridine
of type 5 from acetyl acetone 1i was unsuccessful (Table 2, entry
13). To expand the scope of the above cyclization, a series of
reactions was performed on substrates 1–3 in other alcohols. Thus,
the corresponding substituted pyridines 5n–u were synthesized
in moderate to good yields when b-oxo amides 1a–g or b-oxo
ester 1h were reacted with benzaldehyde 2a and malononitrile 3 in
methanol in the presence of NaOH (Table 2, entries 14–21). It was
also observed that the reaction of 3-oxo-N-phenyl butanamide 1a,
benzaldehyde 2a and malononitrile 3 in n-butanol could proceed
to afford substituted pyridine 5v in 73% yield (Table 2 entry
22). Unfortunately, in the case of sterically hindered isopropanol,
the desired pyridine 5w was not obtained (Table 2 entry 23).
Nevertheless, all the obtained results demonstrated the efficiency
and synthetic value of the one-pot multicomponent reaction for
the synthesis of substituted pyridines of type 5, in which four new
bonds were formed in highly chemo- and regioselective manner. It
should be noted that the richness of the functionality of substituted
pyridines 5, for example acyl and cyano groups, may render them
versatile as synthons in further synthetic transformations.17

To gain much more clear insight into the mechanism for the
pyridine synthesis, some supporting experiments were conducted.
No reaction was observed when 1a was treated with 2a or
malononitrile 3 in ethanol in the presence of NaOH at room
temperature. The results indicated the synthesis of pyridine of
type 5 should be initiated from the Knoevenagel reaction of 2a
and malononitrile 3, which prompted us to perform a stepwise
reaction. Thus, the reaction of 2a and malononitrile 3 was carried
out in N,N-dimethylformamide, to circumvent the influence of
ethanol, in the presence of weak base triethylamine at room
temperature, which furnished the Knoevenagel adduct 6a in 91%
yield. By treatment of adduct 6a with 1a in ethanol in presence
of NaOH at room temperature for 2.0 h, a product was obtained,
which was characterized as pyridine 5a (84% yield).

On the basis of the above results together with reported
literatures,8,10,18 a plausible mechanism for the formation of substi-
tuted pyridines 5 is depicted in Scheme 1. In the presence of NaOH,
Knoevenagel condensation between aldehyde 2 and malononitrile
3 occurs to generate an adduct 6. Subsequent Michael addition
of 1,3-dicarbonyl compounds 1 to 6 leads to the fomation of
intermediate 7. The attack of alcohol 4 to intermediate 8, tautomer
of 7, forms intermediate 9, which undergoes intramolecular
cyclization to afford Hantzsch dihydropyridine derivative 10 with
an elimination of water.19 Finally, aromatization of 10 via an
oxidation process gives rise to substituted pyridine of type 5.10–12,20

Conclusion

In summary, we have developed a novel, convenient, and efficient
one-pot four-component synthesis of substituted pyridines of
potential synthetic and pharmacological interest, and a plausible
mechanism for the reaction was proposed. The use of easily
available starting materials, mild reaction conditions, high chemo-
and regioselectivity, and good yields of products are the main
advantages of this method. High efficiency and simple execution
make this new strategy attractive for academic research and

Scheme 1 Plausible mechanism for the synthesis of substituted
pyridines 5.

potential applications. The scope and synthetic applications of the
methodology are currently under investigation in our laboratory.

Experimental

General remarks

All chemicals used were reagent grade and were used as received
without further purification. The products were purified by
column chromatography over silica gel. 1H NMR and 13C NMR
spectra were recorded at 25 ◦C at 300 MHz and 75 MHz,
respectively, using TMS as internal standard. IR spectra (KBr)
were recorded on a FTIR spectrophotometer in the range of 400–
4000 cm-1.

General experimental procedure

Typical procedure for the synthesis of substituted pyridines 5 (5a
as an example). To a solution of 3-oxo-N-phenylbutanamide 1a
(354 mg, 2.0 mmol), benzaldehyde 2a (0.20 mL, 2.0 mmol), and
malononitrile 3 (132 mg, 2.0 mmol) in ethanol (20 mL) was added
NaOH (240 mg, 6.0 mmol) in one portion at room temperature.
The reaction mixture was stirred at room temperature for 3.0 h.
After the starting material was consumed (monitored by TLC),
and then the reaction mixture was poured into saturated aqueous
NaCl (20 mL). The mixture was extracted with dichloromethane
(3 ¥ 20 mL). The combined organic phase was washed with
water (3 ¥ 20 mL), dried over anhydrous MgSO4, filtered and
concentrated by evaporation. The crude product was purified by
flash chromatography (silica gel, petroleum ether: diethyl ether =
10: 1) to give product 5a (585 mg, 82%) as a white solid.

Physical data of compounds isolated. 5a: White solid: mp 228–
230 ◦C; 1H NMR (300 MHz, CDCl3) d = 1.48 (t, J = 6.6 Hz,
3H), 2.67 (s, 3H), 4.58 (q, J = 7.2 Hz, 2H), 6.79 (s, 1H), 7.08–
7.10 (m, 3H), 7.21–7.27 (m, 2H), 7.46–7.48 (m, 5H). 13C NMR
(75 MHz, CDCl3) d = 14.4, 23.4, 63.7, 90.4, 114.7, 120.4, 125.2,
125.7, 128.2, 128.9, 129.0, 130.0, 134.2, 136.7, 153.6, 159.7, 164.9.
IR (KBr, cm-1) 747, 1161, 1327, 1442, 1550, 1645, 2228, 2986. anal.
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calcd for C22H19N3O2: C, 73.93; H, 5.36; N, 11.76; found: C, 73.79;
H, 5.41; N, 11.66.

5b: White solid: mp 219–220 ◦C; 1H NMR (400 MHz, CDCl3)
d = 1.47 (t, J = 6.8 Hz, 3H), 2.35 (s, 3H), 2.65 (s, 3H), 4.55–4.60
(q, J = 6.8 Hz, 2H), 6.76 (s, 1H), 7.08–7.13 (m, 3H), 7.23–7.25 (m,
4H), 7.38 (s, 1H). 13C NMR (100 MHz, CDCl3) d = 14.4, 23.1, 23.4,
63.7, 93.6, 114.8, 120.4, 125.1, 125.7, 128.2, 128.9, 129.8, 131.3,
136.9, 140.2, 153.8, 159.7, 163.8, 165.1. anal. calcd for C23H21N3O2:
C, 74.37; H, 5.70; N, 11.31; found: C, 74.45; H, 5.61; N, 11.25.

5c: White solid: mp 226–228 ◦C; 1H NMR (400 MHz, CDCl3)
d = 1.47 (t, J = 6.8 Hz, 3H), 2.35 (s, 3H), 2.65 (s, 3H), 4.55–4.60
(q, J = 6.8 Hz, 2H), 6.76 (s, 1H), 7.08–7.13 (m, 3H), 7.23–7.25 (m,
4H), 7.38 (s, 1H). 13C NMR (100 MHz, CDCl3) d = 14.4, 23.4,
56.0, 63.6, 95.0, 111.6, 114.4, 120.0, 121.6, 123.7, 124.8, 126.3,
128.9, 129.7, 131.5, 137.1, 151.3, 155.4, 159.7, 163.3, 164.7. anal.
calcd for C23H21N3O3: C, 71.30; H, 5.46; N, 10.85; found: C, 71.48;
H, 5.40; N, 10.79.

5d: White solid: mp 198–199 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.47 (t, J = 7.2 Hz, 3H), 2.66 (s, 3H), 4.58 (q, J = 7.2 Hz,
2H), 7.16 (t, J = 8.1 Hz, 2H), 7.28–7.31 (m, 4H), 7.45 (m, 3H). 13C
NMR (75 MHz, DMSO) d = 14.3, 22.8, 63.4, 93.0, 114.4, 119.6,
124.1, 128.4, 128.5, 128.8, 130.2, 131.0, 132.2, 134.6, 138.2, 152.6,
158.0, 162.6, 164.0. IR (KBr, cm-1) 748, 1093, 1183, 1325, 1445,
1549, 1639, 2227, 2989. anal. calcd for C22H18ClN3O2: C, 67.43; H,
4.63; N, 10.72; found: C, 67.47; H, 4.66; N, 10.75.

5e: Yellow solid: mp 236–237 ◦C; 1H NMR (400 MHz, CDCl3)
d = 1.48 (t, J = 7.2 Hz, 3H), 2.67 (s, 3H), 4.58–4.63 (m, 2H), 6.96
(s, 1H), 7.13–7.16 (m, 1H), 7.19–7.21 (m, 2H), 7.27–7.29 (m, 2H),
7.69 (d, J = 8.8 Hz, 2H), 8.32 (d, J = 8.4 Hz, 2H). 13C NMR
(100 MHz, CDCl3) d = 14.3, 23.3, 64.1, 93.4, 114.0, 120.0,124.0,
125.5, 129.1, 129.6, 129.8, 136.6, 140.4, 148.5, 151.4, 159.7, 163.6,
164.2. anal. calcd for C23H20N4O4: C, 66.34; H, 4.84; N, 13.45;
found: C, 66.63; H, 4.81; N, 13.62.

5f: White solid: mp 256–258 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.46 (t, J = 8.5 Hz, 3H), 1.75 (s, 3H), 2.62 (s, 3H), 4.55 (q,
J = 7.2 Hz, 2H), 7.04–7.15 (m, 5H), 7.44 (m, 4H). 13C NMR
(75 MHz, CDCl3) d = 14.4, 17.2, 23.2, 63.7, 93.5, 114.6, 123.8,
126.1, 126.5, 128.5, 128.9, 130.0, 130.5, 134.3, 134.4, 153.4, 159.3,
163.6, 165.3. IR (KBr, cm-1) 700, 1023, 1165, 1319, 1584, 1625,
1654, 2230, 2985, 3463. anal. calcd for C23H21N3O2: C, 74.37; H,
5.70; N, 11.31; found: C, 74.33; H, 5.74; N, 11.25.

5g: White solid: mp 182–183 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.47 (t, J = 7.2 Hz, 3H), 1.79 (s, 3H), 2.67 (s, 3H), 4.58
(q, J = 5.7 Hz, 2H), 6.75–6.78 (d, J = 8.7 Hz, 1H), 7.07–7.12
(m, 3H), 7.23 (s, 1H), 7.48 (m, 5H). 13C NMR (75 MHz, CDCl3)
d = 14.3, 17.1, 23.1, 63.6, 114.5, 123.6, 126.0, 126.4, 128.4, 128.8,
129.9, 130.4, 134.2, 134.3, 153.3, 159.3, 163.5, 165.1. anal. calcd
for C23H21N3O2: C, 74.37; H, 5.70; N, 11.31; found: C, 74.45; H,
5.63; N, 11.25.

5h: White solid: mp 192–193 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.47 (t, J = 7.5 Hz, 3H), 2.66 (s, 3H), 3.75 (s, 3H), 4.58 (q,
J = 7.5 Hz, 2H), 6.66 (s, 1H), 6.76 (d, J = 8.1 Hz, 2H), 6.94
(d, J = 8.1 Hz, 2H), 7.47 (m, 4H). 13C NMR (75 MHz, DMSO)
d = 14.3, 22.9, 55.1, 63.3, 93.0, 113.9, 114.6, 121.3, 127.1, 128.3,
129.5, 131.2, 134.4, 153.8, 155.8, 157.9, 162.6, 163.7. anal. calcd
for C24H22N2O3: C, 74.59; H, 5.74; N, 7.25; found: C, 74.67; H,
5.77; N, 7.31.

5i: White solid: mp 180–182 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.48 (t, J = 6.3 Hz, 3H), 2.66 (s, 3H), 3.67 (s, 3H), 4.58 (q, J =

6.6 Hz, 2H), 6.75 (d, J = 8.1 Hz, 1H), 6.92 (d, J = 7.5 Hz, 1H),
7.03–7.06 (m, 1H), 7.39–7.46 (m, 6H), 8.17 (d, J = 8.7 Hz, 1H). 13C
NMR (75 MHz, DMSO) d = 14.3, 22.9, 55.7, 63.2, 92.8, 111.5,
114.7, 120.0, 123.7, 125.8, 126.0, 127.3, 128.2, 128.5, 129.4, 134.5,
151.2, 153.8, 157.8, 162.5, 164.5. IR (KBr, cm-1) 751, 1028, 1160,
1325, 1462, 1542, 1649, 2226, 2980. anal. calcd for C23H21N3O3: C,
71.30; H, 5.46; N, 10.85; found: C, 71.75; H, 5.37; N, 10.81.

5j: White solid: mp 256–257 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.46 (t, J = 6.9 Hz, 3H), 2.62 (s, 3H), 4.56 (q, J = 8.2 Hz, 2H),
7.01–7.04 (d, J = 7.5 Hz, 3H), 7.17 (d, J = 8.1 Hz, 2H), 7.42 (m,
5H). 13C NMR (75 MHz, CDCl3) d = 14.3, 23.3, 63.8, 93.4, 114.5,
121.5, 125.4, 128.1, 128.9, 129.0, 130.2, 134.1, 135.3, 153.6, 159.8,
163.7, 164.9. anal. calcd for C23H19ClN2O2: C, 70.68; H, 4.90; N,
7.17; found: C, 70.88; H, 4.87; N, 7.21.

5k: White solid: mp 179–180 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.48 (t, J = 7.2 Hz, 3H), 2.67 (s, 3H), 4.59 (q, J = 6.6 Hz, 2H),
7.00–7.05 (m, 1H), 7.20–7.29 (m, 3H), 7.42–7.47 (m, 5H), 8.10 (t,
J = 8.1 Hz, 1H). 13C NMR (75 MHz, DMSO) d = 14.3, 23.0, 63.3,
92.9, 114.6, 126.7, 126.9, 127.4, 127.9, 128.4, 128.5, 129.6, 133.8,
134.4, 154.0, 157.8, 162.7, 164.8. anal. calcd for C22H18ClN3O2: C,
67.43; H, 4.63; N, 10.72; found: C, 67.67; H, 4.61; N, 10.81.

5l: White solid: mp 62–64 ◦C; 1H NMR (300 MHz, CDCl3) d =
0.88 (t, J = 6.6 Hz, 3H), 1.45 (t, J = 7.2 Hz, 3H), 2.57 (s, 3H), 3.67
(q, J = 7.2 Hz, 2H), 4.56 (q, J = 6.6 Hz, 2H), 7.35 (m, 2H), 7.45
(m, 3H). 13C NMR (75 MHz, CDCl3) d = 13.4, 14.3, 23.3, 61.4,
63.6, 94.0, 114.4, 128.0, 128.5, 129.4, 135.1, 155.0, 159.1, 163.5,
167.1. IR (KBr, cm-1) 704, 1019, 1152, 1274, 1561, 1721, 2226,
2979, 3020. anal. calcd for C18H18N2O3: C, 69.66; H, 5.85; N, 9.03;
found: C, 69.73; H, 5.82; N, 9.00.

5n: White solid: mp 238–239 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.68 (s, 3H), 4.13 (s, 3H), 6.84–6.87 (d, J = 10.5 Hz, 1H), 7.09–
7.11 (m, 3H), 7.22–7.24 (m, 2H), 7.46–7.47 (m, 5H). 13C NMR
(75 MHz, CDCl3) d = 23.3, 54.8, 114.6, 120.4, 125.1, 128.2, 128.8,
129.0, 130.0, 134.0, 136.7, 153.6, 159.7, 163.8, 164.8, 173.2. IR
(KBr, cm-1) 744, 1154, 1320, 1377, 1442, 1560, 1647, 2223, 2950,
3441. anal. calcd for C21H17N3O2: C, 73.45; H, 4.99; N, 12.24;
found: C, 73.57; H, 5.00; N, 12.31.

5o: White solid: mp 270–271 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.27 (s, 3H), 2.66 (s, 3H), 4.11 (s, 3H), 6.86 (s, 1H), 6.95 (d,
J = 8.1 Hz, 2H), 7.03 (d, J = 8.1 Hz, 2H), 7.45–7.46 (m, 5H). 13C
NMR (75 MHz, CDCl3) d = 20.8, 23.3, 54.8, 114.6, 120.6, 126.0,
128.2, 128.9, 129.3, 130.0, 134.0, 134.9, 153.6, 159.7, 163.8, 164.7.
IR (KBr, cm-1) 699, 820, 1326, 1513, 1560, 1659, 2227, 3040. anal.
calcd for C22H19N3O2: C, 73.93; H, 5.36; N, 11.76; found: C, 73.87;
H, 5.43; N, 11.79.

5p: White solid: mp 186–188 ◦C; 1H NMR (300 MHz, CDCl3)
d = 1.79 (s, 3H), 2.71 (s, 3H), 4.13 (s, 3H), 6.67 (s, 1H), 7.08–7.13
(m, 3H), 7.29 (m, 1H), 7.49 (m, 5H). 13C NMR (75 MHz, CDCl3)
d = 17.2, 23.2, 54.8, 93.3, 114.6, 124.0, 126.2, 126.4, 128.5, 128.9,
130.0, 130.5, 130.9, 134.2, 134.4, 153.5, 159.3, 163.7, 165.2. anal.
calcd for C22H19N3O2: C, 73.93; H, 5.36; N, 11.76; found: C, 73.82;
H, 5.43; N, 11.87.

5q: White solid: mp 235–236 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.68 (s, 3H), 3.76 (s, 3H), 4.12 (s, 3H), 6.68 (s, 1H), 6.76 (d,
J = 9.6 Hz, 2H), 6.94 (d, J = 8.7 Hz, 2H), 7.48 (m, 5H). 13C NMR
(75 MHz, DMSO) d = 22.8, 54.8, 55.1, 92.9, 113.8, 114.6, 121.3,
127.3, 128.3, 128.6, 129.5, 130.3, 131.2, 134.3, 153.8, 155.8, 157.9,
162.9, 163.7. anal. calcd for C22H19N3O3: C, 70.76; H, 5.13; N,
11.25; found: C, 70.71; H, 5.11; N, 11.23.

This journal is © The Royal Society of Chemistry 2010 Org. Biomol. Chem., 2010, 8, 3078–3082 | 3081
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5r: White solid: mp 158–160 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.68 (s, 3H), 3.67 (s, 3H), 4.12 (s, 3H), 6.76 (d, J = 7.2 Hz, 1H),
6.91–6.94 (m, 1H), 7.00–7.02 (m, 1H), 7.39–7.47 (m, 6H), 8.17 (d,
J = 8.1 Hz, 1H). 13C NMR (75 MHz, DMSO) d = 22.8, 54.7, 55.6,
92.8, 111.5, 114.7, 120.0, 123.6, 125.8, 126.0, 127.5, 128.2, 128.5,
129.4, 134.5, 151.2, 153.8, 157.8, 162.8, 164.4. IR (KBr, cm-1) 768,
1255, 1460, 1530, 1560, 1664, 2227, 2975, 3334. anal. calcd for
C22H19N3O3: C, 70.76; H, 5.13; N, 11.25; found: C, 70.89; H, 5.17;
N, 11.21.

5s: White solid: mp 243–245 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.68 (s, 3H), 4.13 (s, 3H), 6.73 (s, 1H), 7.03 (d, J = 8.1 Hz,
2H), 7.19 (d, J = 8.1 Hz, 2H), 7.47 (m, 5H). 13C NMR (75 MHz,
CDCl3) d = 22.8, 54.9, 93.1, 114.5, 121.1, 127.0, 127.8, 128.3,
128.4, 128.7, 129.6, 134.2, 137.1, 153.9, 157.9, 163.0, 164.3. anal.
calcd for C21H16ClN3O2: C, 66.76; H, 4.27; N, 11.12; found: C,
66.87; H, 4.21; N, 11.17.

5t: White solid: mp 189–190 ◦C; 1H NMR (300 MHz, CDCl3)
d = 2.69 (s, 3H), 4.14 (s, 3H), 7.03–7.06 (m, 1H), 7.25 (m, 3H),
7.42–7.48 (m, 5H), 8.11 (d, J = 8.1 Hz, 1H). 13C NMR (75 MHz,
DMSO) d = 22.9, 54.8, 93.0, 114.6, 126.88, 126.9, 127.3, 127.9,
128.4, 128.6, 129.6, 133.8, 134.3, 153.9, 157.8, 163.0, 164.8. anal.
calcd for C21H16ClN3O2: C, 66.76; H, 4.27; N, 11.12; found: C,
66.87; H, 4.22; N, 11.17.

5u: White solid: mp 104–106 ◦C; 1H NMR (300 MHz, CDCl3)
d = 0.88 (t, J = 7.2 Hz, 3H), 2.59 (s, 3H), 3.98 (q, J = 7.2 Hz,
2H), 4.10 (s, 3H), 7.36 (m, 2H), 7.45 (m, 3H). 13C NMR (75 MHz,
CDCl3) d = 13.3, 23.2, 54.7, 61.4, 93.9, 114.2, 123.1, 127.9, 128.4,
128.5, 129.4, 134.9, 154.9, 159.1, 163.7, 166.9. IR (KBr, cm-1) 757,
1001, 1153, 1274, 1558, 1732, 2228, 2954, 2990. anal. calcd for
C17H16N2O3: C, 68.91; H, 5.44; N, 9.45; found: C, 68.84; H, 5.47;
N, 9.41.

5v: White solid: mp 174–175 ◦C; 1H NMR (400 MHz, CDCl3)
d = 1.00 (t, J = 7.6 Hz, 3H), 1.50–1.54 (m, 2H), 1.80–1.85 (m, 2H),
2.66 (s, 3H), 4.52 (t, J = 6.4 Hz, 2H), 6.78 (s, 1H), 7.07–7.10 (m,
3H), 7.21–7.25 (m, 2H), 7.44–7.47 (m, 1H). 13C NMR (100 MHz,
CDCl3) d = 13.8, 19.1, 23.4, 30.8, 67.6, 93.6, 114.5, 120.5, 125.2,
125.7, 128.2, 128.2, 128.9, 129.3, 130.0, 134.3, 136.7, 153.6, 159.8,
163.9, 164.9. anal. calcd for C24H23N3O2: C, 74.78; H, 6.01; N,
10.90; found: C, 74.86; H, 5.97; N, 10.79.
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8598; (b) A. H. H. Elghandour, M. K. A. Ibrahim and S. M. M. Elshikh,
Tetrahedron, 1992, 48, 9295–9304; (c) W. Liu, H. Jiang, S. Zhu and
W. Wang, Tetrahedron, 2009, 65, 7985–7988; (d) C. V. Asokan, E. R.
Anabha, A. D. Thomas, A. M. Jose, K. C. Lethesh, M. Prasanth and
K. U. Krishanraj, Tetrahedron Lett., 2007, 48, 5641–5643.

18 X. Xin, X. Guo, H. Duan, Y. Lin and H. Sun, Catal. Commun., 2007,
8, 115–117.

19 (a) E. M. Bottorff, R. G. Jones, E. C. Kornfeld and M. J. Mann, J. Am.
Chem. Soc., 1951, 73, 4380–4383; (b) G. E. H. Elgemeie, H. A. Elfahham
and H. A. Nabey, Bull. Chem. Soc. Jpn., 1988, 61, 4431–4433; (c) S.
Kobayashi, R. Akiyama and M. Moriwaki, Tetrahedron Lett., 1997, 38,
4819–4822; (d) M. Hagimori, N. Mizuyama, Y. Hisadome, J. Nagaoka,
K. Uedab and Y. Tominagab, Tetrahedron, 2007, 63, 2511–2518.

20 K. Guo, M. J. Thompson and B. Chen, J. Org. Chem., 2009, 74, 6999–
7006.

3082 | Org. Biomol. Chem., 2010, 8, 3078–3082 This journal is © The Royal Society of Chemistry 2010

D
ow

nl
oa

de
d 

by
 I

ns
tit

ut
e 

of
 O

rg
an

ic
 C

he
m

is
tr

y 
of

 th
e 

SB
 R

A
S 

on
 2

6 
A

ug
us

t 2
01

0
Pu

bl
is

he
d 

on
 1

8 
M

ay
 2

01
0 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
00

11
17

G
View Online

http://dx.doi.org/10.1039/C001117G

